; €3eDgODn$$%$) * NO60TO#WD 02/ .1280 PCT/ EPOL/ 13628 Modi fied Vaccinia Ar
Virus Variant The present invention provides an attenuated virus, whid -
derived fmwonw2ddsof i ed Vacci nia Ankara virus and which i s Speheraastesi zed by
the loss of its capability to reproductively replicate in human cell I|ines.

It further describes reconbinant viruses derived fromthis virus and the

use of the virus i i nants as nedi canent or vacci ne.

Additionally, a r‘@{“ﬂmﬁ\mmmm& ded for induci j response even in
i mmuno- conprom sed patl ents, 10 patients Wthr’m%&’ﬂ‘ﬂ@m@ﬁ immunity to the
vaccine virus or pati‘®AP% under goi ng antiviral Wckground of the

. invention 15 Modified Vaccinia Ankara (MVA) vird$™"8 related to Vaccinia
virus, a nmenber of the g Ot [ T j f g of Poxviri dae.
MA has been generated bjﬂgﬁg'%rvg‘#)aégéséjﬁ@%oyh@ﬁ %La/rgnbryo fibrobl asts
. 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 resulThepridbntiihventehepesiiadouin 3ditkhLabasesirgs, iviificaeigom c
sequence and, therefore, was described as highly host cell restricted to
avi an cel | s (ddyezsd Hromt Modifidd Gdacciviia olAnkeXa 108&Ls103hd 19€HiEh. st was
shown, in a variety of aninmal nodels that the resulting MWA was ]

si gni fPcant | yChaaflaﬂ{&l’émd (aghe loss af i papabiityko reprajuciively Breplicageand.
41: 225-34). Additionally, this strain has been tested in clini.cal
trials as vad®i Memag F‘ﬁ'\‘r)tg'ﬁ‘ie%'t fWgeb esEsibegorecerrh) ket VirYeo8 dgHVAS: t he

human smal | po | Sease. Y. t,,al ... Zbl.. Bakt. . . . 67,
375- 390 [ 1987 O%Ststﬁ&l “g{\éaaaf”.‘?e s dhse %dﬁh%/@ﬁw{wg'g,'kﬁsézi%%rﬁ% ).
These studi esyjaayal ¥ieft O¥P" vacdn800aBHMMKally, a method is provided for
inducing an immune response even in immuno-compromised patients,
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 family 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



including high risk patients, and proved that, conpared to Vaccinia 5 based
vacci nes, MA had di m ni shed virulence or infectiousness while it

mai nt ai neW@es48mmunogenicity. In the foll owi ng decades NMA/BbRHE/1B&SN

engi neered to use it as viral vector for reconbi nant gene expression or as
reconbi nant vaccine Zo (Sutter, G etal. [1994], Vaccine 12: 1032-40). In
this respect it is nost astonishing that even though Mayr et al.
denonstrated during the 1970s that MVA is, highly attenuated and avirul ent
in humans and manmal s, sone recently reported 25 observations (Bl anchard et
al ., 1998, J Gen Virol 79, 1159-1167; Carroll & Mss, 1997, Virol ogy 238,

| 98-211; Altenberger, US Patent 5,185, 146; A nbrosini et alL, 1999, J

Neur osci Res igt, tHeR)maavemalipoxn disedseMiAairsehal, Zbl.|Balkt thygud( ébti.n
mammal i an and human cell lines since residual replication mght occur in

. these cells. Otg.iB éégun&?ﬁﬁB@ H:elt9871]e Stadl et alepbisdhd med. heisehr. 99,
publications have been ob various strains of MWA, si nce the used
vi ruses esser&3§512339ﬁf[f1&74|])1 frﬁé&? %U@'&Sr t'ﬂé@VegaIOtVieéuﬂaﬂlQ/OOn HARNS,

growt h behavi.or, i,n various cell nes haV| or is, recogni zed as

oo oot o ifEpalhg et Batieats siacRpraren [yt WAmbered & Y

capaci Ty to reprauterrleny e RRd: ?@ﬁPks‘hﬁcﬁﬁ"%aébﬁgf‘?r@@%@%ﬁ%&ﬁ“ﬁ@ oo
host cells. Trh%lrﬂﬁﬁé%‘?@@é'lﬁf?ﬁ%&ééﬁﬂw tion, that MVA is not conpletely

replication inconpetent I n human and el i an cells, brings into question
the absolute safety of MVA as a human vaccine or a vector for reconbi nant
vaccines. 5

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

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

Growth behavior is recognized 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



Particularly, for a vaccine as well as for a reconbi nant vaccine the

bal ance between the efficacy and the safety of the vaccine vector virus is
ext renmel ywomgrorgsnt . 20 Cbj ect of the invention Thus, it ircEpriahpest of
the invention to provide novel virus strains having enhanced safety for the
devel opment of safer products such as vaccines or pharmaceuticals.

Moreover, a further object is to provide 15 neans for inproving an existing
vacci nation regi men. Detail ed descrlptlog of the invention To achi eve the
foregoi ng objects, according to a preferred 2o embodi nent of the present

i nventi on new vaccinia viruses are provi ded, which are capabl e of
reproductive replication in non-human cells and cell lines) especially in
chi cken enbr Wyt kead! ashe GE6he-mBdtibAetiheoBalyatighbt efiatki BNeY ¢l Ihoti ne
BHK (ECACC 8501 1433), but not capable of reproductlve replication in human
. cell lines. |cozﬁpletw 0@p lice?idr8 ndorROEL &P 1n 1 BERGNT leck moammakian neells,
strains reproductively replicate in at |east sonme human cell lines, in
particul ar i rbrimgs trhe quasiionideaabsdule sadadly| off My mmqraanwmﬂra 04l .
1988, J CeII Bi ol 106§3% gl zﬁ) The replication in, the cell |ine HaCat
is predlctlvé‘V8F0WéB ERMBH1ATH MAGH€S:n 5 partlcular for in vivo
replication in humans. Indeed, it is shown in the exanple section that al
known vaccinia strains tested that show a residual productive replication

in HaCat al s NP T i t rel s to
vacei i & vi rdgepER st dind e Ly AR, saeuRPRIHC VRkahE' Shf
line HaCat. Wpfhney ‘Efeft%'éhytl@eﬁﬁﬁcy %Y\%f‘ihé’@afé?y"iﬁrt'ﬁ% \)"a?é?éﬁ'\é"v%(:‘t’d)rf Yius
strains that are not capable of reproductive replication in any of the

fol | owi ng hurnsmexterhelyi ingsortahe human cervi x adenocarcinoma cell |ine HelLa
(ATCC No. CCL-2), the human enbryo ki dney cell |ine 293 (ECACC No.
85120602), the human bone osteosarcoma cell |ine 143B (ECACC No. 91112502)
i5 and the cell line HaCat. The rovvth b hayi or or

anpl i 89 cation/replication of a jestiof 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

15 means for improving an existing vaccination regimen.

Detailed description of the invention

To achieve the foregoing objects, according to a preferred

20 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.

25



normal |y expressed by the ratio of virus produced froman infected cell
(Qutput) to the anmount originally used to infect the cells in the zo first
pl ace (| nmatg2/ismnplification ratio"). Aratio of "1" betvweamEdsupizs and

| nput defines an anplification status wherein the anmount of virus produced
fromthe infected cells is the same as the anmount initially used to infect
the cells. This status hints to the fact, that the infected cells are
perm ssive for virus infection and virus feproduction. 25 WO 02/ a2-180
PCT/ EP01113628 5 An anplification ratio 04T |l ess than 1, i.e. a decrease of
the anplification below input level is an indicator for a | ack of
reproductive replication and, thus, an indicator for attenuation of the

" virus. Therefore, TiHe WBSWRI vaatihiL Wtrdiné Mepredtctioslyt heplicyenimra (st
identify and 5 finally to isolate a strain, which shows an anplification

rati o of | essonm@huinam cetaned, ihyaticakdrinltheethe ihoinpan tkeratiaocyte akll of
the human cel| lines 143B, Hela, 293 and HaCat. Thus, the term_not_capable
of reproductiline Heflatc@owtampeshs!/. 16988at J tGRI! Biolisl G d7al- 1. t ke

Such a5 the GEPIICRIABANDS CRHCARE HS A EBIREDSY e 185HePReANOINS. V801 19502)
Hel TCC No, t , 198 l. i 0 ;
761-783 | unddPr B SARr ORGP Gatrrnisank Az ieset oF e isbon bR &
speci f i cati on,bal, ROUECFHR G CallNih ol EvaEEiniﬁ’rﬁgsgéb%é(?tetd‘%h%@éh Weation
rate of the wruspaccordl ng to ?he Invention 1s 0.8 or Tess 1n each of the

above human ¢gkjdual MsodiRkre raSicatttr iA43BCat talss rebmvate Nndava! ITHUS,
Exanple 1 and in table 1 that the 20 viruses according to the present

i nvention do thet imenritsiucpreferablyepelatese tonvaoyioie vifusés tedtl do nest143B,
HeLa and HaCat. The particular strain according to the present invention

t hat has beerreproductivelytrieplicatanph dbenagmascteltpediacdt.aMasheprefieraidyn

Col l ection of Cell Cultures under nunber, VO0083008. This strain is referred
to 25lks " MVADBNNVEREIBHgRBUEENSevagsdiRips Vigds | grains Yiatoare-nelpcapable 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)

15 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

20 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.

25



6 PCT/ EPOL/ 13628 The known MA strains show residual replication in at
| east one of the . human cell fines tested (figure 1, exanple 1). Al known
Vacci ni a wo@nsseshow at | east sone replication in the celgct/img/ibiagat ,
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
| ine 293 (ECACC No. 85120602). In the Huran bone osteosarcoma cell |ine
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 line HaCat (Boukanp et al. 1988, J Cell Biol 106(3):
761-71) the anplifAgaaifiification ratid roft ssr aRge pf i®.04 beckedand ghe0. 02
to 0.8, respectively. MVA-BN has an anplification ratio of 0.0l to 0.06 in
. African greermampiificatidn Bedw cepltsievEVis aATEidddor Gt a7lack dfiveprodibichivé- BN
which is a prototype strain according to the present invention does not
producti vel y repficatdaneand, abijohe a3t tekcatost dor hattgnuation |afndbe THeus.
anplification ratio of, MWMA-BN i s, clearly above 1 in chicken 20 enbryo
fibroblasts (ldgtefqe; ﬁfaWchl‘Jl\lPﬁ'fté‘é'yabint)éﬁ%Stbfé)éythﬁa'W?EForﬁi Ehédentdly) angd ne
BHK ( ATCC No.,. -1632),.,As outl.ined.above, a ratio pf nmore than "1"
Pndi cat e r o FEINCE JSOIRLbA Sl o MNFR TS Atte e AURR vethr Glless 1 rom
t he infected | § i-Scd e ant ' [ was
used to inf egﬁgbhé l@e é\{s&éﬁﬁére rgregl?%tn%g’ Egpéﬁ?%@gggﬁ %g&eg\selr H?/mpéﬁgﬁggat ed
and anplifiedijed CEBRPMHET, Y283 landr gacetth a ratio of above 500 or in BHK
50

cells with a ratio of above . WO 02/-t2-480 PCT/EPOL/ 13628 7 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 Tdyspdiheeterundoot Egpable oioepssdostivef wplication! useans
showi ng essentially the same replication characteristics as the deposited
strai 0 but sHBat A§edviresrageesdinghteibeonvaptienpshews @ pmpljisadion. ratie uses

BRI RE A G L
SLral in CoNGehEa bR heacalads 165 Bk, WRCPARE dgSBa
ransgeni ¢ nousengodpicAsBobRAGY et 4. agusT or cefl ebodiarra): they vaeci ni a

virus strainsaccording 1 present 1 nvention, I n partfcular A- BN
and its derivaiderethearcdrelidonst asi 2edlimyd aif aékam®lé o 1r egi ithat eprigdewit vo.
in the context of the present invention"failure to replicate in vivo"
referssto virspeediaatan ddonotsonepl i speoifié n MAansteaidsi n Rrieéenaibdy, nbllel
expl ai ned below. The "failure to replicate in vivo" can preferably

det er ni ned i RMPUHCcaHap rase &f dhe veaisadteordingtedhei inyentionr & © & e essel | s.

An exanpl e f% cac hof the above human cell lines HelLa, HaCat and 143B.

It 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 VOO083008. This strain is referred to

25 as “MVA-BN” throughout the specification.



mce is the transgeni c nouse nodel ACGR129 {obtained from Mark Sutter,
Institute of Virology, University of Zurich, Zurich, Switzerland). This
nouse str amoimessigene targeted disruptions in the | FN receptnErdiypes!
(IFN-err/err) and type Il (IFN-err) genes and in RAG Due to these 25

di sruptions the mce have no I FN system and are incapabl e of producing
mature B and T cells and as such are severely inmune WO 02/ 4280 8

PCT/ EPOL/ 13628 conprom sed and highly susceptable to a replicating virus.

I nstead of the AGR129 m ce any ot her nouse strain can be used that is

i ncapabl e of producing mature B and T cells and as such is severely inmmune
conprom sed and highly susceptable to a replicating virus. In 5 particular

the viruses arg@kabong MYA BErapieshow ra3idudli @plidationt irkat leABRIZD ofrithe
within a tine period of at |east 45 days, nore preferably within at | east

. 60 days, nosthymehecelbl ynes tbstedd(figays hf teapmple i1)f eklli knowh Maecimiae
with 107 pfu virus adm nistered intra peritonealy. Preferably, the viruses
that show "f astraing skowegd least sarme 2eplicadondpethreucelhdinec HaCad: avhereasi n

S0 B IR TETEE ek SHLIRS ottt s e o o
e e, o AT ot PSS R S S ARSI TP

that are US_eﬁYIW\-BRF AHIWE g\j‘%@lﬁfﬁc‘égijsrﬁﬂd& &eof@?t’&f@fé fif Ol’ﬁe‘r)]rl-g.?rﬂéna”d

tissues of infected mce ¢ ound in t exanpl e section

preferred emaabrpstkid A8y @lCiiREa293B r@/s@@ai\las_%rzoeba .18 fHee Hurpaant
invention, in particular  WA-BN and its derivatives, is 20 characterized by

a hi gher i nMbwyeostédsarcomzaceld line 1A8Bk{EOKCEL Nai ® 1INNAR S0D) e datierisi ned
in a lethal challenge nouse nodel. The details of this experinent are
outlined in dRdifie sange SHAWR beltn FRritdel Yurman siarkixa agegearainoatecicallt ed

Tk Sh° e Sl WRREEOING' SRR GBSO B RS Bl 8RS
repli cati on couRet SHoIBHRL A Y YRR S) " BERT B HFolgsy CHBT.919° k"
amplification ratio is in the range of 0.04 to 0.8 and of 0.02 to 0.8,
respectively. MVA-BN has an amplification ratio of 0.01 to 0.06 in
African green monkey kidney cells (CV1: ATCC No. CCL-70). Thus,
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.



