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Modi fi ed Vaccinia Ankara Virus Variant The present invention provides an
at t enuat egovip®y Which is derived from Modi fied Vacci ni apils@hiidhg Us and
which is 5 characterized by the loss of its capability to reproductively

replicate in human ceI | lines. It further descrl l nt Vi ruses
derived fromt and the use of the virus mﬂ” waﬂ@ i nants as
medi canment 3\“@“@‘% dditionally, a nmethod is provi r i nduci ng an
i Mune resp I'n i mmuno- conpr oni sed patients, *G¥0pati ents with

pre-existing |rrmﬁ%¥5?y to the vaccine virus or patients undergoing antiviral
therapy. Background of the invention 15 Mdified Vacc:inia Ankara (MWA)

wirus is related to Vacci Y e t he ener Ort hopoxvirus in
the famly of Poxviri dae“ﬁl‘@if&%{aya&ééwa gﬁBPé?e‘@"H? i@aggri al passages on
chicken enbryo fibroblasts of the Ankara strain of vaccinia virus (CVA)
*(for review see Mayr, A, et al. Infection 3, 6-14 [1975]). As a 20

consequence of thesR bpagedeIMPRRTAIIDVIAES 5 WttdMa WA WiUsIswaRdetied
about 31 kil obases of its genomc sequence and, therefore, was described as

hi ghly host eRirlvecestirdrat eMddifiedi avaeshias GMigea, tiruet ahd, whiden.is
Virol. 72, 1031-1038 [1991]). It was shown, in a variety of animl nodels

t hat the resuhtiragtevizedviy Bighoss ohitsl gapabitity dot rdpvgductB®\A reqlitateer
K. [1978] Dev. Biol. Stand. 41: 225-34). Additionally, this M/A strain has
been tested iln Mancall tingsy § Bgtn%"c@ﬁﬁ@rlb@s|rm@mfz@antvnrmeﬁ £!zersaya_ 2

PCT/ EPUL/ 13( 32H t th di et, al
okt fyg. | Bt s YITUE 7% H950s800] 1198} FH&F ek et SRPR iDEL 3 aﬁed

Véchr. 99, .2Sfﬁ9d%%%ergt[193r4]\)accmgseA&ﬁl't’@n?ﬁg' ”¥°|rﬁgﬂﬂéﬁ’e @Q}\Rggd

i ncluding hi ri'sk patients, and prove conpared ccrnra s based

vacci nes, gé‘&n%é’h M8 e WesBbREE @vER |hrlﬁ%ttin%u§6}%§)$oﬁ415é@ ddtients,
mai nt ai ned goo nogeni city.
10 patients with pre-existing immunity to the vaccine virus or patients

undergoing antiviral therapy.
Background of the invention

15 Modified Vaccinia Ankara (MVA) virus is related to Vaccinia
virus, a member of the genera Orthopoxvirus in the famiy of
Poxviridae. MVA has been generated by 516 serial passages on
chicken embryo fibroblasts of the Ankara strain of vaccinia virus (CVA)
(for review see Mayr, A., et al. Infection 3, 6-14 [1975]). As a

20 consequence of these long-term passages the resulting MVA virus
deleted about 31 kilobases of its genomic sequence and, therefore,
was described as highly host cell restricted to avian cells (Meyer, H. et
al., J. Gen. Virol. 72, 1031-1038 [1991]). It was shown, in a variety of
animal models that the resulting MVA was significantly avirulent (Mayr,

25 A. & Danner, K. [1978] Dev. Biol. Stand. 41: 225-34). Additionally,

this MV A strain has been tested in clinical trials as vaccine to immunize



In the foll ow ng decades MVA has been engineered to use it as viral vector
for reconbi nant gene expression or as reconbi nant vacane Zo (Sutter, G et

al . [1994ypooYAg@one 12: 1032-40). In this respect it is npgty@EeieEehi ng
that even though Mayr et al. denonstrated during the 1970s that MVA is

hi ghly attenuated and avirulent in humans and manmal s, sonme recently
reported 15 observations (Blanchard et al., 1998, J Gen Virol 79,
1159-1167; Carroll & Mss, 1997, Virologé 238, 198-211; Altenberger, US
Pat ent 5, 185, 146; A nbrosini et al., 1999, J Neurosci Res 55(5), 569) have
shown that MVA is not fully attenuated in mammalian and human cell |ines
since residual replication mght occur in these cells. It is assuned 20

that the resgbbfgtap@ridfah B8RS aw@biséa{mﬂa%tfmxezme%mbrg nedawtt h
various strains of MVA, since the used virusés essentially differ in their

properties, orgtiBul@y| \B87539¢kI[1987¢wmItidaehstvahy Disclharmeds Wethr. | 9@es.
*‘Growt h behavior is reco?ni zed as an indicator for virus attenuation. z5
General |y, a238a2392 418743 r Ehesadetudiesainvaived edver 1208430 | gmanss
capacity or only has reduced capacity to reproductively replicate in, WO
() 2/ - 422811 YGEHNEPHE S'ﬁbBDHEi@Pt%eﬁF@.D"mf@daﬁg%- feAIRareed ten¥ eceiia on,

t hat Ais

e o o BeB TR Y UAPLL A O hO SRR A of AR AN FRIET! o0
or a vector frﬁ%iinfﬁﬁg W}mwgggﬁ%t Particularly, for a vaccine as well

as for a reco nant ccCl ne ce between the efficacy and the
safety of the vaccine vector virus is extrenely inportant. 10

In the following decades MVA has been engineered to use it as viral
vector for recombinant gene expression or as recombinant vaccine
10 (Sutter, G. etal. [1994], Vaccine 12: 1032-40).

In this respect it is most astonishing that even though Mayr et al
demonstrated during the 1970s that MVA is highly attenuated and
avirulent in humans and mammals, some recently reported
15 observations (Blanchard et al.,, 1998, J Gen Virol 79, 1159-1167;
Carroll & Moss, 1997, Virology 238, 198-211; Altenberger, US Patent
5,185,146; Ambrosini et al.,, 1999, J Neurosci Res 55(5), 569) have
shown that MVA is not fully attenuated in mammalian and human cell
lines since residual replication might occur in these cells. It is assumed
20 that the results reported in these publications have been obtained with
various strains of MV A, since the used viruses essentially differ in their

properties, particularly in their growth behavior in various cell lines.

Growth behavior is recoghized as an indicator for virus attenuation.
25 Generally, a virus strain is regarded as attenuated if it has lost its

capacity or only has reduced capacity to reproductively replicate in



hj ect

of the invention Thus, it is an object of the invention to provide

novel virus strains having enhanced safety for the devel opnent of safer

product s wgan4agevacci nes or pharnaceuti cals. Moreover, a plcaidp)etizeeP) ect is
to provide 15 means for inproving an existing vaccination reginmen. Detai
description of the invention To achi eve the foregoing objects, accordi

a preferred 20 enbodi nent of the present
provi ded, which are capabl e of

ailed
ng to

i nventi on new vaccinia viruses are
reproductive replication in non-human cells

and cell lines, especially in chicken errﬁryo fibroblasts (CEF) and in the
Baby hanster kidney cell |ine BHK (ECACC 850l 1433), but not capabl e of
reproductive replication in human cell |ines. 25 WO 02/ -~2~8(1 4 PCT/ EPCL
*/ 13628 ' The HgapWae NACCTHY 2aBbiimentions @dukiseveadioh erlHaAAtRVIAN A&l hegst
some human cell lines, in particular in the the human keratinocyte cell 7,

| i ne HaCat _( Boukgistelet regdlicati@BBincbripéterd b HOHER) and6mathmalilre cells,
‘replication in, the cell line HaCat is predictive for replication in vivo,

in 5 parti culbaingsont® g ugistionrtdel alesnluten safetyh oMY A BadedtiMan viasckieoon i n

t he exanpl e section that al|

known vaccinia strains tested that show a

residual produ¢esioe feefRGasaRingmt viacHaest al so replicate in vivo. Thus, the
invention preferably relates to vaccinia viruses that do not reproduct

repli

cate in the hunan cell |ine HaCat. Most preferably Zo the inventi

concer ns. vacqpia M USosts AANHNA G 88t capall &l e pOuGhS Ve

replication in

Ay 0 Wi ng “huran Ce I nes’

adenocar ci nomg, &dd bletBehed &fidéy t%'ﬁg tﬁ%s@f)aty E@Qg@%i%é&fbrkw

cell line 293 (ECACC No. 85120602),

man bo st eosarcoma cel |

unman cervi X

ively
on

y
i ne

143B ( ECACC WoexfthipG@)pdrbamind the cell line HaCat. The growt h behavi or
or anplification/replication of a virus is normally expressed by the ratio
of virus produced froman infected
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Object of the invention

Thus, it is an object of the invention to provide novel virus strains
having enhanced safety for the development of safer products such as
vaccines or pharmaceuticals. Moreover, a further object is to provide

means for improving an existing vaccination regimen.

Detailed description of the invention

To achieve the foregoing objects, according to a preferred
embodiment of the present invention new vaccinia viruses are
provided, which are capable of reproductive replication in non-human
cells and cell lines, especially in chicken embryo fibroblasts (CEF) and
in the Baby hamster kidney cell line BHK (ECACC 85011433), but not

capable of reproductive replication in human cell lines.



cell (Qutput) to the anmount originally used to infect the cells in the zo
first place (lnput) ("anplification ratio"). Aratio of "1" between Qutput
and | nputwogebisaas an anplification status wherein the anowatr/ephi/viehsls

produced fromthe infected cells is the sanme as the anpunt

to infect the cells. This status hints to the fact, that the infected
are perm ssive for virus infection and virus reproduction. 25 WO

02/-t2-480 PCT/EP(11/13&8 5 ' An anplifi4cation ratio of |less than 1,
a decrease of the anplification below input |evel is an indicator for

| ack of
t he virus.

reproductive replication and, thus, an indicator for attenuati
Therefore, it was of particular interest for the inventors

initially used

cells
i.e.
a
on of
to

identify and 5 finakl \nd@ni $&dhR §t@ﬁﬁ@lreprmc@thveﬂpow@plmt@nm gtileast on

rati o of

|l ess than 1 in several human cell lines, in particular in all

of

t he human cekbné hamd4 88l lifmsam PABtiemdr HaThe. th‘éhbamamkermmCytet celapabl e
“of reproductive replication" nmeans ~o that the virus according_to the

i nvention shiwe HaCatpBaukeanpost akt1988f J sl Hiah 196(3)hl7r%3n7dél | The nes,
such as the cel] |ine 93 CC 8512060 43B No. .9111 2
lela (ATCC NESPURAtia) AR EBINY BSiaks FIRakR Ve §ak B ITeapn Bﬂo\{'VCioéﬂ

76l -

peci 1 at ofer U TabIar dhofiiF BBEA e PR huhaBEe TRy Ses, %gﬁa%

rate of the o o S esq.ﬁﬂ”

above human égéwl?ngés&ﬁbeﬁqrﬁa? %a‘?m'o%?%g%rﬁl% %t?@nﬁghgﬁtglﬂnt o
Exanple 1 an‘ﬁeSl@luTa@@r@d%lc‘thét répb'lﬁ:a%fbﬁ“nﬁ UsESanaPsy depichie ﬁrﬁ&ll‘% eqeis,
i nvention do not reproductively replicate in anyone of the cell I|ines
HeLa and HaCghe Therjteor i prdfaralsiyr aelatascio dvagcinm tVieuggsestat idoendt on
that has been wused in the exanples has been degosmed at the European

Col | ecti on owem@dumﬁlwemlaatﬁern iberdwmen oEdis

08 .Habals Mpstamef@aﬂoéy

to 25 as "W, t hr oughout the s ificati 02/.1
Ahe inv 9 Rini s(%rams t\p]Dt

15

20

25

ention~concerns vaccuma virus are no% capable of
reproductive replication in any of the following human cell lines: the
human cervix adenocarcinoma cell line HeLa (ATCC No. CCL-2), the
human embryo kidney cell line 293 (ECACC No. 85120602), the
human bone osteosarcoma cell line 143B (ECACC No. 91112502)

and the cell line HaCat.

The growth behavior or amplification/replication of a virus is
normally expressed by the ratio of virus produced from an infected
cell (Output) to the amount originally used to infect the cells in the
first place (Input) (“amplification ratio”). A ratio of “1" between
Output and Input defines an amplification status wherein the amount
of virus produced from the infected cells is the same as the amount
initially used to infect the cells. This status hints to the fact, that the

infected cells are permissive for virus infection and virus reproduction.

502)
3)

t|on
t he

143B,

erred



6 PCT/EPII1/13C28 ' The known MA strains show residual replication in at

| east one of the human cell lines tested (figure 1, exanple 1). Al known
Vacci ni a stio@immoshow at | east sonme replication in the celdctiirekagat ,
whereas the MVA strains according to the present invention, in particular s
MA- BN, do not productively replicate in HaCat cells. In nore detail MA-BN
shows an anplification ratio of 0.05to 0.2 in the Human enbryo ki dney cell
line 293 (ECACC No. 85120602). In the Human bone osteosarcona cell line
143B (ECACC No. 91112502) the ratio is in the range of 0.0 to 0.6. For the
Human cervi x adeocarci noma cell Zo |ine HeLa (ATCC No. CCL-2) and the human
keratinocyte cell |ine HaCat (Boukanp ef al. 1988, J Cell Biol 106(3):
*761-71) the anpli fA a4 rfieatid® ftid bt ke enge pf (@ 04 HecRdieand ehe 0. 02
to 0.8, respectively. MA-BN has an anplification ratio of 0.01 to 0.06 in
African greemmplificatidn dekw dglutsleyEVis aATIERIddbor GsiLa @k offreprodbeiié- BN
‘which is a prototype strain according to the present invention does not
product i vel y repfitatéamn eand, ablyidse aof inkécatest dor nairtenuatibn |afndbe Whes.

arrplificationl_ rat%o of, WA-BN i s, clearly ahove i.n chjcken zo enbryo
(

fi brobl ast's eTqe; Mapscll E’%frtla%'abr“t?h%gt%ﬁé)w%ﬁdﬁﬁ?@’?orfii enigerddy and ne
BHK (ATCC No.,. -1632),., As l. i .ab [ ; han 1"

Pndi cat e 1 oV BIICD TPIALbE Sliaion VTS el braueT vetd Giless 1 rom
the infected tﬁ&{w'i in> e%\}é?éﬁﬁa C8€|Pﬁ@§9, ggpéﬁ?c:lﬂHPWan%f Wl HGmaMEER was
used to infec hé cell’s. erefore, e vViTus ‘can be easily propagated

and anplifiedine’d CFEBBPHA®, 283 bheriegcutth a ratio of above 500 or in BHK
cells with a ratio of above 50. WO 02/.42.180 7 PCT/EPQL/ 13128 In a

particul ar enbodi nent of the present invention the invention concerns
derivatives of the virus as deposited under ECACC VO083008. "Derivatives"
of the viruses as ldesodheeterondeet Eapatlis olvepesdodtivefreplicationt useans
show ng esse%iaflrtby the sane replicatiaon characteristics as, .the deposited

strai Wbut s CaYif #2raat0sdINent ABE JNVABHEN pIAWS 8N PRYPIICASIR. rali® uses
ViTuses. that aBFS ERR R TAN Gl Qhpt: Yakeboe SoTob Enag RE LSS t od
b Do oGS 2880 1 SEAE 165 G0K el a8 end
transgeni c nMusSgnAPERICAtSERBoRRARY et al. 1988, J Cell Biol 106(3): 761-71),
under the conditions as outlined in example 1 of the present
15 specification for some specific MVA strains. Preferably, the
amplification rate of the virus according to the invention is 0.8 or less

in each of the above human cell lines Hela, HaCat and 143B.

[t is shown in detail in Example 1 and in table 1 that the
20 viruses according to the present invention do not reproductively
replicate in anyone of the cell lines 143B, Hela and HaCat. The
particular strain according to the present invention that has been
used in the examples has been deposited at the European Collection
of Cell Cultures under number VOOO83008. This strain is referred to

25 as "“MVA-BN” throughout the specification.



In a preferred enbodi nent the vaccinia virus strains according 15 to the
present invention, in particular MVA~BN and its derivatives, are

char act erwaeeb/faysp)a failure to replicate in vivo. In the coriggtorQkekhe
present invention"failure to replicate in vivo" refers to viruses that do
not replicate in humans and in the m ce nodel explained below. The "failure
to replicate in vivo" can preferably determned in mce that 20 are

i ncapabl e of producing mature B and T ceI6I s. An exanple for such mce is

t he transgeni c nouse nodel ACGR129 (obtained from Mark Sutter, Institute of
Virol ogy, University of Zurich, Zurich, Switzerland). This nouse strain has
gene targeted disruptions in the IFN receptor type | (IFNoc/~i) and type
'L (TEN-y)  gemerskas@ni MVIRAG raeshOwtragriua TepilichtBhi iBNgt (281 Hrieohae no

| FN system and are incapable of producing mature B and T cells and as such
are sever el y humanecell InésOt@stkd12figdrcl 1§ BgAnERe! 1) 133 8khowonnpecoirsed and
‘highly susceptible to a replicating virus. Instead of the AGRI29 m ce any
ot her nouse straing show 188 leest sorae replicaliendnltbeotelpliveudabgt,muthgreas and

| d h i ly i i sed, and hi ghl i bl
to a roplicatlfighAuStratss sasbraMELItar (ThePUIIded RIS g DB 4G
. : ki . : 1 hi . . ¢ | ¢
present TrvennRRe 854t bhod AR TeBRedtd I Acdd FBUPSH AR o eoct,
days after t VA@RIC%F%WSO ntQﬁrdﬂﬂfiEStmﬁtﬁétﬂcﬁbfpélOS"trou%).?dﬁﬂ Tt fiffah ntra
peritonealy. Preferably, the viruses that show "failure 'to replicate inio

vivo" are furdhBFye kid@éy &fellCRAe | 203 hECATC VNOUSBETEFOH62Y e ¢Rvd Hurnah
organs or tissues of the AGRL29 m ce 45 days, preferably 60 days and nost

preferably 90balteysstdasarcoima cell ¢icei DA3BI(EGRCAiINe. AL 2BD2)pthe vatiods
adm ni stered infra peritoneafy. Detailed information regarding the
i nfecti on asdaytbewangea@RiR0 i Ocbafartthe Husegs cenvix h8eacarairema: oell

det erm ne whether vir n be recoyered, fromorgans and. tissues of .
ot ecled m cAnBaiebd (TRG NP FOLeAamICe o LBHaN, ko tianar eall line
enbodi nent t cidl L rus.,styai ccprdipmg4o t es Layvept]on,
in particul aﬁiﬁc@é’ﬁ@%és e&e%{'v&%s,ﬂ @é o%@ar@@bl zzgtlszz ﬁ'it‘%)her
i mrunogeni ci t : t he -k i A+ 5TPoasnde haed, idqa
| ethal chal | BRI g 'J% @hg%gg?ié‘f A %?pépﬁn‘éﬁpﬁggefbqu!ﬁ’ ned
in exanpl e 2,re§Pewﬂv@19I. oviv ABBNefHas, ahnamigtificatioRdeltidifao Dated . mecen di e
after the infection with replication conpetent vaccinia strains such as the
25 Western ReNeicea green nmicdkey Tkidney Célls JCVihe ATiFGANoorCOL-70)r éfius;at i on
conpetent vaccinia viruses is referred to as "challenge" in

15 MVA-BN which is a prototype strain according to the present

invention does not productively replicate in anyone of the tested

human cell lines.

The amplification ratio of MVA-BN is clearly above 1 in chicken

20 embryo fibroblasts (CEF: primary cultures) or the baby hamster
kidney cell line BHK (ATCC No. CRL-1632). As outlined above, a ratio

of more than “1” indicates reproductive replication, since the amount

of virus produced from the infected cells is increased compared to the

amount of virus, which was used to infect the cells. Therefore, the

25 virus can be easily propagated and amplified in CEF primary cultures

with a ratio of above 500 or in BHK cells with a ratio of above 50.



