0 ~ ~~ ~ 2005 Modified Vaccinia Ankara Virus Vari ant .Thd}ﬁrﬁpqg@ nvention
provi des an attenuated virus, which is derived from Mdifie \V; g$nia
Ankara virus and which is characterized by the loss of its capability to
-reproductively replicate in human cell lines. It further describes
reconbi nant ‘viruses derived fromthis virus -and the use of the virus or

"its reconbi nants as nedi canent or vaccine. Additionally, a nmethod is
provi ded for inducing an inmune response even in inmuno conprom sed
patients, 1o patients with pre-existing immunity to -the vaccine virus or
patients "~ undergoing antiviral therapy. Background of the invention 15
Mbdi fi ed Vacci ni a Ankdedified)Vaceinéa iAnkataaVérls Vardantnia virus, a-
menber of the. genera Orthopoxvirus in the famly of Poxviridae. MVA has
been generated by 516 .serial passages on chicken enbryo fibroblasts of
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.~ Backgrpund of the invention

.15 ' Modified Vaccinia Ankara (MVA) virus is related to Vaccinia
virus, a member of the genera Orthopoxvirus in the famiy of

Poxviridae. MVA has been generated by 516 serial passages on

R

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 Iong—term‘passages the resulting MVA virus
deleted about 31 kilobases ofr 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), Addtionally,

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




In -this respect it is nost astonishing that even though M§ apn

denonstrated during the 1970s that MVA is highly attenuated and
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(Sutter, G. etal, [1994], Vaccine 12: 1032-40).

In this respect it is most astonishing that even though Mayr et al

demenstrated during the 1970s that MVA is highly attenuated and

aviulent in  humans and mammals,~ some recently reported'

observations (Blanchard et al, 1998, J Gen Virol 79, 1159-1167;

! Carroll & Moss, 1997, Virology 238, 198-211: Altehberger, us Pateht

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
that the results reported in these publications have been obtained with

various strains of MV A, since the used viruses essentially difier in their

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

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

capacity or only has reduced capacity to reproductively replicate in



Det ai |l ed description of the invention To achi eve the foreg@ﬁhgﬁg@%@ﬁgs,
according to a preferred 20 enbodi nent of the present invention n
vaccinia viruses are provided, which are capabl e of reproductive

replication in non-human cells and cell lines, especially in chicken enbryo
fibroblasts (CEF) and in the Baby hanster kidney cell |ine BHK (ECACC
*85011433), but not capable of reproducdiive replication in human cell lines.
25 07 APR 2005 The known vaccinia strains reproductively replicate in at

| east  sone human cell lines, in particular in the the human keratinocyte
cell lin?Egﬁcat.(BQﬂg§np,et al. 1988, J, Cell Biol 106&3): 761-71). The
—.replicati i $elhe | abpre-meakioned pelstryation, f dhat eV Batisomadin vi vo,

in5 parti r.for in.vivo replicatiop.in humans. indeed, it is shown in
Sk t

the exa glelYoreriration INABRATSRE dPnheMmat AN MatBgligRacelifon. a

resi dual : |  L.Cat i,n, HaCat, al replicate in viva. Thus,

The nveman ot uleibion o Bsblrd N wl B R Tas 2Ehfimah Ypdhs or

reproduct iaveb¥tor 48f F&@RbinadtR dd@n cell line HaCat. Most preferably 1o

the invention concerns vaccinia Virus strains that are not capabl e of

re oductive replication in any of the followi ng human cell lines: the
human cervi x adenocarci noma cell |ine HeLa (ATCG No. CCL-2), the -human

enbryo ki deayicularly, Ifonea 28 dieCARCWEI 85 120802k colrifinaRt nBedi ethe

ost eosarcoma cell Tine 143B (ECACC No. 91112502) ' is and the cell line

HaCat. Th&ajeaeg hedweeni dre officaaplant tiae isafetyepl tiayacoinef vectoriisud s
~yormal |y exprﬁgse% bﬁithe ratio of virus produced froman infected cel
iﬁ}htput) 9 SFHE JAP&EaQinal | y-used to infect the cell's- in the 20

“first place (Input) ("anplification ratio"). Aratio of "1" between

Qut put and I nput defines an anplification status wherein the anount of

Viq{gis produced fromthe infe elds. is_the.sane as the amount initially
used to infect the cells. Thﬁi§ﬂ¥§ﬁhsﬁﬁ?ﬁﬂgquophe fact, that the infected

cells are permssive for virus infection and virus reproduction. 25

Thus, it is an object of the invention to provide novel virus strains
having enhanced safety for the development of safer products such as
vacdnes 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 celi line BHK (ECACC 85011433), but not

capable of reproductive replication in human cell lines.



O 7 ~~~ 2005 s An anplification ratio of less than i, i.e. ?dgpgqﬁmg of
the anplification below input level is an indicator for a'Tack of* "
reproductive replication and, thus, an indicator for attenuation of the
virus. Therefore, it was of particular interest for the inventors to
identify and s finally to isolate a strain, which shows an anplification
ratio of less than 1 in several human ceéd| lines, in particular in all of
the human cell lines 1438, NelLa, 293 and HaCat. Thus, the term "not
capabl e of reproductive replication” neans 1o than the virus according to

the invention shows . i1 Gall ratio of ,less than 1 i™ hu cel
lines, such as t‘h\gﬁlg:qaﬁ]é\gﬁn\éédé@%‘ %E@Mﬁ reﬂéﬁ’d%%fi‘é%o%lf?“l?@igsifté &asko.
91112502), -Hebmmd A - . a | 8. J Cell
Bi ol 1'06(3):[“761. 71?@%%@?@5’%&@?#&@@ t&?% Wﬂﬁ%" Fﬁr%‘i'iﬁ%ﬁ(t& gt the
present 15 spieei HaCati(Boukamp ssig/, SPegR i i Prgferahl he
anplification rate of the vir%s according'%ékyﬁgﬁ?gagﬁg?ghJﬁgpgag'grhéess
in each of tliepkgaien iytae celllind Ha€at HeLpredittPas fondepiaftion tinivghgyn in
detail_in Exaane 1 ?nd_in;tabre.i_phat.the 20 viruses according to the
presemt i nveR@dAUIas Tabin MR dapbicatienyin bpmanst dnideednybiw shbwnhie tise |
- lines 1438, nd Cat .., The articular, strain according to the present
i nvention t hg‘?gﬁ}fg? %egfgppn .’fl]égcﬁﬂ ﬁ)fnPH@ éﬁﬁﬁ‘[ﬁl'%sﬂ@ﬁsb@ﬁedeg‘@&’ﬁ tshbvatat he
Eur opean Col 1,0 l,t ures under ~nunber VOQO083008. This strain
is referred #%ﬁaygpggff&w@%,ﬁhlfﬁag%mﬂ%%t R rePUcateo i vivy. AbRS2005 6
' ‘he invention preferably relates to vaccinia viruses that do not S
reproductively replicate in the human cell line HaCat. Most preferably
10 | the invention concerns Vaccinia virus strains that are not capable of
- reproductive replication in any of the following human cell lines: the
_'human ce_rvix adenocarcinoma cell line Hela (ATCC No. CCL-2), the
human embryo kidney cell line 293 (ECACC No. 85120602), the

human bone osteosarcoma cell line 1438 (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 (lnput) (“amplification ratio”). - A ratio of “1" between
Output and [nput defines an amplification status wherein the a'mount

~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.



The known MA strains show residual replication in at Ieaﬁt one of the
human cell lines tested (figure 1, exanple- 1). Al known Jaom%izwﬁ strains
show at | east sone replication in the cell |line HaCat, whereas the WA
strains according to the present invention, in particular 5 MVA-BN, do not
productively replicate in HaCat cells. In nore detail MA-BN shows an
“anplification ratio of 0.05 to 0.2 in'the Human enbryo kidney cell- line
293 (ECACC No. 85120602). In the Human done osteosarcona cell line 1.438 .
(ECACC No. 91112502) the ratio is in the range of 0.0 to 0.6. For the

H i X " 0 )i La (ATCC No., CCL-2) apd the h |
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which is a prototype .strain according t present invention does not

product i vélngretepk; dawasiof pantindapfintdrest for gk ifvemors ebidbhfigp anthe
amplification ratio of MVA-BN is clearly above 1 in chicken 20 enbryo

fi Brobl asfigallde: isplatenay straimt whish sinows hen baaplifieativar raticinely 1@ | | i ne
BHK ( ATCC, No. i:RL 1632). As outlined above, a ratio of nore than "1"

i ndi cat esﬂf’%r dOcggveeal Bgmasacelddinesi i garticukardonall obthe humaprasdiuced
fromthe cells i.s.4ncreased, conpared to the anount of virus,

whi ch vvasht%ggf[f‘gsi E'{‘eé'@t' %a%ﬁ ﬁ@. atherefore, the 25 virus can be easily
Yropagat ed and anplified in CEF primary cultures wth a ratio of above 500
\)oj in BHK cells with a ratio of above 50. 0 7 APR 2005 In a particular
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~the sane replication characteristics as the deposited ow ng
di f f erencé$ less thendt inrtureapacdls links| taclenotie Ol lipes POBi (RCALE sane

"replication ghar acteristics" than the deposited virus are viruses that
repl i cat e NA-t$o 1800023 141 i(ECAGCT dvor 8tlildL502), Melea (AFES Nad GCLain in
- CEF cell S?ing ao t he c&%l |ines BHK, He La, HaCat and 1436 and that show a
- simlar pfRd abiagti (Boukames ededleri®@d 4 alhBinbriO8(3) arbderild, nmouse
nodel (se o] I ; erred odi nent the ,wvaccinia virus strains
accor di ngﬁn?grt %?hggﬁgé@éﬁ ?ﬁvé’ﬁ&'%ﬂ, iR BXRMRIGI oY F}%/Z)E"@\I'Eﬁﬁs‘i’ﬁts
degsi vati vepecification for -some specific MVA  strains. Preferably, the
amplification rate of the virus according to the invention is 0.8 or less

in each of the above human cell lines Hela, HaCét 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 reproduc{ively
replicate in anyone of the cell lines 143B, Hela and HaCat. The
particular strain according to the present invention that has beeh
.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.




are characterized bya failure to replicate in vivo. In the _context of the
present invention"failure to replicate in vivo" refers to \Qi d’éﬁ%zﬂa@t do
not replicate in humans and in the m ce nodel explained below The .
"failure to replicate in vivo" _ can. preferably determned in mce that 20
~are incapable of producing mature B and T cells. An exanple for such mce
is . the transgeni ¢ nouse nodel AGR129 (obtéai ned from Mark Sutter, Institute -
of Virology, University of Zurich, Zurich, Switzerland). This nmouse strain
has gene targeted disruptions in the IFN receptor  type | (IFNa/Q and

type Il (IF L e to-these,.2s .di sruptjons the njce have
-ngpl FN syst ﬁﬁﬁngﬁ‘g‘?@ @%a%ﬁéﬁ@%?&daﬁémqﬁspmtlpa 'B %nt?a-??@@lel‘%f el as

such are sevdy [ 0 R ' C 1S hi ghl vy, ,suscept abl e

to a replicat i%dci‘?gﬂﬁeﬁsgsat@ao# é% he%AG%ggg%czs{aﬁgpo}ng’\m mYEENGE r ai n
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such is severely immune conprom sed and highly susceptablé td a

replicating WheuMVA nskrajne taccotdingt tte thie usessentcamiribr, 0 i hﬁarﬂfcﬁiﬁﬁgt

I

i nvention dol\w ré'*lll AGR129 mice within a time period of at l|east 4
days. ® nore }b el iNptyprasiuctively sapticate irmytaCatosells. dnefrrorabtistai t hi n
he,,mce with 10~ pfu virus adm ni stered
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enbodi ment the vaccinia virus strains according to the preSent Invention,
.in particul aralgh- EROBRKaMR setiedl vaPBBes ) iCelROBialc HOG(BY)er TE2 1y Ehéi gher
i mmunogeni ci t_ c%%r ed to the. known strain MVA 575 as deternmined ina
lethal chall éﬁ‘&f@‘ On radelis Inthe trnga oé BbP4t tn ©.8xard i ofe@tO2rie BUB| i ned
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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
| k_idney 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 ceils. 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.




0 7 AFF 2Q0Ca 9 the context of description of the |Iethal challenge nodel.
Four days after the challenge the mce are usually kill edﬁahdg;tg]?ﬂglg r al
titer in -the ovaries- is determ ned by standard pl ague assays uSihg VERO
cells (for nore details see exanple section). The viral titer is
determned 5 for unvaccinated mce and for m ce vaccinated with vaccina
"viruses  according to the. present invention. Mre specifically the viruses
according to the present invention are characterized in that in this so
test after the vaccination with 102 TCI Dso/m virus according to. the
present invention the ovary virus titers are reduced by at |east 70/0,
preferably by at |east 80% nore preferably by at |least 90-/0 "conpared to

o “the or esentDBRIRHRF EPM GBI AR PEINT Dheni AARERHENALH BERTE oy ¢ 19
the present ihUEMTEA, "I EEahid v ar
Thor o have boan huatt bag e epsht STELQRLat i A7 1 Reposfekhe kBt FOARRES "tsi ng

WA as a YQ083098yetierlvdtMHiE PN vihﬂgw;s_r %@%ﬁﬁ?éﬁwi or to

DNA- pri ne MVA-boost regi nes (Schnei der. et

39%- 402) . VIGDGBBOOR: sefes tiadvirsis8d SHAWANE! e8sEstiAIRY ehbesimesr lidddiorpr € -
different fromthe vaccinia viruses according to the present invention. To -

expl ai n t RBapaderistiemasetheedpposibed fsthala bak showihg difepencss imndnbasst
adm ni stration it has_bgen hypothesized that antibodies generated to WA
during t hE'YHE RadanPhi 8 genemene Mirdsay ehanimgmihegisaene i firaplicatiorsecond
™_mmuni zat | -preventjng ap effective boost of the inmupe response. In
{contrast, CB%E%?F@FMQQ%SQ? depqsites! ¥jrésraisovireses that replicate with
similar amplification ratios than the deposited strain in CEF cells and
10 the cell lines BHK, Hela, HaCat and 143B and that show a simiar

replication in vivo as determined in'the AGR129 transgenic mouse
“model (see below).

In a preferred embodiment the vaccinia virus strains according

15 to the preseht invention, in particular MVA-BN and its derivatives,
are characterized by"a failure to replicate in vivo. In the context of the

present invention“failure to replicate in vivo” refers to viruses that do.

) not replicate in humans and in the mice model explained below. The
' “failure to replicate iln vivo" _ can preferably determined in mice that

20 - are incapable of producing mature B and T cells. An example for such
mice is the transgenic mouse model AGR12S (obtained from Mark

Sutter, ['nstitute of Virology, University of Zurich, Zurich, Switzekland).

This mouse strain has gene targeted disruptions in the IFN receptor

type | (IFN-a/B) and type Il (IFN-y) genes and in RAG. Due to these

25 disruptions ’_che mice have no IFN sy-stem and are incapable of

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



A7 A-'~ 20~~ i0 to be superior at generating -high avi dlth/ \gg
. because this regine conbines the ability of DNA to effe ? @ng rre the

i mune response with the properties of MVA to boost this response in the
absence of apre-existing inmmunity to WA. Cearly, if a preexisting 5

I munity to MVA and/or vaccinia prevents boosting of the i mMmune response
then the use of MVA as a vaccine or therdpeutic would have linited
efficacy,- particularly in the individuals that have=: been -~raccinated
agai nst smal | pox. However, according to a .further embodi nment.the vaccinia

d BN and
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‘heterol ogous theqWdRE22 ¢alzebanysedhet Opﬁfﬁéec's%r@hy i Se pué ﬂ%tigen

boost " i nmune responses in nativé aninma as we as |1 n ani ITB

pre-exi sting lﬂﬁﬁpﬁh'@yoi proghosinigr wegare Thasict TecalRCahd] QSVSLdeﬁ@%‘éQéFEIPg to.

the present invention is induces at |east substantially the sane leve
i mrunity in 'U'HE‘HPﬁlC&mpwmlﬁﬁ%ﬁnddﬁlghécsuat@pt\albﬁmﬂso opelicatrigreirusoripar ed
to = prime a Vi.rus boost CEegl mes. A vaccinia virus .s regarded -

as i nduci ng ﬁa%tgg 4 b St EHRSSa AEGOraing t%éhgaﬁﬁeseé\teln\/@ntimim npt i kill

EIZZCLEI / V'fv&*c% 122 Thios hEL = hfisonist, @ afrieastiait e ai‘éﬁ;awfﬁsled in
bot h assays, e ey ABingAETEE OO R AtoprorBiaRY: ol bB. Sy

boost | reg ﬁ?%@ﬁ%ﬁ’?ﬁﬁfi@“@%ﬁ“@i’;@??@ S AR A o'
APR 2005 11 pentonealy Preferably, the viruses that show “failure to rephcate in
0 vivo” are further charactericed in that no virus can be recoverd from
organs or tissues of the AGR129 mice 45 days, preferably GO days
and most preferably 90 days .after the infection of the mice with 107
pfu virus administered intra peritonea[y.‘ Detailed information
regarding the infection assays with AGR129 mice and the assays that
15 are used to determine whether virus can be recovered from organs

‘and tissues of mfected mice can be found in the example section.

