-1- TITLE Multivalent vaccines conprising reconbinant viral vectors FlIELD
OF THE INVENTION 5 The invention relates to the field of reconbi nant DNA
and viral vector vaccines. Specifically, it relates to reconbinant DNA and
viral vectors harbouring nucleic acids encoding nmultiple antigens and/or

adj uvants. 10 BACKGROUND OF THE | NVENTI ON Tubercul osis (TB) has been a ngjor
worl dwi de threat to human health for -8everal thousands of years. TB caused
by Mycobacteriumtuberculosis is an infectious disease of the |ung caused
by infection through exposure to air-borne M 15 tuberculosis bacilli. These
bacilli are extremely infectious andIft®has been estimated that currently
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are susceptible to TB, and evyefp853oair e bl devel op the di sease
exclusively in the lungs, while H V-infected humans may al so devel op
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in geq%ral and due to Cosgﬁbggg5d§56090§§gt%ﬁ%gﬁﬁ%g&rence of -2-

Tuberculosis (TB) has been a major worldwide threat to
human health for several thousands of years. TB caused by
Mycobacterium tuberculosis is an infectious disease of the
lung caused by infection through exposure to air-borne M.

15 tuberculosis bacilli. These bacilli are extremely infectious
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%

20 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

25 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

30 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



mul ti-drug resistance, while it is also not a very effective treatnent in
nost devel opi ng countries. One relatively successful TB vacci ne has been
devel oped: the bacilli Calnmette-Guerin (BCG vaccine was 5 generated in the
early years of the twentieth century, and was first given to individuals in
1921. The BCG vaccine is an attenuated strain of bacteria based on a
Mycobacterium bovis isolate obtainedaf-roma cow It is a relatively safe
vaccine, which is easy and rather cheaply produced. In the 10 year 2000,
BCG vacci nati on covered 86% of the world popul ati on. However, the vaccine
appears tomlbbtirr@truextreeheta,nceef fwec';tlievétftﬁr addasvl nopué nverey e frBc&ntde many

regi ons |ntréiaet\4ne(_zj QPR mggynéé\;eel%pgkgl j:o Jery high rates of TB, despite

t he BCG vaccine progra mat 6d that 15 BCG vacci ne prevents
only 5% of aII Oxmmhetpvel/;ermmalessfdbarmsrdgplﬁB baubeemn, 2000). Due to

t he rather te at.e in_general _and due to the
specific pr%\f ﬁ%ﬁ ?Q'he spec f‘%m%ﬁF uer n geg? %Cna &g§*s TB, nore

effortss vveqenea&tmdt ihnthdeaiavyelyeprend £ Olfheﬂ&:»l,enl‘diﬁ)ééh bdiél’&dir)y,a[apbll cabl e,

vacci nes agai nst TB, .based on at her ste nd_kno acquired in other
fields suc ""Satsfsj\}:aS cOREER o afidind uaf%eJrn rﬁf%zg'pi EEF %ﬁ?e 90€ dfseases and
H 'V (revi exn byt téhgtaadstvé itg,0f2882 er 25 daddaebant ap@dsmﬂmumere taken to

devel op new TB vacci nes from subunit, vacci es a vaccines to
o0 1§ o HROHCEELRE SRTaA TR BT eOVES - St GS! BoChb WAL FRPEI - based

vacci nes wea@:g@)emtieﬂ iensddy agdt bgtﬁélanﬁfe%lyofarwuéab.emultﬁ&l s antigens
to anti resenti n%EceI |s 30 thr ougy%lgene del ivery vehi cl es such as

Modi f i Mm99 0, ARKGr MR L0BCE thPO%pFi EAEi ¥R fef ecti ve adenovirus

vectors. populatlon. However, the vaccine appears to be not extremely
effective for adult pulmonary TB and many regions in
developing countries still have very high rates of TB,
despite the BCG-vaccine programs. It has been estimated that

15 BCG vaccine prevents only 5% of all vaccine-preventable
deaths by TB (Kaufmann, 2000).

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

20 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).

25 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

30 through gene delivery vehicles such as Modified Vaccinia
Ankara (MVA) vectors and replication-defective adenovirus

vectors.



-3- Naked DNA 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 Mycobacterium tuberculosis in either reconbinant or purified
formfor 5 their application in vaccines: WO 95/01441, WO 95/14713, WD

96/ 37219, US 6,599,510, WD 98/31388, WD 98/44119, WD 99/04005, WD 99/ 24577,
WO 00/ 21983, WO 01/04151, WO 01/792743-WD 2004/ 006952, US 2002/ 0150592. The
use of fusion proteins conprising different TB anti gens has al so been 10
suggested: See WD 98/44119, EP 0972045 and EP 1449922 di scl osi ng the use
of a fusion pol Jpkpd iRV FECREBAS EPLEBt By PRPTSoeeVERRTided| b ‘g‘éf erred to
as Ag85B onghner8bB(saNtd188Nkr BRSPILH alhetBEsemany QAdpicsefforts in
generating a 15 vaccine against tubercul osis that ensures both a strong

cel lul ar, &descrépg Mmorsel ofedbpBaseuafntdioengsfrom Myrohagdeiragmhi gh
protection.r ; Lhe. i it vall : E DESCRI PTI ON OF
THE DRAW N&%E%F‘ég‘?%ﬂf%@%%g% 9prA%§A%I%&gl5n ot %caﬁ% Sﬁlr%‘pzf;ﬁkiﬁgf

pAdApt 36Bs rhEBr LappH qarien3invapcof ngsxd Mot ISBOU4TB. I I5/dd7d34: Whhp of

o SSEoucTn e 2Ty aukt sy P S AR oy TR o 0Ure © Vb o
PAdApt 35Bs99TB4605, FIQ % 295 7NapWof 0 pAIABE35BOUOTBIYMI30 Wai gure 10. Veéstern
oo WD 1 hadBe il oenpapvsbencls Med NiheR, A AR speLle 0 et o8
proteins comprising different TB antigens has also been
10 suggested: See WO 98/44119, EP 0972045 and EP 1449922,
disclosing the use of a fusion polypeptide between ESAT-6
and MPT59 (MPT59 is also referred to as Ag85B or the 85B
antigen).
Despite all these and other efforts in generating a
15 wvaccine 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.

20 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

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

30 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



-4- antigens with the nyc-tag (A) and wthout the nyc-tag (B). (C simlar
to (B), with nolecular weight markers. See for notation Table |I. Figure 11.
Experinmental design of inmunization protocol 5 using 7 different adenoviral
vectors (DNA) harbouring different sets of nucleic acids encoding

tubercul osis antigens. Figure 12. Percentages of antigen-specific

spl enocytes that stain positive for -i4nterferon-gamma production (1 FNy+)
upon 10 stinmulation with no peptide (A: CD4+ cells, B: CD8+ cells). Figure
13. Percentages of antigen-specific splenocytes that stain positive for

i nt er f er onamgaigespwadbcthemyd-ERg+)XAupard veittihoutathemye-ttag (Boel of

pepti des relevant..for th g85A. antige A . + cells X + cells). 15
Figure 14. ?(Jff)ersclénnltlgéegoo&Qnt%ld:gnpg%%%???% wfﬁ%o%?f%%r%hgeecsg?jﬁi n positive
for interfestatiganmabpeoducti on (I FNy+) upon stimulation with a pool of
pepti des re] evant .for, the Ag85B _antigen (A CD4+ cells, B: + cells).

i bure. 15 FBat i ag BEPOr I EAde ASEHEE 11 CMOBROABESTRSITRAOT20 st ai

pos: ti ;/53 fmnigwt?erdtitﬂfeﬁe@a][a&rmﬁodumtir@cmtc(ﬂsFNm)x) upa&Frbowtiingul ialti on with a
pool of peptides relevant_for the TB1Q.4 antigen (A + cells, B: CDB+
cells). Fig’(ﬁ TEEL E5EF VP BT S3Er BEN %g%%cot‘i]rm%DE‘%}g%ﬁ‘H“ + spl enocyt es
that stai napigdnisve in ICN, in sera obtained 25 frommce injected with the
triple inserts TB-L (A) and TB- S (B).. Figure 17. Dose response effect

usi ng di f fE}BHe ddsegebfemtimoes CEnpriLIsRy sPerdEie BPRIFETSodPRE Ag85A,

TR10.4 (£)° tDh PEabbrae Toud 0 ARLA T CReiet) meielh (B (o7
CD8 retponseimdwarids wyBbHBanigepttide (A: CD4+ cells, B: CD8+ cells).

Figure 13. Percentages of antigen-specific splenocytes that

stain positive for interferon-gamma production (IFNy+) upon
stimulation with a pool of peptides relevant for the Ag85A
antigen (A: CD4+ cells, B: CD8+ cells).

15 Figure 14. Percentages of antigen-specific splenocytes that
stain positive for interferon-gamma production (IFNYy+) 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

20 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

25 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

30 TB10.4 (E). CD8 response towards Ag85A (B), Ag85B (D) and
TB10.4 (F). (G): CD8 response towards Ag85B with the



-5- adjusted peptide pool (see exanple 6): left graph, upon TB-L infection;
ri ght graph, upon TB-S infection. Figure 18. CD4 and CD8 responses after
primng with BCG and boosting with different Ad-TB vectors. CD4 response
towards 5 Ag85A (A), Ag85B (C) and TB10.4 (E). CD8 response towards Ag85A
(B), Ag85B (D) and TB10.4 (F). Figure 19. Nucl eotide sequence of TB-LM
Figure 20. Nucl eotide sequence of TB-SM Figure 21. Nucl eotide sequence of
TB-FLM 10 Figure 22. Amino acid sequence of TB-LM Figure 23. Amino acid
sequence of TB-SM Figure 24. Amino acid se uence of TB-FLM Fi gure 25. Ag85A
sti mul at i oAd) RSEeBESRIiCRePRASS T8 KodEPLeeRper 1 9ENtITAPM HPPBNERTler m

read- out. yggggtp@,p.elmgg@ laphe ep-lsOWRFePRl ; CDB response. Ad35.E =
enpty Ad35 virus. gure 36 A 85B stimulation in a BCG gri me/ Ad35- TB boost

experi ment F\?\/Btlhealffor?dl‘lt énh €E&drmon%|§péuftﬁanerlm€m witasBefsand | ower
panel : b68§9§6‘%%1ﬁ9%§f'%ereﬁ€p&d’—T‘ﬁd%@.ctggsV'élb'@ ré:\ﬁ%'ﬁrs@ 2walBl0. 4

stinmulation In CG prinme/ Ad35- TB boost experi nent long-term
read-oub. BpgBeR (anelkg80BA (C) eapd B0 J4WE) - pehR| reTRB SeeSpyASEs Ad35. E =

enpty Ad35, u 2 | ON The present invention rel ates
to reconbi na ﬁtsav?%)a'l %??g(':}%?g Ql:pr e#ﬁrdaglv;%y}epl i cation defective

adenovi rus&sguner®d. phueflecahby segwarenait TRub¥n adenovi rus serotypes Adl |,
30 Ad24, Ag. LDd34, NA%%%OtAgéSSe ?P %(% %591,4 wherein the viral vectors

conprlse ﬁgPerg$ogous nucl el sequence
Figure 2 Nucleotide sequence of TB-FLM

10 Figure 22. Amino acid sequence of TB-LM
Figure 23. Amino acid sequence of TB-SM
Figure 24. Amino acid sequence of TB-FLM
Figure 25. Ag85A stimulation in a BCG prime/Ad35-TB boost
experiment with a long-term read-out. Upper panel: CD4

15 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

20 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.

25

SUMMARY OF THE INVENTION
The present invention relates to recombinant viral

vectors, preferably replication defective adenoviruses, more
preferably recombinant human adenovirus serotypes Adll,

30 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



encodi ng for (fusion) polypeptides of at |east two antigens -6- from one or
nore tubercul osis causing bacilli. The encoded antigens nmay be directly
linked, i.e. form ng one single polypeptide. In one preferred enbodi nent,
the antigens are present in a precursor polyprotein, in the sense that they
5 are connected via a |linker sequence recogni zed by a specific protease
that is co-expressed. The heterol ogoug-nucleic acid may conprise the gene
encodi ng the protease. The fusion proteins with the direct |inkages elicit
desired i mMmune responses due to the antigens present in the fusion product,
10 wher easftdre queooei mere opprdiulgstihecausmitrapndbacdilli &s Bre ergdogladed i nto

separate discrete tigen formns, ea contrihuting to the desired i mmune
response. ﬁé&f %ﬂgtgg eg?sdliﬁégi rgﬁﬁge?irﬁdﬁj ?%rgﬁgga% ?gﬁiﬂgﬁgy a protease
recogni ti opel wdpt idecofni el drnefarced| ellaodiprentteasbe Botigeet awps provi de 15

addi tional_or even synergistic effects in canpatison to  .vacgcination or
ther apy | PV ' 81 DEERUASE KPATRERERTHat SBRprTRES OHIAF 48¥ngl o
t r ansgesn- eaco®ddngedhicl. vMre 1igkeer ablyenddadcoyantedrbwls Gpeelidies to viral

vectors conprising.a heterol ogous nucl ei c acid sequence encodi ng .20
Ml tiple aRTOGERE LBk oF P IRFbPaEBas el dEtero L epeaT A 1Sk 8609 ¢ s to

be under staog ddiplrisdCbha@nddrgeracoBynecdd Photaavedervariliypnof sources
including, but not limted to, infectious agents such as viruses, bacteria

and par asi PEREeIngnYi5Rethe i BeClot dPhaPeD SHicd LadpatTe MRS nvent i on not

25 1imtedrdspAtesgans £6otRd uhRhigEheShiededusiindthacthdion Preduan}i gens from
Tuber cul osi s mycobacterium serve as non- |imting exanples of how such

mul ti vl entheAqed thecPBPte R GOMeS 18+ R8I detfePACER2EAAS HEWE AfSon entry into
the host geldved N@t8NEeSLNS AR seeR8E alMdigedNdothsy &déh able to 30

contribute to the immne response.

contributing to the desired immune response. The protease is
preferably linked to the antigens by a protease recognition-
site recognized by a cellular protease. Both set-ups provide

15 additional or even synergistic effects in comparison to
vaccination or therapy in which viral vectors are used that
comprise only a single transgen-encoding unit. More
generally, the invention also relates to viral vectors
comprising a heterologous nucleic acid sequence encoding

20 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

25 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

30 contribute to the immune response.

The invention also relates to the use of genetic

adjuvants that are co-expressed from the viral vector. These



The invention also relates to the use of genetic adjuvants that are
co-expressed fromthe viral vector. These -7- adjuvants are encoded by a
nucleic acid, which is part of the heterol ogous nucleic acid sequence
introduced into the viral vector genone. The adjuvant is expressed together
with the specific antigen(s) and is thereby able to stimulate the 5 inmune
response towards the antigen(s). CearlFy, the sequence encoding the

adj uvant may be linked directly to the sequence encoding the antigen(s),

but is preferably separated fromthe sequence encodlng the one or nore

anti gen(s) A%y UWRABLF| AR erSOGGENLE ettt tRéddpr BREE el S Paréc8Eni tion site.

In the | attgg 9é§8r01$§b&§ﬂdﬁ%§@5c'§c1&”§%ﬁﬂ@hcbnlhﬁﬁoﬁﬁﬁgdfﬁﬂ%%r%58|y fromthe
antigen(s) and is able to provide its imune-stinulatory effects along with

the anti geVigp! YSCDETAIEDERESERI £310ORThe SprERERSS¢hVEIRSTHRTr BBl es to
mul tival ent\wagoLRes: c RIS (19 Qn&efé)r@ie'}%%% Mbié"te/escél%la%e%ﬁée”ed

viral vector 1S a reconbi nant Adenovi rus vect or. r econmbl nant
adenovi Pal iweuner respored rfpwegdshehe naetitderr s20 @bﬁ%ﬁlexihﬁ het er ol ogous

nuol ef o acilaeAuenseesnaalnd ahiutAstndBIhihRLsns, ANIGeRs, Tbe

antigens may ina 7single ypepti-de ese determriants may be
ei t her ant isgpeuencér ensadima thbaenem@rh(sa)ndbplara&Pref@a}:ﬂcygens or host

antigens, §£3Qr%%egbyéoﬂ"§ gh&gg?éo égg oggt$9qp or 25 tumor

anti gens. erred enp ens are " from t uber cul 0si s
(TB) - cau5|rumthgenkh) byt ﬂnakerabéquénannenwbdmbgctME|pnnueubercul05|s M

af ri canym or ViS or fr C nation thereof antlgens may be
the full’| eﬁ‘?‘é:toﬁnlﬁé??v%ltper ‘ot & ﬁge ﬁgﬁ% F1 CFG 5ﬁ§‘ B%?% Hh t'ife antigen and a
30 host pr qireisenar ini tied imsta skpagaealy dirdm ageeahsigére(ofandl is

able to provide its immune-stimulatory effects along with

the antigen(s).

15 DETATLED DESCRIPTION
The present 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

20 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

25 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

30 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



an antigen that originates fromthe pathogen, or other nutants that stil
elicit a desired i mmune response. Genes -8- encoding TB anti gens that may
typically be used in the viral vectors of the present invention include,
but are not limted to: Ag85A (MPT44), Ag85B (MPT59), Ag85C (MPT45), TB10.4
(CFP7), ESAT-6, CFP7TA, CFP7B, CFPBA, CFP8B, CFP9, CFP10, 5 CFP10A, CFP11,
CFP16, CFP17, CFP19, CFP19A, CFP19B, -@P20, CFP21, CFP22, CFP22A, CFP23,
CFP23A, CFP23B, CFP25, CFP25A, CFP26 (MPT51) CFP27, CFP28, CFP29, CFP30A,
CFP30B, CWp32, CFP50, MPT63, MrC28, LHP, MPB59, MPB64, MPT64, TB15, TB1S,
TB21, TB33endiB8g TBSaAntipBh2. BhatTBRY. 6ypT84UL8 beTBEOC, iTBHeAvit8l TB17, TB24,
TB27B, TB13A,, IB64, TB11B, TB16, TB16A, TB TB32A, _TB51, .TBl14, . TB27,
HBHA, G OEY%% *SEST (VB %Fﬁfﬂﬁl?”‘(/%]tlﬁﬁl ﬁﬁ%&e'ugug, 26%, 5 115 %% 641, 814,
WD 99/ 040080: \W985A0/(RHDBE,, WGBSB/ AMPTBB), ameba hePaAGs) gerrlodidscl osed in WO

o001 31368, [ T000F S1EB0S iy (2T DRI EF Pl S RRoBir NG TiPT0074. WO
2004/ 006952 P A, 9CFOPUL2&EFPIB, OFF108428p1 90 GH1bAGA6FPVB 98FPE646, WO
98/ 53075, WO 98/532%22¥M£%%3/42076, VO 9/421%% WO 99/51748. WO 00/39301

VO 00/ 551943 61F 057 B%B2 G PO o EF PP B 46HE2 Cé’f%é’éegs, VO

01/ 98460, MAR2/B98860,cri@7, 08FEYH18Ep2YS G2, 96Pr34K; @wd38, 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, RS %, MTE688 MTG38, cLiB7 MEERS, AMPRGbn WPieA on®thallBlRhay be of

particul arrptse ape3} hpsss dirgsh psesh X .6 ¢Beo fé,r 84858} i 1R degr @BMsA such as
Ag85A- Ag85B- TB10. 4 and conbi nations thereof), but also known fusions such
as ESAY 6-TRIT59 TRAA, THES9- EBAIR6 THOde| GBER (TBWOY 9B UAP1FB3Rd i n t he above-

ref erencedrginouments, =0 4Onepapprigagh) GesEAPRINGERY (WYl 44 M194aNtiw@ens may be
oy 98/44119, US 6,596,281, US 6,641,814, WO 99/04005, WO
00/21983, WO 99/24577), and the antigens disclosed in WO
92/14823, WO 95/14713, WO 96/37219, US 5,955,077, US
1 6,599,510, WO 98/31388, US 2002/0150592, WO 01/04151, WO
01/70991, WO 01/79274, WO 2004/006952, WO 97/09428, WO
97/09429, WO 98/16645, WO 98/16646, WO 98/53075, 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
20 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
25 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.