PCT/ EPOL/ 13628 the context of description of the |ethal challenge nodel.
Four days, after the challenge the mce are usually killed and the
viraltitewoe2sovaries is determ ned by standard pl aque ESsepA/183688NgVERO
cells(for nore details see exanple section). The viral titer isdeterm ned5
for unvaccinated mce and for mce vaccinated with vaccina virusesaccordi ng
to the present invention. Mre specificallythe virusesaccording to the
present invention are characterized inthat in thistest after the
vaccination with 102 TCI D50/ m virus according to thepresent invention the
ovary virus titers are reduced by atleast 70% Zo preferably by at |east
80% nore preferably by atleast 90%onpared to unvaccinated mce. In a
preferred enbodi nent the vaccinia viruses according to the present
invention, in particular MVA-BN and its derivatives, are 15 useful for

. i mmuni zation withlpra patticdar eatdddins mtaef ihe pfesemd ineectior thehHeventiane
been nunerous reports suggesting that prinme/boost reginmes using WA as a
del i very vect@®NCeftfuceeplativiesmife thespuihdes agnddapesitader vadet o EMCor i ne

these st udi o3 GRBRNREL M tiest et datupeenas SePatech Wilen ESAohe
! rune’ respord0PBSERTE B o YRS S llink e ST BlMy. Ak SEEDE ARSI
been hypot hegizes-tihfticatd ﬁfggggogﬁ@&rﬁpﬁﬁ B Mé%vaﬂgram@ré(ﬁt%s in one or

prime-adm ni stration neutrali he MVA given i n the~second 1 mmuni zati on,
preventing armefd sartée dPofst gehohite Vi rieppagsehel Rapgnt ication
DNA- pri ne/ MWA- boost regi nes are reported WO 02/-42. 180 PCT/ EPO1/ 13628 10
to be superi mhaaactgersticat it hgnhheldeandsitiedy vires preses,isame thats ee p fdat e reighme
conbines the ability of DNA to effectively prine the inmmune response with
the properti &mdar mvapliicalioss ratios $hpasihendenositede stiaeiaLChF cglls and

B ofd vaccr AT Bk B SBbbodietay BRCah et B8oRBat A (hesiterof
n the i viabIretiohal RRGL oscaRRifineRl i LR, T2 dffhed el ¥

according to g,kdr q;bgﬁﬁadinent t he vaccinia virus according the present
invention, in %o pggréticula "MWA-BN and its derivatives as well as

correspondi ng reconbi nant viruses harbouring heterol ogous sequences, can be
used to efficiently first prinme and then boost imune responses in native
ani mal s as well adnia prefermed evintblodimand-tre saccigia vmusi stratrs pogondinges.
Thus the vaccinia virus according to the present invention i5 induces at

| east 1subst artoi the oresentdngentos] infpartieuwhat WMYA-Blceanal dtsyidentativase/

vacci nia virus bqost regi conpared, to DNA-prine/ vaccjnia virus_ boost
oGt mos. A veRTE GHAXAPHTIGOT D1 dal Wt SR eRIR: gV . 1B48¢ Omlerant BRI y 20
the sane |ev i F ' depyaccini i uspri el i ni ayi boost

regi mes mhen%é’gg%'a# m&*tm“%\r@@@é@'m@ \ﬁ/l\ #'g‘ébc%gr%egd &&fs‘ﬁg ‘?ﬁi (éff’L
response asngasgu id l; kNGhi ¥ Yhdlawan
"assay2"), prefe&gﬂr¥#%qagwﬁkgbggyg?ﬂgqﬁ%l§g§¥@§§§§¥§ﬁékgﬁ?§ ?%gwgaﬂgein
vacci ni a vir usgitureeto vapticate\in 'ie@s o prefeeabnegietbanitadpar edt® that

DNA- pri ne/ vacci ni a virusboostregi nes. Mrre preferably theCTL responseafter
vacci zi avi rusare iweapabla 2f paodudineCnaBRE@LB1S6R S peilseAnaexamipde for sachoost
adm ni stration is higher in at |east one of the assays, when conpared to
DNA- pri me/ vadBiasi & ¥he usapsgenicr Bipusss madel AsRE2Pakebtainedclinom Mpskise i s

higher in botfh of thetote IhiIESS N Riversity 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



Assay 1: For vaccinia virus prinme/vaccinia virus boost adm nistrations 6-8
week old BALB/c (H2d) mce are primnmeimuni zed by intravenous
adm ni st rato @m2ygot h 107 TCl DSO vacci nia virus accordi ng t eedmheraisesnt
i nvention expessing the nmurine 10 pol ytope as described in Thonson et al.,
1988, J. Immunol. 160, 1717 and boost-imuni zed with the sane anobunt of the
sane virus, admnistered in the sane way three weeks later. To this end it
iS necessary to construct a reconbi nant \,%C(:i nia virus expressing said
pol yt ope. Methods to construct such reconbi nant viruses are known x5 to the
person skilled in the art and are described in nore detail below In DNA
_prinme/vaccinia virus boost regines the prinme vaccination is done by intra
nuscul ar i nj edrhproisddandl Isighty s0s&ébtadleé xd Pépeeati8s ing. tiReteRdef
antigen than the vaccinia virus; the boost administration with the vaccinia
_Virus is donghen ASRELOY mive saye othgr 2masd mtraine canc deni ased r tisat is
prime/vaccinia virus boost adm nistration. The DNA pl asm d expressing the
pol yt ope i s aheapalelscof peadueinghmaibow & eeter etrllsdapdbas csudhois Bgvar®itson
et al. In both reginmes the devel opne a CIL onse agaj nst  the

epi t opes SYI PRABKE GHSOREANRE ﬁﬂ‘ﬂo’?iréiﬂlbﬁlgwtaibggggtaeﬁﬁ]ml"ig/vU'r\H@el@

f he 25 i Di i on, d i nat i f the CIL. i

referhory dd by st THiS Pleerdeofl She' ARssRl. Mvshifayl o WBRON:S 5
12 PCT/ EPO1/ tlﬁﬁéj’?z§cﬁ%%é’%itﬁ}naé-tipi%?ﬁﬁeri@at of MBfl- |chst 326 483%(:,235?@?%9 o

outlined in exanpl es” secti on be Oor one specific virus

the present igrestiakp-withd utrieasRGOIANY odtNBraferas! witANO00REYS.
characterized in this experinent in that” the CIL I mmune’response 5 agai nst
t he epitopes aftart tiamedfatiiove oiMthe hiriise iwitinceO” fut\heus aethimisteredusntra
prime/vaccinia virus boost admnistration is substantially the sane,

pref erabl y atpardasieatyhePrefasably, ithdudedsds thal shawefailire to aepiicate Hoost
adm ni stration as assessed b%@:[ he number of IFN-(err) producing cells/ 106

spl eetf cel | s Ve Apslyriteresprraciericed i8dbatony Vinssagn be TAFeVeIsk dpm

basi [ 1 ds,. ) J f i 0 C 0
bast 2l CO SRR L0, BE ST AOHPHET SISl o a0 IR,
e RO Ael SR el RO A1 PR RS 107,

virus accordirfna tarte QA pwatteredy etran bérifm&ragf.ttege%sﬂean infbEmation

experinent in that the CIL i nmune response again e epltopes nentioned

above whi ch ireghrdingethebinfédigon aseaps avith AGR P2OnRiivactidiitiae \dssays thast
adm nistration is substantially the sanme, preferably at feast the sane as

i nductdl by 2@rBNAsed itoetieterenimea whatber bonss cadnbei stacvered fronasygansd by
the nunber of IFN-(err) producing cells/106 spleen cells (see also

experi nent al a¥tiissugs of hafested maiee an fedeunddgpthissexarmphessehien- in one of
t he assays shown above corresponds to the |evel of protection. 25 WO
02/.12-t80 13 PCT/ EP01113628 Thus, the viruses according to the present

invention are partjcy r2H! LA iﬁ%ntvﬁfecbgééiin?é’ viHisPSREfhs hBcSHTHBT Y

I
t he vaccinia virus acc}:gr;e(lfjél(rng to € prese
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



5 invention is characterized by having at | east one of the follow ng
properties: (i) capability of reproductive replication in chicken enbryo
fibrobl asw® @&Hp and in the cell line BHK, but no capabi IRCIyEmf/13628
reproductive replication in the human cell 10 line HaCat, (ii) failure to
replicate in vivo, (iii) induction of a higher imunogenicity conpared to
the known strain MWA 575 (ECACC V00120707) in a lethal chall enge nodel
and/or 15 (iv) induction of at |east sub§tantially t he sane | evel of
imunity in vaccinia virus prinme/ vaccini'a virus boost regi mes when
conpared to DNA prine/ vaccinia virus boost regines. 20 Preferably the

. vaccinia virus according to the present invention has at |east two of the

above proper tthescomexe ¢ff @éssraptignadbf lthasiethar ebatibngbenrfdunlie AyLePEaysS es.
Most preferred are vaccinia viruses . having all of the above properties.
. 25 In a furt lafterciieoctahbarige the nmicerarieausuzhyckillesl andiithe fyiralviateri mathen
conprising a virus according to the present invention for WO 02/.12.t80
PCT/ EPOL/ 13628aLigst ife ptedningst dhstanaand plagiagassays asing S(ERO cells
vi al / cont ai ne]EO and for a,second vaccination ("poosti g% in aiecond

Al st & de

vi al / cont ai né m@ée\ﬁ‘?tgélsn%%ﬁ EXAE RIS SPEEYMbi HARVIK gunined

exanpi tor 06 tRacE 0 fnnibS Rl T R WRAINR Y VB, VoSG auflses
Al ternat i vel orbpairie 43 THY BReSefCopIBhOBAL WRRE! Bbeokicaly, that yieaskel ns

addi ti onal nucleoti Sequences which are hetero us e vaccinra

virus. As outdccBedingnt®tther pesdrtonsveditiorhareesissiateafed iy tiedtenig! Yaous
sequences may code for epitopes that induce a response by the 1o i mune

system Thustest afterptissivaliceinatiarsavitihel 2d@Dssvant virascaccarding us tloe
vacci nate against the proteins or agents conprising said epitope._The
viruses may beseriinvendibrihe loyany biuswitersnicererducad byrak leasiunO %

virus that may be ed for, 6 each, vagci nati on has _ be defined abqve, 15 It
is kn#n for DJGB%!@E Bxi Bl etfash oar morﬁovPrﬁée'@iﬂYoEVaiaz i rﬁg%s
viruses havin | east one the.fqllow ng properties: - capability of
repr oducti ve C%@ié?@éf?%ﬁqvﬁcgmq;ﬁgﬁné%ryo fibroblasts (CEF) and in the
baby hanster kidney cell line 20 BHK, but no capability of reproductive
replication in the human keratinocyte cell line HaCat, - failure to

oSl Wi L2 AASERD e ghe ke e aomaringl o e
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



WO 02/ 12.t80 15 PCT/EPO01/13&8 - induction of at |east substantially the
sane |l evel of immnity in vaccinia virus prinme/ vaccinia virus boost

regi nes wwa2oesgoared to DNA-prinme/ vaccinia virus boost rregvERS/13628 A
process to obtain such a virus may conprise the follow ng steps: (i)

I ntroduci ng a known vaccinia virus strain, preferably MVA 574 or MWA 575
(ECACC V00120707) into non human cells in which the virus is able to
reproductively replicate, 10 wherein thelpon-hunan cells are preferably
selected fromCEF cells and the cell Iine BHK, (ii) isolating/enriching
virus particles fromthese cells and (iii) analysing whether the obtained
virus has at | east one of the desired biological properties as defined

above, is whepeps ébFeﬁb@Y@t HePRabAB PIEH eVadity RSspERes! eHetdlisd thiyirus
with the desired replication charactéeristics is obtained. The invention
_further rel atreginhe ddrmbinesuties abblityi 0EDONA tchieffectivblyd paicuer thengmnounde
present invention. Methods how the desired biological properties can be

det er ni ned aresespsaiwidd the erapertpes tof MVA Hios beest rhpa ireaponse 1in Hpgl yi ng
this method the inventors identified ang isolated jp several rounds,of
clone purifi @SEHRE 01 rRfiene et BE diNEHUNEY: I '\zygseépeairh’ve'ﬁﬁ PReSXSH NG

[hom L, A R AL RS S8R BRORS Ak MHPoB onetuf A R LGNS
response then the use of MVA as a vaccine or therapeutic would have
limited efficacy, particularly in the individuals that have been
vaccinated against smallpox. However, according to a further
embodiment the vaccinia virus 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



WO 02/.12-480 16 PCT/ EPO1/ 13628 The growth behavi or of the vaccinia viruses
according to the present invention, in particular the growh behavi our of
WA- BN, iwdraves that the strains according to the presemcT/Epogisdzen are
far superior to any other so far characterized MVA isolate regarding s
attenuation in human cell lines and failure of in vivo replication. The
strains according to the present invention are therefore ideal candi dates
for the devel opnent of safer products su {1 as vaccines or pharmaceutical s
as will be described below. Zo In one enbodi ment the virus according to the
present invention, in particular MWA-BN and its derivatives, is used as a
_vacci ne agai nst human pox virus di seases such as smallpox. In a further
enbodi ment t peirdey WicAgi@ovidl o bdastt Admpnigsenion v aERaMiIMRY least esiyfnant,
i.e. may express heterol ogous genes as, e.g., i5 antigens or epitopes
_heterol ogousthe tlsaysr ushendcoayparteds tee DHH-plines/\accatiai néruo bodste an
i mmune response agai nst heterol ogous antigens or epitopes. The term"i nmune
response” nme&egines Mest peefesabiyhthe CTlmraseossestienighrennabotr edfgihe
substance or _micro-organismenters the organism Per definition, the immune
response is PNGWOE 33%3YSa specific and an unspecific reaction although
bot h ar e closely cross |linked. The unspecific i mune response is the
i mreditat e def ence against a wide variety of foreign substances and
i nfectious agents. 2%5. S I f g n SpQs; [ he d ce i.ged
after a |l ag phase,'B“S';£\7%g‘h_t§‘?1eICF:g)r?ga\}nalccss:lrlnrlﬁlgéj @ﬁgﬁ g%g@%@f?%‘“? sﬁgrg{éangé% gr t he
first time. adWiinPeir3tidR9 B8PHEEROLIA3EAR Bhe ghroehf imiddMHpe nasmense is
highly efficient and is responsible for the fact that an individual who
recovers frommmgpied by imireednaus izdminiseetion agth ns07 t WCDspeactinia
infection. Thus, a second infection with the sane or a very simlar
i nfecti ous agibnts cneosgingicto nihaleprasasiinpnuestion rexpegaivinthet nalifine si nce
thereloi s already a "

polytope Iglrsedescribed 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. In 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



existing imunity" to this agent. Such imunity and the i munol ogi cal
menory, respectively, persists for a long tine, in sone cases even

| i fel ong. wixexnaiongl y, the induction of an i mmunol ogi cal rmrwEBILA3e8be used
for vaccination. 10 The "i mune systent nmeans a conpl ex organ involved in

t he defence of the organi sm agai nst foreign substances and m cro organi sns.
The i nmune system conprises a cellular part conprising several cell types,
such as, e.g., |lynphocytes and ot her cel derived 15 from white bl ood
cells, and a hunora! part conprising small peptides and conpl enment factors.
"Vacci nation" means that an organismis challenged with an infectious

. agent) e.g., in an attenuated or inactivated formof said Zo infectious
agent, to i nButmeidepetidli, cl D9BuNty Mddhe 4t e3BY DX iarad iagno@dlis@dcirveéhs t he
chal  enge of an organismw th reconbi ant vaccinia viruses according to the
. present i nvergxaomplesrsaedion beloay faregnerspraific wrids BRcardingt & dee i raisiends,
expressing antigens or _epitopes that are heterologous to the virus.
Exanpl es for IBYRHI@pi t JhEs HESgi deeOncings 16t hdhepapresastt t Heveddidt i gsi on

the Dengue vighaEaCHRsHa angtHie SXRRSTBaN 15681 PN ERGL L FBI TSPagSE H v,
. .' . JEPSLILSE v :

of turburs afplifcare AL o AN raBPat WP JY IahERIaRY “SERCT R o

virus into thacbedy tDRUSP! IRRAS/ MRiMHEPT &HERd HUbAr © R RRABLaHCNC tibe

i mmune system and a specificC 5 inmmune response against these epitope may be
i nduced. The subgtanisally tthessante, | praferaisy g0deastt thd&are6ndd Mhatesa by

containing the epitope that is encoded by the reconbi nant vaccinia virus.
"I muni ty" nmdNA peinbéAlacoiniaovipliet kopsiotaekmiristratioanas assessed by the
number of |IFN-y producing cells/10% 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 vaccinia 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