WO 02/ ~2~80 9 PCT/ EP01/ 13128 the context of description of the |ethal

chal | enge nodel . Four daysafter the challenge the mce are usually killed
and the viwouWwddizusy in theovaries is determ ned by standar dp@t/BiHA3IGRSAYS
usi ngVERO cel | s(for nore details see exanple section). The viral titer

i sdeterm neds for unvaccinated mce and for mce vaccinated with vaccina
vi rusesaccording to the present invention. Mire specificallythe
virusesaccording to the present invention are characterized inthat in
thistest after the vaccination with 102 TCI D50/ virus according to

t hepresent invention the ovary virus titers are reduced by atl east 70% Zo
preferably by at |east 80% nore preferably by atleast 9 0 %onpared to
'unvaccinated mce. In a preferred enbodi nent the vaccinia viruses accordi ng
to the present invention, in particular MVA-BN and its derivatives, are i5
useful for inmmni 4ata partictlar prbbed iboerst ofadha prefenatinventidntthe imaeciioe.
There have been nunerous reports suggesting that prine/boost reginmes using
M/A as a del iC2809rRecdervahidese Podhei nvitide B&spdapesitedd andel nE&FAGE to
DNA- pri nme MWA- regjles (Schneider et al., Z998, t. Med, 4; 397-402).
In all these %‘56%3@9820"[%7)%’%(1”%0@ ﬁﬁ/é"ﬂéﬁ?ﬁ @Scd appsitest dindery é%(ch rom
t he vacci ni a \yj i : he present inyentign. To explain.the
poor ?Efemune r‘é@@gﬁg@(ﬁ(}%{?ﬂ %5@@%& %%W'Bgi%eﬁ@”%ﬂget S2aG ﬁji%&q‘Pat'PBn it
has been hyp i } ki : i t:

pri me-adm ni g@iﬁ%ﬁ%%ﬁﬁ%ﬁﬁgeﬁ ﬁ%l%ﬁg/%ﬁ Siﬁ \F}génﬁldsnﬁt lg{ggglﬁgtéc%l%é IHeone or

| muni zat i on,mpr&VEatisN®faftselgb@oirie/e \Dpgs's Cﬁa\}iiﬁ% k REURE M STepditatibn
contrast, DNA-prime/ MWA-boost Tregines are reporte WO 021 -12-480

PCTI EP01/ 13( Zhatfctteridhiesd thanitbe depogieer airus@rbi \ghuses thalyrepikpdeseth
because this reginme conbines the ability of DNA to effectively prinme the

i mune respors@iar dimphicalicspsatiosdhan deposidesit strairs lme@lﬁ%r@@&smncd he

absence of a pre-existing i nity tq MA. ly, if a pre-existing 5
i munity to NOR ﬁ%@/lmsvgm%%r@agatsartﬂ)gﬁégaafd that ishahe re8pahse

then the use of .MVA as._a _yaccin [ therapeufic Ldshave lim.te
efficacy, parr%iptl,'ﬁ?ﬁpﬁymi HYVt%n@Si ﬁﬁ?%nélﬂgfjs “fh € %@Blggeﬁrgﬁﬁmét%@ué%ai nst
smal | pox. Ho C L,Ag to a further enbodi nent the vaccinia virus
accor di ng th\gﬁgregg%%% t|9§1ve tion, in Zo particular MVA-BN and its
derivatives as well as correspondi ng reconbi nant viruses harbouring

het er ol ogous sequences, can be used to efficiently first prine and then
boost i mmune respdnsapriefemadi e badiimeing e vetdings vinusasiraalssaocotding
pre-existing inmunity to poxviruses. Thus the vaccinia virus according to

t he ptesent itvEiR iRigsestiindaadenatn|padicusam MEAtBNI apdt fils sefvatives, of

immunity in vaccinia virus prinme/, vacgcinia.virus boost reginmes co ed to
DNA- pr | e/ v G AL AGHRTIRSh DR Trile s Pl qatediI0v 1 (68 IcontethpHERCas
i nduci ng at | - jlly 2 , - b j nj ' chpia
virus —opri mar oaab IR niel® LRI AVE L aflarsally Mrbeb MR8
DNA- pri me/ vaggdng i J+HS{BO i i frhkhgni o ; drha one
of The fol | ol g R I e P e B A PP ok
assays, i s at |“daistirestdsepticatd liy Wit sgare preferabbi Riedemhinsdrinn®lice that
vacci ni avi rusz5 boost regi mes when conparedto DNA-prine/vaccinia
vi rusPost r egireescapabte pf predading miad@E_Brasgdnseldst An exariphé d0f sush
mice is the transgenic mouse model AGR129 (obtained from Mark
Sutter, Institute of Virology, University of Zurich, Zurich, Switzerland).
This mouse strain has gene targeted disruptions in the IFN receptor
type | (IFN-o/B) and type Il (IFN-y) genes and in RAG. Due to these
25 disruptions the mice have no IFN system and are incapable of

producing mature B and T cells and as such are severely immune



WO U2/ 2-48(1 11 PCT/EPUL/ 13&28 prime/vaccinia virus boost admnistration is
hi gher in at |east one of the assays, when conpared to DNA-prine/vaccinia
Vi rus boogfo degigees. Most preferably the CIL response is hicaiagsiiiss2pot h of
the follow ng assays. 5 Assay 1: For vaccinia virus prime/vaccinia virus
boost admi nistrations 6-8 week old BALB/c (H2d) mi ce are prinmei nmuni zed by
intravenous admnistration with 10~ TCl D50 vaccinia virus according to the
present invention expessing the nmurine Z% pol yt ope as described in Thonmson
et al., 1988, J. Inmunol. 160, 1717 and boost-i muni zed with the sane
amount of the same virus, admnistered in the sane way three weeks | ater

To this end it is necessary to construct a reconbi nant vaccinia virus
'expressi ng  sioin BRIMIRRE anlBRiBAAB sUSCERBBIE BSta sSlicAtRseVHURANhskdddI9ps are
known ~.5 to the person skilléd’in the art and are described in nore detai
bel ow. | n DNAhpr AGRY28cimica \dnyuthepsmowag nisainheapr ibe vsati tiedti a i s
‘done by intra nuscular injection of the mce with 50 ~, g DNA expressing the
sanme anti gen inbapableeol pceduciagvimaisre thanbodsaelksdandi 8% ratdhois geveraljie

L e L M TR ol S A
t t 1t

ol YUope 15 L3S PRSI IR RN RS A A"
op Loves S et RSN AN And THENET 3 SRS Ty, eRkS

after the z5 m ni I on. determ na?| on o

preferably d;{ﬂ@féﬁéb&'\ﬂﬁhﬁhgt Beh$P@D ﬂibajs\,/sh%siﬁspp@‘é%blge%ﬂﬁn 9bPdays

02/ .t2.~sn 12 PCT/EP(I1/13C28 Schnei der "et al., 1998, "Nat. Med. 4,
397-402 and asfteruthé netedtiort be thsamite witiecl0opfheling faemioristespecirftra
virus according to the present invention. The virus according to the
present i nvemartonieglshBreferablyzédei viresas thapahaverfailuret taatrepheateriin

i mmune response 5 agag nst the epitaopes .nmentioned, above which is induced by

the vaci ni a WYQ'udBriurEiaragoaraciericed dnpdgdtNadiHus ah &9 sacoverd from
b ially th ) f er abl - th i nduced
or i e/ vacel AU BSSUES T AGTat S ickale Ak "B BRI AR nals
| FN- dugj | . : on)
posay’ 2" Thi Srapige Sieiay SSTHAR SR TFE BIBIST SIBREVERY Mutiey of)

using 10~ TCIAHO Viagsi MdmYhitseddMidtrgt e5&Gtdnekly as Detapsd ayinformatibhi s
assay 108 TCI' D50 vaccinia virus according to the present invention are

adm ni st er ed reghedingnéeusifgcion agsay® withmWBRB2Bomicé aad theradsagstthat
i mmuni zation. The virus according to the present invention is characterized
in thils experdreensed rtot HetermigmeCwhathrundrusesponbe mpgviesedt frememirgapses

nent i oned above ich is.induced py the vaccinia virus prine/vaccinia virus
bo0st adni i AKLISSHES O JUBSHeR IR GAL kE TouRe. INins SXaBPe SECBRS! § he

sane as induced by 20 DNA primne/vaccinia virus boost adm nistration as
assessed by the nunmber of IFNy producing cells/106 spleen cells (see also

The assays shown Abovd cort sananaudiRiert M vaFERpa RS sTRTR BEfotdingne ©F
to the present invention, in particular MVA-BN and its derivatives, is
20 characterized by a higher immunogenicity compared to the known
strain MVA 575 as determined in a lethal challenge mouse model.
The details of this experiment are outlined in example 2, shown
below. Briefly, in such a model unvaccinated mice die after the
infection with replication competent vaccinia strains such as the
25 Western Reserve strain L929 TK+ or IHD-J. The infection with

replication competent vaccinia viruses is referred to as “challenge” in



WO 02/.12-1811 13 PCT/EPI'l 1/13&28 Thus, the viruses according to the
present invention are particularly suitable for vaccination purposes. In
sunmary tWwe ozaeesoni a virus according to the present 5 i nvetivEriiis?s
characterized by having at | east one of the folow ng properties: (i)
capability of reproductive replication in chicken enbryo fibroblasts (CEF)
and in the cell line BHK, but no capability of reproductive replication in
the human cell ~o line HaCat, (ii) failure to replicate in vivo, (iii)

i nduction of a higher imunogenicity conﬁared to the known strain MVA 575
(ECACC V00120707) in a lethal challenge nodel and/or 15 (iv) induction of
at |least substantially the sane level of immunity in vaccinia virus prinme/

‘vaccini a Vi r yge beostext el dBScHHEON COMPAE edth ENAtIBREEEMORECIFILR daY$S
boost reginmes. 20 Preferably the vaccinia virus according to the present

i nventi on hasfr theastaltemgeothd heicalareal uadiyekitliedsandnne virad f Etexbiryt e

| east three of the above properties. Mst preferred are vaccinia viruses
havi ng al | ofovehiesalfodetpmoped itys stasdand Pplaguehassaysosinge MERBGecells

i nvention concerns a kit for vaccination conprising a virus according to
the present (lfemoremetails sag exampler seetaenn 4l ovinabotivers(saletaaningdt

vaccination ("primng') ,in a.first,yial/container, and for a second
vacet mat i on (obbsSEPRareHl hics alishdodimRRokraiait WiE vBE iyuses s
non- r econi ”%’&Eor@iﬁg Ebatl‘{érE&?esénte-in(’}eﬁf%ﬁ' ”M?ré( | sHRciaty dass (ehsgont ain
het er ol ogous nucl eoti dé sequences. An éxanpl e fof
according to the present invention are characterized in that in this
test after the vaccination with 102 TCIDso/ml virus according to the
present invention the ovary virus titers are reduced by at least 70%,
10 preferably by at least 809%, more preferably by at least 90%

compared to unvaccinated mice.

In a preferred embodiment the vaccinia viruses according to

the present invention, in particular MVA-BN and its derivatives, are

15 useful for immunization with prime/boost administration of the
vaccine. There have been numerous reports suggesting that
prime/boost regimes using MVA as a delivery vector induce poor

immune responses and are inferior to DNA-prime MVA-boost regimes
(Schneider et al., 1998, Nat. Med. 4; 397-402). In all these studies

20 MVA strains have been used that are different from the vaccinia
viruses according to the present invention. To explain the poor
immune response if MVA was used for prime and boost
administration it has been hypothesized that antibodies generated to

MVA during the prime-administration neutralize the MVA given in the

25 second immunization, preventing an effective boost of the immune

response. In contrast, DNA-prime/MVA-boost regimes are reported



5 such a vaccinia virus is WA-BN and its derivatives. Alternatively the
virus may be a reconbi nant vaccinia virus that contains additional

nucl eot i dwosegueoces whi ch are heterol ogous to the vacci nilrTVEROWS3626\S
outlined in other sections of the description the heterol ogous sequences
may code for epitopes that induce a response by the 1o i mune system Thus,
it is possible to use the reconbi nant vaccinia virus to vacci nate agai nst
the proteins or agents conprising said eﬂgtope. The viruses nay be

formul ated as shown below in nore detail. The anmount of virus that nay be
used for each vaccination has been defined above. 15 It is known for a
person skilled in the art, how he can obtain Vaccinia viruses having at

| east one thegof bl @Mbegopravp%reh!eeﬁt:mg pRpRRVidity RdsgotidesduBbéagse this
replication in chicken enbryo fibroblasts {CEF)” and in the baby hanster

ki dney cel | Iregem@adhi§indsuthenabiliyabf IDNA tf effectivdlycpirireert@ imatuos in
‘the human keratinocyte cell line HaCat, - failure to replicate in vivo, -
i nducti on of rasppgserwitimheogsapertigs ciniddfedor ookt thinweseenss nnMvire 575
in a lethal challenge nodel and/or, WOQ 1121~2~8(1 25 PCJ/ EPOL/ 1328 -
i nducti on of aRseNgase’ aupsrarisiing 'W’ﬂ"h’é‘%a&%ahé@el &kﬁar%ﬁ{rﬂ PYEIEXISIRE ni a
virus prinme/ .vaccinia vi bogst regi.nes when conpared to - PLI
vacer i a v r (STE0RY Teel VARG or NESHEEE ABVERROTLT e Dr e, Brisihe
conprise the i t.eRSied ki MK rRAUGING: i Di Hr
strain, pref é&%{)@%ﬂ\e@;ﬁgours%p\g% 3%5%?8@%860@8%5%/ [ ntléc: V‘?loomnahﬂﬁ\é%_
cells in whigfinitBg Wffitscy,s RiRtiBula?ly el OtHCt NV uUaeP! tisat ehade Vibesei n
t he non-hunman cells are preferably Selected from CEF cells and the cell
i ne BHK, (iivaccawdtati nggainst clsimaglpox. uHopweverg! escdordimg hése aelfliithand
(iii) analysing whether the obtained virus has at |east one of the desired
bi ol ogi cal prespepdireenhstheetviageidniabdnes according the present invention, in
10 particular MVA-BN and its derivatives as well as corresponding
recombinant viruses harbouring heterologous sequences, can be used
to efficiently first prime and then boost immune responses in native
animals as well as in animals with a pre-existing immunity to
poxviruses. Thus the vaccinia virus according to the present invention
15 induces at least substantially the same level of immunity in vaccinia
virus prime/ vaccinia virus boost regimes compared to DNA-prime/

vaccinia virus boost regimes.

A vaccinia virus is regarded as inducing at least substantially

20 the same level of immunity in vaccinia virus .prime/ vaccinia virus
boost regimes when compared to DNA-prime/ vaccinia virus boost

regimes if the CTL response as measured in one of the following two

assays (,assay 1“ and ,assay 2“), preferably in both assays, is at

least substantially the same in vaccinia virus prime/ vaccinia virus

25 boost regimes when compared to DNA-prime/ vaccinia virus boost

regimes. More preferably the CTL response after vaccinia virus



25 wherein the above steps can optionally be repeated until a virus with
the desired replication characteristics is obtained. The invention further
rel at es twddenzwor uses obtained by this nmethod accordi ng ter1kmipsesent

i nvention. Methods how the desired biological properties can be determ ned
are explained in other parts of this description. 20 In applying this

met hod the inventors identified and isolated in several rounds of clone
purification a strain according to the p%Fsent invention starting fromthe
MA isol ate passage 575 (MVA 575). This new strain corresponds to the
strain with the accessi on nunber 2s ECACC V0083008, nentioned above. WO
02n2. ~Ho 16 PCT/EPI 11113028 The growth behavi or of the vaccinia viruses

accor di ng t o griaepysanta VIRMEBddxt, allmiPRtidtion & hiditerdimwithidhebaynows of
MVA- BN, indicates that the strains according to the present invention are

far superior the aspagshewhen fcamphi@dacteer DAY phivide /\sdcinia régas dibogss
rattenuation in human cell lines and failure of in vivo replication. The
strai ns accoréghgeso Mot pretssablyi thertTloneapenstdsehigheriinelptlrapiditbat es
for the devel opnent of safer products such as vaccines or pharmaceuticals
as will be ddSlPWHEREAYSw. xo In one embodi nent the virus according to the
preseng invention, in particular MWA-BN and its derivatives, is used as a
vacci ne agai nst human pox virus di seases such as snallpox. In a further

nbodi ment t he vi digg todd sgat | knant
enbodi men e Vi Ws%aigC?F e %é&?ﬁﬁ%ﬁé? qgm%g&&@y ViR g/ nan

I.e. may express _ ous genes as, e. ant 1 gens QI’ eplt_opes
het er ol ogous ddmirfistrations B8 Magek usidbeBMSBI &Il (IRDB ViRe&d N@ré O prigiece an

i mrune response agai nst heterol ogous anti gens or epitopes. The term"i mune
response" neamsnuhizededot imtravénobe administration with 107 TCIDso vaccinia
virus according to the present invention expessing the murine
10 polytope as described in Thomson et al., 1988, J. Immunol. 160,
1717 and boost-immunized with the same amount of the same virus,
administered in the same way three weeks later. To this end it is
necessary to construct a recombinant vaccinia virus expressing said
polytope. Methods to construct such recombinant viruses are known
15 to the person skilled in the art and are described in more detail
below. [n DNA prime/vaccinia virus boost regimes the prime
vaccination is done by intra muscular injection of the mice with 50 pg
DNA expressing the same antigen than the vaccinia virus; the boost
administra;cion with the vaccinia virus is done in exactly the same way
20 as for the vaccinia virus prime/vaccinia virus boost administration.
The DNA plasmid expressing the polytope is also described in the
above referenced publication by Thomson et al. In both regimes the
development of a CTL response against the epitopes SYIPSAEKI,
RPQASGVYM and/or YPHFMPTNL is determined two weeks after the

25 boost administration. The determination of the CTL response is

preferably done by using the ELISPOT analysis as described by



20 i Mmune system when a foreign substance or mcro-organismenters the
organism Per definition, the i nmune response is divided into a specific
and an unwparidige reaction although both are closely crosedreedss2d he
unspecific i mmune response is the i medi ate defence against a wide variety
of foreign substances and infectious agents. The 25 specific i mune
response i s the defence raised after a | ag phase, when the organismis
chal l enged with a substance for the firs 2time. WO 02/ ~2~80 17

PCT/ EPOL/ 13fi 28 The specific i mmune response is highly efficient and is
responsi ble for the fact that an individual who recovers froma specific
infection is protected against this specific infection. Thus, a second

‘infection w SthinkedSR B 20, BOIRT Nasi Medyr 4 IFETUIOHNOEBL0CHINSES TS
mlder 5 synptons or no synptons at all, since there is already a "pre
exi sting i mmexramyles sechios baeglemt forSuwh spenifici tiguaadcottingrioutied @riesaht
‘menory, respectively, %_ersi sts for a long tine, in sone cases even
lifel ong. Acdoventiiy, ee Vifdactaeepreingn tormifel opfes@ntnefieptican be used
for vaccination. 10 The "inmune sysitenf neaps .a,co X, organ involved in
he def once. ST AEIRSIAchiS BTG NPT TBRE! G Al anEa WRATURE: FBSBPESH Sns.
The i ne s C ri cef | r.p 0 i S I ypes,
such . e, g SRano R, R Forfhy” ChealtRla S VBIGL T8, BRI 8 b
cells, and ahugRnal PROS CRAPHEAIRGIHER! LibePt iRyt andearmegnash fastors.
Vacci nation” nmeans that an organismis challenged with an infectious
agent, e.g., subs@éhigallennat sgner, predetabiatad datmiaf saanél ado ihdhiesd i ipys

agent, to induce a specific imunity. The term vacci nation
DNA prime/vaccinia virus boost administration as assessed by the
number of [FN-y producing cells/108 spleen cells (see also
10 experimental section).
Assay 2: This assay basically corresponds to assay 1. However,
instead of using 107 TCIDsp vaccinia virus administered i.v. as in assay
1, in this assay 108 TCIDso vaccinia virus according to the present
invention are administered subcutaneously for prime immunization
15 and for boost immunization. The virus according to the present
invention is characterized in this experiment in that the CTL immune
response against the epitopes mentioned above which is induced by
the wvaccinia virus prime/vaccinia virus boost administration is
substantially the same, preferably at least the same as induced by
20 DNA prime/vaccinia virus boost administration as assessed by the
number of IFN-y producing cells/106 spleen cells (see also
experimental section).
The strenght of a CTL response as measured in one of the
assays shown above corresponds to the level of protection.