30 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



having two or nore separate expression cassettes present in a single
vector, each cassette conprising a separate gene of -9- interest. This
approach clearly has di sadvantages, for instance related to space
availability in the vector: separate cassettes generally conprise separate
pronoters and/or inducers and separate pol yadenyl ati on signal 5 sequences.
Such cassettes typically require separfite positions in the viral vector,
resulting in nore | aborious cloning procedures, whereas a phenonenon known
as pronoter interference’ or _squelching' (limted availability of

cel lul ar fadt6rssSkeqthiteFARFOPRE ptodbteres disedyanesoad fé€trict the

expressi on jv¢ehsef FOMtdie td bacenhvdf MhSRS. inABhEXRIMIdA:I ed by the
reconbi nant viral vectors disclosed herein relating to fusions between
nul tipl e THCPAFELGeRBSSYUHES JOREHAADY CAWPTHSICe SPRRBAEF RAAMOAGERoVi r al

Vect ors COnpd/SirNgngeVeF flaniiGbphcatli gis1 LReOY1HY: BR' §idlan 15 one anti gen,
which viral vector elicits a strong i mrune reésponse, ereas the use of

si ngl e dnse@mearpe: tSHGhiqas@etErpebYRI Cay lgarefuirfesePakati®or s encode
reconbi nant, QqReLLE 5 &hi Rﬁ%al“@%&@o?%@ﬁﬁﬁ?tﬁ%@ ?H0m§¥efﬂgﬂéfighbgens in a
e In the formof a

single cistronic nRNA, for exanp usion protein. 20 This
approach caridpéngf peetedurashe whBKeay az dheamenonhknown rag \raomoterare bei ng

used to inv i Nty ta,.Lhe pa e nt | .ge wever, such
f usi on prof%ﬁ%g¥ﬁgghé%aggyaéﬁ¥fggﬁé%§drg@%@%%% %H%Eiéghgg?'a ways be
envi si oned cdigfudprehéactoms nequiasdf bunichd atometielsf tisi arts) maght skew 25

| munodgyri nant, patteg s, and o ot ol yeys, inygke i gruni Ly Lo, gLl tar get

. Iiehs tromo%ers. e
anti gens wi equal “potency, er eas a second and pérhaps nore srgnificant

oravback, Lo SXEASESh gl PGB8y G MELAR byt Dol pai choal comporent

disclosed herein relating to fusions between multiple TB
antigens, one is now able to make recombinant adenoviral
vectors comprising several nucleic acids encoding more than

15 one antigen, which viral vector elicits a strong immune
response, whereas the use of single inserts elicit limited
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.

20 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

25 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

30 fusion partner or other reasons. As a result of this,

genetic fusions may invoke antibody responses to nonsense



30 fusion partner or other reasons. As a result of this, genetic fusions
may i nvoke anti body responses to nonsense 10 epitopes and such anti bodies
do not recognize native epitopes displayed by the founder pathogens and may
be poor at conbating infection. The inventors of the present invention have
now 5 devel oped a systemwherein nultiple antigens are encoded by a single
het er ol ogous nucl ei ¢ acid sequence, whkrein the expressed polyproteinis
processed into the discrete antigenic polypeptides. Thus, in one

enbodi ment, the present invention relates to viral vectors that enable the
10 expr essépitaresmandi pheh aAntipedieshde rote regbgaguemativepr ocessed into the

di screte i : el h ihle linmt .C}Qsﬁ_ saciated with
genetic fﬁ%o%gfé%mrd?}éélgg?%gi%)%g ug?ﬁggﬁﬁﬁéggle%r%%par a’?% g’)%%?essi on

cassett es. at Homagfiogeinfecttie@mosi ti ons or net hods have been described 15
t hat enabl e precise processing of viral vector-expressed genetic fusions

into discrete diei demsntdihe afxphespresen inventiphehave ingehs encoded by
nucl ei ¢; acyds. ¢ risgg{ A OF Vi fal, veetor, which antige are
1 h h d
subsequent[{iy S ﬁ%ér!(;&egse slér}ft'gv discrete am |egeans ?’s Qefionst rat Sg gg t he use 20
of a prot easeind@e) hesachlapushaueiledt grict sxgeesnepdetet®in Ahean Leucosi s
Vi rus (ALVéx rref er Eiedoio as PR- ALV Qecr:gé%\% N . ébv, iAsLVr-eI?CR forms the
C-t er mi nal Homdi ST %oP ot h2 og%egmprlgt B RS f RPs "RAIS TS Eat al yse the
pr ocessi ngamiiggad capdl gagptpiales .praasy S Hned eabbtiigeht Sttehe guesagt ALV
replication (revi ewed %5 by Skal ka. 1989). _A_uniqu H¥-PR
di r ect ed- errb‘gzeé'gEioﬁgrg% %?n%aé’l(’f? at 8utor Atﬁlgltyﬁpﬁl?i‘?# *ont ai ni ng ALV- PR and
gi ven ant | @egrsedsd oney presseiblly abhfgetis WiHaal areckabsSequehtMyi ch ALV- PR
preferably forns the N-term nus of a ojefrotein follgmed ?y
processed into the discrete a tlglns thus avoiding the
possible limitations associated with genetic fusions, while
also excluding the need for separate expression cassettes.
Heretofore, no compositions or methods have been described
15 that enable precise processing of viral vector-expressed
genetic fusions into discrete antigens. The expression of
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
20 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

25 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
30 antigen sequences that are linked with ALV-PR digestion

sites. Two different cleavage sites are preferably used in



30 antigen sequences that are linked with ALV-PR digestion sites. Two
different cleavage sites are preferably used in - |i the system One

cl eavage site ( GSSGPWPAPEPPAVSLAMIVEHRDRPLV; SEQ ID NGO 22) is to rel ease
ALV- PR and the other cleavage site (PPSKSKKGGAAAVSSAI QPLVVMAVWNRERDGQTG SEQ
ID NO 21) is recognized by ALV-PR and used to separate the other encoded 5
antigens in discrete polypeptides. Alt¥rnatively, the PR and its cl eavage
sites may be encoded by or based on other retroviruses such as Human

| munodeficiency Virus (HVY), nmurine |leukaem a virus, Siman

| mmunodef | GHEnEYS VT LLNSVEERAHE FOLEe it CORER EEAv IR RARFEY o o
preferred grgodbmeniz2)f hes itdvesl é9fe MiETROSAE tREOHHHLIAR civhge Vectors
conprising nucleic acid sequences encodi ng mél tip e rom

| e anti gens
Mycobact er iStie « EBFRH MSRALRRE MR F@htsmcﬂéil‘%” ¢ di€equences

are separ atRdohhoregash AR BYdSERIENCE SepREatE NEhd NV cheoREQL ease
recoginition site. Inthis the discrete TB antigens are produced as a

pol ypr oPei Rr&AgesabsR fliefreFepPatEReRM desuch that they are cleaved into

di screte antigeghger ROl KRARLT €8S, pRALK G rchgatfsgg $ 0 ddhGayTBUNE response.
It is to be understood that the ALV protease sysiemis not 'to 20 be limted

to the use e@coRBdshbecey iRasest Pgepthen rrtiroyArusRe| $ech ias thi@aart wil |

appreci at e {uiGnBasEL Ol dddy AL |hify) SYakaReN3sukoin PRI 8ifik, anti gens,
different fromor In corfbination wth TB antigens, and its applicability in
ot her t herlapeoviefsetenayyisush (38Vyearal Romsafyraerk t\Umws .25 vacci nati on.
Preferably, the viral vector conprising the multiple antigen-encoding
sequencl®s separ Atedrdinprigt @apeeferesd jembmdimgdenovihe alnweadtion. The viral

vector may &4 BEY1 FlomPAAhCLErhf SEldro BLERS: L6 LAl PeN L ki yector al so

refers
sequences encoding multiple antigens from Mycobacterium

tuberculosis, wherein the different nucleic acid sequences
are separated from each other by sequences encoding the ALV
16 protease recoginition site. In this the discrete TB antigens
are produced as a polyprotein and subsequently processed
such that they are cleaved into discrete antigenic
polypeptides, each contributing to the immune response. It
is to be understood that the ALV protease system is not to
20 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

25 vaccination.

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

30 to the nucleic acid encoding the viral particle. The

adenoviral vector is preferably a recombinant vector based



30 to the nucleic acid encoding the viral particle. The adenoviral vector
is preferably a reconbi nant vector based 12 on, or derived from an
adenovirus species or serotype that encounters neutralizing activity in a

| ow percentage of the target population. Such adenoviruses are al so
sonetines referred to as "rare' adenoviruses as they generally do not 5
regularly circulate within the human-pbpul ation. Preferred serotypes are
therefore AdlI I, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50. As used
herein, "antigen" neans a protein or fragnment thereof, which when expressed
in an aninett, AT Kemamedef roror anlgdengsimus speapabl er ofexativpgerthag an | mune
response. EXaipliess H%’c‘f’&ﬁﬂ%f%&t%’{t& i 24 o0 e¥éér?néna{#§ %tfeltPg’ bacteri al
proteins, parasite proterns I nes eroki nes [ oregulatory
agents, anterdedr @p@uﬂatlalgerﬁmsh FHenanitupas ayeyabeo asanidtdmeppe protein, a

truncat ed I-é’{ %dt Eﬁags p‘P%Pé “ad%?o%?l#eaé e oL g‘b%n% tl '3 g’lﬁ _Or - any

ot her varia ein case cap ntri ing to
i mmune 5resggutariyupmncekmMgssmmmnlnhekhnmaﬂ mabu@attmm&u?ﬂuﬁﬂmrEd be

1261 1 oLkt QBB SLOR N ILEERLIREAE, S SpL1Y e

di rect fusadt® eind was5anti gens as used herein does not refer to two
antigenic parts of a single wld type protein as it occurs in nature. For
the sake of clrar ubgd Ivm"int,v\baatﬂgege'nineapara profteansongimgniend type

tei h t t | |y .di tl.y Link d thin 25 th t
B e i nkea WTT nBreh APl SRR RGE HaPerh TUMEN SROPTMLGGHLRE ALY

pr ot eas® Siiﬁ,ueaisdtmdfbefm@erlﬁgcbn fmginen reSptdd. @ikatbeepr esent
i nvention., p Ereherred enbodi nents, the present .inv t|on relates to

di fferent Ut (R ITG attt t8’a¥f¥ BFPLEARE, HAFTELREr directly

proteins, parasite proteins, cytokines, chemokines,
immunoregulatory agents, and therapeutic agents. The antigen
may be a wild type protein, a truncated form of that protein,
15 a mutated form of that protein or any other variant of that
protein, in each case capable of contributing to immune
responses 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
20 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
25 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
30 1linked or that are linked through one or more protease sites.

In a more preferred embodiment, the gene encoding the



30 linked or that are linked through one or nore protease sites. 1In a nore
preferred enbodi nent, the gene encoding the 13 protease is linked to the
protein(s) of interest, even nore preferably through yet another protease
site. The different antigens are not necessarily fromone pathogenic

speci es. Conmbinations of different antigens from 5 nultiple species,
wherein the different antigens are enc@ded by nucleic acid sequences wthin
a single vector are also enconpassed by the present invention. A "host
antigen" means a rpt%yn or, part thereof é?at IS resent in the recipient
ani mal cel PT8FeRFssife  18keH g%fjﬁhProiﬁlﬁ ) O PERCRY &VEBITOT%r protein,
an i nmunor ggdFat a1y agedlighOyetd dndehapepitdteargeBite The antigen may be
encoded by a codon-optim zed, synthetic gene and may be constructed using

conventional regedi frrenbDNdhtiRidiedare lhoAndBeBEhONEE, fidte cadgt i gen that is
expressed by the reconbinant_viral vyvector_ caonprising the ALV_protease
system caR2bBOIRR ToPECHRR -  TRIIPINE taRDTF R TG aRy NG EFRS Bt erial, or

parasitisC RALBOFESH dHdQbs) Owdrddy itRE @Mt forentNhAti §PRireabhedaed , or
replication in their animal host. 20 These pat hogens can be infectious in
hunans, doR@sPPeledfi Raid SBAuGRIas HAthdr hodingleTHRCRT &repatfdgens, from

which the Wnbahpadd DS tRE Cpré&drtVetvendride, but are not limted to:
Ot honyxoviruses, such as influenza virus; Retroviruses, such as RSV,

HTLV-1, 25 and KTepsdd anBehRReViddines pH&te a5 FEBYarOMhHeJteERgs £4 Ml ex
virus; Lentiviruses, such as H V-1 and_H V-2; Rhabdoviruses, such as rabies
virus; Pi c®REPNE uSe$heseRiRkHolNGRRE uge1]l PEX i FidRs SUSlicRASasPW¥acci ni a

Virus; 4ot gkl ¥sni @ tofaRVEY] FHSES pratsth 2% AIRREAASSARIALEY Vi ruses (AAV).

agent, or a therapeutic agent.

The antigen may be encoded by a codon-optimized,
synthetic gene and may be constructed using conventional

recombinant DNA methods.

15 As mentioned, the antigen that is expressed by 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.

20 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,

25 and HTLV-II, 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).



-14- Exanples of viral antigens can be found in the group including but not
limted to the Human | mmunodeficiency Virus (HV) antigens Rev, Pol, Nef,
Gag, Env, Tat, mutant derivatives of Tat, such as Tat-A31-45, T- and B-cell
5 epitopes of gpl20, chineric derivatives of HV-1 Env and gpl20, such as a
fusi on between gpl20 and CD4, a truncated or nodified H V-1 Env, such as
gpl40 or derivatives of H V-1 Env anddor gpld0. Ot her exanples are the
hepatitis B surface antigen, rotavirus antigens, such as VP4 and VP7,
influenza 10 virus antigens such as henmaggl utinin, neuram ni dase, or

nucl eopr ot ei n, FxgaPhes pel Wirgpl axtigansgs Cantbﬁgeﬁﬁmgluéh ke gqneymi di ne ki nase.

Exanpl es of, 86 Bht H?&é“qgﬁ%edf{oo@h\é/“h&xﬁaﬁ h1‘?mnu 8GL &I d@ln 3Ntk gens may be

derived, include but are not lTmted to, gacterlum pp. ,
Hel i cobact éﬁll\byla@tllge&lﬁﬁmell’bhr NBL,, G8hi g%rlnha Tslpp muEantcoi f, Rickettsia

spp., Listeria_spp., ionella pn n 5|c p., Pseudononas
spp., Vi br‘%%rlsﬁ‘ﬁlegﬁn%%%%r FFﬁhb%rgjc‘}&r fséf gs of*protective antigens
of bacterléfblwehomr@plzm bﬂ@h@ﬂﬂ: Tdé&lﬁ@ﬁﬁiésc o&nﬁl[GeI]%rﬁzf a@@t er ot oxi geni ¢
E. coli, such as the CFA/1 finbrial antlgen and the nontoxic B-subunit of

the heat-|%®i4% £YgRAS Fefad e Pefvessr gel4d 130d FBAt (R STancageRyPht e

cycl ase- hefgdsied AfvB =H€7t Y88h Sas ﬁ@@n@f\tde@&@xti@és?lruts HIQXh NESF
Clostridi umtetanl OspA of 25 BorelTia bur dorferi, protective

par acr yst a¥4/ee- §Eiﬂ%cé1the§yé¥afﬁl?3<ﬁselaﬁ§ Bhe ReFRELESP B pruskaseki i and

Ri ckettsi aandigall, . rbb&v A3t ght O, N shidhS&s kiManasvet] Anrandnz&l y') and/or
t he superoxi de di snutase (al so now as "SOD' and "p60") of Listeria

monocylbgehedis greagenpfsudhl pe oA UBONPYA greurankpidase ,r €€ept or - bi ndi ng
domai n of \ehhah -bexim, AadhetpdhesipbeChi M aRtigens Afudiag! | us anthrax.

thymidine kinase.

Examples of bacterial pathogens, from which the
bacterial antigens may be derived, include but are not
16 1limited to, Mycobacterium spp., Helicobacter pylori,
Salmonella spp., Shigella spp., E. coli, Rickettsia spp.,
Listeria spp., Legionella pneumoniae, Fansicella spp.,

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

Examples of protective antigens of bacterial pathogens

20 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

25 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

30 pylori, and the receptor-binding domain of lethal toxin

and/or the protective antigen of Bacillus anthrax.



15 The parasitic pathogens, fromwhich the parasitic antigens are
derived, include but are not limted to: Plasnodium spp. such as Pl asnodi um
fal ci parum Trypanosone spp. such as Trypanosone cruzi, Gardia spp. such 5
as Gardia intestinalis, Boophilus spp., Babesia spp. such as Babesia

m croti, Entanpbeba spp. such as Entanpoeba histolytica, Eineria spp. such as
Ei meria maxi ma, Leishmania spp., Schitosonme spp., Brugia spp., Fascida
spp., Dirofilaria spp., Wichereria spp., and Onchocerea spp. 10 Exanpl es of
protective antigens of parasitic pathogens .include the circunsporozoite
(CS) or Liver StagePERSEH PP/ San F%H@{C%Appeaﬂﬂraﬁ%&-@ of Pl asnodi um
spp. such astiybRseardf Rribedgeiridiuae Put falCinpar Uimi ¥4 ivyyunogeni ¢ mutants
thereof; the nerozoite surface antigen of Plasnodium spp., 15 the gal actose
speci fi c | PR ERMPRNDEBE" A Sty IPERUT (IS IPEF UTei shmani a spp., gp46 of

Lei shmani a @ggh@s&ﬁé appOSkicPfas ﬁrﬁﬁhﬁoé’@ﬁ@)@mz& hecidiDsespposphal e
i somerase of Schi stosoma mansoni, the secreted [ obi n-1ike protein of
Tri chos®r 0§y Fligrdedigbestordd S, BO9ePHELtatIRPone B&Pes HhsIP@r aSBChfasr asci ol a

20 hepati Caapgchh ShASYFR, DENESnAML Sppl AR G4MenaBfloditdd of  Schi stosomm
bovis and S. japonicum As nentioned earlier, the reconbinant viral vectors

conpri si ng Mgépréyeicni ddmenéddiary sHeh Ry Bimexlig- pakina prleichganidy encode
host antig . WBLE N AR mRes38Y &l yLaL 25 QtkehD, s nor egul at ory agent,
or therapeuttc’ agent, or pgl?éls' therggof ,pltgh'at amay %esﬁéx'p'r essed in the

reci pi ent dylrofilanid wong Buthemsrila gpped drgl Oombecereardppl.ant ati on, and
aut oi mune antigens, or fragnents and derivatives of tunor,

t ranspli@nt at i onExampllerutodi pnokectaine gehsgemerafoParTalsic inatdogene present

o S e VB 3Rl SIGAR ! B ox igRSPLeRe il mne

(LSA) antigens LSA-1 and LSA-3 of Plasmodium spp. such as
those of P. bergerii or P. falciparum, or immunogenic mutants
thereof; the merozoite surface antigen of Plasmodium spp.,

15 the galactose specific lectin of Entamoceba histolytica, gp63
of Leishmania spp., gp46 of Leishmania major, paramyosin of
Brugia malayi, the triose-phosphate isomerase of Schistosoma
mansoni, the secreted globin-like protein of Trichostrongylus
colubriformis, the glutathione-S-transferase of Frasciola

20 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

25 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

30 the present invention, viral vectors may encode tumor,

transplant, or autoimmune antigens, or parts or derivatives



_16_ thereof. Alternatively, the viral vectors may encode synthetic genes
(nmade as descri bed above), which encode tunor-specific, transplant, or
aut oi nmune antigens or parts thereof. Exanples of such antigens include,
but are not 5 limted to, prostate specific antigen, MJCl, gpl OO HERZ2,