10 organi sm agai nst di seases caused by an infectious agent due to a

successful elimnation of a preceding infection wth said infectious agent

or a chara@w@y2%doi c part thereof. Imunity is based on theeEmEmiABS,

i nduction and activation of specialised cells of the i mune system 15 As

poi nt ed out above in one enbodi nent of the invention, the reconbinant

viruses according to the present invention, in particular reconbi nant

MVA-BN and its derivatives, contain at Ig,gst one heterol ogous nucleic acid

sequence. The term "heterol ogous” is used 20 hereinafter for any

conmbi nation of nucleic acid sequences that is not normally found intimtely

~associated with the virus in nature, such virus is also called "reconbi nant
virus" . Accordi nOHU3, ather Viresesmaedording ab tthe piresent iimuaitidnarde 25

het er ol ogous sequences are preferably antigenic epitopes, which are

~ sel ected fromaxtigulariy saideble forswaoaieatidgturposeésr ably, said WO

02/:12. 480 PCT/ EPOL/ 13628 19 reconbi nant virus expresses one or nore

antigenic epitopes from Pl asnmodi um fal ci parum Mcobacteria, |nfluenza

virus, fromvi rus&g sel ect ed the faml ¥| of Fl avivirus

f S,
Par anyxovi ruses, MepaHRingryi ?rlh%eé’?cﬁt'}h%n "Hﬁurﬁﬁf&‘rpmgeng‘?/ e uduesent s r om

e R0l & RIS rereCtexBERl dhgaiie: Al RESE IS dhbodtIoRE b
al so in addi H’rg elQethe above-nentioned sel ection of antigenic epitopes,
the Zo heter ogous Sequences can be sel ected from anot her poxviral or a

vaccinia source. Tfjese déi[ja@ili@eﬂﬂ%ﬁ%d@c&'ﬂ/émrelp?ri%@tfbﬂ P diHivkéhempsyo
spectrum or the i mmunogenicity of the virus. In a further enbodi nent™the

virus accordi ng to the fijprebtagtsi YCERY eattd omn milye caddl figre aBhig, ertnltogoas
gene/ nucl ei c acid expressing a therapeutic conpound. A "therapeutic

conpound” encoded by t s@padiléyorbgepsoduetive crepiaatian tineths tusmaancelé,
e.g., a therapeutic nuc)eic acid such as an antisense nucleic acid or a
peptite or protein wit ”H%@?g@ bi ol ogi cal activity. 20 According to a

sequence | o pr e efbbl y 12BAE 1 SRRERGEFLRE, “Under the transoriptional
g?gtmr)f'er?f 2? POXVifiyS RRAURLSH  of 3" Righe? ShARlNogdnidity aCsHYated! t¥Sthe
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/ -12=t 80 PCT/EP01/ 13628 20 According to still a further enbodi nent the
insertion of heterol ogous nucleic acid sequence is preferably into a

non- essenwiod2/n2egi on of the virus genone. In another pref aragreEPrBRd ment
of the invention, the heterol ogous nucleic acid sequence is inserted at a 5
natural ly occurring deletion site of the MVA genone (disclosed in

PCT/ EP96/ 02926) . Met hods how to insert heterol ogous sequences into the
poxviral genome are known to a person skijled in the art. According to

anot her further preferred enbodi nent the Zo invention includes al so the
genone of the virus, its reconbinants or functional parts thereof. Such
~viral sequences can be used to identify or isolate the virus or its

reconbi nant s}he. first WcoisiatidrPCRorimibgidiidadi firstt eRhredoGiesr aindYor a
establishing ELI SA assays. Furthernore, such viral sequences can be
expressed fr secandi Gaeipatieri(@hoovstingt) tro apsecond \viak contaided. phet wirus or
pepti de which then may suppl enent deletion nutants of a virus that | acks
the viral sedl@ndee chmoa-FREPMBINAN BGHiRigs VEHSY ded.0R. VaseiRid ivorkd thatt" of
the viral gen

encodes a ph %a%grr‘]ﬁsqnt??i%a tﬁ}&?(%géghoi'%BHE%@E%E%&&EE%%W&%%Qnc%t‘%\géir%P a
Ponplele gonciet 3. aBEia s S MVASRN SR Bsh e et AR BREV N0 S,

such el enent §,;; midt b AN A/ j r -[@%qer,
cis- or tran?—lm SH;%)(ICB%aﬁ}t‘%ﬁ%ﬁ@?h%?ﬁ@bgg&ﬂ1\5?%8(!'%&?%@@??@&%@38 1 The
reconbi nant \HudkSot€é Fediuebcks WHiehriresiestierbidgoui! tonteyaeeirigadriLrAthe
i ntroduction of the heterol ogous nucleic acid sequence into a target cell,

sai d sequenceuibhed dnt lethehorsektigoss obr thet etesicoigdion t thé hdeteraegous! | .
The introduction of a heterol ogous 5 nucleic acid sequence into a target
cel | may be @sgHiensepr Btk €0de o epitoneasr dhagoindynepta despenspobypépei des
and/ or conpl ete viruses encgoded by said, sequence., This nmethod conprjses the
i nfeclq on of 'HMHEEE %’éﬁ?“w '?‘H%HE ¥ @@&Sﬁiﬁﬁa UgfAthe: iPepitiNBRALt yecekua

i nfected host,.cel |, _upder. i tabl. nditions. _and isolatio Q :

enri chment of’'% etgo{7 %‘ﬂp?g‘%,aa%@?gic{ngarwggﬁméi Pﬁsa%?%&c@gnﬁag@g c?aljﬁi)st
cell. Further t f I ptr ' of.a I

het er ol ogous ersBe?fq(fPeerice_ eg%‘f{@??g Hniaa %tg g%gﬁPLaSQ?orBsi EHQ\N rg)%m ﬁe@§F§b| y
in vivo theratajl FThel amvuht @fvigIadat mag! Bd edeeletdrscddvabévatibn hagn
previously {ex vivo) infected with the vifus are adm nistered to the |iving
ani mal body fowen deficiengabové.mune response. For in vivo therapy, the virus
or its reconbinants are directly adm nistered to the |iving ani mal body for

i nduciiing an i mmune response. In this case, the cells surrounding the site

of inoculation gre directly infected ip vivo by the virus or its .
recombi nants actolHiKRPWR PR iRRISAD; éR'.“eﬁi Hﬁé?'@hért/i (rf'@é" A& oralt RPNt he

Invention is hi gglcé(in% Q/Y\ﬁu@es having at least one the following 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



restricted in human and nonkey cells and, thus) highly attenuated, it is
ideal to treat a wide range of mammal s i ncludi ng humans. Hence, 25 the
present i Wwa@ox4i2080 al so provi des a pharmaceutical conpositimrr/BrPid/13628acci ne
, €.9., for inducing an i mune response in a |living WO 021. 1280 22

PCT/ EPOL/ 13&28 ani mal body, including a human. The virus of the invention
is further safe in any other gene therapy protocols. The pharnaceuti cal
conposi tion nay general ly include one or p nore pharmaceutical acceptable
and/ or approved carriers, additives, antibiotics, preservatives, adjuvants,
di luents and/or stabilizers. Such auxiliary substances can be water,
.saline, glycerol, ethanol, wetting or emul sifying agents, pH buffering

substances, or the |ikgucifon bhbldegstr sulsstantaytifiel sahley ldval af, inshawity
nmet abol i zed nol ecul es such as i o proteins, polysaccharides, polylactic

aci ds, pol ygl ycol | i cimasfagsinipoligutemronas vaecciiadgiruanbaostadiegirnepowhenr s,
| i pid aggregates, or the like. For the preparation of vaccines, the virus
or its reconbinants E8MRAELANENAPrivae! yasatniaviTus BeRSEIegMesnt o a
physi ol ogi cally acceptable form This can be done based on the experience
in the preparation of poxvirus vaccines used for vaccination agai nst

smal | pox (as descrjib i ckl,. H l.: [ 19 . . r.....99,
2386- 2%92). For eAré’l%eé,%%tsﬁ{ed %@F?W&Hgbi g u%'r%‘% 'ﬁ%’r &W'%@%Mﬁ@‘ﬁ”%o
titre of 5x10§’§e£§g DSOm fornulated in about 1OMM Tris, 140 nmM NaCl pH 7. 4.
For the preparation of vaccine shots, e.g., 102-108 particles of the virus

are |yophilized ir)l00 imtraafudihg@sphabenbiddoiniedvisas isteaihPBRefarabiynmMVA
presence of 2% peptone and 1% human al bumin in an anpoul e, preferably a

gl ass anpoul e. Al t er nat5¥4lor, M\tfe S5V/4c CEGACZS VORAIZO 23A) bdopnon duadaby
stepwi se freeze-drying of the virus in_a formulation. This fornulation can
contai n additional addigelselh whith dke vinpg iszakig. tosoeproductively 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
(iii)  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.



PCT/ EPA / 13628 23 mannitol, dextran, sugar, glycine, |actose or

pol yvi nyl pyrrolidone or other additives such as antioxidants or inert gas,
st abi | i zew®O @w42488conbi nant proteins (e.g. human serum al burdmgPosusd2abl e f or
in vivo adm nistration. The glass anpoule is then sealed and can be stored
5 between 4C and roomtenperature for several nonths. However, as |long as
no need exists the anpoule is stored preferably at tenperatures bel ow -20C
For vaccination or therapy the |yophilisgge can be dissolved in Zo 0.1 to
0.5 m of an aqueous solution, preferably physiological saline or Tris
buffer, and admi nistered either systemcally or locally, i.e. by
_parenterally, intramuscularly or any other path of adm nistration know to
the skilled practiThepgowtihisehmder off e viiceiniat vivases hacatrgiingirtd the
nunber of adm nistrations can be optim zed by those skilled in 15 the art
in a known mpresent Adwentional iny pasticoladi blge t grewthurhétavieuboadi MWA-BhNe
virus according the present invention is particularly useful to induce

i mune r esporBEKatas thaldeec sHaitiaseardngntd sheepresentoiv@pior aredar <
400/,1 of bl ood} inf c%ct ed wi,th SI V,for hn i m*runo-ccmgr om s humans,. The
term"i nmuno- [t Qedny fAEEri BBsfarhehararislized (VA Wrblies{8¥HiBE an

ef i ci bncy’ 1 MR ToeR e e P cen g NG &7 O EGR, eRER o FEET TR
and accor di gt st iddcoffi 45 LIRS BROSSAITSHve o 51 MsRAHESidd

present invention can boo i mrune responses I n i mmuno-conprom sed ani mal s
or humans, MAIAAtS2RS & BETIERRM4ABEREarIeprddudtBesIiPaENRR CRiesior
pre-existing immnity to poxvirus in these aninmals or humans. Particularly
i nteresting vEwrmaceutitels\ds will hecdestirilped deldwe. present invention can
boost i nmune responses also in animals or humans undergoing an antiviral,
e.g., antiretroviral 5 therapy. "Antiviral therapy" includes therapeutic

concepts in order to elimnate, or suppress.viral infectipn including,

6.9, 181 the appllNcetoneBioomiEned: | Hie aNKLSgSCTRING ntd aghfi dHEBAtof

i nhibitors f L z | LM or. vical in iLL)

application %V%'l)\/ '§b| ﬁ@ ﬁ%%‘ﬁ?ﬁgﬂ%Emdr'igpgﬁi‘zgﬂ%%w ﬂé ﬁé%cﬁ . ééoa

According to i od} 3 i NG A i , (pug not

excl usi vely, V%%BHGCQ éfe“%ﬁﬁ%ﬁ%e?%ﬂ&r’%@'ﬁé?é% e%dr? ﬁ%ﬁ%@é%ﬁl éati on

agai nst ani mg(;rpRy émbocliment the iftd lacadrdipkstd Bige igresEhBtihhtion may

i muni zation is preferably performed parenterally or i5 nasaly, whereas in

| ar ger ani maltse orednmbisarat, s ilec utnaae oespreisst rretesaiogausorgemesl dspoeugati on

is preferred. It has been found by the inventors that already a vaccine

shot &®nt ai niatyiganNepr @piiopesdaslierefogenisyta e vrupsang may dels e wsefuto

i nfectious dose) of the }{i rus accordi.%t he present invent, ?'ln%i s sufficient
[ r

to i nduce cor & daCRfitey NdpGenaN AMINKESt Qnseciagainst Nrter9lgBPERge in
ice. This i i - i Si i h high d f att ti
ot “the vi rus ARSI B HAQRE bl coent {nvention | O cedree of attenuation

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.



woul d be expected to negatively influence and, thereby, reduce its - 25

i nunogeni city. Such expectation is based on the believe that for induction
of an i mweeozesgponse the antigenic epitopes need to be pi@mI136k8. 180 25
PCT/ EPOL/ 1328 presented to the inmune systemin sufficient quantity. A
virus that is highly attenuated and, thus, not replicating can only present
a very small anount of antigenic epitopes, that . is as nuch as itself

i ncorporates. This anount of antigen, ca{;ied by the viral particles, 5 was
not considered sufficient for induction Of a potent inmmune response.
However, the virus according to the invention stinulates even with a very

| ow effective dose of only 102 TCI DSO a potent and protecting inmune

" response in ﬁh@é‘é@éiﬁ@qmlﬂhﬁecﬁ&?bﬁﬁgeisfméﬁly efffeferiti ks i8ae8pehsibIé Fok he
present invention thus shows an lo unexpectéd and even i ncreased

i mmunogeni ci ttheclagathad 4o iotdhedusb whar rebaverst érdmed dpcific riafecdionThs s

hi gh i mmunogenicity nakes the virus according to the present invention and
any vacci ne depiecied hgastst ddpspeaificyinfectian. Tlaus,apsecoad triection with

[ m*runo-corrpr(%’:ld sed ani mal s or hupans. ,1? Accor di n% to still anogther

enbodi ment  oftNEh&AMR Mt iBrYerY heiMiladNTectioss ageNin CaHpes aftuchamilder

R VN e T R R et
reans, ! SIARAE MpHB- B BGG, Hhehn0 SBREl e indd shanclh,

i muni zi ng  efiiRflinefodalRdreGh, Q’egﬁééﬁmﬁyj PefHsts M@Cé:il@ﬁé tirhe0fn @dme
enhanced by the addition of a so-called adjuvant. An adjuvant co-stinul ates

the i mune syases dyercaifelorg. aAstaraliggly, siheciihidgctiomusfe aneasinhomolegrahst an
antigenic 25 epitope of a vaccine. This stinulation can be regul ated by
factors of tHheemmwyeasn be usetufor wesiratiosuch as interferon and

i nterl eukin. WO 02/.12.180 26 PCT/ EPO1/ 13628 Hence, in a further
emboditrent of the invention, the virus is used in mammal s incl udi ng humans

to activate, SUppofrhte Uty Sﬁsstetr#ﬁmeans a complex organ involved in the
defence of the organism against foreign substances and micro-

organisms. The immune system comprises a cellular part comprising

several cell types, such as, e.g., lymphocytes and other cells derived

15 from white blood cells, and a humoral part comprising small peptides

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



i mmune system and preferably to activate the i mmune response agai nst any
antigenic determnant. The virus may al so be used to 5 support the immune
system i nwa &2t | on of i ncreased susceptibility against paf/ERf1/18628 Ssuch
as in the case of stress. The virus used as an adjuvant may be a
non-reconbi nant virus, i.e. a virus that does not contain heterol ogous DNA
inits genone. An Zo exanple for this type of virus is MA-BN.
Al'ternatively the virus that is used as gp adjuvant is a reconbi nant virus
containing in its genone heterol ogous DNA sequences that are not naturally
present in the viral genone. For use as a adjuvant the reconbinant viral