In a preferred embodiment the vaccinia virus strains according

1o the present invention, in particular MVA-BN and its derlvatlves, 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 exarhple 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

0 7*
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S io prine/vaccinia virus boost adm nistration is higher imfa‘g}yk%ﬁ one of
he assays, when conpared to DNA-prinme/vaccinia virus boost .réegi ! Most
preferably the CTL response is higher in both of the foll ow ng assays.
Assay 1: For vaccinia virus prinme/vaccinia virus boost adm nistrations 6.8 -
week old BALB/c (H2d) mce are prinme i munized by intravenous

“admini stration with 10~ TCl Dso vaccini@ virus according to the present
i nvention expessing the murine pol ytope as described in Thonmson et al.,
1988, J. | nmmunol. 160, 1717 and boosti nmuhi zed with the sanme -anmount of the
same Vi rui adm ni stered.in the same way three weeks Eater. To this end it

i s necessal§ entesh«frdescriptiesonbithenieihat chalienge meodslpr Baisi waysai d

pol yt ope. ds ,t o consjruct, such recopbinant viruses are known 1ls #o the
per son skia%%zgﬂfencqaﬁl? {%m'ﬁﬁ’ear@e%w?@kiﬂfw Abfethgevisal tiber sovthen DNA
prime/vacgiQi:deVid i mes,_the prinme vaccinatian i ne by intra
nuscul ar ?’H}QL}%E ,oSnH%f&?ﬁg{eﬁ{ gtg’ \%‘%?'ﬁdgf)d gP BN AFra¢s H’@“Sh\zEgg}r&eﬂs

anti gen-t 1Rl @, Vi st St m.oistrati.on,with.the
vaccini a W y@%%%%'elgi%ee%gm@mt E§°§§ﬁi Iﬁg \Qgégi‘téﬁ)r'_gt%ﬁe&%wﬁi a virus
pr isme/ vac fomupvateivetQ oftic@ HR 8 TAldOVac it ENAWHIAELE BX REG RSN the
pol ytope is also described in the above re?erenced pu |IC&¥I0n by "Thonson
et al. |nabootdinggtoreshe hepresoret odpwentiol, MAErEL SROMMEHE aBal Rptuskle

epi topes SYI PSAEKI, RPQASGVYM and/or YPHFMPTNL is determ ned two weeks
after theaccpudsg tdikhai presaritomvetionedrer chasacienized tMaheTLinr @sjgonse is
™pr ef er abl ﬁdtogg by, usi ng the ELI SPOT ana_bési s- as described by 07 APR 2005
- 1p Schnei d8%t &ted| the yvaeginatin with. 102 BOiDselml aitusaceardingetb ithet he

exanpl es. ion below for one specific virus according to the present
i nvent i on.p§$§%mi/|r}vﬁ’§‘t%g’?%lior‘@r¥ IUse lidpEsBMR rRAVieRd v a’fsleaéhz?r@%,eri zed

ot oned PREISUBCHH o P8 TerelcER%, THEre \REIRREY S orras) A0 &
Vi rus bOO%bn%iéﬁléa & mggi%a;ed;rﬁﬂi%t antially the .sane, preferably at

-l east the sane as I nduc prime/vaccinia virus boost
adm ni stration as assessed by the nunber of | FNy producing cells/ 106
spleen cells (see also 10 experinmental section). Assay 2: This assay

basi cal |y corrésppmtefereds saybddirhenevitie vaceiiigadirabessadtbréthe Fel D50

vacci ni a"i:ﬂ.lr us administered i.v. as in assay 1, in this assay 10$ TCl D50

vacci ni a B UAeseBbriovagtios, ingartiesdar MVYA-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 beén hypothesized that antibodies generated to
MVA during the prime-administratioh 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




Fs invention are adm ni stered subcutaneously for prine | %;ﬁ@?ﬂﬁw and
for boost inmunization. The virus according to the present on is
characterized in this experinment in that the CIL i mmune response agai nst

t he epitopes nentioned above which is induced by the vaccinia virus
prime/vaccinia virus boost admnistration is substantially the sane,
preferably at |east the same as induced by 20 ' DNA prime/vaccinia virus
boost admi nistration as assessed by the nunber of IFNy producing
cel s/ 106 spleen cells (see al so -experlnental section). The strength of a

CTL res onse {as one of, .the s, shown above corresponds to
t he Ievgl of gr g?g@ﬁ%ﬁgrz’% 8§ NerafbRg by d1ﬁbsre&ﬂ%15$i5rd%%@tm£d]hdﬂi ng to

(e present, yeupR Bl B BLOM 2B DOTA' L BHGRR BT Tk c B
ot 1 ctemoney o Siohonte o L LRRETBSEHT T,

capability of reproductive replication in I Cke

(CEF) and’ i nabisencel ¢f 4 ipre-Biriting iRtmubyaR) INVX, O(Eiera?l erj%C%fé/%xptmﬁe

replication iin the human cell io line HaCat, (i1) fal ure t

vivo, Xiii) imaoenityiooMA hathéor vmngwevefhts Cbmm@mgdof Qhéhm‘mjﬁﬂfé’m

strain MVA 575 ( ECACC V0Q120707) in a lethal challenge nodel and/ or
response then the use of MVA as a vaccine or therapeutic would have
limited efficacy, partzcular[y‘ in the individuals that have. been

‘.Naccina'te'd against smallpox However, according to a further -

in

embodiment the vaccinia \nrus according the present mventlon in

10 partlcular 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 nativé

animals as well as in ammals with a pre- emstmg |mmun1ty t0'

: ,poxwruses Thus the vaccinia virus according to the present mvention
B _mduces 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.'levél of immunity in vaccinia virus .prime/ vaccinia virusr
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/ vaccinié virus

25 boost regimes when compared to DNA:prime/ vaccinia vifus boost

regimes. More preferably the CTL response after vaccinia virus




ss (iv) induction of at |east substantially the same I|evel.0df APRn28OS ty in
vaccinia virus prinme/ vaccinia virus boost reginmes -when conpared to

DNA- pri ne/ vaccinia virus P boost reginmes. Zo Preferably the vaccinia
virus according to the present invention has at |east two of the above .

. _properties, nore preferably at least three of the above properties. Mst
preferred are vaccinia viruses havinglall of the above properties. ' ~ In
a further enbodiment the invention concerns a kit for vaccination
conprising a virus according to the present invention for 0 7 APB 200 14
the first ¥

i Lon ('primng") in a first .vial/{container and for a
second va cﬁﬁé{%ﬁ’@‘%‘g‘&?ﬁt&ﬁ %qnﬂn?@%@"\}?é’lig Eﬁt‘ﬁi%feasih@“%@fus may
be anon-r i L Ni LX L€ i.nia vi.rus that does not
contai . g erstabs.SHEh! Bl o D HRAREDArthla Sy lE e
vacci ni a yegithes.s MG&A- Bt ' TV el g‘r}?etri 6t s Yhlus. may
be a reconbgnant vacciﬁiJ%eg?ﬁi%?ﬁg?T%gﬁfé?ﬁgegidﬁ[ onangﬁghegtﬁhg
sequences foltdwimgasssayet er ol ogous to the vaccinia virus. As-.outlined in
ot her sections of the .description the heterol ogous sequences may code for
epidt opes that induce a response by the io inmine system Thus, it is ~

possible to use the reconbi nant vaccinia .virus to vaccinate against the
proteins or agéssa¥cokiriFerngvanginiaepvirope. piiheeAvaceirda . viays bdbdasimul at ed

each vace P HUITAHRNS ndeR duPPkedIAbOIBLBIE (H-20) kiben se pHm®on
1 e BBty H S, S0, A B e A R T st O
o Bk ey SCH AT U b TRy Y e ekl
kemat i'nocyobyteplel as! A8sERbRH: in Thomson et al., 1988, J. Immunol. 160,
717 alnd boost-immunized with the same amount of the same virus,
:'?:a.dministered in the same way three weeks later. To this end it is
necessary- to. construct a recombinant vaccinia virus expressing said
‘-‘p’dl_ytope. 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/vaccihia virus boost regimes the prime
vaccination is done by intra muscular injection of the mice with 50 ne
) DNAve}(pressing 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




- failure to replicate in vivo, - induction of a higher in@qnggﬁqgﬁsty
conpared to the known strain MVA 575 in a | ethal chall enge node /or Q
7 ~~'"R 2005 zs induction of at |east substantially the same |evel of ]
i munity in vaccinia virus prine/ vaccinia virus boost regi nes when

conpared fo DNA prinme/ vaccinia virus boost regines. io A process to obtain
such a virus may conprise the follow ng gteps: (i) introducing a known -
vaccinia virus strain, preferably MWA 574 or MWA 575 (ECACG V00120707) into
non human cells in which the virus is able to reproductively replicate,

wherein the oPl-hu ncells aredﬁreferabl sel ected from CEF cells and the
cel | |ine BHRENPEIder ebpht 1RYGeriNabnMegl. vir 8975402 andsas meilingedn thel | s

: d (iii i whet.h h bt ai ned vj. h t I t f th
Goei ted ) br oBsHElFs SEEHATHAION 187 il Shonr b S Pacoiding th PHopRBRAEE st eps
. ti _ . il i Lt h,t he desi d . | j.cati
gﬁgr aglt[)e:?g,?!i\bsén?@r{igggﬁéngg{'%; E‘C%\(?g#ﬁégn%fum%grprr%%lﬁé es‘%ﬁlgn{'ag {/Fspuses
btained b ' i di i : ' i h
obtai ned by thipadterized afeIsdeRBetitdite if R tnd ROt iRunkerdlgis, dlow the

desired bi ol ogi cal properties ca erm ned are exp |
partssof thiagdiesstr tipei epitopes! menptibiedo abldve rRhized i§ hﬁ,du@;\égnt@; Sthe
identified and isolated in several rounds of clone purification & strain
accor.di ng t oVEeRINE es\dris i nudMmed/vaceinda t i vigus r obobbe MiAmisidtedttomasgage
575 (WA 575&\. This. new strain corresponds to the strain with the accession
nunber 2s E @W@@éb’oﬁ?e @00 peefespble at least the same as induced by

DNA prime/vaccinia virus boost administration as assessed by the

9

nu_mber of |FI_\!-y producing cells/106 spleen cells (see also
10 exp’efimenta! section). | ,. |
Assay 2: This assay basically corresponds' to as'say, 1. Howevér,
instead of using 107 TCIDso vaccinia virus administered Lv. as in assay
| 1, in this__assay 108 TCIDso vaccinia virus according to‘tHe,pres;ent;_;
i_nvention are administered subcutaneously for prime immuni.zation%
15 ;and for boost immunization. The virus actording to the present
~invention is characterized in this experiment in that the CTL immune
response against the epitopes mentiohed above which is induced by

the vaccinia virus prime/vaccinia virus boost administration is

i o
N

substantially the same, preferably at least the same as induced by
20 "'DNA prime/vaccinia virus boost administratfon 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.



0 ~ APR 2005 16 The growt h behavior of the vaccinia virusesgzp%@%géﬁ% to
the present .invention, in particular the growh behavi our¥df |

A ndicates that the strains according to the present invention are far
superior to any other so far characterized WA isolate regarding s
attenuation in human cell lines and failure of in vivo replication. The
-strains according to the present inverRgion are therefore ideal candi dates
for the devel opnent of safer products such as vaccines or :..;
pharmaceuticals as will be described below 10 In one enbodi nent the virus
according to the present invention, in particular MVA-BN .and. its
derivatives, idJhusedthe airusasciaceordimighsto htimanppesei rinventioaeases such
as small pox.,In-a further enbodinent the virus according to the present.
i nvent i onPREYCUlRETY sudablefort vaccinatipayp@sansess het er ol ogous genes as,
e.g., 15 antigens or epitopes heterologous to the virus and may thus be
useful as a vaccine to induce an i mune response agai nst heterol ogous

i . an i mmune ,, 3 logous
20| pmune. sy<t i “ameas s e yacETHT AR ACRordBRO gt BIASATE (he
ang an_ unoneniL B, chifactel PRd B ATRRDAR ferd Pt Hcthd hleipe™ e | ©

unspeci f i propeviiesy esponse is the inmmedi ate defence against a wide variety
of foreign substances and infectious agents. The zs specific i mune

response i's thé)def eapabikiysefl rapteduetivegrephssatiomhien chivkedr 8aTHSD | S
hal | enged with a substance .for the first tinme. 0 7 APP 20Q- -
Y)- i -7 Tlibroblasts (CEF) and in the cell line BHK, but no
capability of reproductive replication in the human cell
10 line HaCat, | o

(i)  failure to replicate in vivo,

P

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

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

) | © .+ boost regimes. | |
20 Preferably the vaccinia virus according to the present invention
has at least two of the above properties, more preferably at least

three of the above properties. Most preferred are vaccinia viruses
having all of the above properties.

In a further embodiment the invention concerns a kit for

vaccination comprising a virus according to the present invention for



The specific imune response is highly efficient and is resBﬁps‘é@le for the
fact that an individual who recovers froma specific infect®on xﬁﬁ% ected
agai nst this specific infection. Thus, a second infection with the sane or
a very simlar infectious agent causes much nilder synptoms or no synptons ~
at all, since there is already a "pre existing imunity" to-this agent.
Such immunity and the inmmunol ogi cal nmenogy, respectively, persists for a
~long time, in sonme cases even lifelong. Accordingly, -the induction of an

i mmunol ogi cal nmenory can be used for vaccination. io The "imune- systent
means a conpl ex 'Qr%an i nvol ved in the defence of the organi sm agai nst

forei gn subsitBfcHEst- ¥aecipatipn. (.promingsis. a Thisti vielfeordgateenandnpor ses a
cellular part cogarisin several cell types, such as, e. | ynphocyt es and

other cells J8FPURIEFSIHGHRR %stmg;‘adlrw$%qor%aia'/93n€aié¢r.ﬁﬁm virus
i Si | ti t .fact Y/ i nat | . t hat
an or gant am 1% B B OB <GPSR SRR B5e ke 8- RCCinie Hirud: foatiar od
or gani sm . . . t . L .
Crmuni ty. | Theeear ot SonkahheRrofiestis HUFICBRRE srdfeidHe Kn iBRlR P
wi th meconbi gochvaestdint VirnyISMeARNAaRE £9 ddHyAIRIENA BRI thd N

. : : el
particul ar reconbi nant MVA-BN and its derivatives, expressing an‘% Pgens or

epi t opes t hawvirasemayt &eokoperombimaritheavtinis vifoethhe scditaisd eidohapes

are given in 25 other parts of the description and cover, e.g., epitopes
from pr ot ei nHIUgEEQLGRISEgUaneR hwthich ane dwetemibgess ttbetHengoeinia virsis. As
Hepatitis C ~.i ~7~+ 200 18 virys, HN, or epitopes, derived from proteins
that are ass®EtERed it RIhek neeeldoBs opheiiie oflesaniplion athel batrrelogeus er . )

bt opas "y o <Bhl BB el FRAE BT b BREeES TRl RdlichansSLpatden &ESM e
or garism t hoo iy AETRRRSR, THchTl iR PRRITE JhrBe e R B ot
epi fope t hat virsisehg oftastiMatel irali Pa0ThE 1 BAOIRE Conl Apelis! TombrEngl kg Teans

partial or conplete protection of an or gani sm agai nst di'seas caused
by an i nf ect iepitopegefhedvieuses anay boctmssiiloed! 81 slibwaAnbefovd iPARELEET NY
infection with said infectious - ' L B

. detail. The amount of virus that may be used for each vaccination has

been de.fined above.

15
It is known for a person skilled in therart,_ how he can obtain
Vaccinia viruses having at least one the following pfoperties:
- capability of reproductive replication in chicken embryo Y
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



agent or a characteristic part thereof. Immunity is base%?ogﬂ%%
exi stence, induction and activation of specialised cells o Brune

system 15 As pointed out above in one enbodi nent of the invention, the

reconbi nant viruses according to ..the present invention, in particular

reconmbi nant MVA-BN and its derivatives, contain at |east one heterol ogous
“nucleic acid sequence. The term "hetergl ogous"” is used zo hereinafter for
-any conbi nation of nucleic acid sequences that is not nornally found

intimately associated with the virus in nature, such virus is also called
"reconbi nant virus" . According to a further enbodi ment of the present

i nvention the -25imuchioh ofetdesstsebseminilly Bhefsrab! gvanbi %f*ﬁ&m@yi t opes,
whi ch are sel ected fromany non-vaccinia source. Mst preferably,. " said 7
A~' R 2005 19 recofbivagainiaivinss gxpmes'seaceinia virumboosht rgdmas epidppes
from Pl asnodi um f al ci parum cobacteria, Influenza virus,- fromviruses

sel ected of the f&RiMKALSd VAiRTiDed , varaipidy Xious rieest, ragimaisi ti s.

vi ruses, Human i munodefici ency viruses or fromviruses causing

. henorrhagi c fever such as Hantaviruses or Filoviruses, i.e., Ebola or

Margour g virus. Acgcaordi t 111 _a.further enbodi nment, but also in

addi ti gn to t heﬁe\a@@r\?%-sgegm :%cpﬁéw S A YHUSt Mgy i%ﬁpélsgpﬂi‘%&@ﬁ?vﬂﬂﬁa to ,

het er ol ogajtepgequences can be selected from another poxviral or a vaccinia
source. These viral sequences can be used to nodify the host spectrum or

the i munogeni i)ty thﬁdﬁgc\ihgLbs'knbﬂllfﬁvééﬁihi?ggr%%gérlﬁihma,%i‘etf&%b\ﬂ/r[\WA

ccording to the present is Tnvention nmay co
-%et erol ogous- gene/ riig4 ejrc VA @HQEM@WG@MWO?MMO'HM human
o cells in which the virus is able to reproductively replicate,
10 - wherein the non-human cells are preferably selected from
CEF cells and the cell line BHK, |
(i) isolating/enriching virus particles from these cells and
(i)  analysing whether the obtained \iirus. has at least one of
the desired biological properties as defined above;
15 | whérein the above steps can optiohaliy'be repeated until a virus WI’ch
“the desired replication characteristics is obtained. The invention
) ' further relates to the viruses obtained by this Metho_d éccording o
‘ the present invention. Methods how the desired biological properties

can be determined are explained in other parts of this description.

" 5

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. '




t herapeuti c conmpound. A "therapeutic conpound” encoded by tg? Eﬁgﬁﬁﬁcmous
nucleic acid in the virus can be, e.g., .a therapeutic nuclerc f"éc Bsuch

as an antisense nucleic acid or '"a peptide or protein with desired

bi ol ogi cal activity. 20 According to a further preferred enbodi nent the
expressi on of heterol ogous nucleic acid sequence is preferably, but not .

excl usively, under the transcriptional control of a poxvirus pronoter, nore.
preferably of a vaccinia virus pronoter. zs 0 7 APP 2005 20 According to
atilt a further enbodi ment the insertion of heterol ogous nucleic acid

i ferably i - tial i f the vi | o
Anathor - prerer red NEnBENHbMETGMIT S thpaNECOMIa rVIELYRE GSDORDESLo i ei ¢
acid is. d at .a 5 npatyral] i ng, del etion-. si f th
i gonans ( BreSanl Ve niof ifSatiats) e dituab’ fehavisima, MVABN, '
het | o¢ i ' ' . [sqQn
ki 11 o Po'T IRABHERC fRal B SRR OXdCdBIng TO0 e HrmsiBE Do BHBatFTR R ¢ ne
zo inventionsipetiveen Ao othdre GLTAPEIrdctEriYedUTVAL 3561850 Y or

functional parts .thereof. Such viral sequences can Y)e usegfto ig%gﬁll y or
i sol ae the atteasiation s hueeantdelialines andgfailime oiinaiv@GRplitsbiohdi 7w | on
t echnol ogi es or by establishing ELI SA assays::.
. ~strains according to the present” invention are therefore ideal
candidates for the development of safer products such as vaceines or
spharmaceuticals as will-be described below. ~
| | D
10 ~ In one embodiment the virus according to the present
invention, in particular MVA-BN and its derivatives, is used as a
vaccin_e_ against human pox virus diseases such as smalipox. In a
further embodiment the virus according to the present invention may )
. : . -
be recombinant, i.e. may express heterologous genes - as, e.g.,m
15 . fantigens_or epitopes heterologous to the virus ahd_ 'may thus be useful
as a vaccine to induce an_immune response against hetero!ogous-
antigens or epitopes.