TAG 72, CEA, MAGE-1, tyrosinase, CD3, and |AS beta chain. dearly, the ALV
protease site technol ogy as disclosediherein is also applicable for gene

t herapy applications by introducing nultiple polypeptides in a single

pol yprotein and 10 having the pol yprotein processed into discrete

pol ypept i dekerepfhoshitematdedlnf thHeeydrall veptery diaycereede pol ypeptides. As
a means 1 OgfidiSE 600ANCEHaHEC,L HBNAGRBLCIA !, Wiy Wddlaevect or s,
expression cassetted are constructed thaf encode at [east one antigen and
an adj uvantumeméreahfbe (gedspbanto iorcrebstwhust anbipors ey Perthe anti gen

expressed Py, 5a)zd Ex%rgp?llesv%%t Qhén a%%ﬁggﬁgj WaNs apg: haleif.al so referred to

as genetic adjuvan as genes enco he protéins that act as adjuvant.
A pref & r etliniged sorap sifatehepericticasetagen t MICLL i g1y piEBRease sites as

descri bed t av, 20 ant.i gen ¢ ved f t he adjuyant after
transl ati of#?_\egl't ﬁ}cg)ggr{ﬁ}érglgérg%?ons%%ﬁSGi @g%’t santdhégg]d? ét}?/aanctq’larlrﬁy al so be

directly linked,,to_the gntigen._ The particul ar, adjuvant encqded . by the viral
vectors may bceé:léegﬁé%t et rAgﬁq %r%ec?e ev&r"?%t%/eco nogl(e)ﬁgt?sc %(ﬁcﬁ\cl)gﬁ s. Ina 25
preferred lesdecch ienalsd leppadravbntfars gehe #thesuaipyneppbfcatdloakseba t oxi n (Gt XA,

exanpl es: lGenB%nlé.accesli.o no. XOOJf:Eré.Ea Ar|121757.08 D301053 D300a52, or
funct i onal YPHCECARE/ B Jfgﬁc??]o?aelp Ent? oV P VRS YRIEFESE 3 &ich as the
Al domeo n hafirghehd sebyrictedh giocesCenAlntderiBarktacsssgpepniaes 30 K02679) .
hternal V%ﬁ#?&?%ﬁﬁ%ﬁé%lhaﬁgé Tl 3188 (G BRE oS ypdpesham !y of
As a means to further enhance the immunogenicity of the
viral vectors, expression cassettes are constructed that
encode at least one antigen and an adjuvant, and can be used
15 to increase host responses to the antigen expressed by said
viral vectors. Such adjuvants are herein also referred to as
‘genetic adjuvants’ as genes encode the proteins that act as
adjuvant. A preferred use is made of the protease and the
linking protease sites as described above to have the
20 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
25 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.
30 K02679). Alternatively, any bacterial toxin that is a member

of the family of bacterial adenosine diphosphate-



17 ribosylating exotoxins may be used. Non-limting exanples are the A
subunit of heat-labile toxin (EItA) of enterotoxigenic E. coif, and the
pertussis toxin S1 subunit. Qher exanples are the adenyl ate

cycl ase- henol ysins such as 5 the cyaA genes of Bordetella pertussis, B.
bronchi septica or B. parapertussis. Alternatively, the particul ar ADP-

ri bosyltransferase toxin may be any detivative of the A subunit of cholera
toxin (i.e. CtxA), or parts thereof (i.e. the Al donmain of the A subunit of
CGx (i.e. GxA), fromany 1Q classical Viprio cholerae strain (e.g. strain
395) or El FPOOSYWATERG| RI@XI@sgmak by ypesoaipns Mlm%wfﬂ%aéced ADP-
ribosyl transferasencabmnit @radkhy-iypbld dtial NELBR) structural integrity,
i ncluding but not restricted tq replacenent of arginine-7 with |ysine
(R7K), seri&eAPtRrisens dhefptldr aAPR et ISPENUSELFNERH Wt BUPY8ihe (S61K),

serine-63 oMl byghpred S8 )theV bRt D W aB88PAEMS Ly AGId sLYR3ES
valine-97 with lysine (V97K) or tyrosine-104 with |lysine (Y104K), or

conbi natd oride K¥RAOIeNe] Pér Rarfcesdla PrEtupRtYi &ul RFOREIPLSAEESF| PF ansf er ase

toxin Ny e @a¥afleriysdis/enPOofacahgr achO¥etbatal Udpe asserbl e, but are
nontoxic profeins due to nutations in"the catalytic-site, or adjacent to
t he cat al ytiikosyl brarsffyasei vexin mychenarurfieriyasivadet e Bonventi onal

si te- di rectggl Myt agenasiis A 6AYr 65 e, a8t MES YA Bade Delipye 25 (4 ne anot her

enmbodi nent, the ADP-ribosyltransierase toxin s any derivative of the A
subuni t of thea@ll dpmdien todxiche X subNnisf o€ntter otiowi. gebkkl )es dhremi ehy a col i

iESO' at ¢ fr&@s@'igﬁbe@ 1t %%QSP%& sliragﬁi E‘e.é.%ltggkﬁ.g% t 1ok, rgsiricted to

. coif strain 407 that di splay reduced A ri bosyltransterase

catal yti c ditichiolgrbeat (er.gt.abhraire 21205) uthat alispieggredysed @dPudi ng but not

restricted éf%o§§§transferase catalytic activity but retain the
structural integrity, including but not restricted to
replacement of arginine-7 with lysine (R7K), serine-41 with

15 phenylalanine (S41F) serine-61 with lysine (S61K), serine-63
with lysine (S63K)}, valine-53 with aspartic acid (V53D),
valine-97 with lysine (V97K) or tyrosine-104 with lysine
(Y104K), or combinations thereof. Alternatively, the
particular ADP-ribosyltransferase toxin may be any derivative

20 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.

25 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-

30 ribosyltransferase catalytic activity but retain the

structural integrity, including but not restricted to R7K,



18  S41F, S61K, S63K, V53D, V97K or Y104K, or conbinations thereof.
Alternatively, the particular ADP- ribosyltransferase toxin may be any fully
assenbl ed derivative of cholera toxin that is nontoxic due to 5 nutations
in, or adjacent to, the catalytic site. Such nutants are made by
conventional site-directed nutagenesis procedures, as described bel ow

Al t hough ADP-ri bosyl ating toxins are-pbtent adjuvants, the adjuvant encoded
by the viral vectors in the present 10 invention nay al so be any bi oactive
protein fromviral, bacterial or protozoan organi sns, inmmunoregul atory DNA,
doubl e st r&hbid SRK, 0f 6 3HmIMSIDAhVBI K 0vy YIWEK herefombifaliiodd to as si RNA).

The partic i 036LLYE 18 NG i S8Leckgsl from but not restricted to
the foll ovvl{:lllrllég;fec({qjassexs:!:a 1%9%:%;?3' f é‘?‘?’n s C aés o? adj uvant s i nduce apoptosis
by i nhi bi ribapRtganaféemsste souih @EPdseany nfilpint iasseobl®o has been clearly
associ at ed yy.4 - i { sk §. neluct i apoptosis is

usef ul net%%!dlg{égtlgrgi J\J/g %slteg%dgéxﬁp%?glgl !Lgersl(f)%)nseg:I ang ggpotent nmet hod for

t he i nductmetratofor20 i€TLer ddjascestr abegyhdramtadytbeenievalumthed i n any

experinmental systemthus far. The active domain _of SopE is contained in

ani no aci drgu%ytﬂ@rgnﬂa;&? %%Icfnrvgagll%réasfaﬂ 6d15;8305%%em 985 8ssi on. The
catal yti c poseadurefs, EascadscrGdled beilswl i kely to possess simlar properties.
25 Cass 2. Bacterial porins have been shown to possess i mune- nodul ating

activity. Theselthdughhull-cibosplatimer toxpnotaienpotéot ragorvemtshat al | ow
Pasea0e ot Bt Gy nds B0 VAR RS BRI o5, PO
Class 80 Dotdreishr asyged sdNBe (asyRMApaatt ve apeseiastraeltisal,i ncl udi ng
dendritic gggéé%ia§xg£6§¥g€%gogg g¥5£g§§ﬁsshf%munoregulatory DNA,

double stranded RNA or small inhibitory RNA (herein referred

to as siRNA). The particular bioactive protein can be

selected from but not restricted to the following classes:

15 Class 1. This class of adjuvants induce apoptosis by
inhibiting Rho, a host small GTPase. 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

20 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.

25 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.

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

including dendritic cells. Expression of an mRNA that



_1g_ encodes an inverted repeat spaced by an intro or ribozyme wll result
in the expression of dS5RNA. C ass 4. The peptide notive [ WF] xx[ QD] xx[ WYF]
is knowmn to induce CDid-restricted NK T cell responses (Kronenberg and 5
Gapi n, 2002). Expression of a peptide with this notif fused to a T4 fibritin
coiled-coiled motif will produce trineric peptide that will cross-link TCRs
on CDId-restricted T cells, thereby @€tivated innate host responses. d ass
5. siRNA can be used to target host nRNA nol ecules 10 that suppress imune
responses (e.g. Kkir regul ate i mune responses, (e.g. B7.2) or prevent
Ehedie S b B

Cross pres drf «’s"‘.nd.e of PRI QP AFLIS PIRNAR 1P 98 G4BBZ¥FBY vacci nes
that targetil1Cosésumd atrOryeNBkpEsd £5%n S¥CAsaRACDB0 and CD86. Inhibition 15
of these nplecules will prevent co-stinulation thereby resulting in T cell

anergy. SuFpRfihglThe RSPEilde| Be i xxil @D g [ihdeh ifo iA@Yt Hat anti gens

from TB- caysiilige basidlrdestseRed@snit e cEBI0rdspBh S €1 (KREnBREgOghy act as an
antigen in itself, but even 20 act as an adjuvant towards otﬁer TB anti gens,

for i nsPanE@Pipg8si02) n Expaesaten vierde PEPELRR| Wl tihddrits Wesifr &4l ( Ag85A-

Ag85B- TB10+4) 5i £4 W SURN 8k N8hYed Ol rohak {181 BB RRANGL t@fimedBRL0. 4 in this
construct stinulated the i mune response towards Ag85A, whereas the absence

of TBI10.4 PepeifedhaRyigiingroastlitk tTokar 63 CBd-xqfiterictpded (see exanple 4
and figur %}gli‘@) -t}%é’&?etgpla%‘ﬁ‘%tgéf atdf h-5§11_0ré1s;¥¥%§sécsu” her investigated
at TB10. 4 e

and it was found t 10.4 1 ndeed sti nul at ed activation of CD8 cells
di rect ed agarast 5 AgBSNAncan bpresehttd raggeti pbet otist megdecuhler eas an

I nfectign Wih 30,58 %.ﬁ.u ECLOLS . faGh @ngoding, the, el%%reaft%ﬁm%éi gens did
not result I'n su%ﬁ e?%nu a%‘l on, é?ronglgl §ugges%| ng ﬁ"nat t he

responses (e.g. B7.2) or prevent cross presentation (e.g.

Rho) .

Class 6. siRNA’s can be used for vaccines that target

costimulatory molecules, such as CD80 and CD86. Inhibition

15 of these molecules will prevent co-stimulation thereby

resulting in T cell anergy.

Surprisingly, as disclosed herein, 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

20 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

25 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

30 separate vectors each encoding the separate antigens did not

result in such stimulation, strongly suggesting that the



-20- TB10.4 antigen should be present, either in the sane vector, or
present within the sanme transl ated product. The present invention al so
relates to viral vectors 5 that encode at | east one antigen and a cytokine
fused by a protease recognition site. Such vectors are used to increase
host responses to the passenger antigen(s) expressed by said viral vectors.
Exanpl es of cytokines encoded by the-&+al vectors are interleukin-4
(rL-4), 1L-5 1L-6, IL-10, IL 10 12p40, IL-12p70, TGFI 3, and TNFa.

Reconbi nant DNA and RNA procedures for the introduction of functional

expr essi onTRldsdepntigen yenddabe presgntuestidher &npHis sagfe ¥gpEessi ng an

i nmunor egul a et v dh kaLwati e |18 40 hegsyes are known in the art.
15 Fbrein%gcgﬁ%%gﬁgion% an&ﬁﬁﬁthogstéﬁgﬁéggbngég ?%r the construction of
viral vectors that express nore than one antigen froma TB-causing

baci |l us, pref ‘%fh%%ﬁ%@r%%%ﬁ‘a%ﬁ” 14berGulasi 5, M. Af rd&g?%%‘. and/or M

bovis. Preferably, viral vector is a replication- ective
reconbifnanthatacdecoderat lescttooneCaet ydrengidvel gyysokihedused ggnaral |y

appl i ed adenqvi_rus_ser ot 5%. The esttenggeof

. -protease o] n%@%%ani gengggﬁlg%é% géda e used Hq INCEe
anti - Ad5 |nﬁhn|ty RaSCPEER ShdwiTt o suppres§ stbstamy a y the

i Nmunogenilxdty rekpAdSe basedheapassesgem a2t igends pSexprassee agdsah@sus

k . Early data f hase-1 _clinical trial t hat, t hi bl
250 bocurv iR HARERES - CHEMGI B of iy BT P8 M RE%E, PRuMBL Pe. exi ot ence. of

pr e- exi st ivgtoBusté yirterledkvhedal 9. qaevirods) yri+d,eattedo, 30.wi t h t he nost
common human adenoviruses (such as Ad5), involves the devel opnent of
r econblhantZevecddrd2fpomGEPy and TNFa.

Recombinant DNA and RNA procedures for the introduction
of functional expression cassettes to generate viral vectors
capable of expressing an immunoregulatory agent in
eukaryotic cells or tissues are known in the art.

15

Herein, compositions 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

20 wviral 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 Ad5-based vaccines in

25 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
30 with the most common human adenoviruses (such as AdS5),

involves the development of recombinant vectors from



adenovirus serotypes that do not encounter such pre-existing immnities.
Human adenoviral vectors that were identified to be particularly useful are
based on serotypes 11, 26, 34, 35, 48, 49, and 50 as was shown in WO

00/ 70071, WO 02/40665 5 and WD 2004/ 037294 (see al so Vogels et al. 2003).

O hers have found that al so adenovirus 24 (Ad24) is of particular interest
as it is shown to be a rare serotype (3\® 2004/083418). In a preferred
enbodi ment said viral vector is thus an adenovirus derived froma serotype

selected fromthe 10 rou consj sti Adl | Ad24, Ad26, Ad34, Ad35,
s AU SRR RESD. S Ee b o o B GuP EEY T AR e tenon] r uses

as vacci ne iv@ghot Sed | e$u@hﬂaéh¥n¢ﬁﬁé’1€ vieagbrst fiedt MeNS daheinoédregul arly
infected with these wild ty adenoviruses. As a consequence, neutralizing

ant i bodi es 5 Sgﬁ?ﬁ"slcc%lr‘?e‘&éf §é?5f‘§7p%%e iRa9egs S pFRTATERRS il -t K& hafan

popul ation 3at L8l 989, TARHS 50S akNwEONEK AT homeoow@@ﬁ,, wdhecauseshunans are
quite regul ar | éﬁl nfected wwth this wild type serot The i nmune responses

rai sed Guria®g HR 20043754 ViseR alprréaeds &bl alty 3s?er StPpEscan

negativel y n2Qel FRged ¢ @hlbcaayndfi tdie Jueqaabhnand sden@viikysaser otype
when used as a subsequent reconbi nant vaccine vector, such as a vaccine

agai nst mali@tegerh ahikh i&dShovnr tedke & éfarépSPF@HYth@VOspr ead of the
different agenoysshssSeraf o §e5€ rrécﬁ"‘%ﬂﬂ&ﬁﬂleﬂ@rE?Ndﬁr%qp%é%ﬁ?nlg' ffers

from one geographic 25 area e ot her. Ceneral the preferred serotypes
encount er &huswaneaderdyiziusg dsa;wedt@rqnn shesrotipe rm%]teqct&dt ¢ropf thére worl d,

A Ot 1410l V0, 00/ JOGEL. oo NaBRP! 8520 PELE! T 81 £TDAMgTo Lyt he adenovi s

is asinma nine or bovi ne adenovi'rus, &ince these 'vi rusés al so do not
30 encount é&d4fr endxAd}0 nFhenadruanyage qmeth(llsutrah?chum afo hmweoh t he

reconbi nant, ‘é;no%r@eé % {&%‘%’%gkg&@%&% 1108 c3BRH Ga 1oy £8Le S M an

adenovi r usés
that humans are not regularly infected with these wild type

adenoviruses. As a consequence, neutralizing antibodies

15 against these serotypes is less prevalent in the human
population at large. This is in contrast to serotype 5,
because humans are quite regularly infected with this wild
type serotype. The immune responses raised during an
infection with a parental wild-type serotype can negatively

20 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

25 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

30 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



-22- therapy or vaccines is well appreciated by those of ordinary skill in
the art. Besides this, canine and bovine adenoviruses were found to infect
human cells in vitro and are therefore also applicable for hunman use.
Particularly 5 preferred sim an adenoviruses are those isolated from

chi npanzee. Exanples that are suitable include C68 (also known as Pan 9; US
6,083,716) and Pan 5, 6 and 7 (WO 032046124); See al so WD 03/000851. Thus,
choi ce of the reconbi nant vector is influenced by 10 those that encounter
neutralizing activity in a low percentage of the human popul ation in need
of the vaERSTRRY OF. VIpelingl dift d§és dPPrdRdatedsbrt thoseml @Fdapary

”U|t"f0|dskfFFQHPEH%n£r¥'ﬁﬂéﬁ%gsSHﬁDsa E{gggnghaag5VLﬂgenOV|ruses can be

produced to very hi titers using 15 ce that are consi dered safe, and
t hat can gﬁmqmrugaspm dreung ter ynfegth hrolonesllasimyitedi andt hat does

not - cont ag, iy, ARLUB! 2105 JTARAGPL T 0 HEAIRONEN! Sea Ali30n alrh i s known

t hat reconbi nant a enOV|rus el1cit a dramatic I nmune responge agai nst the
pr ot ei rb erpooied rieg tshmdrretaeiemloagmuseeoamd:lh@se asptasmtjueooe in the

adenovi r al ﬁ%ﬁﬁéﬂieeThﬁ¥é”V%ﬂ}% & aré . %ﬁ%nt %PH&%“&#ﬁ‘ rﬁgllzed that a
ro

vacci ne conpr|5|ng mu e antgens voul provi nger and broader
i nmune regpunseaBOWandS,ﬂhEEEB86an$6hgnub&emlBusG afbd €bv@o, despite the fact

that a sin en_25 ouI b i nduce protection in inbred strains
of mce, @coc ?é?r LB %8 ééé@@ Yntigens is conceivably a better
vacci ne for aphueat cbasce rofhitienseasmb indnt essor|ikeinfluenselif ey from VHC

rel at ed unrespon eness in a hetero eneous opul atio 30 However, froma
pract igo g‘iapvﬂ SRFOVHE ﬁ‘@“ﬁ?}sfe‘? P, E‘)Va%:’élangloc‘,”onsi sting of

mul tiple Qﬁ&ﬁﬂdﬂﬂ&bé of the human population in need of the

vaccination. The advantages of the present invention are
multi-fold. Recombinant viruses, such as recombinant
adenoviruses, can be produced to very high titers using

15 cells that are considered safe, and that can grow in
suspension to very high volumes, using medium that does not
contain any animal- or human derived components. Also, it is
known that recombinant adenoviruses elicit a dramatic immune
response against the protein encoded by the heterologous

20 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

25 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.

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

would be very expensive to manufacture and formulate. In



woul d be very expensive to manufacture and fornulate. In _23_  addition to
sinplifying the manufacturing process, a single construct may ensure

equi val ent uptake of the conponents by antigen presenting cells and in
turn, generate an immune response that is broadly specific. 5 In one
particul ar aspect of the invention the replication-defective reconbinant
viral vector conprises a nucleic acid®equence coding for an antigenic
determ nant wherein said heterol ogous nucleic acid sequence is codon-

optim zed foy, .elevated expression_jn a | , .preferably a 1Q human.

Codon- opt | AEHELGH FE RRPENEDT GBI A FLRS PERTP Vo S1PS1Ehe gener al
opti mal codwhstsage way tdisumeghiveiehthtigese afdthRe bt sappect s t hat
shoul d be avoided to ensure proper expression. Such aspects may be splice

donor or - fOGEPEBr PERSRREITG §51E6dBRE, 1oniirdirt 88Nt (Z) BUOEr et ches, GG

and AT-riche HaBCeRat | 18 Ayrdald1 JASPebPXBS, etcetera. Methods of codon
optim zation for mammalian hosts are well known to the skilled person and

can be found i nInsePerRArpiAdEs PAPRGF hiltde BPERBEICTithG ature. In a

preferred emadicaeNbn-dddtivRN-EeBmk BhAl e i@ 18vedlof EinfBlse@Ngdef ecti ve
reconbi nant adenoviral vector according to the invention, wherein the

adeni ne pl U8'aligyfi Aeid cAUance Fodand Hekt eroled§edsnhtclieier™Er8t as conpared

to the cytasiA&nPkysq IWWUNA JgBRsCRhe1d & |£3% 5BBNAI: s Righbacabl y | ess
than 80% nore preferably |ess than 59% and 25 nost preferably equal to

appr oxi mat elprimuedTher rlaiadedorxpresetwntimannagdehobreferaddyons
har bor i fg rﬁﬂﬂ§h°|EHﬁoﬂﬁéﬁﬁﬁdﬁid@gbh'ggoﬂggéd‘&%h%hérEegﬁEE%ﬁ3QMiﬁﬁl'y i nvol ves
agi hg ce ine, a an

the use of a pack apter construct cosmds and
del eti on ofactd lceasent, ftretdepeakl30ppimal gfodome uEhge e drhef mammahe

adenOVIral(%?qgﬁgrgggeaﬁﬁsg)number of aspects that should be avoided

to ensure proper expression. Such aspects may be splice
donor or —-acceptor sites, stop codons, Chi-sites, poly(A)

15 stretches, GC- and AT-rich sequences, internal TATA boxes,
etcetera. Methods of codon 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

20 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

25 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

30 part of the El region from the adenoviral genome (see also

below for packaging systems and preferred cell lines).



bel ow for packagi ng systens and preferred cell lines). _24. The vaccines of
the present invention are typically held in pharmaceutically acceptable
carriers or excipients. Pharmaceutically acceptable carriers or excipients
are well known in the art and used extensively in a wide range of 5

t herapeutic products. Preferably, carriers are applied that work well in
vacci nes. Mire preferably, the vacci ngs further conprise an adjuvant.