. DNA of the virus preferably contains and expresses genes that code for

i mune 25 stivirdsatHiNg greppitdpes aerpreel frioms matdinastHattane eskbriased Agithr di ng
to a further enbodinent it is preferred that the virus is inactivated, when
. used as an adhevdexelopmeite of tonmmuoshend veangeare Affére thaaadministratian afhe
virus may be perforned, e.g., by heat 20 or chemicals, as knowm in the art.
Preferabiy, tthe \F??@'@"h'@anga@qw&@edﬂw -91or @i Hosyt de RRIEPRERGAE t hi s
enbodi nrent of the inyention, the ir%acti va{ ed.virus engg;g;be achi’ed to v.gcci nes
agai nst nunerBREEFHRS AN R Co P BFItete 191 TR IHNEEAE oM ABFedsaPPHEC

sy of ¢ NATA0End FoRCRS ) ettt $R58E TRBTRREE A Phe dPelfsd CTRE 1 ses
the 1 ol | ow ngrgahRR, Bud NsIRTHAAP Bia<YAREIdHchtybrotei A Rkhbsinilg keias!

one of the folFow ng properties: - cap Ity of reproductive replication
i n chicken erdpiyopd thatoly estedédity) tiendecombivgadiabacdiams viruski dney cel |

| ine BHK, but no capability of reproductive replication in the human
keratinocyte cell line HaCat, Zo - failure to replicate in vivo,
“Immunity” means partial or complete protection of an
10 organism against diseases caused by an infectious agent due to a
successful elimination of a preceding infection with said infectious
agent or a characteristic part thereof. Immunity is based on the
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



- induction of a higher inmunogenicity conpared to the known strain MVA 575
in a lethal challenge nodel and/or - induction of at |east substantially

t he sanme Wwawv&42¢d0 i Mmunity in vaccinia virus prinme/ vacci rrGI/EPOIUS62800St
regi mes when conpared to 15 DNA-prinme/ vaccinia virus boost regines. The
virus as above, wherein the virus is not capable of reproductively

replicating in any of the follow ng human cell |ines: the human enbryo
ki dney cell line 293, the human bone ostegsarcoma cell line 143B and 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) under nunber V00083008 and derivatives thereof. 25 WO 02/ ~2~8U 28

" PCT/ EPOL/ 13628cdhtbhiviahtisviags axpresseamonesidrg nabrd eastiganie bpitepesodarm
nucl ei ¢ acid sequence. The virus as above, wherein sald heterol ogous

“nucl ei ¢ aci d Rlagoeadient fakiparwe) ddyezbdatenaa Iséipeszaevicnd] fgomoviratselseast
one antigen, antigenic eﬁi tope, and/or a therapeutic conpound. Genone or

functional pa&electerderdfottngefamdy of onhevivérusesusPasamyxprtsadovidepatitis

Phar maceuti cal, corrpoE_Ii tion conprisi the virus as aﬁove and/ or the ﬂenorre

and/ or functi¥%HH€Spa Hnﬂ%r'muagd&ﬂgieﬁ'@j YBYSES aRl HOPhaYiHEeYt FRUSING

accept able c i i 0 1+4.1 5 Vaggi: i S} t
virus as aboﬁé’rhﬁfﬂh&@% Eg\g%egg% éﬁﬁ%&pﬁﬁé‘?%o‘ﬁaﬁﬁ§{§?ﬁs§%gfébf Eggladgﬁl ned
above. The Vimgﬁ%@% ahpke, the genone and/or functional part thereof as
defined above, the™conposition as defined above or the vaccine as 20
defi ned above as drug for affecting, preferably inducing) an i mmunol ogi cal
response in a living animal) including a human. The virus as above, the
phar maceuti cal confuxsirting tastidlesi foethexbeawdodimentadeitnal sasindadditezh dbove
or the virus as defined above, 25 wherein the virus, the conposition or the
vacci ne i s adheni ahovwdmentioned 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



WO 02/-t2.180 29 PCT/ EPOL/ 13628 therapeutically effective anbunts in a
first inoculation ("primng inoculation") and in a second inocul ation

(" boosti nyo exudoat i on"). Use of the virus as above, and/ arc/bEi1gese8ne as
defined above, for 5 the preparation of a medi canent or a vaccine. Method
for introduci ng honol ogous and/ or heterol ogous nucl eic acid sequences into
target cells conprising the infection of the target cells wth the virus
conpri si ng heterol ogous sequences as defhped above or so the transfection
of the target cell with the genone as defined above. Method for producing 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%ccordingt tonstiid/zor fuarhinerc hemioddifdrite hept irderdod/ of
protein and/or viruses produced by said host cell. Method for affecting,

. preferably irwierolggansimitiaisl agidcaequengsons @referably vnte aamomeesseodial

I ncl udi ng a hunan corrﬁri sing adm ni steri ng%ét he ZP virus as above, the
genome and/ o €BLALOf Sha| Vipay €eNREiRofn 380HN REafesre e IFeRsost then as

defined ab h ' def i ned, ab h i mal h b
treated.  The M vadPEr bo BlogT i Red el rndBnge| & raferisd Bhse *105

25 TAD-0 (tiERHRaIRH dcdlsrihgT GEft NS HRSBH e WIFAY! ddifome (disclosed in
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.



WO 02/.~2~80 30 PCT/EPA /13628 The nethod as above, wherein the virus, the
conposition or the . vaccine is admnistered in therapeutically effective
anmount s i w@o¥dz2ast i nocul ation ("primng inoculation") andedmEPv188628Nd

i nocul ati on {"boosting inoculation"). 5 The nethod as above, wherein the
ani mal i s inmuno-conprom sed. The nethod as above, wherein the animal has a
pre-existing immunity to poxvi ruses. 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. zo A nethod

for enhancing a spEfd frécombivaet veapragil b6 tthen prasétieinaidion raay
antigenic epitope included in a vaccine conprising adm nistration of the
_virus as aboux usedHoer geadntrodsictiohi afettheabetesolcgousnnacleios anid seqaehcei ng
ani mal body including a human to be 25 treated wth the vaccine. WO

02/ =12- 180 PaMEPa1tamets eall,Theaidi rsegugscabduweingr eiblkeryeABmoIagodRf Phed

above, as adjuvant. A ce|ll, preferably a_human cell, confaining the virus
as above or th?éebgﬁgﬁﬂso%ftmc REA Céﬁrt é’?%@éuﬁgoﬂef’f r?edﬂeigm)esoss

5 nucleic acid sequence into a target cell 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



Met hod for obtaining the vaccinia virus as above conprising the follow ng
steps: - introducing a commonly avail able vaccinia virus strain, preferably
MWA 575 i mtoomaasohunman cells in which the virus is abl e t or@wEP01/13628
reproductively replicate, wherein the non-human cells are preferably
selected fromCEF cells and the cell line BHK, - isolating/enriching virus
particles fromthese cells and -anal ysing whet her the obtained virus has at
| east one of the biological properties as,defined above, is wherein the
above steps can optionally be repeated until a virus with the desired
replication characteristics is obtained Kit for prine/boost inmunization
_conprising a virus as above, a vaccine as above or the virus as drug as
defined abovearfioraldbddy,sinchadingos Huahaon THenimisngf thednvantion”is funtteerf i r st
vial/container and for a second inoculation ("boosting inoculation") in a

. second vi al / czafednrany, othker gene heerapyugratocalfove, the conposition as

defi ned above and/or of the vaccine as defined above for the preparation of
a vaccine wherein 25 the virus, the conposition or the vaccine is

adm nistered in a@ri VWO 0 /2.I 180 32 PCT/ EPO1/ 13G28,.i nocvl tion and
wher ei n the same Vi TGPEHMAREHTRE! COMHASHINT Dk §50EEabs ol iR AMeati on.

0Tt Bt IR e e R ARG End PRl By B AU

ce nes. a

accordi ng to dhiWMesSrateaatioesedd rn?@,sdill]eﬁﬁé ‘én@/oﬂlﬂa?ﬁ%ré.ss%ﬁ
Nl d. By The

grouped according to the ce i nes tested. anount of virus

recovered framligsl substamcte qirt Be iater, dalise (@4 epdl, ®thaHok wetting or
determ ned by plaque assay and expressed as the ratio of virus recovered

after 4 days amnoutsifgingriagetsj neidubuffedingdaybstaroes, Foyuthe 2iker @Gudtatilen
provi ded against a |lethal challenge of vaccinia

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



15 follow ng vaccinations with either MVA-BN or MVA 575. The protection is

nmeasured by the reduction in ovary titres determ ned 4 days post chall enge

by standawd @4aegee assay. Figure 3: Induction of CTL and mavERDi1628

provi ded agai nst an 20 influenza chall enge using different prine-boost

regi mes. 3A: Induction of CTL responses to 4 different H2d restricted

epi topes follow ng vaccinations with different conbi nanti ons of DNA or

MVA- BN vacci nes encodi ng a nmuri ne pol yt OEF. BALB/c m ce (5 per group) were

vaccinated with either DNA (intranuscularly) or MVA-BN 25 (subcutaneously)

and recei ved booster immunisations three weeks later. CITL responses to 4

~different epitopes encoded by the vaccines (TYQRTRALV, infuenza; SYIPSAEKI,
P. Berghei; YRERNRONLdextrd®, OUdatd 8gly3ihePTaLtd¥al /3638 vilyypyrwgdidoner 0s;
RPQASGVYM LC,\% were determ ned using an ELI SPOT assay 2 weeks post the

boost er i muritbati additig® suchdagt anhioxtdacts pesjpwitegaso stabilizessenr

epi topes follow ng vaccinations with different conbipati ons of DNA or

MVA~BN vacci f8§08RinaRdiRTgtainsuta-ge hpBIan sgeumealmpin) swtalgeptar g Bip)
i t it i th i nt I I MVA-,BN
(Pt aveneoaddmstaFobl s the s peipd i Ban sedlech#Bd hamiae 1348pd cri
R i i TY V
et et et s A SR Rl T B L T ST
LCV) were detgpgi nad 4§i Heedn EkibﬁsPOEh@S%ﬁzp@ul\éeei%s N8péd L ReRAaBIET at

i mmuni sations. 3C. Frequency of peptide and MVA specific T cells follow ng

honol ogous priemgpdretates Petgwa20spti nal dose (1 x 108 TG DSO) of
reconbi nant MVA-BN, gi ven subcutaneously. G oups of 8 mce were i5

vacci nated with two shots of the conbinations as indicated in the figure.

Two weeks post the final vaccination the nunber of peptide specific

spl enocyt es were rEdsYRNatiPAPratharaRygbherdyephidisate fasape disabead in
nber, of specifi ots p

Gevi o on 1 Onlt HeOmB AN, Ob8n AthERUs£oIaToN, BReteRbNEARLySTadleal Ao o ¢ n
:fo‘éﬂ\'i gﬁf W.C’:Tﬁji\%/fé@”fegg' Y Cadmimdideleittler' 3G SPaEEHy "BPKRESI O 29
parenterally, intramuscularly 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/ul 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,



WO 02/ 42480 34 PCT/ EPOL/ 13628 Figure 6: Monkey serum antibody titres to
MVA-BN. The anti body titres for each animal are shown as different shapes,
while thewmeaMtistre is illustrated as a solid rectangl e. BCHERN/18628:
Levels of SIV in immuno-conprom sed nonkeys (CD4 < 400 m bl ood) foll ow ng
vacci nations with MVA-BN encoding tat. Mnkeys had previously received
three vaccinations with either MVA-BN or MVA-BN nef (week 0, 8, 16) and had
been infected with a pathogenic isolate gf SIV (week 22). At week 100, 102
and 106 (indicated by Zo arrows) the nonkeys were vacci nated wi th MVA- BN
tat. Figure 8 SIV |levels in nonkeys undergoing anti-retroviral therapy and
~therapeutic vaccinations using MVA-BN. Three groups of nonkeys (n =6) were

infected w t he\@rVignHet pefetdedaf éYpr\ei-éhsf?NEAir_ﬁimﬂii%awcbw&ims oh atleski ne) .
At week 10 and 16 aninals were vaccinated {indicated by arrows) with either
_mixtures of ramiomddsnant whans., fRArticelary ginterdstinginmas| thatpotise yiernsr at ed
to SIV follow ng infection and vaccinatjions wth reconbi nant MVA. Three
groups (n = ecerdinghiethezpregand inveatioadcan thpast pid Meyenrasponsest alsef S| v
{week 0) and then.treated with the anti-retrovi rgl .t herapy (PNPA; indicated
by bold Iine)in mmeﬁ% Qe NEMARR. i YNALEOHIE hali aPEVEElofe-Bec SMITRERVIRIA or
saline_at we nd ; | | @S V er.m usi ' cted
S s et o g A A Bl IR B T B
eliminate or suppress viral infection including , e.g., (i) the application
of nucleotide analogs, (ii) the application of inhibitors for viral
enzymatic activity or viral assembling, or (iii) application of cytokins to
influence immune responses of the host.
10
According to still a further 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 TCIDso (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



PCT/ EPO1/ 13628 Figure 10: Hunoral response generated to MA in SIV infected
nonkeys undergoi ng anti-retroviral therapy. Three groups (n = 6) of nonkeys
wer e i nf esteeak/azitgoh a pat hogenic isolate of SIV (week 0} areci/ben/isésat ed
with the anti-retroviral therapy (PWMPA;, indicated by 5 bold line). Mnkeys
were vaccinated with m xtures of reconbi nant MVA or saline at week 10 and
16. Antibodies to WA were determ ned using a standard capture ELISA for
MVA. Figure 11: Induction of antibodies t9 MA follow ng vaccination of Zo
mce with different small pox vaccines. The |levels of antibodi es generated
to MVA follow ng vaccinations with MVA-BN (week 0 and 4), was conpared to
~conventional vaccinia strains, Elstree and Weth, given via tail

scarificati opresertedio tWATGEVRNEVv@ste® amduffjciemdqhaAtiBN Andrhd/Ahatds gi ven
as a pre-El stree vaccine. WA 572 has 15 ~ been deposited at the European
. Col l ecti on ofhighlyraftemsatedodndcr 8y sNECACD i caiing 2207 onfh@resent s wery
determ ned using,a capture ELI SA and ca) cul ated by |linear regressigon using

t he |inear pérnﬂag|bf afHIyr 5h 2ARE@eAES | ARUCRSSt hENaL | ISt i9dn raSsulteeld i n
ti | d it 0.3, ~ MWA-BN ; /A- BN | i i fi t.| > 0. 05

Gt forent. to TMEVR0IG ey Thisyatai? obalitgeBs CateRebPY ooy sl Brichisr i1

f h il : i i Al e b | db

2 bercon ski A fof (R aer, FARRAET oD JagUbih, of 06, WtentDIRTALABE *

interpreted ifBsgoMay. Hibever WiReO¢irud~86cst@limE HoERRS/ RRASIdn Btisuldies

applicability of the technol ogy provided by the present invention to this
exanpl es. ExavehewlttbaGreryt lowkiefiectivs dbser afeanigt 1@F MM OID WA potentl aad ed

cell lines and replication in vivo (i) Gowh kinetics in cell lines: To
char act er i ze probesting i isomatned respense docar tauser/vacdivigradwdienge 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.



