-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
wor | dwi de threat to human health for several 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 and'i%lthas been estimated that currently
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system such asy after nfectlon o the | at ent nature, infected
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antibiotics for up to 12 nonths, which is not a very attractive treatnent
in genel al and due to COS%%&E%&QS &Qsﬁmbllﬁvgﬁ%%r ence 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 obtainedzfroma 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 tonddeirdruextesimtianceef vecle vid figr addal topu merar pfIBchinde many

regi ons iq__redetvel gpilrrllgmocsqculrg;ri s still have very high rates of TB, despite

t he BCG vaCC|anéneBrogranB. SVRasPhetn Bsti métfed that 15 BCG vacci ne prevents

only 5% of all Onaceehe:ipredwesuabésesfuledtthyabyiid8 fd@ufemmnn, 2000). Due to

the rather,lo rotectiqn rate qf. the B vacci in general and due to the
specific pq’e&eg(?g th %}e %raecg‘gg&t 8?Jom%trﬁq_ﬁ85&nag%&g)l SESTH RSt B85 TB, nore

ef fort $ wefenez@tpdt in Nt eadeyelyeprendf ahenéwentDétth ievadiry, appdi cabl e,

vacci nes agai nst TB, based qn ot her ssf\;s,terrls9 and _know edge ,acquired in other
fields sudtSadivgEcFhan &P Ag9rRifudthem 1PR4pi BBF 34T ¥RCrINE UF seases and

HV (revi e byt¥angtédtst réing of 2082)eri2b tRiskliesend Mmpiyraeebesumer e taken to
devel op new TB  vacci nes, r,angi ng from subunit vaccines and DNA vaccines to

modi fi ed rRRAYGSadBet?iin QW 4nRE. TR b\l - dfsdSractitiasty $8Fl - based

vacci nes wecRideneyii&d.i £rakbli 884 theHararsb8p1y ObrdMudddberautRsi s anti gens
to antigen-presenting cells 30 through gene delivery vehicles such as

Modi fi¥d V@& gP80. FNRCCHIAF 19 ctOTer ean § 0B epf i €18 iWT-ldef ecti ve adenovi rus

Vectors. population. 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

16 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,
WD 00/ 21983, WD 01/04151, WO 01/79274,%-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 an P 1449922, discl psing the use
of a fusion pol 'BEAb‘é’{‘?’/ﬁé]é}?sEgﬂ?-lgsgaﬁ% e(eﬁPﬁl%@cfi'beéf%‘ %Qf erred to

as Ag85B org4 s 28aB (sast 49eh)Epr De9pibe) Al khdhese mang ekpertefforts in
generating a 15 vaccine against tubercul osis that ensures both a strong

cel lular, a9%3%0k§ fHliRoPSF edPBIRSuSs2REt oS F oMoy COPAStE g hi gh

protecti on f@&rcul®sSEChnVar@idie resoiBlinadadbd PUra£id8 BRHEFFIESCRI PTI ON OF
THE DRAW NGS Figure 1: Map of pAdApt 35BSU.%C Fi gur . Ma

2: f
DAJADt 35BS LML PPRTLGAF 5O: LIMIRCEH EAIARY 3BT A, SHP RS GLAE I Woup of

PAdApt 35BsugdB 1M, 25sF 85, 10, Maip 0B /pACEW! IrP38/1813Y] ddhgure 6: Map of
pAdApt 35Bsu. TB. 4M Figure 7: Map of pAdApt 35Bsu. TB.5M Figure 8: Map of
pAdApt 3SBsu9.9|7'I§?46W|5rFW§uP8/@)‘!5?\7apV@f OBAaﬁgg%BEQJ.O'FE.O?IWQO gure 10. Western

blrot "wi th agi,j79h 3nkib0eho PAIOEINALs0B0s ERIEEDAT ORLATED 62! diilaRf ect ed
wi th Ad35 viruses conprising nucleic acids encoding different sets of TB
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 vaccine against tuberculosis that ensures both a strong

cellular, a strong humoral response as well as a long-

lasting high protection rate, no such vaccine is yet

available.

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 wi thout 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 -énaterferon-gamma production (I 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 orRYIBRRSpFOEYCEIOMYCHERG+(ALpHIT Witheut athe Mg ttada (Bdel of

pept i des rehevant 167 ed he/i0338n ADLLOPN AeiCRE ekl BeeCRBE cells). 15

Figure 14. Percentages of antigen-specific spl'enocytes that stain positive
for interfret@tiganfabpe obducti on (I FNy+) upon stinulation with a pool of

peptides rglauant if O, fhs; £G8R d@QI'Ig%E (i'rbﬂ'mulgPélgtf&lll otBco¥B+ cells).

Fi gure 15. Percentages of antigen-specific splenocytes that 20 stain

posi tie fuginant/edféfereamuenprodatt vegtqusFNPNR) uparbowtingul ation with a
pool of pecPitﬂf%"r%gEe gvanis Tl 1LRE l@ilc?s 4enc%%%th%%ﬁgﬁ%taﬁ%§fcel ls, B: CD8+

cells). Figure erview of percentages 0 spl enocyt es
t hat stai mrpogienisve in ICN, in sera obtained 25 frommce injected wth the

triple inserts TB:.L (A and TB- .. Figure_17. se response, ef f ect
usi g di 1A 335e8h M aatE of amiger BeRT et RO EREORR Ry “ageen,

Ag85B and shiyli: posablivgersr 1G4 rEeseRR -0 wabascAOSHOA 1Fly+) AgSEB (O and 30
TB10.4 (E). CD38 response towards Ag85A (B), Ag85B (D) and TB10.4 (F). (Q:

CD8 regopon%teurtudwéﬁgg wgtgl-)glq,\jp@ﬁtflﬁg (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).

