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TI TLE Mul tival ent vacci nes conpri sing reconbi nant
viral vectors FIELD OF THE | NVENTI ON The i nventi on

wo edoaess7t o the field of recombi nant DNA and VPCEEP2005/055984
vector vaccines. Specifically, it relates to
reconbi nant DNA and viral vectors harbouring nucleic
aci ds encoding nmultiple antigens and/or adjuvants.
BACKGROUND OF THE | NVENTI ON Tubercul osis (TB) has been
a maj or worl dw de threat terThgman health for severa
t housands of years. TB caused by Mycobacterium
Y¥ybeh el odi acsiaes sPeprielsddrseaseipdnt Hel jajngectors
caused by infection through exposure to air-borne M.
tubercul osis bacilli. These bacilli are extrenely
infectious and i tFhaED bgerTEstIMANEd Ohat currently

approxi et el y, onethy rd °f t}eh warild popul at or‘%{% {20t DNa
bi | I'i'on"peop & at e 9t 'vas’ Been SFUrther
angstiifat edetbat Gﬁbaimé§.c&pﬁcﬁfﬂﬁdﬂuyonlme@pnetes to

dwi de on_an annual basis. Only 5 tqQ 10% of the
r%%ﬁ&é&ﬁp@%nf‘“ﬁu%ﬁ%l A QI dptipe 109 *f*BClSha dotes

82%ial hhempitl a8ev. dhe/ s s&raexel.usively in
en & m}g@ a \g%@@ / S SRBSRr A y

t he | ungs, le H nfect ed humans may al so devel op
system c diseases that will nore easily lead to death.

Approxi mat el y %gﬁkggoykD bebepgulgsksriMmfect ed humans

will not develo i sease. However, in these
Iat@nbbyCthetﬁedTBhdhwschﬁﬂu;almajmacmbkddwadesuhvéae to

hutmﬁm ’P{%axt}{e%‘ ePae Oﬁqeoﬁsea%cé aftedeafr%r igstan g
Sa-of "a" ed T'nmine such asafr
.Mﬁdd%abm%@ﬁhmOBubEMEUI@si&miéEﬁﬁﬂﬂnﬂﬁﬂﬁdbﬁs dméeabedof the

lu|nd|cv dua E geggrgll%%h ve tq}be E&Fate bé'r— orne M
RniCRPSERaPY oh" BPCS W GRABE 5P aprTBoERe M-
tuBRIHAS 0 s\WRI BACE $1 N0t TiRe Y@ IYa @t t1HACHeY @ xithreabMNt nkBctious
and it has been estimated that currently approximately one-

third of the world population (2 billion people) are
infected. It has been further estimated that TB kills over 2
million people worldwide on an annual basis. Only 5 to 10%
of the immunocompetent humans are susceptible to TB, and
over 85% of them will develop the disease exclusively in the
lungs, while HIV-infected humans may also develop systemic
diseases that will more easily lead to death.

Approximately 90% of M. tuberculosis-infected humans
will not develop the disease. However, in these latently
infected individuals the bacilli can survive for many years
and become reactivated for instance in the case of a
weakened immune system, such as after an HIV infection. Due
to the latent nature, infected individuals generally have to
be treated by administration of several antibiotics for up
to 12 months, which is not a very attractive treatment in

general and due to costs and the possible occurrence of
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general and due to costs and the possible occurrence

of mul ti-drug resistance, while it is also not a very
we@bdoeosisve treatnent in nost devel opi ng count r PEFEPIINE055984

rel atively successful TB vacci ne has been devel oped:

the bacilli Cal nette-Guerin,(BCG vaccine was

generated in the early years of the twentieth century,

and was first given to individuals in 1921. The BCG
mMRGCHREg $e8NsBhheOUalR Stiii ¢fi RAGLe havBagedreBcfive

Mycobacteri um bovis isolate obtained froma cow. It is
trgataeati v8l poshf devakter ey Mindyies-easy and rat her

cheaply » gﬁggygsg%eé@cé{sgsﬁﬁar BZQz%%cﬁ@Gh‘é%CBb@ﬂ“ on

covered 86% o popu ation. However,
devadopré: appeabsCiblbecakmemba1anﬂmym dBC@QtNaeCﬁoe was
u and many_ ns in.devel opin
Do ey SEEARal hal e R T S i L
walsh& i BEG yacehneo piogiaibuald ias draen Test post edcbli]ﬁé is
BCG vacci ne prevents onl%%596of al |

ary %Eﬁﬁgaﬁ?gvgﬁ’f%? e HRATL DY S Ha G mEnAY 25865 €T um

bdM@ Qo heer 3bHEIndOW RSPt LAdWN Tati@ of rkhatBEBly safe
vaccine in general and due to the specific protection

vaic ipgg pEbi cholgheReNover diftf s ShfaPde@TPEUCREr eIn the
ye%ff‘égb% WBE %fiﬁ‘aﬁf&l dene! QR Qfr REW, ﬁgn

br oadl y app vacci nes agai nst TB, base
pO@mﬁetlgysténweaﬁd,khhmuvanyafacqwmﬁ@¢8|moobhenotiekdsemely

ch.a ccLpa aln her troplcal infectious
e§§é¥§s¥§nd EW%k Fevi %ﬁ@ ng an&ﬂX|n8915652}
deaeﬂb@ﬁegtcapptﬁﬂeﬁestmeremhakennnohd@mekapeaemﬁTBB

f b t
aefpi tenehe, hORTER o LS At e | oty Rl eRbruaber, that

BCE sz@cb@ﬁ@n‘ﬁkaa@htyl ¢l y bss esk vaccivies iwergrgoagtabed,
enabling the transfer of M. tuberculosis antigens to

degihisgen- pPedBarFAgN el $600) -

Due to the rather low protection rate of the BCG
vaccine in general and due to the specific protection in
respect to childhood and disseminated TB, more efforts were
put in the development of new, more broadly applicable,
vaccines against TB, based on other systems and knowledge
acquired in other fields such as vaccination against other
tropical infectious diseases and HIV (review by Wang and
Xing, 2002).

Different approaches were taken to develop new TB
vaccines, ranging from subunit vaccines and DNA vaccines to
modified mycobacterium strains. Moreover, also recombinant
viral-based vaccines were generated, enabling the transfer
of M. tuberculosis antigens to antigen-presenting cells
through gene delivery vehicles such as Modified Vaccinia
Ankara (MVA) vectors and replication-defective adenovirus

vectors.
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t hrough gene delivery vehicles such as Mdified
Vacci nia Ankara (MVA) vectors and

WO epbios®mri on- def ecti ve adenovi rus vectors . Nakedr/Drio5/055984
vacci nes agai nst TB have been described in WO 96/ 15241
(see al so EP 0792358), whereas many reports describe
the use of nunerous antigens from Mycobacteri um
tubercul osis in either reconmbinant or purified form

for nbRelr pRRPL L6 A OS é%l‘&?&@'?’tﬁ@}av\éob%%oaééérlm in WO
95/ 14713, WD 96/ 37219, 599, 510, WD 98/31388, WO

96984411950 DOP 0BBOY! 93D B9/ 2MBETRASWDA00/ ZEPEBESWO
Q4L51y 14 £ 9k %’% 934 Uﬁ

de%%%z#%léog\gg QTée %Lgee% usi or?%p%ot el ﬁns gr%jﬁcgleﬁéum

tudiericerl et sTBn ant tlgen sréagntal s theen psurgdestledor8e€o O

98/ 4411 EP. 0972045 and EP 144 i,SC
thelr 6FF 2 uglgﬁ b%l?%eﬁ%ld% %&%%%é%lé% QB 59&%223, wo
96(/|8’F7'PSQ | ssa5s599e5emrambt%/asl%wioor%t/hals% WO

5GRiRSe, Hy 508057 ne g IR0 e M1 Bhat Whnsur os

o1bath7a, SWOOBGO@%@G@@I, ¥ StoenN® 1Memral Thesperserasusion
wel | as a longlasting high protection rate, no such

Prp&eénge 0p§py éﬁlﬁv adl} Bt een BRI EER DESERSPTIREN2ERO ThERD

U. MAC i Map
Su?f%\é\%%t 3B Th WF%&?@N%D% ap%fx%t %%%285%3 SM

diEicgwseng Map 0$ep¢\’dﬁ@tt358mn mll%/lmplﬁlgi@r bebwhap BEAT-6
4&‘ %%5 ng Is a%m %%ﬁgnNB pAd%%%%gB%E T ?4§%B
i gure’v7 p~of su. p o
antAdApth 35Bsu. TB. 6M
Despite all these and other efforts in generating a

vaccine against tuberculosis that ensures both a strong
cellular, a strong humoral response as well as a long-
lasting high protection rate, no such vaccine is yet

available.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: Map of pAdApt35Bsu.myc
Figure 2: Map of pAdApt35Bsu.TB.LM
Figure 3: Map of pAdApt35Bsu.TB.SM
Figure 4: Map of pAdApt35Bsu.TB.FLM
Figure 6: Map of pAdApt35Bsu.TB.4M
Figure 7: Map of pAdApt35Bsu.TB.5M
Figure 8: Map of pAdApt35Bsu.TB.6M

Figure

1
2
3
4
Figure 5: Map of pAdApt35Bsu.TB.3M
6
7
8
9: Map of pAdApt35Bsu.TB.7M
1

Figure 10. Western blot with anti-TB antigen polyclonal on
lysates from A549 cells infected with Ad35 viruses

comprising nucleic acids encoding different sets of TB
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Figure 9 Map of pAdApt 35Bsu. TB. 7M Fi gure 10. Western

blot with anti-TB antigen pol yclonal on |ysates from
wbeds1sel | s i nfected with Ad35 viruses conpriBCTIBP2005/055984

nucl ei ¢ acids encoding different sets of TBantigens

wth the myc-tag (A) and w_ thout the nyc-tag (B) . (O

simlar to (B), with nolecular weight nmarkers. See for

notation Table |I . Figure 11. Experinental design of

ath@%ﬁbZ@EtﬁntHé0&g§ﬁia@5({F)éhd“ﬁﬂ%ﬂa%%tt%@eﬁ9ELE§b
vectors (DNA) harbourin ifferent sets of nucleic
CacﬁégléﬁéoépngBiub@*%hHQQAQQQ%ﬂﬁgﬁﬁ%ght Paglegsi2See for
noeeGent 896$.0f  anti gen-specific splenocytes that stain
positive for interferon-gamm production (IFNg+ ) upon
FﬂgmrﬁuﬂatiEnpaﬁimenbabe¢¢$xﬁn(df @M igeltlion BrotGE8k

I ) 1 rcent ages of gen- ecific
958 Se oy Ee SR, e nr i e 1T or Ry SFREBBA%Y S
dlm'f@dléedtl eat(sl Ef\lgri'u()letp@racSidﬂTldrﬁIddilﬁlgVMtﬁJbeacnmelsléf
pepti des rel evant for the Ag85A antigen (A CD4+

an&éﬁ@§s : CD8+ cells) . Figure 14. Percentages of

Figfitregen- SP@QbéhEaé@é e Ctt ey drhtadpestiaiil ggslehw?tégrthat
i nterferon-ganmm production (I FNg+ ) upon stinulation

SUmlmhpasg@oveofOpepmtemiﬁrQn1g&mma'mapdmhelAQSSBFEMWﬁgﬁpvn

SRAPAERc ABe8 BF AN FRT Apelt T P Spidcyt 2 FREY SEMTR -

FiRRskt 18e Pekceht&féer on-gamferiHspdGifiien splENgtyedpoRat
stimulation with a pool of peptides relevant for the
StﬁBmopoﬁlﬁﬁVPgéﬁr(l@tﬁxﬁﬁIQﬁﬁqaﬂmaBprO@D@#l@@lI§FNY+ upon

Stl ‘El%ﬁesﬂ!ﬁa%f §J6P oP%Itlt&e%ﬁ%%N +f8§}dtf§£’8i§g85A

enocy np ve 1 n
anﬂxhtgamneel f comr-ntekl s njRct@Bwmiddilide tri pI e | nserts

Flgure SA) gerc@ﬁ%&geg of antigen-specific splenocytes that
stain positive for interferon-gamma production (IFNy+) upon
stimulation with a pool of peptides relevant for the Ag85B
antigen (A: CD4+ cells, B: CD8+ cells).

Figure 15. Percentages of antigen-specific splenocytes that
stain positive for interferon-gamma production (IFNy+) upon
stimulation with a pool of peptides relevant for the TB10.4
antigen (A: CD4+ cells, B: CD8+ cells).

Figure 16. Overview of percentages of CD4+ and CD8+
splenocytes that stain positive in ICN, in sera obtained
from mice injected with the triple inserts TB-L (A) and TB-
S(B).

Figure 17. Dose response effect using different doses of TB-
S comprising a nucleic acid encoding Ag85A, Ag85B and Tbl0.4
antigens. CD4 response towards Ag85A (A), Ag85B (C) and
TB10.4 (E). CD8 response towards Ag85A (B), Ag85B (D) and
TB10.4 (F). (G): CD8 response towards Ag85B with the
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Figure 17. Dose response effect using different doses

of TBS conprising a nucleic acid encodi ng Ag85A, Ag35B
w@eme/ kI8 4 anti gens. CD4 response towards AgBSHEPA);/055984

Ag85B (C) and TBIO 4 (E). CD8 response towards Ag85A

(B), Ag85B (D) and TBIO 4 ¢(F). (G: CD8 response

towards Ag85B with the> adJ usted peptide pool (see

exanple 6 ) : left graph, upon TB-L infection; right

adghaRBd PRRRidB- SobNf eedd Alkeantd 1QUrE® 1&ef@%rap@1 on TB-L
responses after primng wth BCG and boosting wt
lnélefcfcépém rAahWBg%Iélﬁor%POfC[ﬂlBTSeslﬁbﬁ%ltO@mr ds Ag85A

'fﬁ\ 855}3@ n§n€ ?%%ap A Ea‘if:ii&g& :w%gﬂ’aééé and

bONl;sd;Ilegt wdehséqﬁéﬁcenbfAd'-BEB_Mdﬁtgmse 204 Mespbeosedeowards

acigiuaRse. 816 M Flaurs,at., Nidl eonide seduence of o

Am no aci Uence &F ure
AgB3A Am) nOA@BBH snnuamermjfo JB-@NI.Fi gure 24 Am no acid

se uen%e of TB-FLM Flgure 25. Ag85A stimulation in a
Fig, melAE58° TEIR od TV Ferd "M th a long-term

Fl@@@@ Q'Gt Nuemsbtp@@eéeq@ﬂcéeﬁﬂommlomr panel : CD8
response. Ad35.E = enpty Ad35 virus . Figure 26. Ag85B

Figuirgulat i HHCMOE\MB@@%WW@ME% T%Fﬁé‘bst experi ment

Ff@‘utr'% 82l, Oﬂ{idlhsrg%waé’e(ﬁ&’énc& |: CDA response,
["ower pane CD8 respo : errpty Ad35 virus.

Figjuger é327AmIBbOacrlds$¢<m¢rate cmE |ﬂB-§DBCG pri me/ Ad35- TB
Fi%%‘%%t z%’éDgﬁl'lHSr‘éc%tsh ue'r%‘g d£08 éggjd out. Upper

anel ! response, °T owe anel response. Ad35. E
Figu&&p@ﬁ.Aﬂ§55ﬁlSUSmulatlon in a BCG prime/Ad35-TB boost
experiment with a long-term read-out. Upper panel: CD4
response, lower panel: CD8 response. Ad35.E = empty Ad35
virus.
Figure 26. Ag85B stimulation in a BCG prime/Ad35-TB boost
experiment with a long-term read-out. Upper panel: CD4
response, lower panel: CD8 response. Ad35.E = empty Ad35
virus.
Figure 27. TB10.4 stimulation in a BCG prime/Ad35-TB boost
experiment with a long-term read-out. Upper panel: CD4

response, lower panel: CD8 response. Ad35.E = empty Ad35

virus.

SUMMARY OF THE INVENTION
The present invention relates to recombinant viral
vectors, preferably replication defective adenoviruses, more
preferably recombinant human adenovirus serotypes Adll,
Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50, wherein the
viral vectors comprise a heterologous nucleic acid sequence

encoding for (fusion) polypeptides of at least two antigens
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SUMVARY OF THE | NVENTI ON The present invention relates
to reconbi nant viral vectors, preferably replication
wa@ledoe0s3isve adenovi ruses, nore preferably reconmbCTEP1005/055984
human adenovirus serotypes Adll, Ad2 4 , Ad2 6 , Ad34,
Ad35, Ad4 8 , Ad4 9 and AdSQ, wherein the vira
vectors conprise a heterol ogous nucl eic acid sequence
encodi ng for (fusion) polypeptides of at |east two
£ raft baenshr ABYeNeunt r 8®1 &s L RenUlRsiva Gausi.ngnbaghkbled
The encoded antigens may be directly |linked, i.e.
antdgrnggnaiebsi agrechby ybieptede. 1 ln d9eminef epeegdingle
i t,-th j in p -
Py orar . et SEnee ™ P FRE e RhREEYEE o
praskeintikén seguencesoecoyhyzeddiyn,a igpedief sengerotbatethey
arehabols oqexpregsed, Ihe. heterol ogous nuelelg acldecsese
may “comprise fie gene enco ng(f%e prgPease. Yhe °P
prictelaee phateiBScotébpidesdal r elie IHateagesgeuksChticleic acid
desired, i nmupe responses _due to the antigens present
M&Yn CPRBTE §8i GRS p?%ﬂ%c?f}c‘?/ﬁfe‘}%éélec Wé%@&?@i-ngﬁ&ﬁﬁ?%%{l ng
proteipkOL,eagethbt @5raF€ T Qaupd idti¢isepRrkateqdi fghate
antigen fornms, each contributing to the desired inmune
reEPOpSRSe IUFhEC pEbe 2RI IF HIRETEAA Y1 ithRedusdophproduct,
i.ge b e It onsi r.ec LZe y a
Rt s M R
clewardsynEpgespacaed f@tseretre conpaEinsdo g, vaechnat i on

c&%%r&%%%% é FQ @ﬁépge¥i£§ﬁ fﬁ%%ﬁ%w%ég§§n%%?dTh?akﬁgtease is
conprise only a single transgen-enc Ing unit. re

prggeerdlllyy]ihkedi tyethé cint@al g élvatepricaevisealrevegh ot son-
.conpri sing a_ heterol ogous nucl ei c aci%ﬁ gquence :

51 ReBGPRYPAGRE] BY o7 ari SRheReEd By Cr Gokases provide

adsp@Gbhbt 6keavagesshdegistic i @ e inndenphedohhad

such antigens nmay be froma w de variety of sources
VaCRAPEETAG, CButNRBEPY i Hi (WY ¢b, Viindle SICE0S SagéRt §S8dchhat

cdﬁ%f&%%u§ﬁ§y Qagiﬁﬁi@-éggkéﬁgﬁﬂgﬁégaing unit. More
generally, the invention also relates to viral vectors
comprising a heterologous nucleic acid sequence encoding
multiple antigens separated by protease specific cleavage
sites. It is to be understood that such antigens may be from
a wide variety of sources including, but not limited to,
infectious agents such as viruses, bacteria and parasites,
and are thus according to this aspect of the invention not
limited to antigens from tuberculosis-causing bacilli. The
antigens from Tuberculosis mycobacterium serve as non-
limiting examples of how such multivalent viral vector
vaccines are generated and how, upon entry into the host
cell, the antigens are separated, and they are able to
contribute to the immune response.

The invention also relates to the use of genetic

adjuvants that are co-expressed from the viral vector. These
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and are thus according to this aspect of the invention

not limted to antigens from tubercul osi s-causing
wh2mbl053ig71 The anti gens from Tubercul 0si s nmycobBCT/BP10051055984

serve as nonlimting exanples of how such multival ent

viral vector vaccines are generated and how, upon

entry into the host cell, the antigens are separated,

and they are able to contribute to the inmune
adi@YRARECardnentHIEAt PN A RO di@] 8%, qntike Yseplit of

genetic adjuvants that are co-expressed fromthe viral
thgedreseroThEseadiuehnt s 3 arBEFhy ndrrderefciagpdthe
vf@ylcgebﬁoga?éng ethﬁbgeiﬁi HROUS 1 r%%%e@ckg ether with

sequence i ntroduced into e viral vector genoﬁe. The
thadjspeantfirsapkpgessed danyetherthapely thdespecstinulate the
.antigen (s) and is thereby ahle to . stinulate t
e € PR e 5 Re 6oV TT et I BT YN (S E B Gar F9° ¢ he
sesR@enc enesdofy nghé hed pdyananiayrme he nlkiedkadrdceegt ty the

to the sequence encoding the antigen (s), but is
Seﬁﬂ*@ﬁ&?aﬁf@"ééﬁ%r bre Pt ot He 'séﬁ%e&ée PEREGAPRGY he
sePRe @b dMBEEmabhé 988t Sl cdYert il ke SRGUBRCRAGTE

encodi ng the protease recognition site. In the |latter
angggen (g ebﬁngﬁah%nk%rpﬁ%ﬁﬂﬁﬂcqr?qqﬂ§lﬁésﬁh§eﬁépﬁﬁéﬁ?
reloif 628t Loenz{ sipantld se AR O PIOUGVERE is

| ne-stinmulatory effects along with the antigen (s)
prespETAILREDhDESCRE PT¢ICN el iprigsentthieneestioen (sel atdsis
2rh@ T LYol g0t s yacel nes. GO ling. 2 Jreeonbi nant v af

Vector PTR preferreng|raI VECt or 19 & reconbrnant
thadenaviengsf{ Ad) vector. The reconbi nant adenovira

vector according to the invention conprises a

het er ol ogous nucl ei ¢ aci d sequence encodi ng at | east

two different antigens:igmesgdrgan®Nmy be within a
sin%le polypegtide. These determ nants nmay be either

[

ant aéngresen invention relates to multivalent vaccines
comprising a recombinant viral vector. A preferred viral
vector is a recombinant Adenovirus (Ad) vector. The
recombinant adenoviral vector according to the invention
comprises a heterologous nucleic acid sequence encoding at
least two different antigens. The antigens may be within a
single polypeptide. These determinants may be either antigens
from viral, bacterial and parasitic pathogens, or host
antigens, such as, but not limited to, autoimmune antigens or
tumor antigens. In a preferred embodiment, the antigens are
from tuberculosis (TB)-causing bacilli, more preferable from
Mycobacterium tuberculosis, M. africanum or M. bovis or from
a combination thereof. The antigens may be the full-length
native protein, chimeric fusions between the antigen and a
host protein or mimetic, a fragment or fragments thereof of
an antigen that originates from the pathogen, or other

mutants that still elicit a desired immune response. Genes
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fromviral, bacterial and parasitic pathogens, or host

antigens, such as, but not limted to, autoinmnmune
W@ei0bH8sIs31 or tunor antigens. In a preferred enPOOEP®NG/)55984

the antigens are fromtuberculosis (TB) -causing

bacilli, nmore preferable frgm Mycobacterium

tubercul osis, M. africanumor M. bovis or froma

conmbi nation thereof. The antigens nay be the

entcBbii nhengt fnafdnee Pet kY, Pl el £ ddisisens iReteeRiral
the antigen and a host protein or mnetic, a fragnent

vegtorpaghehit® RIRSSEE 1oveaniant i el dhattudr pgenapeslimited
f.r aEBERE (NG d8h QlBREoTUL AN t fdtraShl | hpghi £1t

% %gglsre( m%t;ulgn'e rgespogse. C:jejaesencodl ng T 'antB?gens

(CERED , NB§ATypi CHRAR,DEFRI B CHP8he GHREM, VERLor €FBIO0L he

resent,_j ent.i i e, ar | i m tQ:
Sy S Y bt S D Y e R T
CFP2( CFeFP22 ESATRB® A, CERPA3, CEPPB3A CHRS/R 3ECFREB2 5 CFEPp25A,
CEPI CFP| QA Pl | P16, CFP17, CFP19 P19A
CrER61 SHP T R H P P F P2 PaBL2 S O 675 3 Uy FRAR32,
CrEE823BpT €5 PABrC GEPA A, GERR6, (WMRIGL) METRA7, TEFP28TR1s,
CFP29, CFP30A, CFP30B, CWp32, CFP50, MPT63, MIC28,
TBRip, TRABEITBNOBEB5 WPTEA2 - TB1EB20rF18 TRAB2 8, TB38C, TB1SA,

118387l BO4rp IRl 2.9y 3hB2QpG,s TBAL S, TH3lOCpTBA5ArR32,
TB17, TB24, TBZ7B, TB13A "1B64, THII'B, 1B16, TB16A,

TBBRB32, TEBB2 ATBIFBS5 ILB2TR1 #BHAB2GT oFHBHATT (&SSO RO @b 6EHA ¢ WO WO

R T
00dicsoBBsewo | 30 M2 02/) 14823, tM© %&ﬂgd&ﬂﬁ,di\é@l%@l;/&?z?%gk;%gs
e S B TR, I U2

6,809981 09428, 94)3 18094292 0 W) O82 d5IA5,woND198416646w0 WO

98/ 53075, WO 98/53076, WO 99/ 42076, WD 99/ 42118, WD
01ggP827 48WOD 40712393010 WP HOP 85T, WAD UY/023451, WD

9 78%9%32%339“%@% 6240%uo V3 Pl 628 90%0 \9R/8309846Ro WO
98/53076, WO 99/42076, WO 99/42118, WO 99/51748, WO
00/39301, WO 00/55194, WO 01/23421, WO 01/24820, WO
01/25401, WO 01/62893, WO 01/98460, WO 02/098360, WO
03/070187, US 6,290,969, US 6,338,852, US 6,350,456, US
6,458,366, US 6,465,633, US 6,544,522, US 6,555,653, US
6,592,877, US 6,613,881, US 6,627,198, Antigen fusions that
may be of particular use are those disclosed for the first
time herein (such as Ag85A-Ag85B-TB10.4 and combinations
thereof), but also known fusions such as ESAT-6-MPT59 and
MPT59-ESAT-6 disclosed in WO 98/44119 and in the above-

referenced documents.