25



al so covers the chall enge of an organismw th reconbi ant vaccinia viruses

according to the present invention, in particular reconbi nant MVA-BN and

its derivsto yeR80exXpressi ng antigens or epitopes that are wayepaheg@gus to

the virus. Exanples for such epitopes are given in 25 other parts of the

description and cover, e.g., epitopes fromproteins derived from ot her

viruses such as the Dengue virus, Hepatitis C WD 02/2:480 18

PCT/ EPOL/ 13&28 virus, H'V, or epitopes d%i ved fromproteins that are

assoziated with the devel opnent of tunours and cancer. After the

adm ni stration of the reconbinant vaccinia virus into the body the epitopes

are expressed and are presented to the i nmune system and a specific 5

i mune response ag@iuist theesfruepst eReord@ivigheol nHeceskesERe QREsitiGM ardus,

is imuni zed agai nst the agent/protein containing the epitope that is

encoded by t lpartiectarty saitebleabtai vaecinatios . pUrbosaesi t y* neans partial or

‘conpl ete protection of an 10 organi sm agai nst di seases caused by an

i nfecti ous agent due to a successful elimnation of a preceding infection

with said infecticius agent or a characteristic part ther | Mmunity is
t

of . i
based on the exi stBn&TMMANch®n VARAINR L VUASI Qﬂrd%cf%l itBed Rr&sedt of

nventTon. AV FReholhatBrofteT st Rl dRting "o " EAEE Pt oRl thR, (hBRne

particul ar r%péirﬂ@gg MVA-BN and its derivatives, contain at |east one
het er ol ogous 'nucl ei ¢ acid sequence. The term "heterol ogous" is used 20

hereinafter for any cordipgayilignopirepred @titvearcted Retiv@neeschibrén iembeyo
normal Iy found intimately associated with the virus in nature, such Vvirus
is also called "reconbifitmoblastsu{CEF) Aandr dinghéo cllf uineheBHiGbdalitmreno of
t he present invention the 25 heterol ogous sequences are preferably
anti geni c epitopes, whiG@Padyibtysof aepsaduetine argplicatianmdni the buabecellbst
preferably, said . '

10 line HaCat,

(i)  failure to replicate in vivo,

(i)  induction of a higher immunogenicity compared to the
known strain MVA 575 (ECACC V00120707) in a lethal
challenge model and/or

15 (iv) induction of at least substantially the same level of
immunity in vaccinia virus prime/ vaccinia virus boost
regimes when compared to DNA-prime/ vaccinia virus

boost regimes,

20 Preferably the vaccinia virus according to the present invention
has at least two of the above properties, more preferably at least
three of the above properties. Most preferred are vaccinia viruses

having all of the above properties.

25 In a further embodiment the invention concerns a kit for

vaccination comprising a virus according to the present invention for



wo 02/ a2~8n PCT/ EPO1/ 13&28 19 reconbi nant virus expresses one or nore
antigenic epitopes from Pl asnodi um fal ci parum Mcobacteria, |Influenza
virus, frowovnwees selected of the famly of Flavivirusescr/ErPo1/13628

Par anmyxovi ruses, Hepatitis viruses, Human i mmunodefi ci ency viruses or from
viruses causing 5 henorrhagic fever such as Hantaviruses or Filoviruses,
i.e., Ebola or Marburg virus. According to still a further enbodi nent, but
also in addition to the above-nenti oned ;flection of antigenic epitopes,
the Zo heterol ogous sequences can be sel ected from anot her poxviral or a
vacci ni a source. These viral sequences can be used to nodify the host
spectrum or the immunogenicity of the virus. In a further enbodi nent the
'virus accordithg fipstt heceinasiont (jPrikfiNgnt iivna NisstCore/ daitathdretaidolfegoals
gene/ nucl ei ¢ acid expressing a therapeutic conpound. A "therapeutic
conpound" ensededdbyaddieatien &, bbogiong ninc besecatd dialdcohtainer.usheavirbe,
‘e.g., a therapeutic nucleic acid such as an antisense nucleic acid or a
peptide or prBA¥iIRE i NENJESONBRINGING| \ByiCkRIR MEtByiltes. a20aggpir i thakh
further preferred epbodinent the expression,of heterol ogoys nucleic acid
Sequence| 5 SAERePEbRPTHIE: NEts CIEiSal ULt oA P RES T r BRSBTS 181

contr of a Vi ol r. e R r abl f CGiNi |,k S
oromoter - 25 Sl Yo PR TRLET> JIUATRR! BhE' 88 dedia g BURLAR M Hus 1 ner
embodi ment t Rer N4y ien aOfrle@ﬁW%'ir‘i’ér?thHE?iWﬁl\ﬁh?s Gl é@ﬂfé‘?ﬁf%dl&itiona!
preferably into a non-essential region of the virus genome. [n another
preferred enmppdie@ide gbgubAcegwHithQite Hdterdiekeus! tootius vadelnga &iam. dAs
sequence is inserted at a 5 naturally occurring deletion site of the WA
genone (di scloagkkdedn iPCTHtEEPD65628A65 . ofethedsidsowption ntes t heteralogogdus
sequences into the poxviral genone are known to a person skilled in the
art. Accordi S§IUENEABL MAY \CQ%ﬁhB}r gpHodesedhatb@iueentd treepgase nb¥nthen

i ncl udes al so_the geno of .the.virus, its reconbinants or .functional parts

theredt. SuchTUNHAF SYSLREN LS dh IHP0ssIHe 18 HaRniier yeermblipaik ¥aealid r us

cst abl | shi ng rasondaglost LAl hI e mrithy {bEbe s TRRIPHER SR ¥

expressed fr @Biﬁgyﬂé.f’%pw%?w‘m‘é@/cb@r fOPnBIREYCEs t BGoRAC BERSlv erPtrﬁbPe or

pepti de which't may suppl enent “deletion nutants of a virus that |acks

the viral seglgaigeTherdrabnat of vidukettex rhagdeonsedciopreacH-vactinagtiah hast " of
the viral genone neans a part of the 20 conplete genom c sequence, which

encodes a phymiecatetinedt gbogeich as a protein, protein domain, epitope of a
protein. Functional part of the viral genone al so describes parts of the
conpl & e genomi ¢ sequence, which code for regulatory elenents or parts of

such el enent s wt i Wad it Quel 208 agkngit 1o (RECRES HRLPRS an SHBRRST

Vaccinia viruses having at least one the foilowing properties:
- capability of reproductive replication in chicken embryo
fibroblasts (CEF) and in the baby hamster kidney cell line
20 BHK, but no capability of reproductive replication in the
human keratinocyte cell line HaCat,
- failure to replicate in vivo,
- induction of a higher immunogenicity compared to the known

strain MVA 575 in a lethal challenge model and/or



WO 02/ ~2~811 PCT/ EP01/13C28 21 The reconbi nant virus according to the
present invention nmay be used for the introduction of the heterol ogous

nucl ei ¢ apighe@eence into a target cell, said sequence bgidygr®ihhek

honol ogous or heterol ogous to the target cell. The introduction of a

het er ol ogous 5 nucl eic acid sequence into a target cell may be used to
produce in vitro heterol ogous peptides or polypeptides and/or conplete
viruses encoded by said sequence. This hod conprises the infection of a
host cell with the reconbi nant MVA, cultiVvation of the infected host cel
under suitable conditions, and isolation and/or enrichment of the Zo
peptide, protein and/or virus produced by said host cell. Furthernore, the

met hod for intr0d_UCtirﬁh&fo@oh@ﬂ%é&%s@énﬂéll? thet &4@leORYES oTGAIANARYL O
cells may be applied for in vitro and preferably in vivo therapy. For in

vitro therapy, isolatredaceinis vihat phiane/ Vachada vireyibossty regines wehen
infected with the virus are adnmnistered to the |iving ani mal body for

i nduci ng an i mmune respyRred oPNMApPYiMe/ vheeindy vitusebopsusegimes.s
reconbinants are directly admnistered to the |living ani mal body for

i nduci ng an i mmune response. In this case, the cells surrounding the site
of inoculation are, directly infD cted in vivo 20 by the virus, or its.
reconbl nants acco iF?{é’Cteést e f ﬁ%/'@ntspﬁlﬁ.aéf'ﬁ%% 'ﬂ% 9?%'%&38?&%%’%8& he
invention is ﬁ%g ly growth restricted in human and nonkey cells and, thus,
hi ghly attenuated, it is ideal to treat a wi de range of mammal s i ncl udi ng

Composi 1 on_and a lacci e D B e AP prerTas M,
l'iving 574 or MVA 575 (ECACC V00120707) into non human
cells in which the virus is able to reproductively replicate,

10 wherein the non-human cells are preferably selected from

CEF cells and the cell line BHK,
(i)  isolating/enriching virus particles from these cells and
(iiiy  analysing whether the obtained virus has at least one of
the desired biological properties as defined above,

15 wherein the above steps can optionally be repeated until a virus with
the desired replication characteristics is obtained. The invention
further relates to the viruses obtained by this method according to
the present invention. Methods how the desired biological properties
can be determined are explained in other parts of this description.

20

In applying this method the inventors identified and isolated in
several rounds of clone purification a strain according to the present
invention starting from the MVA isolate passage 575 (MVA 575). This
new strain corresponds to the strain with the accession number

25 ECACC V0083008, mentioned above.



WO 112/ ~2~8(1 22 PCT/EP(11/13fi 2% ani mal body, including a human. The
virus of the invention is further safe in any other gene therapy protocols.
The phar nmoaiisbmal conposition may general |y include one QCTERIDA 28
pharmaceuti cal acceptabl e and/or approved carriers, additives, antibiotics,
preservatives, adjuvants, diluents and/or stabilizers. Such auxiliary

subst ances can be water, saline, glycerol, ethanol, wetting or emulsifying
agents, pH buffering substances, or the Ljke. Suitable carriers are
typically large, slowy netabolized nol ecul es such as Zo proteins,

pol ysacchari des, polylactic acids, polyglycollic acids, polyneric am no
acids, amno acid copolyners, lipid aggregates, or the |ike. For the

preparation of vaqth‘eﬂgﬁspwtﬂneomsz@r of tHes vaeehithi viansess i ccardigditbgtthe the
invention is converted into a physiologically acceptable form This can be

done based omprebentxipgentnne innpahigcyiaepthat gowihf hphaviowrs ofadtVAd3Nysed
‘for vaccination a?ai nst smal |l pox (as described by Stickl, H et al. [1974]
Dtsch. ned. \Rdisaiendhabibe- sBeins areerdranis dhet peesemti fveativnr ase ifer
stored at -80C with ? 20 titre of 5x10%$, TCl D50/ mi g\grrrul.at%g in about | O
Tris, 140 mvSNRENBHIY. ANY [INEF heo plaEpahatdGRrigedy AE¥Nndsetade sTegarging

phospiat o burt e 1 FdtirBel AR KR JaRte S M0k fislisation: Bhfuman
al bum n i n anianREULRCoPdR ft%b'ﬂ-b@ EP@S%?)tarriW/BhﬁonA'ér%f ”ﬁ%érﬁdﬁé ideg)
vacci ne 25 shots can be produced by stepw se freeze-drying of the virus in

a fornul ati omgnihidatdsofaruiirt HevelopmartndRisaferdoidd rital siatdit iveesirascbr as
WO 02/-1280 PCT/EP(11 /13C28 23 nannitol) dextran, sugar, glycine, |actose

or pol yvi nyl pharohackriecals ast Wit baddigaribes] betdwas anti oxi dants or inert
gas, stabilizers or reconbinant proteins {e.g. human serum al bum n)
suitable for in vivo adm nistration. The glass anpoule is then seal ed and

be stored 5 bet 4C and, t ture f | mont hs.
Howevll, as I ong 48 MiTeEHRAYIEIRTY HIGnHEUPe AcSOLHBIRR aTchr Fer atiRpent

tenperatures ;pel aw - 200 horticular MVA-BN and its derivatives, is used as a
vaccine against human pox virus diseases such as smallpox. In a
further embodiment the virus according to the present invention may
be recombinant, i.e. may express heterologous genes as, e.g.,

15 antigens or epitopes heterologous to the virus and may thus be useful
as a vaccine to induce an immune response against heterologous

antigens or epitopes.

The term “immune response” means the reaction of the

20 immune system, when a foreign substance or micro-organism enters
the organism. Per definition, the immune response is divided into a

specific and an unspecific reaction although both are closely cross

linked. The unspecific immune response is the immediate defence

against a wide variety of foreign substances and infectious agents. The

25 specific immune response is the defence raised after a lag phase,

when the organism is challenged with a substance for the first time.



For vaccination or therapy the |yophilisate can be dissolved in Zo 0.1 to
0.5 m of an aqueous solution, preferably physiological saline or Tris
buffer, awed @dnigoi stered either systemically or |ocally, ipc8/EPdY/13628
parenterally, intranmuscularly or any other path of adm nistration know to
the skilled practitioner. The node of adm nistration, the dose and the
nunber of adm nistrations can be optim zed by those skilled in 15 the art
in a known manner. Additionally, accordiﬂg to a further enbodi nent the
virus according the present invention is 'particularly useful to induce

i mmune responses in immuno-conprom sed animals, e.g., nonkeys 20 {CD4 <
400/ ,1 of blood) infected with SIV, or in imuno-conprom sed humans. The

-term "i mmunoTeRMPEEITTS ethmiRe FekPeAsé he HigAlusHieferithehd NEWBEpEYSbRINTEGF an

i ndi vi dual, which shows only inconplete -"immune responses or has a reduced
efficiency iphéhactehabhcan dgdividali nhec recoeragéming . a Espatifioriafachiosr ést i ng
and according to still a 25 further enbodi nent the virus according the

present invemtrptactednagaust thisspecifiesiptensian.i thusmaisecosapindentiord waki mal s
or humans, WO 02/ ~2~8(1 24 PCT/EP01/13C28 ' even,in the presence of a
pr e- exi sti ng tNAMBAMEy Qo 3pyRYY r 83 (RleSEONEi RERET oFaUSPRNRUCPaMildel arl y

interesting was, .that the virus accord{' (r;qql tq.t hetﬁrese.nt nvention_can

boost Eimmnesymﬁ‘g%soralrkoo ﬁym%trﬂ%!g 'haHrs ﬁﬁegr'éota &a i Ant P\Vp'ral,
€49, a”t”e%&g‘élrr{ 'Oirg\rﬁﬂﬁftgpy-to"Aﬂ%i%V' 5§éntt.hers%l%}ﬁ" 'ir?n%ﬁ‘ﬁ'i?fnf: apfig i ¢

concepts in or I'mnate or suppréss viral 1 nfection udi ng

e.g., (1) therRPphoRIEAMeWS redddr e ab@Gsts(for)a 1015 pRe) finkbaie of
inhibitors for viral "enzymatic activity or viral assenbling, or (iii)

appl i cation ehseytakamdifemngnfAceordéenglymithe iredystisresofoént renusilogital
According to still a further enbodinent the vaccine is especially, but not
excl usi vel y, ragiory aisinebe nisedefovetaecinedion.fiel d, e.g., for the imunization
agai nst ani mal pox infection. In small animals the inoculation for

i mmuni%ation is preferably perfornmed parenterally or z5 nasaly, whereas in

| arger ani mal s or -hungns_a subcut anequs, intr lar _or.oral ingocylation
is preferred. ' It-rh asmﬁ@é‘wef %\(#arrbyﬂﬁ‘?@% ﬁv@ﬁﬁ%ﬁéytq{g@ a|r8’é)i\fﬁ}i dﬂvﬂ}%i ne
shot cont ai ni e j v of , o5 T i e | t Z0
i nfectious d(()%g?ﬁé(}?_ %gﬁfﬂ rﬁr gl_?:%rgr |%(1g]é'_ll%/th]e‘%§?| seﬁ%sﬁégﬁéfoﬁﬁ?s Héltrf?f‘)l ci ent
to induce cogpgghien IR lidhrAdae RYstemWebrhprides ¥agsiinha part Usorbpailsirgnge in
mce. This is particularly surprising since such high degree of attenuation
of the virus saeexldcalp types, hsugh esertg. nyephoanytemaindl beherxpelts ei@rived
negati vely influence and, thereby, reduce its z5 i munogenicity. Such
expectfti on ifErmagkidedloodcetls) nadea thunofalrpardoetinsising samall pemiEies

response the antigenic epitopes need to be
and complement factors.

“Vaccination” means that an organism is challenged with an

infectious agent, e.g., in an attenuated or inactivated form of said

20 infectious agent, to induce a specific immunity. The term vaccination
also covers the challenge of an organism with recombiant vaccinia

viruses according to the present invention, in particular recombinant
MVA-BN and its derivatives, expressing antigens or epitopes that are
heterologous to the virus. Examples for such epitopes are given in

25 other parts of the description and cover, e.g., epitopes from proteins

derived from other viruses such as the Dengue virus, Hepatitis C



WO U2/ ~2~80 25 PCT/ EPOL/ 13C28 presented to the i mmune systemin sufficient
quantity. A virus that is highly attenuated and, thus, not replicating can
only presemtozawery small anount of antigenic epitopes, thatimia@asguch as
itself incorporates. This anount of antigen, carried by the viral

particles, 5 was not considered sufficient for induction of a potent inmune
response. However, the virus according to the invention stimnulates even
with a very low effective dose of only 1 TCI Dso a potent and protecting

i mmune response in a nouse/vaccinia challenge nodel. The virus according to
t he present invention thus shows an 1o unexpected and even increased

i nmunogeni city conpared to other so far characterized MVA strains. This

hi gh i munogeiriusi va@pitdsweyk:l@pﬁ/eacn@hﬁi?mtéiasttlhetra_rreS@@ozii@teeﬂwiﬂm and
any vaccine derived thereof especially useful for application in

i mruno- conpr dhé sirvedoprmerg of tnnoans . aridb cancer diftert thetadmiristriatieon of
enbodi nent of the invention, the virus is used as an adjuvant. An

"adj uvant” i Ahe héecmbénaniofvaceinipr et iakscils | bady eftBes apiteReenfbdicer

oo, B RS S SR i AT A 8 S
tinmulate the i : i ent i h ! h
o ! LTRRHES SRR gl ELOPABL' pHthgke Rl radag Lo
enhanced by to*ﬂgaﬁi@ﬁr;,tﬂm%,% idriGnERd sshiadt W?i%gepmr%‘i'éhhv%‘ﬁta?ﬁi thal at es

t he i nmune system causing a strongefr speci ne reaction agai nst an
anti geni ¢ 25 epplidpepthadf iscevesddd @y tHY eecirnbinaatti witctaia bieus egul ated by
factors of the unspecific i mune system such as interferon and
i nterl eukin. WO 02/ 2-480 26 PCT/EP111/13&8 Hence, in a further
embodi ment of the invention, the virus is used in mammal s ingcluding humans
to activate, suppoffanidyippMeans heartiduner sEoremetandrigtestiern gf tan
activate the inmune res onée.a ai nst anéda tiaenj'__ﬁ;l| &eterm’ nant . Thf Vi rus
my al&o be Q5BANEH REAIBYOAISEIRES FAHAED DYt B TS R&ENEndHE TR R eased
suscepti bili 8@?&% t.-nfectio u oy 2ase,, af [ @S irus
used as an a§j¥'8van fmﬁf}'/'”ﬁ'g%g'toﬁoﬁfrgecg%bclae?éhé] Wfrgﬁfégﬁlwgch ?a\}(ﬁrmfégﬂg%lé/does
not contain B %&%Pgé)uéhﬂ%tér‘?sﬂri]é Sp&RNYABredin I%‘?nﬁ??ﬁ‘ﬂ})'i@ bosed hba twee of
virus i s MVA- BN ternatively the virus that
existence, induction and activation of specialised cells of the immune
system.
15
As pointed out above in one embodiment of the invention, the
recombinant viruses according to the present invention, in particular
recombinant MVA-BN and its derivatives, contain at least one
heterologous nucleic acid sequence. The term “heterologous” is used
20 hereinafter for any combination of nucleic acid sequences that is not
normally found intimately associated with the virus in nature, such

virus is also called "recombinant virus" .