Zo invention (further referred to as MA-BN) the growth kinetics of this
new strain were conpared to those of other MA strains, which have al ready

been charea@rs279d. The experinment was done by conpari ng tge@E/eFamsdrs
kinetics of 15 the followng viruses in the subsequently listed primry
cells and cell lines: MVA-BN (Virus stock #23, 18. 02. 99 crude, titrated
at 2,0 x 10~ TG Dso/mM); 20 MVA as characterized by Al tenburger (US patent
5, Z85, 146) and further referred to as %/A— HLR, MA (passage 575) as
characterized by Anton Mayr (Mayr, A, et al. [1975] infection 3; 6-14) and
further referred to as MA 25 575 (ECACC V00120707); and WO 02/.t2.180 37
PCT/ EPOL/ 13628 MVA-Vero as characterized in the International Patent

Appl i cation RIGAdEOH §Z0PHher W EbUPBR2) dMiHeu snveinein, URsyREe 49usé@On
22.03.99 crude, titred at 4,2 x 10~ TCAADSO M ). 5 The used primary cells

. and cel | |inewammel CERChidihkg nhemangotd i cvdtast suppoeshdy sumpassd theonSPF
eggs) ; HeLaHuman cervi x adeocarci noma (epithelial), ATCC No.ZoCCL- 2,
143BHunman bongosheosystesin and-  pretaet!Notm Bripsie ; HaCaTRMEe KESRONSECyt e

cell fine) Boukanp, et al. 1988,J ||  Biol 6(3): 761-771; 15 BHKBa
st or ) dndiEa BoBOYR SDUEA0E MSBHIY IS SPEGHTiBIREY ISP MthbPast s

s, A AL e Sl SRR
coneent 0L o8 HRoRg gt n Seageage v o st - TC o

was renoved and cells were infected at 25 approximtely noi 0.05 for one
hour at 37C, 5% C02 (for infection it is assumed that cell nunbers doubl ed
over night). The armpanirusfused\&sCH adlsvé®® may be a non-recombinant virus,

i.e. a virus that does not contain heterologous DNA in its genome. An
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 naturaily 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.

25



38 PCT/ EPO1/ 13628 virus used for each infection of the different cell types
was 5 X 104 TCI D50 and this will be referred to as Input. Cells were then
washed 3 wiomsiygot h DVEM and finally 1 mi DVEM 2~0 FCS watacibedseasd t he
plates were left to incubate for 96 hours {4 days) at 37C, 5 %5 C02. These
i nfections were stopped by freezing the plates at -80C ready for titration
analysis. Titration analysis (inmunostaining with a vaccinia virus specific
anti body) ~o For titration of amount of yirus test cells (CEF) were seeded
on 96-well-plates in RPM (G bco, Cat. No. 61870-010), 7% FCS, 1%
Antibiotic/ Antimycotic (G bco, Cat. No. 15240-052) at a concentration of 1
x 104 cells/well and incubated over night at 37C, 5% C02. The 6-well-pl ates

contai ning the infection experiSmahtaryesttie Ihveadont hawed 3 times and
dilutions of 10-1 to 10-12 were prepared using RPM growt h nmedium Virus

_dilutions were distributed onto test cells and incubated for five days at
37C, 5% Q02 to allow CPE (cytopathic effect} devel opnent. Test cells were
fixed (Aceton/hget Himesition 1yntesr alie meemphsshedhi t i0lloBEN@Ndalansubat edn 2o
wi th polyclonal vaccinia virus specific antibody (Quartett Berlin, Cat. No.
9503- 2057) atcoémi':”f%m)"-di lution in incubation buffer for one hour at RT.

Af ter shing twice with PBS (G bco, Cat. No. 20012-019) the HPR-coupl ed
anti-rabbit antibody (Pronega Mannheim Cat. No. WO011l) was added at a

1: 7000 di | ut i&%dir‘i‘iai \P\FH?ﬁdvﬂ{%\ggaé tér?@%f%ﬁe%[]%@ir%@%é%’?t’fg} for one

hour at RT. S were agal ed twice wth cubat'ed with

2L, LR 1 (B SR s R BT
(CEF) and in the baby hamster kidney cell line BHK, but no capability
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.

25



freshly prepared) until brown spots were visible (two hours). Staining

sol ution was renoved and PBS was added to stop staining reaction. Every
wel | showwagoza2lsoown spot was marked as positive for CPE arch/brdiiibes was
cal cul ated using the fornula of Kaerber (TCIDso based assay) (Kaerber, G
1931. Arch. Exp. Pathol. Pharmakol. 162, 480). The viruses were used to

i nfect duplicate sets of on the one hand CEF and BHK, which were expected
to be perm ssive for WA, Zo and on the Qgher hand CV-1, Vero, Hela, 143B
and HaCat which were expected to be non-perm ssive for MA, at a | ow
multiplicity 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 time toTHeEIRVE &\pboveRtogidingkaokbet oner Hetsroldgd s hiuehsc wig | ef t
for i5 a total of 4 days where viral extracts were prepared and then titred
. on CEF cell s.sefpielneel 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 anplified well in CEF cells
(Chi cken eanyo fibroblasts) as expectq& sincq this is a permssive cel

line for all WIPAYIFURCRS GDON& IWhEHESId MRIATIREPYAI B 2REHFPPRd
vell 19 B Gt ek ey 1L Lidhod SR el LI e Bplers! e
Concerning r epft|geafic Wpitdhe At/ & IhePAbific Komisdurig! ! 11 ne)

Genome or functional parts thereof derived from the virus as defined

above.
10
Pharmaceutical compaosition 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



MWA-Vero anplified well as expected nanely 1000 fold above I nput. MWA-HLR
and al so MWA-575 anplified well with 33 fold and 10 fold i ncrease above

| nput) rewoeed42¢88l y. Only MVA-BN was found to not 5 anpli fRGHERME/13€8] in
these cells as conpared to the others, nanely only 2 fold increase above

| nput. Also concerning replication in CV1 cells (Mnkey kidney cell |ine)
it was found, that WA-BN is highly attenuated in this cell line. It 20
showed a 200 fol d decrease bel ow I nput. Al so MVA-575 did not anplify above
the Input level also showed a slightly negative anplification, nanely 16
fold decrease bel ow I nput. MVA-HLR anplified the best with 30 fold increase
above I nput, followed by MWA-Vero with 5 fold increase above I nput. 25 Mst
interesting ithetapesigeihe éffectiveovtimaumst iesaoffirsheincuoulatisn vi(fpisesngn
human cell |ines. Regarding reproductive replication in 143B cells (human

. bone cancer debtulption)’) andiasa sacond ihaculrtianVébooskisgtineculatipnipe t o show
anplification above Input (3 fold 20 increase). Al other viruses did not
anplify above Input but there was a big difference between the MVA-HLR and

bot h MWA- BN and %%&575' MVA- HLR was "Porﬁ_gqu i ne" él fol d. degr ease bFI ow
Pnput). vere USe RVIBNTEHDAS 40RVEy aaqAdt T (SO o7s CRIHIach APAYEe rdhse
bel owg nput)&f,‘%:éri%gﬁqaﬁgn% %édfc%?nér&' v ge\fa{cﬁzﬁg bel ow I nput). To 25

sumari ze W superior regarding attenuation in human 143B cel | s.
WD 02/ -t2480 PCT/ EPOL/ 13G28

Method 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 cuiture infectious dose) of the virus.



41 Furthernore, concerning replication in HeLa cells (human cervi x cancer

cells) it was shown that MWA-HLR anplified well in this cell line, and even
better thwoéx42dsod i n the perm ssive BHK cells (Hela = 125%dmEkrbih3é28cr ease
above Input; BHK = 88 fold increase above Input) MVA-Vero also anplified in

this cell line (27 fold increase above Input). However, M/A-BN and also to
a | esser extend MA-575 were attenuated in these cell lines (MVA-BN = 29
fold decrease bel ow | nput and MWA-575 = §,fold decrease bel ow I nput). 10
Concerning the replication in HaCat cells (human keratinocyte cell line) it
was shown that MVA-HLR anplified well in this cell line (55 fold increase

~above Input). Both MA-Vero adapted and MVA-575 showed anplification in
this cell |inkhd Indtiesd ds labiole] wherens ehaboies] StHeesmpesiast i oreltiik.
However, MVA-BN was the only one to denonstrate attenuation (5 fold
_decrease bel oxadcimpaitiy admirdstecedsinotharapeuaticbly sffecivet Bmowna- BNai firsthe
nost attenuated virus strain in this group of virus: MA-BN denonstrates 20
to be extremdN@Crlat®muat ®imineuin@subaian’)i @l by siRowsPePReh Anpeulatient i on
rati o of 0.05,,E)0 0,.2 i.n HurTZn gobryo ki dney cells (293: ECACC No.
85120602) ( datlaPRBELINEABPEEEEd) n” Tabl e 1), it shows further an
anplification ratio of about 0.0 in 143B cells; an anplification ratio of
about 0.04 in HeLa cells; an anplification ratio of °~ z5 about 0.22 in

HaCat cell s. [ , - i §i i i ki h &0 i of
about 0.0 in ﬁaﬁhi%i | S. é%wala;wiéhw\}}grrglrf:el i sﬂ%%l%%wghfggh%@g /13628
42 .

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

1o 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.



anplification can be observed (ratio of 2.33), however, not to the sane
extent as it in the permssive cell lines such as BHK and CEF (conpare to
Tabl e 1) .wolna248WWA-BN is the only known MA strain show mgT&P01/13628
anplification ratio of less than 1 in all of the human cell 5 Iines 143B,
Hel a, HaCat and 293. MWA-575 shows a simlar profile as MVA=BN but is not
as attenuated as MVA-BN. Zo MWA-HLR anplified well in all cell lines tested
(except for 143B cells), it thus can be gpgarded as replication conpetent
inall cell lines tested with exception in 143B cells. In one case it even
anplified better in a human cell line (HeLa) than in a perm ssive cell line
(BHK). 15 MVA-Vero does show anplification in all cell lines but to a

| esser ext entTHehairugd e abbreatordiney gdivémiel & (dedined abovéead 4@Buvarsiul t) .
Neverthel ess it cannot be considered as being in the sane "class", with
_regards to attenuation, as MVA-BN or MWA-575. 20 2. Replication in vivo

G ven that some WA strains clearly replicate in vitro the abilit f
different M/A $etlaibigrarab!yerahy Aed F%ﬁyr epniaiaing the Virks %i%@o‘éﬁ t&aﬁ%@eni c

he | FN T eceeaiorhg Sk THorABLPar) Taeel yiearingd @OYF: genes and in RAG
Due to5 t hese di sruptions the mce have no WO 02/.~2.~80 43
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



PCT/ EPOL/ 13628 | FN system and are incapable of producing mature B and T
cells and - as such are severely i nmune conprom sed and hi ghly susceptabl e
to a repl MWned2¢g80vi rus. G oups of six mice were i nmuni sed KGCT/ppo1nBé2s 10~
pfu of either MWA-BN, MVA-HLR or MVA 572 (used in 120,000 5 people in
Germany) and nmonitored daily for clinical signs. All mce vaccinated with
MVA HLR or MVA 572 died within 28 and 60 days, respectively. At necropsy
there were general signs of a severe vir 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 same dose of MA-BN

. (corresponding to the deposited strain ECACC VO0083008) survived for nore

than 90 days inoduiadiodvand ovtherehe the zaves eirulsr envacgasss ardriristezed ipaaent al
and commercial MVA-HLR strain. Exanple 2 Inmmunological and in vivo Data ,
. When taken t dymstienocukatitat.a fromthe in vitro and in vivo studies i5
clearly denonstrate that MVA-BN is nore highly attenuated than the 20 These
experinents were set up to conpare different dose and vaccination reginens
of MVA-BN conpared to ot her Sioxt.Descriptionf of ¢he Hgusess of MVA Differ in
their Ability to Stinulate the 25 | murie Response, WO 02/ 21 80 44
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 plague 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 chalienge using different prime-boost regimes.
3A: Induction of CTL responses to 4 di‘fferent 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
(TYQRTRALV, infuenza; SYIPSAEKI, P. Berghei; YPHFMPTNL,



PCT/ EPO1/ 13628 Replication conpetent strains of vaccinia induce potent
i nmune responses in mce and at high doses are lethal. Al though WA are
hi ghly atwemabtesd and have a reduced ability to replicat e FOT/EFmEd28 an
cells, there are differences in the attenuati on between 5 different strains
of MVA. Indeed, MVA BN appears to be nore attenuated than other MWA
strains, even the parental strain MVA 575. To determ ne whether this
difference in attenuation affects the ef g'%cacy of MVA to induce protective
i mmune responses, different doses of MVA'BN and MA 575 were conpared in a
| et hal vaccinia Zo chall enge nodel. The | evels of protection were nmeasured
by a reduction in ovary vaccinia titres determ ned 4 days post chall enge,
as this all o@domepiaadiirtat i RRQASEPENENILON) divbfer gBtefARRY a08ird r ahns of
MWA. Let hal %I | enge Model 15 Specific pat h)ogen-freet%- 8-week-ol d fenal e
_ BALB/ ¢ (H 2dELIEPOT assy Reweeksnpaist 2kd Hoogte) imimbnidiatiogrsent doses {102,
104 or 106 TCl D50/ m ) of either MVA BN or MVA 575. MVA-BN and MVA-575 had
been propagat3d¥ ornndectiosl o, CHnderpanseentes e r ddterpot i ¢piddpasdidllawingat ed

in Tris pH 7.4. Three weeks |ater the mce, recej a2 st of the same
dose and st r YARCHTALIANE Wil EHTSuE8t CAMBIRd Asoohi crrawlg%Nava%lﬁaﬁ
challenge (i.p.) with a replication co strain of vaccinia, As

Fepl i chtton eBispeliht 2y 4BEMRES B TR alhlc s oS 08P BEPRY Wi
strain WR-L9 + t trak I q rol.mc yved a
pl acebo vacc%%ggmmgaﬁhﬁmt e%it:ﬁgﬁ m@ﬁemﬁéaﬁﬁ%%m)edu%ﬂ oﬁl\{'ﬁpscwary
titres deter mirftesvehciRitPasid Rakheaosaysteh andntnishAghe ARY- wEeks! i s
the mce 02/ -t2.180 45 PCT/ EP01113628 were sacrificed on day 4 post

t he chal | engéaiendCherenparises wededifesrenedpitupaxgenicoddd byRBS (acdihesnd
viral titres determned by standard BI aque assay using VERO cells {Thonson
et a., 1998, (JYQORWRAWY, iefuera17) SYIBSAEKS, valdci rBarghew t YRMOMPTNL,

i muni zations_of either 104 or 106 TCl Dso/ m_of MA-BN or K MVA-575 were
conpl B el y plottestagelavirysidgBdAASGYYNelieduceth ARt&MAIET vWsing ra8 4

d hal | L9, »2) .. Jhe chal | i | d. :
diTetences i SAETT a5etl Zobeppest fon TAFbEaTRYTRARoER o wasS were:
b d at | M ' i ' [

TCrDS0 i of A Re7BCPRYedt SRS obbck o AL i HRLE by +RE eSag,
thires (mean haniofobBull prifvie thost SRR ah "oiifidl ase T11CR YOS CTORILRS ot th

the sane dose of 15 I nduced a Significant reduction (96% in” ovary

rvw titres (measnibidank MVABNH gifer&lubclAnedhislyc Groups of & rhivet weeeei ved

a pl acebo vaccine had a nmean viral titre of 5.11 x10 pfu (+/- 3.59 x100

(Fi g.12). 20 vBotinatedaiwith divovghoits defc theraarabinatéonsmaméndieapedisies the ni ce

against a lethal rVV challenge. Althgugh both strains of MVA are equally

efficient at figugBerl Wneeksappstritisc 882l HacHaatiosr the agymbes ef é@ﬁrﬂyde

evi dent at sub- Oﬁti mallI dosgs. MVA- BN i s nore gotent t]E nits gaéﬁgqurai n

MWA-575 at i SHEETIEg SRIGIUYERT i VS nHARE U 8 pHRliE Alail AEr8AMMasELRRAM rw

chal | enge, i e a hgl.n e uaki ; -

conpar ed to%&_ﬁg%hg bafs 2FETrd2nthank"heaRehthbePUat ! 9Bedfic RN
plus/minus the standard deviation from the mean.