One approach for applying multiple antigens may be by
having two or more separate expression cassettes present in

a single vector, each cassette comprising a separate gene of
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03/070187, US 6,290,969, US 6, 338,852, US 6, 350, 456,
US 6, 458,366, U S 6, 465,633, U S 6,544,522, US
wo 28655838, US 6,592,877, US 6,613, 881, US 6, 6RTT/LBRNS/055984
Antigen fusions that nmay be of particular use are
those disclosed for the firgt time herein (such as
Ag85A- Ag85B- TBI O . 4 and conbi nations thereof) , but
al so known fusions such as ESAT-6- MPT59 and
inVRTRe3tESAL18 dbsebosetida My HYA4LLA @A thetheror
abover ef erenced docunents . One approach for applylng
lnﬁ@ﬁppﬁléeéﬁﬁﬁéeh@ $@@CQnﬁYﬁﬂhﬂhAhk}n\M§ dhenypetor:
seDERALat B28XRE LSS QDn CASH ﬁ%ﬁﬁﬁqﬂﬁ%&?% o afeS S@thters
vector, each cassette conprising a se arate ene
an@ﬁbmtendgterihasda@$p&mﬂﬁﬁ(nQinQﬁdmiatdwgadvanaages,
sl O Eggtagﬁghrelated 198 acejﬂyak%aglkgt%eln t
5% o7 separa?e 2RsEet t generall conmpfri 588 separate
po@ﬁ@ﬁbher$naﬁﬂéOVlr@HU@éﬁﬁbfﬂﬂkéﬁﬁﬂﬁh&@e1@Oh¢ademybathﬁﬂs
si gnal nces. Such cassettes typic uire
Clé’@%&ﬁa?éogsglif?ﬁnsw%r?% F iR %nro §u|al i ngrPHoter
infRir@ch-aReEr OUs CLQRE: Nth HPCedUnttedRRE8a8bA1ity of
phenonmenon known as | pronoter interference' or
celldgerc irR§OT | FATEEERRVRY | IR IRTgpase réeltPupal) f BéYor s
rels8RickCHnY kPP P OODL L 3 10 A (IRY JiGSLLEL bhBnoters.

expression romthe different pronoters.

exe%B'gQgﬁg19¥iéﬁeb e&ﬁgﬂ&4§§ﬁbfﬂaﬂ% v&%%ﬁoea$gb§glosed

herein ting to usi ons tween mnul
digetliogends heoneéni se howi =zl o tigveks keﬁwwbmnmnﬂtlple TB

an denOV|rg£ v§gtor% qgﬂ£r|5|n E§%y%£gll%%%le5 aCbQ%al
n@@&.ﬁg t hah dhe aﬁflge CER VAP

ve@kb@gtsoapsﬁsong séﬁ@w&ﬂrmunmumﬁaaoMmsr@asoﬂhﬁgUﬁerefthan
ggle inserts elicit_ limted effects. Clearly, these
On@e

&rr-9SBncBhect ebbhbt n‘é‘?ﬁt%r?éﬁccltéhuwﬁgngmﬁi“%ne
re@pRness HWHert4s Ofc MEE &NtdiORNS IihsRrEisnghecesStinnteq

NMRNA, for exanple in the formof a fusion protein.
effects. Clearly, these vectors encode recombinant genetic
chimeras, which express the two or more antigens in a single
cistronic mRNA, for example in the form of a fusion protein.
This approach can be effective when DNA vaccines or the
viral vectors are being used to invoke T cell immunity to
the passenger antigens. However, such fusion proteins may
have additional drawbacks that cannot always be envisioned
beforehand, as it was found that such fusions might skew
immunodominant patterns and do not always invoke immunity to
all target antigens with equal potency, whereas a second and
perhaps more significant drawback to expression of genetic
fusions is that the individual components may not fold to a
native conformation, due to the close presence of their
fusion partner or other reasons. As a result of this,

genetic fusions may invoke antibody responses to nonsense
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Thi s approach can be effective when DNA vacci nes or
the viral vectors are being used to invoke T cel
WO 0vansI8y1 t 0 t he passenger antigens. However, BCDAP2005/055984
fusion proteins may have additional drawbacks that
cannot al ways be envi si onedpeforehand, as it was
found that such fusions n1ght skew i mmunodoni nant
patterns and do not always invoke imunity to al
epidbget anki 9888 ¥hilbed ROURNCH e RRedSnatseeond
and perhaps nore significant drawback to expression of
epgépeeisc digpilarnsdi BY t g frendaidinAtdeglensoapenBay sbanpoor

atn%EmE%ang Qé%i e conformation, due to the close
presence of her T u5|on partner or other reasons. As

a resyl EnQEnEQ£§’oEe{‘}%! Jé&{to }\%Og\lgggeaﬂg%bo‘jy

responses to nonsenseepitopes ant1 bodi es do
dawmiopedognszetamtWhemeimtmu&ﬁnpmeﬂdnay@@nbyatheeﬁoqdderby

pat h s, and be ating infe etion
« R BEe PR BPe R ed B Qe S Moo bt ophe
expreystanpehepeste il 1§ pbo AdHdgENS tar e hendadedeby a
S|n%Ie heterologous nucl ei ¢ aci d sequence, wherein the

846eROpBPFRFLERT n TG o< RO RB Celi SEPePESSENt

1n%%hkg%ﬁlQe@@k&@eﬁélﬁfﬁal13%5%oﬂ§1ﬂHH% embedenent, the
present invention relates to viral vectors that enable

expiesex pressi BA1 biPhel ahpl genmttinfdn s nehgubgeguent ly
provls QHG%EX 91"18‘3&%%@9?1{&”%&%%& 6L %v@ﬁgh W‘St Eh&hus

avoi |ng t 0SSl imtations associate
pO@@n@ﬂeclﬁmstahSQnmha$$p@daﬂﬁdnwﬂUhMque¢h@ feedoher while

L138pa S|on settes Fbretofore

2 g BB BaTRE ER2 A0ed ot h  FialY R¥Pbugh papsettes.
He&@abﬁera;eﬁbseompogfsfmm$;dﬁ méﬂhﬁdSVQQN@rbéénrdésedlbed
h%ftnetlc fusions into discrete antigens. The expressign

ﬁﬂla{ollﬁl BTSAE PHMSOETRDIE Yy dctleVeciergexpressed
gk $adibAsai PR @Isdidid MBGIRNs WRheh eaBtbgensnase

subsequent |y
multiple antigens encoded by nucleic acids comprised in a
DNA or viral vector, which antigens are subsequently
processed into discrete antigens is demonstrated by the use
of a protease (PR), such as the viral protease encoded by
Avian Leucosis Virus (ALV; referred to as PR-ALV herein). In
ALV, ALV-PR forms the C-terminal domain of the gag protein,
which is known to catalyse the processing of gag and gag-pol

precursors, a critical step during ALV replication (reviewed

by Skalka. 1989).

A unique ALV-PR directed-processing system was created.
A polyprotein containing ALV-PR and given antigens is
expressed by DNA or viral vectors, in which ALV-PR
preferably forms the N-terminus of a polyprotein followed by
antigen sequences that are linked with ALV-PR digestion

sites. Two different cleavage sites are preferably used in
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processed into discrete antigens is denonstrated by
the use of a protease (PR) , such as the vira

w@embesa8e1 encoded by Avian Leucosis Virus (ALVPCT/EP2005/055984
referred to as PR-ALV herein) . In ALV, ALV-PR forns
the Gtermnal domain of thg gag protein, which is
known to catal yse the processing of gag and gag- po
precursors, a critical step during ALV replication

thel @Yis@eRd BYe SKabkdagd 98He - (&S JUHPASEAPYVERAMTMEHRDRPLY ;
di rect ed- processi ng systemwas created. A polyprotein

SEQorPaNRi: Ag) ALY- PR Bt - \aritl gens the ekpressédanyge
siltA (%siébkﬁbexg&gé’éﬁzgﬁbﬁmM\h%e‘%D\Qq%,-pg,%be LDy ; hOf MBg
th ap ol'lT owe

e NNtermnus o ol yproteln by anti gen
respgueredsbyhalvaPe andkeseditd stlpdrPRedithesvitbarsenesded

wo different cleava sites,are preferably used inthe
anbyBefin 1 arepEa bR i Shudt.

( GSRGCPVPAREPPAVS] AMIY/EHRDRRL \f; t SEQdaRale s22ksi falyObe
rel ease ALV-PR and the other cleagvage site
eNCEPSRSRRCEAMRRBSAI TPLYNISANRERDEITEUSSEQSPB NG BYfaps

InhReeaBirZ 8t Yy AVr PR ety us eth Hig S aRakakaibtheiotBersimian
encoded antigens in discrete polypepti des.

ImuneAgatriengy YhHEUPRIGHE ias Ay ag& comeeYiKH§ - be
encoded by or based on other retroviruses such as
HumBR CPRAUREdEP I 8i RRRieMederiqdmentyuthge IREaRACAT a
diébﬁ%%ességbgﬂblﬂgygngféf'&ggabfg'85% &'%Y% a gcﬁgyé acid
arcoma Virus. According to a preferred enbodi nent,
sefuenicegenntodig suh bsEsl ¢ evdniyarentt roir My cobetorsium

onpri.sing nucleic acid seguences encodi n ltiple
CURECUARE TPt T RE L OB At Br T U T UhEr CUCASES Sanar SPAUEREeS
ar@ skerenteduclemnceach dotSlagt eNeC e Al ceepanhabadnr ene ALV

each ot her b¥ sequences encoding the ALV protease
PTOEEEGPNTELBA BT EEOT | Rl thi st H i S Cd SPBSARt THeRARE19ENS

ard @rpuaddacdsas goPPbyPEOteidhAdrsdRseaueRt bYocessed
sl Loah oy are cleaved o Hiverote Antigenseo
polypeptides, each contributing to the immune response. It
is to be understood that the ALV protease system is not to
be limited to the use of TB-specific antigens. A person
skilled in the art will appreciate the possibility that the
system has for applying other antigens, different from or in
combination with TB antigens, and its applicability in other

therapeutic settings such as gene therapy and tumor

vaccination.

Preferably, the wviral vector comprising the multiple
antigen-encoding sequences separated by protease sites is an
adenoviral vector. The viral vector may be the wviral
particle itself, whereas the term viral vector also refers
to the nucleic acid encoding the viral particle. The

adenoviral vector is preferably a recombinant vector based
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pol ypepti des, each contributing to the inmune

response. It is to be understood that the ALV protease
W@ y®hemsrs not to be limted to the use of TB-BEEEPIN®055984

antigens. A person skilled in the art wll appreciate

the possibility that the systemhas for applying other

antigens, different fromor In conbination with TB

antigens, and its applicability in other therapeutic
orSebll AEsiSHANFASmIens dNHAPYrANG iRl VRCebRBELBE. that

Preferably, the viral vector conprising the nultiple
en&@ﬁﬁ@éﬁseﬁ@éﬁrﬁbl%b@meﬁ€@§”§épdﬁa@edowyP§#§€§§§§espfe§he

n I 0 c

e S R R e i

raﬂanyedeterQStbrahe e e Cl 1A b exsc ddhieryg geherail i gl do not

reBLGL e The) afenovifal Mector s Prehetably B ecerrea
reco nan vect or asedon errv rom an

seadeRpes HeeSPRETESonE AET D! YR 4, hald2encadBier 8d35, Ad48,
utralizing activity in a | ow percentage of the
Adﬁ%r@@@ QBBIatlon Such adenOV|ruses are al so
sonetimes referred to as 'rare’ adenoviruses as the
GRERT

genéfalPya et r eGRtEF)  cIPRTF aft &% ¥Hi™h FFhé *h

thReBBEAL {RNeh RIRI L@ «88EAL YRESn alifindIele BhRafdbéll or
Ad24, Ad26, Ad34, Ad35, Ad48, Ad4 9 and Ad50. As used

tigepei hs c@mblg%rp'f AN ea 1pg ot HUISINS (re&gRERE St hBxamples

ln\efﬂhﬁg when, £ %% iifRgapoan, il qf Jparen CBE!:tQhal
tissue 1's capa triggefing an i mune fespo

prEXampBespaxmﬁlkEeHﬂﬁteane,noytbkrmesxjdh@mohlnab,

roteins, bacterial prot arasite t ei .
i Rb R ARk CERL vt Shinbr SRR Aftndin: B e Laen
ma@hbéapeuila E&ﬁﬁﬂprotﬁhﬁ aattgemCaﬁadlﬁbﬁm\mfldhhypproteln,

gﬁpteln a truncated formof that prqtein, a nut

CATEF fRER P @M PEPTEAY BF HepY \iﬁr}}e&nt"acﬂlaflﬁa?f that
prPi8L & Nini da@RchATapEBRabbe ObnEcoMy ikt ikBgikRune

résgggggs upon expression in the animal or human host to be
vaccinated. It is to be understood that when antigens are
directly fused, this fusion is the result of recombinant
molecular biology; thus, a direct fusion of two antigens as
used herein does not refer to two antigenic parts of a single
wild type protein as it occurs in nature. For the sake of
clarity, when two antigenic parts of a single wild type
protein (which two parts are normally directly linked within
the protein) are linked via linkers as disclosed herein (such
as through the ALV protease site, as discussed below), such
fusion is part of the present invention. In preferred
embodiments, the present invention relates to different
proteins (having antigenic activity) that are either directly
linked or that are linked through one or more protease sites.

In a more preferred embodiment, the gene encoding the
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to be vaccinated. It is to be understood that when
w@eibmsIss1 are directly fused, this fusion is tPe/ERR0OS/055984

of reconbi nant nol ecul ar bi ol ogy; thus, a direct

fusion of two antigens as used herein does not refer

to two antigenic parts of a single wild type protein

as it occurs in nature. For the sake of clarity, when
prlow@a88t i gen Ckards tok 3rst8ghesMdd itnHee ROt 818n more

(which two parts are normally directly |inked within
pPrekerppoy et mjougle yathiee@tvpsa Prokedse &it@i-scl osed

herein (such as through the ALV protease site, as

di sGhssedfberent) antsigemst askonot sneragsagfilivhdrpnegeat

[ L gn . o ef - [ p
Pt an T el aEe Ohtdr Prnn: T ReRehafEegens From
mudntipenspeaitts vithgretinathar éi £f¢tert dintégenyg hirakedcoted
b that .are |inked throu%h ogg.or nor e prote%se sitesl In

Ya WG &1 Br 1 67 eSS di HRRE LT theS YERE RESang TS 215°
erich@pbeteassy i thd ipteedntoithhenptetiein (s) of interest,

even nore preferably through yet another protease

sit@. "hbetdihf Bfent nRihisgaNprat&iModr RGeS Takirby ff tRM is

one pat hogeni c speci es. Conbi natjons of different
Prefeigens FRromefiticpite 28p8R 1 eSS &ilFSHRe dPFRefentbut

nARNLigeRsa ek 8, encdadiiRy pustel s, agl dFRAWEREESaVEHI N
a single vector are al so enconpassed by the presen
adeptentron. therdnmttigneggehr neans a protein or part
thereof that is present in the recipient aninal cel
or fThesartigemrmais behgncadedl b 2 edbdan-aptdalizabar

syRtALEL D, (& | ITinor equl ggggxregsg P AGEAREYRL

agent . THe an I'gen-may be encoded by a

recotbhnnapt | PilZ etk teydst.heti ¢ gene and may be constructed
usi ng conventional reconbinant DNA nethods . A s

mentisomedtidhed antiegemttibah tsaexps esgecddped bg the
recombinant viral vector comprising the ALV protease system
can be any molecule that is expressed by any viral,
bacterial, or parasitic pathogen prior to or during entry
into, colonization of, or replication in their animal host.
These pathogens can be infectious in humans, domestic animals

or wild animal hosts.

The viral pathogens, from which the viral antigens are
derived, include, but are not limited to: Orthomyxoviruses,
such as influenza virus; Retroviruses, such as RSV, HTLV-1,
and HTLV-ITI, Herpesviruses such as EBV; CMV or herpes simplex
virus; Lentiviruses, such as HIV-1 and HIV-2; Rhabdoviruses,
such as rabies virus; Picornaviruses, such as Poliovirus;
Poxviruses, such as vaccinia virus; Rotavirus; and

Parvoviruses, such as Adeno-Associated Viruses (AAV).
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reconmbi nant viral vector conprising the ALV protease
system can be any nol ecule that is expressed by any

wo eooalos3sbact eri al , or parasitic pathogen priorPCDEP2005/055984
during entry into, colonization of, or replication in
their ani mal host. These patshogens can be infectious
i n humans, donestic animals or wild ani mal hosts. The
viral pathogens, fromwhich the viral antigens are

der mx8fp1£8Ch HAL rDUtan@i §eRQL chh Mbd ebdr¥ in the group
Orthonyxoviruses, such as influenza virus;

lnRétlFiévgrla%"esnOtsdcl%mlé@dRSV thg Nunan aﬁﬁ@lmp@vfrtplency Virus
(e Pﬁﬁﬁéé&?se%e?}lc*bo%s Eég %%%mhe & %HZEBh‘EX

VI rus ntivirudses, ‘suc HIV-
deRhabdoves UsESTatSuGinchS asabbhesAyi ¥4, TR eekinavtelses,
such as Poliovirus; Poxviruses, such as vaCC|nia

ep}tress Rbt Rt 1Ws; chim@ TP&r 96’6’?Y®§Je‘ées AUchIys!l Env and
gpAgenoz AsE 0Lk at eﬁls\{ornu%%§wééﬁ\\@plf9(3dmi e$Ha0f aVikghcated or

antigens can be found in the group |nclud|ng but not
modi fii eddH %1 HevHu eaeh] asueapded | ef adrsi witidyes( pIFVAIIV-1 Env

g ev, apt

B R L S

an&pg’eopesobe&vgplﬁmntamemem Sudbrawamék/wdoﬁ/PHL Vithm@/nza
.and gg% s such .as a u3|oF Eetme EﬁPIZO aBd CD4(b a

ViEPENEREEACRT Tl ASe d PG VERY s I TSGR 26 or OF

nudeebpabtyes, dndlinérpebneiapiéerv gpltGintdgees exanpaes
are the hepatltls B surface antigen, rotavirus

thyRi A4BRsk183%%r as VP4 and VP7, influenza virus
antigens_such _as hemaggl uti ni n, neuram ni dase,
nucF&8pPLeEi AT Baeteet %%Sp%ﬁ 'V|FG§-QHFFBeﬁ§esuch

ba%%e&1¥ﬂ1gh8§%5hgaﬁ§ @gaﬂﬁﬁﬁﬁxpfJﬁﬁﬁh%%'%htPQEEOHSBS
fromwhich the bacteri al antlgens may be derived,

Lipvigeddéobutlyapbanber | imi 2wl 4 gie Mpodisatear PUACEpP. |
Saﬂ%ggfégﬁé‘élggfgéfybﬂbel139'%e' |2 SRR, Gk R:8PBpp. E

tsira’ s
Listeria spp., Leglonella pneumoniae, Fansicella spp.,

Pseudomonas spp., Vibrio spp., and Borellia burgdorferi.

Examples of protective antigens of bacterial pathogens
include the somatic antigens of enterotoxigenic E. coli,
such as the CFA/I fimbrial antigen and the nontoxic
B-subunit of the heat-labile toxin; pertactin of Bordetella
pertussis, adenylate cyclase-hemolysin of B. pertussis,
fragment C of tetanus toxin of Clostridium tetani, OspA of
Borellia burgdorferi, protective paracrystalline-surface-
layer proteins of Rickettsia prowazekii and Rickettsia
typhi, the listeriolysin (also known as “Llo” and “Hly”)
and/or the superoxide dismutase (also know as “SOD” and
“p60”) of Listeria monocytogenes, urease of Helicobacter
pylori, and the receptor-binding domain of lethal toxin

and/or the protective antigen of Bacillus anthrax.
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Li steria spp., Legionella pneunoni ae, Fansicella spp.,
Pseudononas spp., Vibrio spp., and Borellia
wheogdsasieri . Exanpl es of protective anti gens BET/EP2005/055984
bacteri al pathogens include the somatic anti gens of
enterotoxigenic E . coli, such as the CFA/I finbrial
antigen and the nontoxic B-subunit of the heat-I|abile
toxin; pertactin of Bordetella pertussis, adenylate
cychasephes®l ysd hafhdBensPeEbymshigicl ragmatragiefic
tetanus toxin of Costridiumtetani, OCspA of Borellia
ankiggasr feg i depricectingé ugar Bek yaralndthd-igdicedcePayer
r P Rigkst tsi i} gﬂ% i ckettsia
Plt%f%tﬁlﬁ,lglt%hgﬁﬁ)i steri o%y%lﬁg?g%g%kﬁ%m éa?@l 0" and
TrvHeypdyomadsépp . thels ase fToypdrogomamutass ,( #disediaosprms duch
SO _and Lp60"). of .Listeria.nonocyt og s, .urease of
T PEBACT BT By B S aRoPhb T Souht o THeR g SHBhat Ao =S
Bablkesliat habrd ok rEatadoebat Beppr Oli@Ctd sy eratidniogen of
Baci |l | ys ant hrax, The parasjtic pathogens, .from which

hisgelgatadi tf 0" gefs SPERdR7| T degdEapulesrirania
spf?got, bbAl b edsde IPASMBHBAILSEPp . S ULl @SiaPlsppmpdi um

fal ci parum Trypanosone Spp. such as Trypanosona
DigiogZ L 2r&p afR o IPIFes6EhaasPh ardhd Anheaareal FRP-

Boophi | us spp., Babesia spp. such as Babesia mcroti,

Ent &x#8BBacs ppl RBUANPCAS VENRARDEDRS M EIRASASItAC PRARPYRANS

 SPRLLSHE . . , ei, shiani.a ’ »
irERe URD, 26 SRR RL Thesh 2 VA2 Sl spect.ric
(I1DA) obht agems Sgih -1 \AWhchésar B ao § ppl g sranvll un slrpe eseah spp.
Examples o rotective antigens_of parasitic pathogens
nORE et nee B Teitioros aP e B g ees ooty pBRAC e
th8peoift i thé iAo Aittegens fhSA- dnahgkd $% PiefsmBHasmodbpim
spp. .such as those of ergerii or P _. falciparum

P. Db .
thsr IPARGHOYR RSt &Nt S CERBr 857 PN tHIPIRG JZSTPeYEiFfaces3
ofdtlli gBRant a PESNOYLUR SEP1cibhfafPd 36 Q56 $RREMYbSEIin of
| ectin of Entanoeba histolytica, gp63

Brugia malayi, the triose-phosphate isomerase of Schistosoma
mansoni, the secreted globin-like protein of Trichostrongylus
colubriformis, the glutathione-S-transferase of Frasciola
hepatica, Schistosoma bovis and S. japonicum, and KLH of

Schistosoma bovis and S. japonicum.

As mentioned earlier, the recombinant viral vectors
comprising nucleic acids encoding the ALV or ALV-like
protease may encode host antigens, which may be any cellular
protein, immunoregulatory agent, or therapeutic agent, or
parts thereof, that may be expressed in the recipient cell,
including but not limited to tumor, transplantation, and
autoimmune antigens, or fragments and derivatives of tumor,
transplantation, and autoimmune antigens thereof. Thus, in
the present invention, viral vectors may encode tumor,

transplant, or autoimmune antigens, or parts or derivatives
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of Lei shmania spp., gp46 of Leishmania maj or,
paranyosi n of Brugia nmalayi, the triose-phosphate
w0 smamsmse of Schi st osoma mansoni, the secr et eRICT/EP2005/055984
gl obin-1ike protein of Trichostrongylus colubriforms
, the glutathione-S-transfef@ase of Frasciola hepatica,
Schi st osoma bovis and 5 . japonicum and KLH of
Schi st osoma bovis and 5 . japonicum A s nentioned
tneakbier , ol ferfacomiynanheViy ah1 Vest 06 Ss GRIPInioae
nucl ei c acids encoding the ALV or ALV-1ike protease
symaeshe odenedstnagit egeAsschhbe® #gVee athy ClebnoPde
Lot ebhey ;| ry.agent.,: r i.C
6L S0 VIR0 RO0BLc) Ol S RIG L CoROhRkes
thegeppi ebranelds amcusti agtbaenmotndlude, edbutoatranoet
trangplantation, and autoi mune anti S, O ra ts
BRI T ol R e R
TAGHUQ|, NUBRE MAGE-gens yirbeiaate, TONG, d4nd tiAs peeseshain.
invention, viral vectors may encode tunor, transplant,
or autarmunchamiweIdteakepPaits ©Echnology as disclosed
derivativesthereof. Alternatively, the viral vectors

DergY Neht odkS S yHRME D 1GenBS PRRt e M s GPPIEA2EbBYR) Y
inthbalicengoger { @Q%EFEQdeé r 80Pl Ayl OhodYh b BBl and

antigens or_ parts thereotf. Exanples of such antigens
havieputee PeAYRIEESict PriogPeeddt b tprésicaedespeéypertides

i nARLLYEN; 199 i " : vhept 1,

e e b AL RS Char G S Py VPR
pro?ﬁaﬁe 85%@ £SCPHP%1§:&¥ Al 5119589 AGHSLAN 85 BLSOs the
app cabl'e T or gene therapy applications bg

viiratlr gdetbng, nekprps el pol oqregEtittes ame @osistigbeted that

pol yprotein_and having the | yprot.ein processed into
el OSkr ate | ROPypORTI TS TH N €1 AOHOIAT0r fRAsEen be used
tomihtirpbee( dostr eé epoped y paptitdesantAged BRPASsEEd by said
further enhance the |nmmunogenicity of the vira
ViFadt JPSLOER pr e8s oF LA S 1R BriGlt EGTERRED to as

\eneede abjlieastsongs andhden mhan rrdjp#aBt nsaldacalct as
adg%vgiiq A preferred use is made of the protease and the
linking protease sites as described above to have the
antigen cleaved from the adjuvant after translation,
although in certain embodiments the adjuvant may also be
directly linked to the antigen.

The particular adjuvant encoded by the viral vectors may
be selected from a wide variety of genetic adjuvants. In a
preferred embodiment, the adjuvant is the A subunit of
cholera toxin (CtxA; examples: GenBank accession no. X00171,
AF175708, D30053, D30052), or functional parts and/or
functional mutant derivatives thereof, such as the Al domain
of the A subunit of Ctx (CtxAl; GenBank accession no.
K02679). Alternatively, any bacterial toxin that is a member

of the family of bacterial adenosine diphosphate-
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to i ncrease host responses to the antigen expressed by
said viral vectors. Such adjuvants are herein al so

wo edoens®di t 0 as | genetic adj uvants' as genes ePCDHR20D$I@55984
proteins that act as adjuvant. A preferred use is nmade
of the protease and the |inking protease sites as
descri bed above to have the antigen cleaved fromthe
adj uvant after translation, although in certain

ri@BRYILRBALS ekHEo ALH HIVIRAY _w@m@oﬁpnﬁ&—d&fn@%&hg blakgdes
to the antigen. The particul ar adjuvant encoded by the
angj tae PeftBEBlEmgT beealet Baide frurhra Wildé) vali ety of
LG adjuvapt s red.enhadi - e -
ot O hg: A LBUnT T oF GRSl Qo (B A, SuoeRiE
OtéranmpikesplenBaaktiae cadsiwie . cyXOG@ERTheAB1Y5708, such as

D30053, D30052),_or, f.uncti onal arts and/ or. functiona
SORCHRC BEPTOTt VAL A aet DoLhRRELY o TACTEORGPRE S o

B.t lparApsubuss is oA 1EeenaCi xAl y, CetndBarkrtae@ 2% ADPAO.

K02679) . Alternatively, any bacterial toxin that is a
S S ST AR T S R S R

subuphesphatiesi as WALnNG 1eX0t OxkAS, MY RetusSederecf (i.e.
Non-limting exanples are the A subunit of heat-labile
th@o%ﬂnd?fﬁ%moo%ﬂﬂéhfeﬁébégﬂﬁeﬁfcc¥¥.(%xﬂd Ct#Ad) ¢ herom any
c1BELLHAS! 515Kl b1 SHUBURLEL a1 £ BT SXATRlieS 335¢ LRCE1 7or
adenyl at e cycl ase-henol ysi ns such’ as the cyaA genes o
V.Bohdéeeke al(pey t uggiagn B125br binethi dieptliaya reduBed ADP-

.par.aper is .. Aternativel t.he rticul.ar
B ey Tt riedVEok Aokhy b By weratise of
stirhetArsubimt égmift Ghahenadt 0i buf ine: fSocA)i ctedr tparts

thereof (i.e. the Al donmmin of .the buni t . of :
replSeeienapf S HTRMER) 1 Hhdin o VRS -cRBEdhgaTL with
phehkaibNa6eng. (S118) NsSPHe-081 Blithorn yEineChBberap £&€r the-63
_strain_2125é t hat di splay reduced _ _
wikhplivEdae!  paRst ervdbiranal ytitd asPantiy BGEdr éVaph) -

vagg%esbﬁU%HHﬁahyéﬂﬁgg(@é?k)iJE”6§Pd§1n%UﬁOQORiEﬁSH§E§B§d
(Y104K), or combinations thereof. Alternatively, the
particular ADP-ribosyltransferase toxin may be any derivative
of cholera toxin that fully assemble, but are nontoxic
proteins due to mutations in the catalytic-site, or adjacent
to the catalytic site, respectively. Such mutants are made
by conventional site-directed mutagenesis procedures, as

described below.