156 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-1L (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

Fi gure 20. Nucl eoti de sequence of TB-SM- Figure 21. Nucl eoti de sequence of
TB- FLM 10 Figure 22. Am no acid sequence of TB-LM Figure 23. Anmino acid

sequence of TB-SM . Fi gure 24. 1no acid sequence of TB-FLM Figure 25. Ag85A
Sl ati onARsost ashEepi ey Raab. S 6aeo e bor | \RAH IPPH - AUPORCTRr m

read-out. Uppescpigl righd 4bapespprse re-ovenroadiein. CD8 response. Ad35.E =
enpty Ad35 _virus. Fiqure 26. Ag85B stinmulation in a BCG gri ne/ Ad35- TB boost

Fi - a )
experinment W¥HS 1%ngPlerRfr eB%-TRAPOISFSeR T PRR RTINS YWiEEpBRE 2T owver
panel : CD8 E@§Q@ﬂ%ﬁwﬁ_ﬂﬁéiEfér@ﬁPUMkﬁﬂB5ecggr¥irGﬁﬂ rels@eh8e 2¥owd BiD. 4
stinmulation in a BCG prine/ Ad35-TB boost experinent with a long-term

read- outS UPPRPA plHel 298PB (Flsirehs®10-4wdE) pafltd :resDOnsespevdeds Ad35. E =

empty Ad35 aygEAIS(B)25 ageVARY) A d M 1loNYENF| ON The present invention relates
to reconbinant viral vectors, preferably replication defective

adenovi r useBigwer €l 9 .pNafcdeablge rerpigsicgant BB adenovirus serotypes Adll,
30 Ad24, Adﬁ@tgufg%_ A3%e0fd48. < %%c%nnggg,DSMV\herei n the viral vectors
e

conprise a erol ogous nuclelc ac seqguence
Figure 21. Nucleotide sequence of TB-FLM

10 Figure 22. Amino acid sequence of TB-1LM
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 wvirus.
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 ogous-nucleic acid nay conprise the gene
encodi ng the protease. The fusion proteins with the direct |inkages elicit
desired i mune responses due to the antigens present in the fusion product,
10 wher easfndre opeopsi mere gbeirshhgs thecansdngabacsltes Thee engpdaded into

separate i f ri to ¢ ired i nmune
response.q# eg%%gtgggé&$ghl%rg?gr ﬁ?ﬁbq q?%d ?gi% é%?iggﬁgggy a protease
recogniti mlmelp@ldecolgrniomd pbyfartedlmﬂtmdlpleotea@ee Botilgesst anps provi de 15

addi ti onalor \éeQnsX”SEe%%t Sot §§£§§%°th4% gﬁp@fxésé’éhée th MACERQgLi on or

t her apy i P W ch viralPVect ors conprise only a stngle
transgen- amaod:ongeuned viMbrae 11gkeersaécmendeheecogemecbrbyalasepeehﬁies to viral
vectors r|S|ng a_het %;q ogous_n K f uence ﬁgggdlngdZO

nul tiple ap "§ERS SRPRrH &P B 6?%?% sp&? FRCYER/ AgE -4t 8% is to
be under stmsqd ctohpﬁrlselcﬂfheirgtemgelscmymj)e:n‘er @ﬁfbtaaw'a derhearﬂmtlysnof sour ces

i ncl udi ng, t .not gnlted r ctious agegté such, as viruses, bacteria
and paraS|Re? eingny rSEEo HHRPSS SR PRt DATHES nventi on not

25 i mt ededspoaBbsgens tfd alet ubeigeuh@qnses@amsuﬂgtﬂaeac:ﬁrdéﬂon Preduant i gens from
Tuber cyl osi_s nycob cterium serve as non- tlng%exa | es of how such

mul ti v etPSFSRS) € %c?%ﬁte*fchPﬁB§l%&Q9gﬁgﬁepaPEﬁ  @4fon entry into
the host gieladvedt hetandd@ansecatiesseped almdgeandothey edch abl e to 30

contribute to the inmune 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 i nmune
response towards the antigen(s). Ceari’y, the sequence encoding the

adj uvant may be linked directly to the sequence encoding the antigen(s),
but is preferably separated fromthe sequence encodi ng . the one or nore

11 ng
anti gen(s) I HROES AREr SREYIRh Y enBBa ®iC t3fe Jor #PdSBel doP3Ecni tion site.

In the | attede GRERrol BEodSl] MYANMi d SiciBl 86@MnddN i@ ohastasepas aldl y fromthe
antigen(s) and is able to provide its imune-stinulatory effects along with

the anti gen{isj2l VScEETAPEEIDESER PEIBKPTHel HraeParesPAVEPIR HieT dlidbes to

nul tival ent WacGdR8s: cCONPIdS (g AnkeseMh&adty W1l t¥est Ofulfr Pregler red
viral vector is a reconbinant Adenovirus (Ad) vector. The reconbi nant
adenovi ral VRIS TEEEORER nEPYRFdshéhrndehigom(D0 E3/prLEestRe het er ol ogous

nucl ei c acig NERCEHERG M Aajul 8R! md b diri%enk; AOLLOPNS chike

antigens may be within a Single polypeptide. These determ nants nay be
ei t her anti$rauender encofiing  thra@nddioah (ahd iy dsi pirefpaghbyens, or host

anti gens, SHSQ o) o] i A (o] ';?rrgme tige r 25 tunor
antigens. In-a Iga?ceefjelrf%gﬁ %%o%#%%tc% teﬂg&g%% gens oglrgebgf@%lﬁ?t uber cul osi s
(TB) - causi nanthiasinl (s}, bpotle prigfkaralslequén oen erlMaciingc tbei pnotedssr cul osis, M

af ri canym of, Mo o¥ios 0fcLr o ALIIRED LN, Therealy Jhe, antigens may be
the full-1eng P nati ve protei n, chimeric $USI ons HetWeen the anti gen and a
30 host propetserdr im bbéi bosta Sapmgaeriyof rém agrerins ighe(ebfarsf is

able to provide its immune-stimulatory effects along with

the antigen(s).