The term “immune response” means the reaction of the

20 - immune system, when a foreign substance or micfo-organism enters
the organism. Per deﬁnitio_n, 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 foréign substances and infeétious 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.



$

... ;:i,~> Furthernore, such viral sequences -can be exprq§?3ﬁygr an 15
expression vector to produce the encoded protein or peptide I C en my

_.suppl ement del etion nutants of a virus that |acks the viral sequence

contained in the expressioh,vector. "Functional part" of the viral genone
"means a part;. of the 20 conpl ete genom ¢ sequence, which encodes a
“physical entity, such as a protein, pratein domain, epitope of a protein.
Functional part of the viral genone al so describes parts of the conplete
genom ¢ sequence, which code for regulatory elenents or parts of such

el ements wi_th indjvidualizable activity, such as pronoter, enhancer, cis-
or trans25 & BRgcificdmmune response 2obighly efficient conbiinaesponsible decor di ng

het or ol 6o REon At EB a8 dNidbabaM10 nisBarersr o bl eodin dnfestioanis bei ng
et or of ogon SYSHEe @ee i IS HReHIS riechon: THises SBoPNIpIasiam b G
Ui ruses | erlbosany Wod BRI SRR MicuRls RARRERERISE ThheR! RiBER on o

el ¥ under Yo TaTs Sor R DR Y i eRtun oPrPhe. 10

peptide, prexistimg ariedmiunity ustdr GRks echduhtsal dubRSt jEehdnitFUrdier nere. the
met hod for introduction of a honol ogous or of a heterol ogous sequence. to

.cel | s may ibwnapplogidal mernoryi respeatidelyppefreisablfgr ianlofigy tindeirapymeor i n

- Wtro therapy, isolated cells that have is been previously (ex vivo)

{ﬁwf ect ed wiGAsesheven rlitcleng Aeavrdisght,ethe dnduckiarn \Gfngnamhmundbogigal or
“nduci ng an_i nmune response, _For in vivo therapy, the virus or its

r econbi nant §EHAY 3L 0e ysedifemyas@patione the |iving ani mal body for

in i ng . an i mmune response. In this case, the cells surrounding the site
of Thoculation are directly infected in vivo 20 by the virus or its

nvent i on i 5 i o'y nAnhe Syt ThaRs, £ ARRRIE HRBIURIS S ue

hi ghl'y attafefahed. dft thé S ok g&isnt Oagéﬁfﬁt FoMdigh " aﬁée{lﬂaﬁa' %n{d?e'- udi ng

humans. Hence, 2s the present invention also provides a pharmaceuti cal
f:_orr_posi ti ororgantsrasy dbei inenrir@ system iduliprisgsaa ¢allae gaes REoBprisihg
I ving . '
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 i'mmunity.. 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 epitOpés 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



.01 APR 2005 22 ani mal body, including a human. The virus @f the invention
Is further safe in any other gene therapy protocols. The &Zér&ﬁ edlifffical
conposition may generally include one or s nore pharnmaceutical acceptable
and/ or approved carriers,- additives, antibiotics, preservatives,
adj uvants, diluents and/or stabilizers. Such auxiliary substances can be
wat er, saline, glycerol, ethanol, wettingier enul sifying agents, pH
buffering substances, or the .like. Suitable carriers are typically |arge,
" slowy. netabolized nol ecul es such as io proteins, polysaccharides,

pol ylactic acids, polyglycollic acids, polyneric am no acids, ~am no acid
‘copol yners, | Viid, gﬂyr S RRIEOPes defived Weom y@pteinsrihatarpr agsoziaterh with
vacci nes, the Hir S ir its ref?nbinants.iS according to the invention is
converted int 9% ApJE?‘Y)‘? PRI AT TYMalrspaag) eancsrmAtien $he adminisératiamsdd on

| ;S.Sih et “omal | a5 [e BN, S Enig, Yiihf§e¥ﬁ‘e§f bBEToFe wlopSieare o
Wschr. 99, 23 ' i f i ' i -8QC
N a D0t o CapciR IRl APEIBRLtERe (BT MRS St epthaned henfly
NaCl pi8 7. 4. Hoimbihe pespmisd | gBalistVvakesdcepliiebe May- ,belognagﬁe@.armgl.es

of the virus are lyophilized in"100 m of phosphate-bilffered saline S)

i n the presenoegamnisay s, dsdirandnigechagamsaltheragentpreternpentaining the
preferably a gl ass anpoule. Alternatively, the vaccine zs shots can be
produced by é%&&ﬁp@ethateléz@que@ byt the hecambisanthvacdiniairasi on. This

formul ati on can contain additional additives such as o ~ a~~ 2-~0s

»

“!mmunity" means partial or complete protection of ah-
10 organism against diseases caused by an infectious agent due to a
-successful -elimination of a preceding infectilon-with said infectious
agent or a characteristic part thereof. . Immunity is based on the
existence, induction and activation éf specialised cells bf th_e immuné
- sys{em. | |
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 epitopés, which are

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



23 mannitol, dextran, sugar, glycine, |actose or polyvinyl r aid or
ot her additives such as antioxidants or inert gas, stabili @] ﬁcﬁ’ %{ﬂf

reconbi nant proteins (e.g. human serum al bumin) suitable for in vivo

" adninistration. The glass anpoule is then seal ed and can be stored .between
~4C and roomtenperature for several nonths. However, as long as no need
_“exists .the anpoule is stored preferabhy at tenperatures bel ow 20C. For
vacci nation or therapy the |yophilisate can be dissolved in so 0.1 to 0.5
m of an aqueous sol ution, preferably physiological saline or Tris buffer,
and adnlnlstere?%melther systenlcally or locally, i.e. by parenterally;

i nt rarruscul’%fﬁq”yl a%ﬁmwlmsw&xpﬂsewe&fommrrumorat aotigeniowepiioptes Skornl ed

practiti onf,rI fé gaof adm nh/f aél on, . the -dose and the nunber of
admini stra lSRarHe ariskias kInfluanzan vimgis; HEORY ViUses known

manner . cc urt her odi-ment . the r ,
accor di ng g hfé"ggg ttﬁ% garqﬁ‘%n ﬁ[ E‘o’l'rvﬂ'fqﬁﬁ ar [NyA régbﬂﬂv‘rﬂ*’éeﬁndééé‘gﬂtﬁmne |
responses I n 400/ 1 of
bl o00) 1 nf ArHeE G IRThERGABLEREY, uf e 28 HRHE, ThseR paay

"I mgunocorheaoiREgicIRSRY S8eh the I—FatrﬁhUﬁ'u%stBP Filmﬂ%e@%e,”‘E%lé’"br
i ndi vi dual, which shoms only inconplete immne resp has "a” reduced
effici encyMarttLhrg viefience agai nst infectious agents. Even nore interesting

and according to still a 25 further enbodi ment the. virus according the.
pr esent inventi on can boost i mmune responses in immuno-conprom sed ani mal s

humans, 53 24 - even in the presence of a-pre-existing
ivunl ty to poxﬁCPQ ing thebl @rfuh’iil%' embmhm&at Fetrtt Blsg by bddithorrtest i ng

s, that. 'l‘he Vi rus acc rdin l,ieh pre i nyenti,on .c¢an boost i nmune
responses Mo AR é(ﬁl'ﬁ&l 1818 u nga%tr‘ge'ﬁﬁtl BRitapese. g.the

T Ger 1t BERpAl0EEFE esaddigeX, Eah b2 &%ﬁmt Tl PRt WVl g & 1) the
| f d f

W Tal “onzynacs T ERe  PESELISP seblherR AP B i (O xfiiabP O

cyt oki ns t speotiune nrethenmnui®smorg ofdthet ipugost . zo '

In a further embodiment the virus accordlng to the present'
15 .lnven’ﬂon 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 a(:ld or ‘a peptide or protein with
desnred biological activity.
20
According to a further preferred embodiment the expression of
héterologous nucleic acid sequence is preferably, but not exclusively,
under the transcriptional control of a poxvirus promoter, more

preferably of a vaccinia virus promoter.



According to still a .further enbodi nent the vaccine is esp%:'za‘lﬂiw, utﬂgt not
exclusively, applicable in the veterinary fiePd, .e.g., for efth 2

i mruni zati on agai nst ani mal pox infection. In small animals the inoculation.
for immuni zation is preferably perforned. parenterally or zs nasaly,

whereas in larger animals or humans a subcut aneous, intranuscular or oral
inoculation is preferred. It has been foupgl by the inventors that already a -
vacci ne shot containing an effective dose of only 102 TCI Dso (tissue

culture zo infectious dose) of the virus according the present invention is
sufficient to induce conplete imunity against a wild type vaccinia virus
chal | enge i n nice. ASRPEDING phar tStlll ar Ify prémbadimient e thec hnsegionlegf ee

of attenuati OB ge%‘ ﬁhe Vi rus accor.(gi' n% to the prefsent i nvention woul d be
expect ed to nBFHTPIREQMS MUCRIR &S RetUansee I, prefesablye infos azBon-essential

i mrunogeni Ci t YuqiSHC t] ' S n the believe that for induction
of an imune r%%'gﬁn@eﬂﬁg’ﬁléﬁt%@%ﬁe-g& ?ﬂ% "BE eft@cﬁ@mé?%ﬁﬁﬁﬂ%ﬂoﬂﬁ 10
15 presented | NTRE Ny il ntity.: A Vir that is
highly att en-uarﬁggiﬂgwd, t hﬁg?aéﬁ%t deulpgl ?‘glgﬁlggfdggn%%h%érlégeHfgegyé%r%ta {nal |
amount 5of ant hgturiatlyepctopisg ddistioni sitaSoffifR MYAL RIfombNEREERsBHEH
‘This amount of antigen, carried by the viral particles, was. not
consi dered suPGTZEER6AQR926 ubtetbodsf hawpdo eimserimheterologdnensequEhveyer
the virus according to the invention stimulates even with a very |ow
ef fective dosHtgrthenpoxvival genoae areknewn tmd pensoneskiiled innthenart; esponse
in a nouse/vaccinia challenge nodel. . The virus according to the present
i nvention thus shows an unexpected and even increased inmunogenicity -

comper o0, 4o A58l SRR M e it o oy
voccin e, ki 88080 i cu3BtH o ShecUPLECRY SRoloimats ot v

i mmunoconprom sed ani nmal's or hunmans? Accordi ng to

of the invent functidris panyshepeofl BuLHiraD séahéMé@%-ca?Pbéaﬁéé%%tf&:ie'n?itf he
context of the present desciption refers to an enhancer of the specific

i mune response isolateacthienesirus Usimgits hesgdmipdnastsadieuy antby naaitg | PeRudi ng
the virus in zo pre-existing vaccine to additionally stinulate the i [’mune E
. system of- t hBYRHFiZatiomnhotackewilogiest her vabyi nestabhishingrunkziS#fy edgsmys, of
an antigenicre ito&gq{i n rmsb vacgi nes is-often enhanced by the. additizon

of a so-cal | eBUEdE ¢+ AHCHI RNt SEBIedGeRu| GaTb sPEheeXRTgaRed s isomm amy

_causing a streRERIsiRe Uectbr tEHPSlGR the8n 898 S5 AL S gB%i%le 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.



25 epitope of a vaccine. This stinulation can be regulate@?bgfﬁﬁﬁm rs of
the unspecific imune system such as interferon and interleu Q7 AR
.2005 26 Hence, in a further enbodi ment of the invention, the virus is used
i n mammal's including humans to activate, support or suppress the inmune
system and preferably to activate the i mmune response agai nst any
.tantigenic determnant. The virus nmay ah$o be used to s support the i mune
systemin a situati'on of increased susceptibility against infections such
as in the case of stress. The virus used as an adjuvant may be a )
rionreconbinant virus, i.e. a virus that does not.-contain heterol ogous DNA
inits genome. A seanabprantt virustaccaryive 66 the presentwiAv@NRion may
AIternativ%Iy the virus that is used as an adjuvant is a reconbinant virus
cont ai ni ngPErH$8 f@%%ﬂ#ré”%@@@ﬁhﬂb@f@@\ﬂ%@tﬂ@t&@%h&'aatltda sequiengeur al | y

resent in.the .viral ,gen . For use as a adjuvant the reconbi nant viral
' ICIZ))NA of th: U, r%stﬁﬁﬁ‘tgr%%ﬂ‘; S@(B&t ASBICAGE eli%illngss@@hg'énéé?nﬂﬂﬁgoééd@rf or

i mmune 15 ' [ i.des. orn prateins.such as. interleukines. According
to a furthg‘rb{%rgégg?%nfbe%ei Tatrlet gPﬁe?'}%é‘t‘%Pﬂé‘ci'PPuQ?i%P‘T‘%SE‘P P8RS, when
Virds may Bacay uIdCte AR, o RS LERTHES: pe e d W REBHUER Bhe ar
Pref er abl yyjtt ' bEs| @t ' ' gt o thi
mbod N Lot e R AR COmAR M sl 0 T

vacci nes aeacosiednbyesaidsséquiendd.olisisomethoti éenairises tHe emeesiohoof Acr ease
tye i mmune response of the patient to this disease. 25
x ) host cell with the recombinant MVA, cultivation of the infected host

cell under suitable 'conditio'ns, and isolation and/or enrichment of the

A

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

Furthermore, the method for introduction of a homologous or of

- a -hefé:i'oiogous sequence to cells may be applied for in vitro and

| pre'fer.abrly in vivo therapy. For in vitro therapy, isolated cells that have

15 bee’npreVioUst (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
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the followi ng, alone or in conbination: Vaccinia virus having at [east one
of the follow ng properties: - capability of reproductive replication in .
chi cken enbryo fibroblasts (CEF) and in the baby hanster kidney. cell line
BHK, - but no capability of reproductive replication in the human -
keratinocyte cell line HaCat, io -failurez2io replicate in vivo, - induction -
of a higher imunogenicity conpared to the known strain MVA 575 in a | ethal
chal |l ehge model and/or - induction of at |east substantially the sane |evel

of immunity. in vaccinia virus prinme/ vaccinia virus boost regimes when =
conpared to i #NBRAl podye/IalEing @& human.bddia viregi okthe Theeniionds darthisyve,

wherein the virps:.is not. capabl e,of reproductjvely replicating in any of
the fol | ow ngSﬂtjﬁTﬂhaE‘é!l?thﬁrr&’@&e Ef}%aHMrﬁrﬁqe% o kidney cell line 293, the

human bone osteosarcoma cell line 1438 and zo the human cervi x
adenocarci nona cell line HeLa. The virus as above being deposited at the

D038 ot V4| DEBTERLEAP SoREAGRRR P etahl ol o

5 more pharmaceutical acceptable and/or approved carriers, additives, -
antibi.o’_cics, preservatives, adjuvants, diluents and/ o-r stabilizers. Such
auxiliary substances can be water, saline, glycerol, ethanol, wetting or
'emulsifying agents, pH buffering substances, -o-r' the like. Suitable
carriers are typically large, slowly metabolized molecules sﬁch as |

10 proteins, polysaccharides, polylactic acids, polyglycollic acids,
polymeric amino acids, amino acid copolymers, lipid aggregates, or
the like. |

For the ‘pre_par_ation of vaccines, the virus or its recoébinanf?

15 | according to the invention is converted into a physiologically
acceptable form. This can be done based on the experience ‘in the
prep'aration of poxvirus vaccines used for vaccihation agéinst 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/m! formulated in. about 10mM Tris, 140 mM

NaCl pH 7.4. For the preparation of vaccine éhots, e.g., 102-108
particles of the virus are lyophilized in 100 mi of phosphate-buffered

saline (PBS) in the bresence of 2% peptone and 1% human albumin

- in an ampotile, preferably a glass ampoule. Alterhatively, 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

L)



I's The virus as above conprising at |east one heterologousﬂdﬁqMﬁQ %Pld
sequence. The virus as above, wherein said heterol ogous nucleic aci

~sequence 5 being selected froma sequence coding for at | east one :antigen,
antigeni c epitope, and/or a therapeutic conpound. Cenone or functi onal
parts whereof derived fromthe virus as defined above. 10 Pharnaceuti cal

-~conposi tion conprising the virus as aboyge and/or the genone and/or

- functional part thereof as defined above and a pharmaceutically acceptable
carrier, diluent and/or additive.. 1s Vaccine conprising the virus as above
and/ or the enone and/ or functlonal part thereof as defined above. The
virus as a e dexbare sHgAGr glynioe; cbmilfJSpaDr pbbviroflparolidbineedrabove,

the-conp03| fi ned a ove or .fhe vaccine as 20 defi ned above as
.drug for ﬂh%r&lt ﬂﬂjﬁj %ﬂﬁéf é:“& | ¢S Rdiaxigants or umnhog@sg. @aabtrhégpsmeé in a

I h b I
comos o T bt PERIBIA e kBl SR PR sATE o B WP e as
def Ined abemIRSIHARAS! Thbladd Hiipoblt KRBT LALIBA Sha' B e

adni nistered in
5 between 4°C and room temperature for severaI months. However, as -

long as no need ex:sts the ampoule is stored preferably at
" temperatures below 20 C. |

For vaccination or therapy the lyophilisate can be dissolved in

10 0.1 to 0.5 ml of an aqueous solution, preferably physiological saline or
Tris buffer, and administered either systémically-or locally, i.e. by
parenterally, intramuscu.!arly or any other path of administration know

to the skmed practitioner. The mode of admlmstratlon 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 i:s particularly useful to induce
immune responses in immuno-compromised animals, e.g., monkeys

20 (CD4 < 400/p.l of blood) infected with SIV, or in immuno-compromised |
humans. The term “immuno-compromised"‘describes the status of

the immune system of an individual, which shows only incomplete

immune responses or has a reduced efficiency in the defence against

infectious agents. Even more interesting and according to still a

25 - further embodiment the. virus according the. présent invention can

boost immune responses in immuno-compromised animals or humans,




29 therapeutically effective amobunts in a -first inocul ati ogﬁoggr; rgﬂﬁg
I nocul ation") and in a second inocul ation. ("boosting inocul % e of
the virus as above, and/or the genome as defined above, for the preparation
of a nedi cament or a vaccine. Method for introducing honol ogous and/ or

het er ol ogous nucl eic acid sequences into target cells conprising the

i nfection-of the target cells with the vrr?s conpri si ng het erol ogous
sequences as .defined above or io the transfection of the target cell wth

t he genone as defined above. Method for producing a peptide; protein and/or
virus conprising infection of a host-cell mrth- t he virus as above,

.cul tivation evehhin thd ereeenbesif &¢rk- é&ﬂgﬁﬁ ﬁﬂgivgj’lﬁn% tARdeZ5

i sol ation and/or enrichnment of the peptide and/ or pr /or 'virusSes

- produced by s@rl‘tm’\ﬁiisfOitehummmod’a‘rbcuba‘rl)ecmrtﬂmstmgefﬁaémMwatnd!-l"@' "grag

i mmunol ogi cal response in a |living ani mal body including a hunari

conpri si ng adRCRPERIBE; tegthe rfé’e@@ngrlﬁM%“’élQHam@Oashen'g’emuee’%@ﬁhees also
functional par éher of as, defined apove, the cogﬁosrtron as defined above

or the vacci né NFAIEnBH BREANS YNdeseaiigman oanHvikah tegbe antisatrevirathe
T e YRR B B B Bbed e TR 1o
eliminate or suppress viral infection including , e.g., (i) the application
qf nucleotide analogs, (i) the application of inhibitors for viral
enzymatic activity or viral assembiing, or (iii) application of cytokins to | f"ﬁ) _
influence immune responses of the host.
10

According to still a further' embodiment ‘the vaccine is
‘especially, but not exclusrveiy, applrcable in the veterinary field, e.g. v
for the immunization against animal pox infection. In small animals the, -
__moculatron for rmmun;z_atron is preferably performed 'parenterally or
15 nasaly, where'as in larger animals or humans a éubcutaneous,

intramuscular or oral inoculation is preferred.