In another embodiment, the ADP-ribosyltransferase toxin
is any derivative of the A subunit of heat-labile toxin
(LtxA) of enterotoxigenic Escherichia coli isolated from any
enterotoxigenic E. coli, including but not restricted to E.
coli strain H10407 that display reduced ADP-
ribosyltransferase catalytic activity but retain the

structural integrity, including but not restricted to R7K,
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repl acenent of arginine-7 with |lysine (R7K) ,

serine-41 with phenyl al anine (S41F) serine-61 with
WO y®60838(S61K) , serine-63 with |ysine (S63K) PCT/EP2005/055984

valine-53 with aspartic acid (V53D) , valine-97 with

lysine (V97K) or tyrosine-1Q04 with lysine (Y104K) , or

combi nations thereof. Alternatively, the particular

ADP-ri bosyl transferase toxin may be any derivative of
s4alrgl ekaxt ox6 K | had 31 Ul grrasseloax, belt abRLNARE OXhE

prote| ns due to mutations in the catalytlc site, or
thedeadentlierenbleat ol yiie mintdculagplettvel y. Such

pade 0 0

rl%%ggéﬁafé‘%ﬁeprocet?‘%%sm o Heaat | Bed el B i anot her
degrivedivientf ccftmleﬂdaPtlombosyhatansfm@s@q@)due i® any

eqzllvat | ve of thg A subunl t f he %bl I e; tCOX| Bc
R)n of “&ntEr 6T OXT Ge genl CESCIfericd |z¥ ¢ol S hisol aPela
mufcmmftsaayeemheéobpxa:@lemmtﬁnalc@:Jt,e—umieudteﬂgmbuhgeﬂésis

restricted to ._¢coli strain HL0407 that display
prP&&ﬁlb%&SADéFl B%%@H}i’%%s]?ee]r%e catal ytic activity but
retain the structural _int e%rl ty, including but not

r esPrFBPBEN {APIR7I ROPE 2 CEBIKEOSEIK, ANE 39 P87 RIGVants,
th¥184Kuveht ComBiat inenkther eef . vt terNatd vekyprebént

particul ar ADPribosyltransferase toxin may be any
lnﬁ’@lﬂltyoasfﬁwjeﬁp drer iapat bleastivqdrateinosiramt Harat s

t0Xh € 9 2t 008 LAs, Of iﬁ%@%ﬁ th
ba%gtga%ti% %étnhton‘gtgaﬁtgssére ma gg%\? ntlﬁ%nal
dogibtl e- dtrencueedd Rtma:geﬁmsﬂé pnockedires, Rh@s (heserinbedferred
bel ow. h ADP-.ri osy atin toxm are _pot
tonaroaafal T HE A e B e SOl et e B or s

sellectbe presenit ma;\terﬂelsamﬂagdat@ouﬁe iy oiiagctiseses:
in fromyviral bacterial or protozoan organl SNs,

pr ot
Cliaf?ﬁure[for S§iFatbrys CRA, A HBIHE St &d BRQRTEF 1 SnEY |
inhABiiRE her ¥hBNAa (R8s € sind Bf efthe . Inhibition of Rho has

been clearly associated with the induction of apoptosis.
Induction of apoptosis is useful method to drive bystander T
cell responses and a potent method for the induction of
CTLs. This strategy has not been evaluated in any
experimental system thus far. The active domain of SopE is
contained in amino acids 78-240 and it only requires a 486
bp gene for expression. The catalytic domain of E. coli CNF-
1 is likely to possess similar properties.

Class 2. Bacterial porins have been shown to possess immune-
modulating activity. These hydrophobic homotrimeric proteins
form pores that allow passage of molecules of Mr < 600 Da
through membranes. Examples of porins include the OmpF, OmpC
and OmpD proteins of the Enterobacteriaceae.

Class 3. Double stranded RNA (dsRNA) activates host cells,

including dendritic cells. Expression of an mRNA that
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to as siRNA) . The particul ar bioactive protein can be
sel ected frombut not restricted to the foll ow ng
web@s®ess71 Cl ass 1 . This class of adjuvants i NPCIEP2005/055984
apoptosis by inhibiting Rho, a host small GIPase.
I nhibition of Rho has been gl early associated with the
i nducti on of apoptosis. | nduct i on of apoptosis is
useful nethod to drive bystander T cell responses and
enzolRkeRh TRy O OFcpdigr i Sphicdd Oy @ GhkSo TR $ibozyme
strateg ﬁ has not been evaluated in any experimental
widysresitusnf Bhe TrRreRsive o Pof SopE is
c16Q4t @l nedei BBM HO AGL S 7 %%{5 1idx (R §EAVREES Ao
48% bp geﬁeﬁ?gr expresgﬁ%nﬁw%ﬁe ca alytlc gonaln o? E
inducel CDCNFredtisctedkell TouﬁUSS@ﬁpansmSIdKrpnepbetgesnd
Bacteri al . or i ns hav sse
R iinan0alr st Rar et FE1 ) = e ey oo ¢ mBeEE CHise
toh@nuw tEﬁ[BIEtLClﬁI‘ obﬂm—cﬁ@imcporrcﬁslﬂ haulablrompassagﬁeﬁic
l.ecul es_ of 0. Da through ne s. .Exanpl es
Peéﬂtlﬁ‘sr FR&T H&%d%@?ﬁe‘bﬁ? C@Fpénar?&’qbénﬁﬁsﬁf%%?ﬂs Tof
celihg ERherebacheriaseae. ifdAsS ndbst Deuhloasskranded RNA
sRNA) activates host cells, including dendritic

(
Cl@éﬁl§ EXBN@S§@@nb%fu%ﬁﬁwﬁqw¥%3%ﬁéﬁ6@ﬂe§RHﬁ MAVeFE &ds

p e n MA| t
e SRRy Basi on ar S S HA T hst 4 M el e hot e
reﬁ%ﬂﬁpexx(pqpﬂ RX. PWGF predkerdwe nos S @d@@@ntatlon (e.g.
rpE d-restricted NK T cell responses (Kronenberg and
pi n, 2002). Expression of a peptide with this notif
Clb&se@.tGiBNI4sftbﬁibénu£édlﬁﬂk(ﬂﬁddﬂﬁemothhtwthkget
prqoduce trimeric peptide that lJ cros lLink_T .on
B T L PF Y CTRUETEERT | SO Thareiy e Brint B b nABLGDALLE™
off €3ReBSRS1eChB8S will ShINetATEPStUFRd k@ ochakgekeBost
MRNA nol ecul es that suppress i mmune responses (e.g.

reRul ¥ ingr égulatel i nf@ed¥ esponses (e.g. B7.2) or
prevent 59351 P €88t Al s df Hbrein, it has been found

that antigens from TB-causing bacilli, such as the TB10.4
protein may not only act as an antigen in itself, but even
act as an adjuvant towards other TB antigens, for instance
Ag85A: In the case where a triple insert was present (Ag85A-
Ag85B-TB10.4) it was surprisingly found that the presence of
TB10.4 in this construct stimulated the immune response
towards Ag85A, whereas the absence of TB10.4 revealed a
minor effect towards CD8+ splenocytes (see example 4 and
figure 13B). The adjuvant effect of TB10.4 was further
investigated and it was found that TB10.4 indeed stimulated
the activation of CD8 cells directed against Ag85A when
present in a triple construct, whereas an infection with
separate vectors each encoding the separate antigens did not

result in such stimulation, strongly suggesting that the
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Rho) . Cass 6 . siRNA" s can be used for vaccines
that target costinulatory nol ecules, such as CD80 and
wEDB6/053smhi bi ti on of these nol ecules will preveait/EP2005/055984
co-stinmulation thereby resulting in T cell anergy.
Surprisingly, as disclosed herein, it has been found
that antigens fron1TB-cau3|ng bacilli, such as the
TBIO 4 protein may not only act as an antigen in
TE100S @l bnthYbne¥EBuBEt b&Sy AL U\e@th rOwRr 45e05hRE T8ctor,
antigens, for instance Ag85A: In the case where a
ortpmeﬁentnyeﬁhlaaéhere@eﬁttqag§¥§¢&§eeeodus¢o 40) it
was surprisingly found that the presence of TBIO 4 in
this construct stinulated the i mune response towards
Ag85he wherens iheemwﬁmnu&isﬁ rEBla@e s toeveabédvactopnor
effect oLgwa d enoc tes ee e
thﬁt ar'e f§8f£ iﬁe adjuvan 5¥1oﬁ'f§i@ggﬁe %useg by &
prbmehberrbﬁw@ﬁitgaﬁeﬂlﬁ@d SdchMﬂbduwﬂ@da&bahs$Bl€b dncrease
i ndeed stinul ated the activation of cells directed

hoggair RSPORGBBA RERS PPRIRHIITh A A AP (& cGABFPGEET Py said

viMaer eastarsi NERsih 0 W1 kysepanak eefv{@&iéﬂ e viral
encodi ng the separate antlgens did not result in such

VesttonEl are ohnt ey QHﬁﬂ%r%sdé&e§tvnéLrﬁatIPhéTBFET1Qr TL-
ant i n.shoul pre either in the sane vector,
126P'p?§se2?mmﬁ E %§§§%e transl ated product. The

pr eeeebmbmmeﬁtl DIﬂIA aéﬁ,@ KA gdrescddundst dorveskoistkbatction
encode at | east one antigen and a cytokine fused_ by a
ofHEHPELLENRECBYRTEF DHO | X5 SHUGT VIS TACE HdEa1t BeCtorS

cap®1ease BepteckESRONSES: drtutdePASIRIgLehgaRtLl 98N (S)
expressed by said viral vectors. Exanples of cytokines
eué@@a@éébee{hé QF rbl s9¢RT e A@WMtidr [t&gkirt4 (1 L-4)
, IL-5, 1L-6, IL-10 IL- 12P40, IL-12 P70, TGF b, and
TNFa. Reconbi nant DNA and RNA procedures for the

inthgggﬁhtogompositions and methods are described for the
construction of viral vectors that express more than one
antigen from a TB-causing bacillus, preferably Mycobacterium
tuberculosis, M. africanum and/or M. bovis. Preferably, the
viral vector is a replication-defective recombinant
adenoviral vector. One extensively studied and generally
applied adenovirus serotype is adenovirus 5 (Ad5). The
existence of anti-Ad5 immunity has been shown to suppress
substantially the immunogenicity of Adb-based vaccines in
studies in mice and rhesus monkeys. Early data from phase-1
clinical trials show that this problem may also occur in

humans.

One promising strategy to circumvent the existence of
pre-existing immunity in individuals previously infected
with the most common human adenoviruses (such as AdS5),

involves the development of recombinant vectors from
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of functional expression cassettes to generate viral

vectors capabl e of expressing an i munoregul atory
w@g®ansism eukaryotic cells or tissues are knownCT/RP10h&055984

art. Herein, conpositions and net hods are descri bed

for the construction of viral vectors that express

nore than one antigen froma TB-causing bacill us,

preferably Mycobacteriumtuberculosis , M. africanum

adendieruM se?@ﬂ%ﬁesF&@gﬁrégﬂﬁbttéﬁédﬂdﬁﬁr %@ehOprkSeRisting
~replication-defective reconbi nant adenoviral vector.
ingyaigkeensi Vengn sadri @t @id Veateral [tpagpppredidentified

£2gen ‘é&"t%u?%?%%&%él agenqyl J asO%b(Sé(}%)cﬁgﬁn%h%' 26, 34,

exi stence o nti-Ad5 1 nmunity een s

35sup@PBreds, sahdt ant aal wys t Freowmmmdtfe Moo 76f BAS0BA4@665
vacei i ies in mce and rhesu S. rl

anfia i@ 8347 BRZedt Pt m a7 L M RRDSY ; gFRe:

hapieofoamdmayaal §0s©Cadendwi FUHTEYS (AJ24e PAKOBIESpAgticular
strategy to circunvent the existence of é(Ere- exi sting

INEREERITt §5i AT AT YRR & iR JRSy SETPEYPEd WPt h t he

201051 83ANBPN MHNRN, ALENONd d Us8So iskeet @38iAd8)ral vector is
i nvol ves the devel opnent of reconbi nant vectors

thusoRRAEABIPY 5V S ef D YRS §IRt AFTGtyPscsaAeereduépom the
- @%hSt | ' NiA4E5, AdIRN P&%%','O\Ai al YRsEor gyk bat

gr\%&?e%i)éggntgfquggg?o b% particul arly uséjf3ul argggbasgdgon
Addédr enylpad501, TRE, a@ani3gye 48, #UG s ad Bl ias wdshshamn

in WO _00/70071, WO 02/ 40665 and WO 2004/.037294. (s
e oy va e i ot e Ade  dund LGt TaT o
thadehomaheSa?2d (ét249ghBaoly parfidoatiddatviitht ehest asldt type

is shown to be a rare serotype (W 2Q004/083418) ...In a
adﬁP@F’éFPéSSenJSBd? n%%?s%%‘i‘ecfl‘?)%/'r aﬂe(‘%t@ﬁ&ﬁ g F‘HB%238ﬂleS
agRdeReVichdgedeeryegpd & OB a &OY Hrnepe 1seltechedntr ainbhe

group consisting of: Adll, Ad24, Ad26, Ad34, Ad35,
POR¥48E1AR42Y AABIRANSDRITHES adv TGSt tOhiS§T9EVERL Pon

be?hulReMinans are quite regularly infected with this wild
type serotype. The immune responses raised during an
infection with a parental wild-type serotype can negatively
impact the efficacy of the recombinant adenovirus serotype
when used as a subsequent recombinant vaccine vector, such
as a vaccine against malaria in which adenoviruses are
applied. The spread of the different adenovirus serotypes in
the human worldwide population differs from one geographic
area to the other. Generally, the preferred serotypes
encounter a low neutralizing activity in hosts in most parts
of the world, as outlined in WO 00/70071. In another
preferred embodiment, the adenovirus is a simian, canine or
a bovine adenovirus, since these viruses also do not
encounter pre-existing immunity in the (human) host to which
the recombinant virus is to be administered. The

applicability of simian adenoviruses for use in human gene
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adenovi ruses as vaccine vectors lies clearly in the
fact that humans are not regularly infected with these
wowdod/053gpe adenovi ruses. As a conseguence, neuPCHEPZDFIQF5984
anti bodi es agai nst these serotypes is |ess preval ent
in the human popul ation at_4.arge. This is in contrast
to serotype 5, because humans are quite regularly
infected with this wild type serotype. The inmune
tHe@SRYNSeSvEak $8Es dus i i RNaddYaotdy Wt RhdsRapenbalinary
w | d-type serotype can negatively inpact the efficacy
skafl1t @ EBEoAbL nakes bdRn oV rirs waYigey gacwkerNinsed as a
acSRIAURRL [econbinant. YaGekda YRELS! ce3Y6N18Sy8tro and
vacci ne agal nst malaria in I ch adenoviruses are
argpphieed foTheaspe eapp bicalhee didrf énewn agenoPerascularly
2Eetunes; ho-fhes bymmn, vord dui de populatlon di ELeps
P om one geograpﬂlc area 1o the other. @bneraIFy, t he
chpmghereed BRAODYPEStIeNC ird eyuiacdbaw nedlinadki z6Bg (also
activity in_hosts i t parts of the world, as
knGiP| PRedPn ey BOF 707! 19h SHHbIHEY or &f EPfed (MO
039mhegdbagnt sekhgl 3demovo s Usodegs@ Siman, canine or a
bovi ne adenovirus, since these viruses al so do not
encBliter CPPECRXP St Higy TIRATHI MR Mevé ofhdfaARfABSRCES DY
i.C e j Lryus, st - ini st d. The
th?%glFgggiFﬁ?ggg?égfﬁ$%$%%$ﬁzﬁb |f§§gglggfhgsé ?%ﬁhunan
regerethgrapy bhevhenimeasopwslataldn dgpmesidatéd tby t hose
vadle SR BAT VoKl Lh L L he, ard - Begides Lhi; g, a0k pe, and
ovine adenoviruses wet e found 16 intect human el f's
mullit ivifb 6 . aRdcanei havet ef Dfesed ,S G applasc aklcembanahtuman
use. .Particularly preferred sim an adenoyi.ruses are
2 dBRG4 TSbF at BAP 1P ORF EHTHith 7 Sb VA gs HRAE SaPELTG
celuist 2bbe hRel bees (BSrd@l Sor&knawd anatarald groe in
6, 083,716) and Pan 5 , 6 and 7 (WD 03/046124); See
SUSPSH SWON0 3L 0VOBE 111 It 160 1 1@ c 819 el gforBRrRafpes not

cot®GhiAr ah$ LAFhYEDCOH B¥man derived components. Also, it is

known that recombinant adenoviruses elicit a dramatic immune
response against the protein encoded by the heterologous
nucleic acid sequence in the adenoviral genome.
The inventors of the present invention realized that a
vaccine comprising multiple antigens would provide a
stronger and broader immune response towards the TB-causing
bacillus. Moreover, despite the fact that a single antigen
could by itself induce protection in inbred strains of mice,
a cocktail comprising several antigens is conceivably a
better vaccine for applications in humans as it is less
likely to suffer from MHC related unresponsiveness in a
heterogeneous population.

However, from a practical standpoint of vaccine
development, a vaccine consisting of multiple constructs

would be very expensive to manufacture and formulate. In
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t hose that encounter neutralizing activity in a | ow
percent age of the human popul ation in need of the
WO 206/058U7i on. The advant ages of the present i NRENEPIING/055984
are multi-fold. Reconbi nant viruses, such as
reconbi nant adenoviruses, can be produced to very high
titers using cells that are considered safe, and that
can grow in suspension to very high volunes, using
addBeii B EBatifPess POty COHd ahdh Pk tAIHiNR prokeBYNMBA single
derived conponents. Also, it is known that reconbinant
CORGERAPPIr USESCRFTES teQU BRI ciHtAtin e Tr é8goRsEPAganhgt LY
antt'lgeﬂf g&sganfé £Qded: by e Neter0] ogaus auel Shciﬁfﬁ?ge
sequence I n the adenoviral genonme. The 1nventors o
resipengeesbat iLaventadhy resddizeid t hat a vacci ne
comprising nmultiple antigens | d .provide _a_stronger
and Br 330P F khERLTT cbpbTice s TRETBTCATS! ng
refpddickkisn-Noreovere wesqmbindrdte Wiach thatoa sbmngkeses a
anti.gen ¢quld by itself induce protection in inbred
nu§t1re&f%n§cbfi APEBENG® CERALH | T Corpl g eBeger g et inant
whaRli ge RS i HShEPBE81 ¥agbhy udelteraMarGiel@chet is codon-
applications in humans as it is |less |likely to suffer
Opﬁﬂ@#%ﬁﬁpfpélai@ﬂaH%QG%%Rﬁﬁﬁ%%ﬂb§§{ﬁnm@mﬁéﬂerégéﬁ@6@§ly a
noRQRY! BbLR. obOYRYELes bk OfR &AL UL oS RRAROLAL afifno
vacci ne devel opnent, a vaccine consisting o nultlp?e
acdgnstntiens , wohé dybee vel yorxigenisiossiono usagef aot the maunal
off QLI 8LE: o} nadd)Lion, Lo SIPLfying ! he mAULactyL| 6oy
process, a singlée construct “may ‘ensure equi val'én
touphakecobrbper conpoaesnt en bySwadt igeredises@nt bagspelits
and in turn, generate an inmune response that is
ARGy “SBEEPTTE. o1 rotne’ it (XA Sy Sopast 6Pt RelY ()
stiretenbkoncthear@pAt cal dwnsdafatddse ingeerBiN@ArAVbbRés,
vector conprises a nucleic acid sequence coding for an
et&ﬁFﬁ@éniMggéPéﬁn?ﬁa%@don optimization for mammalian hosts

are well known to the skilled person and can be found in
several places in molecular biology literature.

In a preferred embodiment, the invention relates to a
replication-defective recombinant adenoviral vector
according to the invention, wherein the adenine plus thymine
content in said heterologous nucleic acid, as compared to
the cytosine plus guanine content, is less than 87%,
preferably less than 80%, more preferably less than 59% and
most preferably equal to approximately 45%.

The production of recombinant adenoviral vectors
harboring heterolous genes is well-known in the art and
typically involves the use of a packaging cell line, adapter
constructs and cosmids and deletion of at least a functional
part of the E1 region from the adenoviral genome (see also

below for packaging systems and preferred cell lines).
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wherei n said heterol ogous nucleic acid sequence is
codonoptim zed for el evated expression in a manmal ,
w@e@bos®mbl y a hunman. Codon-optinm zation i s basedr/BPopfiessos4
required am no acid content, the general optiml codon
usage in the mammal of intefest and a nunber of
aspects that should be avoided to ensure proper
expression. Such aspects nay be splice donor or
- aceept Qhc8ihes, o8t O GOHONSH t Ghivetitli®h, aRel ¥ypMNally
stretches, GC- and AT-rich sequences, internal TATA
hegxég, péﬁé@@@ea.ti%lhbo%wﬁp@gﬂ@w CEptiigirEariroaxfépients.
PHIRHIRLLRNC098Y SaBteo bl c knant G the Sl bl el Ben58Mve1 1
and can be found In several places in nolecular
knpwol agy thet erat ané. used aexprasfeivedd émbediwigrt ranpe of
xR EELBLES, oo e AL O R ot s tha
wolrv @atlilofin wheeehdst heo v antaree aiblsy,t ke raceontenfuirther
sai d heterologous nucl eic acid, as conpared. to the

CORPrISPna N pPUdTYRRhi el Eof YT 2% oYL fRaf878F ¢t to
fupiteber abbyehgssthdanmBdde ey iyeiey abl ¥ipbessdt BARigenic

59% and nost preferably equal to approximately 45%
detiggmpPgdtet i on of reconbi nant adenoviral vectors

har BaE! BayDREesR Qs JRNESdS WPl Raun enat Recart

and typically 1nvolves the use of a packagi ng cel
adciordingdapt eheconsenruces andlooshedspand idel erophybéctic
Oratila %%%tacfggggkgngé g@riBof the El region fromthe

adensvirar geNone ?see al so” bel ow for packagi ng

systrass randmpi ehet retrLeltedtidres complie siagcirBesnofigéhe of

present invention are typically .held in : : .
EhSh RFTEERGL FEEPR§ e CRDY it eusceaf%/ riter'& o "ékd Ppi 8fEEINgS 1n
whRRar fhequbire a!ab%m@@em akdr® GRIticeY Si®h BXCi. pIreaysmaye

well known in the art and used extensively in a w de
alpgnge 8PPLRefapeut i RT PRI P8t ér ROy tiedr REBRS,
re%b%c%@@%i?dpEQ@édfﬁéKofw%élﬂd%$ﬁ§“§'ﬁ%@ vMRk&8nation to

preferably, the vacCines further
increase the desired immune responses. It can also be

envisioned that different viral vectors as disclosed herein
are used in prime-boost setups, wherein one vector is
followed by another. Moreover, vectors comprising directly
linked antigens may be combined as such with vectors
comprising the protease-site linked antigens. Prime-boost
settings using one adenovirus serotype as a prime and
another serotype as a boost (selected from the preferred
human, simian, canine or bovine adenoviruses) are also
envisioned. The viral vectors according to the invention may
also be used in combination with vaccines comprising
purified (recombinantly produced) antigens and/or with
vaccines comprising naked DNA or RNA encoding similar or the

same antigens.
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conprise an adjuvant. Adjuvants are known in the art
to further increase the imune response to an applied
wW@eibQsIsrc det ermi nant. The invention al so rel BEBEP1005/055984
the use of a kit according to the invention in the
therapeutic, prophylactic of; di agnostic treatnment of
TB. The reconbinant viral vectors conprising TB
antigens of the present invention nay be used in
vacennat i eAeSEhTERYSoh NrdtH &l they AR caBRhibgd 10
conbi nation with BCG They may al so be applied as a
reﬁﬂﬂﬁﬁﬁgoagéﬁfe@Flﬁeb@%%mqkawﬁyﬂﬂmpnﬁ§§9§Cﬁ|Vépyelc acid
e%ﬁ%%gg' @QcBEn nﬁuk‘%"' oo r@oa?éc%nvﬂ%%n%atﬂr%% ‘a‘E hBGEPASKe
the desired ne responses. It” can also
tu@ﬁvbgﬂoﬁed Kﬁat dam$£mqwbaqukﬂs vé¢taﬁstasbd|guﬂesedood

tha rei no rS u? ne bq&;EBS%&% ‘an 162% g Ogrts or
VeCFoP g ?8 Iﬁﬁ%l reover, E

anma@pmuslmgadméﬂﬁgly—lamﬁgﬁbﬁﬁuﬂ gans, wayphet@@nbnﬁedlaSmay
such with vectors, conprisi % t he protease- Elte | i nked

PeargaAs T oy R el Hbddt et Nsi Ag $dé 2RdEnov i1 s

reeRmBti YR8 ta§danbvi Aks angl AnAtis! e0YRE adS adchBPStus.
(selected fromthe preferred human, siman, canine or

M%@pﬁ@faaéhém r lBes3dene HiEh USRA SiSoRedeCPRBLpRRAI vector
%%%Oﬁ§e§8ﬁ9rghﬂgn{90rﬁ hes TOVRNHON ARy, @k ° gsugsed in

atiron wt vaccCl nhes conpri sing puri
co@ﬁe@@nbgnaﬁthym@no@@@@QMiEuﬂiqﬁﬁuiyam@/@dlﬁmthdﬁéecAdéé,

nphising ed RNA £neRy i_m_l.ar
Ad@%ﬁe%' P( éﬁggThﬁs édlnventlon &% aﬁg§lF8 Bach T?US
us@@cdﬁblpanvldengltmélpWEKkﬁﬁﬂd|antﬁgé®navlEHSpreferably

e L) B 2 PSSR S50 L O o
MycodaiceeiBACHbl S, dhdisaid e Wrdelstoadttfahsaare
PR B o1 TRy SR S U i e Tng B Lot fhens
encoded by the Ag85A, Ag85B, ESAT-6, f£72 and TB10.4 open
reading frames of M. tuberculosis. In a highly preferred
embodiment, said nucleic acid sequence encodes at least two
antigens selected from the group consisting of antigens
encoded by the Ag85A, Ag85B, and TB10.4 open reading frames
of M. tuberculosis. In an even more preferred embodiment,
the adenovirus according to the invention comprises a
nucleic acid sequence encoding the full length proteins
Ag85A, Ag85B and TB10.4, wherein it is even more preferred
that these three proteins are encoded by a nucleic acid
comprising a sequence in which the genes encoding the
respective proteins are cloned in that 5’ to 3’ order
(Ag85A-Ag85B-TB10.4) .