Adj uvants are known in the art to further increase the i mmune response to
an applied antigenic determinant. 10 The invention also relates to the use
of a kit accor engaﬁélﬁﬁ%<ﬂh¢éﬁtPéﬁs¢¢Ft#ﬂ¥ePﬁéPap@{ﬁ|§YPHﬂ@ééﬁylactlc or

di agnost i cydyeaieRbrfhodficHIey SEOBNAAN Mi-3bry o5 W iGATRELSI Ng TB

ant i gens of t he pr esent 1 nventron my be used I n vaccination setti ngs in
15 whi ch tPrarmaceuappel byl dqrepsrbl aataoriesis lerBeR-imirntsr@yreavsdlbe appli ed

as a primpg,a06Rt AL 2-DAOM LRB4AGLANs i JASPERT b Vel de RLGGRALRY OF fol | owi ng

ag g@ﬂb
a BCG vaccination to 1 ncrease tﬁe eS|re§ i'nmune respons it can al so be
envi si dnedthdrapeditfitepreductis.alPreéerabky asadirserssare renpdiied20hate used in

pri me- boost, SELURS, a%%cﬁﬂ'le ne é?% Ste trath9),! Qiﬂ‘%vaé’c 3RQ! gL ndpr eover,

vectors conpri sing I'i n |gens e conbined as such with
vectors compiisiengnt MJtpraotteaaijvamts mﬁeedtnawnl gmntshe Iarritmtoboost settings

usi ng one quﬂIV|&%srserot e,as a prif ggjtZS anot gge as a boost
(sel ected Yomthé Sr%?erre AUHER, % Rﬁ an, caff n%P% OVI ﬁenoviruses)

are al so dstdrmioned. The viral vectors acpordlng to the invention nay also
be usegd in co nation mnthé¥§CC|n S coqg;% s purified (reconbinantly

productl) anti géffs 1ARE7 broidlif036° VAT PFsPhd fdiked DNA or RNA

encodi ng sadddralingr tbhehe invention in the therapeutlc, prophylactic
or diagnostic treatment of TB.
The recombinant viral vectors comprising TB antigens of
the present invention may be used in vaccination settings in
15 which they are applied in combination with BCG. They may
also be applied as a priming agent or a boosting agent,
respectively preceding or following a BCG vaccination to
increase the desired immune responses. It can also be
envisioned that different viral vectors as disclosed herein
20 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
25 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
30 vaccines comprising naked DNA or RNA encoding similar or the

same antigens.



sane antigens. _25  Thus, the invention relates to a reconbi nant
replication-defective adenovirus conprising a nucleic acid sequence
encoding two or nore antigens fromat |east one tuberculosis (TB)-causing
bacillus. It is to be understood 5 that a pol ypepti de may conpri se severa
antigenic parts or antigenic fragnents (= antigens). Also, a protein itself
may be considered as being an “antigef¥-. Preferably, said reconbinant
adenovirus is a human or a siman adenovirus. Mre preferably, the
adenovirus used_as a reconbingnt vector 10 in the present invention is

|

sel ected from t heUgr ddIF CSREFLLT N G uiin 2ab8RgW M Sser ot ypes Adi |

Ad24, Ad26,repAtiddtiMdnrodddfe AddowindisAd2Rpribend Br Galdsieng bacd!l | us used
for providing the preferred antigen(s is preferably Mycobacterium
t uber cul 0siS§IURPED LRI IGMESPr P dﬁhﬂ%éﬁﬁﬁHPHESfNWEdHéGF@FFuHPﬁovis, and

sai d two OruBBLEussd i Hen)akauspPhefsiallnsselect 8dcd aminierge 8@ consi sting
of antigens_ encoded by the Ag85A, Ag85B, ESAT-6, f72 and TB10.4 open

readi ng>f r &8¢ BfPRMYRRRIEFICUMBYi SOMBPLSe IFieyRIS L pret kFe ¢ PérbSdPReNt, said

nucl ei ¢ aci @ +368HEECEr LRePEeS (At ahe $Hwo a2Qcank i gensiseliesked fapm the
gr oup consﬁétiﬁg of antigens (en%odgﬁgb; t he 2985A, AgéSB} and TB10.4 open

readi ng fr&fesonpidared @sebedngsey. ‘A lgeréveRTABP AN S2idd enbodi nent,

the adenovidosnBesQhdi MR ikle 1 Vet G2TRM L $RBaR adtielehGsaci d sequence
encoding the full length proteins 25 Ag85A, Ag85B and TB10.4, wherein it is

even nore Pogkeprefieratiat, tthesadeneeerysy giseidnssa ererrddedniyvecher! ei ¢ acid
CONPri S§ipNng ;3 $HAUSPACEAL (YRLGR; bhe: &RGOg! JRpPect i ve proteins
are cloned int a? §§ to order %%ﬁ%%f—%gSgg@gg%gsfﬁ. ?0 The invention
rel at es to cansésbiy rahthuamdenedenogirus serotypes Adll, Ad24, Ad26,
Ad34, Ad35, Ad48, Ad49 and Ad50. The TB-causing bacillus
used for providing the preferred antigen(s) is preferably
Mycobacterium tuberculosis, Mycobacterium africanum and/or
15 Mycobacterium bovis, and said two or more antigens are
preferably selected from the group consisting of antigens
encoded by the Ag85A, Ag85B, ESAT-6, £72 and TB10.4 open
reading frames of M. tuberculosis. In a highly preferred
embodiment, said nucleic acid sequence encodes at least two
20 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
25 AgB85A, 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) .
30 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



according to the invention, wherein at |least two of said antigens are
expressed fromone polyprotein. In one -26- preferred enbodi nent at | east
two of said antigens are |linked so as to forma fusion protein. The |inkage
may be direct or via a connecting |inker of at |east one amno acid. Were
a linker is used to connect two separate 5 antigens and thus to provide a
fusion protein of two or nore antige®& according to the invention,
preferably one or nore |Ilinkers according to SEQ ID NO 23 is used. The
invention also relates to a nultivalent TB vaccine conprising a reconbi nant
adenovi r usPrrfssrgidngmbedinrnti@ti Aeesti v of gaidcenblgrnt 436l ynucl eot i de

vector accordidig oot gsthe HaMPNl kg of Ut ers CORRET BLI & RiAgr BCEut cal |y

accept abl e excipient, and optionally an adjuvant. Many ~ pharnmaceutically
accept abl edxmqmlognvsaaandcmq@\tangslamleer lofowt leasheons tamin® The i nvention

furthernorg. gl %F%%tg # A|thad Bta-edv@&céd?ﬁmteic@gt@og?é(}l'ﬂ deor the prevention

or treatnent of conprising admnistering to s mammal a reconbi nant
adenOV|&LuﬁntigﬂMSthudIEMNS'ﬁ@ vaovide @erEMOQCDMDtﬂémtof[ﬁﬂoyDMCMQoeide vect or

according g { 'Je%s' BXSQ%&PA{:% ton £2g 1§?%€§1 %gf/ n%@@réﬁi@? B! }?.?%es to a

met hod of Vacd nat on orY tTeat e of TB,
conpr|5|ngliﬂkerssheperdﬁnguhu ﬁEQtéDlM@ Za)rsamdedannal a reconbi nant

adenovi r us, | ti,val ent TB_vacci a rec ol ynucl eot i de
oo oy ai el sYPRaE ol Bnspoatlgead s o RREFDVE RN BOIEREeyES
adm ni st er¢ongprticingi d fﬁﬂﬁﬁﬁlnantredemﬁnﬂunﬁ aadendyngLﬁn thenul tival ent TB

[ nmbi t I, I d t di the i ti
2aa DbstITETABE RALT o R AAHE Rt G heh Pl Rt GO PERBDI nant

adenovi r usto ahaulinvegat o, THrtheei 86mpoisidg a pharmaceutically
acceptable excipient, and optionally an adjuvant. Many
pharmaceutically acceptable recipients and adjuvants are
known in the art.

15 The invention furthermore relates to a method of
vaccinating a mammal for the prevention or treatment of TB,
comprising administering to said mammal a recombinant
adenovirus, a multivalent TB vaccine or a recombinant
polynucleotide vector according to the invention. In one

20 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

25 priming vaccination; and administering to said mammal a
recombinant adenovirus, a multivalent TB vaccine, or a
recombinant polynucleotide vector according to the invention
as a boosting vaccination. The invention also relates to a
recombinant adenovirus, a multivalent TB vaccine, or a

30 recombinant polynucleotide vector according to the
invention, either one for use as a medicament, preferably in

the prophylactic-, therapeutic- or diagnostic treatment of



30 reconbi nant pol ynucl eoti de vector according to the invention, either one
for use as a nedicanent, preferably in the prophylactic-, therapeutic- or

di agnostic treatnment of _27- tuberculosis. The invention also relates to the
use of a reconbinant adenovirus, a nultivalent TB vaccine, or a

reconmbi nant pol ynucl eoti de vector according to the invention in the
preparation of a medicanent for the pr8phylactic-, or 5 therapeutic
treatment of tuberculosis. In one particular aspect, the invention rel ates

to a reconbinant. polynuygl eqtide _vectar conprisin nucl ei c .acid sequence
encodi ng t\%g“'bSFCHﬁS%l%hﬂiﬁ’geer’fgvﬁﬂﬁl%n p?%oﬁoeggggt%cg%?l’?lﬁ dtSsi°fed wherein said
anti gens arecexpigssethdshoritldspohypiniigialensaird patyiet @irnaconpri sing the
pr ot ease recoggition site sggaratin at least two of the two or nore

anti gens. PEEPEPABRYC RUYPUSIEPRUDF TG R PEEPEAIPE TP e d PVBRAIOM 4 naked

RNA-, a pl asmitde, pép@ratiictl ofeat Rédiddneht Foef ehé eshspiipdicteat, said viral
vector i s packaged into a 15 replication-defective human or sim an
adenovi Pus.therapPeutdc Leati@etsPotheERULRSSral vector nmay be seen as two

kinds of entitigseond heaMilcahaPNAsgOSOditHe LRGeNEIYS FRYRE Weed as  a
nucl eic acid vector, while the virus (conprising the viral vector DNA) may
al so be usé@CPHPLPARSIRALIWNEIRAELER cVRRET SPTRPOLFHRBretudlsis R6EE cel |

through i nfRetbABe 0fnSSith @%b 68 hore HiMSgeRs ¥R QTprHRaused herein refers
to a means for transferring a gene or nultiple genes of interest to a host.

This may b&egelnéyéen b3itdir berephnetridmntdgenieaDpexRgEsedpRasai d, or the
viral cl g [ ctar, t 25 ;a6hi iaf ecting host
Yo %o‘ilygggg%}!ﬁ, Hig E&yﬁ?%ﬂrﬁoﬁcﬁ@ﬁg ﬂg LRy &0k e s g

cells with'a I nant Vi n acts as the vector). As
exenpl i fi edeleogaiihion s yis seraugtbeg Bsedaasti tmandfetmmwe or( fioreexanpl e

mce), whergagehle PNGFdIB ), NSLARCS T Phd1RotQHE PLot e PR ke
DNA-, a naked RNA-, a plasmid-, or a viral vector. In a
preferred embodiment, said viral vector is packaged into a
15 replication-defective human or simian adenovirus. It is to
be understood that a viral vector may be seen as two kinds
of entities: the viral DNA encoding the virus may be used as
a nucleic acid vector, while the virus (comprising the viral
vector DNA) may also be used to transfer the nucleic acid of
20 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 viral nucleic acid vector, but may also be
25 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
30 wviral 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 vaccines based on



plasm d carrying the gene(s) of interest and a part of the 30 viral DNA) may
al so be directly injected in the manmal for imuni zing said mammal .

Vacci nes based on naked DNA, or RNA, or plasmds are known in the art,

wher eas vacci nes based on Y8 reconbinant viruses are al so known. For
clarity issues, all entities that deliver a gene or nore genes of interest
to a host cell are regarded as a "ve#t-or'. In one preferred enbodi nent the
nucleic acid present in 5 said vector conprises a sequence encoding a
protease, wherein it is preferred that said protease upon expression is
expressed EBCWRiNast YHEUSRHA WICoRLFR MR -s FPrnREJT Ity dissuegastlbne of said
anti gens by, qQt @ASE- SECOAUH bi §Bns1 4L morRALEREY! GF | thi¥:eher £6d,
protease-recognition sites conprise a 10 sequence according to SEQ ID NO 21
or 22. Morkogir ¢fddr ade i regardedcamb ndrectsal ynucl eoti de vector according to
the invention, ej i.d e .S .fro i I : Vi rus
(ALV). In a prgp\ggrﬁédbges%%c%d Ie egg%ﬂﬁ%tzr?shet ﬁ‘é’?ﬂ%ira% %dﬁ%ﬁggh?ofj{h a

pr ot easke rsxigyneriton sonprizes fAr sageendeagicodsngne pudieasel,-osi s (TB) - causi ng
baci | | us, in.said JIB- i i i e I cterium

t uber cul os%g%regk}yégbggt%%fue%%g r?gaﬁﬁ%léin§%8lrta %o‘%}g%?%rx?bﬁrﬁug%ggﬁs. The two
or nore anis gepseasedpasfmaEbloy tké godlgprotenmt aed giroupnkednspsatng of

anti gens ecoded by the, Agasa, AQaSh FoAT:6. 20, and. T510..4 gpen I eading
frames of ubrcll 037 Ahersi i %al & et éfol 090 nucleic aci d sequence
encodes nuedrtiguébel abpye frdedaptot edsaridcggns t Seh ecitets fcoopribe gr oup

consi s} i ng of antigens encoded \g85A, Ag85 and _TB10..4.open reading
Franeolf e s, SEPaEFs Bertiold WS SFelPod e KSRy AL Bt 1 des
accor di ng 4 acddeabi Axebtpaliynushebeide the it hgeosdate Htdehkeul | | engt h Ag85A,

AgBSB and , 1819, 4 pol XPepLl desy 8To ekl e Lhe,SRegd A3 Genes,aLe, of oned

Virus (ALV). In a preferred aspect, the antigens that are
linked through a protease recognition site are from at least
15 one tuberculosis (TB)-causing bacillus, wherein said TB-
causing bacillus is preferably Mycobacterium tuberculosis,
Mycobacterium 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,
20 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
25 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,
30 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



inthat 5 to 3 order. Fusion proteins based on these and other

tubercul osis antigens were described in US 5,916,558, 30 WD 01/ 24820, WD
03/070187 and WD 2005/ 061534. However, the wuse of the nucleic acids
according to the present invention, encoding the fusion proteins disclosed
herein, for -29- incorporation into reconbinant adenoviral vectors was not
di sclosed. In yet another aspect, the #nvention relates to a reconbinant
pol ynucl eoti de vector conprising a heterologous 5 nucleic acid sequence

encodi ng an antigen and a %eneti C ad% Lgarat. The term_ genetic _adjuvant'
refers to a"CBrBPEF bR mBPERTPE ¢ Hat? 48N ED eiﬁecb"y’qff Racl 8Pt aci d
sequence. %aisdiapédgen and said genetic adjuvant may be linked directly or
i n anot her enbodi nent |inked indi rectl%eh 10 for instance by a connection

conmprising a firBtYpr AMYIET AERBGH t 1 IOVEBLIPR ERATRS YrBferred aspect,

said pol ynuehast haetr ieslyfucisodidakesk tMAcomarnakes Rterdiogbasnid-, or a
viral vector. The viral vector is preferably packaged into a
repl i cafi ofVgéréet Ao IAMRIFNGE SPAPAH A B addhdédfR udNd vih&e®iehi8ai d adenovi r us

is even norRy;RKeher aPly t3&d eghﬁétié ofRfRRngr OWREEPNSiStd ng of human
adenovirus serotypes Adl |, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50.

Al so pref eredeapaceRiet 1 e4dilgs tedhpts Anfgdadskyurmcledfcddiilg a prot ease,
wherein saidpeateaseais Mebehabhy £0id igdhedikboagaishAntigeBeand/ or to said
genetic adjuvant by a second protease-recognition site. The preferred
second pr dtigked- deregiy icon 18 eeothemprdmhesiigessqhime’d deddrgrhgyio SEQ I D
NG 22, er : f.erre i . pr o %gﬁg-- cognj Ld i onprises a
sequenc1\£{nacf%gfél}lggal?%§8 Qeﬁ %OE‘%E%%%.(; presflégrgdf%%éo?%ar?ge?gga pr ot ease
from an Avir®eoghétkosisitd.r Jo eabWer wrdferiried aspécfenssadide preferably from

polynucleotide vector is a naked DNA-, a naked RNA-, a
plasmid-, or a viral vector. The viral vector is preferably
packaged into a replication-defective human or simian

15 adenovirus, wherein said adenovirus is even more preferably
selected from the group consisting of human adenovirus
serotypes Adll, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50.
Also preferred are nucleic acids comprising a sequence
encoding a protease, wherein said protease is preferably