According to a further embodiment of the present invention the
25 heterologous sequences are preferably antigenic epitopes, which are

selected from any non-vaccinia source. Most preferably, said



is used as an adjuvant is a reconbinant virus containing in its genone

het er ol ogous DNA sequences that are not naturally present in the viral
genore. Fwp @aeysas a adj uvant the reconbi nant viral DNA ofpctii@oyiicos
preferably contains and expresses genes that code for imune i5 stinulatory
pepti des or proteins such as interleukines. According to a further

enbodi nent it is preferred that the virus is inactivated, when used as an
adj uvant or added to anot her vacci ne. Th?ginactivation of the virus may be
performed, e.g., by heat 20 or chem cals;”as known in the art. Preferably,
the virus is inactivated by a-propriolacton. According to this enbodi nent
of the invention, the inactivated virus nay be added to vacci nes agai nst

-numerous i nf eetb@inght MiAld fekbrésss drkeasemdre IMIRME EPRopETUABM
response of the patient to this disease. 25 WO 02/ ~2~80 27 Summary of the

| nvent i on PCPRI&shdtiudCialgiparan nivydabactenaerindlieaze ovipus,séomheiruses
follow ng, alone or in conbi nation:_5 Vaccinia virus having at |east one
of the foll ogelegtpdomdr thesfamily apfadilavivirugesr dpatiuyxovieuses| irepatiits i n
chi cken enbryo fibrofl asts (CEF) and in the babg/ harrfster ki dney cell 1ine
BHK, but no ¢HMSBSI i BYTEN eBPYREeiiGBNEXpYirdsRS ofl | MOMheVIRS RN causing
kerati ocytehcell hi ne Cat ﬁ’? - L_Fi Lure to repit_..i cate in vi % S|

i nductd on” of "§"AY'GRER'S E%%oﬁ% 1 @5 JIAUAYEREP 08 EHRVIYRSR <% diPPIVA 575
in a lethal W#Lﬁggﬁrggdel and/or - induction of at |east substantially
the same level 0 mmunity in vaccinia virus prinme/ vaccinia virus boost

regi mes when conpared to 15 DNA-prine/ vaccinia virus boost reginmes. The
virus as above, wherein the virus is not capable of reproductively

replicating in anoghrtiirez foktitiva fgriherssmbetimentebut tdiso Hnredditivor yo
kidney cell line 293, the human bone osteosarcoma cell |ine 143B and

the above-mentioned selection of antigenic epitopes, the

10 heterologous sequences can be selected from another poxviral or a

vaccinia source. These viral sequences can be used to modify the host

spectrum or the immunogenicity of the virus.

In a further embodiment the virus according to the present
15 invention may code for a heterologous gene/nucleic acid expressing a
therapeutic compound. A "therapeutic compound" encoded by the
heterologous nucleic acid in the virus can be, e.g., a therapeutic nucleic
acid such as an antisense nucleic acid or a peptide or protein with
desired biological activity.
20
According to a further preferred embodiment the expression of
heterologous nucleic acid sequence is preferably, but not exclusively,
under the transcriptional control of a poxvirus promoter, more
preferably of a vaccinia virus promoter.

25



20 the human cervi x adenocarci noma cell |ine HeLa. The virus as above being
deposited at the European Collection of Cell Cultures (ECACC), Salisbury
(UK) undewounbgn V00083008 and derivatives thereof. 25 podphehzg80 28
PCT/ EPO1/ 13128 The virus as above conprising at | east one heterol ogous
nucl ei ¢ acid sequence. The virus as above, wherein said heterol ogous
nucl ei ¢ acid sequence s being selected froma sequence coding for at | east
one antigen, antigenic epitope, and/or az&herapeutic conmpound. Genone or
functional parts thereof derived fromthe virus as defined above. 20

Phar maceuti cal conposition conprising the virus as above and/or the genone
and/ or functional part thereof as defined above and a pharmaceutically

acceptabl e carri epec@rdimgnt tANgiPr aaddirtHare. erhbod@siente teRMTRsEHIGN t b
virus as above and/or the genone and/or functional part thereof as defined

above. The vihetsrdsgebovricl¢ibeaddsetricand/ v prefecabbnahtopar hohlezseatiabs
defi ned above, the conposition as defined above or the vaccine as 20

defi ned abové&egi®ondeuighg olirus gesemey, Inpaeddieibpyefenthetiargbodimentneiotigi cal
response in a livin ni mal ) includin human. The virus as apoye,, the
phar maceut i céﬁ‘vecfg?ﬁi%si ?gﬁegogﬁqq%@%ég’dgéc'ah%e%%'&"?%ésaﬂ”'ﬁ% §hedt dbove
or the virus a £ e wh i net.he YpwnMS, o] itiagn.or the
vacci %e is a@ﬁ?w?azltye:ggguﬂﬁﬁé/ %%EIEQI %Hg PgltBeZylVR geﬁ'\%?ng {mgéfosea n
PCT/EP96/02926). Methods how to insert heterologous sequences

into the poxviral genome are known to a person skilled in the art,

According to another further preferred embodiment the

10 invention includes also the genome of the virus, its recombinants or
functional parts thereof. Such viral sequences can be used to identify

or isolate the virus or its recombinants, e.g., by using PCR,
hybridization technologies or by establishing ELISA assays.
Furthermore, such viral sequences can be expressed from an

15 expression vector to produce the encoded protein or peptide which
then may supplement deletion mutants of a virus that lacks the viral

sequence contained in the expression vector.

"Functional part" of the viral genome means a part of the

20 complete genomic sequence, which encodes a physical entity, such as a
protein, protein domain, epitope of a protein. Functional part of the

viral genome also describes parts of the complete genomic sequence,

which code for regulatory elements or parts of such elements with
individualizable activity, such as promoter, enhancer, cis- or trans-

25 acting elements.



PCT/ EP111/ 13C28 therapeutically effective anmounts in a first inocul ation
("primng inoculation") and in a second inoculation ("boosting

i nocul at i @'oz/424dee of the virus as above, and/or the genofgrTasodgihaed
above) for 5 the preparation of a nedicanment or a vaccine. Method for

I nt roduci ng honol ogous and/ or heterol ogous nucl ei c acid sequences into
target cells conprising the infection of the target cells wth the virus
conpri si ng heterol ogous sequences as def#ned above or Zo the transfection
of the target cell with the genone as deti ned above. Method for produci ng a
peptide, protein and/or virus conprising - infection of a host cell with
the virus as above, - cultivation of the infected host cell under suitable

condi tions, and 1¥p réifzirﬁblr@ht&ﬂ%@rac@arduﬁ?nﬁﬁ&h@fpﬁé@rﬂem\ﬂe@h@m@ﬂ%w
protein and/ or viruses produced by said host cell. Method for affecting,

preferably i héusser fantherminod aglicalof thedwisrlbgoasirugleig acidneeqbwenye
‘i ncl udi ng a human conpri si n% adm ni stering the 20 virus as above, the
genone and/ ointouret fairgst t, tsaed eskguendef ibedrg alsoler tfh@'n@dﬂgmﬁl toobn as
defi ned above or the vaccine as defined above to the aniyal or hunman to be
treated. The NGEQNRIOEAUS dsbBe changiet stoly the HimPAuCHeRtPloR beterologous 102

25 TC Dso (tlssPe cul.ture infectious ose% of,, the \BII’US WO 02( 2. 180
nucleic acid sequence” into a targe el may be Used to produce in

vitro heterologous peptides or polypeptides and/or complete viruses
encoded by said sequence. This method comprises the infection of a
host cell with the recombinant MVA, cultivation of the infected host
cell under suitable conditions, and isolation and/or enrichment of the

10 peptide, protein and/or virus produced by said host cell.

Furthermore, the method for introduction of a homologous or of

a heterologous sequence to cells may be applied for in vitro and
preferably in vivo therapy. For in vitro therapy, isolated cells that have

15 been previously (ex vivo) infected with the virus are administered to
the living animal body for inducing an immune response. For in vivo
therapy, the virus or its recombinants are directly administered to

the living animal body for inducing an immune response. In this case,

the cells surrounding the site of inoculation are directly infected in vivo

20 by the virus or its recombinants according to the invention.

Since the virus according to the invention is highly growth
restricted in human and monkey cells and, thus, highly attenuated, it
is ideal to treat a wide range of mammals including humans. Hence,

25 the present invention also provides a pharmaceutical composition

and a vaccine , e.g., for inducing an immune response in a living



30 PCT/ EPO1/13(28 The nethod as above, wherein the virus, the conposition
or the vaccine is admnistered in therapeutically effective anmounts in a

first inogw @i ("primng inoculation”) and in a second pcdiPersh A5d29N
("boosting inoculation"). 5 The nethod as above, wherein the animal is

i rmuno- conprom sed. The nethod as above, wherein the animal has a
pre-existing immunity to poxviruses. 10 The nethod as above, wherein the
animal is undergoing an antiviral therap The net hod wherein the animal is
undergoi ng an antiviral therapy, 15 characterized in that the antiviral
therapy is an antiretroviral therapy Use of the virus as above, the genone
and/ or functional part thereof as defined above as adjuvant. 20 A net hod

for enhanci ngranaResddy, CinclTBIAE 4 PERRASE FEAVIES SNtRNihasitiends urtRer
antigenic epitope incl'uded in a vaccine conprising adm nistration of the

virus as abowsafein tamy gterngerss tidefapyeoratbosks. as an adj uvant to a living
‘ani mal body including a human to be 25 treated with the vacci ne. WO
(12/-4280 PCT/EP(11/13128 31 The virus as above or the genonme as defiined

s above or | he- odme G MARRLEICGhAOTRPECHoNE ebetanY nBgluopBe &
St eps:® i nt rodlBI G B bR ArkePiebE SRAnARRIRTEL A RErs, SpbBhably
MVA 575 i nt o pA[hiBHERN prELdSatife¥hhgfiviRies Vil HentsS aRBY Br SRabilizers. Such
auxiliary substances can be water, saline, glycerol, ethanol, wetting or
emulsifying agents, pH buffering substances, or the like. Suitable
carriers are typically large, slowly metabolized molecules such as
10 proteins, polysaccharides, polylactic acids, polyglycollic acids,
polymeric amino acids, amino acid copolymers, lipid aggregates, or
the like.

For the preparation of vaccines, the virus or its recombinants

15 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 smallpox

(as described by Stickl, H. et al. [1974] Dtsch. med. Wschr. 99,
2386-2392). For example, the purified virus is stored at -80°C with a

20 titre of 5x108 TCIDso/ml formulated in about 10mM Tris, 140 mM

NaCl pH 7.4. For the preparation of vaccine shots, e.g., 102-108
particles of the virus are lyophilized in 100 ml of phosphate-buffered
saline (PBS) in the presence of 2% peptone and 1% human albumin
in an ampoule, preferably a glass ampoule. Alternatively, the vaccine
25 shots can be produced by stepwise freeze-drying of the virus in a

formulation. This formulation can contain additional additives such as



Zo reproductively replicate, wherein the non-human cells are preferably
selected from CEF cells and the cell |ine BHK, - isolating/enriching virus
parti cl eswigmamdohese cell s and -anal ysi ng whet her the obtpgrmediniesls has
at (east one of the biological properties as defined above, i5 wherein the
above steps can optionally be repeated until a virus with the desired
replication characteristics is obtained Kit for prine/boost immnization
conprising a virus as above, a vaccine ag,above or the virus as drug as
defined above for a first 20 inocul ation %"prining i noculation") in a first
vial /container and for a second inocul ation ("boosting inoculation") in a
second vial/container. Use of the virus as above, the conposition as

-defi ned abovenanditel, géxtrhr, vaamirnegigsindefinotskealopvpofyainyipgrrotidpaesabron of
a vaccine wherein 25 the virus, the conposition or the vaccine is

admi ni st er ed dthea pdditives V8@ 129 - a2tidgdant? ECTINER{ | ga3,3Gt8bilizecs| atri on
‘and wherein the sanme virus or vaccine is admnistered in a boost .

i nocul ati on. réREMbIDABEMIpE¢ins -8+ AEMAyGrEsMsakauyine suitahlewion ki vEei cs
of different sfrai.ns of indifferent cell lines. In part A) the results
are grouped W?‘ﬁé‘?‘%‘% RIARSsEMA et'%#‘@ﬂ ﬁﬁ%lregaénancﬁ'&r e @qof‘ﬁ
results are { | i T, nt, .. of

Vi rus ecove%eg%ﬁg‘m&;é%ﬁ Qﬁph‘gtéﬁ%aeﬁggref (‘f)él}f§%%§@ ?ﬁ%ﬂﬁ%ﬁ 'gﬁ}“{ggfg@ \E/ivas
determ ned b ague {ssapednd egsed & riat i®opdq Vi BROVaked
after 4 daysy?gét%é iﬁlét?baéle in%)géﬁjmﬁ%ﬁ gg@p 1&1% I)§ Fi aurde :rél%rrgt gygti on
provi ded agaiteaipardtetémbetdal 2€3ge of vaccinia 15 foll owi ng vaccinations

with either MVA-BN or MVA 575.
For vaccination or therapy the lyophilisate can be dissolved in
10 0.1 to 0.5 ml of an agqueous solution, preferably physiological saline or
Tris buffer, and administered either systemically or locally, i.e. by
parenterally, inframuscularly 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

15 the art in a known manner.

Additionally, according to a further embodiment the virus
according the present invention is particularly useful to induce
immune responses in immuno-compromised animals, e.g., monkeys

20 (CD4 < 400/l of blood) infected with SIV, or in immuno-compromised
humans. The term “immuno-compromised” describes the status of
the immune system of an individual, which shows only incomplete
immune responses or has a reduced efficiency in the defence against
infectious agents. Even more interesting and according to still a

25 further embodiment the virus according the present invention can

boost immune responses in immuno-compromised animals or humans,



The protection is nmeasured by the reduction in ovary titres determ ned 4
days post chall enge by standard pl aque assay. Figure 3: Induction of CTL
and pr ot eato@n2@oovi ded agai nst an 20 influenza chal | enge pe¢aVrY®1/6360E er ent
pri me-boost regines. 3A: Induction of CTL responses to 4 different H 2d
restricted epitopes follow ng vaccinations with different conbinantions of
DNA or MA- BN vacci nes encoding a nmurine polytope. BALB/c mce {5 per
group) were vaccinated with either DNA %t ramuscul arly) or MA-BN 25
(subcut aneously) and recei ved booster i ni sations three weeks later. CTL
responses to 4 different epitopes encoded by the vaccines (TYQRTRALYV,

i nfuenza; SYIPSAEKI, P. Berghei; YPHFMPTNL, WO 112/.12-4S0 33

'PCT/ EPOL/ 131 228nOf oR@req¥hEdlof RBRAIRSHMg H%_uwyetdigo&wu@em YRESE an
ELI SPOT assay 2 weeks post the booster i1nmunisationS. 3B: . Induction of
CTL responsesirimals dof f RuetdnsepPotiesialrbl liovemgtingcovast ittas viheh drfif er ent
"conbi nations of DNA or MVA-BN vaccines 5 encoding a nurine polytope. BALB/c
mce (5 per @csapdingeta thaquiesantdnvgntioricaie oD irTMuURarfespanags \alsor
MVA- BN (i ntraveneous|y) and recei ved booster inmunjisations three vveek?
later. CTL rdBpdRisealst §r 4Ndmans smdesBpingoean edltddiEal bg-8-neaDHERITRNY 2
(TYQRTRALV, i,pfuenza;, SYI.P Kl , P, .Berghei; YPHFENVPETNL., Zo .Cytonegal pvirus;
RPOASAM LD S0 A UFA) Tsiank {QEuFieR, fheberellsaP eRRISHD TolT T
boost er i nmunjisati . ' : ; i nd Asi ific:Tacells
fol |l ow ng ho%ﬁﬁ@ggg%6r%rgéggﬁ%ﬂﬁﬁghgﬁqgglﬁnﬁ ’d%'gé/’ E@Qﬁ@l%%ﬁl_‘% ) of
reconbi nant MyAnEtedtidenaffpd! 1ROURLY -adBIRworR! o IRhASHIIRN dof Svyiral
vaccinated with two shots of tthe conbinations as indicated in the figure.
Two weeks posinZyheatic aativitpesi viedliazsehitslimgindretiipbpptiphtide ofpedokins to

spl enocytes were neasured using an | FN-gamma ELI SPOT assay. The bars
represent thdnfleanceimivernetespaties of §pohestpl us/ m nus the standard
deviation fromthe nean. 20 t~"igure 4: SIV | oad of nonkeys vaccinated with

MWA- BW nef or MVABN. Figure 5: Survival of vaccinated nonkeys follow ng

Infection with Sl \Acc%?ding\/\otcg 1%‘(iﬁ2'§89urther embodiment the vaccine is

especially, but not exclusively, applicable in the veterinary field, e.g.,
for the immunization against animal pox infection. In small animals the
inoculation for immunization is preferably performed parenterally or
15 nasaly, whereas in larger animals or humans a subcutaneous,

intramuscular or oral inoculation is preferred.