20
Figure 4: SIV load of monkeys vaccinated with MVA-BN nef or MVA-
BN.

Figure 5: Survival of vaccinated monkeys following infection with SIV.

25



WO 02/.12:180 46 PCT/ EPOL/ 13628 2.2. MVA-BN in Prine-Boost Vaccination
Reginmes 2.2.1.: Induction of antibodies to MVA foll ow ng vaccination of
m ce wit hw éF2a8nt smal | pox vaccines s The efficacy of Mgeiivyuassgonpar ed
to other MVA and vaccinia strains previously used in the eradication of
smal | pox. These included single imunisations using the El stree and Weth
vaccinia strains produced in CEF cells and given via tail scarification and
i mruni sati ons using MVA 572 that was pre\éi40usl y used in the Zo small pox
eradi cation programin Germany. In addition, both MVA-BN and WA 572 were
conpared as a pre-vaccine followed by Elstree via scarification. For each
~group eight BALB/c mice were used and all MA vaccinations (1 x10 TCl Dso)
were given stmg_ufrensptmbmk@y s#Rraln Grapsbdeakrés fovvvreBN. f TheoxhtiBotiye
boost i nmuni sation the mce 15 were chal l'enged with vaccinia (IHD-J) and
. the titres intitrbe fovardols anbraldetersiionedad diffesemoshapes) Mdrigethdlmhean
vacci nes and regi nes i nduced 100% protection. The imune responses induced
usi ng these ditredsdHustrated mssa splidoracéanghes were neasured in animals prior
to chall enge. Assays to neasure |evels of neutralisating antibodies, T cell
proliferation, cytokine production (IFN-'y vs IL-4) and IFN-'y production

2% moakur od 'egg‘E??ﬁ&gvr%b?éﬁkaﬁ&ﬁﬁ%%@&ué’%lpéﬁﬁﬁ?"é‘iﬁﬁa%‘fﬁ‘iﬁ@@ﬁ?z@ﬁBN’
ant body 1111158 B GSTLRSIGNg ek Patiots VLT M TA BN BRE LR Pt P WbrRery S

02/. 12480 47 Wé&&ﬁ%@%d@?ﬁed@v&@l BfreehabccivdtinBaigneitMdrh NAEIN or

significantly enhanced the speed and_ nagnitude of the anti body response
conpared to tM¥AcBNenet gweekd,i ®nl6eaincehad apn ldfectddhdwéld 4 hatiaogeriedy
titres to WA were significantly higher (p>0.05) at weeks 2, 4 and 5 (1
week 5 post bsokateaf KweekwBe). \Aic wieskt d90n 162vendBlO6o Gipalieatetobyi ce
vacci nated with MVA 572. Foll owi ng the boost vaccination at week 4 the
ant i bd@ly tit r&¢owsy dhal Renseyhiweeavresinateshavth MYASNMABN group conpar ed
to the mce receiving a single vaccination of either the vaccinia strains
El stree or Weth. These results clearly 1o denponstrate that 2 vacci nations

2 U2 AR SR, R ORI ge
apd cont 1 4% RhaMHul BB chng MIALBNYMRRE | oBecr ORI ¢

Sﬁn}el | evel OL(nIOtey driecimfecte@NAitAr S e alblAtrieatsd d#ify weth IPMBRAI (thbiated
chal | enge nodel .
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.

25



The efficacy of MVA prine-boost reginmes to generate high 20 avidity CTL
responses was assessed and conpared to DNA prinme/ WA boost regines that
have beenwpapatised to be superior. The different regi nes PeETEPASSHISEd
using a nurine polytope construct encoded by either a DNA vector or MA-BN
and the levels of CTL induction were conpared by ELISPOT, while the avidity
of the z5 response was neasured as the degree of protected afforded ‘
following a challenge with influenza. 02/ 42.180 48 Constructs
PCT/ EPOL/ 13628 The DNA pl asm d encodi ng e nmurine polytope (10 CTL
epi topes including influenza, oval bum n) was described previously (Thonson
et al., 1998, J. Immunol. 160: 1717). This nurine pol ytope was inserted
into del etioFigike 10: HHuMdhaPNespbapadgbreratedCHE MYAS.ins8EV ossfetisd fi ed
and formulated in Tris pH 7.4. Vaccinatron protocols 2a In the current
_ study speci f imopké Yy ganletgeimgbahtivetiovital tharaby. BRiMgec gtdti@sl)(nm=c@) wér e
used. G oups of 5 mce were used for ELISPOI. anal ysis while 6 mce per
group were usednkeys weseiinfectedzwitbhalnashggesiopiadlatenos SIW (reeate® and
vacci nated with different .pri meboost regi.nmes usin Né@d%r DNA encodi ng the
muri ne pol yt dpanatreatedetviin dfei gn 'h@th"é[ﬁ't dhefapy | P aln YRt t RY DNA,

T e e G e\ A ALl Ap g bG8, B PR BREnS e
anacst hest a. \FUATRSY LATRUNIAAL 00 vel D AGICRRoNseSl HISPK  were

i ntravenous adm ni Sstrati on of per nouse or

subcut aneous cadgh i sifg PtalRiarel eaotré0BL ISATSMANBN per mouse. Boost

i mruni zati ons were given ree weeks post the prinmary I munizations.
Boosting with plasm d DNA was done in the sane way than the primary

i mmuni zation wi th DNA isee above). In order to establish CTL responses

st andard EL| $itgorexskhy sndsctise hefeaatibodieslto, MRS follewingwwaccinativg7-0f02)
were perforned on spl enocytes 2 weeks post the |ast booster im’runicf(ﬁti on

usingl@ he  VWjog2/With  chtierentpemaltoay 1%Re8INes{ | Liadiz e i PHVEOSEBE de
TYQRTRALV), the P, Ber.ghgj,, €pi tide.(SYl PSAEK t | Qvi
bt do op, ¢ SSDeraiENETRYA pIolBIng FBck G Wit MY AN BbRBARY For
the chal i i thet z i i i th
Sub- Lot hal | daus B bl e ARl S e B STEE R Wbes! | 1 2
50m PBS). Al RREREkH R, d i it
were det e m B R R (e D R A e &
st andar d i nf IMM¢AZBNPA AL UE VAS 532 %mnF@wl pse-Blsireg vdeciPRAMAMACEAR hhsne

the induction of CTL to the 4 H 2d epitopes encoded by the marine pol ytope
was ptdr and hedny depakitedsabiibe £uwmpednoEotiection eaf ArnimaloCell Culdurgs aspes
for P.Berghei_ (SYI PSAEKI) and | ¥rrpho_cyti c chorjoneningitis, virus
(RPQASGVYM) . BGACC V94012707, The titres were determined using a capture
ELISA and calculated by linear regression using the linear part of the
graph and defined as the dilution that resulted in an optical density of
0.3. * MVA-BN : MVA-BN is 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



15 contrast, using a DNA prime MA boost reginme (10~ pfu MVA-BN given
subcut aneously) there were significantly nore CTL induced to SLY (8-fold

i ncrease)wandsR¥Q (3-fold i ncrease) and responses were al JeToimensys to a
third epitope for marine cytonegal ovirus (YPHFMPTNL) (Fig. 3A). However,
usi ng 10~ pfu MVA-BN given 20 subcutaneously in a honol ogous prine boost
regi me induced the sane | evel of responses as DNA foll owed by MVA-BN {Fig.
3A). Surprisingly, there was no significant difference in the nunbers of
CTLs induced to the three epitopes when one immuni sati on of MVA-BN (10~
TCl Dso) was used, indicating that a secondary imunisation with =~ 25 MA-BN
_did not significantly boost CTL responses. WO 02/.12-t180 50

PCT/ EPCL/ 136%&@%@%@@@@%@ afirthei séelmidiegy OprdWdenf CYV’\fﬁeharlﬁesent
previ ously been shown to be the nost inefficiéent route and virus

. concentrati oinfentiomdoithid eramypdesng ot her strains of MVA, particularly if
conpared to intravenous i muni sations (Schneider et al 1998). In order to
define 5 optimal imunization regi nes the above experinent was repeated by
changi ng either the amount of virus ?é rﬁ Kﬁ/ingl ng the node of
administration. In one experinment 10-=¥aMP BN vacci nations were given

i ntravenously J Fi B)...ln fur Xper n Q -

admi ni%t er ed éfﬂgﬂhaﬁgiﬁ}éqil 0?[3 ﬁey§{’a?ﬁ (ﬁhm l&%@ﬁ?% ggﬁ ﬁﬁﬁge%ﬁj
prinme-boost i munisations induced nunbers to all three CTL
epi topes conpared to DNA prine M ng ggg‘?ﬁ@g.”ﬂ% Al so unlike 10~ pfu
MWA- BN gi ven subcut aneously the i nmunisation with 10~ pfu MVA-BN gi ven

i ntraveneously and the imuni zation with 108 pfu gi ven subcut aneously
significantly boogf)ed Wrdowih Kifeties porcedb limdsear |y indicating that MA-BN
can be used to boost CTL responses in the presence of a pre-existing
imunity to flleechaadberize. arznewiy Efalategt gtrain acwmduag Wetha/a)ceﬁ;ef@t [ n SI Vv

| nfect ed Rhesus 20 Monkeys. To determ ne the e

vacci He by a¢@\é@w%(m&h@r referneshtp aﬁd\/lMé\| %b’)éhecg@é\é@é"ﬂét'%ﬁfﬁ@'%

hal | th | t V. t ud
Wil dever m REVRHA R CemPRrdrE 1R Soolr MY SHR T ailiRD Palponses
i i ) th 1 1 1 MVA.

ho ool adas0 <Y PRGN aZ acc.““nat.ﬁnpgfo?étil's”g ity to

The experiment was done by comparing the growth kinetics of
15 the following viruses in the subsequently listed primary cells and cell
lines:
MVA-BN (Virus stock #23, 18. 02. 99 crude, titrated at 2,0 x
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 Vv00120707); and



Two groups (n = 6) of rhesus nonkeys (Macaca nul alta) were vacci nated
with a bolus intranuscular injection with either MVA-BN al one or a
reconbi namto ddsA+d8N nef at week 0, 8 and 16. On week 5 22 ad/EmiIksys were
chal l enged with 50 M DSO of a pat hogenic cellassociated SIV stock (1XC
fromprimary, 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 nmeasurenment of,virem a, inmmne paraneters, and a
full range of 1o hematol ogy and blood 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 vi ng nonkeys Mg¢AeVetd iasruhaedcierinedn tilm NiA- Bhtieahatiodal e tead
further imunizations with the sane WA-BN tat at weeks 15 102 and Z06. No
. adverse effects wéppltaterve®GToIBRMN AR AT (VA hd Va3 2Q) Vs wstdckgi t her
MVA- BN or MVA-BN nef. Followi ng the infection of the nonkeys with SlV_the
| evel s of virem ap(9§§é‘g§heﬂ'%l ygag; ard- P38 d Crudemedikedhoat Hndecti dR7 (Fi g.
4). Due to the |ar /anBard deviations within the groups there was no
significant differ Péo At he nean levels of SIV between the groups
vacci nat ed with MVA-BN nef or MVA-BN. However, there was a general 10 fold
| ower SIV load in the group vaccinated with the MVA-BN nef 25 conpared to

the control (MWA-BWe Q584 ®rirhdF E@Hﬁ"&rn‘%l c@lnlﬂes?\’/ﬁer‘éeeks foll owi ng infection
(the initial observation period) only 1 out wo 02/ a2a8o PCT/ EPOL/ 13628

52 the six nmonkeygBrRcci nat ehivké d‘ﬂdbr)itﬁ\lfnﬁ‘fobﬂwtstﬁr@ﬂllylﬁmlréédfrorﬂue to
the severity of the disease, conpared to 4 out of the 6 animals in the
control group {Fig. 5). The SRfveggp)yrent of disease clearly correlated with
a higher virus |load and as such the animals 5 were observed for_an

addi tional 29 weelielgost | nff@éma@rpewn@aﬂewmmma (erithelialxppéafedla o
del ay_ the progression of th ease, conpared to the control group and
even #t week 46- post infecti rout of the 6 MVA-BN nef animals survived

(Fig. 5). However, week t Lth ani i npthe nef
vacci nat ed group o Zo eutﬁ-ﬁar‘ra]lg b{;ég %%nggcgsrﬂ?vi Tlﬁﬁ qu P{ ree
fromthe MA-BN nef group anrgh{yw 5\0@00| nat ed with MVA-BN). An exam nation
of the antibody titres generated to MVA-BN in these 12 nonkeys clearly
demonstrated that HAGaBN coigmbpolsdratimd @ﬁ lfl@@@@lﬁfampeét &N 1988,
presence of a pre-existing inmunity to MA (Fig. Fol | ow ng 15 t he
primary inmmuni zation with eik GeH BMAl@@(BD WA-BNLnef al | nonkeys generated

an antibody response to WA with a nean titre of 1000, This_antibody
respose was si gnlﬁl'i'l&ant I y HRrfat é@nster didngy: B&ALe steldt ¥48&huni zat i on,

clearly denonstra can_be used to rjme sponse
in heal thy monkeys ese Zga/éﬁ?f‘b%r(%‘?nt Q&GMI%’@@?HWAQQ hough
by week 49 post imunizati orgé@g 8|9gres pl at eaued such that the nean
titres to WA at week 99 were 8 he five survivi ng nonkeys were SIV

i nfected and i mu 1 25 co h /M
A rmheahgg%ew %n@@i lﬁ@H@rﬁfth‘)r‘b"éﬁésﬂs A

bl ood. To investi g_t_e‘ t he i npact usi ng I mruno- conpr om sed
87032605.
20
For infection the different cells were seeded into 6-well-plates at
a concentration of 5 x 10° cells/well and incubated over night at
37°C, 5% COzin 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



WO 02/:12N80 PCT/ EPOL/ 13628 53 nonkeys the five aninmals were vaccination
three tines with WA-BN tat at week 100, 102 and 106 post the initial

vacci nat iwo.o2/kbgef i rst i mruni zati on with MVA-BN tat signi frcaatrol/ysse®ost ed

t he anti body response to MVA in these inmmuno-conprom sed nonkeys that was
further boosted with the third inmmunization six weeks later (Fig. 6). These
results further denonstrate that MVA-BN can boost inmune responses in the
presence of a significant pre-existing igrg‘runi ty to WA, even in

i mruno- conpr om sed nonkeys. Al though the nonkeys i mmune response was
boosted followi ng the i mmunizations with MVA Zo BN tat the levels of SIV
remai ned stable, indicating that immunizations wwth MVA-BN are safe and do
" not affect Sh¥useugts for éaaRINefectiBAr OMtise differdkey sell Riypes’ivasThi X s04dy
has denonstrated that M/A-BN can prime-boost 15 inmune responses in

i mruno- conpr difi| Bed andethis wibinkeysferned thats gt Bial isnware dhenngashed siif e
and do not affect the levels of virema in SIV infected animals. The del ay
in the progrésgeswith AMENM andefiaalbedseli RMEM, ad7ne &S wiggiatded awd h t he
MWA- BN nef vacci

i ndi t hat i full
gener at ed t o tR@fP %@ﬁl g"!éf%iieﬁffﬁeaﬂgﬁgﬁﬂn é?guv;%@ires rggaﬁzﬁ\éa}%l)\sﬁ%c%%gg gﬂ%/
Mbonk Und i Anti - Ret,r ovi | T LA- t i
T vioci ne. (0 eSer PRt i2se tARPRR by lePYingihe F Rty BE 86 ©

ti- t i ; : 2 thi tudy i ti ted th f et
(ot tect on' srPrbigl BRadREnBAS, ' 0t W 0o 2. 180 64 PCT1EROL 13628

reconbi nant MVA's encoding a variety of SIV antigens (gag, pol, env, rev,
tat, and nef) in SIV infected nonkeys treated with PMPA. PMPA is a

' 2000, 3 R faalyig (RRpLUGSGIRAT with) o] Recchtal Iag hgoltic™ <

constructs vwemis@ppgated on CEF cells, sucrose purified and formulated in
Tris pH 7.4. to Vaccination Protocol Three groups (n = 6) of rhesus nonkeys

(Mac mul att a) HeRfieat USSR <9f " Jamhy, SV
! sol aited (1XC) anﬁrﬁéfﬁaﬁ'?éa‘?gaﬁ*&?éﬁfﬁ’wh oS 85@%/)%385‘?32%%@8}" ) "t or

19 weeks. At 9gek|l9latesiiERBMIMIGEbYEC CabaNed 61 87005ty FaihCSMIAE BN
(i.m), i5 or saline and received identical vaccinations f weeks later.