20 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

25 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

30 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



at | east a tuberculosis (TB)-causing bacillus, nore preferably
Mycobact eri um t ubercul osis, Mycobacterium africanum and/ or Mycobacterium
bovis. Preferred antigens are 30 selected fromthe group consisting of:
AgB5A, Ag85B, ESAT-6 and TB10.4. A nost preferred enbodinent is a vector
wherein said heterol ogous nucleic acid sequence encodes at |east two -30-
antigens selected fromthe group consB&ting of M tubercul osis antigens
Ag85A, Ag85B, and TB10.4, wherein it is further preferred to have a fusion
pol ypeptide conprising the full I|ength Ag85A, Ag85B and TB10.4 proteins, in
that 5 ordeptigens Releeted tiram hs. IPQURIi RNSiSEdANHePRiM, the TB10.4 has

unexpect ed pE AN 1 s36hE ¥ a39sh! NGEsE O Whab I sdaikates the imune

response towards the other” (especi all'y Ag85 antigen present in the
pol ypr ot ei ks fﬂrethFBlgrﬁf%@}‘jS/éHﬁ?t haye ga 1Hugdrosf @Pﬁ&ﬂerg‘ém mrr@enlawagt Thus,

the | nvent bon Gheo  REON|iefun nERSEDLARNaINEG! BEoEOITL | Simdrgenuc i acld

encoding t | east one er ant’igen, which antigen
is preflerabptder ftr@meNcut@sﬂ*s:mtmgen nore preferably the Ag85A antigen. In

an even nore prefefrrt e][gg me r i . ic acid
encodi ng the 1%.158 %l%en :%g Pk?e 1?1?0 %td%\ gﬁ%@%ﬁ%}ég@gﬂ %?gens

outl i ned battoiwittyhneadBlD.whas Fosmggebéedit ctiimulietse thee impuoeessi ng of the
mul tiple-anti entransl ti pr.oduc t owar.ds osgone, resulting in a
hi ghly signiigcant tQUarﬁscr%asé’t%ﬁrck)%sl?eCl i E‘g??g{s Ve ikely that the
effect | Spmﬁenltl Hint eﬂetpo]Agﬂ‘@Aeand TlBé.OI.'BﬂOaMoaa;uvm:hth iz i der

applicabili t e'Eihe TB\;} n than limted to. bler cul osi s vacci nes
al one. hu%r erFé AnJ8RET o, ‘ﬁﬁ"ﬁg{@— 'Eé ot here ﬂrﬁ?ﬂﬁ?ﬁ’e‘?ﬁ 4%o0 relates to a
r econbi nanproreictear a25ec@mna81tngeatarlc¢@mprmmd enﬁ@@llenlg: BBiaA. 4 and at | east
one encoding the TB10.4 antigen with at least one other antigen,
which antigen is preferably a tuberculosis antigen, more
preferably the Ag85A antigen. In an even more preferred
15 embodiment, the vector comprises a nucleic acid encoding the
TB10.4 antigen and at least the Ag85A and Ag85B antigens. As
outlined below, the TB10.4 is suggested to increase the
processing of the multiple-antigen translation product
towards the proteosome, resulting in a highly significant
20 increase in CD8 response. It is very likely that the effect
is not limited to AgB85A 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
25 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 TB10.4
30 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



ot her antigen, wherein the other antigen is not a Mycobacterium antigen.
The i nvention discloses the use of the Mycobacterium TB10.4 antigen as a
genetic adjuvant. Moreover, the invention discloses the use of the TB10. 4
30 antigen in the manufacture of a medicanent for the treatnent, diagnosis
and/ or prophylaxis of a disease other than tuberculosis, and at least in a
di sease in which the -31- i mune respotlse towards the antigen of interest
needs to be stinmulated by the action of an adjuvant So, it is disclosed

that an angﬂg n Wthin TB gf g%cob cterlug1 erc%103|§ ﬁ qﬂact as an
adj uvant t ofAMES 5??1%‘?nsa?nt PYBRES ST B AGEs N CHHIE, T YeRtion al so
rel ates tosthfulsee®fby the Wc@bﬂc&ﬁrammdgmbagen JB10.t4 ias dasgeoeéd C

adj uvant . urthernore, in.a thergﬁgpiginent the invention relates to the

use of the TRFEOBRCRRETIIFA &ﬁ? 9BnT #yFﬁBacﬁ?Eiﬁﬁeﬁ3956c8#°§1ﬁedlcanent

for the treahmest & anf@aijwkram&&@aﬁ&s dthegeaseigénhisient Be | Mmune
response of a _host towards  a certain antl%en or therapeutic conponent of
et

i nteresf négdsh-15hpe dhiemiryeRELIoOT Rk ineladepel o svdifed CbethBl e to

det ermi ne 4hRob¥EEr Dim IdNFUBEN! €5PONS & d QNRedst 8c GAyAlvar@nt i gen of interest
and whet her an_extra stinulation by the 15 use of an adjuvant, such as a

genetic adjFFAREIMPER il 2BRERBFi PTRRAIREITBR1EPE, l%Y%ﬂﬁlQQerﬁéﬁéPFcF%u ina

treated subjegte Jbetﬂélm@%bget&yimegntﬁ%le%t 9818 04 & 4 @gfaNDI nant
pol ynucl eoti de vector according to the invention, wherein 20 said genetic

adj uvant cP¥pPrsatien c‘ﬁolaelf“&df-éii“?m cggmt)heoﬁ:rgatmtarﬁr PEPPRELRYES t her eof ,
sal d Migantoder Lyatye CORMIEA! B Audtid HeSbaLYSEAC SWARL kbbban at amino

acid position 63 The invention also relates to a nmultivalent TB
vacci ne co@pﬂﬁgtﬁgnaant&gﬂmbpﬁahherﬁﬂ%nﬁkﬂ cgompdaenkecebrinterest needs

to be stimulated. The skilled person would be able to
determine the level of immune response towards a given
antigen of interest and whether an extra stimulation by the

16 use of an adjuvant, such as a genetic adjuvant, herein
exemplified by TB10.4, might be beneficial in a treated
subject.

The invention further relates to a recombinant

polynucleotide vector according to the invention, wherein

20 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
(Alge3) . The invention also relates to a multivalent TB
vaccine comprising a recombinant polynucleotide vector

25 according to the invention, further comprising a
pharmaceutically acceptable excipient, and optionally an

adjuvant.

30



25 according to the invention, further conprising a pharmaceutically
accept abl e excipient, and optionally an adjuvant. 30 -32- EXAMPLES Exanpl e
1. Construction of Ad35-based adapter plasmds carrying M tubercul osis
antigens. 5 Here, the construction of adapter plasmds suitable to generate
El - del et ed Ad35-based vectors capable of expressing single or multiple TB
antigens is described. The exanples -B&{ ate to TB anti gens Ag85A (Sw sspr ot
#P17944), Ag85B (Swi ssprot #P31952) and TB10.4 (Sw ssprot #053693) as non
10 imting exanpl es of nmeans and nethods to generate single- and

mul ti-antigen vacci ne preparati onsEXBYREEAdenovi rus- based
replication-defective vectors. As already stated above, the principles
applied here can also be applied to any conbination of prophylactic or

t her apeut i Exampligpdpt Fapstructios ofr Ad35hassd pdappenIEkas . Adapt er

plasm d pAARLAGRS W | $ulESGHIdAE LHeAR@hd Cant' s application WO 2004/001032.
This plasmd contains the left part Oof the Ad35 genone (including the |eft

Inverted 20 TerHeneal tRepeensyiurRipn ¢firadrpteraphragids famidtebdrakoEl  regi on,
and an exﬁégrge?aa%% %‘1‘§§Sié€e&%@,rs'—?5599d%e oy %E[B%ﬁg df‘%@{ptr%gskggo the E

region. T pter also conprises a functiona promoter and”a region
of Ad35 dosvursireeam nhltimpke HB megigens wis cescedgbed. | Bhes igffampileat for a

part of tESRSS anBnirt faah Agerh IR BRETL PPEIOR o SR nant
replicati onSwlefspaiitv @ Patesm)v iands TBHO ad pedkiagiprgt ¢eb3693hiashnpaekagi ng cel |
provi d?ﬂg aiimi %%%Sse%gxpfés?rgaptmseans and methods to generate single-

and multi-antigen vaccine preparations using Adenovirus-

based replication-defective vectors. As already stated

above, the principles applied here can also be applied to

any combination of prophylactic or therapeutic polypeptide.

15

Construction of pAdApt35Bsu.myc.

Adapter plasmid pAdApt35Bsu is described in applicant’s
application WO 2004/001032. This plasmid contains the left
part of the Ad35 genome (including the left Inverted

20 Terminal Repeat (ITR)), further lacking a functional El
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

25 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

30 the virus to be produced. The generation of recombinant
adenoviruses using such adapter plasmids is a process well

known to the skilled person.



and functions for a functional replication and packaging of 30 the virus to
be produced. The generation of reconbi nant adenoviruses using such adapter
plasmds is a process well known to the skilled person. 33 pAdApt 35Bsu
was digested with Nhel and Xbal and the 5kb vector-containing fragnent was
isolated fromagarose gel using the Q aquick gel extraction kit (Q agen)
according to manufacturer's instructi®hs. A double-stranded (ds) linker 5
was prepared fromthe follow ng single stranded (ss) oligos (synthesized by

AR ABC Tt aarRabPt 35BeEkas GRoREERd R RS TorroRes Rnt ¢RR GRE TAT cAC

AGG TCC TCGrekEor- %&Mﬁrf@rﬁ@ﬁeﬁ%gﬁﬁﬁﬂEtﬁﬁCf¥$ﬁ a@ards‘éE@eLlD NO 2). The
10 two oli nuclegtldes wer e m_xed. using ZdP of 0. ﬂ Cp stocks in a
CIPH

total volu >0°) PtaanridaldSty SBaEREF QM %M(Q?F‘F%“ dirg t20 mv

MIC 2, 1 midadaicetrett &l Instriethahed a adoiCfs@iraddas n(@d 1Swksequent |y
cool ed down to 9C at a rate of 0.6C per mn _using a PCR machine. The

resul ti Mg d¥SIPTEPAKET HERT (Hén anlba't’é%ig vﬁltfh’iltehétéBB@%d ptEPardd 9pAd APt 35Bsu

vector in 3xgyrfhedi 284 HP|AlgrsGengcob1idye 14 nker crfot@NiR: AWAr ectested for
i nsertion of the | i nker sequence in correct orientation by di estlon W th

Nhel or XbdiGC HCPedCENEFA aid CCEsPEFPeRCOMGF iTFTc 6AF 2T ot enltS

Sequenci ng goNnf)i LABAMZO-dafo the sk Lnked @onsiast edcohcs hﬁ:@wfrea sequence.
The resulting adapter plasmd is named pAdApt 35Bsu. nyc (Figure 1). Bel ow,

met hods f orGA4 &TCn§Ga THF JEEG ECGoFTRI FF@rEift ~3¢orfSERUER NQ&)pr dRded. An

overvi ey of I Gt i,ye kn found in
Tabl e IMnj - ?H?A lqgel%;F%%s%%gtegﬁaﬁggé%n%ﬁﬁﬁglzr h\fiesgegﬁ \}gg/:p%ser ts

stocks in a total volume of 20 pl annealing buffer (10 mM
Tris-HC1 pH 7.9, 10 mM MgCl,, 1 mM Dithiotreitol), incubated
at 98°C for 2 min and subsequently cooled down to 4°C at a
rate of 0.6°C per min using a PCR machine. The resulting ds
16§ linker was then ligated with the above prepared pAdApt35Bsu
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 XbaI, sites that are
restored only in correct orientation. Sequencing confirmed
20 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

25 their respective inserts is found in Table I.



conprising nucleic acids encoding TB antigens. ALV = Avian Leukosis Virus
protease; dig* = a protease recognition site recognized by a cellular
protease; dig = protease 5 recognition site recognized by the ALV protease;
X = flexible |inker, not being a protease recognition site; nmyc = nyc-tag.
onstruct Insert B3 V5 -A 85A5 - 85B TB-3MV-d' *-A 85A5' -A 85B-m B-0
85A- A 85B 4M 85A-A 85B-m 5 85A TB-5M-85A-m B-6 85B B5M 85B-m B-7 10.4
TB-7M 10.4-m BS 85A- 85B-TB10.4 BSM 85A- 85B-TB10.4-m _Ag L V-d 85A5' -
85B5i -TB10.4 TB-LM ALV-di g*- Ag85A- di g- Ag85B-di g- TBI O. 4-nyc TB- FL 85A- X-
85B- X- TBI (T3P IFBAFL PBSREUCTA Ng8Bs xa TB 1t 4 Imr e3P EBHER rifaSI6A of

PAdApt 35BSébnEﬁ%%@ngdﬁﬁ)éf‘éloo'a%si%dénc&@ﬂ{ga'ﬁ' Bt i Hecs. TBant hgeps The

het er ol ogous 'nucl eic acids of the present invention encode the three M

t uber cul osﬁ*%}l@ﬂllsggmu%g&&ﬁeaﬁg%gﬂaﬁf 2 PreRease erCAPTEdipnpsstein from one
nMRNA. Al | a4 c .h g,g%t & n a nyc epitope
(nyc-tag: SK (%%%IQSE%B&LEC%SlI%Bﬁ%E Q‘ﬂzﬁtggﬁedl\% e 3 end of the 35
sequende treciidndwiana$its g:e@pgeipe@slgy ctrheué\ﬁ-ﬁgpn?t:egﬁ%mxf Fc

flexible linker, not being a protease recognition site; myc

= myc-tag.

Construct Insert

TB-3 ALV-dig*-Ag85A-dig-Ag85B

TB-3M ALV-dig*-Ag85A-dig-Ag85B-myc

TB-4 Ag85A-Ag85B

TB-4M Ag85A-AgB85B-myc

TB-5 Ag85A

TB-5M Ag85A-myc

TB-6 Ag85B

TB-6M Ag85B-myc

TB-7 TB10.4

TB-7M TB10.4-myc

TB-S IAg85A-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

10
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
15 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



anti bodies in case the antibodies specific for the separate TB antigens do
not recogni ze the fusions properly. Thus, the "M in the nanes of al
constructs described belowrelates 5 to the nyc-tag, whereas al so al
constructs were made w thout a nyc-tag. In a first enbodi nent (TB-SM the
three antigens are expressed as a direct fusion polyprotein: Ag85A- Ag85B-
TB10. 4-myc (TB-S = Ag85A- Ag85B- TB10.4)?%10 In a second enbodi ment (TB-LM

t he pol yprotein precursor contains a protease, which cleaves the three

anti gens intra-npeILuIa{1¥ gﬂlhncgrp0£ated digestion sites that .separate
them |inket7HiGESt ronsite ¥eqd&nce? ﬁ5§R§fﬁgﬁﬁAﬂﬁ§§%ﬂEﬁLSp@ﬁﬁéﬁﬁRERDGQTG
(SEQ I D NO ahl)ibolihies (lh gesdd aheoatuiBodidOugecifiia Sefuehe escgpsaitki C
protease fused tqQ the N-term nus of th fusi.on protein, This pr Fease,
derived froff RE1§585 BAL Yt TSRINATE aHE fHEISPS BF PRRT FA \ANUSe g So cl eaved
resulting in figuthsepaned & M0lechbisaficls Petlceased dbgesit i atéle

pol yprotein may be as follows: ALV-di g*- Ag85A-di g- Ag85B-di g- 20 TB10. 4-nyc
(in whi dh TR FPe PEFated: 1B a1s@sdAgest #bh ONSETUEEFaret s Mfdhe protease from
the anti geng: fHGSSCRWRHPEPRAY SLAMIMEHRDRPLV; SEQ | D NO: 22) of the protease
and "dig'" relates to the digestion site between the antigens, see above;
TB-L = ALV-Hh g+ fAgS5ae®po imsasB-(dPgsfB1the)thsst RNPEIPRDtF S e- cl eavabl e

l'inkers as é’i@iiﬂes%%dsgjsfa%ﬁ@@%nkﬁ@ﬁﬁﬁ@lyﬂ@ﬁe@%:Uﬁ@@'BA%éE@B—VeCtOrs of the
present invention and are enconpassed herein. The use of self-processing

cl eavage sTRls ITBYChHEER I es AISFAdAPRASIO BIDSY)017149. In a third enbodi nent

the polyy praf &l RebBaFldo SN S88-20) e BALLeBed: M pLdhficyl osi s

antigens separated by a Iinker sequence that s not cleaved (as in the

second enbodinf@ins deBEoierar abich pleavdd dbe phoperarhipensddpéndent

fol ding 'BEEellularly on incorporated digestion sites that separate
them: linker/digestion site sequence: PPSKSKKGGAAAMSSAIQPL
VMAVVNRERDGQTG (SEQ ID NO:21). This digestion occurs through

15 a sequence-specific protease fused to the N-terminus of the
fusion protein. This protease, 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-

20 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

25 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

30 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



of each of the three antigens: Ag85A- X- Ag85B- X- TB10.4-nyc (in which "X
relates to a flexible linker: GIGGSGGTGSGTGESY; SEQ I D NO 23). Al these
fusion proteins were also made without the nyc-tag (referred to as TB-S, TB
5 L and TB-FL respectively) using simlar construction nmethods (see below).
The desired protein sequences were assenbl ed using the above indicated

publ i shed protein sequences for the Mé- tubercul osis antigens, the ALV

prot ease PR pl5 sequence as 10 published in Genbank (Acc. No.CAA86524) and
the protease digestion site as in Genbank Acc. No. AAK13202 am no acids

476-500. TiHe e@fPedfpklR ditf eSe0ERERRS WHISSANENABRTK X TTRARsalEd t o DNA

codi ng sequeNGRs cAPsXM 8Ad hQr +EXPre5sii¥le hMnkePANS and subsequently
synt hesi zed, assenbled and cloned 15 in pCR Script vectors by Geneart

( Ger many) .CTAKSCEBESRT IV /niSZEd IDNIC s6jueAdésthepe TRIgignapeot vy i ded (Fi g.
19; SEQ | : TBs . 20, J - ELM:(Fi 21, SEQ ID
NO. 5) , asq'\%% %?t‘ﬁ%ﬁwp”{lﬁhgiu 5 g}é%us‘qg%céggf BJ? e%f{énlf (tEiBS.S %43; ES%TC? ID NO 6),
TB- SM 20 (IFiagd 28 FEEQ@YMRANAVE) Y ands iFRr Bl Er gcostrusEdonDmneich®ls  The mnyc
epi tope i S(s‘é%”h?ﬁ?ﬁf’ within the C-term nal sequence SKKTEQKLISEEDL (SEQ ID
NG 9) in each o e fusion proteins, which sequence is not present in the
case of TB-L, TBeSdesidredIBrolLeinesparinioes] yerdbadmmidlednedihgstiom genes were

then digested wi.th. Hondl|l]l . .X Apall a i_C he 2.7 kb (TB-L),
2.2 kb ( ?)ny) léﬁﬁcg‘#éﬁj%}b&fﬁg% ??oagenléln%gqﬁ%{l%? \é%ra?’g% ?’r’om agar ose gel
as descri bebeaipavesifApaitigdngesthemMaprdareaesé OPR higestequbecel asm d vect or

B B B SRS 4R SR B AL RGBS e ¢
vect or - cortigiesitiign $1EgrEntinwasnbamit atced NoonAmkl 322 amdvie. adbhés i sol at ed
476-500. The three protein sequences were then back
translated to DNA coding sequences optimised for expression
in humans and subsequently synthesized, assembled and cloned

15 in pCR-Script vectors by Geneart (Germany).

The codon-optimized DNA sequences for TB-LM are
provided (Fig. 19; SEQ ID NO:3), TB-SM (Fig. 20; SEQ ID
NO:4) and TB-FLM (Fig. 21; SEQ ID NO:5), as well as the
protein sequences for TB-IM (Fig. 22; SEQ ID NO:6), TB-SM

20 (Fig. 23; SEQ ID NO:7) and TB-FLM (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-L, TB-S and
TB-FL, respectively.

25 The cloned fusion genes were then digested with
HindITII, 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

30 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



Il -37- pAdApt 35Bsu vector was |ligated in separate reactions to each of the
i solated fragnents containing the TB sequences and transfornmed into DH5a
conpetent bacteria (lnvitrogen). Resulting colonies were anal ysed by
digestion with Hind222 5 and Xbal and plasm d cl ones containing the expected
insert were selected. This resulted in pAdApt 35Bsu. TB. LM (Fi gure 2),

pAdApt 35Bsu. TB. SM (Fi gure 3) and pAdAp&B5Bsu. TB. FLM (Figure 4), all
containing a nyc-tag. To generate adapter plasnm ds expressing the fusion

genes wi thout myc-tag the 10 inserts are first PCR-anplified using the
fol I owi ng pi?zfq‘?é?ts%BéHdV?%W atass 1igpagieln SERAraARVRRRELFRAS O @8R CAA GCT
TGC CAC CﬁﬁbfKEBéGﬁgoiaéé&¥¥}§§§%nt%EboﬁtaIﬁiﬂa|ﬂ@eN@é19é @Kk eld haRE. stop: 5 -
GCT AGI CTA GAT 15 TAT CAG CCC CAC TTGGC -3 (SEQID NO 11) with TB-LM
as tenpl aterarsfagmedt 1mee AHogh gorBesent anferma (EoTl Erg9eIT TGC CAC CAT
GIT CAG C -4, 3RQnkDoo Nk 123 i 10ady B S8 OR1iWellh s I LA Ok M as
tenplate. 20 The anplifications were done W th Phusi on DNA pol ynerase
( Bi oke) %SaccordliXpg It endapld eidiradionesi ﬂgntmmms:he Thee¢vdd oviiseg tpr ogr am was
used: 2 m owad. o Cmat 98 cSec at 58C
o min e %%gefcg%&‘zz%h freti1cey %ﬁs%lg&rﬁ(t%%%?“é% uf eigltes ng 25
fragnment s were gidrptBeBsusThdM) (é?qguck PCFaIpilmAfdA@aBﬁBﬁu KTR.FIMQJ agen) and
di gested w th di, k1 [ fra n again
purified ovgﬁdg% 43](u CEPP@%%JI;EPI i ca acc:!'ol t}rr?n%g‘ggE %%‘géaga q:l gated with
PAdApt 35Bs uplakimgeist edpwesﬂsum@e:r@arfesenzygmsesandtpomtf nec-taerthe Q aqui ck 30
PCR pur*d:ICf%éé} SC%Egn¥ir;E Jgﬁh?&%?&d'&%f%é: %pe%egiow1ng primers

and templates:

Fragment TB-IL

ALVprot.FW: 5’- GCC CAA GCT TGC CAC CAT GCT GGC CAT GAC CAT

GG -3’ (SEQ ID NO:10) and 10.4.RE.stop: 5’- GCT AGT CTA GAT
15 TAT CAG CCG CCC CAC TTG GC -3’ (SEQ ID NO:11) with TB-LM as

template.

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.