It has been found by the inventors that already a vaccine shot

containing an effective dose of only 102 TCIDsg (tissue culture

20 infectious dose) of the virus according the present invention is
sufficient to induce complete immunity against a wild type vaccinia

virus challenge in mice. This is particularly surprising since such high

degree of attenuation of the virus according to the present invention

would be expected to negatively influence and, thereby, reduce its

25 immunogenicity. Such expectation is based on the believe that for

induction of an immune response the antigenic epitopes need to be



34 PCT/ EPOL/ 13&28 Figure 6: Mnkey serum antibody titres to WA-BN. The
anti body titres for each aninmal are shown as different shapes, while the
mean titrewo@®/dkidoustrated as a solid rectangle. 5 Figure forapoehss29f SV
i n i nmmuno- conprom sed nonkeys (CD4 < 400 m bl ood) foll ow ng vacci nations
wi th MVA-BN encoding tat. Mnkeys had previously received three

vacci nations with either MVA-BN or MVA-BN nef (week 0) 8, 16) and had been
infected with a pathogenic isolate of SI) (week 22). At week 100, 102 and
106 (indicated by ~o arrows) the nonkeys were vacci nated with MVA-BN tat.
Figure 8 SIV levels in nonkeys undergoing anti-retroviral therapy and

t herapeutic vaccinations using MVA-BN. Three groups of nonkeys (n =6) were

infected wit br&dhteadtd tieateendae lsystdrhhinPyEdicldmdicaiiel. -A Svitys bhatcks
line). At week 10 and 16 aninmals were vaccinated (indicated by arrows) with

ei t her m xt uhégghlpfatteeateidnant, M sornataréplécatigywaa onlyHprneseant aegponse
'generated to SIV follow ng infection and vaccinations with reconbi nant MA.
Three groups s(ialk @nopnt mehkaptgesicnsritopesct d@tviishag parRbBg@si citselbl at e

b oo e A gt B e BB
eeort et N Y S g SR T OHAH o5 Y e, oo

VO 02/ 2.180 ?éﬁ%ﬂééﬁpﬁ%\/e%ﬁz%gi grie dQortiPral thésiPeBRfioacsanAlatded 0 WA

in SIVinfecte
even with a very low effective dose of only 102 TCIDsp a potent and

protecting immune response in a mouse/vaccinia challenge model.
The virus according to the present invention thus shows an
10 unexpected and even increased immunogenicity compared to other
so far characterized MVA strains. This high immunogenicity makes the
virus according to the present invention and any vaccine derived
thereof especially useful for application in immuno-compromised
animals or humans.
15
According to still another embodiment of the invention, the virus is
used as an adjuvant. An “adjuvant” in the context of the present
desciption refers to an enhancer of the specific immune response in
vaccines. “Using the virus as adjuvant” means including the virus in a
20 pre-existing vaccine to additionally stimulate the immune system of
the patient who receives the vaccine. The immunizing effect of an
antigenic epitope in most vaccines is often enhanced by the addition
of a so-called adjuvant. An adjuvant co-stimulates the immune system
by causing a stronger specific immune reaction against an antigenic
25 epitope of a vaccine. This stimulation can be regulated by factors of

the unspecific immune system, such as interferon and interleukin.



nonkeys undergoing anti-retroviral therapy. Three groups (n = 6) of nobnkeys
were infected with a pathogenic isolate of SIV (week 0) and then treated
with the wotoexesbroviral therapy (PMPA; indicated by 5 boledTiEPOR)3628VDNnkeys
were vaccinated with m xtures of reconbi nant MVA or saline at week 10 and
16. Antibodies to MVA were determ ned using a standard capture ELISA for
MVA. Figure 11: Induction of antibodies to MVA foll ow ng vaccination of Zo
mce with different small pox vacci nes. T%e | evel s of anti bodi es generated
to MVA follow ng vaccinations with MA-BN (week 0 and 4), was conpared to
conventional vaccinia strains, Elstree and Weth, given via tail
scarification (week 0), MA 572 (week 0 and 4) and MVA-BN and MVA 572 gi ven

as a pre-E stHareyaa el nerthVArdBadiraent of theeiewedtipasithedviays tifeudad dpean
Collection of Animal Cell Cultures as ECACC V94012707. The titres were

det er mi ned ushaignaalsapicivdirg temans talaativated sypporear rsegppeess obheisi ng
‘the linear part of the graph and defined as the dilution that resulted in
an optical demengRe ofystem, angvarefarabiwAoprctiyate gHig i EamMUNg (BSBODSe5)

different to M VA 20 572 .. WA 57%. Exa Ief The foll ow ng exanpl e i
further 111 uskeley enl grigenc 35 STRUBRTtonT T (VItHS IMBY. 30! DGnbiSFa: bod by
Mber et od (ShPRopEyhE e SYstpRE 4R LB R SRS ek S KRB L

appl i cabil'i t%%ﬁnéthﬁfé%%%ﬁ’% aRriAvHeechddVot fi@epg esent invention to this

exanpl es. Exanple 1 5 netics of a new strain of MA in sel ected
cell lines and replication in vivo (i) Gowh kinetics in cell lines: To
characterize a newy isolated strain according to the present io invention
(further referredThe dsusNseBNIS Biteadjuyant MRaydta asnoff-reapmbisantviraisn wer e
conpared to those of other MA strains, which have al ready been

char act er i zed.e. Bheires6RE G968 RMRlscapirn dietempaprad Nhe yitevEBNRMEetABs of
10 example for this type of virus is MVA-BN. Alternatively the virus that

is used as an adjuvant is a recombinant virus containing in its genome
heterologous DNA sequences that are not naturally present in the
viral genome. For use as a adjuvant the recombinant viral DNA of the
virus preferably contains and expresses genes that code for immune

15 stimulatory peptides or proteins such as interleukines.

According to a further embodiment it is preferred that the virus
is inactivated, when used as an adjuvant or added to another
vaccine. The inactivation of the virus may be performed, e.g., by heat

20 or chemicals, as known in the art. Preferably, the virus is inactivated
by B-propriolacton. According to this embodiment of the invention,
the inactivated virus may be added to vaccines against numerous
infectious or proliferative diseases to increase the immune response of
the patient to this disease.
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15 the follow ng viruses in the subsequently listed primary cells and cell
lines: MVA-BN (Virus stock #23, 18. 02. 99 crude, titrated at 2,0 x 10~

TCl Dso/ mywo 03Q248¥VA as characterized by Al tenburger (US patpemiepdi/i3k8p, 146)
and further referred to as WA-HLR, WA (passage 575) as characterized by
Anton Mayr (Mayr) A, et al. [I1975] Infection 3; 6-14) and further referred
to as WA2s 575 (ECACC V00120707); and WD 02/.12-4811 37 PCT/EP(I1/13128
MVA- Ver o as characterized in the internag; onal Patent Application

PCT/ EPOL/ 02703 (WD O1/68820) (Vi rus stock;’ passage 49, #20, 22.03.99 crude,
titred at 4,2 x 107 TG Dso/m ). 5 The used primary cells and cell |ines

wer e: CEFChi cken enbryo fibroblasts (freshly prepared fronSPF eggs);
-HeLaHuman cervi x adeocar ci noma igiiid#§! dfethe 1MVERzidlp. Z0CCL- 2; 143BHuman bone
ost eosarcoma TK-, ECACC No. 91112502; HaCaTHuman kerati nocyte cell I|ine,
Boukanp et al. 1988,J Cell Biol 106(3): 761-771;z5 BHKBaby hanster ki dney)
-ECACC 85011433; Ver oAfri can green nonkey ki dney fibroblasts, ECACC85020299;
CV1African griden imvekélorki drtey Biibr aisiraptises ECASCS DRGNS, 2IONBorof nfikct i on
the different cells were seeded into 6-well-plates at a concentration of 5
x 105 cel | s/ We&MbigadidNiacubat ed over night at 37C, 5% C02 in DVEM (G bco,
Cat. No. 61965-026) plus 2% FCS. Cell culture nediumwas renoved and cells
were i‘hfected at 25 approximately noi 0.05 for one hour at 37C, 5% C02 (for

i nfecti it} | i . Th t
of < Cwo’( 12/ b RERTEES BRSIneEg JorRIaR B $8 ToTm R Pt ot on ot ¢ he
di ff t [ el i j . i

nput . Cel |5 v T e R B T ORIt oo
FCS was addeqCafyl ahbieinptied embyehanmstet Kidnéyneoetaime BHK, Iuhoor sadbididys) at

37C, 5 %
of reproductive replication in the human keratinocyte cell line HaCat,
10 - failure to replicate in vivo,
- induction of a higher immunogenicity compared to the known strain
MVA 575 in a lethal challenge model and/or
- induction of at least substantially the same level of immunity in
vaccinia virus prime/ vaccinia virus boost regimes when compared to

15 DNA-prime/ vaccinia virus boost regimes.

The virus as above, wherein the virus is not capable of reproductively
replicating in any of the following human cell lines: the human embryo
kidney cell line 293, the human bone osteosarcoma cell line 143B and

20 the human cervix adenocarcinoma cell line Hela.

The virus as above being deposited at the European Collection of Cell
Cultures (ECACC), Salisbury (UK) under number V00083008 and
derivatives thereof.
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5 C02. These infections were stopped by freezing the plates at -80C ready
for titration analysis. Titration analysis (immnostaining with a vaccinia
Vi rus spewiddeigdot i body) Zo For titration of amount of vipgcusegoggieagel | s
(CEF) were seeded on 96-well-plates in RPM (G bco, Cat. No. 61870-010), 7%
FCS, 1% Antibiotic/ Antinycotic (G bco, Cat. No. 15240-062) at a
concentration of 1 x 104 cells/well and incubated over night at 37C, 5%
C02. The 6-well-plates containing the infgction experinments were 15
frozen/thawed 3 tinmes and dilutions of 1 to 1012 were prepared using RPM
growh medium Virus dilutions were distributed onto test cells and

i ncubated for five days at 37C, 5~'/o Q02 to allow CPE (cytopathic effect)
‘devel opment . Ties{iraglds ateie EorpHisiME e daadeohanpétekoflogduy nikblel ricidvashed
with PBS and i ncubated 20 with pol yclonal vaccinia virus specific anti body
{Quartett BerleiguenCet. No. 9503-2057) at a 1:1000 dilution in incubation
‘buffer for one hour at RT. After washing twice with PBS (G bco, Cat. No.
2001 2-019) the ' HPR-coupl ed anti-rabbit antibody (Pronmega Mannheim Cat.
No. 1N4011) s added at ,a 1:1000 dilution in incubation buffer (PBS 2s
contai ni ng 3¢ UBAS 8ROVRoWhElEIRPE! qtgr%ggu%dy‘ﬁe'ﬁ/aéﬂgds? BBC%i th

02112 180 P& ERotF bl Brich uealiaB, ik ! oA Soar néigen00ss

et hanol + 15 ; f i \ i ,qﬁ% ts were visible (two
hours). Stai rﬁ%@%@%&ﬁ'o m%ﬁ%gﬂé%%lﬁse% a'fg‘g:gd to stop staining

reaction. Every well showi ng a brown spot was marked as positive for CPE
and 5 titer was cal cul ated using the formula of Kaerber (TCl D50 based
assay) (Kaer l@norGe 493uncthomdl. partp.thBaedfoteriPedr frakolthe M62ys 480)efined

above.
10
Pharmaceutical composition comprising the virus as above and/or the
genome and/or functional part thereof as defined above and a
pharmaceutically acceptable carrier, diluent and/or additive.
15 Vaccine comprising the virus as above and/or the genome and/or
functional part thereof as defined above.
The virus as above, the genome and/or functional part thereof as
defined above, the composition as defined above or the vaccine as
20 defined above as drug for affecting, preferably inducing, an

immunological response in a living animal, including a human.

The virus as above, the pharmaceutical composition as defined
above, the vaccine as defined above or the virus as defined above,

25 wherein the virus, the composition or the vaccine is administered in



The viruses were used to infect duplicate sets of on the one hand CEF and
BHK, which were expected to be perm ssive for WA, Zo and on the ot her hand
CV-1, Verwoddabsao 143B and HaCat which were expected to becigpopeseis ssive
for WA, at a lowmultiplicity of infection, i.e., 0.05 infectious units
per cell (5 x 104 TCIDso). After this, the virus inoculumwas renoved and
the cells washed three tinme to renove any renai ni ng unabsor bed viruses.
Infections were left for i5 a total of 4 days where viral extracts were
prepared and then titred on CEF cells. Tibl e 1 and Figure 1 show the
results of the titration assays where the values are given as total anount
of virus produced after 4 days infection. 20 It was shown that all viruses

anpl i fi ed Wekher'arsbe%Fcaqs) 'éffé&lveckmoam Y f4 bripdl agloeli Asorex Pesimghgi nce

this is a permssive cell line for al . Additionally it was shown that

all viruses angdulbtied”waht inm Béﬁ@r(d*wmmatlhncqhbaosterhg 1m®a:ue|}attomm Ver o
‘performed the best, since BHK is a permssive cell line. 25

112/ 424811 40 PCT/EPI |1/ 13(28 Concerning replication in Vero ceI | s (Monkey
ki dney cell line) MVA-Vero anplified well as expected nanely 1000 faol d

above’ i nput . UagaotHtire aidisaPs Abava Wé{?fpmq |8§5‘0\%¢Ia§/\ndleﬁ'”§§‘ fBeYear8r 10

fold b t BN found t t 5
anpli 1960 as (G SPAIPRALO e e Tl Bk e of ners. nanely only 2

fold increase above Input. Also concerning replication in CV1 cells (Mnkey
kidney cell line) it was found, that MVA-BN is highly attenuated in this

cell line. ltyethod for introducing homologous and/or heterologous nucleic acid
sequences into target cells comprising the infection of the target cells
with the virus comprising heterologous sequences as defined above or

10 the transfection of the target cell with the genome as defined above.

Method for producing a peptide, protein and/or virus comprising
- infection of a host cell with the virus as above,
- cultivation of the infected host cell under suitable conditions, and
15 - isolation and/or enrichment of the peptide and/or protein and/or

viruses produced by said host cell.

Method for affecting, preferably inducing an immunological response in
a living animal body including a human comprising administering the
20 virus as above, the genome and/or functional part thereof as defined
above, the composition as defined above or the vaccine as defined

above to the animal or human to be treated.

The method as above comprising the administration of at least 102

25 TCIDso (tissue culture infectious dose) of the virus.



1o showed a 200 fold decrease below I nput. Al so MA-575 did not anplify
above the Input level also showed a slightly negative anplification, nanely
16 fol d dger@asgobel ow I nput. MVA-HLR anplified the best wcirlipdPiiees d

i ncrease above Input, followed by MVA-Vero with 5 fold increase above

I nput. 15 Most interesting is to conpare the growth kinetics of the various
viruses in human cell lines. Regarding reproductive replication in 143B°
cells (human bone cancer cell line) it wa shown that MVA Vero was the only
one to show anplification above Input (3°Told 20 increase). Al other
viruses did not anplify above Input but there was a big difference between
the MWA-HLR and both MVA-BN and MVA 575. MVA-HLR was "borderline" (1 fold
.decr ease bel M\ ish gt egimabiicidvwaigronné 300
fold decr eas%elrhg%’v{qor?pn% %fbawlebmgggl%ﬁwﬁﬁ?%@g(s&@ol d dgc§lggs%2 lgel ow
Input). To 2yagyimenid aeniiistBNed Snsthipespoutic@farediccyivet &eTowatts dn anfifsgnan
-143B cel | s. WO (12/~2~8(1 PCT/EP(11/13C28 41 Furthernore, concerning t

epl i cat ~on i nnéeulatioal | p(imimgn inecuiatiacdhcandceln s isecgr shmeulatian

MA-HLR anplified well in this cell line, and even better than it did in
the pernissi (eb@pRIBRBINGCYIBEPA = 125 fold 5 increase above Input; BHK = 88
fold i ncrease above Input) MVA-Vero also anplified in this cell line (27

fol d ithcrease above | nput). However, MVA-BN and also to a | esser extend

MWA- 575 were Wﬂ’fft ﬁ;{ﬁﬂé@gaﬁz ggtopgfﬁhg%ih {H &5 5’(‘/’\/ I% ﬁ‘@'ﬂ@r?&cgmﬂoﬂ?@%ﬂ?‘se

bel ow I nput a eCrease bel o

The method as above, wherein the animal has a pre-existing immunity

to poxviruses.

10
The method as above, wherein the animal is undergoing an antiviral
therapy.
The method wherein the animal is undergoing an antiviral therapy,
15 characterized in that the antiviral therapy is an antiretroviral therapy
Use of the virus as above, the genome and/or functional part thereof
as defined above as adjuvant.
20

A method for enhancing a specific immune response against an
antigen and/or an antigenic epitope included in a vaccine comprising
administration of the virus as above or the genome as defined above,
as an adjuvant to a living animal body including a human to be

25 treated with the vaccine.



~.0 Concerning the replication in HaCat cells (human keratinocyte cel

line) it was shown that MVA-HLR anplified well in this cell line (55 fold
i ncrease wbaigazdgoput ). Both MVA-Vero adapted and MWA-575 aawadi/13628
anplification in this cell line (1.2 and 1.1 fold increase above 15 | nput
respectively). However, MVA-BN was the only one to denonstrate attenuation
(5 fold decrease below Input). In conclusion it can be stated that MA-BN
is the nost attenuated virus strain in tg's group of virus: MWA-BN
denonstrates 20 to be extrenely attenuat % in human cell |ines by show ng
an anplification ratio of 0.05 to 0.2 in Human enbryo kidney cells (293:
ECACC No. 85120602) (data not incorporated in Table 1), it shows further an

-anpl i ficatiomHeairQs s abayé - t(Ple' geﬂr&%@ §€deFinedNabond ) és%%numtr atio of
about 0.04 in HeLa cells; an anplification ratio of 25 'about 0. 22 in HaCat

cells. Additionally, MVA-BN is showing an anplification ratio of about 0.0
‘in CV1 cells. Only in Vero cells V1' O 02/.424811 PCT/ EPOL/ 13fi 28 42

anpl i ficati ol cafl, peetsyably adhymari celbs contadyinghiheevirus astabeve my there
extent as it in the permssive cell |lines such as BHK and CEF (conpare to
Tabl e 1). Th@nommomumghpﬁa @ﬁrfytwﬁﬂﬁ aAcneqiaPWRowi ng an
anplifjcation ratio of |ess than inall of the human cell 5 |lines 143B,
Hel a, HaCat and 293.

Method for obtaining the vaccinia virus as above comprising the
following steps:
- introducing a commonly available vaccinia virus strain, preferably
MVA 575 into non human cells in which the virus is able to
10 reproductively replicate, wherein the non-human cells are preferably
selected from CEF cells and the cell line BHK,
- isolating/enriching virus particles from these cells and
-analysing whether the obtained virus has at least one of the
biological properties as defined above,
15 wherein the above steps can optionally be repeated until a virus with

the desired replication characteristics is obtained

Kit for prime/boost immunization comprising a virus as above, a
vaccine as above or the virus as drug as defined above for a first
20 inoculation (“priming inoculation”) in a first vial/container and for a

second inoculation (“boosting inoculation”) in a second vial/container.

Use of the virus as above, the composition as defined above and/or of
the vaccine as defined above for the preparation of a vaccine wherein

25 the virus, the composition or the vaccine is administered in a prime



MWA-575 shows a simlar profile as MA=BN but is not as attenuated as
MWA-BN. xo0 MVA-HLR anplified well in all cell lines tested (except for 143B

cells), iwothussgoan be regarded as replication conpetent ipgTé#po1Sfhs |1 nes
tested with exception in 143B cells. In one case it even anplified better

in a human cell line (HeLa) than in a permssive cell line (BHK). Zs
MWA-Vero does show anplification in all cell lines but to a | esser extent
t han denonstrated by MWA-HLR (ignoring the 143B result). Nevertheless it
cannot be considered as being in the sang "class”", with regards to

attenuation, as MVA-BN or MVA-575. 20 2. Replication in vivo G ven that
sone MVA strains clearly replicate in vitro the ability of different WA
strains was exgsilagdntnd §Hdred ehé BaMie/ 0irUsicrovatcin@ns aelimhpisevee inngel
AGR129. This nouse strain has gene 2s targeted disruptions in the IFN
recept or typ®odost lifdewatidn.and type I (IFN-y) genes and in RAG Due to
‘these di sruptions the mce have no WO |112/-1L2.480 43 PCT/EP111/ 13128 I FN
system and are incapable of producing nmature B and T cells and as such are
severely immune conprom sedShodt IDesdription cefptiad|Rigipess replicating virus.
G oups of six mce were inmmnised (i.p) with 10~

5
Figure 1: Growth kinetics of different strains of MVA in different cell
lines. In part A) the results are grouped according to the MVA strains
tested whereas in part B) the results are grouped according to the
cell lines tested. B) The amount of virus recovered from a cell line

10 after four days (D4) of culture was determined by plaque assay and

expressed as the ratio of virus recovered after 4 days to the initial

inoculum on day 1 (D1)

Figure 2: Protection provided against a lethal challenge of vaccinia
15 following vaccinations with either MVA-BN or MVA 575.
The protection is measured by the reduction in ovary titres

determined 4 days post challenge by standard plaque assay.