The invention relates to a recombinant adenovirus

according to the invention, wherein at least two of said

antigens are expressed from one polyprotein. In one
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antigenic fragnents (= antigens) . Also, a protein
itself may be considered as being an | antigen
woe@bos®mbl y, sai d reconbi nant adenovirus i s a PCITEP2005/055984
a siman adenovirus. Mre preferably, the adenovirus
used as a reconbi nant vectofsin the present invention
is selected fromthe group consisting of human
adenovirus serotypes Adll, Ad24, Ad26, Ad34, Ad35,

prAdd8rcAddR1H8AINEEE0a t Thes IB- Gl NG RaChhkygeHsedrior

providing the preferred antigen (s) is preferably
Lipkegbaet efi tfn fgblér%uf@%}csf} H\Jm,t@dabt gheurhiakppganam e
di%@_/toﬁrw(fgbgclzg{lhé@%#%” pniddld G¥2id §WO QT GBI Emino

antigens are preferably selected fromthe group
acgonsitbeiragaol inker gen susat due ddnnedie thg85ApaAg88B,

a %SAT-G f72t§99 TBI O 4w$§g§:geadin f ranes %f

; , M..
&ggpéuﬁggis . I%Oapﬂ?%h y prefgf¥é I@ﬁﬁéaiﬁeanosgf ore

anftigledisC agebdd$agued cCehenoodas: iain,| easiferab1§nbhgeds more
sel ected fraghthe group_cansi sting of antigens encoded

Ligkerfe agG8EAI "Ag88 B EAntP PBI ‘G 4 S0per%readi ng franes

of Mhe HHDEBhEUbASABse *dN MELUN dTRhA thkAfiehkedB vaccine
enbodi ment, the adenovirus according to the invention

cop@FpEil8gs 2arntenei eank i Pejlichtte aswesdilng trRethal

- -h_ppat ei - e ereln.i

R Do R B s Yor Ve RE  rtln

toebededvbytaonuckerthaci chrgonpriirgl Bg phagequentécahly
whi ch, the nes codi t.he respective.protein re

actptan fnebRap tetrr e b ool A Rl ke e ™h)

phil@acaventadbyr &t aéesalb e argcigoritRzanhdadesavehts are

. accondinﬁ to %he i nventi on, wherein at |east two of
PO 18nt'GefiS ar e expressed from one pol yprotein. In

onephef ehiredt esR Ot FERd ridd rd easita iatd tof aSak@hant bgens

are linked so as to forma fusion protein. The |inkage
Vagy BELAPr BchaBRaki B0R M RIGING i Rer tepakiepgagf 1B,
cotPei87hB0administering to said mammal a recombinant
adenovirus, a multivalent TB vaccine or a recombinant
polynucleotide vector according to the invention. In one
aspect, the invention relates to a method of vaccinating a
mammal for the prevention or treatment of TB, comprising the
steps of administering to said mammal a recombinant
adenovirus, a multivalent TB vaccine, or a recombinant
polynucleotide vector according to the invention as a
priming vaccination; and administering to said mammal a
recombinant adenovirus, a multivalent TB wvaccine, or a
recombinant polynucleotide vector according to the invention
as a boosting vaccination. The invention also relates to a
recombinant adenovirus, a multivalent TB wvaccine, or a
recombinant polynucleotide vector according to the
invention, either one for use as a medicament, preferably in

the prophylactic-, therapeutic- or diagnostic treatment of
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acid. Wiere a linker is used to connect two separate

antigens and thus to provide a fusion protein of two
W@eooa0sIB7aNt i gens according to the invention, PCT/EP2005/055984

preferably one or nore linkers according to SEQ ID NO

23 is used. The invention alsso relates to a

mul tival ent TB vacci ne conprising a recombi nant

adenovirus according to the invention or a reconbi nant

tupRlrnuekest i dge VeRt Ot BEL U NG 1@ tlelke thny¥aBt LB, of a

further conprising a pharmaceutically acceptable
regpeipnant, 2dadovpT dnad |udnl wrdjanfadB. vRReyne, or a
rRRABIREEH! bEalhYC ALGEPEN! St B IDIRAS n3N ¢ oahUV B Snt son

are e art e I nvention furthernore
inréh&t@separatnenh@ﬂ @fmadmmamﬁnurﬁyratM@nwabphgﬂathec-, or

preve E on_or reat ne t ngrISIng
e&hp u %c treatment. o ﬁcdlo
nrsterrng to sal a reconblnant adenovi rus,

a nuhtbmalpattifhy@ﬁcang@ﬂ &Heedoindh relates to a
nucleotlﬁe vect or ccord| to the .invention. . In

B2 A8FBEL POLKBYT hyatfor 4 ioh oM 15 1Rt RodugRete acid

seV@esicBabhREdan§ondl o f Qﬁoﬁé‘%rﬁﬁ%}é@ﬁt l2@@ ar prbeatgent
of TB, conprising the steps of adm nistering to said

refemRAIt 18N BEBRbI WaRTe HRletRM rans i genrularey areResTed as a
po\i"é‘/%‘ilo 8infls8y eﬁ& LAGNL 5 pal 180 deev g%%ase

Ing to t I nVenti on as primng va ci nation;
rammgnadenlsueelﬂgparﬁtmnqianuﬁﬂﬂstatM©c©¢b¢hantwo or more

arBIRBRLL T s o8 Il 4] VAl Rt TR ASENG. 0L 8 LeCoubl NALE g
onnucIeo e Vet of - acdor e invention as a
DNMeoshlngkéaCRNnat|@npla§mnd+uuﬂﬁ|aNVﬁﬁaiovéekakeSIh0aa

nan denovirus, .a nultivalent TB vaccine, .o a

o EOTB PO ROTBRbe | S04 del Wi T e dPaPhy Kbt Eo

reiplenti0A-deFEBeivONGuiA IS iaf o PREINGITRDE. It is to
preferably in the proph¥lact|c- t herapeutic- or

begiuagrestredt Eeat nent1 61t WIRG QN FsiYs PeTiReepndéntrgnkinds
ofal3@ 1 £§kat esnt 0y § PE) USer U@ ding the virus may be used as

a nucleic acid vector, while the virus (comprising the wviral
vector DNA) may also be used to transfer the nucleic acid of
interest to a host cell through infection of said host cell.
Thus, a ‘vector’ as used herein refers to a means for
transferring a gene or multiple genes of interest to a host.
This may be achieved by direct injections of the DNA, RNA,
plasmid, or the wviral nucleic acid vector, but may also be
achieved by infecting host cells with a recombinant virus
(which then acts as the vector). As exemplified herein,
viruses may be used to immunize mammals (for example mice),
whereas the DNA (for instance in the form of the adapter
plasmid carrying the gene(s) of interest and a part of the
viral DNA) may also be directly injected in the mammal for
immunizing said mammal. Vaccines based on naked DNA, or RNA,

or plasmids are known in the art, whereas wvaccines based on
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reconbi nant adenovirus, a multivalent TB vaccine, or a
r econbi nant pol ynucl eoti de vector according to the

WO pwens3i8on i n the preparation of a medi cament POYI/EP1N5/055984
prophyl actic-, or therapeutic treatnent of
tuberculosis. In one particiyl ar aspect, the invention
relates to a reconbi nant polynucl eoti de vector
conprising a nucleic acid sequence encodi ng two or

r®Ri®iaRhiJeNsus88 Ardr Ol LA KELIMIH @1 a5k, 1WBBES] Na11
said antigens are expressed as a polyprotein, said

engdity grotenh @ehpvefsuemggem% Qﬁé‘t%’@s@e{n@@o@ﬁl insATSPEeto a
ho%etp?"eﬁtl' QeaEleqgf‘éé tyo dM0 or nore antigens.

Preferably, pol ynuc eot e vector is a naked
DNAIn anpakedf &Nted emmwdmmﬁnt thﬁ'nmCQBnaIaaedtpresent in
Sal p@%fc%r red errbgse saelnc V|ernz%:lodvect Qr tgackaged
0 a rep Peat i ons d%feéil gt or i nP
wh@d@ﬁﬂvutuss ptefsrted bIEhaJtnd&flSi qat tchate apwnr alxpyeshmsn
may be seen as two klnds of entities: the vir

lSeﬁéB&ieﬁﬁefih@SvP?ﬁE Fhybe RRSPTAEH Ml eils é&PEed to at

1e4@6¢t 8he WAI gslahsnﬂ@élrss (PP Ih It fhe ckbbak t Y8Rt 8k te.
DNA) may al so be used to transfer the nucleic acid of

Paﬁﬁﬂéﬂé§F1VoP§eﬁ%§¥e%e@¥0¥¢ﬁ%ﬁnﬂﬁqQﬂﬂaﬁﬁoénSéFe§aP@mﬁéé¥e a
seguence or8i SE 32 efe is
91%' by TQB? 8; g%&f @bel%ﬁﬁ Nergl nor epehs bReRe FEAAS;

for transferrin ene or nul tlp e genes of "1 nt erest
a K@camhgsantThoéyn@glemtgﬁﬂuwaaﬂbﬂnﬂqmomdgmglhpetheons

1nven%1%n?§ﬁ?erelh a? g%g ??sél¥e \ ral nu leaghggP9081s

ctor iBved by Thfectt” i ng
vieelsl SAMY h anr&cpﬂ®fémwédwaspgitcwhm@hahhegeaetShas hhe
.vector) . exe i fied herein,. viruses nay
L YR A ARER et T AT I GHS AR feqE Rholeast
oneNAubketul B§E an¢er) Neddei dPronaf ke &%@Fﬂb@h phagnirg-
carrying the gene(s) of interest and a part of the

cayisiab DRAY}LHES AP s oeeTRRBE MXLIRFeerddn fFUPRECHARTAP/
M%Hybacterlum africanum and/or Mycobacterium bovis. The two
or more antigens are preferably selected from the group
consisting of antigens encoded by the Ag85A, Ag85B, ESAT-6,
and TB10.4 open reading frames of M. tuberculosis, wherein
said heterologous nucleic acid sequence encodes most
preferably at least two antigens selected from the group
consisting of antigens encoded by the Ag85A, Ag85B, and
TB10.4 open reading frames of M. tuberculosis. Even more
preferred are poluynucleotides according to the invention
wherein the antigens are the full length Ag85A, Ag85B and
TB10.4 polypeptides, of which the encoding genes are cloned
in that 5’ to 3’ order. Fusion proteins based on these and
other tuberculosis antigens were described in US 5,916,558,
WO 01/24820, WO 03/070187 and WO 2005/061534. However, the
use of the nucleic acids according to the present invention,

encoding the fusion proteins disclosed herein, for
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I mmuni zi ng said mammal . Vacci nes based on naked DNA,
or RNA, or plasmds are known in the art, whereas
WO ameise831 based onreconbi nant viruses are al soOPKNBRIVNS/055984
For clarity issues, all entities that deliver a gene
or nore genes of interest tg a host cell are regarded
as a Vector' . In one preferred enbodi nent the nucleic
acid present in said vector conprises a sequence
inRRGRdiragi8nPL At 828 o £t dderdov iRizafl ekkedrthahssabd
protease upon expression is expressed as part of the
dlﬁ@ﬂ?ﬁﬁételn and is linked to at |east one of said
ant| ;}éab}{nétﬂé)?t&éﬁ@c{ eCONI i 1Siche rePakbisCubagl y
pre prot ease-recognition sites conprise a
e@@q@enaetapobyduﬂge@tﬂdﬁi&ddﬁdﬂjcqmpraﬁlzz aMbegerologous

ol e Lo 5.3 Caconblnant, polynucleat! de vecter . o
accordi I'ng tO gﬁ Inventi on, ﬁ%erel a & protgase

adfjfu@Banan %Meaﬂeteuk@émétﬁ&raugdvaﬂb' relflera pbeﬁerred

aspect, the an ens that are linked. throu a. ,
PrﬁF&ﬂ@é%"Péc’Baiﬁw??%% Hiae L €1565%h0Y &a C&ﬁéc acid

e%eeeeul 0818 £dB)gef ausd r@albﬁc;{éde@c wWhighebRtSALY be
causing bacillus is preferab Mycobact eri um

Lipdser Sdrestay wcblba@wm%rn&arhqoblwm dAgked indirectly,
fo'W‘i?rQ%‘é BLi Hg‘ ro‘!éa J@Poﬁ V&ngirl@lr antei geRS LALLe 5 se-

prerera ecte ronrthe roup onS|st|ng (0]
re@wgmgemgneﬂ@bdedlbyam¢mhe{ﬁ§rbfe%yyaBaSESAt76saadd

peE nucleo%gga ﬁe?elng fra %<é$ ﬂﬁA— tUbeE%U|o§N£L

erein sai rologous Jtct el ¢ 4eicd sequence
ple@mades posk pitederabtiyont Treasti taio varttogens eebeeteﬂly

om the group_consisting of_ant.i ens encoded, by the
PIRGGRY ABRBE EROLTERE Ol SHr bR o Greg Bl AR
adeeh eukpSiyBe r EVENs D4 &acﬂ{rﬁfxﬁfﬂrﬁﬂ l%r evreel yiouel pok EQE§bly
according to the invention wherein the anti gens are
seligeted FIPBnghh AHBYRA, CORBEH it ofphomas gerypEptides,

se‘%fot%'e%hABB@ eRGoL! N BENE/ AT © A 3Ned daR tﬁéﬁ 99and!R450.
order. FUsion proteins based on 't hese’and
Also preferred are nucleic acids comprising a sequence

encoding a protease, wherein said protease is preferably
linked to said antigen and/or to said genetic adjuvant by a
second protease-recognition site. The preferred second
protease-recognition site comprises a sequence according to
SEQ ID NO:22, whereas the preferred first protease-
recognition site comprises a sequence according to SEQ ID
NO:21. A preferred protease is a protease from an Avian
Leukosis Virus (ALV), while the antigens are preferably from
at least a tuberculosis (TB)-causing bacillus, more
preferably Mycobacterium tuberculosis, Mycobacterium
africanum and/or Mycobacterium bovis. Preferred antigens are
selected from the group consisting of: Ag85A, Ag85B, ESAT-6
and TB10.4. A most preferred embodiment is a vector wherein

said heterologous nucleic acid sequence encodes at least two
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ot her tubercul osis antigens were described in US

5,916, 558, WD 01/24820, WD 03/070187 and WO
wWQeMsNEB1634. However, the use of the nucl ei c BCI/EB2005/055984

according to the present invention, encoding the

fusion proteins disclosed hgrein, forincorporation

i nto reconbi nant adenoviral vectors was not discl osed.

In yet another aspect, the invention relates to a
ant@¢RARI Bank-PekYynHGH eotd der MRS tQIn GAMRhiGS bRy M _

het'er ol ogous nucl eic aci d sequence enco |ng an_antigen
tubedcalgenst pet Adeny a8 SAhAIEEN 1ageh &5l - 4dj hanein it

id %ﬁ.ﬁ%ﬁe&op?e PLPLES NAG SPU @g@%ﬁ'toﬁlggéﬁgﬁgét%%o%ﬂgﬁ sing

a nucleic acid sequence. Sali salrd genetic
thadjfutanfemayphbag8bhkely&hB evtd YTEIO .i4n paodehies, in that

enbo%inen& I%nk@d indirectly, for instance by a
order ITrom N- To Crterminus. A
connectiion conpri sing a $1rst pr ot easerecognition

Sitas Hasamosberhprefer rigte aspects, sal dnpalbypuebeatiideant
vector is a.naked DNA a naked RNA-, a pl ggig-, or a
p

- a
ahiVAtYyeefor b TRR TPrPRE Wk ot is§lﬁ}ué1a€rre§blt Ckdged

resplofsd EeRhiraat tRE-defeet {dHdHinAaN O ngBishl) aBntigen
adenovi rus, wherein said adenovirus is even nore
Prgsenér 4Bl $hgePetyRECFeUn tHe gifdtp dc@dsvyankgisf 2human

pr%%%%?‘é%%éné‘é%@%@@?v J'Tlﬁ%z,df’t}éd?i@we%@%fleéﬁgg'

9 an so preferred are nuclelc acids
progipess engeaoskefjuant evestcwodi v ipricide@as aucwhérepnid

en%%gﬁngr%hga§g%b§4péﬁéfgégﬂﬁﬁéﬂ.%ﬁgqé%%ts%h %@hégegntigen,
and/ oF to sard genetic’adjuvant by a second
whilcht easegeacognptéddrsihle.a Theogreilesied anedcgad, more

rot ease-recognitjon sjte conpri ses a sequence
PRI ESPINGERE BEEY T PRI 931 - vifbrBad e THPET BFFSATFFist
emPlodti a8 el eeREN &L BB Stdifp EHEY IS8 eS@JWeAGEencoding the

according to SEQ ID NO 21. A preferred protease is a
TBiOotlea8E1PEBNRAR Ali PP T eukts Il 38 ADYPE, apkipens. As

ou%h%n@@t59§8§,aﬁﬁepf§f@f§*&é’Jdd&@sted to increase the

processing of the multiple-antigen translation product
towards the proteosome, resulting in a highly significant
increase in CD8 response. It is very likely that the effect
is not limited to Ag85A and TB10.4 alone, with a wider
applicability of the TB10.4 antigen than limited to
tuberculosis vaccines alone. Thus, the invention, in yet
another embodiment, also relates to a recombinant vector
comprising a nucleic acid encoding TB10.4 and at least one
other antigen, wherein the other antigen is not a
Mycobacterium antigen. The invention discloses the use of
the Mycobacterium TB10.4 antigen as a genetic adjuvant.
Moreover, the invention discloses the use of the TBR10.4
antigen in the manufacture of a medicament for the
treatment, diagnosis and/or prophylaxis of a disease other

than tuberculosis, and at least in a disease in which the
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at |l east a tuberculosis (TB) -causing bacillus, nore
pref erably Mycobacterium tubercul osis, Mycobacterium
w@booso5380m and/ or Mycobact eri um bovi s. Pref er r BCI/EP2005/055984
antigens are selected fromthe group consisting of:
Ag85A, Ag85B, ESAT-6 and TBIQ 4 . A nost preferred
enbodi nent is a vector wherein said heterol ogous
nucl ei c acid sequence encodes at | east twoantigens
inSRneCtedpbhel £ HRa 8HUPh & Ot 3Jd S Ofi lMerekbgEEHE 086 She
anti gens Ag85A, Ag85B, and TBIO. 4 , wherein it is
stiigiflpEedpbEf Bhe edCEbomae an fafsilymnpol Peeptitdés disclosed
i Si e I ;
B R S N R
cagi ecitosedaheadjnyanrbetdBi Qs Hiffes amexdgectsed sadhugant
I VI as, i t.was found that it stinulates the
A Rna P Ee b et E TR B e e s e LaE) § o RgBEAfhe
Myaitibagee rpuesent i gen t Tl pol V4o af ejahetllre afiBuand.
adjuvant is a preferred genetic adjuvant. Thus, the

FUThPERTTPER” al 8 0 PP VS UL+ & pgepston relates to

theORREl sifNgha MYebshéraki th enodidro 181 IBLQ theanti gen

with at |east one other antigen, which antigen is .
PrgPafratrabhyCa & uBRAEeRBRI s &t itgen tieeit@cptePEr REPYLY hex1s

5385205E0ER: yh RN ST elsed reabad

© t%legi\}g%tg%ré corrvpv)rli]%egtaé/nuc eleg I%{:Sﬁ{? esr?cggi % tghgegéw%]fds
a fegmpiigeantndent o eblseraprl tAg8SAmpeteAG8SB antkgens. needs
tdA%eo%EEhﬂ?%tgglo%ﬁetgfﬁﬂ}yé) é&éf %&Qﬁ%§ggdagge to

I NCr éase the pfocessing ot~ the Tl t ple- antirgen
dettleanshat ths peoducsd f t Dwarts tdu¥prset eosa@nes begtilehng

in a highly signjficant increase in CD8 response. ]t
antd o 571 LRERYE hat ™ MO ST IHeT SAt5e BEATERd L n Aggskhe
us@nN@ fTBhOCad4uabedg, skl ha 8 M gtefe tARPldG@Rkiahitt ynetet he

TBI O, 4 antigen than limted to tubercul osis vaccines
exgmphe TigAuBY TREV fwehtIh P Pep@figdsihdr enbsarkedt ,
sudhsetrel ates to a recombi nant vector

The invention further relates to a recombinant
polynucleotide vector according to the invention, wherein
said genetic adjuvant comprises a cholera toxin (CtxAl) or a
mutant derivative thereof, said mutant derivative comprising
a serine to lysine substitution at amino acid position 63
(Algg3z) . The invention also relates to a multivalent TB
vaccine comprising a recombinant polynucleotide vector
according to the invention, further comprising a
pharmaceutically acceptable excipient, and optionally an

adjuvant.
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conprising a nucleic acid encoding TBIO 4 and at
| east one other antigen, wherein the other antigen is
woeteasIsyrobact eri um anti gen. The invention di BCT/BB®S5/055984
the use of the Mycobacterium TBI 0.4 antigen as a
genetic adjuvant. Moreover,sthe invention discloses
the use of the TBIO. 4 antigen in the manufacture of a
nmedi canent for the treatnent, diagnosis and/or
prophyl axis of a di seas%;gimEg han tubercul osis, and
at least in a disease in which thei nmune response
towards the antigen of interest needs to be stinulated
Exihl18¢12CkLAE Phodllod Ut VRUHS-baed ladapediS phasadal hat
an antigen wthin TBIO 4 of Mycobacterium
CatllmerlsuMostybeaﬂuxheslasaIaW%t}S}vant t owar ds ot her

ant ens, uch as 85A. T e |n entl n al s

relgiI &S’ tgﬁ?h(éor&%iérg?tjt%n %ﬁ/]codbzfqt er if \uim an isg(Sengng.e to
geheaata genaénéta@l ] B3P ba dad therHuae ,cajpﬁbaéoblﬂeéxpressulg

,en'godl ment invention relates to .the use of the
SHYcEbaCt @PFEHP Bt THe THIDS 49 Hasre s ;ﬂeé]parTQ?l §raBplgs

reTRdicCRBERE AL i§EEs t AGSE A (Hw s WP Ipl1a%ia ) 9f Agss5B
di sease in which the inmune response of a host t owar ds

(Swisepratn*BAl Pgéh andtHek Gk utSve SERRIONERO36P3) nfer egR -
t r d _
e AR R ne, Che T ove o Hioine T conohas t suarus
ang giwén-antigen victimermstparat wret el ngn Adghpgirus-
stimul ati. by the ad uvant , ,su a
baseer<1je e@tl g U\l/é%tdeﬁéé%ll‘ﬁe e‘ﬁ'(eecrrpﬂl i 25 ‘?épé gﬁg,ted
ablasiv@ht the bemﬁéipleds applidd esdred cSaubJaecsb b&hepplied to
i nventi.on furth relates to ar
Ao YR %f&PéB{LPBe REFNERT T iy chletrr?@euﬁx%énf’%ﬁpeptlde-
wherein said genetic adjuvant conprises a cholera

toxin (CtxAl) or a nutant derivative thereof, said
ComsttaHetderi Qat PRALREIRRISIMNEa serine to Iys| ne

subghbbULi-0B1 8km 83 PRIASE $5HASIid QR B3 ived in applicant’s
application WO 2004/001032. This plasmid contains the left

part of the Ad35 genome (including the left Inverted
Terminal Repeat (ITR)), further lacking a functional El1
region, and an expression cassette comprising a CMV promoter
inserted into the El region. The adapter also comprises a
functional pIX promoter and a region of Ad35 downstream of
the E1 region, which region is sufficient for a homologous
recombination event with a cosmid comprising the remaining
part of the Ad35 genome, leading to the generation of a
recombinant replication-defective adenovirus in a packaging
cell, which packaging cell provides all necessary elements
and functions for a functional replication and packaging of
the virus to be produced. The generation of recombinant
adenoviruses using such adapter plasmids is a process well

known to the skilled person.
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(Al K63) The invention also relates to a nultival ent
TB vacci ne conprising a reconbi nant pol ynucl eoti de
woembos3saccording to the invention, further coP@I/ERI0NE055984
a pharmaceutically acceptabl e excipient, and
optionally an adjuvant. EXAMALES Exanple 1.
Construction of Ad35-based adapter plasmds carrying M
tubercul osis antigens . Here, the construction of

adaghahpﬁbaﬁﬂhd§a§U&ié@%@é&(%iﬂﬁﬂﬁh%hea%brQﬁhﬁtsﬁd the 5kb
Ad35- based vectors capabl e of expressing single or

VeRHorgPatFBNANY | Hergnert dtat rigsddtethd rexanppesseedat e
QT npi $-Ag8SA ' i R17, Al -
as(8 L8 D AGRES 68N T SRR A, G Cabep 2883 Reg e
mapaifkicrutren{ s exasplest pdnsreansicanid erettiredsieto (dehet atker
si ngl eand [ti-antigen vaccine pr.eparatian sing ..
WaRERERPIShASRN FRBI T EatT I der o (Ve aPs (Sab oligos
(sgnteady zstlabgds apaxe; NMhe-dqridwcilpl es -apphi edaherGe BAR CCG
al sq_be apglied to_any conbi nation of progﬂ*lag;ic or
AhéFapeliti CoPol Fheptt e dotis thetitn “6f -3 ISEQ ID
NORAJARK3SRGH-BY Ego Adlapser @tmasiimd AdApc3aBsuTEs Tcc TCe
described in aggllcant's argglcatlon WO 2004/ 001032.

GAPhAS CpPESNMTEC c bRt aT Fs ¢he tTi5art3’ of (SERe TRABS: genofee
I ngl:udi - t mnal  Repea I
o BRI DLLDE el L YA TR RoBech 81 B
stexpsed si enteasgsevo bunednpf i Fl ng &0 lgngnbuéfeirnd &p t e
i.nto the EL gegipon. . The adapt lLsp. i a,
oA o5 AR R B3R SPPBLLAFS, Sncunarea

atdownst ream ahid eh ElsutR@iRRntWY eBoll 881 @Fwh Sto 4°C at a
sufficient for a honol ogous reconbi nati on event with a

rateswifd 0c 6Mproet myint e imgai FCRgmpahinef The #eidblting ds
119530 o) BRTRTRLA0 AN LR e R 35mon
vector in 3x, 6x or 9x molar excess of the linker. Colonies
were tested for insertion of the linker sequence in correct
orientation by digestion with NheI or Xbal, sites that are
restored only in correct orientation. Sequencing confirmed
that the linker consisted of the expected sequence. The
resulting adapter plasmid is named pAdApt35Bsu.myc (Figure
1).