20 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
25 fragments were purified using Qiaquick PCR purification kit
(Qiagen) and digested with HindIII and Xbal. 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
30 PCR purification column. Transformation into competent DH5a

bacteria (Invitrogen) and selection of the clones containing



bacteria (Invitrogen) and selection of the clones containing -38- the
correct inserts using Hndlll and Xbal as diagnostic enzynmes results in
pAdApt 35Bsu. TB- L, pAdApt 35BSU. TB-S and pAdApt 35Bsu. TB-FL. These constructs
differ fromthe constructs presented in Figures 2, 3 and 4 in that they do
5 not contain the myc epitope at the CGtermnal end. Construction of
pAdApt 35Bsu- based adapter plasm ds .agntaining two TB antigens Here, the
construction of adapter plasm ds containing two TB 10 antigens using Ag85A
and Ag85B as an exanple is also described. Qobvious to the person with
general skihel cbnrechte irggetrtsotbieng dbimoildat andsXlzald e diiffeosnic order of M

t uber cul OSIS anti g can_be i ng.the strabegy, utlined
herein. TRE*FUST ons thts A A%%% ﬁ%e qﬁejrqé %?ée}{e > ?/{3 Hand

ALV-di g* @@ﬂﬁétﬁlﬁ@sﬂ@%—ﬁ!%rxymhem élEBrs&MucAgB&AEﬂb;BEBonwche and the sane
constructs _w hout t ta |f| rs .wer esigned to anplify
t he Ag85A°“8R4 }&‘é%%% prees%gﬁéeg f ’ier?e ab v%’p%e‘iclﬁ EEBQTE%‘%M {hd TB- SM
fusi ons5 pmotetostd feecHeemgvw) epFtigpeon: ahe getermtiirad wntih and wit hout 20
(TB-3 and TB-4 respectively) nyc-tag as above. Hereto, different priner
sets and tenplates are used. Fragnent TB.3M ALVprot.FWand 85B. RE nyc: 5'-
GCC TAG CTtAnebeu & {5CE %ﬁg%ﬂ@a@eﬂ3édé% |j2a|§@i313) with TB-LM as
tenpl ate. ragment TGC CAC CAT GIT
CAG CAG AGeneasningtwe T% ap&igendy NO 14) and 85B. RE nyc (see above) with

TB- SM as geerpl ghe. cﬁlétr’h@@%h%‘ﬁ AR QOB b A SRS Allnd Bivakeps DNA 30
pol ynerase with the conditions as described above. PCR _fragnents were

purifil@d @&thgens 9 AR8PERARRIAGE BagsoAn example is also

described. Obvious to the person with general skill in the

art, other combinations and a different order of M.
tuberculosis antigens can be made using the general strategy
outlined herein. The fusions that are described here are TB-

15 3M: ALV-dig*-Ag85A-dig-Ag85B-myc and TB-4M: Ag85A-Ag85B-myc,
and the same constructs without the myc-tag. Specific
primers were designed to amplify the Ag85A and Ag85B
sequences from the above described TB-IM and TB-SM fusion
proteins (see below). Fusions are generated with and without

20 (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-IM as template.

25 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
30 polymerase with the conditions as described above. PCR
fragments were purified using a Qiaquick PCR purification

kit, digested with HindIIT and Nhel and again purified using



kit, digested with Hndlll and Nhel and again purified using _3S the PCR
purification kit. The anplified fragnents were subsequently ligated into

pl asm d pAdApt 35Bsu. nyc that was digested with the same enzynes. After
transformation into conpetent DH5a bacteria (Invitrogen) clones were
selected 5 that contained an insert of the correct length. This resulted in
constructs pAdApt 35Bsu. TB. 3M (Fi gure 5}¢and pAdApt 35Bsu. TB. 4M (Fi gure 6).
Fragnents TB.3 and TB. 4 were generated using the same forward priners and
tenpl ates indicated above for fragnents 10 TB.3M and TB.4M but using a

di fferent ridtRefS® BrEHEicHaifiy kisB. REestmptifbied AreImestt ©RISGAT TAT CAG CCG
T OCC A dplaquentdy 4D Qo1 B) oL ldrd S6EBEIRAL Sty GaUI (11 ed as

{
above, digested with Hndlll and Xbal, and again purified as described
intra and cligfsdednidtp At SHBRs @nasmag- HHEY Itragsipgmabian 4956 oni ng
sites. This.gaye RAIAREZORML B3 (309;t PAGAD! 3ABRUS TR Ao thate Rlyy dif fer
fromthe co%(:g@r ug'ts In Fi guree 5a a(nd é I n”that the;s/: ﬁ%v% no erryc-epi t ope at
the C t%rnihafs.copgabnderarn omsierst cénshe heernemr Bengskf uThirut not descri bed

in detaile]g?qj ing_p 5-%1_”_[ %r ' X g% - B-dig- Ag85A- nyc
ALV- di g* - Ag A-%r‘l'éi- 1875848 |gc-%}g 2GR hﬁ%%&fﬁ%‘é 950 A0%5 b
ALV- di g* - TBIRIApt3i5§sngBB ANl J-iay88Boinyc 25
ALV-di g*-TB10. 4-di_g- agi - - .
ALV- di g* - Ag85B- iSgﬂégggf&lé?f@%%&?}gzgere generated using the same
ALV- di g* - Ag8aBractidg pTBnOr 4 - ghd)-tAg®IAL Ay cindildAtid) abAg85Le i HrabBie®t4- myc
ALV-di g* - A - di_ g--TRB10,4-nyc 30 ALV-dig*-TB10Q. 4-di g- Ag85A- myc
ALV- di g10_ T%%ﬁ&%&_ EéS%%-kﬁﬁ//tc usling a dl%geren% reversg prc:’lmer rQlamed
85B.RE.stop: 5’- GCT AGT CTA GAT TAT CAG CCG GCT CCC AGG CTG
C -3’ (SEQ ID NO:15). Amplified fragments were purified as
above, digested with HindIII and Xbal, and again purified as
described intra and cloned into pAdApt35Bsu using HindIIT
15 and Xbal as cloning sites. This gave pAdApt35Bsu.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.

20 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-myc
ALV-dig*-TB10.4-dig-Ag85A-dig-Ag85B-myc

25 ALV-dig*-TB10.4-dig-Ag85B-dig-Ag85A-myc
ALV-dig*-AgB85B-dig-Ag85A-dig-TB10.4-myc
ALV-dig*-Ag85B-dig-TB10.4-dig-Ag85A-myc
ALV-dig*-Ag85A-dig-TB10.4-myc
ALV-dig*-Ag85B-dig-TB10.4-myc

30 ALV-dig*-TB10.4-dig-Ag85A-myc
ALV-dig*-TB10.4~dig-Ag85B-myc
Ag85B-Ag84A-myc



Ag85B- Ag8
TB10. 4- Ag

TB10. 4- X-
f eat ures
may al so

pAdApt 35BRg8bAasERIl @damtyer pl asm ds

Ad35 adap
above, pr

tenpl at es
85A. RE ny

4A-myc -40- Ag85A-TB10. 4-myc Ag85B- TB10. 4-nyc TB10. 4- Ag85A-nyc

85B-nyc 5 Ag85A- X- Ag85B- nyc Ag85B- X- Ag85A- nyc  Ag85A- X- TB10. 4- nyc
Ag85B- X- TB10. 4-nyc TB10. 4- X- Ag85A-nyc 10 TB10. 4- X- Ag85B- nyc
Ag85A- X- TB10. 4- X- Ag85B- myc Ag85B- X- Ag85A- X- TB10. 4- nyc
Ag85B- X- TB10. 4- X- Ag85A- nyc TB10. 4- X- Ag85A- X- Ag85B-nyc 15

Ag85B- X- Ag85A-myc Di g*, digu4onyc and X all relate to the sane

as outlined above. It is to be understood that these constructs

be produced wi thout the myc-tag. 20 Construction of

containing single TB anti gens Here,

t he

er..pl 1ds containing single TB antigens are al so described. As
g\[ggl‘r’ﬁs?%me'f

é“)Yr?r essed with or without myc-tag. Hereto, the
appropri att81854 enghd 51g-myegi ons were anplified fromthe TB-L and TB-S
gﬁﬁigng- jfic prinmers sets: Fragnent TB.5M 85A. FWTB.L and

AB°CTA GCG CCC TGG GGG G -3' (SEQ I D NO 16) using

TB- LM 3s tngBphakeagdiB-myagnent TB. 6M 85B. FW 5'- GCC CAA GCT TGC CAC CAT
GTTCAGCCG(S?,CCTGGCCT ’
Ag85B-X-AgB85A-myc

10

15

20

25

30

Ag85A-X-TB10.4-myc

Ag85B-X-TB10.4-myc

TB10.4-X-Ag85A-myc

TB10.4-X-Ag85B-myc

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

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

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

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

TB10.4-X-Ag85B-X-Ag85A-mycC

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-IM as template.



G-3

(SEQ ID NGO 17) and 85B. RE myc using TB-LM as tenplate. _41  Fragnent

TB.7M 10.4.FW 5' -
-3 (SEQ ID NG 18) and 10.4.RE nyc: 5 - GCT AGI CTA GAT TAT CAC AGG TCC TCC
" (SEQ ID NO 19) using TB-LM5 as tenplate. The fragnments w thout
nyc-tag were generated with the sane forward priners but with different
reverse priners: 85
TGG GGG GCA G -3 (

TCG -3

10. 4. RE. st

descri

bed

GCC CAA CCT TGC CAC CAT GAG CCA GAT CAT GIA CAA CTA CcCC

A RE.stop (for TB:$§)- 5 - GCT AGT CTA GAT TAT CAG CCC
SEQ I D NO 20), 85B.RE.stop (for TB.6), and 10

op (for TB.7). Al reactions were done with Phusion (Bioke) as
éﬁ&ﬁ@EEELEEaﬁﬁiified fragnents were purified using the Q aquick

PCR purificaf.isewki 6 - T daragaentsc IdxdMpandatBcbM r edthenadeggsted with

Hi ndl |

and Nhel an

d after purification as described above, cloned 15 into

pAdApt 35Bs £y ECHli gést BNt MPré8 s adRd ez inBE. mYRe St7 4HifedCS §BA7M TB-5,
TB-6 and TBah wWarechlt 9esd etamrbl o ndid I%sgx:%g Iﬁbﬁbzlﬁtﬂir{aﬁ@@tmﬁaﬂ on as

above fragnents were
restricthi ormsenepresteThis resulted in pAdApt 35Bsu. TB. 5M 20 (Figure 7),

PAdApt 35Bsu. TB. Gk ( EL%&D@&@ wi%g@mrﬁ;’@%%%}gg%éﬁé%igd Nith the

pAdApt 35BSu. TB. 5, pAd

1 gated i nto pAdApt u digested w the indicated

35Bsu. TB. 6 and p The latter three

di ffer onl ameoforherdrigsimens puguvetly diFfergng ravehse promeys<tag is
present at e - i ) Exanpl ) akhLan
ool i oat On&fgd%‘e.fa:ﬁés%{»”m%é T2 %) X8| Ec@ a8 ReR3ERPNTRE cac coc Teg

I en

viruses carrying nucleic acids encoding TB

anti gens MSGE0GSAt 6 gehefIR®E I Abk 280y e 3 IRRE - oodef Eet i TR 6)r,eeonrbi nant
d Aflenayl LAk, VeRLous 537" X119 SRS GLegoysnEXRIGesi on casset tes

Ad35- b
are we

e
I

15

20

25

30

known "t 0
Phusion (B

were purif
fragments
and NheTI a
into pAdAp
fragments
HindIIT an

ligated in

ioke) as described above. All amplified fragments
ied using the Qiaquick PCR purification kit. The
TB-5M and TB-6M were then digested with HindIII

nd after purification as described above, cloned
t35Bsu.myc digested with the same enzymes. The
TB-7M, TB-5, TB-6 and TB-7 were digested with

d Xbal. After purification as above fragments were

to pAdApt35Bsu digested with the indicated

restriction enzymes. This resulted in pAdApt35Bsu.TB.5M

(Figure 7)
(Figure 9)

; PAdApt35Bsu.TB.6M (Figure 8), pAdApt35Bsu.TB.7M
;, PAdApt35Bsu.TB.5, pAdApt35Bsu.TB.6 and

PAdApt35Bsu.TB.7. The latter three differ only from the ones

in Figure

terminus.

Example 2.

7, 8 and 9 in that no myc-tag is present at the C-

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

published

skill in the art and were previously described in

patent applications WO 00/70071, WO 02/40665, WO



person of skill in the art and were previously described in published
patent applications WO 00/ 70071, WD 02/40665, WO -42- 03/104467 and WD

2004/ 001032. This exanpl e describes the generation of Ad35-based TB vectors
using PER C6(r) cells and Ad35 viruses conprising the Ad5-derived E4-Of6
and E4- O f6/7 genes replacing the honol ogous E4-Of6 and 6/7 5 sequences in
t he Ad35 backbone (generally as descrazbed in WO 03/104467 and WO

2004/ 001032). For the purposes of the invention, PER C6(r) cells refer to
cells as deposited on February 29, 1996 as patent deposit under no.
96022940 #3/10KWé&6FEarshd®n 20011 8e103h @hiSBEXaMPHQlﬂeayrééeactbeai the 10

W11 Shi e JSBBE=Be8 (51 AT RERYEO® e GEACH A e SHiaster o3t ots descri bed

herein, oeRtayhinged h%n@lrflfs@ﬁ@n&heTFAd%nabgeaédvmr—mchegaﬁaemlz;wth Pi- Pspl to
Ilberate t he Ad35 sequences and transgene cassette 15 (adagter fragnent)
fromthe Q&8 dIBRRK ISR 2CERBstheidiomolpEong 354 BEERERVe (€ee WO 03/ 104467

and WO520Q4/0@4082) i Washe AGESheckreh (@ehérg BeoRdschipgaed wb and
construct pBr. Ad35. DE3. PR5Orf 6 (see WD 03/ 104467 and WO 2004/001032) was

di gest ed WRYACHART anf WLPOR{ O%H A BPr the RHERASESIOSOLPAA ni xes were

i ncubat ed 1%Rreﬁ§§nt10 Pﬂl@%pV@éﬁst '}%f%BZt’HEéeué:%rs @éﬁ@sifé’d‘%‘rﬁc“ on, digested
adapt er fragnent fragnent 2 (1.4 jig) and fragment 3 (1 g) were

m xed to é‘ebenramn%ﬁv) kﬂ%lfiuﬁré patam piepaﬁeltauil@snéw + 3698240 @t h DIVEM

(culture [ t pared. 25 by m xi ng
PRI o e A I 2 e S A T

nlxes1ﬁer§eadﬁed0ﬁcﬁﬂﬂﬂm§ﬁ Midrolpi oded vo ¥ Baﬁgﬁrghtﬁﬁ&ﬁ%bePoﬂh@ﬁresulting
R b ST OB SR LED 400,60 o et oom temperature
The generated adapter plasmids described herein,

containing the different TB antigens were digested with Pi-
PspI to liberate the Ad35 sequences and transgene cassette

15 (adapter fragment) from the plasmid backbone. Construct
PWE .Ad35.pIX-ECoORV (see WO 03/104467 and WO 2004/001032) was
digested with NotI and EcoRV (fragment 2) and construct
pPBr.Ad35.AE3.PR50rf6 (see WO 03/104467 and WO 2004/001032)
was digested with PacI and NotI (fragment 3). The digested

20 DNA mixes were incubated at 65°C to inactivate the enzymes.
For each transfection, digested adapter fragment (360 ng),
fragment 2 (1.4 nug) 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

25 Dby mixing 14,4 pl Lipofectamine (Invitrogen) with 10.6 ul
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

30 incubation, PER.C6 cells that were seeded the day before in
6-well plates at 1.5x10° cells/well in DMEM containing 10%



30 incubation, PER C6 cells that were seeded the day before in 6-well
plates at 1.5x106 cells/well in DMEM containing 10% -43- FBS

(I'nvitrogen/d BCO and 10 mM MyCl2, were washed with DVMEM Then, to the
first two wells 0.5 m DVEM was added and 0.5 m of the incubated
transfection mxture. To the second two wells 0.25 m nediumand 0.75 m of
the transfection 5 mxture was added. -¥he last two wells received 1 m of
the transfection mxture. The 6-well plate was then incubated at 37C and

10% CO2 for_4 h_after which an agar erla S | aced as, fol]ows. 30 mn
before the fird (&Pvﬂﬁﬁoﬁe’?/cG%B%(?ﬁb Pfioﬂgp@?i%{f\,ﬁa ‘ﬁ%& d?aesht‘?&nf”éfthi ng 9 n
2XMEM 10 ( IpmeiM.r egen) . t§. e MirkBStwd. dS11d ol MyChRemnehsl s2igdd BBE was
prepared and placed at 37C. A sterile Pre- made sol ution of 2.5% agarose

(Seapl aque;? -Gamdr &%) tha IBOIRAESInEFERET ST OamdgthRERt T FrCSegC Feast 15

mn prior tQdisRhls dhes 4T aRsfieqt hAg OB W Was thBepriedmaad ohr om the cell's
and 15 cells were washed with PBS once. Then 7.5 ml of the agar solution

was addéd teitthaeVEREnediesn mhe dret BYXateldid rechivedal Wuidkitheadded to

each vell. (The Quethay Wes . ald owed §0ye £PRAWR! GakNehbe {lQwakhenewhich the
pl ates were incubated at 37C/10% CO2 for "at |east 7 days. Wen | arge

enough, 20 31°Aghedpl @Y uxs fer et h cifee rf wbirch han waldrs owetrhay head owest  nunber
of plaques using pipettes with sterjle filter tips 0 . The picked

pl aques werp;iarﬁegleasi ﬁo%g%w?ﬂ culmtlﬂr%eg?r’é i i gélghogn'ggelo‘gj%l of this was
used to i nooithalae iBERpESi odeld mikmubeweddtilrdings 9 WpolxMEME and after one
nore 25, anplification of t iruses on PER C6 cells ip T25 tl s cells
and med!%m Veltﬁﬁfgsaéte%l'g%&‘\ﬁf Fé@e?tﬂ%@d 13%&8%51?1&“0&10 e&ﬁagggrude
lysates. These plebdSedt 6K SRR H$eF740 ACQRELI R the RieRereeupiod he

correct transgéne by PCR on isolated virus DNA and to test expression. One
of the of 2.5% agarose (Seaplaque; Cambrex) in H,O was melted and

also kept at 37°C (at least 15 min prior to use). The
transfection medium was then removed from the cells and

15 cells were washed with PBS once. Then 7.5 ml of the agar
solution was added to the MEM medium mixture, mixed and 3 ml
was quickly added to each well. The overlay was allowed to
coagulate in the flow after which the plates were incubated
at 37°C/10% CO, for at least 7 days. When large enough,

20 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 pl 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

25 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

30 amplified plaques was then chosen to generate virus seed

stocks and to produce batches of purified virus according to



30 anplified plaques was then chosen to generate virus seed stocks and to
produce batches of purified virus according to -44- procedures known in the
art using a two-step CsCl purification nmethod. The concentrati on of
purified viruses was typically determ ned by HPLC as descri bed by Shabram
et al. (1997). 5 Exanple 3. Analysis of expression of TB antigens upon
infection with Ad35 viral vectors The4expression of the fused TB anti gens
was determ ned by western blotting. Hereto, A549 cells were infected with
10 the different Ad35 viruses containing the genes encoding the TB anti gens.
48 h post prdesshires, koevh simgihe washesliingieacdwonstep PBEY NPBI ), |ysed and

scraped i Sh. e 0 TriS- ] 7. . 5% DOC, 1%
Tween- 20 ?%&%%aggéép%%%%on%'e h\?vi t hﬁi%wgédggré?gh%%%rgﬁg or added as a
15 pill (RocheypicAllgrdétefnimed bp HPLE sashukekeribed ilme,Shabysat es wer e

col | ected gfd @Igegqr)ed by centrifugation. Equal anounts of whol e-cell

extract were fractionated by using 4- 12% Bis-Tris NuPAGE(r) Pre-Cast Gels

(Invitrogen) . Proteins were transferred onto | mobil on-P nmenbranes

(M11ipor 2Q i ated wth a polycl niibody directed to the
Cul ture I?—'i)"fa?‘{i’gteegPr g{i%? ot "\ig ef‘ﬁﬁ%?%ﬂ%/rbs?%gﬁT%f’é"%%‘?%é‘]pc?ﬁal serum was
rai sed i n irmfdnttionagithsAad3f viilrat ubecttartsosi s culture conprising secreted
proteins. In prjnci gl e the pol y%hgn erum cont ai ns ant i bodi es agai nst

I
AgBSA, AQBSE amdeTBYBIasSRI \af Ehoaf eoed [T ADELPER® p1aR dISRe ™ HAE%s acondar y
anti body weg wedtR@hSBI&EE Sity.Pel@st dasesapnjaigat Rdrgopd feitidd wabhit  anti body
(Biorad). The western blotting procedure and incubations wer ewgﬁ‘_[éf or nmed

accor dithg e GeiérAPM heA PRIV ITRAERANCPHE R ngr £heTRRND IRNOLE ST
vi sual i zedravidritilgBasECh8 h post infection, cells were washed twice

with PBS (NPBI), lysed and scraped in lysis buffer (20 mM
Tris-HC1l pH 7.5, 150 mM NaCl, 0.5% DOC, 1% Tween-20 in dH0
supplemented with 1% SDS and Protease inhibitor added as a
15 pill (Roche)). After 5-10 min in lysis buffer on ice,
lysates were collected and cleared by centrifugation. Equal
amounts 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
20 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,
25 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
30 detection system (Amersham) according to the manufacturer’s

protocol.