G oup 1 receiAngibiatic? xAntimycbtieM&Gigag; falt. Miod 124 @062)gabap 2 recei ved
MWA-tat, MVA-rev and MVA-nef, while 9r oup 3 received saline. The_clinical
status of th&oasentatiomel iredGémalls/weHi ang decubrtedegygranight at 37°C,

5% CO2. The 6-well-plates containing the infection experiments were

15 frozen/thawed 3 times and dilutions of 101 to 10-12 were prepared
using RPMI growth medium. Virus dilutions were distributed onto
test cells and incubated for five days at 37°C, 5% CO:2 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 pli



bl ood sanples were taken for the measurenent of virem a, inmune 20
paraneters, and a full range of hematol ogy and bl ood clinical chemstry
par amet er wo ¢¥/42480ni nal s est abl i shed high SIV | oads that peakepr@/1se8ks post
infection (Fig. 8. Following daily treatnment with PMPA the SIV 25 | evel s
decreased and stabilized to low | evels by week 9. As in the previous study
vacci nations with MVA at week 10 and 16 had no WD 02/ 2.180 55

PCT/ EPOL/ 13628 effect on the SIV |evels, ;yndicating that M/A-BN is a safe
vacci ne vector for immuno-conpron sed animals. Once the animals canme off
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,

" there was no Htgrateidcsoiutidn’ beoeianisidinelia Mooy, Sthadsiad b6twelgaoany of the
groups follow ng the end of PMPA treatnment (Fig. 8). Using an ELISA to SIV

. infected T-cdiéshlysateparad) mtis browal $papsovere ysitsleatted hours)t Shaidyng
response to SIV by week 4 fol |l ow nngi nfection (Fig. 9). The SIV antibody
titre in the EButipdlwas sapiqvesl and)PBP oppeaddeddier stap sirinmegreactéen ment

and increase%ra idI,)( Wnen PMPA treat nent stopped, reflegti drop and
SUbsequent | ot NGMINE S, Brane SRGIgVEn TETEC 80 oS VREPRbY & NG 0
Fecel ved mia el wan/AZIolyAL IR0 e FoTpHTE BSEMERY (TR bRt %6y)

der - i 15 t I t @i i h ' ted T cell
ysat ee. used b Rer ety SUET AREh BLE Mo, Stk T 62 30 T oy
titres in group 1 increased follow ng the vaccinations wth MA gag-pol and

MA-env at week 10, indicating that reconbi nant MVA-BN can boost the imune
response to SIV i &MV Usesfveareedgseth tohiect gl gategetaniof ctothiebnevi r al

therapy. Inportantly, the anti-SIV anti body titres were boosted foll ow ng
the secondaryha izandolRHit, wikiek wereagupeciedntinberperimigsiveatoMNAcan
D e O o o8 0Tor L 20, I oAl ey e e,
groun 125 2 SR8l S8t EE NSRRI oY MVA "R 4385 ALIABISRy BNt ooy
infection, i.e., 0.05 infectious units per cell (5 x 104 TCIDsg). After
this, the virus inoculum was removed and the cells washed three time
to remove any remaining unabsorbed viruses. |nfections 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



PCT/ EPO 1/ 13628 follow ng the primary inmunization and this was
significantly boosted follow ng the secondary vaccination (Fig. 10).

Ref er encewmozseimsvei der, J., Gl bert, SC, Blanchard, TJ., pmkeo1/13628
Robson, KJ., Hannah, CM, Becker, M, Sinden, R, Smth, G.., and H I,
AVS. 1998. Enhanced i nmunogenicity for CD8+ T cell induction and conplete
efficacy of malaria DNA vaccination by boosting with nodified vaccinia
virus Ankara. Nat. Med. 4; 397-402. 10 Thgnson, SA., Sherritt, MA,
Medveczky, J., Elliott, SL., Mss, DJ., Fernando, &GP., Brown, LE., and
Suhrbier, A 1998. Delivery of nmultiple CD8 cytotoxic T cell epitopes by

. DNA vaccination. J. Imunol. 1C0: 1717. 15 WO 02/:12:480 57 Table 1:
PCT/ EPA / 13628 Concerning replication in Vero cells (Monkey kidney cell line

CEFHel aHaCat 143BBHKVer oCV- 1MWA-579. 70. 040. 220. 0065. 882. 330. 00BN3MWA- 796. 50.
151. 170. 0213 MY AoV &0 2060 b3 MeN 86. s@rziedImroely. 3080, BHd4al9as | TpiuR7 OMVA-
251.827.411.282.91702. 7] 416. 44. 48Ve ro0976 Virus anplification above the

i nput | evel afWArHLRRRE alsa MYA S rapipifiedwalhwith 33 foldansid Otialehso -

ronl T cant e inCaase aBble Mt uRstech el S Ui BRWGS toird i Bekummer BN
35 PCT IND! AR N )N FRcE TR Eoh SR SRS e | 3019

A

Thei odi cat i orbﬁ-q%q;_elp@kjowc%ggeebgb{)@qh por gani snr ef er r edt oi nt hedescnpuonon
page 5 ,line 24 1DENTI FI CATI ONOFDEPOSTT Fur Ut er deposits are identified

on an additional sheet Naneof deposltaryinstiwion ECACCEur opean Col | ection

of Cell CulturesAddress of depositary institution (irtclndiag postal code

ari d crxtntry) CentAlsofaoncappingeteMoatiobi iol 0¥y &|Re@dankeyskidredyucgWlineshi re
SP4 QJG United KingdonDat eof deposi.t Accessr onNunber August 30, 200000083008C.

ADDI TI ONALI N ®&8 ousd, dhas i AN natFagbkycatiﬁayatﬁd & thisceethtingn 1t s

Cuch b1 on o P00 P drase teia nmt: 1S SN BGSS il ks bl'e
doposi t eani cAbPYbRAERTECPRIRERL TRk G e £ PR IBBotRer ot co'an

i ndependent a h el e | ation,
oo T Ene Rl icaliBnoReRidg e HoNat AR ke IBW PRI MVASIR B 5

Austral i an Regup#ifieanth?d Best3withDB0ifaid Redreae a‘ts‘dvesﬁcﬂutom@né’\ﬁe@rtsy 33(3)

andgenerally simlar provisions nutatis nmutandis for any other designated
Stal e. D. DESIMIMATEEYCSWAITES folR iNEresd ADb@AThENE ARE MADE (ijtbc
indications ere not jorall desrgrtared States)E. SEPARATEFURNI SHI NG OF

| NDI CAY1 01 fS (I eave6l aru( rjrtruapylicnd e)The ndrcanons |isted bel ow will

be submtted to t | nt er nat.i. onal , Bur eau r C
(spec~r hegner aUuuQﬁPéPl”ﬁ@ﬁ%?W%l'%msgﬁan& @%%gsﬁ\mﬂhéfm@t'% of the

onl y Thr seheet G e TRt i AERERR cE RS S S0t 8 To B Rt eplication
J Aut honzedat 11 ook ot At HER LR Ry N ARy T was Mo KRACRIVA 2~ —
Vero was the only one to show amplification above [nput (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.



Form PCT/ R01134 (July 1992) WO 02/.12-180 PCT/ EPOL/ 13628 59 Applicant's
or agent's file BN 35 PCT ~~rnational apphcati onNo. referenccnunber

1( NDI CATI W®2REISATI NG TO A DEPO6T1' ED M CROORGANI SM ( J?CT Pea/Ero138628) A.
Thei ndi cal i onsmadebel ow el at et ot hem cr oor ganr snr ef err edt oi nt hedescri ptton
13 ,line 13 on pageB. >DENT1FI CAITONOFDEPCGI T Further deposits are
identified on an addut onal sheet Naneof depositaryinstituti on ECACCEur opean
Col l ection of Cell CulturesAddress of deppsitary institution (iuciudbrg
postal code acrd cuurury)Centre for Applied M crobiology &

ResearchSal i sburyWIltshire SP4 QJG United

. Ki ngdonDat eof deposi t Accessi onNunber Decenber 7, 200000120707C. ADDI TI ONAL

| NDI CATI ONS(| eave blank if nor applicable) This information is continued on
an additional sheet al n respect of all designated States to which such
_action ~ posdiustheranadra, conicerrixigeraplicasionfin HelLa eghkI(ipenan ssubx canader t he
| aw of the designated State, it IS requested-that

I f . th
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Thr ssheet wesr ecei vedbyt hel nt er nat i onel Hur cauon: Aut hori zed of fi cer

~ Aut Hbri zed officerR ~. 'ffl~iLDf~ ~~ ~-. Form PCT/ RO/ 134 (July 1992) WO
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relate to the mcroorganismreferred to mt escri ptiononpnge

~8B. ) DENTI Fif@RT i s NSEREPHR Ve Input). Both MVA-Vero adapted and MVA-575
Furt her deposi t sarerdenti f redonanaddi ti onal sbeet Naneof depositsirynmstituGon

PHLS Public Kbhawed aeipifatation BetfisecellCine(é.2 andApd fadNincredseokbgye and
Resear chECACC European Col | ection of Cell Cultures, CAVRAddress of

deposii ary i ABput tiespectivalys| dtnwevern MYAIBI odas dhetordMrang JECACC Eur opean
Col l ection of , Cell Cultures, MRPor t DownSal | sbury, SP4, QJG UKDate

of deposi ¢ AccSETBRSEDAGIHEIGN 89 TORbeROURRE PSR ADBR. Al

| NDI CATI ONS( f eavr 61 nt kf ~antrrpphcrtblc) This information is continued
onanaddi ti onal sheet D. DESI GNATED STATES FOR WHI Cli | NDI CATI ONS ARE MADE (!f

t kc Judi cnti uua rrlrgcnqﬁgf“t,gibﬁl it HT bg{ﬂégﬁt%pmghﬁﬁg@ﬁ@% RNI SHI NG OF

| NDI CATI ONS( f eaveb untrrpplica indications l'isted below wi |l be

subnmi tted to dttehddteer viads @balin Burgas dratiprof virus: MVA-BN demonstrates
(rprc~drgrraeralrutturaujdrrirulieruimu e.g., "AccessiatNuntirr of

Deposia " JFor teded ektrgnaélyi attemusatedninyh&rordmeeldiriesniay sBoweag@se onl yThi s
sheet wasreeei vedwi t ht hei nt emat i onal %l’ggl,i cation ~ )
T7ri sshect wagdreplificatieptrabiprefe® £f (@ /al Hrfduman embryo Aid ey £etis(RPSer

Aut hor zeda] ¢ 687 MBSty BRI BT Epb A g, it Q21 42- 160
further an amplification ratio of about 0.0 in 143B cells; an
amplification ratio of about 0.04 in Hela cells; an ampilification 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



61 CLAI M5 PCT/EPO 1/13628 (1) Vaccinia virus having at |east one of the
follow ng properties: (i) capability of reproductive replication in chicken
enbryo ( Yiganabklsasts (CEF) and in the baby hanster kidney pealtroidézee BHK,
but no capability of reproductive replication in the human kerati nocyte
cell line HaCat, (ii) failure to replicate in vivo, (iii) induction of a

hi gher 1 munogenicity conpared to the known strain MA 575 in a | ethal
chal I enge nodel 1o and/or (iv) induction4 f at | east substantially the sane
| evel of immunity in vaccinia virus prinme/ vaccinia virus boost regines
when conpared to DNA-prine/ vaccinia virus boost regines. 15 (2) The virus
according to claiml1l, wherein the virus is not capable of reproductively

replicating igmgnticfioh i Belsbyderged Yratio el 2.33)nadsWwelbE Hotres teebr yo

ki dney cell line 293, the human bone osteosarcoma cell line 143B and the
_ human 20 cer sameadstertaasitnionthecpétmidsine eell dinesPuchhas BHianakCaFdi ng to
claim1l or 2 being deposited at_the European Collection of Cell Cultures

(ECACCO), Sal i(spnmparedi) Tabteed).nliber MFoB88 0 sheromlyi &npwit MM stii@dheof . 25

4) The virus according to. anyone of t clains, 1t onpri sin t | east

e Mot er of o 5bas MG Aot e OB i el TessBags) 1p 8N MBCRIERS o/t 5626 oo
5 lines 143B, Hela, HaCat and 293.

MVA-575 shows a similar profile as MVA:BN but is not as
attenuated as MVA-BN.

10 MVA-HLR amplified well in all cell lines tested (except for 143B
cells), it thus can be regarded as replication competent in all cell lines
tested with exception in 143B cells. In one case it even amplified

better in a human cell line (HeLa) than in a permissive cell line (BHK).

15 MVA-Vero does show amplification in all cell lines but to a
lesser extent than demonstrated by MVA-HLR (ignoring the 143B
result). Nevertheless it cannot be considered as being in the same
"class", with regards to attenuation, as MVA-BN or MVA-575.

20 2. Replication in vivo

Given that some MVA strains clearly replicate in vitro the ability of
different MVA strains was examined to replicate in vivo using a
transgenic mouse model AGR129. This mouse strain has gene

25 targeted disruptions in the IFN receptor type | (IFN-o/B) and type

(IFN-y) genes and in RAG. Due to these disruptions the mice have no



(5) The virus according to claim4, wherein said heterol ogous nucleic acid
sequence is selected froma sequence coding for at |east one antigen,
ant i geni cwgpit4eg88) and/ or a therapeutic conmpound. 5 (6) GPUINEPOON3628
functional parts thereof derived fromthe virus according to anyone of the
claims 1 to 5. ('7) Pharmaceutical conposition conprising the virus
according to 1o anyone of the clains 1 to 5 and/or the genone and/ or
functional part thereof according to clajn 6 and a pharnmaceutically
acceptabl e carrier, diluent and/or additive. (8) Vaccine conprising the
virus according to anyone of the i5 clains 1 to 5 and/or the genome and/or
~functional part thereof according to claim6. (9) The virus according to
anyone of theFN systemlahd dre inbapableook paodiicingfmataieoBangdr celihandof
according to claim6, 20 the conposition according to claim?7 or the
_ vaccine accorasi such areiseverely dmnaung cosnpedméasd aggd figbhesusteptahirito ng, an
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according to anyone of the clainms 1 to 5, and/or the genone accor ng to

claim6, for rebpeptivsigr Atirstropsy thers ewrergersrab sigimcohe. sévis?e Wedlhod for
i ntroduci ng a honol ogous and/ or a heterol ogous nucleic acid sequence into

target cell s iotagpionsimthe heajonty of etgans anid bhe stanglerdqallosevassayt he virus
according to claim4 or 5 or the transfection of the target cel] with the
genone accor di¥§ ¢l&5cPtidnyas recovered from the ovaries. In contrast, mice

10 vaccinated with the same dose of MVA-BN (corresponding to the
deposited strain ECACC VO0083008) survived for more than 90 days

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.