15 DETAILED DESCRIPTION
The present invention relates to multivalent vaccines

comprising a recombinant viral vector. A preferred viral
vector is a recombinant Adenovirus (Ad) wvector. 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, -@FP20, CFP21, CFP22, CFP22A, CFP23,
CFP23A, CFP23B, CFP25, CFP25A, CFP26 (MPT51) CFP27, CFP28, CFP29, CFP30A,
CFP30B, CWP32, CFP50, MPT63, Mrcz28, LHP, MPB59, MPB64, MPT64, TB15, TB18,
TB21, TB33encrEdg8y TB:RPtipEns. EhatTERy. 6ypiwxid g beTRied iMBhsAvigal TB17, TB24,

TB276, TBIA 864 TRI1RCIRIG: \JB1GG, THOR e, TEARAJERL, 1TR1eq TB2Y,
HBHA, Gr OEL, &oEé (%%1 5 5%4%11,“";% 88/ﬁ4119,e’U§ %,55%%1, US 6, 641, 814,
WO 99/ 0400%7: WO85SB0[I2EHBE, WIBS®/ @PI3?), AeRPG HMPEAD) gdi’d Odidscl osed in WO
92/ 14823, /1 ., 37 U 5 , 5 9,510, WO
98/ 31388, @%02#%%@0%\9?&% o‘%ﬂ%@ﬁ%%& %ﬁ%§09@§ﬁ5??79274, VO
2004/ 006952 PI\MB, OTFPOU2 EFPING, CHFPIORN4Z28P1 WO CFH1DAG4C6FPIB ,98FPB6BAG, WO
98/ 53075, 98/ 6, 9/ 7P, / 5 WO 00/39301
VO 00/ 5519%9% 5??2%’4%}99 "o @&26@%@2%%%552@1‘?%%@%@893, VO
01/ 98460, NPAB2/(M9B3HO,CHRAD7, OCFEPA)18FP28IS & EXDA, 960P3AIS €We33, 852, US
6, 350, 456, 6 3 S 46 , . 54 2, 6 , 653, US
350 40 olfto, yiRhy SRl Bud Sl ARG SRR I SRR %, U
parti cul arrresle aBe3f hress,dirssh psEsi 2of.6; th®o fé,r B4858 1 iTH Oter €BD5SA such as
Ag85A- Ag85B-TB10. 4 and gonbj nations thereof), t also kno fusions such
as ESA® 6-WMB 59T§£?.16|' Rﬁ%@g- E%i Ag T&GéclB%]gjoB'i FF% 9%‘?%04*115‘3 d in the above-
ref erencedrsbeaynenss, BA4Oner2ppruEaah EosEBPEWERJ (Wil 35 pl1e4aptw@gens may be
by 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
15 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 ‘sguelching' %Iinited avai lability of

s . .
cel lul ar fdCL6FESteqtRTSFPRFORRB ProFDL S f1getyankifeo f€trict the

expressi on jlng¢ghsef romtdie tdi khbarenivP MNUERY. inAsSh&xdid-f:i ed by the
reconbi nant viral vectors disclosed herein relating to fusions between
nul ti pl e TEBePAAEFYeFRSSYHES JSRBRALDY SV THERe SEBRBAEF RAAMOAEE ovi r al

Vect ors Comggl/si-NIn&eYSFAlandUGkBh fa €1 S RIAYN BE: BRI £ ddzan 15 one anti gen,
which viral vector elicits a strong inmune response, ereas the use of
si ngl e Pnsé&egeBree; tSUGhiaesgetEes ckYRiCcad lgarPPUiFdes®Parait®or s encode

reconbi nant,(@eRELLE i CNIHERATa1WEE o LX LIS iR | MOndFe MYHRABLETENS i N &
single cistronic NMRNA, for exanple in the formof a fusion protein. 20 This

appr oach cé&dopénef peetsdiraghe MhBRPAY ot diirewmenophknown rafl  \paomeksTar e bei ng
used to 'n%%ﬁ%r¥e§§$é%‘QHy“' %eﬁBhi% £ pasaeRgen,anlgens., devwever, such

fusion proteins nay ave additional " drawbacks that cannot always be
envi si oned celéhdpehbactorss Heguiaedfbyithe patometiehs f Usiagts maght skew 25

. \ . ; : |
| mrunodgm .q:%%ttrgggf %%feeﬁ%%s‘l‘i Hoie%f@yﬁdm”gﬂgﬁgif'%%e’%&a% gtr%ﬁeks? arget

antigens w e ereas a secon € significant

O sk 0 SN SR Sl BEBY) Eap! LAALLDS! Uikl PN e components
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 bodi es
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, wherein 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 ess¢pitaresmandi pheh aantiifonddeshde rate reghgagaemativeprocessed into the

di screte h t S ted with
genetic fﬁgéo § m%??glgﬁ?sghggbg g?ﬁgg€ié9#%€gbgg 9%%8%%%?% %B?e33|on
cassettes.atH@M@Eﬁﬂoge;nf&pmmmp05|t|ons or nmet hods have been described 15
t hat enabl e precise processing of viral vector-expressed genetic fusions
into discrete dmﬁ damentdhe o phespresen! inventiphehave ingens encoded by
nucl ei ¢z ac ris tigens are
subsequent?y p oceésgg #ﬂ?Qﬂﬁlscre uy£ﬂﬁuaé§§3§%n 2%%%2?%%%%% Eg t he use 20
of a prot easmu(gﬂlé) hesecblegushaucileat sciot maeeneod\ddeﬂ:gan Ahean Leucosi s

Virus (ALV; - rreé‘sesr rdedot&o ]{g()steIDler’l- ALV Qe(r:glsn nto A V, ASL\éeI?:R fornms the
C-t er mi nal SdomaiiT of gag prgtglﬂ no%m 0 catalyse t he

processingamﬁlqyn;capdlgpgpqmnes pmeuurstmsnnaaembbdnmamtstune gureisagt ALV
replication vi ewe % 1%?aSkal 1989). .A un|g$§ A{
di r ect ed- pt'd¢c g §1°ng§§7% T Was '¢P aY%ﬁtorAtﬂl&tyﬁp T n ont ai ni ng ALV- PR and
gi ven tt | gepressd onespresseid ey abhi\geris ital areckabsequentilyi ch ALV- PR
preferably IOl e eabh &L 143 202, POl JBI0 8LD 1oLl gmed By
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 -11- 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 pol ypeptides. At¥Ernatively, the PR and its cl eavage
sites may be encoded by or based on other retroviruses such as Human