30 detection system (Amersham) according to the manufacturer's protocol.
45 Fi gure 10A shows the results using Ad35 viruses carrying the TB
encodi ng nucleic acids including the myc epitope as described herein. The
different lanes in figure 10A show the different viral vectors used and
Table I 5 indicates which nane refers to what insert. In the sane way,
expression of the TB antigens fromthe4Ad35 viruses that do not contain a
nyc epitope was neasured (figure 10B). Figure 10C shows a simlar result,
with the nDIecuIar wei Bt i.ndi cated on gh htAES d side. Specific TB
(fusion) 10 prot’&idE CexpreSRAE Ag3 %l? geteet®d by this

nmet hod and, cd#ryaddi thenTsCceidaiihgC heavage mﬂwq&ﬁsmﬁlf{@ Bhe ak TB-L. From
figure 10A it can be concl uded that the rotein including all three TB

anti gens i SCRXIARSs &8¢ deseT Heed a{‘erﬁedﬁerTB%n%llg nepte l#BeE M F i Sent as

conpared to1dh skBwIMhbandrtdeahand rfan afdodB-uBdas aRiohgk1d hen the specific
band in TB- I\Q Since the TB10.4 is the nost C-termnal polypeptide in the

TB- LM artd Asisy prochi mane tuffers fai vadlesingeatt -t AB BR | 39 o1¥yYpr ot ei ns

are transl atgd..ddidnSoral 80 fOLERlRAL eleRvage Ad%sn%rﬁé’é@'ﬁ?éa% 4@l t hough
cl eavage 20 products can be seen in | anes TB-3M and TB-LM The Ag85A and

Ag85B ant i geels qandiRés FBNBE MPEiRPeTBA6(Wyavergskctiiigery) 18k, igyressed. No
speci fic stapdidifjssaf QuRe1iP Janat, TRi¢thMhe rrﬁ‘c]l%tc%(iaﬁrowéb&ﬁrmo 4 anti gen.

It may be that the antigen is not recognized In a western ot setting by
the CFP 25 pmwt@dalon ther ebaht thamgly safleo $reailfdic TRe (pudt@in has run from

the gel cPr m% R E¥ PSSP G 35N Apd9 £&l 1S JMER: AT SFEM:J N @ single
expreSS|on ons ruct ?Ef %%? ﬁé present I1n a tri F %ﬁstruct (as
TB-LM TB- LmefritbdIBnE) . ihnadditgiare b@AtaLan@léEBlalg\a @rsl:iugmlg'fsﬂﬁaﬁt er band is
visible and TB-L. From figure 10A it can be concluded that the
polyprotein including all three TB antigens is expressed,
since a higher band in lane TB-LM is present as compared to
15 TB-3M (and the band in land TB-S is higher than the specific
band in TB-4M). Since the TB10.4 is the most C~terminal
polypeptide in the TB-LM and TB-SM polyproteins, this
indicates that the entire polyproteins are translated. It is
also noted that cleavage is not complete, although cleavage
20 products can be seen in lanes TB-3M and TB-LM. 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
25 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-IM a slightly shorter band is wvisible
30 under the highest (probably non-cleaved) band. This suggests
cleavage of the TB10.4 antigen from the remaining portion of

the polyprotein.



30 under the highest (probably non-cleaved) band. This suggests cleavage of
the TB10.4 antigen fromthe remaining portion of the polyprotein. -46-

Furt her experinments should reveal the physical presence of the protein,
although it is clear that the TB10.4 antigen contributes to the inmmune
response (see below), strongly indicating that the antigen is present and
actively involved 5 in the i mune res$ponse. Exanple 4. |munogenicity of
vectors encoding Mtuberculosis antigens in mce First, the i mMmunogenicity
of the adapter plasmds as 10 described in exanple 1 (DNA constructs) was
studi ed in ni cBurthgre expesingets shmddedevael the RhwstBréePT®B MY gens:
AJBSA  AGRSELang JELY, 41 THEWENA QIS LAUGE S BICGHINGRh B 4 L i 1B LI Pl e TB
antigens were designed ’in two ways as descri bed above, 1.e. expressing a
pol ypr ot eicontoiprisas nyp dheetnmife fresiponsendsee drelawi ngtrbeghyc tag and

expr essi ng 4 R0l XPral sl RygoIpLl Slnd 2 -seauencs, encadiag, 2 protease and the
protease recognrtion sites resufiing i € Cleavage o t he pol yprotein
(al so Aot imonhai immgnd hrespposéag) into discrete pol ypeptides. The foll ow ng
DNA constructs were 20 used (see exanple 1): Single antigen constructs TB-5
(Ag85A), TB-6 (Ag85B) and TB-7 (TB10.4) Double antigen constructs TB-3
(ALV- di g* Exgiple (4 g-TigtinBgenndifiB-of (vag8bis Agddddichgr & tub@bcilssimn) Triple
antigen c tructs. TB-.L. (ALV-di g*- Ag85A- di g- Ag85B- di g- TB10. 4) and TB-S

( Ag85A- A%@%égﬁﬁﬂlfql%£9?ect fusion). 30 The experinental set up is given in
Figure 11. Sevefrrst, the immunogenicity of the adapter plasmids as

10 described in example 1 (DNA constructs) was studied in mice.
The constructs encoded one, two or three TB antigens: Ag85A,
Ag85B and TB10.4. The DNA constructs encoding for the
multiple TB antigens were designed in two ways as described
above, i.e. expressing a polyprotein comprising direct

15 fusions not containing the myc tag and expressing a
polyprotein comprising a sequence encoding a protease and
the protease recognition sites resulting in the cleavage of
the polyprotein (also not containing the myc tag) into
discrete polypeptides. The following DNA constructs were

20 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
25 fusion)

Triple antigen constructs

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

30 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



groups of mce were immunized with individual TB DNA constructs (two
experienents, see below). For each -47- inmmunization, DNA was injected
intranuscularly three tines (3 x 50 g) with intervals of 2.5 weeks. As a
negative control, one group of mce received three injections of PBS.
Addi ti onal control group received single dose of 6 x 105 cfu 5 BCG (strain
SSI 1331) subcut anously. One week after#the |ast DNA i nmuni zation, and six
weeks after the BCG i mmuni zation the mce were sacrificed. Spleens were
isolated to, serve as a source of, cells for cellular _i nol ogi cal assays.
éﬁk u@éféyc 4

Sera,_requi%@ﬁ?nﬁ&ﬁtﬁﬁﬂbr MESHIRIEC TR ahR RATNS © nei Tected By heart
punction ang ROGledgpesitWrRrvins bevels afeckRechti § g&ldtlar i mmune
response was determned using intracellular IFNy staining (1CS) FACS
assay, by meuolngonhedfeur)wdngdy cef reFayedCiibregndny epylons oaEDEBS -

sl enocyt e AIAALE MLAL LT SudlbmiLALE 0l Wit R1BERELECo e PO § 0o
correspondi ng ant1 gens. € iTmune sera were tested "using

i munof [uorEstesceach SASHB T |ssbrnaasdused- wi th  adenovi rus encodi ng for

corresponding a tEgeQekT¥¥%é£“¥%%eﬂgS@tDﬁi”EMM&%%%E%Qo Xpeld ment g ugLe 20
performed. For the FrFst experinment, 3 m ce per “group’ were Used and t he
i Mune respofiser was B0al ymacdchifzartieachheousese werdl gaduafiged F@plekessecond

experinment, 8 m.ce r .grou were used for i i zations .and 4 mce per
Oroup for R PO PRRA TS A s oafs 7 T AR F50E] RRF DAt h 25
pepti des, shmpined ogficaoadyatswo Serag tequi tdie Ranmbugodap remgomspool ed and

t ai ned FACS . | ysis. Siml | t bt ai.ned in, both
cxper | mht ST Ve UATS GRS TEOUBH "ot by Hat P8y “EY AR TUS LA manal ysi s. 30
The intracegdadpar |1 FNy staining (I1CS) was perfornmed as

The level of specific cellular immune response was
determined using intracellular IFNY staining (ICS) FACS

assay, by measuring the frequency of IFNy+ CD4+ and IFNy+

15 CD8+ splenocytes after in vitro re-stimulation with peptide
pools of corresponding antigens. The immune sera were tested
using immunofluorescence of A5489 cells transduced with
adenovirus encoding for corresponding antigen.

Two independent immunization experiments were

20 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

25 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.

30 The intracellular IFNY staining (ICS) was performed as

follows. Splenocytes (10°® per well of 96-well plate) were



foll ows. Splenocytes (106 per well of 96-well plate) were _48_  stinul ated
in duplicate with appropriate peptide pool as indicated (final
concentration 2 pg/m per peptide), in the presence of co-stinulatory

anti bodi es: anti-nouse-CD49d and anti-nouse-CD28 (Pharm ngen) in a final
dilution of 1:1000. 5 Peptide pools consisted of 15-ner peptides spanning
whol e antigens, with 10-nmer (Ag84B)-4- 11-ner (Ag85A, TB10.4) overl apping
sequences, or adjusted for Ag85B with peptide pl and p2 from Ag85A, as
outlined below in exanple 6 and 7. Sanples from BCG and PBS i nmuni zed nice
wer e sti mitdredatedabrlidurdigbte with appropoiptarremider RrelPadtei n; fi nal
concentr ati o]} a rlfi t el riqat i ye; £ 1 nal

concent ratﬁngﬁ%c%gegg}ﬁ%%l V\%%incgﬁpé%ge)&daﬂ;ltzfglgz{é@cg%%lg\s%(ﬁ grtrlgén vitro
stinul at i araseoreBCt comhimuiatpoon. anisibwdiesi t avel urpwsegCD48dmprds wer e
stimul ate W P | O ik i nal _cQr t i - 50,0 and 2
g/n, resgaen(]:tfli @%f’% é\ig)r?eér e(gglgt!fﬁ%g?%@ubqg} iao%qﬁmg?héﬁfedcﬁq&% oge%\'/gél%a's a negative
control5 (rRepgtideupad]l ®ronsAkted 4f hlS-gteirnpeat i des agpadinGngseboke i on bl ocker

Gol gi Pl ug was gggedwiéhpq%&%??ggg?L%)n%lr qill_kllg%og%g]gﬁg?)r%gg% he incubation

was 20 contimn for ana i me périod orrespondi ng
dupl i cat e smmbepimgrs=qroiced, and gdjpceEededorf dy8 FAGS thnakyside Briefly,
cells were \gas%egrwi tzbcﬁfﬁs acogt ' nier}$ %.15% BSAe aapd 1ien%ubat ed with FcR
Bl ocker (al-r’)nafp i g%rﬁ; i1 Ut #8n " (?r P8 W SR Ce. ﬂf‘fle “a 25 washing
step, the Lmiphesweren iBualaatdedBs inmER4eldl mCce (Wi rstiganatdd! uti on 1: 250)
and - APC (.Phar m pgen; ilution 1:5Q), for 30_mn .on ice. Upon washing
cells &eréa%df(*iti%g%ﬂg d i(éléﬁt‘ﬁet 1A EBEE X7t Ser MtPPhar mi ngen)  for
20 m n on dodeenteht Dyved OyigdmMpSimdPEt qRuwni Ehederrdtédah 30 buf fer
(Pharm ngene) .. Intracel|ular |1 Fl\% was, stai ned usi ”9{, ,

Derivative; final concentration 10 pg/ml), Wwhich are

antigens commonly used for in vitro stimulation upon BCG

immunization. As a positive control, samples were stimulated

15 with PMA/ionomycin (final concentrations: 50 ng/ml and 2
Hg/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

20 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

25 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
30 Dbuffer (Pharmingen). Intracellular IFNY was stained using

anti-IFNY-PE (Pharmingen; dilution 1:100) for 30 min on ice.



anti-1FN y-PE (Pharm ngen; dilution 1:100) for 30 min on ice. -49- After
final washing steps cells were resuspended in Cell Fix (BD) and anal yzed
using flow cytonmeter. At |east 10,000 CDB+ cells were neasured for each

i ndi vi dual sanmple. Results are expressed as a percentage of CD4+ or CD8+
cells that express 51 FNy. An overview of the in vitro re-stinulation
sanples is given in Table Il. The resé¥ts of the ICS are presented in
Figure 12-16. 10 Table Il. Overview of the in vitro re-stinulation sanples.

I nnuszatlon_ln vfio antigen stinmultlon AJd85A Ad858 TB10. 4 CFP PPD PW Wi um
AMA (TB-5) MESerx bknalqsaphinggtepsy crIks e ASCHEPEIEeS 30 (W5 AASSSB ( TB- 3)
X' X X XA @5 ANB1(E&@)using f1¥wXc¥toftESAAAE5BedBLO1@(dd g+ - . X X X
X Ad85AAd858TBlOA(FBS XXXXXBOG XX '"".. XXX XX PBSXXXX .. X
X X -50- Figfhles vEFR BRESErhowt I‘?&théﬁﬂb‘fjﬁﬂﬂ} IS&PEILE - RBP4 Vet y®N%w when
the cells wexerdilesshisMl pd £tbntl@Ube &84 shiowhad cBhgb freguspmeself | FNy+
CD4+ spl enocytes after stimulation wth peptides of the Ag85A pool. There
is aclear TrMss 5 reactivity with CD4+ cells obtained frommce injected
with the construct | har bor i o the A985 encodi N9, .9epe nWhl issi not

unexpect ed due 0 CREALGH 2Tt dfal*AbRofog lbélt &R i\g%‘g]f and Ag85B. In
contrast togivhat iwagaboand f orheCRésults of the ICS are presented in

Figure 12-16.

10

Table II. Overview of the in vitro re-stimulation samples.
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B N TS S
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cells, no stinulation of CDB+ splenocytes (see figure 13B) 10 was detected
of cells frommce injected with constructs encoding either Ag85A al one or
in the context of Ag85B (| anes Ag85A, Ag85B, TB-3L and TB-4S). However,
there was a striking increase in |IFNy+ CD8+ spl enocytes in mce injected
with the triple constructs TB-L and TB-S, clearly indicating 15 an inportant
role of the additional antigen (TB10.5¢) present in these constructs.
Apparently, in this setting, the TB10.4 antigen is able to strongly

i ncrease the frequency of CD8+ splenocytes reactive towards the Ag85A

pepti des, wher Bigyissn 123 and B oshaw thasbbaakyewing tievag85®Irorinsydes no

responses.; 20, Fi h t LLgalds t hRQS 1 jch it was
pr esent ié}og’brgé%g&?engzc%eﬁeléegt e ﬁ(}%’gﬁg%g 1Fﬂl\iﬁ-‘ert8Dldlfgg gff) eérllw(;gcyt es,

wher eas t hegef feeduaity by FFP8€0dpl epbeyd@s dss afpeni sedmylsad ohi gure 14B).
Al so here, .cross-reactivity is _found_between Ag85B_and Ag85A (figure 14A)
as di scus ¥l JBSRHRS OF GlIFCAIEAR S TRSTE tHo & FAGAENEYOR | FNy+ DA+

spl enogyt esatespondivignt eptihecd Bl .obraehatiefrpeptiicde ipgettés widresent, where
no real difference can_be found hetween mce injected with either a

const ruct HhPt ROFEITIHF 2PERETHRI dhec SISO PURRCRAMIRS i96PRg YRECR il e inserts.

However, astShRdkpettdd) dlibgts erHd Bii ghhetkheaenc hob 1bENyBe Gh&sn spl enocyt es
from mce that were | n_: ected with constructs conprising the gene 51

encodi ng PHA8SFBIRY A géh, CORtHASEMEL PRRF yWahdremgedotipoh?+ sti nmul ation

Wi th TB10.4118! atediaptbdesn SSREMAbYehdcittes @Rt exbupd 14 triple
inserts (Note the y-axis, indicating hat an average of 1.5%of the

spl end@yt ¥3swaste@rg ioferelss Theom @gget dndeetedinidhi £0BSFAUGEYure 16A
(e SBRECHIE ook i Brpiease annaiqhane drohatiogn BLies) o
cont ri but d1pnesdi A§&PenAIFBRNeTB-31o ande TBnhPhe However, there was a

striking increase in IFNy+ CD8+ splenocytes in mice injected

with the triple constructs TB-L and TB-S, clearly indicating

15 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.

20 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

25 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

30 in figure 15B, the frequency of IFNy+ CD8+ splenocytes from

mice that were injected with constructs comprising the gene



response: AgB5A induces both CD4 and CD8 responses; Ag85B 10 only induces a
strong CD4 response and hardly any CD8 response. In contrast to Ag85B, the
TB10. 4 antigen invokes a strong CD8 response and a m nor CD4 response. This
indicates the clear beneficial subsidiary effect of the different antigens
encoded by the sequences present in the triple 15 inserts. The BCG

i mruni zation did not result in signifiréant ICS response. However,

spl enocytes of BCG i muni zed mice did produce high Ievels of IFNy after 72
h stinmulation w.th P PPD, as determ ne u3|n | FN7 EL SA k|t mhlch
20 i ndi cat €3¢ m-%gs aﬁ 43 ARM928d &F f FETRHTISR (laanCﬁ%?Se

determ ne whetmfrataoy &nth gmcsmecrleflaceanlbelb@ﬁe@s espeeiaciyaid ythreal sed in
the mce injected with the different % constructs A549 cells were
i

transduced SRRIFXAd®S FBE OBt S48 HEy I Nk o d5arAY  t FRITEREMS gens in 96

wel | plat eshatlThe adenrayerses, s RhedssEshas t@eswhkbedadtivegxanpl e 2. For
this, 1x109 cells were seeded per well and viruses were infected with a
nul tipli%i tPrOrasilést PR DIMRRF I5GG0 1nThbI ¢S oL 64 t EX 1PhE et BTV &l I s were

fixed with T@ﬂﬂfm)%%%@@éé’é (284 'ﬁr%t@hsé(algésfﬂﬂo‘ﬁ"\%gtm!) aaﬂ@sﬁg@,gest ep _52_
with Permi Wash buffer. Cells were incubated Wth i muni zed m ce sera,

diluted 1:216%h EEsrWddReplf Harkedt gntiganal - dAcarlypokhtadhi fRyeFoat
ant i - nouse- FliGe,d luhed; dade [ih RRIELYERD ndid A coMEReadiifchand i ncubat ed

for 30 mn at C. After a 5 final wash, | s were anal yzed using a
f | uor escenceespAnsess@gper Mhdudarmipodhl 0B cand RS arabPgafestr vaHiBed strong

R ot o

response. In contrast to Ag85B, the TB10.4 antigen invokes a

strong CD8 response and a minor CD4 response. This indicates

the clear beneficial subsidiary effect of the different

antigens encoded by the sequences present in the triple

15 inserts.
The BCG immunization did not result in significant ICS

response. However, splenocytes of BCG immunized mice did

produce high levels of IFNy after 72 h stimulation with CFP

or PPD, as determine using an IFNY ELISA kit, which
20 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
25 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
30 5000. Two days after infection cells were fixed with