(13) Method for producing a peptide, protein and/or virus 15 conprising a)
I nfection of a host cell with the virus according to clains 1 or 5, b)

cul tivatiwwmmis24doe i nfected host cell under suitable 20 ceuivtpoenss2sand c)
i sol ation and/or enrichnment of the peptide and/or protein and/or viruses
produced by said host cell. (14) Method for affecting, preferably inducing
an i nmunol ogi cal 25 response in a living animal body including a human
conprising adm nistering the virus accorging to anyone of the clains 1 to
5, the genone and/or functional part thereof according to claim®6, the
conposition according to claim?7 or WO 02/.12d80 PCT/ EPO 1/ 13628 b4 the
~vaccine according to claim8 to the animal or human to be treated. - (15)

The net hod accor diReplicatidracompetentstrafisngf vaecibiaiindudes podénorinrhuat
| east 102 TCI Dso (tissue culture infectious dose) of the virus. (16) Method

_according toresponsdst iormice anideaéi mighhdoses wee tetbak obibsughoMV6h ane
vaccine is admnistered in therapeutically 1o effective amunts in a first

i nocul ati on (Mghlyniattenuaied agnénhavane i keduse@ odPilitoctd af¢RIcatepodBt i ng
ool ot L0 shebiidn . SRS TR el b
acoor s 00, O R, SHalAE L B, Lhddhc RTBA" Rl B! e
attenuated than other MVA strains, even the parental strain MVA
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-29) 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



(19) The nethod according to anyone of the clainms 14 to 18, 20 wherein the
animal is undergoing an antiviral therapy. (20) The nethod according to
claim 19, wolhrerselgo the antiviral therapy is an antiretrovi redT/etensqy . 25
(21) Use of the virus according to anyone of the clains 1 to 5, the genone
and/or functional part thereof according to claim6 as adjuvant. WO

021 42480 PCT/ EP01113628 65 (22) A nethod for enhancing a specific inmune
response agai nst an antigen and/or an anaggenic epitope included in a
vacci ne conprising admnistration of the virus according to anyone of the
claims 1 to 5 or the genone according to claim6 as an s adjuvant to a
living ani mal body including a hunan to be treated with the vaccine. (23)

" The virus aceqrdi Bactificédyomned®f 4&!pddts the téndllchge Rpidienemevadesr dieng t o
claim6 as adjuvant. 10 (24) A'cell, preferably a human cell, containing

. the virus accentbvegl,thoapgenized ahnBBS (Im$) andt hiealg¢itvese detefumnced obyl
part thereof of claim6. 15 (25) Method for obtaining the vaccinia virus
accor di ng t o séaydar! oplaglug mssaytsiBgcYhPQ siallg (Heomspnodt @y sk2AB,: J-

i nt roduci ng comonpl vai | e vaccinia virus strain, preferably MA 575
i nto non- huniWrBHPPB i/ﬁsi/\ﬁi%cl%t'he virus is able to reproductively
replicate, Zo wherein the non-human cells are preferably selected from CEF
cells nd the cell line BHK, - isolati ng/ enriching virus particles from

Pt el L ocn ;17 H3L08GHAS UE, HS WBHPAHE UF e 08108 o
TCIDso/ml of MVA-BN or MVA-575 were completely protected as
judged by a 100% 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-
575 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.

'



wherein the above steps can optionally be repeated until

desired replication characteristics is obtained WO 02! -42: 180 66

PCTI EPO11w8612R824886) Kit for prine/boost

avirus with the
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according to anyone of clains 1 to 5, a conposition according to claim7, a
vacci ne according to claim8 or a virus according to claim5 9 for a first

I nocul ation ("primng inocul ation")

inafirst vial/container and for a

second inoculation ("boosting inoculatiop') in a second vial/container.
(2'7) Use of the virus according to anyone of clains 1 to 5, the 1o

conposition according to claim?7,

t he vaccine according to claim8 or the

~virus according to claim9 for the preparation of a vaccine wherein the

Vi rus,

effective anounts in a first inoculation and in a second i nocul ati on.
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mice with different smallpox vaccines

The efficacy of MVA-BN was compared to other MVA and vaccinia
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
smallpox 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
were challenged with vaccinia (IHD-J) and the titres in the ovaries was
determined 4 days post challenge. All vaccines and regimes induced
100% protection.

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

the antibody titres to MVA following the different vaccination regimes

t he conposition or the vaccine is admnistered in therapeutically

15 . A
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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.



3z' 4
}xsni d_ZTj e ZU] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] cal] ca] ca] ca] caU] ca] cal] ca] ca
U] ca] cal] walabisoal] ca] caU] ca] ca]ca]calcalUljca 4 7 B Q PCT/EP01/13628
go&f r A{vql gb] We ZU] U ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] caV]ca] ca
] ca] ca] calU] ca] caV] ca] ca] ca] ca] caV] ca] cal] ca] ca] ca
% 1 "L"Y"" #$$$P* ** 6+C+R+U+G. . [/
0/00111111| wgl gb] W e ZU] V] ca] ca] ca] ca] calll ca] caU] caU] ca] ca] ca] ca] ca] cal] caU
] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca%rgca] caV]ca] ca
122#22222} 445B5X56_6k6Nn6} 66 9b9<
- ===) ===>>g????~yt 0j e ZUU] caV] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] caU
] ca] caly ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] cal ???????7@
o\acoVa @ BI9BCB| vgkd™XS~yt 0] e] cal] cal] ca

. ]U] ci‘aU]U]ca] cal@jangitdrds] cau] ca] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] caU] ca] caU

ca] cal] cal] ca] cal] ca] c B\VBBBBBBBBBBBC
]c: %cme) 31\ DFGG3 Ipam WPQ]'T%aUT%aI‘%%MP%aP@W@&] ddq c&fkay ca

caV] ca] caV] calcaV] calcaUl.ca aV] caG
GHAH<HWH[ HHHﬁm\él %6? g } '| %a@fi@@mﬁ? bﬁéfbf’éb pajsﬁo;q{lxg{ ca]
c™a] call cal]
U cra & ca] caKJ?Héﬁ?sqncg ?:l’"af‘ggﬁé{d rTl(J:rz}l?lca]] U]lce%]7c?al]ihé%]nggwea?0lg\ff%aq cakK
K1 KIKKKL; LN ANNATRPREPIRYS BGOSRt unof IMROBNG b abeatd 8] oBcedlsca
U]l cral] ca] ca] cal] ca] caU] ca] caU] ca] caV] ca] cal] ca U\/J Ul ca] cau] ca
W] cay] ca] Ca‘éh_@ﬁdsmwhm@mMSBSSS&TSWWETTTU
U' UAUAUoU| Wyt ni cAXS~yt o] ] caV] ca] calU] ca] calU] ca] caU] ca] caV] ca] caV] cal] ca] cal
ca] cal] ca] caV] ca] cal] ca] cal] ca] ca] c”al] ca] c”a] cal] ca] caU] ca] UUUUUY,
VDVUVW/K V{ VWYV WA Xy XXY- YOYMYZFZZZ| w mhc”Y] ] caV] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] cé’]&%ﬂ'@é}'@&'} cmqo(tapem ca] cal] ca] ca] cal] ca] ca] c(a] caU] ca] calU] ca] c

Zk[ y[ }0[ [E\ 0 Q\] 8ARfhe current a%%%@eww@& frser Q& /yeeturid feaiale) caj ¢

a] ca] ca - U

| fﬂ] }m] T KRBT B A BT LR T P BhR, R ies SRerrl el ol o2
5

a] ca] gg] CQ} \é% ca]pca] %g?b&ﬁg@ég]&%g?]%@Efc%%@a%m@%&ﬁ%ﬁ%ggg%g%é%tC IaIU} |C

{]1] k4k7kkk challenge experiments. Mice were vaccinated with different prime-

I'1 5m mpm n{vql gb] Xc] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal]c

a] ca] ca] ca] cdjonsf cregipiesapsirige ¥ \oR ] ca]lMAcanteding Ghé@urine polylope as
109% (& () - yloty & ()-10% & ()-Y'10%& ()- @ 10% & () - Lloty & ()-Joz[<

3L10%% () - 6d¢ &n (She assdsookon (ignmunizaisaowth( &NA, | @ice were

10% & () - S%%%%%& %%d%é"’tﬁen él(/en a single injection of 50 pg of endotoxin-

free plasmid DNA (in 50 yl 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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influenza CTL epitope peptide (TYQRTRALV), the P.Berghei epitope
peptide (SYIPSAEKI), the Cytomegalovirus peptide epitope
(YPHFMPTNL) and/or the LCV peptide epitope (RPQASGVYM).

For the challenge experiments mice were anesthetized and infected
i.n. with a sub-lethal dose of the ressortant influenza virus, Mem71
(4.5 x10% 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.

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
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
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

MVA-BN did not significantly boost CTL responses.
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shown to be the most inefficient route and virus concentration for
vaccination using other strains of MVA, particularly if compared to
intravenous immunisations (Schneider et al 1998). In order to define
5 optimal immunization regimes the above experiment was repeated
by changing either the amount of virus or by changing the mode of
administration. In one experiment 107 pfu MVA-BN vaccinations were
given intravenously (Fig. 3B). In a further experiment 108 pfu MVA-BN
were administered subcutaneously (Fig.3C). In these experiments
10 MVA-BN prime-boost immunisations induced higher mean CTL
numbers to all three CTL epitopes compared to DNA prime MVA
boost regimes. Also unlike 107 pfu MVA-BN given subcutaneously the
immunisation with 107 pfu MVA-BN given intraveneously and the
immunization with 108 pfu given subcutaneously significantly boosted
15 the CTL responses, clearly indicating that MVA-BN can be used to
boost CTL responses in the presence of a pre-existing immunity to the

vector.

2.2.3.: Efficacy of a MVA-BN nef Vaccine in SIV Infected Rhesus
20 Monkeys.

To determine the efficacy of a MVA-BN nef vaccine by assessing
the viral load and delay of disease following a challenge with a virulent
primary isolate of SIV. Furthermore, the study will determine whether
MVA-BN can be used to safely boost immune responses in immuno-

25 compromised monkeys with a pre-existing immunity to MVA,
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~ TF$10%<<& () - 233333&¢ PrdbPs! (N4 601f 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 MIDso 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 load 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 six monkeys vaccinated with MVA-BN nef had to be euthanised
due to the se;/erity of the disease, compared to 4 out of the 6
animals in the control group (Fig. 5). The development of disease
clearly correlated with a higher virus load and as such the animals
were observed for an additional 29 weeks post infection. The MVA-
BN nef vaccine appeared to delay the progression of the disease,
compared to the control group and even at week 46-post infection 5
out of the 6 MVA-BN nef animals survived (Fig. 5). However, by week
59-post infection two further animals in the nef vaccinated group were
euthanised leaving five surviving animals (three from the MVA-BN nef
group and two vaccinated with MVA-BN). An examination of the
antibody titres generated to MVA-BN in these 12 monkeys clearly
demonstrated that MVA-BN could boost the immune response even
in the presence of a pre-existing immunity to MVA (Fig. 6). Following
the primary immunization with either MVA-BN or MVA-BN nef all
monkeys generated an antibody response to MVA with a mean titre
of 1000. This antibody response was significantly boosted following
the secondary immunization, clearly demonstrating that MVA can be
used to prime-boost immune response in healthy monkeys. These
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-
compromised with CD4 counts lower than 400/pl blood. To

investigate the impact of using MVA-BN in immuno-compromised

'3
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20

2.2.4.: Therapeutic Vaccination of SlV-Iinfected 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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10 Vaccination Protocol
Three groups (n = 6) of rhesus monkeys (Macaca mulatta) were
infected with 50 M!Dso 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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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 animals, 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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B. lDENTIFICATIONOFDEPOSlT Furt.hcr deposits areldenuﬁed on an additional sheat D

Name of depositary institution ECACGC
European Collection of Cell Cultures

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

Salisbury

Wiltshire SP4 OJG, United Kingdom

Dateof deposit AccessionNumber
August 30, 2000 00083008

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued onan additional sheet [:I

In respect of all designated States to which such action is possible and to the extent that itis legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made avaiiable 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); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated Stale.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indicatius are not for all designared States)

E. SEPARATEFURNISHING OF INDICATIONS (leave blankifnmapplicable)

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

Forreceiving Office useonly Forlnternctional Bureau use only = ==y
E Thissheet wasreceived with theinternational application This shect was reccived by the International Burcau on:
#
fa 03.62

Authorizedofficer m : Authortzed officer
___BMcMandemaker P oy

Form PCT/RO/134 (July 1992)
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Address of depositary institution (including postal code and coviary)
Centre for Applied Microbiology & Research

Salisbury

Wiltshire SP4 OJG, United Kingdom

Dateof deposit Accession Number
December 7, 2000 00120707

C. ADDITIONAL INDICATIONS(leave biank if not applicable) This information is continued on an additional sheet D

In respect of all designated States to which such action is possible and to the extent that it is legally
permiesable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the iasue 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; Australlan 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 States)

E. SEPARATE FURNISHING OF INDICATIONS(leave blanuk ifnotappliable)

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

Forreceiving Office uge only ForInternational Bureauuse only = s———————y
X This sheat was received with the international application Thissheet was received by the International Burcauon:
08 93.02

Authorized officer mg ; __/__ Authorized officer
) FLM. i cingicer M ‘ wc\_c)w

Form PCT/RO/134 (July 1992)
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 13bis)

A. Theindications made below relate to the microorganismreferred toin the description
onpage 35 ,line 18

B. IDENTIFICATIONOFDEPOSIT Further depositsare identified on anadditionalsheet [

Nameofdepositary mstituton PHLS Public Health Laboratory Service, Centre for Applled
Micrabiology and Research
ECACC European Collection of Cell Cultures, CAMR

Address of depositary institution {including postal code and country)
ECACGC European Collection of Cell Gultures, CAMR
Porton Down

Sallsbury, SP4, OJG, UK

Date of deposit Accession Namber
January 27, 1994 V84012707

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This informationis continued on anadditional sheet I::I

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are notfor all designated States)

E. SEPARATE FURNISHING OF INDICA TIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accassion
Number of Deposit*)

Forreceiving Office use only Forlntcrnational Burcauusconly — se———smm—

This shect wasreceived with the intemational application m This shect was recelved by the International Bureau on:

fg 03.02

Authorized officer m Authorized officer
R.M. MWE%‘A }U MQW

Form PCT/R0/134 (July 1992)
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10 and/or

(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.

15
(2) The virus according to claim 1, 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 the human

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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(12) Method for introducing a homologous and/or a heterologous
nucleic acid sequence into target cells comprising the

10 infection of the target cells with the virus according to claim 4
or 5 or the transfection of the target cell with the genome

according to claim 6.

(13) Method for producing a peptide, protein and/or virus

15 comprising
a) infection of a host cell with the virus according to claims
1 or 5,
b) cultivation of the infected host cell under suitable
20 conditions, and
C) isolation and/or enrichment of the peptide and/or

protein and/or viruses produced by said host cell.

(14) Method for affecting, preferably inducing an immunological

25 response in a living animal body including a human
comprising administering the virus according to anyone of the

claims 1 to 5, the genome and/or functional part thereof

according to claim 6, the composition according to claim 7 or
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(15) The method according to claim 14 comprising the
5 administration of at least 102 TCIDso (tissue culture infectious

dose) of the virus.

(16) Method according to claim 14 or 15, wherein the virus, the
composition or the vaccine is administered 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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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 according to anyone of
the claims 1 to 5 or the genome according to claim 6 as an
adjuvant to a living animal body including a human to be

treated with the vaccine.

The virus according to anyone of claims 1 to 5 or the genome

according to claim 6 as adjuvant.

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.

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,
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 in claim
L

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 b5, 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.