‘1t -has beén found by the inventors that already a vaccine shot } |

c_:ontaining 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,: redluce its

25 - immunogenicity. Such expectation is_ based on the believe that for

induction of an immune response the antigenic epitopes need to be



30 The met hod as above, wherein the virus, the conposition qQr. the vaccine
Is adm nistered in therapeutically effective anounts in a fﬁr?stﬁ‘ai’ﬁ 2{}@5
-inoculation ("primng inoculation") and in a second inoculation ("boosting
i nocul ati on"). The nethod as above, wherein the animal is
I mmuno- conprom sed. The net hod as above, wherein the aninmal has a
“pre-existing imunity to poxviruses. 29 The nethod as above, wherein the
animal is undergoing an antiviral therapy. The nethod wherein the aninmal is
undergoing an antiviral the~~py, sa characterized in that the antiviral

genome. andPBrod it o V'frﬁﬁs’w%‘%%%m nr§§8%g%£‘r§t9éhéét§¢§sai\?é’sé&wéa%ﬁs' 20 A
an anti gen %“@E%%Mﬁﬁ“%ﬁgd frisa ke cPRECRIRG S8 WY altbennbus %ﬁ“ﬁ?‘”
e 5 sty 1, SRS IR A
(~~~ 2005 incorporates. This amount of antigen, carried by the viral par’ucles
5 was not considered sufficient for induction of a potent immune
response. However, the virus according to the invention stimulates
even with a very jow effecti‘Ve dose of only 102 TCIDsp a potent and
,} ‘ protect'ring immune response in.a mouse/vaccinia cha!!enge model.
The virus accordlng to the present mventlon 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
anirmals or humans. |
15
Accordi_ng to still another embodiment of the invention, the virus is
used as an adjuvant. An “adjuvant” in the context of the present
j -desciption refers to an enhancer of the specific immune response in
| vaccines. “Using the virus as adjuvant” means including the virus Iﬁ 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 agéinst an antigenic
25 epitope of a vaccine. This stimulation can be regulated by factors of

the unspecific immune system, such as interferon and interleukin.




31 The -virus as above or the genone as defined above, as adja ;}%D A cel |,
preferably a human cell, containing the virus as above or the éﬁ 'ﬁ%Z&ﬁ
functional part thereof as defined above. 5 . Method for obtaining the.
vaccinia virus as above conprising the follow ng steps: introducing a
commonly avail able .vaccinia .virus strain, preferably MVA 575 into non
human cells in which the virus is able toJ,o reproductively replicate,
wherei'n 'the nonhuman cells are .preferably selected from CEF cells and the
-~ cell Iine BHK, isolating/enriching virus particles fromthese cells and
anal ysi ng whet her the obtained virus has at |east one of the:: biological
properties as [def¢Hhed-a focther ambodimeint ohthelventidrepthe airueptsi ased! i be
repeated until_a virus with the desired replication characteristics is

obt ai ned Ki't f%‘?nﬁﬂﬁﬁ%/la@wﬂng ningIanst itonastnate, sistpperti elussuppreassy dhea

[ ~ab h [ d s defi b f fi 20
et ron CMemfihet Ssté 2th ereteably (T GiCkvale) dhat HTRAMNG P SHOMSe

di | ' " s i | Lon"Y i ' d vial/ t ai :
“Uee ot the vidarnist AFOSHHBEAIC Hats B BRRY, Thequiifoliahalie Hrdedita e
vacci nes as defsuﬁﬁ@%\éeirﬁﬁﬁuﬁé‘§¥§fe?ﬁ51‘hgé' %f‘ué’ﬂ?oﬁ dfaﬁ?frﬁg%é'&ggu%@p%%iﬁpye |

o

virus, the conposition or the vatcine Is admniStered 1
against infections such as in the case of stress.

" The virus used as an adjuvant-may be a non-recombinant virus, ,)
i.e. avirus that does not contain heterologous DNA in its genome. An ‘\
10 example f_orrthis type of virus is MVA-BN. Alternatively the virus that
~ Is used as an adjuvant is a recombinant virus containing in its genome
heterologous DNA sequences that ‘are not .naturally present in the |
viral genome. For use as a adj_uvant the recombinant _viralA DNA of the
| virus preferably contains and expresses genes that code forlmmu;e

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 [}

R

. yaccine. 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.




01 ASR 2005 32 inocul ation and wherein the sane virus or vagqi r‘&@gi
adm nistered in a - boost inoculation. Short Description of the ig%lﬁes S

-.figure 1: Gowh kinetics of different strains of WA in different cell
tines. In part A) the results are .grouped accordi.ng to the MWA- strains
tested whereas in part B) the results are grouped according to. the cell

.«lines tested. B) The anount of virus regovered froma cell line io after
four days (D4) of culture-was determ ned by plaque assay and expressed as
the ratio of virus recovered after 4 days to the initial inoculumon day 1
(D1) Figure 2: Protection provided against a |ethal challenge of vaccinia
~s fol | owi ng vacci nati ons wi tSumimarey ofNAeHlveniidA 575. The protection is
nmeasured by the reduction in ovary titres determ ned 4 days post chall enge
by standard plaque assay. Figure .3: Induction of CTL and protection
provi ded. i%ai nst ar%. zo i.nfluenza chal | enge usi ng di fferent prine boost
regi mes. 3A9 nHMENUAD of MEFL &8s pBAREN 1365 4thg 1 fellewings zjopesten cird .
epi t opes ‘f(yc}ﬁ'qmn%%-o\é_gcci nations with different conbinanti ons of DNA or
MVA- BN vaccines g ing a nmurine polytope. BALB/c mice (5 per group) were
vacgj nated with either DNA (intramuscularly) or MVA-BN 2s (subcutaneously)
and recei ved booster imunisations three weeks later. CITL responses to 4

di fferent idcPRiasvi t i : i nza; SYI PSAEKI,
P. Ber ghei m&%@&#ﬁﬁgmgm IB&st/BAE df%e(fBYlgWiﬁé%oﬂé}fﬁé%_

- capability of reproductive replication in chicken embryo fibroblasts

3 | (CEF) and in the baby hamster kidney cell line BHK, but no capability
of reproductive replication in ‘the human keratinocyte cell line Ha.Cat,
10 - failure to replicate in vivo, |

- induction of a higher immunogenicity compared to the known strain
MVA 575 _in_a Ieth_a!_ challenge model and/or

- induction of at least sﬁbs’cantiatlly the same level of immunity . in
vaccinia virus prime/ véccinia_ virus boost regimes when cofnpared fo

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 !ines:'the‘human,embryo
- kidney cel! 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.



0 7 ,~ P~ 2005 33 Cytomegal ovirus:' RPQASGVYM .LCV) were d&terdfif@@sisi ng

an ELI SPOT assay 2 weeks post the booster inmmunisations. 3B: .Induction of

CTL responses to 4 different epitopes follow ng vaccinations with different

p

0

15

20

25

conbi nati ons of DNA or M/ABN vacci nes s encoding a nurine ol to e BALB/

28

The virus as above cbmpr_ising at least one heterologous nucleic acid

sequence.

The virus as above, wherein said heterd!ogous nucleic acid sequence
being selected from a sequence coding for at least one antigen,

antigenic epitope, and/or a therapeutic compound.

Genome or functional parts thereof derived from the virus-as defined

above.,

Pharmaceutical composition comprising the virus as above and/or the

genome and/or functional part thereof as deflned above and a

pharmaceutlcally acceptabie carrier, dlluent and/or add;tlve

-

Vaccine comprising the virus as above and/or the genome arid/_or_'

functional part thereof as defined above.

The virus as above, the genome and/or functional pért thereof as

defined above, the composition a$ defined above or thé‘vaccine as

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,

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

e



y p. ¢c mce (5 per group) wre vaccinated with .either DI@? ’%Pﬁzﬂ%

(intramuscul arly) or MVA-BN (intraveneously) and received- booster

i mmuni sations three weeks later. CTL responses to 4 different epitopes

* encoded by the vaccines (TYQRTRALV, infuenza; SYIPSAEKI, P. Berghei;
YPHFMPTNL, i o0 Cytomegal ovirus; RPQASGVYM LCV) were determ ned using an

-~ELI SPOT - assay. 2 vveeks post the boosterad mmuni sations. 3C. Frequency of
pepti de and MVA specific 7 cells follow ng -Honol ogous-pri ne boost using an
optimal dose (1 x 108 TCl Dao) of recombinant MVA-BN, given subcutaneously.
G oups of mce were 1s vaccinated with two shots of-the conbinations as
i ndi cat ed i ef?i@e'f’t‘%r'}é efipstiveeinpusts tire ai fiast vinosukiioron (tiemingber of

pepti de spemfl ocytes were asured using an 1FN-gammma ELI SPOT
‘assay. The 'B P@%ikcg'fz In ﬁeser%’imim%'é@ tondf‘b%@anguac)@piat@npb us/ mi nus

the standard deviation fromthe nmean. za Figure 4: SI'V | oad of nonkeys
vacci nated with MVA-BN nef or MVABN. Figure 5; Survi val . of vaccinated

monkeys ol hgioRghbnliPGs ' aloll, In¥/cFSthe genome as defined above, for

5 . the preparation of a medlcament or a vaccine.

N Method for mtroducmg homo!ogous and/or heterologous nucleic acid
O " 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 pro.ducing a pept_ide; protein and/or virus COmpfi_si-ng
- infection of a host cell with the virus as above, |
- cultivation of the infected host cell under suitable conditions, and
1B - isolation and/or enrichment of the peptide and/or protein and/or
viruses produced by said host cell. | |

- Method for affecting, preferably inducing an immunclogical response in

a iiving animal body including a human comprising administering the
20 | virus as above, the genome and/or functional part {hereof 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 TCIDsp (tissue culture infectious dose) of the virus.



Zao~ 34 Figure. 6: Mnkey serum antibody titres to WA- BNﬂ}rhﬁpﬁrzug?ody
titres for each animal are shown as different shapes, while

.titre is illustrated as a solid rectangle. 5 Figure 7. Levels of SIV in
i mmuno conprom sed nonkeys (CD4 < 400 m bl ood) foll ow ng vacci nations
w th MVA-BN encoding tat. Monkeys had previously received three

vacci nations with. "either MWABN or MWA-BbBbnef (week 0, 8, 16) and had been~

el

~infected with a pathogenic isolate of SIV. (week 22). At week 100, .102

and 106 (indicated by io arrows) the nonkeys were vaccinated with MVA- BN

tat.. Figure 8..SIV levels in nonkeys undergoing .anti-retroviral therapy
and t her apeut i They, meth iagn@beyengWheman. t f?‘ﬁr ¥EUSr dies compesitiens o ( ithes)

d by . bl ack
ey At weelttebfiele aBpISHERS JnrBerkediida i efiekiive A awunts iAra diest

o

ith eith f o ANCY:| Fi.g
Tesponse genor HouERgR s CARRME, ARG MRACH SR TIn o2 cieolid ofBifiation
. reconbi nant Wﬁbod'gtwga”w@”@ﬁon(p = 6) of nonkeys zo were infected with a

pat hogeni c i solate of SIV (week 0) and then treated with the
anti-rétroviral therapy (PMPA; indicated by bold Iine). Mnkeys were
vacci nated with m xtures of reconbi nant MVA or saline at week 10 and 16. .
Ant i bodi es t o THeVneshed das abaieedhastingthe ahisnakis Tnm:uno -tymAgresniasdant i gen
in a standard. ELISA. 25 0 7 APR 2005 35

_ The method as above, wherem the animal has a pre- ex:stmg immunity j |
to poxviruses.

- 10
The method as above, wherein the animal is undergoing an antiviral -
therapy. | |
The method wherein the_'anima! is undergoing an ahtiviral thef‘épy,
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.




Figure 10: Hunoral response generated to MVA in SIV inf ect&é "’f’t%%l@ﬂﬁ&
undergoing anti-retroviral therapy. Three groups (n = 6) of nonkeys-were
infected with a pathogenic isolate of SIV (week 0) and then treated with
--the antiretroviral therapy (PMPA; indicated by bold Iine). Mnkeys were -
vacci nated with m xtures of reconbi nant MVA or saline at week 10 and 16.

Anti bodies to MWA were determ ned using a standard capture ELISA for WA y
-"Figure 11: Induction of antibodies to WA follow ng vaccination of io mce ~
with different small pox vaccines. The | evels of antibodies generated to WA
foll ow ng vaccinations with MA-BN (week 0 and 4); was conpared to

convention v inja ains,, Elstree and eth, .aiven via tal

scarifi cat ﬁl&? ?&/@3@30?%5 Rrsthe g\?ﬂ@m%aén%ev%zﬁe%ﬁ@%lWAﬁﬁh?@Wa A 572" gi ven
as apre-El stree vaccine. MVA 572 has is - been deposited at the European
~Collection of Aninmal Cell Cultures as ECACC V94012707. The titres. were
determ ned iolfy ik r egpl usi ng
The. Linear /art e R S S & Ao P PR n
an -optical gégwgneywrofur@tidnat pari-tRbredis Bifinedsalgand,i cantly (p > 0.05)
different to WA 20 572 : MWA 572: Exanples The foll ow ng exanples wll.
furthher illustrate the present zs.invention. It will be well understood by
a person Sé\idl{hed in the art that the provided exanples in no way may be
interpretedif %d\/\&f Phigining HrR vEIgHig6 Vilug B BReVEpRaraRbBINg viher t he

t echnol ogy ovi.ded, by-the present invention to this exanples.. Exanple 1
s, Gowth kifﬁ_[JPY"éf_ég S‘Feé%'new strain of MA in selected cell lines and .
rgplication jfr¥i¥Qng a commonly available vaccinia virus strain, preferably 0

MVA 575 into non human cells in which the virus is able to
10 - reproductively replicat’e_, wherein the non-human‘cells are .preferably
selected fro_m 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 deﬁne_d' above,

&
.31.}5

15 wherein the above steps can optionally be repeated untii a virus with

the desired replication characteristics is obtained

S’

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.

.Usé 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



(i) Gowh kinetics in cell lines: To characterize a newy Esgo:%iﬁegmrain
according to the present 1o invention (further referred to as - t he

-.gromh kinetics of this new strain were conpared to those of other WA
strains, which have .already been characterized. The experinent was done
by conparing the .growth kinetics of i5 the following viruses in the
vsubsequently listed primary cells and cel$2 lines: MVA-BN (Virus stock #23,
18. 02. 99 crude, titrated at 2,0 x 10~ TADSO M ); zo MVA as
characterized by Altenburger (US patent 5, 185, 146) and further referred

ot ar T 1075) AT RREF WA el SEHRTHEST RS Belbiored o 2

(ECACC VO012068dst iredilatio® ~ R—~ zoos 37 s so
Short‘De‘séription of the Figures

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 arergroupe__d according to. the
D - cell lines tested. B) The ampunt of virus recovered from a cell line
10 after four day_s (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 chalienge 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 'pos’t challenge by standard plaque assay.

Figure 3: Inductidn of CTL and protection provided against an

20 influenza challenge using different prime-boost regimes.
3A: Induction of CTL responses to 4 dffferent H-2d restricted epitopes
following vaccinations with different combinantions of DNA or MVA-BN
vaccines encoding a murine polytope. BALB/c mice (5 per group) were
vaccinated with either DNA  (intramuscularly) or MVA-BN
25 (subcutaneouély) and received booster immunisations three weeks
' fater. CTL responses to 4 different ep'itopes encoded by the vaccines
(TYQRTRALV, infuenza; SYIPSAEK!I, P. Berghei: YPHFMPTNL,




MA- Ver o ‘as characterized in the.- International Patent %2@@
PCT/ EPO1/ 02703 (WD O /68820) (Virus stock, passage 49, #20, 22 crude,
.titred at 4,2 x 10~ TC Dso/ml). The used primary cells and cell |ines
.wer e:
HeLa Human cervi x adeocarci nona (epithelial), ATCC No. CCL-2; 1438 , Human
.“bone osteosarcoma TK-, ECACC No. 91112p02; . HaCaT Human keratinocyte cel

I'i ne,
ki dney,
85020299; CMVI African green nonkey kidney fibroblasts,

For i nfect i@tormegaloviraspnRRGASG VIV $€80edvéret Od@témhﬂn-e@ﬂ a&@ﬁl%t na
COﬂCGntratkﬂg@ﬁKES x 105 -cells/well and incubated over night at %: 5%

oaseay . 2 h\@ekelt%si taspopkter RARGHsatiGakl cul ture nmedium
[c ‘ i infected at 2s approximately noi 0.05 for one
SJo

COz i n. DVE
was renove
hour at 37

|GFECEQW“&95 ite. dsgliffetenthapitenes niolowisg

doubl ed OV%cBlrﬂﬁ dns mﬁw %’@erent combinations of DNA or MVA-BN vaccines

5

10

15

20

25

encoding a murine polytope. BALB/c mice (5 per group) were

-vaccinated with either DNA (intramuscularly) ‘Vor MVA-BN

(mtraveneously) and received booster immunlsatlons three weeks
later. CTL responses to 4 dffferent epitopes encoded by the vaccines
(TYQRTRALV, infuenza; SYIPSAEKI, P. Berghe: YPHFMPTNL,
Cytomega!ovi'rus; RPQASGVYM LCV) were - determined using an

ELISPOT assay 2 weeks post the booster immunisations.