Below, methods for cloning a large set of different
constructs is provided. An overview of all constructs and

their respective inserts is found in Table I.
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cell, which packaging cell provides all necessary
el ements and functions for a functional replication
w@emepse8kagi ng of the virus to be produced. ThBCT/EP2005/055984
generation of reconbi nant adenoviruses using such
adapter plasmds is a procegs well known to the
skil | ed person. pAdApt 35Bsu was di gested with Nhel and
Xbal and the 5kb vector-containing fragment was
Tabi@l at egdohEemiagas fRes Oha usidid thedd-aqyckngelts
extraction kit (Q agen) according to manufacturer's
COW@§F§&@9|GH§leﬁpd@®b¢% %@?Qﬁkﬁ&ﬁ@%éﬁﬂﬂﬂﬁW§r Wa¥ = Avian
e lo Si r.an
LGRS ?é%ﬁ?%é??%%g‘% a&}@fg‘em YRR 2 ndedoGittion site
reGCANAGAJABA érﬁbllﬁiimypﬂmxééﬁaq f@@'@C@rAGEaAGG ACC

GAT AAT.: 3" (SEQ ID c-0li L 5 -
re LTGRO AT EAC RS T T Tl CRY RFETAGRSTTE T
fIERELEET 1 Thke T Gro8' bé B d RMNBeade recbi@itwon site; myc
ol i gonucl eoti des were m xed using 2 ml of 0.5 ng/n
= &¥6ck&%n a total volume of 20 m annealing buffer (10
mM Tris-HCO pH 7.9, 10 MM MA 2, 1 mM Dithiotreitol)
incubated at 980C for 2 nmin and subsequently cool ed

Cof&ittt O 40C at a rate jpder0. 60C per mn ysing a PCR

macni ne ne Tesurting gs 1Tnker was tngn ligated with
Tstho nhnAL-Vn oAQ&%FF"Q« 3§ t+ 35Bsuy—vector |r 3X 6X or 9x
Al o4 )

o oo T

TBBM ar emvsisg*-agsaAhﬁg-AgasBemyc Col oni es werle tested for

TelnSer ti DigsN add3g | 1 nker sequence in corirject

orremntatt O 0y UInglIUH wttr—Net—or—xXhal , sites that
res AS@@AHA%B‘WYPn correct orientation. Sequenci ng

TBEONT i r madssdat the |inker consisted of t|he expect ed

RS A‘,{SPSZ\gssﬁbr% 'rﬂesul t1ng adapt er plasmdl]is naned

pAEAPtoSPp oSty E—(T1gutre P—Bel ow—Het kodq for cloni ng a
TBiSar ge s¢08%H different constructs is prqvided. An

TBRWE! Vi eWgedp.ald constructs and their regpective

TBJnie[ Li _IJIB§ T g.liggf : ‘FJQ | IaEICEr: c. rablre 1T . Qonstruct nanes
TB-7M TB10.4-myc

TB-S Ag85A-Ag85B-TB10.4

TB-SM Ag85A-Ag85B-TB10.4-myc

TB-L ALV-dig*-Ag85A-dig-Ag85B-dig-TB10.4

TB-LM ALV-dig*-Ag85A-dig-Ag85B-dig-TB10.4-myc

TB-FL Ag85A-X-Ag85B-X-TB10.4

TB-FLM Ag85A-X-Ag85B-X-TB10.4-myc

Construction of pAdApt35Bsu-based adapter plasmids

containing three TB antigens

The heterologous nucleic acids of the present invention
encode the three M. tuberculosis antigens Ag85A, Ag85B and
TB10.4 as a poly-protein from one mRNA. All fusion sequences
indicated with an M’ contain a myc epitope (myc-tag:

SKKTEQKLISEEDL; SEQ ID NO:9) attached to the 3’ end of the
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conprising nucleic acids encoding TB antigens. ALV =
Avi an Leukosis Virus protease; dig* = a protease

WO ewemasri on site recogni zed by a cel |l ul ar pr oPEHER2005/055984
dig = protease recognition site recognized by the ALV
protease; X = flexible |linkgy, not being a protease
recognition site; myc = myc-tag. Construction of
pAdApt 35Bsu- based adapter plasm ds containing three TB

sefleing@ns o THEe 188t 8R L1 POOUIS NUSIBIG AGNdSs@hqt R§cPESSENE i ¢
invention encode the three M. tubercul osis antigens

anfgoAieAg8BBCaRd TiBF Gintikad e pERRgifdceifa ! Ebm BRBaTate
T BNR: gBhk GHSHEP §§8&&f§£§ i Galied o g?&pg %kN'Thus the

contarn a nyc epitope” (myc-tag: SKKTEQRL
MWDlngtheanaaehedft@ﬂlrmpmstruﬂn$(ﬂéadnabQQUéa¢QWtoelates

clbawanalysi s, of expressi on using myc.specit Lo .

bOdires®Ph ¢ase 0di €8 specific
wriapatahemyB—aaglgens do not recogni ze the fusions
pro Thu " in the nanmes of al

Inc8n§ﬂF§¥t§mB8§&W?%€d (BETIN rtdicattdy oo 20hd IRPE- £AT,

}e@ﬁ%rs@,aa aksge ailegOnstsust Jmde :Wableut Ags5B-
-tag. In a first enbod|§§%?&?+8 SM t%e thrge

TB&@tﬁg@ﬁ§ ATB-@xprgser 238 B thiFléetd )f-usi on pol yprotei n:
InA%8§é gg5§$§%§£ﬁéhﬁy@Té1ﬁﬁ Iﬁﬁ%ﬁﬁ?%&ﬁ%%%@@nTEEg%u%gor

secon Iment (TB-L yprote
comt@auss@rpcohea$ﬁs wh*nhnqﬁﬁayesMﬁh@ht@t@&vestubenshieera-

cegﬁ%g%eﬁﬁalﬂtigggr?gr$% %qeﬁ( r %&%FEd geggpgrate

separ at e dlgestlon

thié&lquemﬁkerPHWAd@en\éﬂ%mmm@AmPL
wlbbkeotlnd (P h fatZh' by Ei%edice: errprasthronon

a tsléqu%u&boa @&Qfﬁtnpra_{éés@rﬂlsﬁﬁﬁ&,o dekl wedelf@AuENEE the
gene o? the Avian Leukosis Virus (ALV) is also
fu@p@gvgaopgéaftThgslmrotease, derived from the gag gene of

the Avian Leukosis Virus (ALV) is also cleaved resulting in
four separate proteins after protease digestion. The
polyprotein may be as follows: ALV-dig*-Ag85A-dig-Ag85B-dig-
TB10.4-myc (in which ‘dig*’ relates to the digestion site
separating the protease from the antigens [GSSGPWPAPEPPAV
SLAMTMEHRDRPLV; SEQ ID NO:22] of the protease and ‘dig’
relates to the digestion site between the antigens, see
above; TB-L = ALV-dig*-Ag85A-dig-Ag85B-dig-TB10.4). Both
protease-cleavable linkers as well as self-cleavage linkers
may be used in the vectors of the present invention and are
encompassed herein. The use of self-processing cleavage
sites has been described in WO 2005/017149.

In a third embodiment the poly-protein (TB-FLM) comprises
the mentioned M. tuberculosis antigens separated by a linker
sequence that is not cleaved (as in the second embodiment

described above) but allows proper and independent folding
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four separate proteins after protease digestion. The
pol yprotein nmay be as foll ows:

WARMemd5337+ AQ85A- di g- Ag85B-di g- TBI O 4-nyc (i n PEI/EP2005/055984
ldig*" relates to the digestion site separating the
protease fromthe antigens_ {GSSGPWPAPEPPAV
SLAMIMEHRDRPLYV; SEQ I D NO 22] of the protease and
ldig" relates to the dlgestlon site between the

ofa%bbgeaﬁ,tﬁeetﬁb@aeana' 85A ~-X-Ag85B-X-TB10.4-myc
ALV-di g - Ag85A-di g Bl 0.4) Bot h
(igr hégde- eé@h@t%slt%k%r%#Qﬁ#h&ﬂI1%%§e§élf cl eavage

Gﬂele%%&%s&%e% used tH WS mectons (g steh%ueaeﬁepkseﬁns

invention and are enconpassed here|n The use o
wexpr@dessmﬁgeCWEaha@e the gsyhrdmdele fdesend bedapnTHES, TB-

20%5 % res ecelv d enbOdlq?nté&he pot¥uE%9E8 Hethods
conp TSes’T [ ne&uﬁ erculosrs
(sakt bgeos)separated by a Ilnker sequence that is not

cl eaved (as in the second enbodi nent descrlged above)
but T2F 1 hEOpRF OB | SRIBHEHEN VS dSHGEP S&cHSb’Pg the
atoRe thneeaandi eemlsm&%a%eﬁgi%%%cf&eﬁ%le@ £hrMyge(MD

which I X' relates to a flexible Il nker:
tl@ﬁ@@@é@?@@@%“%@h@ﬂ@( IZoteqse t%§é5f g§SHBRICE as

puﬁ%rl‘itsﬁ'eﬁsl}‘}’eéénﬁéﬁﬁ fRde. Wid hats dha) ”)é)‘hdt g e( fa?fa‘éé% ?

and TB-FL respectivel using sim
dl@@ﬁ$ﬂpucﬁﬂbﬁ ﬂeth@d%embﬁnkkﬁﬂanwo Bﬁélﬁéﬁﬁremlppoaei@s

e nc e nbl ed using the abave.i ed
47§u%ﬁ% 25 E?% %?ngg%%%g%dg%q%é% FThé' ™. %PuBercu osi s
tramisiigens, tbhENALMo @t 0f edsgudR ¢ hradaqueede fag expre881on

blished i.n nban CAA8 652 4
irp PR A aes PR eRt B sy ol e bsin SACENbRRY Snd cloned
inAPKR3202 i pa1 REc 6T ESH ¢ T6erf:t Tl a8 .protein
sequences were then back translated to DNA codi ng

seqU8RcE8IBPTPRT §BHZ$Sr P pTRBMNGIRS i HudBnsMana®
prIYRSRAURBLLY YNt eS| 76 vo 25)S e riH-ad qwgcl 90¢dskd 1D

pCR- Scri pt vector’s y Gbneart (Germany) .
NO:4) and TB-FLM (Fig. 21; SEQ ID NO:5), as well as the
protein sequences for TB-LM (Fig. 22; SEQ ID NO:6), TB-SM
(Fig. 23; SEQ ID NO:7) and TB-FILM (Fig. 24; SEQ ID NO:8).
The myc epitope is contained within the C-terminal sequence
SKKTEQKLISEEDL (SEQ ID NO:9) in each of the fusion proteins,
which sequence is not present in the case of TB-1L, TB-S and
TB-FL, respectively.

The cloned fusion genes were then digested with
HindIITI, Xbal and Apall after which the 2.7 kb (TB-L), 2.2
kb (TB-FL) and 2.1 kb (TB-S) fragments were isolated from
agarose gel as described above. Apall digestion was done to
digest the plasmid vector in fragments that were better
separable from the inserts. Plasmid pAdApt35Bsu was also

digested with HindIII and Xbal and the vector-containing

fragment was isolated from gel as above. The isolated
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The codon-optim zed DNA sequences for TB-LM are
provided (Fig. 19; SEQ ID NO:3), TB-SM (Fig. 20; SEQ
WO Doblas3sd1 ) and TB-FLM (Fig. 21; SEQ | D NO 5) , PEEEP®D$/055984
as the protein sequences for TB-LM (Fig. 22; SEQID
NO 6), TB-SM (Fig. 23; SEQJAD NO 7) and TB-FLM (Fig.

24; SEQ I D NO 8). The nyc epitope is contained within
the C-term nal sequence SKKTEKLI SEEDL (SEQ ID NGO 9 )
pRdAp@86Bsaf vEREoF USLONM REDLR NS, MYGR+3eqUaREEcHhS POt each

fpreser_lt in the case of TB-L, TB-S and TB-FL,
ofr édpedeprvergd ThaoreohedInstgHrgetds WEr 6eghences and
[ i ' I 1, after ' t he
R ) DT TR L R D T b e e
Refspdgrient sohenees sod et ethd Yyomddar osgegélioas wdebcHihadII
bqove Ll .digestion was dane t.o digest the, pl.asmd
S N R T O
welrlee sensectd. PhasntespAcAPti3bBsudamas 5alseio Tai. gESt(Blgure
with Hondi Il and Xbal K and the vector-containin
2)pr RYERE BELr DB S ol 1R B S BB Sphes- 18 . FLa
(FigRrat adpAdApt 3684 NEEd O rN‘ﬁ;S-ﬂdé:QatT%d gehesaRAr aifpter
reactions to each of the isolate fr.a%mants cont ai ni ng
PlEweifs S¥RHEAELRT abee t FamisTordfdes michoMsamy6npedeqbe
- ria.( knyitr N Resyl t ] L.ani - -
Ay ed by o Gents oy L reTH I TIe and bal Cauge Priners
angl gempdatkenes contai ning the expected insert were
Frs%lmg%j egB_ghi s resulted in pAdApt 35Bsu. TB. LM (Figure
; 5Bsu. TB. SM (Figure 3 ) and pAdApt 35Bsu. TB.
AIRPMotRFEFgur 8’ 4 §C¢ @A EUNtEGNICIT &TATY GCTagGGCTOAT GAC CAT
ener adapter . plasm ds. expressin e fusion_genes
e ehodE TRy L0, B+ Pk Fbent <f B ol AeRCkNpbr P L ear
TAUSICAG the totl omtngrPrécrery argkd enphat:es) Friagmentim as
TB-L ALVprot.FW 5'- GCC CAA GCT TGC CAC CAT CCT G&C
temRtagRC CAT

Fragment TB-FL and TB-S

85A.FW: 5’- GCC CAA GCT TGC CAC CAT GTT CAG C -3’ (SEQ ID
NO:12) and 10.4.RE.stop with TB-FLM or TB-SM as template.
The amplifications were done with Phusion DNA
polymerase (Bioke) according to manufacturer’s instructions.
The following program was used: 2 min at 98°C followed by 30
cycles of (20 sec at 98°C, 30 sec at 58°C and 2 min + 30 sec

at 72°C) and ended by 10 min at 72°C. The resulting
fragments were purified using Qiaquick PCR purification kit
(Qiagen) and digested with HindIII and XbaI. The digested
fragments were then again purified over a Qiaquick PCR
purification column as above and ligated with pAdApt35Bsu
digested with the same enzymes and purified over a Qiaquick
PCR purification column. Transformation into competent DH5a

bacteria (Invitrogen) and selection of the clones containing
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GG -3 (SEQID NO 10) and 10 .4.RE .stop: 5 - GCT AGT
CTA GAT TAT CAG CCG CCC CAC TTG GC -3' (SEQ ID NO 11)
wowdh/0TBILM as tenpl ate. Fragnent TB-FL and TBPEI/EP2005/055984
85A. FW 5'- GCC CAA GCT TGC CAC CAT GIT CAG C -3' (SEQ
ID NO 12) and 10. 4 .RE. stop with TB-FLM or TB-SM as
tenpl ate. The anpllflcatlons were done wi th Phusion
DNA pol ynerase (Bi oke) according to manufacturer's
thieNgbk¥ebiONgseFhe {01 hOW NI OGRAMMAS Usediadnfkpiat
980C fol | owed by 30 cycles of (20 sec at 980C, 30 sec
engiymsg0CeaHdtS I nPAAZDE TS hitTBr A0 CPRAARE 36RaEd TByS 1@nd
' 0 fhe I I u i ed
bl e R e s
cogisgesiced wirehebitad| 1 Bighandal?, fh@nw @esnedhﬁtaghemt@o
noler.e Ehen %galn gurlf ed over, ,a % %%r lk PCR q.
puri fi-¢ati 6n°co¥ Hhove BAhd iga S4%% £R
pAdAptBSBsu di gest ed mnth the sane enzynes and
purlfled over a G aquick PCREPurlflcatlon colgnn

Co L h S :-; P a NP RO % nn-n- aTan !_'é%;' aviva RPlasml
co@k@ghghgggwb @gdaﬁgig@ﬁgon of the clones containingthe
correct inserts using Aindi Il and Xbal as diagnostic

Heggzy fB§ FEBEFEYCTHODARIDABTEAE TR-ASnigad AeRE8BELNTBEW TB
an?ﬁgye édﬁgﬁﬁgBﬁ 85@ gljl'd AT&]E?‘%? aC‘SOI’glt re%&r@lg' geglggom

constructs presented I n Figures 2
detsieatibedey OHvinos t@ntb@rpeﬁﬂpnnmiuamqamagaétSKhél in the

t naI d, ruction..o AdApt 35Bsu- hased
rSaagtir pr el e CEER S il e n T ghe oRere. ¢ he
tmmtma@etusoaneigeﬂﬁp&aﬁ 1t asrdadsiscont ahei ggnémlTBtrategy

usi.ng AﬁSS? and qng as_an exa _

o fdd bR Bar SRy S8 LotToRe Hetior i (F HaNCFSl PEREI AoF AT
3M: haLaergethgssz@oapgnmaman@@@ cdig-faer.ent;sendeg s ok c,

. tubercul osis antigens can be nmade using the genera
an§t¢§p65§me constructs without the myc-tag. Specific
primers were designed to amplify the Ag85A and Ag85B
sequences from the above described TB-LM and TB-SM fusion
proteins (see below). Fusions are generated with and without
(TB-3 and TB-4 respectively) myc-tag as above. Hereto,
different primer sets and templates are used.

Fragment TB.3M:

ALVprot.FW and 85B.RE myc: 5’- GCC TAG CTA GCG CCG GCT CCC
AGG CTG C -3’ (SEQ ID NO:13) with TB-LM as template.
Fragment TB.4M:

85A.FW.TB.L: 5’- GCC CAA GCT TGC CAC CAT GTT CAG CAG ACC CGG
CCT G -3’ (SEQ ID NO:14) and 85B.RE myc (see above) with TB-
SM as template.

All reactions were done using Phusion (Bioke) DNA
polymerase with the conditions as described above. PCR
fragments were purified using a Qiaquick PCR purification

kit, digested with HindIII and NheIl and again purified using
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outlined herein. The fusions that are described here

are TB- 3M ALV-di g*- Ag85A- di g- Ag85B- nyc and TB-4M
WAB6/,538g85B- myc, and the same constructs w t hBCI/EP1ves/055984

myc-tag. Specific prinmers were designed to anplify the

Ag85A and Ag85B sequences fipom the above descri bed

TB-LM and TB-SM fusion proteins (see below) . Fusions

are generated with and wi thout (TB-3 and TB-4

theC PRBRCHLUYEEY }a BYEn t RO ASTRD M1 iHEIRE Gradinbhesentre
rimer sets and tenplates are used. Fragnent TB. 3M

SURSPEREN LW Ahea BS®, RE-onRtasnid GACAPASSETA - BYG EOE: GEFs

dlgggt’é‘%gﬁi‘ \C.:he?"saI(l§E&1%e&né\p Pgé)ef’mt%n-g%olrh{%@%on into
tenpl at e. Fragnent 85A. FW TB. L :

cogRAtERT E@@adéﬁct@ﬂlﬁﬂimmmwl@@@SC@ére SeleGSE«‘Q
thﬁ@ cpntalhiﬁPgn8§§ Rﬁ:qyg.ésee(QQQXﬁgjﬁﬁfh TB%M gs

reaCtili ons were one hUS
re(sajlcnlee) 1D|\|éoﬁﬁtyﬁEt§SI§AdA;tﬂBHEhﬁJ.CICH1($MI qms;uas 5) and

descri_bed aboye. PCR fra%rrents were purified using a

PAFAREIPERIPER- 6%“1?}%%%% kit, digested with Hndlll

and pNagheaRd @gasnapairtd | £dsdisd REndr?@ eBCRsing the same
purification kit. The anplified fragnments were

foguBSEqRERTEYS| ABAt BRI TR 68 D iduhic teAd APO3SBEar mjEagRaRtS
TEVRM Q?Q9§EengbﬁQ ﬁgfn aUTey SR r%@%%se primer named

transformati on I nto conpetent DH5a bacteri a
85@I-R¥i. stogeny’ cl GEESAGR &’ FAL TR Oagt C@Gnﬁﬁ[ﬂn@GCaAGG CTG

inser he . c ect length, This sulte

 conetert IPoRaRor hockme S TR It e i ricd as
b@A@Apﬂ&@BSUeaEBNﬂ%(EmHH &nd &mg]";eratnﬁ 3Baid andifBed as

gene rated usjn he sa%r ners._an

GBI PREeS LAl AR et SRRy 'or BB ES s 1ok HRAOTEr
andMxBitr HSi BUoAi AT E &Nl TeMeIfR PHiALtR3MBd . TB. 3 and
PAdApt35Bsu.TB.4 that only differ from the constructs in
Figure 5 and 6 in that they have no myc-epitope at the C-

terminus.

Other combinations that may be useful but not described in
detailed cloning procedures herein are:
ALV-dig*-Ag85B-dig-Ag85A-myc
ALV-dig*-Ag85A-dig-TB10.4-dig-Ag85B-mycC
ALV-dig*-TB10.4-dig-Ag85A-dig-Ag85B-mycC
ALV-dig*-TB10.4-dig-Ag85B-dig-Ag85A-mycC
ALV-dig*-Ag85B-dig-Ag85A-dig-TB10.4-myc
ALV-dig*-Ag85B-dig-TB10.4-dig-Ag85A-mycC
ALV-dig*-Ag85A-dig-TB10.4-myc
ALV-dig*-Ag85B-dig-TB10.4-myc
ALV-dig*-TB10.4-dig-Ag85A-mycC
ALV-dig*-TB10.4-dig-Ag85B-mycC
Ag85B-Ag84A-mycC



10

15

20

25

30

85B. RE. stop: 5 - GCT AGI CTA GAT TAT CAG CCG GCT CcCC
AGG CTG C -3 (SEQID NO 15). Amplified fragnents
wowoe/0fsri f i ed as above, digested with Hindi [|PCERP2005/055984
Xbal , and again purified as described intra and cl oned
i nto pAdApt 35Bsu using H ndlJ | and Xbal as cl oning
sites. This gave pAdApt 35Bsu. TB. 3 and pAdApt 35Bsu.
TB. 4 that only differ fromthe constructs in Figure 5
AgR%d-0Bh0.4balct hey have no nyc-epitope at the
Cterm nus . her conbi nations that may be useful but
Ag¥SB-dB3E8r AbBHUCi n detail ed cl oning procedures herein
e _ Lg¥ - Ag85B- di g- Ag85A- myc
TB?\EV-%?E?’?%Q%%%. di g- TBI O . 4- di g- Ag85B- nyc ALV-di g*- TBI O
TB14-.di-§9A§B5Aydi g- Ag85B- myc ALV-di g*- TBI O

4-d1,9- Ag85B- di g- Ag85A- nyc
Agﬁé’@- it ég-gggsg}égdi g- Ag85A- di g- TBI O . 4- nyc
AgRlsY-di-gy8Bg8hedi g- TBI O . 4- di g- Ag85A- nyc
ALV- di g*- Ag85A-di g- TBI O . 4-nyc ALV-di g*- Ag85B-di g- TBI O
Ag?z?ﬁﬁffa%ﬁw gTIQYQTBI O. 4- di g- Ag85A- nyc ALV-di g*- TBI O
rgebBdixgTAY85B-nyEe Ag85B- Ag84A- mycAg85A- TBI O . 4-nyc
Ag85B- TBI O . 4-nyc TBI O . 4- Ag85A-nyc TBl O . 4- Ag85B- myc
TBA%S%AXXAAQQBBmwc Ag8 5B- X-Ag8 5A-ny ¢ Ag85A- X-TBI O
TB.lzb-.qyg_ﬁg%g-_RfygBl O .4-nmyc TBlI O . 4- X- Ag85A- nyc
Ag85A-X-TB10.4-X-Ag85B-mycC
Ag85B-X-Ag85A-X-TB10.4-mycC
Ag85B-X-TB10.4-X-Ag85A-mycC
TB10.4-X-Ag85A-X-Ag85B-myc
TB10.4-X-Ag85B-X-Ag85A-myc
Dig*, dig, myc and X all relate to the same features as

outlined above. It is to be understood that these constructs

may also be produced without the myc-tag.

Construction of pAdApt35Bsu-based adapter plasmids

containing single TB antigens

Here, the Ad35 adapter plasmids containing single TB
antigens are also described. As above, proteins are
expressed with or without myc-tag. Hereto, the appropriate
coding regions were amplified from the TB-L and TB-S
templates using specific primers sets:

Fragment TB.5M:

85A.FW.TB.L and 85A.RE myc: 5’- GCC TAG CTA GCG CCC TGG GGG
G -3’ (SEQ ID NO:16) using TB-LM as template.
Fragment TB.6M:

85B.FW: 5’- GCC CAA GCT TGC CAC CAT GTT CAG CCG GCC TGG CCT
G -3’ (SEQ ID NO:17) and 85B.RE myc using TB-1IM as template.
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TBI O. 4- X- Ag85B- nyc Ag85A- X- TBI O . 4- X- Ag85B- nyc
Ag85B- X- Ag85A- X- TBI O . 4-nyc Ag85B- X- TBI O
WO 2005085330A- nyc TBI O . 4- X- Ag85A— X- Ag85B- nyc  PCT/EP2005/055984
TBI O. 4- X- Ag85B- X- Ag85A-myc Di g*, dig, nyc and X all
relate to the sane featuresg@as outlined above. It is
to be understood that these constructs may al so be
produced wi thout the myc-tag. Construction of
rrAf8RE3pBstumbased adapter plasni ds containing single

B antigens Here, the Ad35 adapter plasm ds containing
10sidngie %B aﬁ@ﬁ?g%% @FE Hsoifeddy] 8¢ CAS GH&vEAT GTA CAA
CTR! @Bl 0, A8 EXPP &S 6 i Ay Of W IOl V& LaGer acT cTa

Her et o, the approprlate codi ng regions were anpli
GATr @ATt RACTBGE 8@d TB- ST¢@npl’at U IMFOospéei fiséng TB-LM
aquzleglerstsets Fragnment TB. 5M 85A. FW TB.L and 85A. RE

nmyc MPLAteaoc TAG CTA GOG CCC TGG GGG G - 3° (SEQ I D NG

16) Thsi mgagﬁehﬁ/k a\sltlwqatt ale-- tfapgraal geBerGied86BtFWhe

C CAT GIT CAG CCG GCC TGG, CCT G
Sam@ f@éﬁ@rF‘DpR@‘ei%)b%d”%@B R TRFE IsiRySTBELRI 48eTs:
sshempl. atepFragrent. 9B, M dér Abr i Tar GE EAG €4 Tco

TGC CAC EAT GAG CCA GAT CAT GTA CAA CTA CCC -3' (SEQ
GGGDERE, G189 ah8EQ 0L D 4N0O 10wy 3 5B’ RE .GEPPAGT OCTABGAT TAT
10FACRHOBIEC FOE F6 3 AnSE%a&ms 1 UsioRd FBehM as

ate The ragnments w t hout c-tag were generated
PhMStlI@nt HB8igaeae ﬁ@rd\m@rmedm@\tﬂ}t AAAJI hH@llfleeeelmfragmentS

we%%l%é%? rlnerifgxéﬁ§5§§§%£¥%ﬁféak puri Eﬁa%ibncgqte&%he

fragments TB-5M and TB-6M were then digested with HindIII

and Nhel and after purification as described above, cloned
into pAdApt35Bsu.myc digested with the same enzymes. The
fragments TB-7M, TB-5, TB-6 and TB-7 were digested with
HindITIT and XbaI. After purification as above fragments were
ligated into pAdApt35Bsu digested with the indicated
restriction enzymes. This resulted in pAdApt35Bsu.TB.5M
(Figure 7), pAdApt35Bsu.TB.6M (Figure 8), pAdApt35Bsu.TB.7M
(Figure 9), pAdApt35Bsu.TB.5, pAdApt35Bsu.TB.6 and
PAdApt35Bsu.TB.7. The latter three differ only from the ones
in Figure 7, 8 and 9 in that no myc-tag is present at the C-

terminus.