Figure 3: Induction of CTL and protection provided against an
20 influenza challenge using different prime-boost regimes.
3A: Induction of CTL responses 1o 4 dffferent H-2d restricted epitopes
following vaccinations with different combinantions of DNA or MVA-BN
vaccines encoding a murine polytope. BALB/c mice (5 per group) were
vaccinated with either DNA (intramuscularly) or MVA-BN
25 (subcutaneously) and received booster immunisations three weeks
later. CTL responses to 4 different epitopes encoded by the vaccines
(TYQRTRALYV, infuenza; SYIPSAEKI, P. Berghei; YPHFMPTNL,



pfu of either MWA-BN, MVA-HLR or MVA 572 (used in 120,000 5 people in
Germany) and nonitored daily for clinical signs. All mce vaccinated with
MVA HLR owo\MgA202 died within 28 and 60 days, respectivelpcT/Eoingnsopsy
there were general signs of a severe viral infection in the majority of
organs and by a standard pl aque assay MVA (108 pfu) was recovered fromthe
ovaries. In contrast, mce Zo vaccinated with the sane dose of MA-BN
(corresponding to the deposited strain EgﬁCC V00083008) survived for nore
than 90 days and no MVA could be recovered from organs or tissues. \Wen

t aken together the data fromthe in vitro and in vivo studies Zs clearly
denonstrate that MVA-BN is nore highly attenuated than the parental and

-commer ci al M@tk gdibdirls; ERRONSGRYMMUTYPoverd  dateriindd/o Ul 2R

These experinents were set up to conpare different dose and vacci nation
regi mens of NAASBOTCaspay edweeketdost tW¥Asoo2edl imbBhlihsatiinsSt rai ns of MVA
*Differ in their Ability to Stinulate the 2s | mune Response. W

02/ .12. 18U 48BCT/IpRuctiore®?8CRepespanses torpeddfarest repinepes {eltoavinga

i nduce potent inmune responses in mce and, at hjgh doses are | ethal.
Al t hough WAvafsﬁmﬁtg?ﬂsy\A@E Siftarest %‘HW@&@% P &u%opraMVf‘f@NtMaG%'ﬂle?cate

i | | h di f.f i . [
i1 oront | ot AICRETEE v PRBV GIFE oxp A D1Ch. Bb HeF o BAO0BACNELR ¢ han

other M/A straiipsqigyen (he Pigpkal SR NiYAR/S ity et &r m pey Ahsher
1on a 0 A 1o

this difference I'n attenua ects the I cacy i nduce

protective i MRSy REAEIEandlifelcenri 18868 rofimWinBitidRe Mred /weeREe
conpared in a |ethal vaccinia
later. CTL responses to 4 different epitopes encoded by the vaccines
(TYQRTRALV, infuenza; SYIPSAEKI, P. Berghei; YPHFMPTNL,
10 Cytomegalovirus; RPQASGVYM, LCV) were determined using an
ELISPOT assay 2 weeks post the booster immunisations.
3C: Frequency of peptide and MVA specific T cells following
homologous prime boost using an optimal dose (1 x 108 TCIDso) of
recombinant MVA-BN, given subcutaneously. Groups of 8 mice were
15 vaccinated with two shots of the combinations as indicated in the
figure. Two weeks post the final vaccination the number of peptide
specific splenocytes were measured using an IFN-gamma ELISPOT
assay. The bars represent the mean number of specific spots
plus/minus the standard deviation from the mean.
20
Figure 4: S|V load of monkeys vaccinated with MVA-BN nef or MVA-
BN.

Figure 5: Survival of vaccinated monkeys following infection with SIV.
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Zo chal l enge nodel. The levels of protection were neasured by a reduction
in ovary vaccinia titres determ ned 4 days post challenge, as this allowed
a quantit ato yeeassessnent of different doses and strai ns ofcivwviibeghal
Chal | enge Mbdel 15 Specific pathogen-free 6-8-week-old femal e BALB/ ¢ (H 2d)
m ce (n=5) were immunized {i.p.) with different doses (102, 10~ or 106
TCADSO m) of either MWVA BN or MWA 575. MVA-BN and MWA-575 had been
propagated on CEF cells, and had been sug¢rose purified and fornulated in
Tris pH 7.4. Three weeks |l ater the mce &ceived a 20 boost of the same
dose and strain of MVA, which was foll owed two weeks [ ater by a | ethal
challenge (i.p.) with a replication conpetent strain of vaccinia. As
replication qugpeée®! MaARePi seruid Emt(Rdly erreé e MVAIBN.) TREtARTbBAY
strain WR-L929 "TK+ or the strain IHD-J were used. Control mce received a
pl acebo vaccitires Toe e2ehpantraat s shasvmeasiiffederity shbpes eddiltel tme imeanar y
‘titres determ ned 4 days post chall enge by standard pl ague assay. For this
the nice V\GNIDQ/IS1@“&%@’(%&/5@%)3“!11@@*2%'&5 were sacrificed on day 4 post
the chal |l enge and the ovaries were renoved, honogenized in PBS (Inl) and
viral titres determ ned by standard pl aque assay using VERO cells (Thonson

o 5070 Pk s Bl PSRBT 28 < soc
wer econpl et el y %8%@?5&%@?%#%@%%@%1%% M YEBI isHEo&i?]gol‘{gf\Aévéf@g%r es 4

days postchal I enge al I enge viruswas cl ear ed.

di fferencesi ﬂwéd‘epﬂe@\'/(ﬁwlyofélféﬁ'@@t’tfﬁ'éeaf‘lé_@éi‘?'\‘é@iolﬁﬁ lWﬁ\r %_NH@J[ MWAABIR or
wer eobserved atl ower doses.M ce that received two i muni zati ons of 102

TG DSO' M of MVA-BR5néh(Wedktl) Belp) aneiched eer] udgetedwitiha pathogeracy r W
titres (nmean 3.7 x10 pfu +/- 2.11 x100. In contrast, mce vaccinated with
the sane dosdsafatMM-§Wi(5\/G&de@éde vieghi 108aniO2eandt 100 (io6igated byary
rw titres (mean O, Zé x10 §fu +/-0.287 x100 The,\i\zntr | mce that received
a pl adkbo vacdirawshihedneskrysiwere yaesinatyd ity @-Ed\? dat+/- 3.59 x100
(Fig. 2). 20 Both strains of MVA induce protective imune responses in mce
against a lethal rVw challenge. Al though both strains of MVA are equally

efficient at gher adosp 1o0bik! 51 SARRRe) S UIRIEORId | SReYeREGISE] SBidrkpy

evi dent at sub-opti nal ses.’ _ than T't's parent

MWA-575 at | ngly¢ itRerahdUtid Q8&EivatioMEUNSng VMNANSK . a¥rb8 Lrod pdof! ﬁfd?ﬁdeg‘sw

chal | enge, which may be related to the increased attenuati on of MA-BN

conpared to MviA=BYWwere Wizc20~Ri1t8(3I\AEGnBCTERRd 1ddiB1a8th PMPA (indicated
15 by black line). At week 10 and 16 animals were vaccinated (indicated

by arrows) with either mixtures of recombinant MVA or saline.

Figure 9: Humoral response generated to SIV following infection and
vaccinations with recombinant MVA. Three groups (n = 6) of monkeys

20 were infected with a pathogenic isolate of SIV (week 0) and then
treated with the anti-retroviral therapy (PMPA; indicated by bold
line). Monkeys were vaccinated with mixtures of recombinant MVA or
saline at week 10 and 16. Antibodies to SIV were determined using
infected T cell lysates as antigen in a standard ELISA.
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2.2. MWWA-BN in Prine-Boost Vaccination Regines 2.2.1.: Induction of
anti bodies to MVA foll owi ng vaccination of mce with different small pox
vacci nes wobha2ahfi cacy of MVA-BN was conpared to ot her My&rapdi/vaegi ni a
strains previously used in the eradication of smallpox. These included
singl e i muni sations using the El stree and Weth vaccinia strains produced
in CEF cells and given via tail scarification and i nmuni sati ons usi ng WA
572 that was previously used in the ZONB%?IIpox eradi cation programin
Germany. In addition, both MVA-BN and 572 were conpared as a '
pre-vaccine followed by Elstree via scarification. For each group eight
BALB/c nice were used and all MA vaccinations (1 x10 TCl Deo) were given
‘subcut anepusw%@ﬁe VEGK }QuﬁmamegPansa eieeitedf abl (WA i he|\Ppoasfected
i mruni sation the mce 15 were challenged with vaccinia (IHD-J) and the
titres in thenovkeysesndasgoiegeantiretrovidyharapy. chakkegogsupsAl(h waGriohes
‘and reginmes i nduced 100% protection. The inmune responses induced using
t hese differ enenkexscmess ifectedrwiihne patlbpgensaisdlaie phShi (waek Biadto
of neutralisati cel

? o E Ife rai Qﬁﬁ%?%%m T%ﬁ%ﬁﬁkgyghﬁ@f@wgﬁlvihemanm n&’_r@%ﬂ)dﬁ?%rcwon by
reasursd by EORGpure) v sTENer et ehsiGatech i es BERurRAAL dratatt bttt nra

viruses demoiiagRaloncsatinf GAUWAIENES. AMd'eebl YARRBOES 9 W’é?%f‘%%(l

titres to WA tollow ng the ditterent vaccination regines

47 PCT/ EPOL/ Hatafmirealshil Ehatarkreel eaptiupesEMSEN{YMINBN si gni ficantly
enhanced the speed and- magnitude of the anti body response conpared to the

ot her vaccination reginmes (Fig. 11). Indeed the antibody titres to WA were

significantly higher (p>0.05) at weeks 2, 4 and 5 % week 5 post boost at
week 4) when Rigdte nbliednduetiomiet: Brtibedies da MY A cdlovdogi Mag@aationh ofvA

572. Foll owi ng. the boost, vaccination at week 4 the apti body,titres were
al so ¥ gni fi ¢BKEl W'Ehglﬁjéfrfe'ieﬁﬁt ﬁén"l’\}&ﬁ@f\l ¥rEIRETo elfVels « & ANEIDOABR vi ng

2 21l v ac LRy a 36, BT g 35CL AR, BHE MRS BEe UG gy T
W ek traditi oA Asas T R RN Rl il Ve A SRS KNt Ee M iR
findings frogimtui@ntall- Bcahfitath\d-(ReksONOMVA NBUROGRBEK OhandofheindWA
strains. 15 Z.2.2.: MVA-prine and boost regines generate the sane | evel of

protecti on aMDARBNrane NMVA- bd@sgiveagasres pre-Eastrat| veocinechMiNA ebd2 heslel .
The efficacy of MVA prine-boost reginmes to generate high 20 avidity CTL

respotses wadepsseepeditaddatc shpdrw@neanphallpelior/ahiniptdstel dgilbwest ant
Lol ng o mur s RCASE, VBAUZHETT | he chBsenaf dRtRERTE NS Tiee o aBt kA, B
of ‘the. 25 1 eiBees i SAEHEE AL BN EAL RSO s FaSingil e e 1Y
followi ng a ghabheses q¥fided 8§ tHEMERition WR0sEHRR! in an optical density of

0.3. * MVA-BN : MVA-BN s significantly (p > 0.05) different to MVA

20 572 : MVA 572.
Examples
The following examples will further illustrate the present

25 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



48 PCT/ EP111/ 13128 Constructs The DNA plasm d encodi ng the mari ne pol yt ope
{10 CTL epitopes including influenza, oval bum n) was described previously
(Thonmson wb 0al424801998, J. Inmunol. 160: 1717). This mari necrairyi/ones was
inserted into deletion site Il of MVA-BN, propagated on CEF cells, sucrose
purified and fornulated in Tris pH 7.4. Vaccination protocols Zo In the
current study specific pathogen free 6-8 week old fenale BALB/c (H 2d) m ce
were used. Groups of 5 mice were used foy, ELI SPOT anal ysis while 6 mce per
group were used for the influenza chall enge experinments. Mce were

vacci nated with different prineboost regi nes using MVA or DNA encoding the
mari ne pol ytope as detailed in the results. For inmmunizations with DNA

.m ce were anﬁmitsetthéeagﬁg\dabhn &f the eecHimdbgy i piRsHEan by the p@esént
endot oxi nfree plasm d (in 50 ~I of PBS) in the quadriceps nuscle under
anaest hesi a. iRranteory 1o nhisnexamnipdes usi ng MWA were done either by

‘i ntravenous adm nistration of 10~ pfu MVA-BN per nouse or by 20

subcut aneous adm nistration of 107 pfu or 108 pfu MA-BN per nouse. Boost

i mruni zati ons were given three meeksd?ost Qgieprinary i mruni zati ons.
Boosting with plasm d DNA was done i r-%&{BP way than the primry

i mruni_zation W e ve). r I I S
standd d Ll S wiBkeNBS BEa fem effolh S MVA BESERER Rl AFBEAT )
were perforned on spl enocytes 2 +last booster inmunization
usi ng the W O 02/ 42480 49 PCT/ Eﬁ?échﬁg&i ?F\* uenza CTL epitope peptide
(TYQRTRALV), the P.Berghei epitope peptide {SYI PSAEKI), the Cytonegal ovirus
pepti de epitope (Y_P_HFI\/PTNL)_ an_d/ or the LCV .p_epti de epitope (RPQASGVYM . For
the chal | enge expéi)i ne@rowthckinetics imesihbinesed and infected 5i.n. with a
sub-l ethal dose of the ressortant influenza virus, Menv7l (4.5 x105 pfu in
50mL PBS). Aflodeljammcherize ianpewly tsolatesesiraiyscaerdingdeothaipeesentiral titres

!’ﬁ;ﬁdﬁog o Fﬁv‘é}é&rﬁfﬁﬁ C;‘réiegé&e% %@Wﬁ%&ﬁ%@krbgﬁ%«uﬁ%ééﬁf 1BisTone
[ [ H- j '
was poor and 68 5L EoRuReALEd s B8 TR VAol WO B DR Yot

for P. Bergf ~ei I : hocytic chorionmeningitis virus
( RPQASGVYM . %?rr?(aﬁg g‘gﬁgr@a@atr,%eﬁb'sddn%ma DNA prinme MVA boost reginme (10~ pfu

MVA- BN gi ven subcut aneously) there were significantly nore CITL induced to
SLY {8-fold increase) and RPQ {3-fold increase) and responses were al so
observed to a t hi fMdheepxpepmerdr waardore oyt comgaring the gremARVRITNIT)CY Bf g.
3A). However, using 10~ pfu MVA-BN given 20 subcutaneously in a honol ogous
pri meldboost tlgifRHOWHIEIYEYSERdNsgeSUbSRAURAL]Y dishom Judmasy DAlst andoGRll by
MVA-BN {Fig. 3A). Surprisingly, there was no significant difference in the
numbers of CIN&S] nduced to the three epi t opes when one i mruni sati on of

25 Wi BN i d not WY AT aReE TREE M LB Ha,0RREEE B e R M 1

107 TCIDso/ml);

20 MVA as characterized by Altenburger (US patent 5, 185, 146)
and further referred to as MVA-HLR;

MVA (passage 575) as characterized by Anton Mayr (Mayr, A.,
et al. [1975] Infection 3; 6-14) and further referred to as MVA-
25 575 (ECACC V00120707); and



PCT/ EPO1/ 13C>28 The subcut aneous adm nistration of 10~ pfu MVA has

previ ously been shown to be the nost inefficient route and virus

concent r apvoa2/sb@ vacci nation using other strains of MWA peartposabag!y if
conpared to intravenous inmunisations (Schneider et al 1998). In order to
define s optinmal imunization regi nes the above experinent was repeated by
changi ng either the anmount of virus or by changing the node of

adm nistration. In one experinent 10~ pfy, MVA-BN vacci nati ons were given
intravenously (Fig. 3B). In a further experinent 10% pfu MVA-BN were

adm ni stered subcutaneously (Fig.3C). In these experinents to MVA- BN

pri me-boost i nmunisations induced higher nmean CTL nunbers to all three CTL
-epi topes conpar ed MBADNYPrige WMardoesizedegimesheA BdepmdiidkgallOPatkut
MVA- BN gi ven subcut aneously the inmunisation with 10~ pfu MVA-BN given

i ntraveneously andpi€atiorunPLIVERD MQ27AD$(WL Hlves32MXirase oskolok,
‘significantly boosted 15 the CIL responses, clearly indicating that_ MA-BN
can be used to bo®&ssege “ALpdidls 2£-Q3}@9pr§§é#be tifred pate- éxd st nyO’
imunity to the vg%&@r. 2.2.3.: Efficacy of a MVA-BN nef Vaccine in SIV

I nf ected Rhesus 2 ﬁVE?Q: To determine the efficacy of a MVA~BN nef
vacciQ@ by assessing the viral |oad and del ay of disease follow ng a
challenge with a virulent primary isolate of SIV. Furthernore, the study

wi |l determ ne Mqth@ems@@/@gﬁtlgﬁges&pfﬁ%e&” Aneaf@drg: boost i mune responses

in imuno 25 conprom sed _ h a pre-existing inmmunity to MA WO
112/ 2- 48U 51 PCT/ ERPL/ 13G28 Ockematr by fiBrobists (freshly prepared from

SPF eggs);
Hela Human cervix adeocarcinoma (epithelial), ATCC No.
10 CCL-2;
143B Human bone osteosarcoma TK-, ECACC No.
91112502;

HaCaT Human keratinocyte cell line, Boukamp et al. 1988,
J Cell Biol 106(3): 761-771;

15 BHK Baby hamster kidney, ECACC 85011433;
Vero African green monkey kidney fibroblasts, ECACC
85020299;
cvl African green monkey kidney fibroblasts, ECACC
87032605.
20

For infection the different cells were seeded into 6-well-plates at

a concentration of 5 x 105 cells/well and incubated over night at

37°C, 5% CO2zin DMEM (Gibco, Cat. No. 61965-026) plus 2% FCS.

Cell culture medium was removed and cells were infected at

25 approximately moi 0.05 for one hour at 37°C, 5% CO2 (for infection it

is assumed that cell numbers doubled over night). The amount of



Two groups (n = 6) of rhesus nonkeys (Macaca nulalta) were vaccinated with
a bolus intranmuscular injection with either MVA-BN al one or a reconbi nant
MVA- BN newoaizsoespk O, 8 and 16. On week 5 22 all nonkeys wreemhasdenged
with 50 M1 D50 of a pathogenic cellassociated SIV stock (1XC) from
primary, uncul tured rhesus nonkey PBMC by the intravenous route. The
clinical status of the animals was frequently nonitored and regul ar bl ood
sanpl es were taken for the neasurenent of.,virem a, imrune paraneters, and a
full range of 1o hematol ogy and bl ood clinical chem stry paraneters.

Animal s were sacrificed that devel oped AIDS |ike di sease and the surviving
nonkeys were nonitored for 99 weeks post vaccination. At week 100 the
'SUrvi ving nonkenss usetefar batimufdction bf the WifferdAcBN tylesandsr BCEi yod
further imunizations with the sane WA-BN tat at weeks 15 102 and 106. No
adver se ef f ecGl Dserancobisisrwiddbe okfeveddoaas Imfutt Hiellsaver adthieansashett 2i t her

‘MWA- BN or M/A- BN nef . FoI | ow ng the infection_ of the nonkeys with SIV the
I eveI s of vi ripea WiseeDMEMppp 23”&'1'1\6 1pé'&k@(MEM@ a%ekFC§o\é’@5|&ﬂ@%d|@?‘\d(Fl g.

Due to t t and d ti th
1 gni 11 cant AT BRESVETF T (el 4Rl o o7 o (R ona! G otmes
t d fold
over 51 V11 odthm gl e ToaR o v TR BT RO TSR 80 & Lo
the control (MAyBd} tBFSNER dnidlydigrmore, after 35 weeks followi ng infection
(the initial observatlon period) only 1 out of WO 11 2/.12-480 52

PCT/EPIl | / 13f 28 the six nonkeys vaccinated with MVA-BN nef had to be
eut hani sed due to the severity of the disease, conpared to 4 out of the 6

animals in t?ﬁtﬁﬁrﬁﬁ Ohnélydie (lﬁirﬂunéktalﬁh’fg CWMﬁ' %pﬁfﬁ%nﬂé diragaspecifiar |y

correlated wth a higher "virus [ oad and as such the aninmals 5 were observed
for an additiantébody) weeks post infection. The MVA BN nef vaccine appeared
to delay the progression of the disease, conpared to the control group and

even ¢ week 46-pgedr fitrheioh Ohamovnt difvitletdst MNSBICERS ward gabdeg whvi ved
(Fig. 5). However, by week 59-post infection two further animals in the nef

vacci nat ed gr%wa}\bpkatés inuR Rl (@Gibco e Oait ndlof. i /BB 8004 ), ngpanCBallss (t hr ee
fromthe MVA-BN nef groug and two vacci nated with MVA-BN). An exam nati on

of the anti bd¥ytiRioticdsAg W@(QI@CWMBNNm 1924@-062)ndhReys clearly

or esence ?dacto&%éngs”a’tq%i”mcz o/ AT HGUDERET BaF Bl Pt Ko
presence o . ; .