CEF Chicken enbryo fibroblasts (freshly prepared from SPF eggs);

Boukanp of aL 1988 J Cell Biol 106(3): 761-771; 15 BHK Baby hanster
ECACC 85011433; Vero African green nmonkey kidney fibroblasts,
ECACC 87032605. 20

ECACC

3C: Freqtgency of peptide and MVA specific T cé!ls\following '

‘homologous prime boost using an optimal dose (1 x 108 TCIDsg) of |

recombinant MVA-BN, given subcutaneously. Greups of 8 mice were

figure. Two weeks post the final vaccmatlon the number of peptide |

specific splenocytes were measured using an IFN-gamma ELISPOT

' assay. The bars represent the me'an number of specific spots

plus/minus the standard deviation from the mean.

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

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

'vaccanated w:’ch two shots of the combinations as mdlcated in the _‘



07 APR 2005 38 virus used .for each infection of the differ gg;é }?@1 miypes
was 5 X 104 TClDeo and-this will be referred to as | nput. gt t hen
washed 3. tines with. DMEM and finally 1 mM DVEM 2% FCS was added and
the plates were left to incubate for 96 hours (4 days) at 37C, 5 % s CQz.
These infections were stopped by freezing the plates at -80C ready for
titration analysis.. Titration analysis (isamunostaining .with a vaccinia
virus ‘specific: ant i body) 1o For titration of anount of virus test cells _
(CEF) were seeded on 96-well-plates in RPM (G bco, Cat. No. 61870-010),
7~J FCS, 1% ﬁ_ntlbl Oé;i%tmnt nycotic (G bco, Cat. No. 15240-062) at a ,

: concentrati orf 18H& ISSrViE [antiady rtliﬁ%t’@d NVArBNi ghine aantdizady. -

~r 5% COz. Th -plates. cant ai nj the fection experinents .were is
.frozen/t hawe tget\'%t?g&ﬁaawm t?'@r@hog’ 3B '{}Sreﬂf §hapes.cWhilgpthe dneasi ng
RPM grow h ' i § Lt [ jistributed onto test cells and
i ncubat ed f.opqﬁrgg% cq?a@gétlr%&%%%d g%%ﬁ%’%\’?’l ow CPE (cytopathic effect) _
devel opment. Test cells were fixed (Aceton/Methanol 1:1) for 10 m n, washed
with PBS and i ncubated 20 with polycloenal vaccinia virus specific antibody

(Quartett Ber |IRigureTt Levits oPS031R0BHhunat l ' on
buffer for one ﬁour at 'RT. Afte;l vvashlur?g %ﬁn%gé&@%}@%%ﬁl’&%ﬁbg@n%%ﬁo

20012.019) t hén! RRgHufsliewingiaccitmtiansmtitth SVA(BN osrgediMantdtei Monkalys No
W011) was added at a 1:1000 dilution in incubation buffer (PBS 2s
cont ai ni ng’ 3%?“@&)13%&0% eseived threeceacainatioasayitin eitheneMYAMBN opi t h

PBS and i ncubg th ti m PBS 200 v J
| and i ncubghed pth, & Lk B9 g Oié') hd Ign 14 been Ttectey with aepathogemc S
isolate of SIV. (week 22). At week 100, 102 and 106 (indicated by -

10 arrows) the monkeys were vaccinated with MVA-BN tat.

-

Figure 8: SIV levels in monkeys undergomg antt retrovnral therapy‘
- and therapeutlc vaccinations using IVIVA BN. Three groups of monkeys -
(n =6) were infected with SV and treated daily wnth PMPA (lndlcated”'
15 ‘_ | by black Ime) At week 10 and 16 animals were vaccmated (indicated

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

Flgure 9: Humoral response generated to SIV followmg lnfectlon and
vaccmations 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

4

infected T cell lysates as antigen in a standard ELISA.



07 APR 2005 39 saturated solution of o-dianisidine in 100Q/(?etﬁﬁgn2ﬂﬂ5+ 15 NI
HzOz freshly prepared) until brown spots were visible (two hours).
-:Staining solution was renoved and PBS was added.to stop staining
-reaction.. .Every well show ng a brown spot was marked as positive for CPE
and titer was calculated using the fornmul a of Kaerber (TCI DSO based assay)
“(Kaerber, G 1931. Arch. Exp. Pathol. Pharmakol. 162, 480). The viruses
vere used to infect duplicate sets of on the one hand CEF and BHK, which
were expected to be perm ssive for WA, so and on the other hand CV-1,

Vero, Hela, 143B and HaCat which were expected to be -non-permn ssive for
WA, at- a IFdgurel £0p| Heingradf respores igemerated, 6. BBVA nfecS\oUshdBids per
cell (5 x 104 TCIDso), After this, the virus inoculumwas. renoved and the
- cel | s wash&BOPKEXE Undargoing eavibretraniyal dinerapyg Tivies sgirhars Vi rusas of

I nf ecti ons |eft for .15 a tqtal of 4 days where viral extracts were

pr epar ed aﬁﬁg f‘ﬁ@}ﬁst‘fﬁr @eﬁlfe@ﬁ?dc@{i%l’t@ Pathaggiie isolate ¢fi gl weednByvark

_L?S:v‘{ E;ZE#@%@CE_@*QH ity i)yt pELRvaT """r_tét%m&i@ﬁ‘e&ﬁi” teated by ruses
PP L0 MR WReEEMGieNS, WidHeC $aRC et it THRRLAEE i, PReSRERERE . "
that all viMVesoangalifé egt Webkki 1.0 Bbiﬁd_( Hearst RtibbANYY 5! M\'{A“%re

" MVA-Vero perforned the best, since BHK is a permssive cel ine."zs 07

APR 2005 4@leterndned nising istandard icapYare Et¢SASior AV ki dney cel | 1ine)
:3‘/A Vero anplified well as expected nanely 1000 fold above I nput. MWA-HLR

{ahd al so MVA-575 anplified well with 33 fold and 10 fold increase above
nput, respecti vei{%_. Oaly .MVABN was found to not anplified as well in
these cell $18Ure ohdbaleduttonnef aniibadiesatel MVAriojlowing| adainatiasechbove

o Touly RN RArRRAR SrgfiPoraseeintea The cRVSoet AHBodies
generated to MVA following vaccinations with MVA-BN (week 0 and
4)',-was compared to conventional vaccinié strains, Eistree and Wyeth,

| give‘:ﬁ. VEa‘ "tail Sc;_arification‘(week 0), MVA 572 (week 0 and 4) and

MVA-BN and MVA 572 givén as a pre-Elstree vaccine. MVA 572 has

15 been deposited at the European Collection of Animal Cell Cultures as
ECACC V94012707. The titres were determined using a capture

ELISA and calculated by linear regression using the linear part of the
3 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



to showed a 200 fold decrease bel ow I nput. Al so MVA-575 di jot |ify
above the Input level .also showed a slightly negative an%???ﬁﬁgﬂﬂﬁﬁ
nanely 16 fold decrease bel ow I nput. MWA-HLR anplified the best with 30
fold increase above Input, followed by n, MA-Vero with 5 fold increase
above Input. 15 Most interesting is to .conpare the growh kinetics of the
various viruses in human cell- lines. Regesding reproductive replication -
in 1438 cells (human bone cancer cell line) it was shown that MAVero was
the only one to show anplification above Input (3 fold zo increase). Al
ot her viruses .di.&_&t anpl i fé' above |nput but there was a big difference
bet ween t he MUK” Snd8PPSCAPMIX- eN thed teslmedagy Murcvidrdwnasy "ther geesend” (1
fold decreaseiﬁﬁ%ﬂn%tﬁgxﬁ) were, as MVA- BN shows the greatest attenuation
(300 fold decrease e S APPHPIH | owed by WA-575 (59 fol d decrease
bel'ow I nput). To z5 sunmmari ze MVA-BN i s superior regarding attenuation in
human 1438 <cel |Is. Q 7 RPf~ X1165 41 Furthernore, concerning replication
in HeLa cells (human cervix cancer celt§9n¢4$ s shown that MA-HLR
anplified well in this cell line, and even better than it did in the S
per i s$i ve BHKGreWth Kirstics=of 25new gtriais 'Ry AP \s1borid ceiHing %60' d
i ncrease above I nput) MVA-Vero also anplified in this cell line ?3 “fol d-
i ncrease above I nput). However, MW#gepNcatidnaliswit® a | esser extend MVA-575
were attenuated in these cell lines (MVA-BN = 29 fold decrease bel ow | nput
and MWA575 = 6 fold decrease below'Input). io Concerning the replication in
HaCat ce(ls (human/keratd nocyte.-cell . line) it was shown that MVA-HLR
~anplified well in sﬁisf oW, %Péﬁﬁ??%ﬁﬁﬁehéﬁ§ése above Input). Both {)7
4

- WA- Ver o ada s 2.7 ification,.in this cell line (1.2
and 11 ford fociabidifde o R Ieafil sl BERGRing bl BPRRRUEN was ¢ he
only oe to invention (further referred to as MVA-BN) the growth kinetics of this

new strain were compared to those of other MVA strains, which have

already been characterized.

4

The experiment was done by'c.omparing fhe_ .grq\f«th_ _kihetiés of
B the following viruses in the Subsequently iisted primary cells and cell
lines: | | |
_MVA-BN (Virus stock #23, 18. 02. 99 crude, ﬁtrated at 2,0 x
107 TCIDso/mi); o ) s

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.,
7 etal. [1975] Infection 3; 6-14) and further referred to as MVA-
25 575 (ECACC V00120707); and '




denonstrate attenuation (5 fold decrease bel ow I nput). In.@qn%ﬁﬂsi 5 it can
be stated that MVA-BN is the nost attenuated virus strain iIn |su§oup of

~virus: MA-BN denonstrates 20 to be extrenely attenuated in human cell
_l'ines by showing an anplification ratio of 0.05 to 0.2 in Human enbryo
*kidney cells (293: ECACC No. 85120602)(data not incorporated in Table 1),

-*it shows further an anplification rati&7of about 0.0 in 1438 cells; an
anplification ratio of about 0.04 in HeLa cells; an anplification ratio of
25 about 0.22 in HaCat cells. Additionally, MVA-BN is show ng an

anplification ragi about 0,0 in CVlI gells. Only jn Vero cells .0 7 APR
2005 42 anplifi &ng\ﬁé@an R haspcielzedy g othe, G%eimﬁ&%@ r,PaNt o the
sanme extent as A p i 553 i .and F
(conpare to Tab}o‘?ijﬂ‘?atttlaﬁlus?%@éxf/i@(h% (gm ﬁ%%y&ﬂ?% n%ltz_gﬁl&mi ng an
anplification rghkk8a iz S n I3 e 11, ol ipe 36,
Hel a, HaCat and9293.g‘%ﬁ\/ﬁ75ﬁ%?bv£2é@§§ngl ?;ru%lrgbf p:t"g@d;s%ﬁv,él'éN %utsl S novas
cattenuated as WZD&NmMHo WA-HLR anplified well in all cell lines tested
(except for 1436 cells), it thus can be regarded as replication conpetent .
in &1 cell lines tested with exception in 1436 cells. In one case it even
anplified. bettgr in a human cell line (HeLa) than in a pernissive cell
line (BHK): 15 MIR-WESd pPhtaarsaells amel ceil dimesonerai al | cell lines but to a
~ |l esser extent t denonstyated b A-HLR (ignoring the 1436 result).
Nevert hel ess i t~&&nnot bech %‘?'@hﬁ\fr@ T¥R fﬂé‘ioﬁwaﬂ#? {fresklnprepaness Sromwi t h.

rggards to attenuation, a 4j)\'t_l/A-Egﬁ_or MVA575. zo 2. Replication in vivo
{@yven that-some MVA strai cFgé 'y replicatein vitro the ability of’

mouse model AR This haRarare yphaREBbathBrid KbifistabeRTRG I A  The

| FNor eceptor type | (I FN glf{3p-and type Il (IFN-y) genes and in RAG Due
to these disruptions the mce have no '
: .. 1438 Human bone osteosarcoma TK-, ECACC No.
| 91112502;
- HaCaT Human keratinocyte cell line, Boukamp et avl. 1988,
| - JCell Biol 106(3): 761-771; |
B - BHK Baby hamster kidney, ECACC 8501 1433;
Vero African green monkey kidney fibroblasts, ECACC
) | 85020299; |
)} CVl African green monkey kidney fibroblasts, ECACC
87032605,
20 "

~For infection the different cells were seeded into 6-we||-pléte§ at

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

37°C, 5% GOz in 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% COz2 (for infection it

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



07 APR 2005 r 43 70 I FN system and are incapabl e of produplﬁg? Band T
cells and as such are .sgverel y i mune conprom sed and hi ghl yn%fﬁﬁgﬁﬂﬁ abl e
to a replicating virus. Goups of six mice were immunised (i.p) with 10~
‘ pfu of either MVABN, MWA-HLR or MWA 572 (used in 120,000 people in _ )
Gernmany) and nonitored daily for clinical signs. All nmice vaccinated with -
MVA HLR or WA 572 died within 28 and 60 days, respectively. At necropsy s
there were genera! signs of a severe viral infection in the nmgjority of .
organs and by a standard pl aque assay MA (10$ pfu) was recovered fromthe
ovaries. In contrast, vacci nated with the sane dose of MA-BN

(correspondi ndiit§ Haed r?oﬁe%ﬁgl ﬂ@f@cgpnaoﬁtmd ﬁffewﬂossbd&pesutmsvﬁgﬁf bﬂcv]me)ae
A ered, frogmorgans or tissu
taker st oget nd'Phe 2B Yl SOH fe 28tarten ¥ o ety CRIBowsradhes watshe@ﬁ] y
ot a1 e AP NIDA R ALY 1 W CPARER 298 FES Sua8Y
fder
These oxPer! vent biegss wrat 16h 10, RRUPRAE 1546 RilrsIP2 AN o ??QQ? W
Di ffer 5in t helQOAbiThiety infechidmuvere Stoppeds byWrHBSinBeBROfGtes at —80°C
ready for titration analysis.

'Titration analysis (immunostaining with a vaccinia virus specific O .
- antibody)
0 For titration of amount of virus test cells (CEF) were seeded on
| 96-well-plates in RPMI (Gibco, Cat. No. '61870-010), 7% FCS, 19
Antibiotic/ Antimycotic (Gibco Cat. No. 15240-062) at a.

SR

concentration of 1 x 104 ceIIs/welI and incubated over mght at 37°C,w.
5% CO2. The 6-well-plates containing the infection experiments were
15 frozen/thawed 3 times and dilutions of 101 to 1012 were prepared
- using RPMI growth medium. Virus dilutions were distributed onto
test cells and incubated for five days at 37°C, 5% COz to allow CPE
(cytopathic effect) development. Test cells were fixed J
(Aceton/Methanol 1:1) for 10 min, washed with PBS and incubated
- 20 with polycional 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-conled 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 m! PBS + 200 pl



Q 7 ASR 2005 44 Replication conpetent strains of vaccinia idﬁﬁcﬁpg%ﬁmst.

immune . responses in mce and at high doses are lethal Although are.
~highly. attenuated and have a reduced ability to replicate on mammlian
zcells, there are differences in the attenuation between s different strains
wof MA. ‘I ndeed, -MWA BN .appears to be nore attenuated than. other MWA
-Tstrains, even the parental strain MVA 3675. . To determ ne whether this
difference in attenuation affects the efficacy of MVA to induce protective
.inmune responses, different -doses of MVA BN and WA 575 were conpared in
a lethal vaccinia io .challenge nodel. The | evels of protection were
measur ed b§atiraiedsefubaniof edianisidiceiini R00% etlsanaletiedfi pleld2@2 days post
chal | enge, this allQqwed a quantitative assessnent of .different doses

and ‘strk ai,ﬁ@asiify Ngpare /e'#mfféh bg@i-am%&é WekeVisikledbwe hquga&hai@@agf-r eﬁ -
6- 8- - ol BAL B H2 1 = a i i.p. i

ditf 2‘?&5 SELLET Yo Bl Hik PR et PRRR AR St StA MR SRE B . 675,
MVABN ' : ( '

it o E¥enpdell SROWREEE BYARR AP0 WS bl a hodHlfl F6 e Bpg e oo°
recgi ved ati2ér Waestalefidtee HIE gﬁ@%r%ﬂﬂa%ﬂ)@éé‘cb@r MADs é%@d"?s%a& |1 oned

two weeks |ater by a |ethal l'enge (1.p.) wtha replication. npet ent
strain of (ldaeftréra.G.A39BRpIAreht IExp. FoamrllePharatiol 4 6%, r480). (abbrevi at ed
as "rW"') either the strain WR-L929 TK+ or the strain [IHDJ were used. '
‘Control mce received a placebo vaccine. The zs protecti on was neasured by
~the reduction ip ovary titres determ ned 4 days post challenge by standard
‘phaque assay. Fahetirdsenwergdised to infectdupdumtaselecd euthe bneed on day 4

nd viral TRRFECERAET HHE ACh MisiaP P PR & becasTIGNG TR Ae |5

| (Thgmson ebnd on 4R8SsiHbr Héﬁﬁ“ﬂﬁ_}-l, YR%, Hetd) 1438 and HaCat which were
expected to be non-permissive for MVA, at a low multiplicity of -
infection, i.e., 0.05 infectious units per cell (5 x 104 TCIDso). After
this; the virus inoculum was removed and the cells washed three time
to remove any remaining unabsorbed viruse's. Infections Were left for

15 a total 'Qf 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
3 after 4 days infection. .