Example 2. Generation of replication-deficient Ad35 viruses
carrying nucleic acids encoding TB antigens

Methods to generate stable replication-defective
recombinant Ad35-based adenoviral vectors carrying
heterologous expression cassettes are well known to the
person of skill in the art and were previously described in

published patent applications WO 00/70071, WO 02/40665, WO
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GGG GCA G -3 (SEQ ID NO 20), 85B.RE.stop (for TB. 6),

and 10. 4 .RE. stop (for TB. 7). Al reactions were
walemwe/08d8vh Phusi on (Bi oke) as descri bed above.P@I/EP2005/055984

anplified fragnents were purified using the Q aquick

PCR purification kit. The fgagnments TB-5M and TB-6M

were then digested with Hi ndi Il and Nhel and after

purification as descri bed above, cloned into

03pAdARGISBAY. WY C20h 9£66 EEE M tTh N SRR B2 FRSbe Lhehe
fragnments TB-7M TB-5, TB-6 and TB-7 were di gest ed

ge\xwemathipndbf | AdBO-Xbaed . TRftertque ivsicgt PER . 66" abeVks and

t t ed t 35B t
A b st Bt LT r  rh ARV - aes L]
Or&@dﬁpbgﬁsgureﬁﬁacﬁﬁé(Eﬁéﬂﬂ@mdﬂogd%%dﬁﬂF©5B$UaEB-65M

(Figure 8), pAdApt35Bsu. TB. 7M (Figure 9),
SeﬂA&Rﬁ?§SB§ut AG35 bogkbargspaenergl ly &fddescribed in WO

039AdAREISBAH- W552034/06163iﬁ“tﬁ&rHﬁkﬁ%u@b%%%% eRl ynfrom

the ones in gure , and 9 in that no nyc-tag is
inyeasann, aPERRE ?JQQMhauneferE%QnQEéla as Gaeleeat toh of

Feﬁ;%g'r?/atzbonig% T%é %%té“ﬂ?ﬁd 3 Tl ] ¥iong 9%H§b§hg at

encbdin ods to generate S
theeﬁhlerQEBDHCdéleCthE cvédmﬁbh rfaﬂitukda% (Beaecd) at the

coieBob e lrR CSIToRROL T hoieraon aFieRy T PPACPRe

Doavnt, aadlmbﬁEyerﬂlﬁyﬁiﬁeﬂE§@IIdHHjUditQ@bkh&bddmpatent
ppI i cati ons WD 00/ 70071, WO 02/40665, WO 4 03/104467
and ThW® 9608r8b203292RT RS R%éﬁﬁﬂ4§<ﬂ%ﬁﬁrl@§§-Pﬁéelnr

codeRghahbornaf g Ad8srbas etk TH tefdry il B gBEReGOw (D Pi-
cells and Ad35 viruses conprising the Ad5-derived

Psp4- Gef é1hagaka- tiee f 87435 REEETIES @@I%@rﬁﬁégﬁﬁﬁvpégéﬁ’@ﬁe
PRSI AR SERUTCRS 11 Ay Bi
PWZOBAB60 2032 ECORFOK s eh el Uy POSEst 65F aite WO 2004/001032) was
digested with NotI and EcoRV (fragment 2) and construct
PBr.Ad35.AE3.PR50rf6 (see WO 03/104467 and WO 2004/001032)
was digested with PacI and NotI (fragment 3). The digested
DNA mixes were incubated at 65°C to inactivate the enzymes.
For each transfection, digested adapter fragment (360 ng),
fragment 2 (1.4 pg) and fragment 3 (1 pg) were mixed to a
(maximum) volume of 15 pl and adjusted to 25 pl with DMEM
(culture medium, Invitrogen). A second mixture was prepared
by mixing 14,4 pl Lipofectamine (Invitrogen) with 10.6 pl
DMEM, after which the two mixes were added together and
mixed by tapping the tube. The resulting DNA-Lipofectamine
mixture was then incubated 30-40 min at room temperature
after which 4.5 ml DMEM was added to the tube. During
incubation, PER.C6 cells that were seeded the day before in

6-well plates at 1.5x10° cells/well in DMEM containing 10%
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invention, PER C6 (r) cells refer to cells as

deposited on February 29, 1996 as patent deposit under
wWoen0608822940 at the European Coll ection of CePeT/EP2005/055984

Cultures (ECACC) at the Centre of Applied M crobiology

& Research (CAMR) , Porton fown, Salisbury, Wltshire,

SP4 QJG United Ki ngdom The ‘gener at ed adapter plasmids

descri bed herein, containing the different TB antigens

FEAEr qndllg%gsa/mﬁ@of’l andsl 0 Mddaer afiert hga 3% with

sequences and transgene cassette (adapter fragnent)
DMIFMomT@ﬁérpFasﬁh@I bhexboree Wolist Ayt ml DMEM was added and

%\AﬁlAg 6%% QB%I é&e@r%gwﬁél%‘}ﬂ@n?x% %eV\OTo the second

2004/ geste EcoRV
twiof wadden® . 25)mhnne@cmmtam¢t0pEﬁrmuzﬁftDESt@RESEEGt(see
. 03/104467 and 04/001032 Mas di gest.e ith P
m R Rl er (R agel® 39 g e B L 6 e
tramcfbatednaini fb0Let orma@{weaat eliste enzyBen Farubatdd at
transfection, digested adapter fragnent (360 ng)
37 Eagh@nt0® 4%, fomyd) haﬁétﬁFanh”beﬂ@ & (a9awy IveRdry midged
VO d t t 5 n
pl%%e% %%gék?gg%?ur%&ﬁg (P%%fﬁgbégh %% iﬂgegoﬁd
1nmmbBMnenmperpoepaaemhxmmrn)@dﬂ}amhihqﬁ9 mﬂpékHEManine

(TR SE OB b ABRR ThgltHer? i Th obh By e apping 1B 755

walsUR@ephhedr 884! 1 A8 PN Lipef eat agkper gl gswrrﬁaa@ssctlhmon
i nCubated 30-40 mn at roomtenperature after which

of .l amwmésa@l@b@qm@ tdambndse. lmﬁuzﬁgwaﬁcm@aite‘rcbrand
PER. C6 cell s_¢ e ed.the day pefore in 6-well

A PGt it S G DA G T mOBREN Borvas hi Wi

t rhiQUEBS 6 bAVink 8068 W43 BGAn angn kR I AMaCl-hd, cvelng and
washed with DMEM Then, to the first two wells O .5 m

cel IpVERTRay2alEdd iR B3 ande ofThae T-fciBapédthe agar
sotlfu 'E%Be%!sogdﬁéétt‘iﬁ € hd MAMESEARN G LMQ el 1§ 4032301 b m1

i um and of the transfection m xture was
waad@@dkaneaﬂasd toccagh |weklecdincedvermhaly whst hélowed to

coagulate in the flow after which the plates were incubated
at 37°C/10% CO, for at least 7 days. When large enough,
single plaques were picked from the wells with the lowest
number of plaques using pipettes with sterile filter tips
(20 pl). The picked plaques were mixed in 200 ul culture
medium each and 100 pl of this was used to inoculate PER.C6
cells in 6-well plates. Upon CPE and after one more
amplification of the viruses on PER.C6 cells in T25 flasks
cells and medium were harvested and freeze/thawed once and
stored as crude lysates. These virus stocks were used to
confirm the presence of the correct transgene by PCR on
isolated virus DNA and to test expression. One of the
amplified plaques was then chosen to generate virus seed

stocks and to produce batches of purified virus according to
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transfection m xture. The 6-well|l plate was then
i ncubated at 370C and 10% CO2 for 4 h after which an
wa@gae/omser | ay was placed as follows. 30 min bePOr/EP100&055984
end of the 4 h incubation period, a m xture containing
9 ml 2xMEM (Invitrogen) , £.36 ml| FBS, 0.18 ml| IM
MG 2 and 1.3 m| PBS was prepared and placed at 370C
A sterile pre-nmade solution of 2.5% agarose

proeeaph-aquenofAnbr eXle | dr AR Wap dMehiedtapdcabso kept
at 370C (at least 15 mn prior to use) . The _
PUrigAshE: PRofie e unfiRisC s treato\add offr ertihecderisuses

watéﬂgyg?n'cﬁlgf&&&@rﬁ{‘ﬁgd %a%ghﬁ%s a%fcfe-sc?l%% '7821 BhbhpPhm et

gar solution was a to e MEM nedi m Xt ure,
alpi Xé@% nd 3 ml was quickly added to each well. The
overlay was allowed to coagulate in the flow after
whi ch the plates were incubated at 37°C/10% CO2 for at

Exaepde 3.dAnslystenof asxpmpreswxiogh, ofs TRy lantigagsesponr e

. picked fromt []s with the | owest nunber of

i eEtSen HEFhoARP BT ERl WaH Sr e i1 ter Lips (20
) - ThBecRpbekedi phagresnaefesdn Xefl dnt i2Q@ sMyagubtdEemined
nmedi um each and 100 m of this was used to inocul ate

bypERstereePletFtng- wetTe 't atiexd |95dd sCPErgnd n4REEROTELD

r LEI EOn: e. Vi 1k RE c k
R e S o st T Ao g g " oodt g cre
TEf redz@bnhawéd bnpesanth&torieth asadilsd@ergsapebedThesee

LT st wer e ed to confirmthe prese of ,th
Wl\cé(})lr rl]%gt ‘ﬁ?gzége% S%@ Bn IS0 ane?fy\?illrsuz)u%%%rarﬂébt%M
TrtiesHCexpHe3sbpnl 5 OneM afadihe gy idfdced 1pl agues-vasihheén,o

chqgsen to genera Lrus seed stocks and.to praqduce
S T S g gt A LT O b
pilln t(Recael)ushpger $WDO ShEP G5 Ay ihifati en rekhod.
The concentration of purified viruses was typically

lygetesniRed Byl HPEEe AR sTrsHas By Seatrakigatapn. Equal
arohP28) of whole-cell extract were fractionated by using 4-

12% Bis-Tris NuPAGE® Pre-Cast Gels (Invitrogen). Proteins
were transferred onto Immobilon-P membranes (Millipore) and
incubated with a polyclonal antibody directed to the Culture
Filtrate Protein of M. tuberculosis. This polyclonal serum
was raised in rabbits against an M. tuberculosis culture
comprising secreted proteins. In principle the polyclonal
serum contains antibodies against Ag85A, Ag85B and TB10.4,
which are all secreted proteins. The secondary antibody was
a horseradish-peroxidase-conjugated goat-anti-rabbit
antibody (Biorad). The western blotting procedure and
incubations were performed according to general methods
known in the art. The complexes were visualized with the ECL
detection system (Amersham) according to the manufacturer’s

protocol.
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Exanple 3 . Analysis of expression of TB anti gens upon
infection with Ad35 viral vectors The expression of

wo bmehsssed TB anti gens was determ ned by west ePEI/EP2005/055984
blotting. Hereto, A549 cells were infected with the
di fferent Ad35 viruses containing the genes encoding
the TB antigens. 48 h post infection, cells were
washed twice with PBS (NPBI) , |ysed and scraped in

lys '@ﬁ%h%f eba( 20oPM dikd srdidd1 fiH ubitg haB@smiNaGks 0. 5%
DCC, 1% Tween-20 in dH2O suppl emented with 1% SDS and

capirytiags EhpnRBbe Repd Helath alke i [dilds RecAaRing AheeryC
epg:)tl%gemag BQsEH édbl'z‘%f%{/ onrﬂec i #9L5208S 1WREE in fl%uge

ected and eare cent r ugat| on. Equal anou
10@1‘ SWI@@I eheeﬂhféarela‘ctvmle \fercaI:Insonmeeid aby Gsbhg &-
lC %I 3 T{ll 5 Ny gr@eGE é%grsprteo Gel 3 I n I t r{:r%%esglme wa
ofeis vvere tFansterved ontoal OB 0 n Yr
ex@MeIsLsupar ef and TBcaheieshsvitora 4@l Yel3enali rasesbedyt do

directed to the Culture Filtrate Protein of M
notyGEPERTBs Ps™YC TRPLEPRT YA DA SEEdm WidgUr5i 488 nfigure

1 0cakbibts aggmﬂaanrééulﬂ Ub@fﬂwhﬂﬁé SAWULEe Garghtsi ng
secreted proteins. pri nmcf%e t he pol ycl onal serum

ln@éﬁ:ﬁaﬁﬁsoanﬁhﬁoa%&ta}w%sﬁl 8§@eCA§8§BT§ndf1FBFLGP) ,
pr\éﬁ'%'e‘i aEQ ?EEséﬁCEPérﬁdAﬁftﬁﬁfsesT%%es%l%‘&%@%}ﬁ By this

ant | or ser adi per oxl dase- conj ugat e
megbad- antil, fabdidianen botyr{Birorddavagkheradstesnot TB-3

an QELENG DL 8C%d§r§e a{‘é’A ”&“bat 'b%”sco%’%&% REY ftﬁggeghe
accor |ng er al nown Rear
podgpbexes mﬁwum]sg:aéllzemmd T haeltE@len@etlectexplessed

System ( acc rd| the manuf acturer' s
Si5E81 GobiONRT ghe Bl 10 HOha B rids IESEHE: g AERared to
TEH3MUSE@SdCaheYbAgdt he ﬂ&&m Ng MUGHRIrC tAehdShe specific
including the nyc epitope as described herein. The

bagids fr é"ﬁt“lMéne%lP%efW@% rehA siforhen&ogitt feFerminst al
pdﬂ%@%@%%d@sgg éﬂg TR e dnd TB-sM polyproteins, this

indicates that the entire polyproteins are translated. It is
also noted that cleavage is not complete, although cleavage
products can be seen in lanes TB-3M and TB-1LM. The Ag85A and
Ag85B antigens (lanes TB-5(M) and TB-6 (M) respectively) are
expressed. No specific staining is found in lanes TB-7 (M)
related to the TB10.4 antigen. It may be that the antigen is
not recognized in a western blot setting by the CFP
polyclonal, whereas it may also be that the protein has run
from the gel or that is poorly expressed in A549 cells when
present in a single expression construct (TB-7M), while
present in a triple construct (as TB-1IM, TB-L and TB-S). In
figure 10A, lane TB-LM a slightly shorter band is visible
under the highest (probably non-cleaved) band. This suggests
cleavage of the TB10.4 antigen from the remaining portion of

the polyprotein.
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i ndi cates which nane refers to what insert. In the

sane way, expression of the TB antigens fromthe Ad35
WO R00a88387t hat do not contain a nmyc epitope WasPOEBBUNE5984

(figure 10B) . Figure 10C shows a simlar result, wth

the nol ecul ar wei ght indicatged on the right hand side.

Specific TB (fusion) proteins expressed from Ad35

viruses are detected by this nmethod and, in addition,

cer rarRheheaygse REQCsICiso0fa TR AN nEBphyskEEAM presence

f:&%ure 10A it can be concluded that the gol'yyprotel n
ofi gdeudira§eant ahikeudB HntigyeHears t@ayr £56edB18; Acanhigen

[ nd i a 5 es npa

R A e e b e I ard FB S (e oher 1 nan The Y
ingpeeitfing bhatd the T1dMen S roeddre BEBIAOactivelyhénvolved
s MOSL Cl:-tgglren' le gglsé(pepti de in the TB-LM and TB- SM

pol yprot el ns, th?%%F ndi cates that the entire

pol yproteins are translated. It is also noted that

cl eqvage s _not conpl ete, _although cl eavage products .
EXBR 1o oo SMPROTERAE! S S TAAFORS. SCORBIAYbERPRAGTLos1s
arAQgeBsanhi geas (lanes TB-5 (M and TB-6 (M

respectively) are expressed. No specific staining is

f ouHdrehk/ | ﬁﬁéslwm‘%%l@é}bt@d the PRePrtBroplasmids as

Is okt h I [ 0 ggni zed:

AR b R TR P o P R R B saapantAchice.
Thgheoeasrittragnapded bene hatwa e priotesl TBhastiganér oAp85A,
Ag%%% %%? BﬁlthE b epﬁﬁi'ébﬁgﬁﬁﬁﬁﬁﬁdnb% i%4gégekkﬁthen

present in-a“single expréession construc ?T 27 ,
mudtiilp@eprasentigéna vei@l @ cionsid Uet thas wikBsLbk dBstribed

and TB-S) . In figure 10A, |lane .TB-LM a .sl.i ghtl
GG t dr ShaRiPT ST A bF PUNREOTHE MCYRESE Phr OBABFY
fuk@Bnel aavedpnbantindhtise sgoesis Lleavageseingyhe TBI O

4 antigen fromthe renaining portion of the

P%dwﬁfl@tiéi AOPRF{ AERI eXpEIHERS KOG @I é‘v@_épt_?ﬁée and

thRNYSHERhL sBr ?é@@gﬁiﬁ’foﬂ he; L ORI, BN QUIR Kkt ch8a6h§8r o f
that the TBlI O anti gen

the polyprotein (also not containing the myc tag) into

discrete polypeptides. The following DNA constructs were

used (see example 1):

Single antigen constructs

TB-5 (Ag85A), TB-6 (Ag85B) and TB-7 (TB10.4)

Double antigen constructs

TB-3 (ALV-dig*-Ag85A-dig-Ag85B) and TB-4 (Ag85A-Ag85B direct
fusion)

Triple antigen constructs

TB-1L (ALV-dig*-Ag85A-dig-Ag85B-dig-TB10.4) and TB-S (Ag85A-
Ag85B-TB10.4 direct fusion).

The experimental set up is given in Figure 11. Seven
groups of mice were immunized with individual TB DNA

constructs (two experiements, see below). For each
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contributes to the i mune response (see bel ow) ,

strongly indicating that the antigen is present and
W@ed0b»&d8y1 | nvol ved in the inmune response. Exap@i/BP2H05/055984

litinmunogenicity of vectors encoding M tubercul osis

antigens in mce First, thegsinmunogenicity of the

adapter plasm ds as descrlbed in exanple 1 (DNA

constructs) was studied in nmice. The constructs

in@Reedad i 8RS, DhNOWRE 1ty &erdB B HRNATU1AGEIALhABB5Bimes
and TBIO. 4 . The DNA constructs encodi ng for the

(3nmlﬁmpug TBAthl@E@Svmbsex@éSﬁgme@hsn Pwoanaggaasve
descri bed above, i expressi n ol ypratein
CoDGRGtr SPRG ATPERtOF Bt et 1ot Coht i Rend IR TAFESt 8F PRS-
Ad@ac&lanaueaswgoﬁ @@w;prﬁ@lnfe?cormrﬂg@en@o@esaauenﬁel05 cfu
encodi ng aﬁgr ot ease and the pr ot ease recognl tion sites

BCGedgttrhag PRItASLLI ARGyt He pol yprotein (al so not

ConbakniyBekt BeL BY Crh @) ad ik 19616116 RALYDERhEIESx weeks
The follow ng DNA constructs were used (see exanple 1

afirer ShRgPEGaRThgeh?2bhen riet Nirs: FerAy88AYifiTede Spleens

e%’*g%@%\e%?% I LebiR @ ¢ Sttt s, B PatobRt Alhet
1mmmmedggﬁuaﬂogzsay$pl%eza%;%fquﬁ%?%ﬁkucmggﬁ$au response
ALV- i an
rCATHARAGHEES TH DP9 T et U ORI HRG 8RPePPRAATaPeT
greefp.up is given in Flgure 11. Seven groups of mce

were i muni zed with individual L TB DNA constructs (two
exng?eﬁﬁﬁ?é o§e8PPel bl CelFd AadiRENT25PPBAS TRA

a3 ALACLEG N fAEUSEU @11 yegtgmﬁg(&ésﬁ%&)

I nterva a ne
assay, by measuring the frequency of IFNy+ CD4+ and IFNy+

CD8+ splenocytes after in vitro re-stimulation with peptide
pools of corresponding antigens. The immune sera were tested
using immunofluorescence of A549 cells transduced with
adenovirus encoding for corresponding antigen.

Two independent immunization experiments were
performed. For the first experiment, 3 mice per group were
used and the immune response was analyzed for each mouse
individually. For the second experiment, 8 mice per group
were used for DNA immunizations and 4 mice per group for
control immunizations. After in vitro stimulation with
peptides, samples of two-by-two mice from the same group
were pooled and stained for FACS analysis. Similar results
were obtained in both experiments and the data were brought

together for statistical analysis.

The intracellular IFNy staining (ICS) was performed as

follows. Splenocytes (10° per well of 96-well plate) were
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control, one group of mce received three injections
of PBS. Additional control group received single dose
w®@2006/0538105 cfu BCG (strain SSI 1331) subcut anoRST/EP2005/055984
One week after the last DNA i nmuni zati on, and siXx
weeks after the BCG inmunizgtion the mce were
sacrificed. Spleens were isolated to serve as a source
of cells for cellular immnological assays. Sera,
sthieguited Eﬁrdhﬁnpééierﬁiﬁﬁ”%?bﬁﬁﬁ%ﬂéﬁesp g%&aecgbbﬁcagd
b heart punction and poole rou he | evel of
jeeiteic (E&npl| @eneemipRL ras %@eefepépﬁrr-ﬁ@a,usnnehe
frnekutfl Hde AR ASHBYsRY¥ D4
P ﬁ%%sgglhg Fﬁ #r@%u%%é%ikégklﬂéa§%§D4%§§nd gﬁﬁﬁ £ 9d and
angph mnusyté@ZafKEharmiNQQHXJJnee%tﬁunﬂlaﬁudmtwpnhopebt1@@0
ol.s of correspondi ng i gens._ The Jjinmune_se
Pe% ltdedpus(in n%un% d%?gg%%ﬁie PSPTASE g SgaPPlng whbFe
antn@@&@ucedtmnln adenovg§4s) encadi-rg f QAg86R, espoading
anti Two i nde endent I muni zat i on erinents wer
OVﬁérlﬁgPﬁrﬁa SEEFCTRRS £ i P52 EREES et Aﬁ%ﬁ%c&”ﬁ@rpa%bﬁe pl
a2 ¥sedl AREs5hNeas NBUE {&s PNSH %ﬁe&aﬁwée@ £l 7.
each nmouse individually. For the second experinment, 8
Saﬁ@ééspéFO§r899 %ﬁ@eP%%e%WWQﬂl4§@Am%ﬁﬁJWeZ§tﬁéﬁ@uéﬁﬁe@
dHiE8 cRE1 07 Qupn  OFp CRALT Al d RN ZAL) 95 ARl OF i ha1
@ \Iiﬁ]lltrg st %guﬁat]flon V\/I?(ﬂspep]iél es, sanples 5 - y-two
cqmoeettacmpnhéosagémgxomde@mb @buhéde@n@rgtanned for
A y Simlar sul t mere tai he oth
Degy R et o Al erR A eyt T Gl T oyBe i ey
anih@bh%tb@ﬁhoﬁmﬁ|yse6 faheuinhﬁa&emuﬂmmaakENg spahnk0g
was perforned as, foll ows. Spleno yte e
R £GE L OB vBF | 2 P L) Vi St i e SQ P oRL 4R Lated
witht IPMAPREABRhY L 8 PEPh A decdn s dikeisGatted ngl/mnabnd 2
concentration 2 ng/m per peptide) , in the
ng/ml, respectively) whereas the incubation with medium

served as a negative control (no stimulation). After 1 h
stimulation at 37°C, secretion blocker GolgiPlug was added
(Pharmingen; final dilution 1:200) and the incubation was
continued for an additional time period of 5 h. The
corresponding duplicate samples were pooled and processed
for FACS analysis. Briefly, cells were washed with PBS
containing 0.5% BSA and incubated with FcR Blocker
(Pharmingen; dilution 1:50) for 10 min on ice. After a
washing step, the cells were incubated with CD4-FITC
(Pharmingen; dilution 1:250) and CD8-APC (Pharmingen;
dilution 1:50) for 30 min on ice. Upon washing cells were
fixed and permabilized with Cytofix/Cytoperm (Pharmingen)
for 20 min on ice, followed by a washing step with Perm/Wash

buffer (Pharmingen). Intracellular IFNY was stained using

anti-IFNy-PE (Pharmingen; dilution 1:100) for 30 min on ice.
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presence of co-stinulatory antibodies:

anti - nouse- CD49d and anti - nouse- CD28 (Pharm ngen) in a
wo eovalosxri uti on of 1:1000. Peptide pool s consi BCBEPIN5/055984

15-nmer peptides spanni ng whol e antigens, with 10-ner

(Ag84B) or 11-nmer (Ag85A, TBIO 4 ) overlapping

sequences, or adjusted for AgSSB Wi th peptide pi and

p2 from Ag85A, as outlined belowin exanple 6 and 7 .
AreaPlresafi r QAL BEGRy abde FBS d MR 2RI 1EsSRpWBHRd in CellFix

stlrrulated addi t i onal with CFP Culture Filtrate
(BPy op@dnanpil Haed centent detmeﬁ@/rm Ptapgapppl0,000 CD8+
ce(ﬁ;é.r w@&sdnﬁagﬁﬁé& EorLiyati Vﬁdlf\}lralecialc%% i aRLa01 40 are

ng/m) Ich are antigens common use Invitro
expiriesgkdt Bonaupenc8gemuni At @ Cm+a0p@§|st thet express

control, sanples were stinulated with PMA i ononycin
IF@Wi’nal concentrations: 50 ng/m and 2 ng/m ,

respechi,¥elydwWher eas irhevlﬂwb@eus%mwatal@ﬁdgaﬁbles is

served as a negative control (no stinulation) . After
givem 4nj #abaei bh- athg 7o ulse@fettihen I91Soeker PGeEghPRdgin
ridas.added (Pharm ngen; final dilution 1:200) and the

i"ncubation was continued for an additional tinme period

of 5 h . The correspondi ng duplicate sanples were

pool ed and processed for FACS analysis. Briefly, cells

were washed with PBS contai ning 0.5% BSA and i ncubat ed
Tawilkeh TFCRoBEoGkew §Phetidn ngenitd Ind-Hsen mli120) ohokadPles.

mn on ice. After a washing step, the cells were

i ncubated with CD4-FI TC (Pharm ngen; dilution 1:250)

and CD8- APC (Pharm ngen; dilution 1:50) for 30 min on

i ce. Upon washing cells were fixed and pernabilized

with Cytof ix/Cytoperm (Pharm ngen) for 20 min on ice,

followed by a washing step with Perm Wash buffer

BTN or PE (P o agen AP Rded 2] o0 U500,
on ice. After fi A% waiBBn TB0éps EBl | SHRer VA" Medum
nesmspended in CoAd | Fi xx X X
Ad85B (TB-6) X X X X
TB10.4 (TB-7) X X X
AdB5A.AGBS5B (TB-3) X X X X
Ad85A Ad85B (TB-4) X X X X
AdB5A Ad85B.TB104 (TBL) X X X X
AdB85A Ad85B.TB10.4 (TB-S) X X X X
BCG

PBS
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(BD) and anal yzed using flow cytoneter. At |east
10, 000 CD8+ cells were neasured for each individual

W@ 200pl08387Resul t s are expressed as a percent agePOf/EEIDIF055984
or CD8+ cells that express IFNg . An overview of the
invitro re-stinulation sanples is given in Table II.
The results of the ICS are presented in Figure 12-16.
Table Il. Overview of the in vitro re-stinulation

sanpligarekN1¥it 504 B E198N Bid1THALERUNITIRLZALI QBre very
Ad85A Ad85B TB10. 4 CFP PPD PMA Medium Ad85A (JBS) X X
Loy xhagsbBe( &b} s Xier o TEIptmn atmar) Fxgxrg 13A shows a

JAd85A. Ad85B ( TB- X Ad85A. Ad85B (TE . X X
hig e e R aREy (i o Fi R ERR- PR T sl o
wikhd pePBi8rsXo K ¥hX Xg8G po X ThexeX 1% BBE1¥aX XrdsX-X