| munodeficiency Virus (H\V), nmurine |eukaema virus, Siman

| mrunodef i G%€né SWTUSO?%IC@EaXHHeRBhEe CGHAEYEERRAVSIGMAMESRARREVE 0 a
preferred emgodbmeot22) higs ivdveslesfe XivvHROSAS EBEOHHLIAR] Mivhge Vectors

conprising nucleic acid sequences._encoding rmultiple antigens from
Mycobact er iS¢t t(ﬁﬁélﬁ%[ﬂﬁws\%é%?%\ﬁ’éq%%@@?@htS%ﬂ%i ‘4¢? d18equences

are separ at@dobhomeash NNeR BXdSEHIeNGE $epa¢adE NEhd e rlyV chaoBEQ! ase
recoginition site. Inthis the discrete TB antigens are produced as a

pol ypr ofei rr&AdeBabsR (fligiftnafFepPacERR H dasirch that they are cleaved into

di screte antigefiterROl XRERYLT ¢88. pRAGI GAY rcilgutf!a?g $ O d&dyMBUNe response.
It is to be understood that the ALV protease sysiemis not 'to 20 be limted

to the use e@cOTBIshech¥ ikasmsth PgeASNeN FRATOYA TUSRE| $eeh iads theaart will
appr eci ateﬂr&%ngﬁéﬂ@iéﬂoé wihak t(ﬁ?v)t ﬁmﬁmmehaaufcgém@gﬁgu%q QtheL,anti gens,

different fromor in c inatron w TB antigens, and its applicability in
ot her t herTapwneefseterngwyyisush (88Vyeand tRoasafgraeme t\imws .25 vacci nati on.
Preferably, the viral vector conprising the multiple antigen-encoding
sequenc¥®s separ Acedrdingrist eapsefpreed japbpdingdenotvhe ainweadtion. The viral

vector may f1&hBEe¥! F@lomPAHahClErht SRl deo M RLRBS: LGy LTl gk 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
15 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-pa2pul ation. Preferred serotypes are
therefore AdlI I, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50. As used
herein, "antigen" neans a protein or fragment thereof, which when expressed
in an ani mah, 7T Herdivedefromr an @dengyiEus SREIES| erofeXeiReetPA§ an i mune

response. - Exaplesd BELUGE BcALeB0 el 1 Led doperiEala s, bacterial

proteins, parasite proteins, t okines, enoki ne oregulﬂatory
agent s, antargerty aqsﬁmtlaclagerﬁ@h Tdengwi Fegses argy abeoasometimegpe protein, a

truncat ed LQ%Q%#’J% tt%%sp"? Pé'”’adjeﬁoélgﬁéé‘é o ft%reg‘bgéné?ﬁl QL glp or any

ot her varian ern, I n each case cap nt i BUL| ng to
i mrune 5reswm1;eslwmmcek@teesfsut¢nn| Mhehbum repudet homarPtefstrred be

vaccinated, It _is to_be nde stoq ti tly fused,
this fusi oﬁel%tWe l’%guF Sot ?’r(éaCO%%l hant %2]’0 rm%écg 93’ ai&? dgy,d%hus a

di rect fusho#d aind was5anti gens as used herein does not refer to two
antigenic parts of a single wld type protein as it occurs in nature. For
t he sake of clzar iusgd h\énsarirt,v\ﬂaaniggéhimeaparaspm‘teansbngfleagmielnd type

protein (V\@hch tpvo parts are normal |y .direct!ly I|nkeg]t1with| 25 _the protein)

are |inked V¥ aeq i nfger%h Whecﬁl SEPoRES elrnelarl E(‘sucal% as arnoucéa{'uht Ré ALV

protease stissuendsdrcapalssediberdygerisiychn fmmiren resppasé. afxampepr esent
i nvention. eferred enbod the esent .invention.relates to
11 orent “HTORE REE(RER TG AT BB 0 alt POl (P RaT” S BALr di rect ]y
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. Conbi nations of different anti%ens from 5 nultiple species,
wherein the different antigens are encdded by nucleic acid sequences within
a single vector are also enconpassed by the present invention. A "host
antigen"” means a protejn .or, part. thereof that |s present in the recipient
Sni ol cel | POEReBong . UG 28, EBREIGAGE | O I EaC 2 IR pr ot ei .
an i nmunor egitd RIrabY yagerdughOlved &RetRACHIrbecageitelhe antigen may be
encoded by a codon-optim zed, synthetic gene and may be constructed using
conventional rewenbifsetedNAnfRE0SSarel noASnaesddariag, ftbe &g i gen that is
expressed by the reconbinant viral vector _c ising the ALV protease

Sod by i

system carPHe o9 fofRIUISS -t FETPTR2 08 SN #PFAPeRS F4CPerial, or

parasitisx paihogee ppéeied,0 wher8usitip NEE¥rentItahtigehonhzatdrddell, or
replication in their anjmal host. 20 These pathogens can be infectious in
humans, donRStTHE18AFNAFET SHAUGPFES afi e RoStRILETHECHPF af T FGgens, from

whi ch the vig@imaRkbaeRy L prdgehy ethveni¢bdde, but are not limted to:
Ort honyxoviruses, such as influenza virus; Retroviruses, such as RSV,

HTLV-1, 25 and HTl¥pkt, adlelRe9Vhe S8 $Hoheds EB\GareMWhetebErfiRg skl ex
virus; Lentiviruses, such as HV-1 and H V-2; Rhabdoviruses, such as rabies

virus; Pi coPTREATtUSBSTRY (RGTIRECPE| RVIGILSSLL PRk ViHSgdes, SUeR Pas Pihccini a
virus; Rptayby usimi®Bd t&aryQehiyses . prteindsaddeiimidsagei s, Viruses (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-1I1I, 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 (H V) antigens Rev, Pol, Nef,
Gag, Env, Tat, mutant derivatives of Tat, such as Tat-A31-45, T- and B-cel |
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 antif-or gpl40. Ot her exanples are the
hepatitis B surface antigen, rotavirus antigens, such as VP4 and VP7,
influenza 10 virus antigens such as hemaggl utinin, neuram ni dase, or
nucl eopr ot ei n, EXAEPHRY (s V4EAD| A igergsCamtiy&oynduth e ITRYRI di ne ki nase.