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



M ce vaccinated with two i nmuni zations of either 104 or 106, JCl Deo/ m of

MWA- BN or MWA-575 were .conpletely protected as judged by EQ@P/R@%ICH on
in ovary rVW titres 4 days post challenge (Fig. 2). The challenge vitus was ,
~cleared. However, io differences in the levels ofi protection afforded by .
MWA- BN or MVA57.5" were observed at | ower doses. Mce that received two ¢
i mmuni zations of 102 TCIDSO ml of MA 5754failed to be protected as judged ¥
by the high. ovary rW titres (nean 3.7 x10 pfu- +/- 2.11 x100. In

contrast, mce. vaccinated with the sane dose of MVABN 1s induced a

w100, %EZ”EOL? ol eanestfitte FREHah IV Yeko TR OISR as eobliveli o
[ 5.11 . i ' [
| nduce proi ectve | e e WALHR SrgtedinartEPROROT AR o e

Al t hough bot h MVAKHOR @fd Mg M\mwtahlypiﬁﬁéd AN i 3Bi1%h1§rarf60;9%|d |

differences in'their efficacy-are clearly evident at sub-optinal "doses.
-MVA-BN i s nor dnpreaset abben Inpet, respettivelyaion| VBNafvalsndusicd b ot
protective i mune response against a za lethal rVvV chall enge, which may be:
related to t h@Mpbfiedaswalltivriihesearellst adioanBpatashim tieel otbetdyAdsisly Q 7
~P2 X605 46 2. 2. gA— N in Prine-Boost Vaccination Regines 2.2.1.:

| nducti on of MWl S‘WBGWQEBV‘P(W\PHE) vacci nation of -mice. with ,
different smallpox vaccines s The efficacy of MVABN was .conpared to ot her
MVA and vaccinia strains previously used in the eradication of small pox.

These included. sin i_d@;%' atl i UST NGO th vaccinia
strains produced i%d"l%% ce?rilﬁgn'?%ll?\%?ﬁ?‘\g}lnabpgi &'&Qﬁﬁpﬁgghy%ﬁeyaﬁaﬁﬁme KJ
i nmuni sat i ons jpsiasfourldVAhBY MV AR ' ' | ' i | I pox *
eradication programin Gernany, | nN\ggg?l F%bﬁ%ﬁlyﬁté@ﬁq&ﬁ %ér}g“n%h\ 72 were
conpartd as amtowed e BO0ffolid alentebye Baldwelhplita AseNVACSIS dld for each
group. eight. BALB/c m ce were used and all MA vaccinations (1 x10 TCl Dso)
swere gi ven subnpdieaborvg the Impek levelmaisovswwed a Flightheelegatiobl owi ng the.
boost .imuni sati ? 5 were chall enged with vaccinia (lIHDJ) and

1t i .
‘the titres in3he ’§93E88;nn%/§%e]]ble]t@F%@@@%BQM{RW-IMEAQ&RN I
Jvaceines and Eidaliith) fiAugES vl\l%%(ygarf%ﬁ .?r%clzi.%%'se above Input, followed by

DU s
o S S

MVA-Vero with 5 fold increase above Input.

15
Most interesting is to compére the growth kinetics of the
various viruses in human cell lines. Regarding reproductive replication
in 1438 cells (human bone cancer cell line) it was shown that MVA- /)
Vero was the only one to show amplification above Input (3 fold
20 increase). All other viruses did not amplify above Input but there was |

a big difference between the MVA-HLR and both MVA-BN and MVA-
575. MVA-HLR was "borderline" (1 fdld decrease below Input), were
as MVA-BN shows the greatest attenuation (300 fold decrease below
input) followed by MVA-575 (59 fold decrease beiow' Input). To

25 summarize MVA-BN is superior regarding attenuation in human 1438

cells.



The i mmune responses induced using these different vaccines z | ITes
were nmeasured- in animals prior to .challenge. Assays to magjﬁ%wg‘aof
_-heutralisating anti bodies, T cell proliferation, cytokine production (IFNYy

Yvs IL-4) and I FN.~, production by T cells .were used. The level of the T
cell responses induced by MVABN, as neasured by ELIlspot, was generally

--equivalent to other MVA and zs vacci ni ga4Vviruses denonstrating

bi o- equi val ence. A weekly analysis of the antibody titres to MVA foll ow ng

the different vaccination regimes 07 APR 2005 47 to 15 reveal ed t hat

vacci nations .wth MVA-BN significantly enhanced the speed and- .nmagnitude

of the antibody response conpared to the other vaccination reginmes (Fig.

11). Indee% the -antibody titres to . MA were significantly higher (p>0.05)

at weeks 2fU e copsekningosplisadion it Hatalcetls (hemanaecvinaizttan t h

\I\//gg: il: Nt iooﬁgggfl it 8ag ! o Vbﬂgﬁ(‘:ﬂ H{}‘S&‘g%ﬁ %Fragl%m? glzééll E&'é%ﬂf iéﬁzf}aiﬁgoﬁit gher

i MVA ice . receiVi i i nat i

:(;1[] t eiet her %P%Q%ﬂg% ﬁ%ﬁ)g &g:i h’@tl&?%&‘g@%gﬁé@@%&&%i@ﬁé gﬁg;&ﬁg;g?g "
rgsp'g?]ts;af:mar 2532?% thila C %gﬁcart%8n'gff%%%%éc%%ﬁggf’g%ﬁﬁﬁﬁﬁ Q{Vﬁggiﬁ!’bga%/

vacci ni a sefso amilfied ieehi ARk fiadiyngs from ection:
1.5 Ghat MA-BN iFﬁs ror e imﬁ’g’“‘e‘ﬁ??ﬁﬁdqﬁ?ﬁ%ﬁ%&é‘?J"A?ﬁ@z 2..2.2.:

MVA- pr i me MWSNVA@Nmn@emsoatbeat1bgs§a@&téqunv¢\fs79r\ﬁé§ti on as
' -prinme MVA-boost reginmes in a influenza challenge nodel The efficacy of

\:_ A pri me- BoeSuatediifddiese eplhdnas MVAIBN29 28 ifdid de€Baseclsgionses Was
assessed and CP r@ﬁ,t.% prime/ MA . boost reginmes that have been.
reported t R gﬁﬁe 857 91RO drtd slesiease fiatew d)assessed using a
murjgne pol ytope construct encoded by either a DNA vector or MVA-BN and the
| evel s of CTL induction were conpared by ELI SPOT, while the avidity of the

Lhal foponse, s CEpRNARE B HIRICRI T addtlaifd EuAERkIZtNEA N "9 2
“cell line) it was shown that MVA-HLR amplified well in this cell line (55
" fold increase above Input). Both MVA-Vero adapted and MVA-575
showed amplification in this cell line (1.2 and 1.1 fold increase above
15 Input respectively). However, MVA-BN was the only one to

demonstrate attenuation (5 fold decrease below Input).

..\
§ Lyt
™

In conclusion it can be stated that M-VA-BN is the most
- attenuated virus strain in this group of virus: MVA-BN demonstrates
20 to be extremely éttenuated in human cell lines by show'i_'ng an
amplification ratio of 0.05 to 0.2 in Human embryo kidney cells (293:
- ECACC No. 85120602)(data not incorporated in Table 1), it shows
further an amplification ratio of about 0.0 in 143B cells; an
- amplification ratio of about 0.04 in Hela cells; an amplification ratio of -
25 about 0.22 in HaCat cells. Additionally, MVA-BN is showing an

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




7 APR 2Q05 48 Constructs - The :DNA plasm d_. encoding the @al] 2 tope
(10 CTL epitopes including influenza; oval bumi n) was describe m

(Thomson et al., 1998, J: Immunol. 160: 1717). This nurine pol ytope
‘inserted into deletion site If of MVA-BN, propagated on CEF cells, sucrose v
purified and fornulated in Tris pH 7.4. Vaccination protocols zo In the
current study specific pathogen free 6.8 week old female BALE/ c (H 2d)

mce were used.. Goups. of 5 mce ..were used for ELISPOT analysis while

6 mce per .group were used .for the influenza challenge experinents.

M ce were vaccinated with different prime ~-. boost reginmes using MA or
DNA encodi ng @fapliieatien ;S‘@Wb@@s‘&s’%ds(rd’ﬁoeaﬂ 233)n howeveesoot so tﬁer

i mruni zations with Dé\lA (i: W anest heti zed, and t hen %ven a sin

i njection of 58§ r@rﬁﬁ)l i Yh¥er BRI TpIssys ge Res $HAD2GIBRK amsLE; the |
guadriceps mu i muni, z t| ons WA wer e
done eit her bg%ﬁlwge[gn‘g%@ Ziﬂhﬁﬁgg’r wﬂbm?{s 182 Oy, W/W%M@lsgr%me of
by zo :subcut f r p nouse.
Beost i mmunt 25y P ARALRTcatiopfYailo, offesk thell A MOt R GUiRelifL ot T one
Boosti sy wi t hiipleasid3BPNaIdasadaf@dd 2bize same way than the primary

i nmuni zation with DNA (see above) In order to establish CTL, responses
standard ELI SPOT assays zs (Schneider et al., 1998, .Nat. Med. 4; 397-402)

were perfornmed on splenocytes 2 weeks post the | ast booster imunization
~using the .Q7 APMYBEE 2 8hows a snmsiar 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 repiication compe’cent in all cell lines
‘tested with exceptlon in 143B cells In one case it even ampln‘zed

better in a human cell line (HeLa) than m a permisswe 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
resu‘lt). Nevertheless it cannot be considered as being in the same
‘class’, with regards to attenuation, as MVA-BN or MVA-575. Yy

20 ' 2. Replic-ation in vivo

Given that some MVA strains clearly replicate in vitro the ability of
differen{ 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 I
(IFN-y) genes and in RAG. Due to these disruptions the mice have no



i nfluenza CTL epitope peptide (TYQRTRALV), the P.Berghei e oflR #g§5i de

(SYI PSAEKI ), -the Cytonegal ovirus peptide epitope (YPHFMPTNL) and/or the
--LCV peptide epitope (RPQASGVYM . For the challenge experinments mce were
T anesthetized and. infected i.n. with a .sub-lethal dose of the ressortant

i nfluenza virus, Menvl (4.5-x105 pfu in 50nm PBS). At day 5 post infection,
-~ the lungs were renoved and viral titrestanere determned- in duplicate on
Madi nDar by cani ne kidney cell line using a standard influenza pl ague assay.
‘io Results:. ..Using the. DNA-vacci ne al one the induction of CIL to the 4

H2d epit s _encoded t he murine pol yt ope was poor and only weak
res poﬁsgs 3%&5@/538"” @QFQ%‘E%H"Q%P%% qf?nm@cgagtmatlg’ef Brarml Begajiseand

o T e RS AR St TRl
, MVA D! R ey g

Thor eage) aniRASGUE Y IBSE CToRBs SN SR it Wske JhRHE R BB 0ha 1o &

third. . epitpfacof eitheumVIvA. BM, MVAAHER! 61 MYXPEFIRENGY {7190 G However .

-usi ng 10~ pfu MVA-BN gi ven 20 subcutaneously I ‘a honol ogoUs prime boost

regire i ndusaplelie Genmeahgyahd rmbnitesed by iy Miical signenad dycdWA- BN
(Fig. 3A). Surprisingly, there was no significant différence in the nunbers .
of CTLs i nmmat@dtW€¥n Mg RIR tarp/ AvBe®. olineed iwibiuimi 28t & rech 66 diy4BN (10~

TCl Dso) was_used,. indip%ati ng that a secondary inmunisation with 25 MVABN
did not si dAPPPEHKEIYy AJereropsy iherponses general sigRs20be Sveraiviral

b : 1N at i f 10~ pfu MVA . . has’ [ ly b h b
e ot R IEEAE Sl e oHerdRns 8A i A etPORAId GRadue GRRaYi o usi ng.
ot h trai i cul i .10 |nt N i sati
(schnei der Ao OB PR (ERIPHI auf B SRR L RN &riPRn  cgi mos
helmbove eReidted! wiSHEREHE AoRK GIRNALEN SLONRSCOARIA R The?T 11 A15 "

by changing-the .node of adm nistration. I'n one expé fu MVA- BN.

‘vacci nat i ordepusited gtregn EOACEYYROOH30GSE) ¢ d- Fa%é% i ment
10$ pfu MVA-BN were. adm ni stered subcut a)negﬂ\g%d(flgﬁgﬁgg.Lthjléﬂe?%es

exper i ment N NIMEVENCpuldrbebrestveredhfndsabrgass iordieéd)i gher mean CTL.
“nunbers. to all three CTL epitopes conpared to DNA . prime MA boost
regimes. Also unlike 10~ pfu MVA-BN . given subcutaneously the .inmunisation

ith 10~ : A; BN .gi ven i ntraveneous and t he.
wih | %Hen aken 'g\é er the d\g’zfa frgm( ¥he rf]n vitro and in vivo studies
15 | clearly demonstrate that MVA-BN is’ more highly attenuated than the

parental and commercial MVA#H'LR strain.

Example 2
Immunological and iﬁ vivo Data
20
' These experiments were set up to compare different dose aﬁd

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. | |



~";,. immunization with 10$ pfu gi ven subcut aneously signi fbefl%d ?ﬁ)st ed
is the CIL responses,. clearly indicating that MVA-BN can b 0 boost
CTL responses in the presence ~of a preexisting inmmunity to the vector.
' 2.2.3.: Efficacy of a MVA-BN nef Vaccine in SiV Infected Rhesus zo Mnkeys.
- To determ ne the efficacy of a MVA-BN nef vaccine by assessing the viral
.load and del ay of disease follow ng a chaldkenge with a virulent primary
isolate of SIV. Furthernore, the study will determ ne whether MVA-BN can be
used to safely boost immune responses in inmno 2s conpronised nonkeys with

apre-exi sting i mu ~~ 7, APR. 2005 51 Vacci nation protocols Two
glrooups (n = g) of r ‘Efia%lﬂfh&ewet’f%tégé"ﬁep IV?SL?'%r“éHR}ﬁ%d?thﬁédmmMﬁlea

WABN net ot nesp8fseq BCoR id echihEholber Y RBAP AR AP bnans
h 0 M DS Mo |1 C fi
\|!)V|r|t mar;S/ uncuﬂ’%ﬁrﬂeg Eiriﬁées us- m(;ﬁﬁgy %C%atrgﬁgé%;% %@gﬁéﬁgr )(gﬁb lemIan on

clinical statusanfmalianaceihgl theres afe ediﬂ%méhe’e@i’ﬁ'ﬂﬁ efttédation epEtRE Rl 0od
sanpl es were taken for the neasurenent of viremia, iImune paraneters, and a

full rdnge of diierritastrainy ahdM¥Aoothdeéeay dAVAChBN sippearar 46ety Smore

o

Animal s were s %I ficed- that devel o/ged AlDS |i ke di sease and the surviving .

monkeys wer e Rated thanoothgse MVAostraing ceven i the pareméek stiedint NV A
surviving non

h d d
further |rrrrun:(5? ﬁsgefe{mmﬁe 3&%{'@ M@Qy{%@nggAﬁgiétng%?mé%¥§dae No
d ff f th t
s . o SIS RRA °th. BtV St FEShBR o 2y lerant n -
SI'V the |evel fg¥esvbf VR BRSSN Iﬁw 357%93@5?}% g&@ﬁ%ﬁeHm% 2§ IR%gC"Eflaoups

infection (Fig. 4). Duetothe arge stan ons W t

there mas no sihgehgeamodel,. f Fhendsvdls Toh"e &hbﬁve\lvéreﬁf n‘féé‘suﬁ%ﬁ he
groups vacci nated with MVA-BN nef or MWA- However ere was a eral
.10 fol d | ower rgfvctioadin avatye vaccini Yipes rcwtednmedil Amaw/isﬁi%tn@ﬁauenge

as this aliowed a guantitative assessment . of different doses and
sirains of MVA. ’

.'Lethal Challenge Model
15 Specmc 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/mi) 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 Iater the mice re_ceived 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 protectlon was measured by the reduction in ovary titres determined

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



25 conpared to the control (MVA-BN) group. Furthernore, affi@r A3 98Bks
followng infection (the initial observation period) only 1 out of o0 ~ Aga
.- 2005 52 the six nonkeys vaccinated with MVA-BN nef- had to be eut hani
"due- to the severity of the disease, conpared to 4 out of the 6 ...aninmals
.the control group (Fig. 5). The devel opnent of disease clearly
--correlated- with a higher. virus. |oad #and as such the aninmals 5 ..were
observed for an additional 29 weeks post infection. The MVA BN nef vaccine
appeared to delay ,the progression of the disease, conpared to the control.
~group and even at \(/%%ek 46- post- infection 5 out of-the 6 MVA-BN nef

in

.ani mal s sW&Ais &ac

sed

cgd ey dawpwdvpest tinensialisagpoandi the varies weeffeur t her

imals i h ' .ed [ hani sed | [ fi -
urvivi ng AR FRRGEIERAT e HR ARG b flesn doteminast bsat ed

.wWith
in these 1

o D PRI R0 B SRt ARl rhERPad et o d 0ot XZA;BN

.i mmne_reqm_&vg?gi: {]hje presence of apre-existing imunity to. M.