P At body BZsh%e The BuReliadt oitifing M, Wf@@bﬂ%%ﬁﬁ’f%x%?@” ated
reSDOFs;e was f%ﬂéwthsmfd' 3 $hoRs! £ hhRMNGr 1ba #2EENdaLYd BRUBARR | On,

cl ear denonstrating that MVA can be used to prine-boost e response
in heal thy mudiegyRPVihegewln r&@till.hﬂdywrutsrcﬁﬁ.ltgfr%iu@ré)dlsl’ﬁﬁbwt@eldon’@i t hough

by week 49 post Imunization the titres plateaued, such that the nean
titres to M \tashcellesndhawrated0i®o.five days at 37°C, 5% CO2 to allow CPE
(cytopathic effect) development. Test cells were fixed
(Aceton/Methanol 1:1) for 10 min, washed with PBS and incubated
20 with polyclonal vaccinia virus specific antibody (Quartett Berlin, Cat.
No. 9503-2057) at a 1:1000 dilution in incubation buffer for one hour
at RT. After washing twice with PBS (Gibco, Cat. No. 20012-019) the
HPR-coupled anti-rabbit antibody (Promega Mannheim, Cat. No.
W4011) was added at a 1:1000 dilution in incubation buffer (PBS
25 containing 3% FCS) for one hour at RT. Cells were again washed twice

with PBS and incubated with staining solution (10 ml PBS + 200 pl



The five surviving nonkeys were SIV infected and i nmuno25 conprom sed with
CD4 counts | ower than 400/ N1 bl ood. To investigate the inpact of using
MA- BN i nwionmuagoconpr om sed WO 02/ -42-48(1 53 PCT/ EP1thkdbiBcapnkeys
the five animals were vaccination three times with MVA-BN tat at week 100,
102 and 106 post the initial vaccination. The first immnization with
MVA-BN tat significantly boosted the antibody response to MA in these

i mruno- conpr om sed nonkeys that was s fugrther boosted with the third

i mruni zation six weeks later (Fig. 6). ese results further denonstrate

t hat MVA- BN can boost inmune responses in the presence of a significant
pre-existing immunity to MVA, even in i muno-conprom sed nonkeys. Al though

-the nmonkeys isgRyRgeHesNOfSA W@-d%ﬂ%kﬁﬁeﬁﬁ'l‘@y%nﬁtﬁa'?@“ UBiAYIeNS with
MVA Zo BN tat the levels of SIV remained stable, indicating that

i uni zat i ongregtiy Pdvivpa BN auetisbfevarspade ware dsitde t(tved \ndwargpl Staining

"I mmuno- conpron sed nonkeys (Fig. 7). This study has denonstrated that

MVA- BN can prsohitidoosas pamionadrand EGomessadded toustopcoigpniog sadtiomesus
nonkeys and that MVA-BN i muni zations are safe and do not affect the |evels
of virenia i VeIV Welf EBOWING A REAWN SPRE WAS BIANKEC 3% POSHEE LY éﬁanndu DS

| i ke dj sease i,n the ani mals vaccinated with th A f vaccine

| ndi cat es & hAE A AU Be Eie Y doutlld o Kadher EheM e B5eH s o
2.2.4.: Ther i Cgrat i ofe Sl C y n oi ng

Ant i - Retr ovi ?gﬁgﬁégﬁk@mgltg@%\n %R Wb;gééﬁbfhgﬁgﬁi{%?ﬁ ]ﬁﬁg’ g'g: ine is likely
to be used 25 in individuals undergoing anti-retroviral therapy. Therefore

this study investigated the safety (effect on SIV | evels) and efficacy of
The viruses were used to infect duplicate sets of on the one

hand CEF and BHK, which were expected to be permissive for MVA,
10 and on the other hand CV-1, Vero, Hela, 143B and HaCat which were
expected to be non-permissive for MVA, at a low multiplicity of
infection, i.e., 0.05 infectious units per cell (5 x 104 TCIDso). After
this, the virus inoculum was removed and the cells washed three time
to remove any remaining unabsorbed viruses. Infections were left for
15 a total of 4 days where viral extracts were prepared and then titred
on CEF cells. Table 1 and Figure 1 show the results of the titration
assays where the values are given as total amount of virus produced

after 4 days infection.

20 It was shown that all viruses amplified well in CEF cells (Chicken
embryo fibroblasts) as expected since this is a permissive cell line for
all MVAs. Additionally it was shown that all viruses amplified well in
BHK (Hamster kidney cell line). MVA-Vero performed the best, since
BHK is a permissive cell line. '

25



WO (12/4248(1 54 PCT/ EP(I 1/ 13&28 reconbi nant MVA's encoding a variety of
SIV antigens (gag, pol, env, rev, tat, and nef) in SIV infected nonkeys
treated waow2REH. PMPA is a nucl eosi de anal ogue and is effd@getpoygs@gai nst
H'V and SIV (Rosenwirth, B. et al., 2000, J Virol 74,1704-11). 5 Constructs
Al'l the reconbi nant MVA constructs were propagated on CEF cells, sucrose
purified and fornulated in Tris pH 7.4. Zo Vaccination Protocol Three
groups (n = 6) of rhesus nonkeys (Macaca 5m| atfa) were infected with 50

M DSO of a pat hogenic primary SIV isol at & (1XC) and then treated daily
with PMPA (60 ng/ kg given s.c.) for 19 weeks. At week 10, aninmals were
vacci nated with reconbi nant MVA-BN (i.m), i5 or saline and received

v dentical vacci natGsHierfiieeds idaalcr in BerdRells (RRRIRegkianal deyir ngf WA
. gag-pol and MVA-env, group 2 received M/A-tat, MA-ré&v and” WA-nef’, while

group 3 receiM¥A-\salo amplifred elelinas axpetigdishaohelyh2080i foit sabee frimofuent |y
‘noni tored and requl ar bl ood sanpl es were taken for the nmeasurenent of

Virem a) | mmMUAZbLRzantheies BVAd Samaifiackiigd withhaaso opg dadobd ood
clinical chenmstry p rarreﬁers. Al l ani mal g}«is;{,{ﬁﬁl ié&ed hi %h 5IV | oads t hat
peaked 2 weeKk9Ck pRew IR (resgecHyelyESN¥ING - BB wastiPeaeninnoki th PvPA
the SIV 25 | evel s..decreased and stabilized to | | gvel s by week 9. As in
the privi ous ATBRYSS Ao MR NanE St HSAREATTnER Tl atheniameY wo
112/-t2-180 POl ERULL ISl 22 8n8id eghen the SIV level s, indicating that

. | / . |
MVA-BN i s a sa % vacci ne vector tor 1nmuno-conpronm sed animals. Once the
ani mal s cane off

Also concerning replication in CV1 cells (Monkey kidney cell line)
it was found, that MVA-BN is highly attenuated in this cell line. It
10 showed a 200 fold decrease below Input. Also MVA-575 did not
amplify above the Input level also showed a slightly negative
amplification, namely 16 fold decrease below Input. MVA-HLR
amplified the best with 30 fold increase above Input, followed by
MVA-Vero with 5 fold increase above input.
15
Most interesting is to compare the growth kinetics of the
various viruses in human cell lines. Regarding reproductive replication
in 143B cells (human bone cancer cell line) it was shown that MVA-
Vero was the only one to show amplification above Input (3 fold
20 increase). All other viruses did not amplify above Input but there was
a big difference between the MVA-HLR and both MVA-BN and MVA-
575. MVA-HLR was "borderline" (1 fold decrease below Input), were
as MVA-BN shows the greatest attenuation (300 fold decrease below
Input) followed by MVA-575 (59 fold decrease below Input). To
25 summarize MVA-BN is superior regarding attenuation in human 143B

cells.



PMPA treatment (week 21) the SIV levels increased. Al though three aninals
in group 1 had reduced levels of SIV conpared to the control 5 group 3,

t here waswo2ghegel fi cant difference in the nean SIV | oad hetmemasy of the
groups follow ng the end of PMPA treatnment (Fig. 8). Using an ELISA to SIV
infected T-cell lysates animals in all groups generated an anti body
response to SIV by week 4 following infection (Fig. 9). The SIV anti body
titre in the control group (saline) drop%d Zo during the PMPA treatnment
and increased rapidly when PMPA treat ment stopped, reflecting the drop and
subsequent increase in SIV |evels during anti-retroviral therapy (Fig. 9).
A simlar pattern in SIV antibody titre was observed in group 2 that
received WA-tat, MVA-rev and MVA-nef, possibly reflecting the

under - expressi on of 15 these regulatory proteins in the SIV infected T cell
| ysat es used Aurthéren&td, Sancenniogntepdisi tioovievide.a tded s ghtimah Zearix ichodgr
‘titres in group 1 increased follow n% t he vaccinations with MVA gag-pol and

MVA-env at weeks) ot waadEheatn tioat MMA-HéBoamimidied wel-iBNhiaeeldbst anee i nune
P | epebtares e I G e gue ML Bt 148 10 oo o
st e PERAEC o BE o AR LIS B L,
gr ouppl 25 alsafs!%@%g?mggéﬁtth%segﬁthﬁgrghﬁ%ﬂ lﬁﬁ%%&n%?%&ﬂﬂ "a )a/mti body

response  WHwaddr; M§A-BA ERd/ HEG 1t d3eg8er ektdivd MVAIE7 BDrwdrar y

i mruni zation and this was significantly boosted follow ng the secondary
vacci nati on (dtenudteyl. irReseeoelbdingsIdviRiBNr= 20 fold déemriaseSizlowBl anchar d,
TJ., Hanke, T., Robson) KJ., Hannan, CM, Becker, M, Sinden, R, Smth,
GL., and Hi | IINpAYSINdLOOGA-SEthanedeld rdaiegeaingley @utltos+ T cel | i nduction
and conpl ete efficacy of nalaria DNA vaccination by boosting with nodified
vacci B a virus Ankara. Nat. Med. 4; 397-402. 10 Thonson, SA., Sherritt,

and suhrbi or A TSRS S veai SR e et I Bt keraBnBEls ropes
by DNA vacci nafi ffe) it-wASEHBM thE@ MVARR alrplifiyXEILH 2nik81Pine (55
fold increase above Input). Both MVA-Vero adapted and MVA-575
showed amplification in this cell line (1.2 and 1.1 fold increase above
15 Input respectively). However, MVA-BN was the only one to

demonstrate attenuation (6 fold decrease below Input).

In conclusion it can be stated that MVA-BN is the most

attenuated virus strain in this group of virus: MVA-BN demonstrates
20 to be extremely attenuated in human cell lines by showing an

amplification ratio of 0.05 to 0.2 in Human embryo kidney cells (293:

ECACC No. 85120602)(data not incorporated in Table 1), it shows

further an amplification ratio of about 0.0 in 143B cells; an

amplification ratio of about 0.04 in Hel.a cells; an amplification ratio of
25 about 0.22 in HaCat cells. Additionally, MVA-BN is showing an

amplification ratio of about 0.0 in CV1 cells. Only in Vero cells



Tabl e 1: PCT/ EP01/13(28

CEF' Hel aHaCat 143BBHKVer oCV- 1WA- 579. 70. 040. 220. 0065. 882. 330. 00BN3MWA- 796. 50
.151. 170. Wl &10. 660. 0657532MVA- 86. 68124. 959. 090. 8387. 834/EP02/936851L R70MVA
-251.827.411. 282.91702. 71416. 44. 48Ver 0976 5 Virus anplification above the
input level after 4 days infection Anplification ratio = output TCl DSO -

i nput TCIDSO. Values are in TCIDSO. 10 WO 112/-42-480 PCT/EPO1 /13628 58
Apphcant ' soragent' shl e gN 35 PCT | nterna%ggnal apphcanonNo. refetencenunber
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and no MVA could be recovered from organs or tissues.

When taken together the data from the in vitro and in vivo studies
15 clearly demonstrate that MVA-BN is more highly attenuated than the

parental and commercial MVA-HLR strain.

Example 2

Immunological and in vivo Data

20
These experiments were set up to compare different dose and

vaccination regimens of MVA-BN compared to other MVAs.

2.1. Different Strains of MVA Differ in their Ability to Stimulate the

25 Immune Response.



boost reginmes. 15 (2) The virus according to claim1, wherein the virus is
not capabl e of reproductively replicating in any of the follow ng human
cel | Iinegddnesdouman enbryo ki dney cell |ine 293, the hurm/beigses
osteosarcoma cell line 143B and the human 20 cervi x adenocarci nona cel

line HeLa. (3) The virus according to claiml or 2 being deposited at the
European Col l ection of Cell Cultures (ECACC), Salisbury (UK) under nunber
V00083008 and derivatives thereof. 25 (4 4The virus according to anyone of
the clains 1 to 3 conprising at | east oné” heterol ogous nucleic acid
sequence. WO 02/.1280 PCT/EP111/13C28 62 (5) The virus according to
claim4, wherein said heterol ogous nucleic acid sequence is selected froma

sequence codi ng f ®egicdtRAPEoRPRtEAt bERMS BRVAEERI# iRidO pRteBNdNIhiuRe
t herapeutic conmpound. 5 (6) Genone or functional parts thereof derived from

the virus acgesdonges dnamyomenal at hieigbl dosss lareolédhaPhaltmaght MWA are
'conposition conprising the virus according to Zo anyone of the clains 1 to

5 and/ or t he highlymatienuated uacdi deae par reduee@ofaliibbr &0 ngepdcaleai @6 and
a pharmaceuti cal | cceptable carrier, diluent and/ or additive. Vacci ne
conpri si ng tHﬁam%égaﬁcgﬂfﬁjiﬁt?r?oaé‘?\y%'ﬁfgr%'ﬁcqshén1 eclaﬁfleri:is“%f“qrb @ég\gﬁﬁ‘i—“ﬁr t he
genone_ and/ or .f.unct.i qopal. par re cecondi,ng | ai (9. T Lrus
Sccor di ng. 1o AlfFRTY SRR AHE" TRIGBEE MRS A8 S idES: toukel B par
ther eof accorﬁté}%dét%oc'tﬂbﬂ‘ Sthet"MVE SHIRRS! &V BCYAHbRBalt Strdid! RV AOT
t he vacci ne accordi ng
575. To determine whether this difference in attenuation affects the
efficacy of MVA to induce protective immune responses, different
doses of MVA BN and MVA 575 were compared in a lethal vaccinia
10 challenge model. The levels of protection were measured by a
reduction in ovary vaccinia titres determined 4 days post challenge,
as this allowed a quantitative assessment of different doses and

strains of MVA.

Lethal Challenge Model

15 Specific pathogen-free 6-8-week-old female BALB/c (H-24) mice
(n=5) were immunized (i.p.) with different doses (102, 104 or 106
TCIDso/ml) of either MVA BN or MVA 575. MVA-BN and MVA.575
had been propagated on CEF cells, and had been sucrose purified
and formulated in Tris pH 7.4. Three weeks later the mice received a

20 boost of the same dose and strain of MVA, which was followed two
weeks later by a lethal challenge (i.p.) with a replication competent
strain of vaccinia. As replication competent vaccinia virus
(abbreviated as “rVV") either the strain WR-L929 TK+ or the strain
IHD-J were used. Control mice received a placebo vaccine. The

25 protection was measured by the reduction in ovary titres determined

4 days post challenge by standard plaque assay. For this the mice



to claim8 as drug for affecting, preferably inducing, an immunol ogical
response in a living animal, including a human. (lo) The virus according to

anyone of wg) @ia®s0l to 5, the 25 pharnmaceutical conpositi orpEgesyidsdg to
claim7, the vaccine according to claim8 or the virus according to claim

9, wherein the virus, the conposition or the vaccine is admnistered in
therapeutically effective amunts in a first WO (12/-12.180 63

PCT/ EPI | 1/13C28 inoculation ("primng in gulation") and in a second

i nocul ation {"boosting inoculation") (1s§ Use of the virus according to
anyone of the clainms | to 5, and/or the genone according to claim®6, for
the preparation _ of a nedicanent or a vaccine. ( 12 ) Method for

i ntroduci ng gy&@Mbeanesd ags/ day Y hed & %gg&ﬁné}@é rid %ief' o¥SFEENGRIENt O

target cells conprising the 20 1 nfection e target cells wth the virus
accordi ng to rehwbved} Romdgenizédeint PBSS{Bell) andobiraheitres agdteesiihedi bh the
genone according to claimC. (13) Method for producing a peptide, protein
and/ or virus sténdempr pEique @ssepf esingoMERO acditss(Themson eh & hel 998 us).
according to claims 1 gr 5, h) cultivation of the infected host cell under
sui tabl e 20 dﬂ?miuﬂpbn%ﬁoaﬂd’@)--i sol ation and/or enrichnent of the peptide
and/ or_protein and/or viruses produced by said host cell. (14) Method for
af fect? ng, preferably inducing an i munol ogi cal

Mice vaccinated with two immunizations of either 104 or 108
TCIDso/ml of MVA-BN or MVA-575 were completely protected as
judged by a 1009% reduction in ovary rVV titres 4 days post
challenge (Fig. 2). The challenge virus was cleared. However,
10 differences in the levels of protection afforded by MVA-BN or MVA-
975 were observed at lower doses. Mice that received two
immunizations of 102 TCIDso/ml of MVA 575 failed to be protected as
judged by the high ovary rVV titres (mean 3.7 x107 pfu +/- 2.11
x107). In contrast, mice vaccinated with the same dose of MVA-BN
15 induced a significant reduction (96%) in ovary rVV titres (mean 0.21
x107 pfu +/-0.287 x107). The control mice that received a placebo
vaccine had a mean viral titre of 5.11 x107 pfu (+/- 3.59 x107) (Fig.

2).

20 Both strains of MVA induce protective immune responses in
mice against a lethal rVV challenge. Although both strains of MVA are
equally efficient at higher doses, differences in their efficacy are clearly
evident at sub-optimal doses. MVA-BN is more potent than its parent
strain MVA-575 at inducing a protective immune response against a

25 lethal rVV challenge, which may be related to the increased
attenuation of MVA-BN compared to MVA-575.



25 response in a living animal body including a human conpri sing
adm ni stering the virus according to anyone of the clains 1 to 5) the

genome angioar/4bigoct i onal part thereof according to clai m et ERAposi tion
according to claim?7 or WO 112/-12811 PCT/ EP111/ 13128 64 the vaccine
according to claim8 to the animal or human to be treated. (15) The nethod
according to claim 14 conprising the 5 adm nistration of at |east 102

TCI Dso (tissue culture infectious dose) J the virus. (16) Method accordi ng
to claim14 or 15, wherein the virus, thé conposition or the vaccine is
adm nistered in therapeutically ~o effective anmounts in a first inocul ation
("primng inoculation") and in a second inoculation ("boosting
Jnoculation")) (1'7) The nmethod according to anyone of the clains 14 to 16,
wherein the animal is imuno-conprom sed. 15 (18) The method according to
anyone of the.2l MvAa-BN im PtimevBeosi WatbimadionmBegimmesa pre-exi sting
imunity to poxviruses. (19) The nethod according to anyone of the clains
14 to 18, 20 2mRele! Andustion okl antibodirs g&i VA fahtowiinga| vadeénation obo)
The net hod according to claim 19, wherein the antiviral therapy is an
antiretrovi réﬂ'%@’r‘ﬁbﬁ'ffeﬁ?om( smallpQxX ¥ACGIRESyi rus according to anyone of

the claim 140 By GeRATRENLES LHRRAZARko PBltert RAVRCL A S8EERS
strains previously used in the eradication of smallpox. These included
single immunisations using the Elstree and Wyeth vaccinia strains
produced in CEF cells and given via tail scarification and
immunisations using MVA 572 that was previously used in the
10 smalipox eradication program in Germany. In addition, both MVA-BN
and MVA 572 were compared as a pre-vaccine followed by Elstree
via scarification. For each group eight BALB/c mice were used and all
MVA vaccinations (1 x107 TCIDso) were given subcutaneously at week
0 and week 3. Two weeks following the boost immunisation the mice
15 were challenged with vaccinia (IHD-J) and the titres in the ovaries was
determined 4 days post challenge. All vaccines and regimes induced

1009% protection.