Exanpl es qn&%@i&ﬁ%'@ﬁt RRLN99RNSed frloOBh WGl Hﬁmu@é’&éﬁ@ﬁhc?nﬂﬂﬁﬁs may be
derived, include but are not 15 |imted to, MycobacteriumSpp.

Hel i cobact gVpyrakigersaReynePey Si83 ., CBhi gFéMraTgbp mut@ntcol i, Rickettsia
spp., Listeria,_spp., ionel l.a _pneupopi.ae, nsic Pseudononas
spp., Vibr T gﬁﬁlgg%noafLE%Fél f‘il%h rgagﬁ)&%fi .5’Egan‘=ﬁlﬁ“§sIJ cfeigr otective antigens
of bactserieditppbbogensp122) thindide HbeisHfiRidsC o8NATYENEnef agat er ot oxi geni ¢
E. ccli, such as the CFA/ rial antigen and the nontoxic . B-subunit of

the heat - |8Di4% FBSE RS &F{’ﬁt‘?‘?n?i’e&f”e%r aRd HRE 1 s Srancatehyitat e

cycl ase- hemgdiysed @fv-B. ERO|t 4SS Sis ghl 2QMENtde@i 0ht { RIAMYS HITOX NERS
Clostridium tetanl OCspA_of 25 Barellia bur%dorferl aBorotecti ve
par acr yst #19/R&- QHH%c@thﬁéy%’Fa“tPrlﬁsePﬁg ote RePREL T3 ﬁr‘%ﬁé‘z‘%kii and

Ri ckettsi aandiyeh , rétsyilrugt 8t dets, Nshah S5 KiFawanasvei,| @nragénz4d y") and/ or
t he superoxi de di snutase (al so know as "SOD' and "p60") of Listeria

monocythgeridds GFE%I%%HSOF“‘UFIEI 2T ILREEEL VBN SerraBieidase r 8Eept or - bi ndi ng
domai n of JphldbrbeXid) aAR0h&Fpdh@iRpPLLCHI NG aRtiges QfucBags! | us ant hrax.

thymidine kinase.

Examples of bacterial pathogens, from which the
bacterial antigens may be derived, include but are not
15 limited 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 neria maxi ma, Lei shmania spp., Schirdtosone spp., Brugia spp., Fascida
spp., Dirofilaria spp., Wichereria spp., and Onchocerea spp. 10 Exanpl es of

protective antigens of parasiti at hogens jnclude the circunsporozoite

(CS) or Liver S&%ﬁepéﬁ%%tﬁccpafﬁ%‘g&n%mt 'rﬁg‘n‘é’i‘t@%\-qqleaﬁarﬁﬁﬂtﬁc of Pl asnodi um
Spp. such asntilfepseasé ddrikeugeihtl e Butf ak€ifa uimieedi fduinogeni ¢ nut ant s
thereof; the nerozoite surface antigen of Pl asnpdi um spp., 15 the gal actose

speci fic | eEtd9MoGH BN PRI B PhR St B 3G UMy pBRCIRFT Wlei shiani a spp., gp46 of

Lei shmani a f&j Qo sBak aspeSistical as BftigiadodBhaYéruiihe cibirese-pmsehahe
i sonerase of Schistosoma mansoni, the secreted gl obin-like protein of
Tri chost® ondfy|Gierdés| LT INALSS t BRORPAIdUSL FPR e P3PESAASFRR a1 2fr asci ol a

20 hepat i cagapAdtiaSh980HB: DWMramBBLa Spd.2RARK CAM EANG oKL of  Schi st osoma
bovis and S. japonicum As nentioned earlier, the reconbinant viral vectors

conpri si ng Riglidivéige: dBinaidadisRp- tHchary Bimaria magémaprbgedy@ngdy encode
host anti gens, WAGRsPBY.RE 2RY . CBL I AlspRD. PEQLEIdY shbpmunor egul atory agent,
or ther apeu%?pc ‘agent . or- pa ?s'ther%of ,Sp%hét may beslggg}flessed in the

reci pi ent ceifofiliapméhusiving Hwchaoerid mpped ardt@mahocereanspant ati on, and
aut oi mmune antigens, or fragnents and derivatives of tunor,

t ranspl Hht at i on Exanglastof mhotechihve grris gener ebfparpsisici pa3oraeme present

Y o ALl 5L Tty 0620 WS or L ANSPEEe Gactiiel e

(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 Entamoeba 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 discloseditherein is al so applicable for gene

t herapy applications by introducing nultiple polypeptides in a single

pol yprotein and 10 having the polyprotein processed into_ discrete

pol ypept i deeneefhoshkternaféualvf thee¥eradl YePIr S dRrEceRESe pol ypeptides. As

a nmeans tOerHfhteQ?E &é}@c(ﬁnaﬁgeaé rHEé’&QQSQ&CAE&(re‘?t {Rech \dnic@levect ors,
expressi on cassetteS are constructed that encode at |east one antigen and

an adj uvantuncagpeahf e Gsensnbanto oacrebGETHESt apEEFRNES Parthe antigen
expressed fieaRled r¥ldiles/BE! Oich AHIHeAL] thAMS, 26 NANeHBeal SO referred to

as ~genetic adjuvant as genes encode the proteins that act as adjuvant.
A pref & r etlinidedi sommusthtehspgridiicasetbgeh,t MICL) i gy PEBEease sites as

descr i bed fAQP—‘%‘%I,{gEi‘?‘{\&G%U? ZE%I%%tiinn,gQ Ceav eddf Eﬁénd%é’cea %ﬂjaﬁfk{?‘”t af ter

translation, ‘although T n cértain enbolli merts the adjuvant nay al so be

directly |inkegibgriDe ant hgon-JheRacticu anadbuyan gcededyby the vira

vectors may be seletted from e varrety o adjuvants. In a 25
preferred erdsddi ientdlsd epddfabvlntforsgehe thegapwnappbifcatdlobebn t oxi n (Ct XA,

el e SRR 0 s OFLIS(00, SOOI BOR0RE O
Al donti n hafinghehd milyprotedf mtocecCed AlntdeliBanktagudypephides 30 K02679) .
bact er' al QERSER e Ao ERnat e M tehid S(ATRERE] pitypkBtitdl 1Y ©
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. coli, 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 nmay be any deﬁ?vati ve of the A subunit of cholera
toxin (i.e. CtxA), or parts thereof (i.e. the A donain of the Asubunit of
CGx (i.e. GxAl), fromany 10 cl assical \/ brio cholerae strain g. strain