Cytofix/Cytoperm (20 min at 4°C), followed by a washing step



10 Ag85B), TB-4 (Ag85A- Ag85B direct fusion) and TB-L (ALV-dig*-

Ag85A- di g- Ag85B- di g- TB10. 4). Weak stai ning was observed with sera frommce
i mmuni zed with TB-S (Ag85A- Ag85B-TB10.4 direct fusion), while sera obtained
upon i mmuni zation with TB-5 (Ag85A alone) and TB-7 (TB10.4 al one) did not
exhibit 15 any staining. This indicates that at |east some of the antigens
are able to elicit an antibody respors@e. Full cleavage of the protease from
the remaining part of the polyprotein and expression |evels of the separate
antigens was not determined in this experinent. 20 Exanple 5. Construction
of rAd veeidhsPewsdishy baffant iCrlls asdeahnewhanathwitheisnunrdizrd el

reconbi nant. .repljcati. fectiv i r t Q. onst ted, herein
desi gnat eg‘aﬁég%%{% stﬁﬁ}%gs?'%\h}rghPe%gl?gg%}rle@fe%&gn(}gﬁt?ggn r:r’e—%‘mgr'red to as
X) and a Wepanvaskeingiatgort ahtTtmAlset-RATChadbbrteda 1l:psinePemashut i on  at

am no aci 63 (4. er.ejn; r.red K63) .l I f the serine
that is p(rgggg% ! |"F1’°(% h%{dﬁgr éﬁ?a}ﬁﬁb%&les Jf'hg %@nsjnr %%t EBZ'rS\b'oP)‘%%grp er plasmds
sui t abbe tfan3D wgster ated 1E| wded edred yaed5ubasgda Vidatoarsceapabl e of expressi ng
X and A1K63 is achieved by introducing PCR-anplifyied X using 53 standard
PCR proceluFé% % Hdwn to persons skilled in the art, and introducing
appropri at e cl i ngnmesifluotésrersid @nalyhes residlieantt PeiRy geneirgeined DNA
fragment is dlgest ed wi.th tge espe%}li ve re%;ri.cti og endonucl ease(s) and
SURCECLT &

anneal ed £8°5h™5° S ePIpP aPPy2 S FELET BEA aBbYR for Ag85A,
Ag85 and imidlfiAed Additt TeRal (RGEEBR/2i1snby, r'eBt3 | @IVedi gRERGREA-ERe-
P SN RO AN R R T
Ag85A-dig-Ag85B-dig-TB10.4) . Weak staining was observed with
sera from mice immunized with TB-S (Ag85A-Ag85B-TB10.4
direct fusion), while sera obtained upon immunization with
TB-5 (Ag85A alone) and TB-7 (TB10.4 alone) did not exhibit
15 any staining. This indicates that at least some of the
antigens are able to elicit 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.
20
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-
25 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 Alke) in

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

The construction of adapter plasmids suitable to
30 generate El-deleted Ad35-based vectors capable of expressing
X and Algez is achieved by introducing PCR-amplifyied X using



10 DNA encoding ALK63 is anplified fromplasm d pO&.1-A conprising a copy
of CtxAl. The nucl eotide sequence of ctxAl is available in GenBank
(Accession # A16422) and nodified by replacing the serine-63 TCA codon (nt
187-189) with a lysine codon AAA. The nutant derivative is generated using
the 15 Qui kChange(r) Site-Directed Mitagenesis Kit (Stratagene). The
site-directed nutagenesis process entab¥s whol e-plasmid PCR using pOGLI-Al
DNA as tenplate, forward primer 5 -TGI TTC CCA CCA AAA TTA GIT TGA GAA GIG
C-3 (SEQID NG 24) and reverse priner 5 - CAA ACT AAT TIT (%zr GGA AAC ATA
TCC ATC 20 %tandgEd PRRNPF285IUEAR SPPFBcEA R S0 Fikdd 1Rdctedthiuést1s7- 189

by repl aci nghd hetFeAueode dypﬁdpxaraté%w@ﬁw K561 cRgnr éiiﬁk@éi s@guences) .
The resul tant PCR-generate lasmd is digested V\nthq%) to renove the

tenpl at e DNEEHHEAP PC%I“Elgeé‘:?’tréGefbl\l%l‘”?‘sfIial‘iJE“reBBUE:édd’r?ﬁ%t wd&Pi EBS chenmical 25

transfor rratf%éftqvar QuBt Pl ddodlE1E88e IH Riha heabaied teaonies are
sel ected and was extracted fromovernight liquid cultures. Plasm d PCR

usi ng pri mrderisecPlpemidroenemedy aqddagerded goovel et rdphdtediddoar e

conducted t o4 SEH19L1 . RH4 801 ARAM QR '1?"3?3 agy i Madii M@t 1 bHee Aub ARt dRgert is 30
cloned thereafter into the sane adapte l'asm d that -54- contains X, either

upst r eam or dERGisioNe aREBf and a?fﬁﬂu%i’@éﬁévpf ushks dromegr F§BcEtrgrRedese.i bed
above.  Exagpl & fedDR3CvEEERP tOfthAdﬁﬁATvﬁaé’qgto it’egﬁg‘ ?Srse d35

reconbi nant viruses expressi ng e different si ng e TB anti gens
were used teonswtucanngenicity in mce. Methods to quantify T-cells that
produce interferon-ganma (IFN-y) after stinulation with proteins or

pept i dethool s ar@ gprediny Mbef dsmedprlsfird nitdrogd akmddnP@@L1R t he art and

for exanple %ﬁgr d,i B, Q037294 20081 R sBhuekddYP A Jung et
al . (1993).c tai ls%are d%fc%pbeég‘ Shhe 18 sBtue
is available in GenBank (Accession # Al16422) and modified by

replacing the serine-63 TCA codon (nt 187-183) with a lysine
codon AAA. The mutant derivative is generated using the

15 QuikChange® Site-Directed Mutagenesis Kit (Stratagene). The
site-directed mutagenesis process entails whole-plasmid PCR
using 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-

20 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 DpnI to remove the template DNA and the
digested DNA is introduced into E. coli by chemical

25 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
Alge3, and agarose gel electrophoresis are conducted to
screen for an appropriate derivative. The mutant insert is

30 cloned thereafter into the same adapter plasmid that



bel ow. The triple insert vector TB-S was used in a dose- response

i munogenicity test. Four different doses of viral 15 particles (107, 106,
109 and 1010 vp) were injected intrarmuscularly in different groups of
C57BL/6 mice (5 mce per group), whereas 3 mice served as a negative
control and were injected with 1010 vp of the enpty viral vector. Two
weeks after imrunization, the mce wdde sacrificed and 20 spl enocytes were
isolated to serve as the source of cells for cellular immnol ogical
studies. The level of antigen- specific cellular immune responses was

det er mi ne¢oBSRABS the eltheravpstrear AFNpvwashream P XCSPAFACS assay, by

measuri ng 5 4bigvi FeSeEnGY Bf ohENYy ¥ Heand; + £nocytes as described 25
above. Thé‘iL res\dl{ts are shgvv?l ?n ?i gurée 17.19%&1?@, the Ad35 based TB-S

vector induces an antigen specific imune response in a dose dependent

manner, egRSmbab! g, | e L ORse L&k L | MBI E8SEord) i se with Ag85B
specific CD%E%S%IE %%egl%?%bgﬁﬁ.&mﬂar%gsponse Waséqflgu%gegel ated to TB10.4 30
speci fbc CD4 calBS fddagqirieah¥ B jrews mraprespomse-heasliffdanentrel ated to Ag85B

Pec e SRR AR iRl B Lo sppong e et ected
cells (fiigumécd7Biettbdk7Eor gsapectfiwd-¢gkrlla tmatkeddduecrease was found usi ng
the 109 and 1010 doses. The 107 dé) e di(g.no a ive .any significant effects
in any of ‘THETERTLY r%a§m“a\/\/|q| Fé Yheé 5108 3185% 'glr%o wr% uPf8E®T™ & i ncrease in
Ag85A andphgBiBe s@els fare €dicellys fefrifgumed Ui mnthetRodsekpeet irel y) .
S| 3, J3h2, VELe. TP usiagh Lhe IOl conSt ol 085309, eshgr). During
t uber cul ogitSaant (DEIIS iahd Jung et al. (1993). Details are described
below.
The triple insert vector TB-S was used in a dose-
response immunogenicity test. Four different doses of viral
15 particles (107, 10%, 10° and 10'° vp) were injected
intramuscularly in different groups of C57BL/6 mice (5 mice
per group), whereas 3 mice served as a negative control and
were injected with 10'° vp of the empty viral vector. Two
weeks after immunization, the mice were sacrificed and
20 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
25 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
30 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 10°%



mce, it was found that the peptides referred to as pl (FSRPG.PVEYLQVPS;
SEQ I D NO 26) and p2 (GLPVEYLQVPSPSMS SEQ |ID NO 27) of Ag85A were the only
CD8 i nmunodom nant epitopes for C57BL/6 mice. The underlined stretch should
15 theoretically fit in the MHC nol ecul es of C57BL/6 mice. The sequence of
the Ag85A antigen in this region of the protein (amno acids 1-19:
FSRPGLPVEYLQVPSPSMG, SEQ I D NO 28) is-SPdentical to the sequence of Ag85B in
the sane region. However, the peptides pl and p2 fromthe Ag85B pool, 20

al t hough conpri sed of the sane uence peptides.fr Ag85A, did not
Give any CEI%Jondespass & Qi 8 Tt O Sy eiesCPhat oL Ho pept i des pl
and p2 fromAgRER wereanat 17N reypdetivpEYNAPS miieddo ipeedass vy ef fects or
contam nations. Therefore, an addifjonal dose response experinent was 25

X ]
performed i FoWH &5 10He P4 19t P89 £ P rurgeeen P tli%edpsl st noAgE5ECwas

reconstit ut gey Witdh ik cand #2rddtaminhandg8bAodettihae, E¥REIE NBRIY Was
performed with both TB-S and TB-L vectors, using doses of 107, 108, 109, and
1010 vp.5 ThEO Tdogg| pliesiiddefadndat el P rRaPe w0 HBERR 284 &985Fmuni zat i on,

30 general | ypo&s; desebibed: ahoveqiAc Negakhy el FOMIRstiP8Eyproup of nice was
injected w t% PBS, while one group was injected with an enpty Ad35 virus
(1010 vp) .SThelaresgteswess foufq msiegpele TH ICOBrsérLstaf@ i ddnted in
Figure 17G {8y, left graph, TB-S, right graph). Cearly, CD8 positive
cells were neasured upon in vitro stinulation with the adjusted Ag85B

pool , although theipgpendessésamanthdoag8ba Gl i igmwnedamirantentical to the

pept i deg, of 5 ﬁ&sﬁﬁigggé grﬁébpi‘%’[y'e%'} MeLELOFL G NAld ¥:n'ﬂ§ﬁ£’?§”ﬂl di d not

provi de any positive ults. se observations neverthel ess show t hat
al so the AnB&B protveisn fasnéndwtedhley pehbidei8SrdfayagdatienaviPluses can

induce a CDB-posiride1dves! | sESSRPRRS 280 t 8ha ! BY 6B yPhvpspsme; sEQ
ID NO:27) of Ag85A were the only CD8 immunodominant epitopes
for C57BL/6 mice. The underlined stretch should

15 theoretically fit in the MHC molecules of C57BL/6 mice. The
sequence of 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,

20 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

25 performed in which the in vitro stimulation peptide pool of
AgB5B 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, 10%, 10°, and 10'° vp. The T
cell response was determined two weeks after immunization,

30 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



10 said viruses. Exanple 7. Ad35 based TB vectors used as a boost upon
primng with BCG In another experinent Ad35 vectors expressing TB 15
antigens were tested as a boosting agent for BCG inmmunization. Hereto,
groups of mce were injected subcutaneous with BCG vaccine (Bacilli

Cal mette-CGuerin; reference standard FDA and generally known in the art of
t uber cul osi s vacci nation) according t5-protocols delivered 20 by the FDA
(standards and testing section CBER). Four groups of nice (8 mice per group)
were primed with BCG (6x105 cfu/nouse) subcutaneously ten weeks prior to

i nf ecti onWiithhresredddwo¢PBare Vit tadies Pasedted im 35 guaer Wﬁg(Tﬁﬂe t hree
direct!y hipked 6 antd.gons: (B glar) Melbab P, ZDedgaeviyal £ vectors
carrying the f f ow ng i hations of antigens: - one (conprl si ng
t he Ag85Avgnd m@%lz;aﬂ l’U@@D fusyoo StlmBldtHOﬂI’Bu?th( @bﬁpa‘iﬂww‘gedl'Blo al one)

- 1B-5 (C‘B.]%'@Eiasﬂaé‘& A%ﬁ%o%ﬂ”@ﬂ% rpoﬁl‘éeé‘:??@rﬁ'é{é‘%ﬁ%ﬁ%%f’& o,fl One) + TB-7.

Two control® groups m ce~ per were prined or with BCG

wher eabt ewetrhei®B8 igradusor ebei pegpt IS a§ nbekAgEB antriiganzawhizh and t he BCG
primed control group neceiyed t he. tor. Injections
with the X8§§ % 1t all cPorg wec?edlpger ﬁe%lwn aségl‘\?\ngth 109 v

intr arruscurleanll'ys Fmsmblserpmsionmfnememhelésls vsﬂrfe:kvs tahteal$o prheare) , n1 ce

were sacrifi | enocyt es re.isol d used. as descrlbed above.
e oot pabE e e iP e BREOGE M5 Erod B3k Hha o Al S HRBH 1 P60 P
resul ted iindacesa @D ipoantieéf Baielllowasdsndgdbfteapaaifbcei &@dotel I's (figure
18A). 1,3\5 %éggct ed S(see also figure 13B), the triple

viruses

Example 7. Ad35 based TB vectors used as a boost upon
pPriming with BCG
In another experiment Ad35 vectors expressing TB

15 antigens were tested as a boosting agent for BCG
immunization. Hereto, groups of mice were injected
subcutaneous with BCG vaccine (Bacilli Calmette-Guerin;
reference standard FDA and generally known in the art of
tuberculosis vaccination) according to protocols delivered

20 by the FDA (standards and testing secticn 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

25 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

30 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-



10 construct TB-S i nduced an Ag85A specific CD8 response, while the TB-4
vector did not induce such a response (figure 18B). Simlar results were
found earlier (figure 13B), indicating that the presence of Ag85A al one or
in conbination with Ag85B does not give a CD8 response, whereas such a
response 15 is found when TB10.4 is present. Interestingly, no effect was
determ ned when the separate vectors were injected but 1in 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 20 tifpunigatierq g%}ﬁié:%GuPHGbErﬁ?%%é?ﬂntirﬁlt HEOYRNMELSHYSEr 48t or  at
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response Similar results were found earlier (figure 13B), indicating

that the presence of Ag85A alone or in combination with

Ag85B does not give a CD8 response, whereas such a response

15 is found when TB10.4 is present. Interestingly, 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
AgB85A specific CD8 response when co-injected, but rather

20 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 AgB5B antigen are in concert

with what was found earlier (figure 18C and D). It must be

25 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

30 corrupted peptide pool used to measure any CD8 response

towards Ag85B (see example 6 and below).



10 (Ag85A). It is known that activation of CD8 cells requires a sonmewhat

hi gher antigenic threshold than the activation of CD4 cells, which is at

| east partly due to conplex machinery involved in antigen processing and
presentation by MHC class | nolecules (Storin and Bachmann. 2004). Here, it
was found 15 that when TB10.4 was coupled to antigens Ag85A and Ag85B in a
triple-antigen construct, strong CD8-ggsponses were triggered, not only
agai nst TB10.4 itself but also against Ag85A It is likely that the
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i ncreased CD8 cell activation. Furthernore, if nuch protein

CD4 cells, which is at least partly due to complex machinery
involved in antigen processing and presentation by MHC class
I molecules (Storin and Bachmann. 2004). Here, it was found

15 that when TB10.4 was coupled to antigens Ag85A and Ag85B in
a triple-antigen construct, strong CD8 responses were
triggered, not only 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

20 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

25 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

30 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



ends up in the proteosone for class | presentation, less 10 will be present
in cytosol and extracellularly and, thus, not be available for activation
of Bcells. It has been reported that an inverse correlation exists between
antigen processing (i.e. CD8 activation) and antigen specific antibody
titer (Delogu et al. 2000). It is interesting to 15 nention that a nuch
stronger antigen-i munofl urescence wass¢-observed in sera frommce i muni zed
with double-antigen constructs rather than fromthe triple-antigen
construct inmmunized mce. This finding suggests that our triple- antigen
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age e resu 10WN rnfrgure ing the new
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descri bed i.n exanmp EBCG prinme,

[ bhoost stud
Ad35- TB bod&f* v\%S repeé:t g& Fﬂﬁ n n@I\H nﬁ sp?ehocﬁtnéng\@ Fehoved from
m ce that wane spcin fﬂlﬂaﬁ(ﬂ)rﬂﬁemeed(é ﬁdﬁ eflapki Meptddeneakion,afites

s, TaBs, "0t A Tuirh CEPoRel b B FatBL U AT B e FBYBect ive Vi ral
vectors. Ras)ul bs @vaellsimm folrNa &t D18l oAb ofAB8BAL B4 1 Mt atasoBpen26 ( AQ85B
StIHU|atIOQ£ orted that an inverse correlation exists between antigen
processing (i.e. CD8 activation) and antigen specific
antibody titer (Delogu et al. 2000). It is interesting to
15 mention that a much stronger antigen-immunoflurescence was
observed in sera from mice immunized with double-antigen
constructs rather than from the triple-antigen construct
immunized mice. This finding suggests that our triple-
antigen molecules, containing TB10.4, are highly susceptible
20 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
25 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.
30
Using the new peptide pool for Ag85B with the peptides
pl and p2 of Ag85A added (as described in example 6), also



27 (TB10.4 stimulation). The results clearly indicate that significant CD4
and CD8 responses can still be nmeasured 10 after prolonged period of tine.
Exanpl e 8. Prinme-boost-chall enge experinment in Guinea pigs In a subsequent
experinment, it was investigated whether primng with BCG followed by a
boost with Ad35-based TB 15 vectors, would protect against a Mycobacterium
tuberculosis infection in a challenggng set-up. Guinea pigs were initially
primed with BCG typically as indicated above (6x105 cfu per aninmal). After
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10 after prolonged period of time.

Example 8. Prime-boost-challenge experiment in Guinea pigs

In a subsequent experiment, it was investigated whether
priming with BCG, followed by a boost with Ad35-based TB

15 vectors, would protect against a Mycobacterium tuberculosis
infection in a challenging set-up.

Guinea pigs were initially primed with BCG typically as
indicated above (6x10° cfu per animal). After 14 weeks, the
animals were either immunized with 10'° vp Ad35.TB-S (Ag85A-

20 Ag85B-TB10.4) or Ad35.TB-4 (AgB5A-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

25 observations suggest that the BCG prime followed by an Ad35-

TB boost ensures a higher survival rate than BCG alone.
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WHAT WE CLAIM IS:

1. A recombinant replication-defective adenovirus
comprising a nucleic acid sequence encoding two or more
antigens, including at least one antigen encoded by the Ag85A
open reading frame and an antigen encoded by the Ag85B open

reading frame, from at least one tuberculosis (TB)-causing

bacillus.

2. A recombinant adenovirus according to claim 1, wherein
said nucleic acid sequence further encodes antigen encoded by

the TB10.4 open reading frame.

3. A recombinant adenovirus according to c¢laim 1 or 2,
wherein said adenovirus is selected from the group consisting
of human adenovirus serotypes Adll, Ad24, Ad26, Ad34, Ad35,
Ad48, Ad49 and Ad50.

4. A recombinant adenovirus according to any one of claims
1-3, wherein said TB-causing bacillus 1is Mycobacterium
tuberculosis, Mycobacterium africanum and/or Mycobacterium

bovis.

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 recombinant adenovirus according to any one of claims
1-5, wherein at least two of said antigens are linked so as

to form a fusion protein.

7. A recombinant adenovirus according to claim 2, wherein
said nucleic acid sequence encodes all three antigens Ag85A,

Ag85B and TB10.4, cloned in that 5’ to 3’ order.



8. A recombinant adenovirus according to claim 5, wherein
said polyprotein comprises a protease-recognition site

separating at least two of the antigens.

9. A recombinant adenovirus according to claim 8, wherein
said nucleic acid sequence further comprises a sequence

encoding a protease.

10. A recombinant adenovirus according to claim 9, 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.

11. A multivalent TB vaccine comprising a recombinant
adenovirus according to any one of c¢laims 1-10, further
comprising a pharmaceutically acceptable excipient, and

optionally an adjuvant.

12. Use of a recombinant adenovirus according to any one of
claims 1-10 in the manufacture of a vaccine for immunising a
patient against at least one tuberculosis (TB)-causing

bacillus.