(Fig. 6).
MVA-8BN -nef ‘al |

Fol | owi ng

titre of 1000. This anti body response. was significantly boosted foll

the secondary i rivicei yatciated widativip temunsizatiohsdoft BitheMVAQ4can 1ags used
to prine-bqost inmMmune resgonse i n_heal t hy nonkeys. These 20 anti body

gradual |y ddeDsedal ofl

3

\.,,._.u:“"ﬁ"

at eaued,"
{shrviving
ounts |l o
i N i Mmuno-

10

15

20

byr wivBkA 8Y o steriemoom pletelyn prbtedtietr ess

rimary inmunization with. either MA-BN or
nonkeys generated an anti body response to WA with a nean

oW ng

titres

‘.sach that the mean titres to MA at week 99 were 2000. The five
ABAREYs Diere §P0% nirgslusiioandni mvans28V¥oripiresi dedlays tposDa

differences in the levels of protection afforded by MVA:BN or MVA-

"57=55' were observed at lower doses. Mice that received two

“immunizations of 102 TCIDse/ml of MVA 575 failed to be protected as

judged by the high ovary rvv titres (mean 3.7 x107 pfu +/- 2.11

"SrReee 2).ohe TendRES WAL NS’ TMRSted HlRer ™ ™"

x107). In contrast, mice vaccinated with the same dose of MVA-BN

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). ' '

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 protéctive immune response against a

lethal rVV challenge, which may be related to the increased

~ attenuation of MVA-BN compared to MVA-575. ‘-

¢t




0 7 ~p~ 2~0~ 53 nonkeys the. five animls were vaccination tdu::g r1;’i nmes
with., MWA-BN .tat at week 100, 102 and 106 post the initial 7 %ﬁ%ﬂ?ﬁﬂﬁon..
- The first immunization with MA-BN tat significahtly boosted the anti body
response to WA in these i muno-conproni sed nonkeys that was s further

~ boosted with the third inmmunization six weeks later (Fig. 6). These
results. further. denonstrate that. M/A-Bl can boost inmune responses in
t he presence df .a significant pre-existing imunity to .MA, even in

i mmuno ntonproni sed nonkeys: Al t hough the nonkeys inmune response was
boosted followi ng the i mmunizations with MVAio BN tat the levels of SIV
renmai ned stable, indicating that inmmunizations with MVA-BN are safe and'
do not affect SLV |evels in _inmmuno-conprom sed nonkeys (Fig. 7). This
study has den®ndt MYABNhit PrimedRoesh Vaccinatinn Regimes nmune responses in

i nmmuno- conprorg sed' . rhesus. nonkeys .ang, t hat - BN i pizations are safe .
and do no'[rpaf?e?l‘ftiné" é'\‘fg'IQé' 8 X‘Wﬁ@ %Siwwoﬁwf@ml%im%ﬂamﬁﬁ of| ay

e B IR, ergly SRRl Rckeble, o0 LS vace, nat ed v

SV Tnfect i WoekeyRey, ST MIAEIY e Lo RE RO hlten P A Al oo

therapeutic Hstains @reeidusly ukselyint theberagrdtidmot Rehyi sk ﬁhé&édgjcg@'gea

antiretroviral therapy. Therefore this study investigat ed the S¢
(effect on Sl gingeeimmunidakéhs amiyg ofhe EIEtARR 2HWWSWyéth vaccinia strains

produced in CEF cells and -given via tail scarification and -!’) |

immunisations using MVA 572 that was previously used in the

10 ' 'sméllpox eradication program in Germany. In addition, both MVA.BN
~and MVA- 572 were compared as a -pre-vaccine fo[lowed' byE!stree

 via .scarification. For each group eight BALB/c mice were used and all

MVA vacCinatidns Q1 x7107 TCIDso) were given subcutaneoﬁ-sly:at Week

0 and week 3. Two weeks following the boost immunisaﬁon the ice

15 _ were challenged with vaccinia (lHD-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

20 _regimes were measured. in animals prior to challenge. Assays to
méasure 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 ELispot, was generally equivalent to other MVA and

25 vaccinia viruses demonstrating bio-equivalence. A weekly analysis of.

the antibody titres to MVA following the different vaccination regimes

o



reconbi nant MVA's encoding a variety of SIV antigens (gag;0 7poq§’,’ta alih, rev,
tat, .and nef) in SIV infected nonkeys treated with PMPA. PVMPA is a
- nucl eosi de anal ogue ahd is effective against H V. acid .SIV (Rosenwirth, B.
“etal, 2000, J Virol, 74,1704-11). Constructs Allthe reconbi nant MA
constructs were propagat ed on CEF cells, sucrose purified and fornulated in
""Tris pH 7.4. zo Vaccinati on Rrotocol |'7ee groups (n = 6) of rhesus
, monkeys (I\/acaca mul atta) .were infect ed with 50 M DSO of a pat hogenic
priomary SIV isolated (1XC) and ,y, then treated daily .with PMPA (60 ng/ kg

O e = el AIet? e Tachibatons IRCIVR DA SEROURER MIEHGR SR
6 weeks | atspredGand rhaghfieidecdr ahd Hritlod) ,l\%ég.)cg% RABm Qpede% Qe 9roup

2 received WA-tat, MArev and MVAnef, whil’e group, 3 rec |ved sal1ne. The

“clinical swodhes wcdinatiani redimesagFigr eh],l)anmd'e@@mth@rgdt,@@d r ggrdsarto bl ood
sanpl es vverh(ﬁghaken for the neasurenent of virema, immune 2% par aneters, .

and a full g@’%ﬁ sighiftaanslyyhigher {podu08) iaii weekscRer andy5 pdr aeeter s.
peaked 2 weeks post infection

{F. g';a S %&%1%065 @zdweg?&i’{maw%%m%%}%’wnm V- B$\I I@\mpéfeﬂadroeased
31251 AR, BBt Tt
week 4 the antibody ’fltres were also significantly higher in the MVA-
% '7 BN group compared to the mice receiving a single vaccination of
- either the vaccinia strains Elstree or Wyeth. These results clearly
o demonstrate that 2 vaccinations with MVA-BN induced a superior
antibody response compared to the classical single vaccination with
i ' ti’aditional vaccinia strains (Elstree and Wyeth) and confirm the
' | flinciing's;.-from':As,ec.ti.on:‘rz:l-".5:‘:that MVA-BN is more immunogénic than
- other MVA strains. |
15 |
2.2.2.; MVA-prime and boost regimes generate the same level of |
) protection as DNA-prime MVA-boost regimes in a influenza
]} - challenge model.
The efficacy of MVA prime-boost regimes to generate high
20 avidity CTL responses was assessed and compared to DNA
prime/MVA boost regimes that have been reported to be superior.
The different regimes were assessed using a murine polytdpe
- construct encoded by either a DNA vector or MVA-BN and the !'evels
of CTL induction were compared by ELISPOT, while the avidity of the

25 response was measured as the degree of protected afforded foillowing
a challenge with influenza.



effect on the SIV levels, indicating that MVA-BN is a saf emﬁ?a@@ﬁn;g}gsect or
for i nmno-conprom sed aninmals. Once--the animals cane of f - PMPA treatnent
(week 21) the SIV |levels increased. Al though three animals in group .l had
reduced levels of SIV conpared to the control s group 3, there. was no
significant difference in the nean SIV | oad between any of the groups
-followng the end off PMPA treatnent (Fig. 4, 8). Using an'ELISA to SIV
.infected Tcell lysates animals in all .groups generated an anti body"
response to SIV by week 4 following infection (Fig. 9). The SIV antibody
titre in the control group (saline) dropped .during the PVMPA treatnent and
‘increased rapidly when PMPA treatnment stopped, reflecting-the drop and ,
subsequent i n@QewskruictsS| V.l evel s during anti-retroviral therapy (Fig. 9).
A simlar pattern in SIVantibody-titre was observed in group 2 that
recei ved MWA-tat, N d¥NAndpiewmidefencgoalingbltier efilgaki rmi{,}r@e (10 CTL
under - expressi on, of 7s tg&ese r,g%u.l atory proteins in the SI'V infected T cell
l ysat es used ieRiiaReseinending ReNZ8e1 Mbumm)thesarddscﬁlbédarmﬁdw@dus![y :
titres dn gro 1 _increased | qw, ng t he v inations with MVA gag-pol and
IWA—en\# at weZEh§6"s rha}a@;t thkl ﬂ\'gﬂm??@%%iﬁéﬁ't IMAABN larmpsieet peydopenune
response to Sl)d b 0f ani.mgh s rgei ng anti ,20 re vi ral
t herapy. | npor agnﬁs&?{%éh%n@(é{e ‘2\? ﬁhgﬁﬂ)&iwg/ﬁtg&s %P@gﬁs%g%&& £oMEing
the secondary sueresY pafifieel ahd W6kukieROR TridqRayr ating that WA can
boost i mrune responses i'n I mMmuno. conprom.sed ‘ani‘fal' s, even in the presence
of a pre-existing imunity to MA (Fig. 8). The anti-MWA antibody titres in .
group 1 25 also reflected this pattern with the generation of a antibody f)
response 56 Madchnatign: lprogocalsy i mmuni zation and this was significantly:
boosted followi ng the, secondary. vaccination (Fig. 10). References
SchneiWer, - J., G | barthe aereniss specificTpathdgerk érecl6;8 Retslomidémale
Hannan, CM, , Sinden, R, Smith, . CG.:, and Hill, AVS. 1998.
ZEnhanced i mu icci(%z‘fu)rmtﬁ%-wefecéﬁf?@-n@ﬁj’@tl.pénOén'@l Gue| weee etised afyr of
. @lt aria. DE';A‘ £338peat h@glﬂYs BARRIS i bor BB FerdaiSad"iBr the “lmran®

challenge experiments. Mice were vaccinated with - différent prime-

boost regimes using MVA or DNA encoding the murine polytc;pe as -

15 ~ detailed in the results. For immunizations with DNA, mice were
~anesthetized and then givep a single injection of 50 pg of endotoXin-

free plasmid DNA (in 50 ul 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 pbst the
primary immunizations. Boosting with plasmid DNA was done in the

same way than the primary immunization with DNA (see abové). In

| qrder to establish CTL_. responses standard ELISPOT a$says

% (Schneider et al, 1998, Nat. Med. 4. 597-402) were performed on

splenocytes 2 weeks post the last booster immunization using the
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_mﬂuenza CTL epitope peptide (TYQRTRALV), the P. Berghei epltope

peptide (SYIPSAEK!) the  Cytomegalovirus peptide - epitope

~(YPHFMPTNL) and/or the LCV peptide epitope (RPQASGVYM). '

For the challen'gé experiments mice were anesthetized and. infected

i.n. with a sub-lethal dose of the ressortant influenza virus, Mem71

(4.5 x105 pfu in 50m! PBS_). At day 5 post infection, the lungs were

removed and viral titres were determined in. duplicate on Madin-

Darby canine kidnéy cell line using a standard influenza p!aq'ue assay.

Results: : ,

- Using the DNA vaccine alone the induction of CTL to the 4 H-2d
epitopes encoded by the murine poiytope was poor and only weak
"'.rresponses could be detected to two of the epltopes for P.Berghei

'(SYEPSAEKi) and iymphocytlc choriomeningitis virus (RPQASGVYM). |

contrast, usmg a DNA prime MVA boost regime (107 pfu MVA-BN -
glven subcutaneous!y) there were significantly more CTL induced o
SLY (8-fold increase) and RPQ (3-fold increase) and responses were
also observed to a third epitope for murine cytomegalovirus‘
(YPHFMPTNL) (Fig. SA)..' 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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' The subcutaneous administration of 107 pfu MVA has previously been

shown to be the most inefficient route and virus concentration for

'-vaccination using other strains of MVA particularly if compared 1o

--mtravenous lmmumsatzons (Schneider et al 1998) In order to define_

optimal lmmunlzatlon reglmes 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

'gi\ken intravenously (Fig. 3B). In a further experiment 108 pfu MVA-BN

were administered subcutaneously (Fig.3C). In these experiments.

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

.|mmun|sat|on with -107 pfu MVA-BN given mtraveneous[y and the |
immunization with 108 pfu given subcutaneously SIgniftcantIy boos’ced
~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
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-
compromised monkeys with a pre-existing immunity to MVA.

Q]?I A«ERI %WSabove

| evel after 4 days infection. Anplification ratio = output.TC DSO
~ APB ~DD5.Applicant's or agent's
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Vaccination protocols
Two groups (n = 6) of rhesus monkeys (Macaca mulalta) were
vaccinated with a bolus intramuscular injection with either MVA-BN

alone or a recombinant MVA-BN nef at week 0, 8 and 16. On week

22 all monkeys were ch‘ailenge_d with 50 MIDso of a pathogenlic' cell-
- associated VS!V,stock (1XC) from primary, uricultured rhesus monkey
_ PBMC by the intravenous route. The clinical status of the animals was

frequently monitored -and'reg'ular blood samples were taken for the

measurement of viremia, immune parameters, and a full range of

hematology and bfpbd clinical 'cﬁem'istry parameters. Animals were

" sacrificed that developed AIDs like disease and the surviving

monkeys were monitored-fbr 99 weeks post vaccination. At week 100
the surviving h-’lonkeys' were all immunized i.m. with MVA-BN tat and
l"e_ic'eived furfher .Irﬁmu.nizations_ with the same MVA:BN tat at weeks
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
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

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

weeks following infection (the initial observation period) only 1 out of

street

SP4
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'_clearly correlated with a higher virus: load and as such the animals
5 " were observed for an additional 29 weeks post infection. The MVA.
- BN nef Vaccine" -éppeared 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
.5_9-postrihfection two further animals in the nef vaccinated group were
10 euthanised leaving five surviving animals (three from the MVA-BN nef - |
group and two vaccinated with MVA'-BN). An éxaminatibn of the
antibody titres generated to MVA-BN in these 12 monkeys él_early o
demohstratéd that MVA-BN could boost .the immune reéponse even
" in the presence of a pre-exiéiing immunity to MVA (Fig. 6). Following
1B -the primary immunization With_ eith.er 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 mdnkeys. These |
20 “antibody titres gradually declined, although by week 49 post

~ immunization the titres plateaued, such that the mean titres fo MVA
at week 99 were 2000.

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

investigate the impact of using MVA-BN - in immuno-compromised
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monkeys the five animals were vaccination three times with. MVA-BN

-tat at week 100, 102 and 106 post the initial vaccination. The first
immunization with MVA-BN tat signiﬁcanﬂy boosted the antibody

response to MVA in these immuno-compromised monkeys that was

5 'further boosted with the third immunization six weeks later (Fig. 6).

- These results further demonstrate that. MVA-BN can boost immune

" responsés in the presence of a s'ignifican"c pre-existing immunity to
d MVA, even in immuno-compromised monkeys.‘ Although the monkeys
A immune response was boosted following the immunizations with MVA-

10 BN tat the levels of SIV remained stable, indicating that

: immunizations with MVA-BN are safe and do not affect SIV levels in

immuno-compromised monkeys (Fig. 7).

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

15 - immune responses in immuno-compromised rheSus monkeys and that
MVA-BN_immunizations are safe and do not affect the levels of

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

S . like disease in the animals v.acc'inated with the MVA-BN nef vaccine,

indicates that an immune response was successfully generated to nef.
20

2.2.4.: Therapeutic Vaccination of SiV-Infected Monkeys
Undergoing Anti-Retroviral Treatment

An MVA-BN based therapeutic HIV vaccine is likely to be used

‘ 25 in individuals undergoing anti-retroviral therapy. Therefore this study

" investigated the safety (effect on SIV levels) and efficacy of
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. rev, tat, and nef) in SIV infected monkeys treated with PMPA, PMPA
IS a nucleoside analogue and is effective. against HIV and Siv
(Rosenwirth, B. et al., 2000, J Virol 74,1704-11).

| Constructs

- All the recombinant MVA constructs were propagated on CEF
cells, sucro_se purified and formulated in Tris pH 7.4, |

10 Vaccination Protocol | |
- Three groups (n = 6) of rhesus monkeys (Macaca mulétfa) were

infected with 50 MIDso of a pathogenlc prlmary SIV |solated (1XC).and

then treated daily with PMPA (60 mg/kg gwen s.C. ). for 19 weeks,

B n.&;

b

week 10, animals were vaccinated with recomblnant MVA BN (: 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 -

Stopger”

blood samples were taken for the measurement of viremia, immune

20 parametersl, and a full rahge of hematolbgy and blood clinical

chemistry parameters.

All animals established high SIV Ioads_thlat 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 vacci'nations with MVA: at week 10 and 16 had no
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vector for immuno-compromised animals. Once the animals came off

PMPA treatment (week 21) the S|V levels increased. Although three |

animals in group 1 had reduced Ie\}els of SIV compared to the control -
5 group 3, there was no significant difference in the rhean SIV load
| ‘, between any of the groups following the end of PMPA. freatment (Fig.
_ 8); Using an ELISA to SIV infected T-cell lysates -ahifnais in all groups
d | generated an ahtibody' response to SIV by week 4 following infection
- (Fig. 9). The SIV antibody titre in the control group (saline) dropped
10 during the PMPA treatment and increased rapidly when PMPA
~ tréatment -stopped ‘ref[ecting'the drop and subsequent increase in
SIv Ievels durmg anti- retrov:ral therapy (Fig. 9). A similar pattern in
SIV antibody titre ' was observed in group 2 that received MVA-tat,
MVA -rev and MVA-nef, possibly reflecting the under-expression of
15 these regulatory proteins in the SIV infected T cell lysates used in the

‘ELISA. In contrast however, the anti-SIV antibody titres in group 1
| ~increased following the vaccinations with MVA gag-pol and MVA-env
5 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 rwere
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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Table 1:

CEF Hela HaCét -143B | BHK |Vero CV-
MVA- 1579.7 1 0.04 0.22 | 0.00 {65.88}2.33 - |0.00
BN |3 ' . ' : '
MVA- | 796.5 1 0.15 1.17 0.02 {131.2110.66 |0.06
575 |3 | IR >
MVA- | 86.68 | 124.9 i59.09 0.83 |87.86 |34.97 {29.7
HLR 7 ' ‘ 0
- MVA- 1251.8127.41 11.28 2.91 |702.7 11416.4 |4.48
Vero 9 7 6 '

Virus amplmca’uon above the input level after 4 days infectlon
Amplification ratio = output TCIDso

' Values are:in TCIDgo

input TCiDso
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‘| Nameofdepositary institation ECACC o ’ ’

..} pemmissable under the law. of the designated State, it is requested thet & sample of the deposited -
~ microorganism be made available anly by the issue thereot to an independent expert, in accordance ‘
] with the relevant patent legislation, e.g., EPC Rule 28 (4); UK Patent Rulss 1995, Schedule 2, - - +

referencenumber

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

{PCT Rule 134is)

A. Tieindicationsmadebelow relatete the microorganismreferredtointhe descriptio;
oupiage _ 5 e o line ‘ 24 -
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Address of depositary institutlon (including postal cade and country}
Centre for Applied Microbiclogy & Research
Salisbury . ,

. Wilishire P4 OJG, United Kingdor

Dawuféepusit ’ : AccessionNumber
: ' August 30, 2000 ‘ _ 00083008 -

In respect of all designated States 1o which such acfion is possible and to the extert that it is lagally -

Paragraph 3; Australian Regutation 3.25(3); Danish Patents Act Seotions 22 and 33(3} and
-generally similar provisions mutatis mutandis for any other designated State. = - :
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- | east s'lmﬁﬁugbtfa‘rslﬁ‘y the ssym@pbevel
U

fibroblasts (CEF) and in the baby hanster kidney cell gg]eﬂr@t% but no
capability of reproductive replication in the human kefdt i’ 8 cell 1ine