395) or H m&oswateﬂa%%%@w%magt Pai Hs%izﬁ‘)or‘t'ﬁé{“lﬁi%%l%’iﬁ“}?é&ﬁced ADP-

ri bosyl trangferageacatiphyii CRGdati-i¥pPid ¢&8tal NetiRg) skructural integrity,
i ncludi ng but not restricted to replacement of arginine-7 with |ysine

(R7K), ser i SREFPURRERASAEC PherfAldl aAnflet REAF)t USSR N EOBIN v } FUBYIife (SB1K),

serine-63 widdy |e¥(§h1B§e§S<§§é<)bheV%|d'eH§l§§e Omaas%p%hbﬁyéﬁg den3R),
valine-97 wth lysine (V97K) or tyroSine-104 | ysine (Y104K), or

conbi natd onshe Irerdofenegy tofr Berdetella teatugai$si il PronoPi seidsid PFansf erase
toxi n Ry D 3.t ALIYCn20e0he RG] AchgX LAt Uy asserble, but are

nontoxi ¢ prote due to nutations in-the c ytic-site, or adjacent to
t he cat al ytr@@iyﬂeranemei rekyn Gucenahpndsriaragiradef the @onventi onal

site-direct elﬁ]urHJlkDggpl yﬁ%{ gggg#efaseagtxgﬁsc é %%qtgel_’lg&eotZLSV(l n_anot her

enbodi nent , rans toxXi I'stany deriv 2] of the A
subuni t of ﬂ:i&atArll dbmain tccﬁqtﬂne ALsuAnigf o€nCex otiok. genxllescﬁmn ehya coli
i sol ate ter oto enic Ecr col i i ncl ud| nggggt no stricted to

E. col st(l; Eisﬁs éf64gj7blflh |§pf%ys 8dilc 43 ADF ﬁ'lfll &/I rans &f ase
catal ytic aetiahdlprbat (é.e;.alsmrtahle 2T uehat adi spitaggretiviced rapedi Ng but not

restricted %{nggﬁtransferase 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 (VS7K) 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-p®tent 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 strahted FK, of63KmIV53DnhVBIKoey RNAK,hererombifatricad to as si RNA).

The partic i 0 I t.ej n n . lLected frombut not restricted to
t he foIIom#%%ﬁ%ﬁgsgg%%¥§%9%ﬁ§§§ ngTﬂgguéﬁggg % adj uvant s i nduce apoptosis
by i nhi bi tibgsRranaféoste sorlih EiPdeecanynfuliyt iasseobl&bo has been clearly
associ ated wifh the ipduction of apqptosis. _lnduction of apoptosis is

usef ul netﬁ%ﬁf%%gl Fieg qlseéﬁdg?x¥9qgglll?e%%%ﬁ§8§:§ﬁﬁ gopotent nmet hod for

t he i ndsict metatofond0 i€TLer ddyjatesitr abegyhdasatziiytheesi evalsiathed i n any
experinental systemthus far. The active domain of SQpE is contained in

am no aci dBRSHTGTaNBATe BhiSPAVERULPRAL o 6 OLERChER G IOSRESBesi on.  The
catal ytic geo@ddur@ls, EasCabscGed bellswlikely to possess simlar properties.
25 Cass 2. Bacterial porins have been shown to possess i mune- nodul ating
activity. Thesalhydugphmin-Gibospldt iRy itoxphoteinpotbnt naParvastshat al | ow
passage of nol ecules of M < 600 Da .through nmenfyranes. Exanpl es of porins

0
i ncl ude t hE"OAPUVeRH S IchY Ot tERhsVETEHTe 1BnERT FVESEBE aceae. 30
G ass $ Domidrerishr aaget INBe( defWioaret vy apestaskEres!disal,i ncl udi ng

dendritic cells. Expression of an nRNA t hat
bacterial or protozoan organisms, immunoregulatory DNA,
double stranded RNA or small inhibitory RNA (herein referred
to as siRNA). The particular biocactive 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



~19. encodes an inverted repeat spaced by an intro or ribozyme wll result
in the expression of dsRNA. C ass 4. The peptide notive [ WF] xx[ QD] xx[ WYF]
is knowmn to induce CDld-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 notif will produce trineric peptide that will cross-1link TCRS
on CDld-restricted T cells, thereby a¢tivated innate host responses. C ass
5. siRNA can be used to target host nRNA nol ecules 10 that suppress imune
responses (e.g. kir), regulate imune responses (e.g. B7.2) or prevent
cross presenepdesnapeigvert@ih)rerepssspacediNANs iphR0 ber usidPAYse vacci nes

that target ilqog%iswka{uqrghé@ gglsg%nsgfthaqﬁmcmo and CD86. Inhibition 15

of these nol'ecul'es Wil prevent co-stinulation thereby resulting in T cell
aner gy. Sur@plassi dgl Jhe agepliisld ooédvhelBYN] x¥ [0 [FEEh fondwnt kgt anti gens

from TB- caus] bactk L1 | C h .4 I i at_only act as an
antigen in il CIs?'t%lef ,%E!&t L%?/%Pnl%%zig% gsg%Pa%ejSL#g%%gt glé/g&c{ies&oet e% B anti gens,
for instsancapiAg82A02) n Theresasennwhér e peptriida eiithséehis wastiph euesetl ( AQ85A-