The immune responses induced using these different vaccines or
20 regimes were measured in animals prior 1o challenge. Assays to
measure levels of neutralisating antibodies, T cell proliferation,
cytokine production (IFN-y vs [L-4) and IFN-y production by T cells
were used. The level of the T cell responses induced by MVA-BN, as
measured by ELlIspot, was generally equivalent to other MVA and
25 vaccinia viruses demonstrating bio-equivalence. A weekly analysis of

the antibody titres to MVA following the different vaccination regimes



WO 112/ ~2.~80 PCT/ EPI >1/13C28 65 (22) A nethod for enhancing a specific

| mmune response agai nst an antigen and/or an antigenic epitope included in
a vacci newagpamiygyi ng adm ni stration of the virus accordi ngpdPr@i)Meng of the
claims 1 to 5 or the genone according to claim6 as an s adjuvant to a
l'iving ani mal body including a human to be treated with the vaccine. (23)
The virus according to anyone of clains 1 to 5 or the genone according to
claim6 as adjuvant. 10 (24) A cell, pre ;rably a human cell, containing
the virus according to any of clains 1 t0 5 or the genone or functional

part thereof of claim®6. 15 (25) Method far obtaining the vaccinia virus
according to anyone of clains 1 to 3 conprising the follow ng steps: -

introduci ng gegeamen!thadvad@RhBoM@ORItAI MIWA.BN §|Tghafﬁ¢ant§/r ehpaabby MY 575
i nto non-human cells in which the virus is able to reproductively

replicate, 2cpseer @nd trhaegnitudeushriheebhsibady pespenabl yosmaretedof tloen CEF
These ool s @iner vacdination regimes (Hig. 113, Indsed” the ‘antibody titres o

MVA were significantly higher (p>0.05) at weeks 2, 4 and 5 (1 week

5 post boost at week 4) when vaccinated with MVA-BN compared to
mice vaccinated with MVA 572. Following the boost vaccination at
week 4 the antibody .titres were also significantly higher in the MVA-
BN group compared to the mice receiving a single vaccination of
either the vaccinia strains Elstree or Wyeth. These results clearly

10 demonstrate that 2 vaccinations with MVA-BN induced a superior
antibody response compared to the classical single vaccination with
traditional vaccinia strains (Elstree and Wyeth) and confirm the
findings from section 1.5 that MVA-BN is more immunogenic than
other MVA strains.

15
2.2.2.: MVA-prime and boost regimes generate the same level of
protection as DNA-prime MVA-boost regimes in a influenza
challenge model.

The efficacy of MVA prime-boost regimes to generate high

20 avidity CTL responses was assessed and compared to DNA
prime/MVA boost regimes that have been reported to be superior.
The different regimes were assessed using a murine polytope
construct encoded by either a DNA vector or MVA-BN and the levels
of CTL induction were compared by ELISPOT, while the avidity of the

25 response was measured as the degree of protected afforded following

a challenge with influenza.



- anal ysi ng whet her the obtained virus has at |east 25 one of the
bi ol ogi cal properties as defined in claim1l, wherein the above steps can

optional | wdeyphefeated until a virus with the desired replpEpipRizes
characteristics is obtained WD 112/2.1811 66 PCT/EP01/13&8 (26) Kit for

prime/boost i munization conprising a virus according to anyone of clains 1
to 5, a conposition according to claim?7, a vaccine according to claim8 or
a virus according to claim5 9 for a fi rs% i nocul ation ("primng
i noculation") in a first vial/container 4hd for a second inocul ation
("boosting inoculation") in a second vial/container. (2~) Use of the virus
according to anyone of clains 1 to 5, the 1o conposition according to claim
-7, the vaccine according to claim8 or the virus according to claim9 for
the preparation of a vaccine wherein the virus, the conposition or the
vaccine is adPonsttuxted i n therapeutically effective amounts in a first
i noculation and in a second inoculation. 15 . Al AL?. AYh'e. AF{"| . Al hLl
. AFh9E . AhL. AYWy. e yDNAoyplasenidusncading . Ae. apgginauppelytope (10 CTL
. AYU9. A{ Ly. AhL. AhLI . AhLY . AhLy. AAL. Al A9. AU9e. AhLy. AA9l . AULE ,

epitopes including influenza, ovalbumin) was described previously

5 (Thomson et al., 1998, J. Immunol. 160: 1717). This murine polytope
was inserted into deletion site Il of MVA-BN, propagated on CEF cells,

sucrose purified and formulated in Tris pH 7.4,

Vaccination protocols
10 In the current study specific pathogen free 6-8 week old female
BALB/c (H-2d) mice were used. Groups of 5 mice were used for
ELISPOT analysis while 6 mice per group were used for the influenza
challenge experiments. Mice were vaccinated with different prime-
boost regimes using MVA or DNA encoding the murine polytope as
15 detailed in the results. For immunizations with DNA, mice were
anesthetized and then given a single injection of 50 pg of endotoxin-
free plasmid DNA (in 50 pl of PBS) in the quadriceps muscle under
anaesthesia. Primary immunizations using MVA were done either by
intravenous administration of 107 pfu MVA-BN per mouse or by
20 subcutaneous administration of 107 pfu or 108 pfu MVA-BN per
mouse. Boost immunizations were given three weeks post the
primary immunizations. Boosting with plasmid DNA was done in the
same way than the primary immunization with DNA (see above). In
order to establish CTL responses standard ELISPOT assays
25 (Schneider et al., 1998, Nat. Med. 4; 397-402) were performed on

splenocytes 2 weeks post the last booster immunization using the
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. AU9y. AhOwl Dy Mal. AULE . AhLI . Anl. A9. A9. AuL. A9 . A9?. A9e. AT/ #383Z ' $, D
Ss
+ho+} xr mhc”XV] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]c
aU] ca] caU] ca] ca] ca] ca] ca] ca] cal] cal] cRaU ca A
eU+u{ % ?C {vgkf a\ W ca] ca] ca] caV] ca] ca] ca]49a] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *zC%&
~"""#$~xsnhc”Ykf a\ W] ca] ca] caV] ca] ca] cal] ca] cal] ca] ca] ca] ca] caV] ca] ca] ca] ca
] calU] caU] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca
SES, & &<&K&' iNH(6h¥ECTL ,epiESpeG-péﬂtﬂﬁ@WBﬁ@EV zupk’ p\BgRks A sitbpa] ca ¢
a]J ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] caV]ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
al ca] ca] ca! . 6999¥«ek; (SYIPSAEKI), the Cytomegalovirus peptide epitope
<">p>E@RQU@I @A>AGAFFFFI 9% LLLLLLVH wgl gb] Xkf a\ W ] ca] ca] ca] ca] cal] ca] cal
ca] ca] ca] c a]YAEYICANL) @agl tovafiiaal- W@Q‘ﬁdélﬁﬁibﬁ}%lﬁﬁ @WYMaj ca] ca] caU] c
PPP. Qﬁ%r
alca 9 &QG% h Tc:ha lenge experiments mice were anesthetized and infected
5 i.n. with a sub-lethal dose of the ressortant influenza virus, Mem71
(4.5 x105 pfu in 50ml PBS). At day 5 post infection, the lungs were
removed and viral titres were determined in duplicate on Madin-

Darby canine kidney cell line using a standard influenza plaque assay.

10 Results:
Using the DNA vaccine alone the induction of CTL to the 4 H-2d
epitopes encoded by the murine polytope was poor and only weak
responses could be detected to two of the epitopes for P.Berghei
(SYIPSAEKI) and lymphocytic choriomeningitis virus (RPQASGVYM). In

15 contrast, using a DNA prime MVA boost regime (107 pfu MVA-BN
given subcutaneously) there were significantly more CTL induced to
SLY (8-fold increase) and RPQ (3-fold increase) and responses were
also observed to a third epitope for murine cytomegalovirus
(YPHFMPTNL) (Fig. 3A). However, using 107 pfu MVA-BN given

20 subcutaneously in a homologous prime boost regime induced the
same level of responses as DNA followed by MVA-BN (Fig. 3A).
Surprisingly, there was no significant difference in the numbers of CTLs
induced to the three epitopes when one immunisation of MVA-BN
(107 TCIDso) was used, indicating that a secondary immunisation with

25 MVA-BN did not significantly boost CTL responses.
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3"L10%& () - Ye& PBAW®GFoups (n = 6) of rhesus monkeys (Macaca mulalta) were
| vaccinated with a bolus intramuscular injection with either MVA-BN
alone or a recombinant MVA-BN nef at week O, 8 and 16. On week
5 22 all monkeys were challenged with 50 MIDsp of a pathogenic cell-
associated SIV stock (1XC) from primary, uncultured rhesus monkey
PBMC by the intravenous route. The clinical status of the animals was
frequently monitored and regular blood samples were taken for the
measurement of viremia, immune parameters, and a full range of
10 hematology and blood clinical chemistry parameters. Animals were
sacrificed that developed AIDs like disease and the surviving
monkeys were monitored for 99 weeks post vaccination. At week 100
the surviving monkeys were all immunized i.m. with MVA-BN tat and
received further immunizations with the same MVA-BN tat at weeks
15 102 and 106.

No adverse effects were observed following any of the
vaccinations with either MVA-BN or MVA-BN nef. Following the
infection of the monkeys with SIV the levels of viremia rose sharply

20 and peaked two weeks post infection (Fig. 4). Due to the large
standard deviations within the groups there was no significant
difference in the mean levels of SIV between the groups vaccinated
with MVA-BN nef or MVA-BN. However, there was a general 10 fold
lower SIV Joad in the group vaccinated with the MVA-BN nef

25 compared to the control (MVA-BN) group. Furthermore, after 35

weeks following infection (the initial observation period) only 1 out of
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the secondary immunization, clearly demonstrating that MVA can be

used to prime-boost immune response in healthy monkeys. These

20 antibody titres gradually declined, although by week 49 post
immunization the titres plateaued, such that the mean titres to MVA
at week 99 were 2000.

The five surviving monkeys were SIV infected and immuno-
25 compromised with CD4 counts lower than 400/pl blood. To

investigate the impact of using MVA-BN in immuno-compromised
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monkeys the five animals were vaccination three times with MVA-BN
tat at week 100, 102 and 106 post the initial vaccination. The first
immunization with MVA-BN tat significantly boosted the antibody
response to MVA in these immuno-compromised monkeys that was
5 further boosted with the third immunization six weeks later (Fig. 6).
These results further demonstrate that MVA-BN can boost immune
responses in the presence of a significant pre-existing immunity to
MVA, even in immuno-compromised monkeys. Although the monkeys
immune response was boosted following the immunizations with MVA-
10 BN tat the levels of SIV remained stable, indicating that
immunizations with MVA-BN are safe and do not affect SIV levels in

immuno-compromised monkeys (Fig. 7).

This study has demonstrated that MVA-BN can prime-boost

15 immune responses in immuno-compromised rhesus monkeys and that
MVA-BN immunizations are safe and do not affect the levels of

viremia in SIV infected animals. The delay in the progression of AIDS

like disease in the animals vaccinated with the MVA-BN nef vaccine,

indicates that an immune response was successfully generated to nef.

20
2.2.4.: Therapeutic Vaccination of SiV-Infected Monkeys
Undergoing Anti-Retroviral Treatment
An MVA-BN based therapeutic HIV vaccine is likely to be used
25 in individuals undergoing anti-retroviral therapy. Therefore this study

investigated the safety (effect on SIV levels) and efficacy of
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is a nucleoside analogue and is effective against HIV )and SIV
(Rosenwirth, B. et al., 2000, J Virol 74,1704-11).

Constructs
All the recombinant MVA constructs were propagated on CEF

cells, sucrose purified and formulated in Tris pH 7.4.

10 Vaccination Protocol
Three groups (n = 6) of rhesus monkeys (Macaca mulatta) were
infected with 50 MIDsp of a pathogenic primary SIV isolated (1XC) and
then treated daily with PMPA (60 mg/kg given s.c.) for 19 weeks. At
week 10, animals were vaccinated with recombinant MVA-BN (i.m.),
15 or saline and received identical vaccinations 6 weeks later. Group 1
received a mixture of MVA gag-pol and MVA-env, group 2 received
MVA-tat, MVA-rev and MVA-nef, while group 3 received saline. The
clinical status of the animals was frequently monitored and regular
blood samples were taken for the measurement of viremia, immune
20 parameters, and a full range of hematology and blood clinical

chemistry parameters.

All animals established high SIV loads that peaked 2 weeks
post infection (Fig. 8). Following daily treatment with PMPA the SIV
25 levels decreased and stabilized to low levels by week 9. As in the

previous study vaccinations with MVA at week 10 and 16 had no
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10X 1010 during the PMPA treatment and increased rapidly when PMPA

treatment stopped, reflecting the drop and subsequent increase in

SIV levels during anti-retroviral therapy (Fig. 9). A similar pattern in

SIV antibody titre was observed in group 2 that received MVA-tat,

MVA-rev and MVA-nef, possibly reflecting the under-expression of

15 these regulatory proteins in the SIV infected T cell lysates used in the

ELISA. In contrast however, the anti-SIV antibody titres in group 1

increased following the vaccinations with MVA gag-pol and MVA-env

at week 10, indicating that recombinant MVA-BN can boost the

immune response to SIV in (SIV) infected animals undergoing anti-

20 retroviral therapy. Importantly, the anti-SIV antibody titres were

boosted following the secondary immunization at week 16 again

demonstrating that MVA can boost immune responses in immuno-

compromised animails, even in the presence of a pre-existing

immunity to MVA (Fig. 8). The anti-MVA antibody titres in group 1

25 also reflected this pattern with the generation of a antibody response
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Address of depositary institution (including posial code and country)
Centre for Applied Microbiology & Research

Salisbury

Wiltshire SP4 OJG, United Kingdom

Dateofdeposit Accession Number

August 30, 2000 00083008

C. ADDITIONAL INDICATIONS (leave blank ifnotapplicable) ~ Thisinformation s cortinuedonanadditionalsheet ||

In respect of all designated States 1o which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganiem be made availeble only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danlsh Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designaled State.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated Srates)

E. SEPARATEFURNISHING OF INDICATIONS (leave blank fnotapplicable)

The ndications listed below will be submitted to the International Bureau later (specify the general nature of the indicanens e g, "Accession
Number of Deposit”)

Forreceiving Office useonly Forlnternational Bureau use only sy
N Th:ssheet wasreceived with the international application This sheel was received by the International Burcau on.
#!
N8 03 67

Authonzedofficer M / i Authorized officer
___AMcMandemeksr L ooy

Form PCT/R0O/134 (July 1992)
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B. IDENTIFICATIONOFDEPOSIT Further deposits are )dentified on an additional sheet D

Nameofdepositary institunon ECACC
European Callection of Gell Cultures

Address of depositary institution (including postal code and country)
Centre for Applied Microbiology & Research

Salisbury

Wiltshire SP4 OJG, United Kingdom

Date of deposit Accession Number
December 7, 2000 00120707

C. ADDITIONAL INDICATIONS leave blank if not applicable) This information iscontinued on an additional sheet D

In respact of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expett, in accordance
with the relevant patent legislation, e.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated Stawes)

E. SEPARATE FURNISHING OF INDICATIONS (leave blaukif notapplicable)

The indications listed below will be submutted to the International Bureau later (specyfy the general nature of the mdications e.g, "Accession
Number of Deposit”)

Forreceiving Officeuse only ForInternational Bureauuseonly sy
E This sheet wasreceived with the international application This sheet was received by the International Burcauon:
08 83.¢2

Authorized officer m’/ Authorized officer
. Ria.-werdeineker M ‘ &Jac)w

Form PCT/RO/134 (July 1992)
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B. IDENTIFICATIONOFDEPOSIT Further deposits are identified on an additional sheet D

Nameofdepositary mststution PHLS Public Health Laboratory Service, Centre for Applied
Vicrobiology and Ressarch
ECACC European Collection of Cell Cultures, CAMR

Address of depositary stitetion (including posial code and counny)
ECACGC European Collection of Cell Cultures, CAMR
Porton Down

Salisbury, SP4, QJG, UK

Date of deposit Accession Number
January 27, 1984 V94012707

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued onanadditional sheet D

D. DESIGNATED STATESTOR WHICH INDICATIONS ARE MADE (ifthe indicarions are not for all designaied Stares)

E. SEPARATE FURNISHING OFINDICA TIONS (leave blank ifnot applicable)

The indications listed below will be submitted to the International Bureau later (specify the general naturs of the indicaions e.g., “Accession
Number of Deposit”)
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20 cervix adenocarcinoma cell line Hela.

(3) The virus according to claim 1 or 2 being deposited at the
European Collection of Cell Cultures (ECACC), Salisbury (UK)
under number V00083008 and derivatives thereof.

25
(4) The virus according to anyone of the claims 1 to 3 comprising

at least one heterologous nucleic acid sequence.
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(7) Pharmaceutical composition comprising the virus according to
10 anyone of the claims 1 to 5 and/or the genome and/or
functional part thereof according to claim 6 and a

pharmaceutically acceptable carrier, diluent and/or additive.

(8) Vaccine comprising the virus according to anyone of the
15 claims 1 to 5 and/or the genome and/or functional part

thereof according to claim 6.

(9) The virus according to anyone of the claims 1 to 5, the
genome and/or functional part thereof according to claim 6,

20 the composition according to claim 7 or the vaccine according
to claim 8 as drug for affecting, preferably inducing, an

immunological response in a living animal, including a human.

(10) The virus according to anyone of claims 1 to b5, the

25 pharmaceutical composition according to claim 7, the vaccine
according to claim 8 or the virus according to claim 9,

wherein the virus, the composition or the vaccine is

administered in therapeutically effective amounts in a first
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L10% >!: & () - 10: >! i dfnpbsifbbr the8Maheis &dministered in therapeutically
10 effective amounts in a first inoculation (“priming inoculation”)

and in a second inoculation (“boosting inoculation”).

(17) The method according to anyone of the claims 14 to 16,

wherein the animal is immuno-compromised.

15
(18) The method according to anyone of the claims 14 to 17,
wherein the animal has a pre-existing immunity to poxviruses.
(19) The method according to anyone of the claims 14 to 18,
20 wherein the animal is undergoing an antiviral therapy.
(20) The method according to claim 19, wherein the antiviral
therapy is an antiretroviral therapy .
25 (21) Use of the virus according to anyone of the claims 1 to 5, the

genome and/or functional part thereof according to claim 6 as

adjuvant.
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(23) The virus according to anyone of claims 1 to 5 or the genome
according to claim 6 as adjuvant.
10
(24) A cell, preferably a human cell, containing the virus according
to any of claims 1 to 5 or the genome or functional part

thereof of claim 6.

15 (25) Method for obtaining the vaccinia virus according to anyone
of claims 1 to 3 comprising the following steps:

- introducing a commonly available vaccinia virus
strain, preferably MVA 575 into non-human cells in
which the virus is able to reproductively replicate,

20 wherein the non-human cells are preferably selected
from CEF cells and the cell line BHK,

- isolating/enriching virus particles from these cells
and

- analysing whether the obtained virus has at least

25 one of the biological properties as defined in claim
1,
wherein the above steps can optionally be repeated until a

virus with the desired replication characteristics is obtained
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(26) Kit for prime/boost immunization comprising a virus
according to anyone of claims 1 to 5, a composition according to
claim 7, a vaccine according to claim 8 or a virus according to claim
9 for a first inoculation (“priming inoculation”) in a first
vial/container and for a second inoculation (“boosting inoculation™)

in a second vial/container.

(27) Use of the virus according to anyone of claims 1 to 5, the
composition according to claim 7, the vaccine according to claim 8
or the virus according to claim 9 for the preparation of a vaccine
wherein the virus, the composition or the vaccine is administered in
therapeutically effective amounts in a first inoculation and in a

second inoculation.