. HaCat, (ii) failure to replicate in vivo in severely i mune conprom sed

mce, (iii) induction of a higher ingunogenicity conpared to the known
strain MVA.575._in a lethal challengé"nodel and/or (iv) induction of at
OffnemdiR@ailitioyNol N~ VaccCi ni a vIrup prime/
vacci ni a , Frer—eorpak-ed—t-—DNA-BF—8 accinla virus
boost reginmes. (2) Vaccinia virus .according to claim1 having at | east

two, at least zo three or all of the properties (i) to (iv). (3) Vaccinia
virtus according tommgﬁuﬁlﬁ&%a%&&%nwﬁﬁ?&ﬁ%db{s@e virus is not
capabl e of reproductively replicating in any of the ol I owi ng hunman cel |
-lines: the human bone osteosar coRE Rgel3bil i ne zs 1438, the human
keratinocyte cell |ine HaCat and the human cervix adenocarcinoma cell |ine
HeLa . (Zr-Yacointa-v+us—accordi-rg—to—anyone-ofclains 1 to 3 _wherein the
sever el y'qh tﬁ@}ﬁl@m@ag&nﬁ?fﬁﬁ’?%“‘cﬁffﬁ%méﬁf@d‘P‘h‘h’?;ﬂ’ﬂ‘b‘f"e of producing so jmture B
and T C#:?‘:@%Mﬁlulh h%’l\hE) Nacrimeavitts—accordi ng t o anvbne 'Of‘

cl ai ns [[B FFEFICKERIEPRFOSHe  severel y i miummsloOaptonidgeddmintseadl p| AGRL29

t r ans gefHafeoifipGRyinubPECAZaCCI N1 a VI TUus accordinmg toanyome~of—Tttrans 1 to 5
bei ng c] one puri fi edfuropean Goliection of Cel Cultures o : ;

I‘V

Address of depositary institution (including postal code and country)

' Centre for Applied Microbiology & Research
R Salisbury A -
e Witishire SP4 OJG, United Kingdom
Dateafdepasit ' i Acccssiquuﬁiher
December7,2000 . ! . 00120707
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Paragraph:3; Australian Regutation 3,25(3); Danish Patents Act Sections 22 and 33{3) and
.| generally simitar provisions mutatis mutancls for any other designated State.
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(7) Vaccinia virus according to anyone of clainms 1 to 6, Qﬁi@@ﬁ? dlfled
vaccinia virus Ankara (MVA). 10 (8) Vaccinia virus accordrng gﬂ

bei ng Modi fied vaccinia virus Ankara (MVA), deposited at the European
~Collection of -Cell Cultures (ECACC), Salisbury (UK) under nunmber V00083008
("NVA—Bhr) and derivatives thereof. 15‘@9) Vaccinia virus according to

cl ai-m 8, Merﬁw e - bl e
of reproducti cation i EVERFEKen ehbryo fibroblasts (CEF) and {he

Baby hanster kidney cell line BHK but not capabl e of reproductive
replication in human cell 20 lines and (ii) by a failure to replicate in
.Vivo in severely immune rom sed mce. (10) Vaccinia virus according to
claim9, wherein the hur’FEH[ng’PFSWiAﬁ'é"?"QrAé) FPEHESYst eosar cona cel |
line 143B, the human 25 keratinocyte ggfduchiziie HaCat and the human cervix
adenocarci-noma cell line HeLa .  (11) Vaccinia virus according to anyone of
the clains: 1 to 0. conprising at | east one heterologous nuclelc aC|d
sequence. 30 A0 ?hciquﬂong@@&lo@@amtomcmxmurgmmm&ﬂed Wwinthcdescription ’

on.page Jine | . 16 .
B. IDENTIFICATIONOFDEPOSTT o Fuuther depositsare identifiedonanadditionaisheet [
Namecfdeposnarymsumnun PHLS Public Health Laboratoty Service, Centre for Applied
Microbiclogy and Resaarch

ECACC Eurppean Callection of Celt Cultures, CAMR

Address of depositary institution {icluding paval code and conirry)
ECACC European Collection of Celt Gultures, CAMR
Porton Down EE —
‘Salishury, SP4, OJG, UK ‘ : ' )

Dateofdeposit ‘ ‘ I A AcceﬁonNnmber :
January 27, 1994 ) Ve4012707

C. ADDITIONAL INDECATIONS (leave blank fnotapplicable) ~ This informationis continued onan additional sheet i
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D. DESIGNATED STATESFOR WHICH INDICATIONS ARE MADE ([fihe Indications are not for all designated Siates).
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(12) Vaccinia virus according to claimil, wherein said qﬁzeggégﬁﬁgs
nucl ei ¢ acid sequence is selected froma sequence codi ng™ or st .one
antigen, antigenic epitope, and/or a therapeutic conmpound. s (13) Vaccinia
virus according to claim 12, wherein the antigenic epitopes are from
viruses selected fromthe famly of Influenza. virus, Flavivirus,

Par anyxovi rus, Hepatitis.virus, Human igmhunodeficiency virus or from

vi ruses causing henorrhagic fever. to (14) Vaccinia virus according to
anyone of clainms 11 to 13, wherein the Vaccinia virus is MVA-BN conpri sing
t he nef geneCLAIME Genone of the Vaccinia virus according to anyone of the
claims 1 to 14. 15 (16) Pharnmaceutical conposition conprising the Vaccinia
virus according to anyone of the clains 1 to 14 and/or the genone
according to claim 15 and a pharnaceutically acceptable carrier, diluent

to cl nd a p cal ly acceptabl e car X
anyone of 10 tdtala firus WS of B kiled ool ERerairgPe i Sal m 15. | (10
an L o . o ¢ y

Lo clal o 17 conpr r &1 ng aroT ALt U sBPeteflle P e dRidtiERen BB G) "

Vacci nia virus accordi fiprémlagty ¢GEFpfachanciia &by hardster thiénegeswne -
according to claim 15, the_conposition according to claimso 16 or 18 or

. the vaccine according tibedEKnbYy ner capabititapf sepradintore repiicatirooos
the human keratinocyte cell line HaCat,

@ity  failure to replicate in vivo in severely immune

10 compromised mice,

(iiiy - induction of a higher immunogenicity compared to the
known strain MVA 575 in a lethal challenge model
and/or

(iv)  induction of at least substantially the same level of

15 : immunity in vaccinia virus prime/ vaccinia virus boost
regimes when compared to DNA-prime/ vaccinia virus

boost regimes.

(2) Vaccinia virus according to claim 1 having at least two, at least

20 three or all of the properties (i) to (iv).

(3) Vaccinia virus according to anyone of claims 1 to 2, wherein the
virus is not capable of reproductively replicating in any of the
following human cell lines: the human bone osteosarcoma celi line
25 143B, the human keratinocyte cell line HaCat and the human cervix

acdenocarcinoma cell line Hela .

(4) Vaccinia virus according to anyone of claims 1 to 3, wherein the

severely immune compromised mice are incapable of producing
30 mature B and T cells.



64 induce, an i munol ogi cal response in a living animal, bﬁ€%¥ﬁrfmﬁ
human. (20) Vaccinia virus according to anyone of the cla 3 t he

s genonme according to claim15, the conposition according to claim16 or 18
or the vaccine according to anyone of clains 17 or 18 for vaccination of a
l'iving animal, including a human, against a human pox virus disease. io0
(21) Vaccinia virus, genone, conpositiogor vaccine according to claim 20,
wherein the human pox virus disease is snmallpox. (22) Vaccinia virus,
genone, conposition or vaccine according to anyone- of claim19 to 21,
wherein the aninal is imunois conprom zed. (23) Vaccinia virus, genone,

conposi tion ¢5) Vaccini® vaesoaciatdin® to M@ 6f cli@is™s tho4! wr%zemwﬂfer ein the
animal has a pre-existing imunity to poxviruses. zo (2 43 Vaccini a virus,

genone, conpésyaliehhiremurcomprastsedimyetare AGRAIZS vhnsganicsmice.t o 23,
wherein the animal is undergoing antiviral therapy. 2a (25) Vaccinia
vi rus, genone, conposition or vaccine according to claim24, wherein the

antiviral t h?@}"‘%cb?m ViR bc&%xd' Héf't&aén%&% WYl aif?d) Y@;Ef'b%' %\@Iéqﬁson

according to anyone o cI ai ns phar maceutic oSl
accordi ng topakidiech, 15 or 18, the vaccine so accor ding to claim17 or 18,
wherein the MVA, the conposition or ,

(7) Vaccinia virus according to anyone of claims 1 to 6, being a
modified vaccinia virus Ankara (MVA).

10 '
(8) Vaccinia virus according to claim 7, being Modified vaccinia virus
Ankara (MVA), deposited at the European Collection of Cell Cultures
(ECACC), Salisbury (UK) under number VO0083008 (“MVA-BN") and
derivatives thereof.

15
(9) Vaccinia virus according to claim 8, wherein the derivatives are
characterized (i) in being capable of reproductive replication in
chicken embryo fibroblasts (CEF) and the Baby hamster kidney cell
line BHK but not capable of reproductive replication in human cell

20 lines and (ii) by a failure to replicate in vivo in severely immune

compromised mice.

(10) Vaccinia virus according to claim 9, wherein the human cell
lines are the human bone osteosarcoma cell line 143B, the human
25 keratinocyte cell line HaCat and the human cervix adenocarcinoma

cell line Hel.a .

(11) Vaccinia virus according to anyone of the claims 1 to 10

comprising at least one heterologous nucleic acid sequence.
30



07 APR 2005 65 the vaccine is admnistered in therapeutically effective
anounts in a first inoculation (“primng inoculation') 4§ &RRa20§Bcond
i nocul ation ("boosting inoculation"). 5 (27) Vaccinia virus according to
anyone of clains 11 to 14 or genone according to claim15 for introducing
a honol ogous and/or heterol ogous nucl eic acid sequence into target cells.
(28) Use of the Vaccinia virus accordinggto anyone of the claims 1 to 10
14, and/or the genonme according to cl ai m 15 for the preparation of a

medi canment or, n 29) Use.ac o claim 28 rein the

rred: canent oﬁlggg%gﬁk'gvé'(%d%ﬁ?ﬁ@f% r]rducvéh%ﬁ?mﬁ‘ﬁmlglé OI&%%W%sponse
inaliving nleldniaehi saadkntoqs ud @f#&fﬁ%secs&&%%sa%@ﬂr%ﬁ@a%@ anyone
of clains 28 to 29, wherein i canent or vaccine | s -agai nst

poxvi rus di seaaeeantl@n (aiﬂt)gewse e@d@gedang/boaotlharas@émc mbmpmuhd he human
poxvirus disease is smallpox. (32) Use according to anyone of clainms 28 to
31, wherein nedicanent or vaccine conprises at |least 10z TC DSO of the

Vacci ni ¢ : i g o] 28 32
wher ei n%t he quzgl%rﬁé'aﬁ%i) rvt@%’l ggé@fﬁqhg t CA%‘% T?he"}@%&ﬁ' !WE%@P&:H ve
anounts in @pftlo?‘éfs aﬁéowhatnrg@eé s@féc%cﬂ‘grdrﬁoﬂw‘é' %‘H\F%o} |Afidehh dirggcond
i nocul ation boosting i nocul ation"). ~~~

Flavivirus, Paramyxovirus, Hepatitis wrus Human lmmunodeﬂmency

virus or from viruses causing hemorrhagic fever.

10 (14) Vaccinia virus according to anyone of claims 11 to 13, wherein

the Vaccinia virus is MVA-BN comprising the nef gene.

(15) Genome of the Vaccinia virus according to anyone of the claims
1 to 14.

1 . .
(16) Pharmaceutical composition comprising the Vaccinia virus
according to anyone of the claims 1 to 14 and/or the genome
according to claim 15 and a pharmaceutically acceptable carrier,
diluent and/or additive.

20
(17) Vaccine comprising the Vaccinia virus according to anyone of

the claims 1 to 14 and/or the genome according to claim 15.

(18) Pharmaceutical composition according to claim 16 or vaccine
25 * according to claim 17 comprising at least 10° TCIDsq of the Vaccinia

virus.

(19) Vaccinia virus according to anyone of the claims 1 to 14, the
genome according to claim 15, the composition according to claim

30 16 or 18 or the vaccine according to claim 17 or 18 to affect and/or



(34) Use according to anyone of the clains 28 to 33, whetﬂe' n é@e animal is
i nmune- conprom sed. 5 (35) Use according to anyone of cl A 2085 34,
wherein the aninmal has a pre-existing immnity to poxviruses. (36) Use
according to.anyone of clains 28 to 35, wherein the animal s undergoing
an antiviral therapy. io (37) Use according to claim 36, wherein the
antiviral therapy is an antiretroviralg4herapy. (38) Vaccinia virus
according to anyone of clains 1 to 14 as is adjuvant. (39) Use of the

(a0), weinod TG P adiEr o RERE e Soule i & Mg ol Bge e . *°

aci d sequenc@uid®, target cells conprising the infection of the target
cells with the Vaccinia virus according to claim1ll to 14 or the
transfection of the target cell with the genone according to claim15. 2s

Compri si ng. i K QLMAGATOR Hri SECEE Gl RVRBEVACHIhickndTs s tackbrtitg o
claims % 10 Idnonfy 2088 AREXBEaim 15, the composition according to claim
16 or 18 or the vaccine according to anyone of claims 17 or 18 for
vaccination of a living animal, including a human, against a human

pox virus disease.

10 (21) Vaccinia virus, genome, composition or vaccine according to

claim 20, wherein the human pox virus disease is smallpox.

(22) Vaccinia virus, genome, composition or vaccine according to
anyone of claim 19 to 21, wherein the animal is immuno-

15 compromized.

(23) Vaccinia virus, genome, composition or vaccine according to
| anyone of claims 19 to 22, wherein the animal has a pre-existing

immunity to poxviruses.

20
(24) Vaccinia virus, genome, composition or vaccine according to
anyone of claims 19 to 23, wherein the animal is undergoing antivirat
therapy.

25 (25) Vaccinia virus, genome, composition or vaccine according to

claim 24, wherein the antiviral therapy is an anti-retroviral therapy.

(26) Vaccinia virus according to anyone of claims 1 to 14, the
pharmaceutical composition according to claim 15 or 18, the vaccine

30 according to claim 17 or 18, wherein the MVA, the composition or




b) cultivation of the infected host cell under suitable. c&&%éﬂhﬁns, and
c) isolation and/or enrichnent of the peptide and/or pr@@e' or
Vaccinia virus produced by said host cell. 5 (42) Cell, including a human
cell, containing the Vaccinia .virus according to any of clains 1 to 14 or
t he genone of claim15. (43) Method for obtaining the Vaccinia virus
atcording to anyone of io clains 1 togh0 conprising the follow ng steps: -
i ntroducing a conmonly avail able vaccinia virus strain into non-hunan

cel 1's In whiglh LOCIKE VS dibleteq iR {h"eﬁ’é;ﬁgﬁétgéeénc’;};}eﬁgféﬁ%‘agﬁé&@ts;n

i sol ating/enriching virus par s from na?yzi ng

whet her the_wahbedlatidruﬁ“m&k%i@% ih6asiatione) apd e SempiigedulBtionerties
as defined in claiml1l, wherein the above steps can optionally be repeated

until a virusbgostingtinecdlesionéy replication characteristics is obtained 20
(44) Method according to claim43, wherein the commonly avail able "Vaccinia
virus strain is MVA 575. (45) Method according to anyone of clains 43 to

44, whegein o8- MHIBNAEEEnE" fo SH\RHC s ERMNSER 106h! 4204 T he
't for st | g a A

cell line BHK, “( prinme/bo ni'zation conprisin

accordi ng tgemmyenscafrddi@itowldint d Sléor mteadpsiagtd Gonasiogbdsnghd/@rcl ai m 16
or 18, a vaccine according to claim17 or 18 for a first inocul ation
heterologous nucléic acid sequence into target cells. '

(28) Use of the Vaccinia virus according to anyone of the claims 1 to
10 14, and/or the genome according to claim 15, for the preparation of

a medicament or a vaccine.

(29) Use according to claim 28, wherein the medicament or vaccine
is administered to induce an immunological response in a living

15 animal body including a human.

(30) Use according to anyone of claims 28 to 29, wherein the

medicament or vaccine is against human poxvirus diseases.

20 (31) Use according to claim 30, wherein the human poxvirus disease

is smalipox.

(32) Use according to anyone of claims 28 to 31, wherein
medicament or vaccine comprises at least 10% TCIDsg of the Vaccinia

25 virus.

(33) Use according to anyone of claims 28 to 32, wherein the
Vaccinia virus is administered in therapeutically effective amounts in

a first inoculation (“priming inoculation”) and in a second inoculation

30 (“boosting inoculation™).




0 7 APR 2005 68 ("primng inoculation") in a first vial/container and for a
second inocul ation ("boosting inoculation") in a second vmlmtzgﬁgwer.

66

(34) Use according to anyone of the claims 28 to 33, wherein the

animal is immune-compromised.

5 (3b) Use according to anyone of claims 28 to 34, wherein the animal

has a pre-existing immunity to poxviruses.

(36) Use according to anyone of claims 28 to 35, wherein the animal

is undergoing an antiviral therapy.

10
(37) Use according to claim 36, wherein the antiviral therapy is an
antiretroviral therapy.
(38) Vaccinia virus according to anyone of claims 1 to 14 as
15 adjuvant.

(39) Use of the Vaccinia virus according to anyone of the claims 1 to
14 as adjuvant.

20 (40) Method for introducing a homologous and/or a heterologous
nucleic acid sequence into target cells comprising the infection of the
target cells with the Vaccinia virus according to claim 11 to 14 or the

transfection of the target cell with the genome according to claim 15.

25 = (41) Method for producing a peptide, protein and/or Vaccinia virus
comprising '

a) infection of a host cell with the Vaccinia virus according

to claims 1 to 14,



10

15

20

25
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) cultivation of the infected host cell under suitable.
conditions, and _
c) isolation and/or enrichment of the peptide and/or

protein and/or Vaccinia virus produced by said host cell.

(42) Cell, including a human cell, containing the Vaccinia virus

according to any of claims 1 to 14 or the genome of claim 15.

(43) Method for obtaining the Vaccinia virus according to anyche of
claims 1 to 10 comprising the following steps:

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

- isolating/enriching virus particles from these cells
and
- analyzing whether the obtained virus has at least one

of the biological properties as defined in claim 1,

~ wherein the above steps can optionally be repeated until a virus with

the desired replication characteristics is obtained

(44) Method according to claim 43, wherein the commonly available
Vaccinia virus strain is MVA 575. |

(45) Method according to anyone of claims 43 to 44, wherein the

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

(46) Kit for prime/boost immunization comprising a MVA according
to anyone of claims 1 to 14, a composition according to claim 16 or

18, a vaccine according to claim 17 or 18 for a first inoculation
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("priming inoculation”) in a first vial/container and for a second

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