Ag85B- TB10. 4) i s.surprisingly found that_ the. presence of. TB10.4 in this
const r uct sttc% r‘?ultrél\t,\gﬂibfh{aﬂ? rﬁﬁjﬁ%d)r/ggbgﬁgem 1(5:\!\/5](13% Rﬁ%‘g C \iHerE44Ct he absence
of TB10. 4 rgtadlded tha25wil Naroafst-echkt tore dsn CD3H-spkenDeydEeT (See exanple 4

and figure 13B). The adjuvant effect of TB10.4 was further investigated
and it was ‘Te&dﬁ‘)d thEFeIBIF 4 iatGEe dPBR PRI At e FeSPRBSSRt i vati on of CD8 cells

directed agaifid 5A08BRANANGIh HY @seal tbnNtarddt ModtCARKAMMETacuMder eas an
infection with 30 separate vectors each encodi ng the segéar ate antigens did

not  retll tthat SHERTEEF niMiN O FeSBPPERTI (& drgddd? i nGeFRiA LY Hamune

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
16 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.yiral vectors are interleukin-4
(rL-4), I1L-5 1L-6, IL-10, IL 10 I2p40, I1L-12p70, TGFR, and TNFa.

Reconbi nant DNA and RNA procedures for the introduction of functional

expr essi onTEEGSelEheigen gendidbe préeséntveadiaher CApeid esafe @pEessi ng an

i mmunor egul atory agent in eukaryotic cells or tissues are known in the art.

15 Herein,°%t i BAEP I R PABE s TR RS dES PERAUFbr the construction of

viral vectors that express nore than one antigen froma TB-causing
baci |l us, preferably Mycobacterium tuberculosis, M africanumand/or M
bovis. Preferalding PEREEDDH INVeRLiPBCRFO ke lRteSpEP cBt TN -YRESHOLE ve

reconbifantha 2deRAE! 8t V&Ht0ne ARt BXd SNV 6l LyBbidh &t e ggngral |y
appl i ed adenovirus serotype is adenovirus 5 (Adg). The existénce of

anti - Ad5 | PFRAFIASE HeSoprthih@Miet oSuehprastorssabstasrd 419 yinchease

i munogenigidy QfsoAd2: d kBESqd O SEUGE$Sek ] d L hgsus
nonkeys. Eaér%y %gtpé ??gﬁ]l?%hah\ségﬁ%gggl?%i ca lt%rrei glgg %h%rwé%s%g% hlsél pr obl em may
al so occurviral meskass. Franpleni of ey twkiaeeggneasiedi byubhertinele exi st ence of

Pr e- exi St i g ddPIugLLY, b adhrhdyat . Bhevious| yoj 1 eched o 39, Lh the most
common hunman adenovi ruses (such as Ad5), invol ves t'he devél opnent of
r econbinani 2 g Ctiars 2§46 pNTGER],_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 viral vector is a replication-defective recombinant
adenoviral vector. One extensively studied and generally
applied adenovirus serotype is adenovirus 5 (Ad5). The
existence of anti-Ad5 immunity has been shown to suppress
substantially the immunogenicity of 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, WD 02/40665 5 and WD 2004/ 037294 (see also 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 (30 2004/083418). In a preferred
enbodi ment said viral vector is thus an adenovirus derived froma serotype
selected fromthe 10 group consisting of: Adll, Ad24, Ad26, Ad34, Ad35,
Ad48, Ad4FIERAVARED. SeRF YRGFatPahedofnethishcOUPERT | B P IRTREASEAB@nOVI r uses

as vacci ne jygehetsel i eSna8abh¥nbPi tde Jerebrst PRLt MBS GRheiRdtgregul arly
infected with these wild type adenoviruses. As a consequence, neutralizing

ant i bodi es tP5bggarAticY Ry ¥6p6RYpese kagessonppayarwres il t R hafan

popul ation :f l4gr 989, TS 05 asNwaONEE&AST 10 wdSHOYYPE7D, wPPPFUBEchuUMaNS are
quite regularly Iinfected with this wild type serotype. The i nmune responses

rai sed duriang dR 2PP4EXT125¢ iser alparleuedis witl dlt yped Per Qtpsescan
negativel y ,2Q J gpagh {0e ehidcanyn8f 1i¢ Jeqaubypans itUgaBerotype

Q¢
when used as a sugsequent I’ECOﬂgl nant vacci ne vect or,@gﬁa as a vaccine
agai nst nmaliartieaesh abi th imdehovinr tisese aa erargppkiretdypdh&Gpr ead of the

di fferent i eroty in e rl.dwide. pepul atign.differs
From one gesondghPaTeE ST e BYerRer R et o B VR B o 1 ypes
encount er ghuewaneatiembviziuyy dectivedt from ehesirotiype nosteqard Sronf thée worl d,

ljsned _in WO 00/ 70071. h mbod] st N d [
S o it e ToRRACR b1 (961 AR AUCRBVA T d2ei REaT HECw PFIges al so 4o not

30 encount exd4®r enéxh85d ngriemadrahyage dhehikusehpchbst 4O hamaeh the
reconmbi nant_ virus is to be adm nist eged. The ilggl:_iLcabi [i.t f%fctsi m an

adenovi r us &GV T HEEST PhUIRET1gEngSCtors Lies ¢ y in th

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 human 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 03£946124); 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 vatkévepy o vEheimelvart agdd opprréwigiegs oyt thosemi mrdinery

multi-fold onbi._pan ir S, _such_as_re i_na . adenovi ruses, can be
pr oduced tgkggffﬂﬁfg %F?ér%é%§¥ﬁb%§gste$%%éﬁ%ﬂ%?ga§év€%%sidered safe, and
t hat can gadenovirusespease ofpural rer ynhegh hodammesllasimgrited amdt hat does

not contain and nal - . or human rived .conponents SQ.. it is known
that reconBfha erziegfIgﬁSvia}ﬁ%easpp;‘aic@lg?ea}l rahr}ﬁ[fainculs%’mlr)]%ﬂlrcéisl 5t%§e agai nst the
pr ot ei n5 enpoeltskrdayd shaibet edeiogause0areiciivise dsblateduerwe in the
adenoviral genone. The inventaors of the present, invent] alized that a
vacci ne coﬁ%’rrf‘%ar'h"&errur%f‘?‘ﬁﬁ’]ge%rﬁqaﬁeﬁ§ev\5‘ﬁ£"b§§lﬁeo\}f182u§e éﬁ]o &P and broader