XFi gures 12A and B show that background |evels were
rogety ViYW WABR FHET ceflss vt MY StoufAced inppghpe with

th3R0880¥ac8 RhBBot{ fQUENCYAREsH b G+ geRLENARYERS: s
after stinmulation with peptides of the Ag85A pool .
nothapexpsched| éue € oske duical \Atnpagurie lCbemod epysbetween

t.ai_ned Lce inj i the C ru
A O, A LA WS Ly coas
celiexpeot etdidugat ot hef KR+ stplectanydle shdwekodygbeewean)

W%%%Sé aréd A8ﬁ5(|;3- Jrn fontrasé t.0 .\/\hact was oundS o ts
ELEEIFE, ChotRH Pt 2 g Bt 'COSFTEH ERbEy FeusEERS
enfdogihg &3Bhevasg8lel esi@te ofr ciel lthd romtrixee oiftnpgeted

W th constructs
(lanes Ag85A, Ag85B, TB-3L and TB-4S). However, there was a
striking increase in IFNy+ CD8+ splenocytes in mice injected
with the triple constructs TB-L and TB-S, clearly indicating
an important role of the additional antigen (TB10.4) present
in these constructs. Apparently, in this setting, the TB10.4
antigen is able to strongly increase the frequency of CD8+
splenocytes reactive towards the Ag85A peptides, where Ag85A
alone (or in combination with Ag85B) provides no responses.
Figure 14A shows that Ag85B in all settings in which it was
present is able to increase the frequency of IFNy+ CD4+

splenocytes, whereas the effect on IFNy+ CD8+ splenocytes is
minimal (see figure 14B). Also here, cross-reactivity is
found between Ag85B and Ag85A (figure 14A) as discussed
above. Figure 15A shows that the frequency of IFNy+ CD4+
splenocytes responding to the TB10.4 related peptide pool is
present, where no real difference can be found between mice
injected with either a construct with TB10.4 alone or a
construct comprising the triple inserts. However, as shown
in figure 15B, the frequency of IFNy+ CD8+ splenocytes from

mice that were injected with constructs comprising the gene
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encodi ng either Ag85A alone or in the context of Ag85B

(1 anes Ag85A, Ag85B, TB-3L and TB-4S) . However, there
woR®easBUT i ki ng i ncrease in | FNg+ CD8+ spl enoCRCEEP1005/055984

mce injected with the triple constructs TB-L and

TB-S, clearly indicating angd nportant role of the

addi tional antigen (TBl O 4) present in these

constructs. Apparently, in this setting, the TBIO 4

er@RiggNthe @bl e. 4 0ast Q) Vid Neasa bhe f heawens¥dofipon
CD8+ spl enocytes reactive towards the Ag gSA pegtldes

stifierla tAgesuiah okl of Tl afsthinemtiice swi ﬁﬁPAQSE Jvy in the
o%]ft%&ltd%% PR’ E?P%?gﬁnsl&@f ﬁq&%&'&o‘%a&fggt '%Q§§§awng

settings In was present i's a
thﬁmcaeaseetheefoéqbeh%yOBfthéqu&enDbytgpl@ﬁ@cyEestlve

mherea the effect on | + + I no
T RERAY LCoRBor PUIPEERAE T AR Honen QRSB PedREPTFL )"
TBI—‘L f@zurnd bebweﬁe@%@ma%gﬁﬁﬁg(dstg@me si4Ay)asnd figure

dlscussed above ure 15A shows that _t he fre
165y (TERGS GPASTE pl LPOEYL B8 FURONaiClg 413 Ve h&h PBHOr Taent

ant@lahed cBapti Het HOPh &Sf £ RSANtnanMReise tR0 th@allmmune
di fference can be found between mce injected with

regPoREr ‘ahgBnst FUEECHF PO TBIGDY £ngl 6B8 seSROBERSTE rbigeSB

h ] - n
o BIEASEER BTECkoh ol e e Snguepdn

refspomsei-cént hattvese tojAxiEd wileh T@d@st‘lr aotdggen invokes a
st%%gﬁabibngﬁghgngengﬁgggdlqgntQEDT po%s%ntgg$§|&#éhcates

y I'ncreased upon Stinul‘at
theelcated peptrtesal especidddyy iaf fide edntext dafféhent

| e insert the y-axis, indicating,that
R aGe SBRORE o bl L Ehes SHIRY RIS IL. FEatP Py LT B The
infsestlts are summarized in figure 16A (triple insert in
TB-L: with protease and rotease di gestion sites) and
f|gGP§ B68B GW@WE?Z@?¥%%t Mdd T4 ﬁ§)319€PééPP9t ICS

rets%%n‘élef f ﬁB@Q(re?nté}gféﬁo&ﬂEsr | PtEd N nhuhf %enﬁue@na%%;

to the i nmune response: "Ag85A i nduces both
priocespendeégh Ag8&Bs of IFNy after 72 h stimulation with CFP

or PPD, as determine using an IFNY ELISA kit, which
indicates that mice were immunized efficiently (data not

shown) .

To determine whether any antigen-specific antibodies
were actually raised in the mice injected with the different
DNA constructs, A549 cells were transduced with Ad35
recombinant adenoviruses encoding the TB antigens in 96 well
plates. The adenoviruses were produced as described in
example 2. For this, 1x10* cells were seeded per well and
viruses were infected with a multiplicity of infection of
5000. Two days after infection cells were fixed with

Cytofix/Cytoperm (20 min at 4°C), followed by a washing step
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only induces a strong CD4 response and hardly any CD8
response. In contrast to Ag85B, the TBI O 4 antigen

wo pwekezs7a strong CD8 response and a m nor CDAPCT/EP2005/055984
response. This indicates the clear beneficial
subsidiary effect of the dif{ferent antigens encoded by
t he sequences present in the tri ple inserts. The BCG
i mruni zation did not result in significant ICS

wilt®S PaRagwaEAVBY efer SPEENOS W% Ofn BEGEHelMiRREdnhACzed
did produce high levels of IFNg after 72 h stinulation

migjet kecrp 6ilPPey hs2 dit herHAar iy fder FIRGTELl BAaki 87°C-
Up?%' %Es'nﬁ‘ﬂbca Ségtm{l%&@séﬂﬁﬁﬁd mynized €f.5i ¢heBLLY /wasn

ata not “sh To det'er mi ne 'whet her any
bUérfEerwaspeddédcala@tmmmc‘EEdNBiE éﬁ‘c@t méhl ptr 37%@d After a

in ted wth the diffe nstructs,
ST IR e ST R AR e s
mladeﬁwpéuses encodi ng the TB antigens in 96 well
pl at The a fgow ruses vvereyproduced as described in

exa Ieelﬁmun? PRESCSNSE G 0A1Ss TeFe 1§dedégoper antigen

spéRlilfiandt¥i husgSoneE &1 1 Hfectie b b ikt Blrbi fycof
i nfecti on of 5000. Two days after infection cells were

infugddegi YREEYTBY 0 A rekanq)20 T dfl¥odip* TAg85A-dig-

Adfg8le)) OWed_hy ( ﬂ%g\@ﬁh%@@ﬁt&ﬂ% f fu%flfyn\{\ﬂ%%dbﬂaﬁ%f éAE@Lijg*—
wer e |ncubate Wt I mmuni ze mce Ssera

AGiSYAPEr o M8 hBhdf §eFBl G of) 1 Weakt FA0QingUpes washinggd with

Qat._anti-muse- FI TC,  diluted 1:5.n:Re s ffer,
SWa: fr88‘e81g8d Ll%ﬁcujb%%%cfmf e]%)Js 3 %5 %r%% i??gfﬁa
dlfmerctal fuwashn) g:ehhswveg@ranﬂmemdadmm dmhunozestenceith

m cr The nof | .uo cence anal y reyveal ed
ey RGO PUBHELpBER T bt i GrLCBB)] S PRYQRFAIDLE
an@zbts%briﬁﬁinf;r Offth Yk CEn & 1FRMY £ Exth M tah: B=6t( AgB2Boal ene)
TB- 3 ALV-dlg* A985A-d|
antigens are able o ellClt an antibody response. Full
cleavage of the protease from the remaining part of the

polyprotein and expression levels of the separate antigens

was not determined in this experiment.

Example 5. Construction of rAd vectors encoding an antigen

and an adjuvant.

Here, a novel recombinant replication-defective
adenoviral vector is constructed, herein designated Ad35-X-
Alges, which co-expresses an antigen (referred to as X) and a
mutant derivative of CtxAl that harbors a lysine substitution
at amino acid no. 63 (i.e. herein referred to as Alge;) in

place of the serine that is present in the parental CtxAl.

The construction of adapter plasmids suitable to
generate El-deleted Ad35-based vectors capable of expressing

X and Algez is achieved by introducing PCR-amplifyied X using
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Ag85B) , TB-4 (Ag85A-Ag85B direct fusion) and TB-L
(ALV-di g*- Ag85A-di g-Ag85B-dig-TBIO .4 ) . Wak

W@ @b0533g1 was observed with sera from m ce | MmeEI/ERTH0S/055984
with TB-S (Ag85A- Ag85B-TBI O .4 direct fusion) , while
sera obtai ned upon i muni za{ion with TB-5 (Ag85A
alone) and TB-7 (TBI O. 4 alone) did not exhibit any
staining. This indicates that at |east sone of the

stARldaganscar grabbeutds ekiGid @ pHdPedykiesranss. thdl bre,
cl eavage of the protease fromthe remaining part of

anchdnssPPEFoREi APRREPEIPr e sEi YRR e rértike séparat Bhe
re%ﬂtlltgﬁ’esp&‘ﬁs é}%rack%tdewh”%? ?Hehla' $s CXPSLITENMyith the
Exanple 5 . Tonstruction o vectors encodi ng an
re@@ebgéneamdsaniad}uwammeﬂﬁnkﬁaS£(ﬁOvamdre@oabﬂaanto an
Ilca |on efectiv adeno |raI ve IS
ada trrﬁ 18 ?%.e%adle%u ghat e é’f‘éf °P<§3fwﬁ Ef8oA, Ag8S
an@OTBXpr@SSBSdaﬂlaﬂélg&maxysﬁSHHyﬂidSIﬁmﬁthh andoauclease

nmut ant derivative of CtxAl that harbhors a I s
dl&ﬁt?&lf’flut FoR aPdaft AeeHcep rﬂnfa g Glogedhd ﬁragment are

congfeibadtbovasi Ayl K63t )thd m\tzsa%sofnotth%m@&leaedhh@hgl S
present in the parental CtxAl . The construction of

coagaptieEiphasmi ds suitable to generate El-del eted
Ad35- based vectors capable of ex reSS|n X and A | k63
is @NﬁléVéGdbyglhlmadh%l¢@P##§% esmld POGL1-A

coﬁ%‘rﬁ%%hgnga[:g gcng PEL. Purﬂrqe Kﬂf&’ﬂeotﬂd%e glﬂ%nélé' bkedrxa1

|ntro uci ng appropriate cl
lsraganﬂebﬂenlS|GeBBaﬂhe Ko ¢ iamt ﬁP@Rﬁgéﬁeranddeﬂméled by
nent I8 d| geste respect,v strigctio
re@%& ase }n%n§3anneaﬁ(D I}oéghgggagﬁgs Bﬁg§n1dfy81ne
cqmbmeAaAIyTas ﬂesamtb@@rfﬁanmyé(ms AgBAatAd8hsangd TBEO
Addi i onal anal ysis by restriction endonucl ease

QUdukig@@m@n S PR Rhee Serfli ditiangner ish&1¢l diégapegene) . The
a%ﬁ?gEEQHEmﬁggggﬁé§¥%tﬁ%éggég3éﬁ€§¥ist@%OQQApT@§m98tPCR

tere uring construction
u31ng pOGL1-Al DNA as template, forward primer 5’-TGT TTC

CCA CCA_AAA TTA GTT TGA GAA GTG C-3’ (SEQ ID NO:24) and
reverse primer 5’- CAA ACT AAT TTT GGT GGA AAC ATA TCC ATC-
3’ (SEQ ID NO:25). This procedure modifies nucleotides 187-
189 by replacing the TCA codon with an AAA codon (see
underlined sequences). The resultant PCR-generated plasmid
is digested with Dpnl to remove the template DNA and the
digested DNA is introduced into E. coli by chemical
transformation and grown on agar at 30°C for 16 hr. Isolated
colonies are selected and DNA was extracted from overnight
liquid cultures. Plasmid PCR using primers specific for
Alges, and agarose gel electrophoresis are conducted to
screen for an appropriate derivative. The mutant insert is

cloned thereafter into the same adapter plasmid that
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DNA encoding A I K63 is anplified fromplasmd pOGLI-A

conprising a copy of CxAl . The nucl eotide sequence
wm@booe53871 i s avail abl e in GenBank (Accessi on #PAWBBRDRI/055984

and nodified by replacing the serine-63 TCA codon (nt

187-189) with a |ysine codofy AAA. The nut ant

derivative is generated using the Qui kChange (r)

Site-Directed Mutagenesis Kit (Stratagene) . The
cobith@n@di Kectedh8Ut AISNLSIS I URE: 8RR b X and

whol e- pl asm d PCR usin pOGLI - Al DNA as tenpl ate,
adepENardSpEi Aite BrodEred S G TWERSAARDPTA-GIT TGA GAA

GIG CG3" (SEQID NO 24) and reverse priner 5 - CAA

ACT AAT TTT GGI GGA AAC ATA TCC ATC- 3 ' (SEQ I D NO
Exagple $hi Bopeorespersenelf fALIS mﬂ:lmﬁoaés ingmice89 by

repl i-ng the TCA codon wth an

inderrenea-Slatanzte) Todt kARG SR, JERErrras
smlga&nhddl Suéegema eéjnﬁi\ztc_f;éh@pﬁird QgeRndVe tkBe bepphyabhecity

DNA and the dig DNA i s introduced into E . coli

inpicRentiE &R op? aE%f%‘ﬂ%‘H%Ym T ol an P2g4HCEt  300C
inft@irf38oRrgahsgl 2t ed-¢P! HNids ArienseltachediaRdpbbifeVas or
extracted fromovernight liquid cultures. Plasm d PCR
Pepsiiflg pPPAEr §r§péﬁP%¢%l¥ﬁbrpﬁﬂ€ﬁ%@daﬁ’§l@@aﬁ‘§§éoéél known in
I r 0 o) f,
o Ot b Ber a7 0378 P e
ett hér.edflPéiL) i and fheg saperadaptEr3)pl dsrdiad lishatreodeacnsbed
ei t her upstream or downstream of X and
a&bnOV|ruses are produced as descri bed above. Exanple

6 . Thesertpiponseeof AsS5o dB'BreLwarss uskdnieeaAdd5e-

r econbi nant viruses_ expressin thef% ffere Si ng 1
TEERATPas el TBOANE T Ok Tl LFs &St £n PgEfi Bft ytre
pairft 11 €e. ;hL/thopbs8 t@oamlfo/‘OTvﬁ)elwéré maijewt@wce
_ interferon <é’IFN- after stinmulation with
lnﬁrré‘f“éisﬁé‘léif izieb{ll of FRofiet aﬁ‘@qﬂﬁploécalclfy%éﬁf Bifgd (5 mice
pe%stgugzthQHérgggm@ mfbérgéfVédQﬂg o Ueg®*3fRl Bontrol and

descri bed in WO 2004/ 037294, Sander
were injected with 10 vp of the empty viral vector. Two

Sander

weeks after immunization, the mice were sacrificed and
splenocytes were isolated to serve as the source of cells
for cellular immunological studies. The level of antigen-
specific cellular immune responses was determined using the
intracellular IFNy staining (ICS) FACS assay, by measuring
the frequency of IFNy CD4+ and CD8+ splenocytes as described
above. The results are shown in figure 17. Clearly, the Ad35
based TB-S vector induces an antigen specific immune
response in a dose dependent manner, especially in relation
to the increase in response with Ag85B specific CD4 cells
(figure 17C). No response was found related to TB10.4
specific CD4 cells (figure 17E), and no response was found
related to Ag85B specific CD8 cells (figure 17D). While

hardly any responses were detected with the 10’ and 108
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et al. (1991) and Jung et al . (1993). Details are
descri bed below. The triple insert vector TB-S was

W@ s@d/ 05337 doser esponse i mmunogeni city test. FBCI/EP2005/055984
di fferent doses of viral particles (10 7, 108, 109 and
1010 vp) were injected intramscularly in different
groups of C57BL/6 mce (5 mce per group) , whereas 3
m ce served as a negative control and were injected

doielsh 1 303@spRcof & hegesdtan il o MeGiRlci F1WocHeeka11s
after imunization, the mce were sacrificed and
(fdpnegodyBeandet éF | 5o3Re &l Yol Wer \Pe M@ keke 1861pa8eoFasS

£ofld 85kl ERL! thalyidmynol palLal 8fidiPSaodlea] #ufde Yive
antigenspecific cellular inmune responses was
angetségnmiifiedansi agfedies i it rageldiultire ISENg isgsal, nivhglel O
EACS_ass b asyr.ing _the frequency.o F +
e L B 4L Ao d BB o antvaS et T A 122
spafcé fskkown4i befl gueidirre A Hardng e rAdd2chasedyYB- S
.vector induces an aq%h?en speci fic _i nmune response in
STH1d6<e 9gEpeHaERt T AR erS T g AV CRPECEET o 9E b2t BRE
shich@nease in response with Ag85B specific CD4 cells
(figure 17C). No response was found related to TBIO 4
speUriegCon eesessneRgufer 1715 CDSRaMNACAeEpBABE was
f r t i fi | i D)
e R s TRt panags e e acced i P the
mip@7 andwa68fosed that etipeqento d&g85ALandeTBLO. ad pl

(FSREEELExERBpCe! Lo (1 s & 478 ANd 1 T ES0RELEKELIY - sm
Indowes7) The A§F5Hoserdi theadinlgh \Gb&anywsingdofieant epitopes
okl G PLLAI TEHLT P T SHUE 1P ASISA SAGUAGOSE
thepeeitfica1CP4rcel L s €hé g doihanedsl 6¢ ceIpegti Meky) The
Simlar data were found using the TB-L construct (data
seﬂ@pngﬁo@ﬁ)the Ag85A antigen in this region of the protein
(amino acids 1-19: FSRPGLPVEYLQVPSPSMG; SEQ ID NO:28) is
identical to the sequence of Ag85B in the same region.
However, the peptides pl and p2 from the Ag85B pool,
although comprised of the same sequence as peptides from
Ag85A, did not give any CD8 response (see Figure 17D). This
suggests that the peptides pl and p2 from Ag85B were not in
order, perhaps due to production effects or contaminations.
Therefore, an additional dose response experiment was
performed in which the in vitro stimulation peptide pool of
Ag85B was reconstituted with pl and p2 from the Ag85A pool.
The experiment was performed with both TB-S and TB-L
vectors, using doses of 107, 108, 109, and 10%° vp. The T
cell response was determined two weeks after immunization,
generally as described above. As negative controls, one
group of mice was injected with PBS, while one group was

injected with an empty Ad35 virus (10'° vp). The results
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During an assessnent for the CD8 i munodom nant
sequence epitope mapping of M. tubercul osis antigens

wo 0ai0s3871 it was found that the peptides referPEHEPHOREGSS984
pi (FSRPGLPVEYLQVP S ; SEQ ID NO 26) and p2 (G LPVE
YLQVP SPSM5 SEQ I D NO 27)s0f Ag85A were the only CD8
i munodoni nant epi topes for ‘C57BL/ 6 nice. The
underlined stretch should theoretically fit in the MHC

wif®l eedbestof o COFBLES] ] Core TR s20AURNGS @fighike AY8SATB-1,
antigen in this region of the protein (am no acids

left] grapBRPER PYEYLCMPSPBMENISEG U ™N@r £8P Positénei ealls

e 0] 0]
o WSS OLo MOEGR, bl SR e o et

Ag@@@pppséd eﬂthhegbatﬂee Seepieivtss 5 qperhied@g8bRoAMAGEEA,
y [es nse sge Ei e 1 D) . This
wege 1% ggﬁ? Q thee%ﬁ an fg%%% é@n hlch

IID es pl rom
weltret olrﬁlgﬁlhdeny @eédma@lsdddlﬁjtrmtprpoﬂﬂﬁtdeoran@f beeﬁsm&

cont am nﬁtl ons, Therefore, an tg}?ltl onal dose resgons

SHPERT AL SRSDRRT YOI RE (PRI 4878 SROVi £hat also the

Ag%%'B”kb'r@'i:bQH R8Pt hEEIL9y OfnAGREE WS e cars bt UL8Hs can
wWth p i and p2 fromthe Ag85A pool . The experi nment

n\%]é‘repér £8Bneds it e bbt e IB- @WSﬁBﬁlﬁt\ﬁéctlB@Cta@P ngf

sadeses k107, 108, 109, and 1010 vp. The T cell
response was determ ned two weeks after immunization,
generally as descri bed above. A s negative controls,

miB1dr 9.0aR5s ThEEHAR ILERLA W 259 pUBEOGBRE |

up was I njec W th an errpty Vi rus
pr:.thg wash| BE@i th respect to CD8 ceI | s are present ed

in Flgure 7G (TB-L, left ph, TB-S,

O edf FHoEtat petre Tt tei A e stz s By S oRo: A
antilyed ss vl aég@@deérhtmm st rAg8eB poal ,
calt hough the peptides fromt he Ag85A antigen were
immyederEaPRt ol e Ret Pepd TAERS dtf tHEAYSIB dRIP§ERT whi ch
sUbRR@ a0ELALNRE LY BEEd, ARG U d(H0t; 1Ar0V AR 2R%-BAsLELYe

reference standard FDA and generally known in the art of
tuberculosis vaccination) according to protocols delivered
by the FDA (standards and testing section CBER}).

Four groups of mice (8 mice per group) were primed with
BCG (6x10° cfu/mouse) subcutaneously ten weeks prior to
infection with the adenoviral vectors based on Ad35 carrying
the three directly linked TB antigens (TB-S) or with the
adenoviral Ad35 vectors carrying the following combinations
of antigens:
- TB-4 alone (comprising the Ag85A and Ag85B direct fusion)
- TB-4 + TB-7 (comprising TB10.4 alone)
- TB-5 (comprising Ag85A alone) + TB-6 (comprising Ag85B
alone) + TB-7.
Two control groups (4 mice per group) were primed with PBS

or with BCG, whereafter the PBS group received PBS as mock-
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results. These observations neverthel ess show that

al so the Ag85B protein as encoded by the Ad35-based
w@ad®aosisruses can i nduce a CD8 positive T cel | PCEEPINTES5984

after infection of said viruses. Exanple 7 . Ad35

based TB vectors used as a dfoost upon priming with BCG

I n anot her experiment Ad35 vectors expressing TB

antigens were tested as a boosting agent for BCG

lmhﬁﬁuab%abhonanhbﬁﬁéOBC@rﬁ%&ﬁbdﬁcdHHE%DN@f%ubnk€EE§Ged 10°
subcut aneous with BCG vacci ne ( Baci

veClfmtheectneyi Ad3 P ef et iedice IsrtjaﬁﬂfarqalSFlAtanahgeﬁéﬁél pgsed
v h t ul bi
e%%% LBk geéfsr&éd f&?%ﬁf &asge} i t%h% %;51 ) st andar ds

according to protocols ivere
lnamamMesuﬂﬁglsecFomn WEEK% pOSﬁnmnﬁyum;pg dﬂ4nweek$8after
ri % p%rlc rouE V\gélgl 1 er@daryéﬂ enoc& es were ated
PEHG ﬁnuse% cut aneoust y ten e {6 Fnf &Rt 6R
andl Betihasadenovibad a@@m@rsnhaﬁeéuamsAd35 eabtyi hg fheure
three directly | Lnked TB nt| (TB-S) .or mnth t he
1BadéE 6vPrEPeRES5°Vettoradd et“héelsbll F6@ ng 2

&Ellaahtoeﬁf@&taa@wﬁa@ Ag 851?5 s‘be@ﬁﬂ% tmrraémgngfi@@re
18@gSSA and Ag85B direct fu5|on) TB-4 + TB-7

onPE| §|Xﬁgctr%1io sge a@b?@)flgurrsa 5 3B onpiies itHgPA§85A

I B [ T -
co%é%??gt §§oﬁp§£?§8£§c%ﬁgg¥ gro E?*%E?%C§?|E§ poE@%'F%Efle
tmﬂ'T@rﬂth@Eprmﬁede@¢texnduﬂﬁ RBSigﬁoupSp@@eevédl@BSea$8B

Si%gﬁg& égglwer af% (96 QSGkQES Jé%& nﬁ3%%1 ﬁHQCatlng

recéive enpt'y I'ons
thtthhbhprédaﬁc@asedAg@EAOHEbmuﬂdi per footmivedaithoal with
anuscularl Four wee

es, th 109 i
AG R BoRp o BOF offi 1512 vtk o SRS v WS o UG g gesponse
iss&@ruhau wBenand1 6k enoCyt&Seer arrteledt@dgly, no effect

was determined when the separate vectors were injected but
in a single shot (TB-4/TB-7 or TB-5/TB-6/TB-7 in figure
18B), indicating that the TB10.4 antigen can not induce an
Ag85A specific CD8 response when co-injected, but rather
that the antigen should be present in the same construct or
at least in the same cell. The mechanism for the adjuvant
effect of TB10.4 is yet unclear.

The effects seen with the Ag85B antigen are in concert
with what was found earlier (figure 18C and D). It must be
noted that the presence of the TB10.4 antigen in the triple
construct TB-S does not give rise to a Ag85B-specific CD8
response, in contrast to what is found with Ag85A. Both
antigens are well expressed from the constructs, as was
shown in figure 10B. The negative effect may be due to a
corrupted peptide pool used to measure any CD8 response

towards Ag85B (see example 6 and below).
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and used as descri bed above. The results are shown in
figure 18. The presence of the Ag85A antigen resulted

wo 2008/0538gni fi cant ef fect towards Ag85A speci f i BCTZE#2005/055984
cells (figure 18A) . As expected (see also figure 13B)
, the triple construct TB-&gd.nduced an Ag85A specific
CD8 response, while the TB-4 vector did not induce
such a response (figure 18B) . Simlar results were

f oundceanbit i bhi gorepdBBe1d ndiiGat imdd of.hat st bery 1ow
fpr esence of Ag85A alone or in conbination with Ag85B
(fdoegendblyi vBha OmBueesporile Cifttercedd ssuchra TBSPofisen 2
séel f% Leund when Tﬁa%/ﬂal /i epents Jin8rresLihRgl %ot BOthe

é? frect was deterni ne en the separate vectors were
scaijeeonetihbuy-ania; ssegyl ®l shotiur® 4/5BB-.7The induction of

-5/ TB-6.TB-7..p figure 18B), J ndi.catin hat the
Tl & et renD Rt A il Y ACoRR Sphaeh; (7 Epre
18respanse wheavevadydj €Etethurlutl 2atirer, thatitike apgi genls.

shoul d be present _i he sa construct or at | east in

n
t he 1§affié"c Fi ?O%ﬁ%u%‘ih%tsrﬁ Sri e 4a&f16w%8ﬁf{ eff ggpable
ofofinBBk®Pngdal 8Dy te sip6h LartoRILIdE T i3R8N WhibBht B8 a
Ag85B antigen are in concert with what was found
sigglri €PREEIryaEedasT 2ol TYe TH]e r’ﬁSPsta E@%éﬁé_ﬂoﬁﬁat
(afaeapresence phokherThl Qo antigend toghectikPlequires a
onstruct TB-S does not give rise to a Ag85B-specif Ic
so@Bghréspoogber anttoemiasthiteshwhat thanf gbedagitihabg8siot
ot h.anti gens, ar ] expressed fraom.th tr
CDgs c\%gséh%\%ﬁé?nl i%ﬁrieeaﬁ%paﬁ%:lyneé‘laet it\(/)e%(e) %2% Iﬁ%{i/ﬁjb%ery
intie@ ved ancantigeedppeptsdengpanld yeedenaaftasubg HAY class

I %@ﬁgrc%iggnﬁzjt ovar ds A]QS%B (see_zﬁ e}gpl %e?: a_ndtbel ovv% q
e CTRBaCA PO OF CEORaT s Al T8 Ge78 71 SEVERG TOUP
thiftl guea t8ED. 4 Thesi deustéon OfareBérneehlygsustng ABBSE in
4 in _a separate vector (TB-5/TB-6/TB-7) is significant

a (HOPCrABLEEAN eCOMS EHEC - 3G ON %S EDBITSSPPNGRF e E5S)
th@%eE%@?CEBQnOHiy against TB10.4 itself but also against
Ag85A. It is likely that the physical presence of TB10.4 in
the construct increases the efficiency of transport of the
fusion protein to the proteosome, which is necessary for the
efficient presentation to and activation of CD8 cells. The
reason for the higher TB10.4-specific CD8 cell response is
most likely due to an increased expression level of the
triple construct in comparison to the vector carrying the
TB10.4 antigen alone. Although the CD8 response towards
TB10.4 alone was also significant, no expression levels of
TB10.4 could be determined due to lack of TB10.4 specific
antisera for western blotting.

The increased targeting to the proteosome might be the
result of the presence of specific sites in TB10.4 molecule,
such as sequences involved in binding of ubiquitin (or other

molecules responsible for labeling the proteins destined for
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TBI O. 4 specific CD8 cells using TB-S is very high

(figure 18F), with an average of around 12% | FNg
w@oemsisiger CD8 cells. It can be concl uded that PC¢EEFBD5/055984

0.4 antigen is capable of inducing a CD8 response

towards an antigen, which ag a single construct does

not give rise to a CDB response (Ag85A) . It is known

that activation of CD8 cells requires a sonewhat

pr%b%@%&n t'6%”t9aﬁ§?@¥%@¥Cbﬂ&%ﬂlﬂ&“fo%C%bﬁﬁthEsOEhSEM

cells, |ch is at least partl due to conpl ex
OtﬁﬁéﬁﬂﬁérynFﬁQQﬁQeﬁr@%e%ﬁvﬂgéﬁK%ﬁé@§§ﬂtﬁ§l@ﬁdln the
LeSENLRt LR by, MG o) 140! gLt Fhor bpoand
o N S e e e A
Ahmmsnacmpbéﬁ, bhanpr@s@s0¢g85AEﬁﬁd4Ag8©Beun an the
triple-anti n_constr ng .CD8 .res Ronses wer
Copi g ol SR PEAT L An5Y T R0 7 (ol onah Rrgein:
le&@&h@StoA@BE@easédl @edﬁté«ﬁtyldrha:taﬁ&@fph:%él eallepuisence

of TBI Q. in the copstruct increases the efficiency
In&fretarsﬁg pEVEL 0P Tt MREFIRT I PHHEINT ﬁ&afjﬁelﬁr 8{388§6?Cmt°

1n\Mi4e%|§,eHS cpecessaryct Drat h effairRindRicgs e mt ﬁ\hbﬁnpt:@teln
and activation of CD8 cells. The reason for the higher

ernpig| @pP. 4nspBei PreeeaEdR el T relsifonde Are sRBSAtEPRel Yed8e

wil9 88 EQ%E@ﬁﬁegneéf£8§§iqghd£%§%ré3éﬂi%§a&ﬁ&pkﬁd thus
constr in conpafison to the vector carrying fhe TBf

noQ. beanwagénbéeOﬁer d¢thougron v EOBerldspoAsehaewaees

1Bl V& Iso Si nlflcant nQ.ex iLon .
rebgrgre soaie T ahey Hd S S e e SE SRRk apF gen
prBbeslﬁgsmeceflCDan&¢sfvétidﬂ)Wﬁsiemnl@batspsgifIhe

increas d tar to t be the
aneQBHRY Bf C he TP bRGRCEE of L st e 1 8 LAheTRFELTY tO
mei@lieauk8atSHCHUAE §@W]es&ﬂﬂ\ganvqﬁmu&otﬂm@‘bageﬁ&e was

ubi quitin (or other npolecul es responsible for |abeling

obsREVEFAot-Bi AT AeSTPRCH FOr PrBEEFSh Y th deublanapbt oeR

coRERLBLRS, rQEhéEQHEQ&e§ré$ﬁﬂhéﬁﬂyﬁﬁMéﬂ%ﬂt&%%%aéénstruct
processing and presentation in
immunized mice. This finding suggests that our triple-

antigen molecules, containing TB10.4, are highly susceptible
to protesome degradation and CD8 cell activation and, thus,
less available for antibody induction. As a strong T cell
response is a preferable response against tuberculosis, it
is concluded that an Ad35-based triple-antigen vector, which
comprises a nucleic acid encoding the TB10.4 antigen and at
least one other TB antigen, preferably Ag85A and more
preferably, both Ag85A and Ag85B, is very suited to be used
in a vaccine against tuberculosis. The found effects may be
even further increased by using BCG as a priming agent, as

indicated by the results shown in figure 18.

Using the new peptide pool for Ag85B with the peptides
pl and p2 of Ag85A added (as described in example 6), also
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context of MHC class | nolecules (Wang et al . 2004).
Alternatively, the presence of TBIO 4 protein in the
wa@oenshsiset m ght physically destabilize the fuBCDRP2005/055984
protein, |eading to increased degradation rate of the
mol ecul e. Increased | evel af, antigen processing |eads
in general to increased CD8 cell activation.
Furthernore, if nuch protein ends up in the proteosone
theObrehagsobsPr 8688Y al{i @0, Bd@SSrMd,| 2B sPIES8BbstNwas
cytosol and extracellularly and, thus, not be
repgeaitednl él?bpu%tﬁw‘atﬂém fﬁfl@@émesi Wletr_ehéi§ml§§@ﬁ from
milc@PRRLEd,LOB! 5 30- | PYELS O €U Al ALIQN. LK 5hS REEIGEDKs
antigen processing J(| .e. CD8 activation) and antigen
afdpeciifimonanttbody. tMiee (Dateogwreiurdl wez2@0@pmuhtzed with
iLnteresting,.to on that stronger . 9
PBRt g&é%-’?ﬁ%ﬁﬁbfﬁgé égéz]eén’ceojf/\ni}% 0 ’?gr &e(‘ﬂ’li%ﬁ1 §éFgeFr%(r)n or
1007 ol igimbtiez ed spietch i deubl ea ant é gesr €0Msd Julatss arat Reown
. than fromthe triple-antigen construct inmunized mmce.
lnTﬁil§uFienai5néA§%3©e_§Fsm‘f]r% U 149 PPEan iééﬁmﬁatl?n) and
27mOireedl. @s s teant at Db NP, THO rdbul t @ 1RIaghkY isuseapti bhet
to protesone degradation and CD8 cell activation and,
sigmdd i cressCRY arPAbTRS f e SRANIBO RN Fdddtli 6. magsyred
Shongd ToReLl LesPORSEr i S Preferabl e response
@ aggi %stO ?uger c%?osfps,gft T's concl uded that an
Ad35- based triple-antigen vector, which conprises a

Lei g ag| 0 ' O. | gen..an e
S e T R
pr efiar abkybsbgtibn Ag8he mimtkrAg85R, wWas dergsstigheddt ehbeher
used in.a v in ai nst_tubercul osi.s. The_found
oot og 3 hay BEG eahPTAT it § meiiadt thy MSPrE-BEs 58
ved tRsN RPudgeptotast | Hgh Gadtedh by ddre dresuliins tshewBuil Bsis
~figure 18. Using the new peptide pool for Ag85B with
InfREtpept fed PRAANMPNDISHGBIA added (as described in
exappige8 %i s ;8P hen Pri A/ poasitn st Yd¥ skl BOSica11y as
prinme, Ad3 -%B boost was
indicated above (6x10° cfu per animal). After 14 weeks, the
animals were either immunized with 10%° vp Ad35.TB-S (Ag85A-
Ag85B-TB10.4) or Ad35.TB-4 (Ag85A-Ag85B) recombinant
viruses, or injected with PBS (control group). Eight weeks
later, the animals were challenged with ~100 cfu M.
tuberculosis per animal. The animals are monitored up to
approximately 78 weeks post prime for survival. Intermediate

observations suggest that the BCG prime followed by an Ad35-

TB boost ensures a higher survival rate than BCG alone.
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repeat ed, although now the spl enocytes were renoved
frommce that were sacrificed 26 weeks after prine
W@ 1@ceIsks after i muni zation) . Mce (8 per grOLIPP2005/055984
were imuni zed with PBS, Ad35. Enpty, Ad35.TB-S, or
Ad35. TB-L with either 109 at, 1010 vp of the respective
viral vectors. Results are shown in Fi gure 25 (Ag85A
stimulation) , 26 (Ag85B stinulation) and 27 (TBIO 4
stimulation). The resulgsrgd@ardy i ndicate that
significant CD4 and CD8 responses can still be
measured after prolonged period of time. Exanple 8.
Deﬁf' sPoggt a¢hal b enge SRwerd dBHa i g%“-ig sRigs In a
seqlent experlnent It was |nvest|g whet her
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ubercu OSI n ectronn englng Se

Infiegs Wemeni B8t 3abty3pr2 nmed mnth BCG typically as
i ndi cated above (6xIO5 cfu per animal) . After 14
weeks, the aninmals were either imunized with 1010 vp
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animal. The animals are nonitored up to approxi nately

Kapgmapek §HBos20pP } nEs f ore sdawd hgimerntntodr medieat uberculosis

vaRSBLYBLLONS) SU90ERty b3 ie G prime fol | oved by an

00St " ensures €r survival rate than BCG
al one. REFERENCES Del ogu G, et al . (2000) DNA

vacc'natlon a nst tub i.S: ression o
KepEahEe g R oA L popreulosie: Sxpreselon ol 2 cooye
ofamkirMseobact gat akev NMibAYL J PG5 dsgmmun 68: 3097- 3102

Jung T, et al . (1993) Detection of intracellular
cyt oki nes

Sander B, et al. (1991) Differential regulation of
lymphokine production in mitogen-stimulated murine spleen

cells. Eur J Immunol 21:1887-1892.

Shabram PW, et al. (1997) Analytical anion-exchange HPLC of
recombinant type-5 adenoviral particles. Hum Gene Ther

8:453-465.

Skalka AM (1989) Retroviral proteases: first glimpses at the

anatomy of a processing machine. Cell 56:911-913

Storin T and Bachmann MF (2004) Loading of MHC class I and
IT presentation pathways by exogenous antigens: a

quantitative in vivo comparison. J Immunol 172:6129-6135



by flow cytonetry. J Inmmunol Meth 159:197-207 Kauf mann
SHE (2000) Is the devel opnent of a new tubercul osis
WO 206/05887p0ssi bl e? Nat Med 6: 955- 960 Kr onenber BCIVER2005/055984
Gapin L (2002) The unconventional |yfestyle of NKT
cell's. Nat Rev Immunol 2:55¢-568 Sander B , et al
(1991) Differential regulation of |ynphokine
production in mtogen-stinmulated nurine spleen cells.
walkd JJ ahamingl 211887y 189 r RN iamBWei8bsal the(A88Y)
Anal yti cal ani on-exchange HPLC of reconbi nant type-5
rregensverdl TpaEEe el B¥Pe HuRCen@ cHigesg: 14532485 -38Ral ka
AM (1989) Retroviral proteases: first glinpses at the
anatony of a processing machine. Cell 56:911-913
WaSigoRi-M, Teaindl Bachd®dn I {RBDONA vadicigesf aWeCnetass |
eidcLh JBr esentatlon pal hueys, i xodenoys -anti ggng;
quantlf)atll ve PRV Vo corrparCF Son." J' PG
imh2e6129p6436¥AaDi Jdi wedl DY nepid dp20@RR Tukereadl. ostand J
vaccines: _the st, present and future. Expert Rev
I%@@#n%@‘?%%y?ggl- 354 Wang QM et al . (2004) Epitope
DNA vacci nes agai nst tubercul osis: spacers and
ubi qui tin nodul ates cellul ar i mmune responses elicited
by epitope DNA vaccine. Scand J | nmunol 60:219-2251/1
PCT Print Qut (Original in Electronic Form 0-1 Form
PCT/ RO 134 (SAFE) Indications Relating to Deposited
M croorgani sn(s) or O her Biological Mterial (PCT
Rule 13bis) 0-1 - 1 Prepared Using 0-2 International
Application No. PCT/EP2 0 05/055 984



0118WWO 2a6i0538tL Wi t h t he i nternati onal
no) 0-4-1 Authorized of fi clér

0-3 Applicant's or

agent's file reference 0118WO00ORD

FOR RECEI VI NG OFFI CE USE ONLY 0-4 This form was

application: PYBBPN5/055984
FOR | NTERNATI ONAL BUREAU

PCT  USE O\NLY 0-5 This formwas received by the
i nt ernati onal Bur €448 5 AL HBr i zed
officerCLAINS 1 A_reconhinant rppl Lcation-defective
T oK S, Shened sipg a nucleic acid sequence encodi ng
Mitra@gapEmEIBF etha@Biologiens from at | east one tubercul osis
iy 'F‘,"E('eFB%"C_-T@HE@bﬁ)g bacil|us . 2 . A reconbi nant adenovirus
o-1- "HEEDEPng to claimfl , wherein said adenovirus is
selected fromthe group consisting of hunman adenovirus
02 lineaptignal dpplication Np-  Ad2 P CTARES,0 0/d 94 59Ad35, Ad48, Ad4 9
and 'Ad'—'sﬂ "2_ A recbhbmbi nant adenovirus accordi ng-to
0-3 | ARp[cATt R PO s P referiiise r K111 8HQAQPORD causi ng bacillus is
Mycobact eri um tubercul osis, M/cobacterium afri canum
1 Tha dica@ibnsrip@oleiag tedteitdln bovi s. 4 . A reconbl nant
th @gg&ﬁiwwrﬁ@ﬂ?{ﬂﬁng to any one of clains 1-3, wherein
other biojogical maferial referred 10 in
thSdekdliptitdon:€1 C acl d spquence encodes at | east two
1-1 pagéit i gens sel ected fg@m the group consisting of
1-2 irdNt i gens encoded by|gt he Ag85A, Ag85B, and TBI O 4 open
3 |d£n"f}‘t§‘:iioﬁ&d§£o§ﬁes of—M—tubereulosis—5—A+reconrbinant
131 |NHI SRk Hisu@dee or di n one of £,3i.1% ;1 4., Meengi n
at | east two of sai %Qci%%rs?paeraél é’f?d‘rq'éag%el n'of Cell
1-3-2  |Address of depositary institution Health Protection Agency - Porton Down,
Salisbury, Wiltshire SP4 0JG, United
Kingdom
1-3-3  |Date of deposit 29 February 1996 (29.02.1996)
1-3-4 Accession Number ECACC 96022940
1-5 Designated States for Which ; ;
Indications are Made all designations
FOR RECEIVING OFFICE USE ONLY
0-4 This form was received with the
international application:
(yes or no)
0-4-1 Authorized officer
FOR INTERNATIONAL BUREAU USE ONLY
0-5 This form was received by the
international Bureau on:
0-5-1 Authorized officer




10

15

20

25

30

fromone polyprotein. 6 . A vector according to any
one of clainms 1-5, wherein at |east two of said
W@eibms3s31 are | i nked so as to forma fusion prECEEP20§5/055984
A reconbi nant adenovirus according to claim4 ,
wherein said nucleic acid sgguence encodes all three
anti gens Ag85A, Ag85B and TBIO. 4, cloned in that 5 '
to 3 ' order. 8 . A reconbinant pol ynucl eoti de vector
conprising a nucl eic aci cigeguence encodi ng two or
nore antigens and a protease-recognition site, wherein
said antigens are expressed as a pol yprotein, said
1.PO! ¥PEQLSH HOMP! L Sb NI RARSeCCaRRLL 1 oNSST t @
separating at |east two the two or nore antigens. 9
CompAiBéognbinanlepolq&u@l$ﬁquqnpeuanmmdlagc©wdlng nore
wher e nucl otlde tori
an%lgfageérlntOEai?%% i Ta |d%°d%?§b S'Ve g% novitu§9and
bashianeisn sai d adenovirus is selected fromthe group
consi sting of human adenovirus serotypes Adll, Ad24,
Ad26 Ad34, Ad35, Ad48, Ad49 and Ad50. 10. A
recanmbkbpanbi ROhY NHES €S 1 Hes VR d ideC @odicNg ik01 ¢! @h8Y8in
or 9 , wherein said nucleic acid sequence further
Sﬁé@nﬁﬁ?§é§léu§eaﬁeﬁ%he%ﬁ%%d@ﬁﬁléﬁﬁwﬂ%%&%cwrflshéng of
il @EOTRLABDE B0l ¥OHEL AOL desMECtl ACRRE, b Chabs)
0, wherein said protease upon expreSS|on | S expressed
Add§ padtt Sofnthadpodl yprotein and is linked to at | east
one of said antigens by a protease-recognition site.
12. A reconbi nant pol ynucl eoti de vector according to
3 cIamnré&ommhﬁaﬂtna&@m@hiwuﬁeﬁﬁnbﬂdmh@gmbtb@almineor 2,

to S I D NG, 21
hffggélégigeggnggﬁgﬁgg At H (ﬁ%ﬂ%¥%%9ﬂ95€ré8@orgrng

tubR ry o@ne, OMy@bﬁbB’ﬁeﬂ@urﬂ-Qantﬁ{rﬁJnﬁ &SRB rpetessecbsium

from an Avi an Leukosis Virus (ALV)
bovis.

4, A recombinant adenovirus according to any one of claims
1-3, wherein said nucleic acid sequence encodes at least two
antigens selected from the group consisting of antigens
encoded by the Ag85A, Ag85B, and TB10.4 open reading frames

of M. tuberculosis.

5. A recombinant adenovirus according to any one of claims
1-4, wherein at least two of said antigens are expressed

from one polyprotein.

6. A vector according to any one of claims 1-5, wherein at
least two of said antigens are linked so as to form a fusion

protein.
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14. A reconbi nant pol ynucl eoti de vector according to
any one of clains 8-13, wherein said antigens are from
W@toob®53871 one tubercul osis (TB) -causi ng baci | PAIEEPDB5/055984
A reconbi nant pol ynucl eoti de vector according to claim
14, wherein said TB-causingydacillus is Mycobacterium
t ubercul osis, Mycobacterium afri canum and/ or
Mycobact eri um bovis. 16. A reconbi nant pol ynucl eoti de
7.VeChok-ca6rBE ALAY 48 A6V ANE McHBINPE t& L2aihel eliRerein
sai d nucl eic acid sequence encodes at |east two
sagft ngeAsienaedddspyuehee RyBBNesAgdIB tharg RBEOISnS oPghOA,
Ade@adbng Thapes, Oél%edtﬂ?e{}%{ﬂ a5l §5 ki oéd%?:‘?onb' hant
pol ynucl eoti de vector according to claim 16, wherein
sai d nucl eic acid sequence encodes the antigens Ag85A,

8 AgSiBr%@%mE?hglt4 Olagd fg]rfﬂé]JéE oqu%%%ici%ghd a
‘sequences encod s 4 an i'gens are cl"GR&3°A"Phat 5
nuclie@c3aciar degued8e énd@Timpitwntorpaloprueheatbde and a
vector co risig%%a nucl ei.c acid sequence encodi ng an

Pr&ﬁ??j@ﬁrﬁﬁ 9315 t?Jct%rdijFal’rﬁl,? PRtdgrasSaftgen
ex?}@s%éddageaeﬁabi?yﬁﬂbﬂé/ﬁ,t H & Igkgto el ebapkYsbigathe
irst protease-recognition site. . A reconbi nant

PrgslepRgcresppaet et ot tackeRatiatd o adl diedststvahefefhe two

Ors%bqepgh¥g#gbgotide vector is packaged into a
replication-defective adenovirus .20. A reconbi nant

pol ynucl eoti de according to claim219, wherein said

adenovir I lected fromithe group consisting, of
9Pt SaenBiPTE St SN phEY Gk, SRAR RR%sS orain
8,AddereAd48ai AdgO1 amdc AetSii A lre A dredaimpiaratjed into a

l.ynucl eotii de vector according to any qne of clains ,
relpd 156 L gHaPEl ROEAT T FRICTEY Uit A a8 Farthanenovirus
isC@RPEeC$es ArSRGUEBHCEr BNE AN F ifPIFAR@man adenovirus
serotypes Adll, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50.

10. A recombinant polynucleotide vector according to claim
8 or 9, wherein said nucleic acid sequence further comprises

a sequence encoding a protease.

11. A recombinant polynucleotide vector according to claim
10, wherein said protease upon expression is expressed as
part of the polyprotein and is linked to at least one of

said antigens by a protease-recognition site.

12. A recombinant polynucleotide vector according to claim
11, wherein said protease-recognition site comprises a

sequence according to SEQ ID NO:21 or 22.
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22. A reconbi nant pol ynucl eoti de vector according to

claim2l, wherein said protease is linked to said
w@eibgsas7and/ or to said genetic adjuvant by a BEDBPIHO5/055984

pr ot ease-recognition site. 23. A reconbi nant

pol ynucl eoti de vector accorging to claim 22, wherein

sai d second protease-recognition site conprises a

sequence according to SEQ ID NO 22. 24. A reconbi nant

13QO|ﬁnQ%ESQBEHSDHeﬁéf?n@ﬁiéﬁﬂﬂd&)Jé%t%&yaQ@%rﬁﬁnglEbn§ny
19-23, wherein said first protease-recognition site
ongoppr cdasmg sBgliencehereiot diaid iy osEEsSEDIROL rem. ap5Av Aan

I gant .pehypycl eotide vector according to any one
Le%?%%?%ins %i- 4, &herein said protease is from an

Avi an Leukosis Virus (ALV) . 26. A reconbi nant

pol ynucl eot i de vect or_accor,di to.any aone _qf cl ains
14hg. $orE R LAan L ar e TR P ety elberings e oy
oneTBY ctatimsng-baci Whese 2Y.sA o egorthjem@ntare from at least

pol ynucl eoti de vector according to claim26, wherein
On§a¢§b?§98 8§Fﬁg(E%ET??QE99%]%W%H%éf%erium

t uber cul osi's, Mycobacterium afri canum or Mycobacteri um

bovis. 28. A reconbi nant_ pol ynucl eoti de vector _
1oaccédr drRgUPHNAny Phrbywickiatiife MBcrpr @eepsriangarg claim

142N{}0eR; S s§ehessedaf £ O LG 9P GO fz‘fi)c%%'a% e®% um
antigens encoded by Ag85A, Ag85B, and TBI O. 4 open

tubeadiudgsfisanidgcoba®teriwher Tl GEign 229/ oA Mycobbrhant um

bégﬂsynucleotide vector according to any one of clains
18-°28, wherein said genetic adjuvant conprises a
cholera toxin (CxAl) or a nutant derivative thereof,

sai g nutant .derjvatjve conprising a serine to |ysine
1650 PEGOTBAOSEE o 1 ol T S0 (1o o83 2CAPRESP O3B0 R0y
onUltfi ¥abent §B1¥ACEhELe OMBYiSIiME1aileeeili Baghence
encodes at least two antigens encoded by the Ag85A, Ag85B,

and TB10.4 open reading frames of M. tuberculosis.

17. A recombinant polynucleotide vector according to claim
16, wherein said nucleic acid sequence encodes the antigens
Ag85A, Ag85B and TB10.4, and wherein the nucleic acid

sequences encoding said antigens are cloned in that 5’ to 3’

order.

18. A recombinant polynucleotide vector comprising a
nucleic acid sequence encoding an antigen and a genetic
adjuvant, wherein said antigen and said genetic adjuvant are

linked, preferably by a first protease-recognition site.

19. A recombinant polynucleotide vector according to claim
18, wherein said polynucleotide vector is packaged into a

replication-defective adenovirus.
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adenovirus according to any one of clainms 1-7, or a
reconbi nant pol ynucl eoti de vector according to any one
w@booelosdasms 8- 17, or a recomnbi nant pol ynucl eot i BET/ERIHDH055984
according to any one of clainms 18-29, further
conprising a pharmaceuticaldgy. acceptabl e exci pient,
and optionally an adjuvant. 31. Use of the
Mycobacterium antigen TBIO. 4 as a genetic adjuvant.
32. Use of the Mycobacteriumantigen TBIO 4 in the
preparation of a medicanent for the treatnent or

20pr ophyeagmbinanh pe Sersel ¢9f il d@radrdingmireclaspohle

wh@fre@nNagt 4t géﬁ’éﬁgwﬁif’uge{é aédéleacﬂ! | 9&7 ff tfa%eggeﬁgt ic
conponent of Interest needs to be stinulat .
consisting of human adenovirus serotypes Adll, Ad24, Ad2e6,

Ad34, Ad35, Ad48, Ad49 and AdS0.

21. A recombinant polynucleotide vector according to any
one of claims 18-20, wherein said nucleic acid sequence

further comprises a sequence encoding a protease.

22. A recombinant polynucleotide vector according to claim
21, wherein said protease is linked to said antigen and/or
to said genetic adjuvant by a second protease-recognition

site.

23. A recombinant polynucleotide vector according to claim
22, wherein said second protease-recognition site comprises

a sequence according to SEQ ID NO:22.

24, A recombinant polynucleotide vector according to any
one of claims 19-23, wherein said first protease-recognition

site comprises a sequence according to SEQ ID NO:21.

25. A recombinant polynucleotide vector according to any
one of claims 21-24, wherein said protease is from an Avian

Leukosis Virus (ALV).

26. A recombinant polynucleotide vector according to any
one of claims 18-25, wherein said antigen is from a

tuberculosis (TB)-causing bacillus.
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27. A recombinant polynucleotide vector according to claim
26, wherein said TB-causing bacillus is Mycobacterium
tuberculosis, Mycobacterium africanum or Mycobacterium

bovis.

28. A recombinant polynucleotide vector according to any
one of claims 18-27, wherein said antigen is selected from
the group consisting of antigens encoded by Ag85A, Ag85B,

and TB10.4 open reading frames of M. tuberculosis.

29. A recombinant polynucleotide vector according to any
one of claims 18-28, wherein said genetic adjuvant comprises
a cholera toxin (CtxAl) or a mutant derivative thereof, said
mutant derivative comprising a serine to lysine substitution

at amino acid position 63 (Alkes) .

30. A multivalent TB vaccine comprising a recombinant
adenovirus according to any one of claims 1-7, or a
recombinant polynucleotide wvector according to any one of
claims 8-17, or a recombinant polynucleotide vector
according to any one of claims 18-29, further comprising a
pharmaceutically acceptable excipient, and optionally an

adjuvant.

31. Use of the Mycobacterium antigen TB10.4 as a genetic

adjuvant.

32. Use of the Mycobacterium antigen TB10.4 in the

preparation of a medicament for the treatment or prophylaxis
of a disease in which the immune response of a host towards
a certain antigen or therapeutic component of interest needs

to be stimulated.