i Mune r especee dsowahds; the dBesgusendandardr Isyss Mhaepvaerg despite the fact
that a sin antigen 25 coul d by i f_ induce protection in inbred strains
of mce, ggg%%ﬁé§3V éﬁﬁp?}§?ﬂ6)é34b§§¥5%ntigens is conceivably a better
vaccine for appiHuegt c8B8scé NoNWRNgedsmbindri: hRssor! i kel yrhenself 8y from MHC
rel ated unresponsiveness in a heterogeneous popul ation, 30 However, from a

practi ¢l SRRFRIFSIAN SBFOVRARRT MEUtdater SRt Ve WWadRi hiel Tbnsi sting of
nul tiple coEstdMGEq® 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 acid2¥equence coding for an antigenic
determ nant wherein said heterol ogous nucleic acid sequence is codon-
optim zed for elevated expression in a manmal, preferably a 10 human.
Codon- opt | rAd&dttiien te imrld forinpghéhe kRN HEE tHIRE PERFS O &iglehe general

opti mal. codondisage hly LRJRMELIvRleANNIeHe 33dcfe R sappect s that

shoul d be avoil de to ensure proper expression. Such aspects nay be splice
donor or - @ddgeor psesenting geldsdand, irCHiunn,t genepely () irBwuser et ches, GC

and AT-ricQé%?%gggcgﬁa i{geﬂ¥ggdl§Ag€%g§gﬁ$Jknetcetera. Met hods of codon

optim zation manmal i an host's own to the skilled person and
can be fsound i nInseverpdriplades mapeot ecliltdre bingkogyohitlerature. In a

preferred emhadinent, S0 davantion.f el ales k0,2, 20 ehligallgnsdef ective
r econbi nant enovi ral “vector ~— according to thé i nvention, erern the

adeni ne pl usadlleyri aeid coafunicel roddhg het errolangdygenhocdetiermdaiatt as conpar ed
to the cyﬁgfine pl us g# ning_content is less than 87%. preferably |ess

t han 80% SFSIPe PRI AIS I R OIPHENBOYE Eh £ S REFPePr et 499 %squal to

appr oxi mat edpt i48%edTher ps ngttiddoBxpte s eLarrbinmmanmaaflenpvip f e ra®a 0B S
harboriqp het er ol ous genes'is wel | -known ip the art and typically involves

the use'®%f RPRRck 5PRG R Zatd ongdig ppased AhSPrutedubrRf @HAPds” and
del eti on ofadild lceaskng, fthetdedRakh130ppatdl Hoddne uEhgé egh dthd ke

adenoviral genone (see also )
O0f interest and a 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)

16 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). _2g_ 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 vaccings 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 accommiengatoindee dfntént poasent tingehhboapetd itypipadphyl actic or

di tic t t t_ of TB.. T mbi t viral t . i si B
ant Toens. QTS RE BPRTRAGSEARBIY o SR B0 S SBEF | FEY ac BIGPORRERL | ngs i n
15 whi ch titeyrmaceuvappil Bf ddzepeabi @add i etst br B&ks i iyt smayeaksdl be appl i ed

as a primng agent or a boosting agent, . respectively preceding or follow ng
a BCG vacciity dr the ?ﬁ&ﬁ%ﬁ%@sgﬂe ﬁ%@F?QﬁSVnﬁﬂn% V%%%6ﬁ§€§.°?t can al so be

envi si gedHtabpedi i & e £8ducts. abry et 815, , azadirs6t 958k hyRiiBa26hat e used in
pri me- boost setups, wherein one vector is followed by another. Moreover,
vect or s cdﬁﬁﬁi§ﬁgé #° rerqqipes) i YRe@ RFRGFER YmalhderaSitieseduath®tich with
vectors Coumyriskndnt f8juviteangysidfd iaeetnahh i Oenthe BritMepboost  settings
usi ng one adenovirus serotype as a prime and 25 another serotype as a boost
(sel ect ed FHEREChéNpFRA (1O¢ 1RUNES, T&IRANER, teant MPRILSFodnh&IaHEROVI r uses)
are also gend.siiaegd. The viral vectors according to the invention may also
be used in conbination with vaccines conprising purified (reconbinantly
product¥d) anti GéAsinyepionnalfo30eikss 1es thenpse h@ kdked DNA or RNA

encodi ng Eﬂngr@HnQrt$r%he invention in the therapeutic, 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.



sanme 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 “antiged®-. Preferably, said reconbinant
adenovirus is a human or a siman adenovirus. Mre preferably, the

adenovi rus used as a recaonbinant vector 10 in the present invention is

sel ected from t Reugyr dds 1RBREFLRT N lGtesulBnd abRFIR AL ser ot ypes Adi |,
Ad24, Ad26 repfddds i AMiHrefd48e LMD AN sALSRpr THEN Br GRI4IbRE Baca! I us used

for providing the preferred antigen(s) is preferably Mycobacterium
t uber cul 0sFSIURYLD RIS NGNLEP r PE AR ARFAERNI5E MR ade8EfuffPovi s, and

said two ok,BREE,ASY{0EMSB) aksus PREfIalvsselect ed d rmiuhhe9E o4 consi sting
of antigens encoded by the Ag85A, Ag85B, ESAT-6, f72 and TB10. 4 open

readi ng>f r &he§ af PMAYRaFFaAeuna%i GOMRTise BeryRryl pprfigandd Perbdde¥rent, said

nucl ei ¢ aciyg ence. ades (at | twoa20,any i Selected fIom the
group consfsf?ﬁng$ aﬁ%ﬁ%egg (eﬁ%o 3§£ﬁ3 tﬁe %@85 , AgéBB} and Téi .4 open
readi ng fr&eesongiddted @lsebedhogsas. ‘antigenéveRrefemipinf eridd enbodi nent,

encodi ng t RECPUPT AR h P kB L8 AL Mt S0 R B =B S e eim 1 i
even nore poekbepreferdatiyt, thesedé¢tweierysr asednss aa ereanrddednbyvectwc| ei ¢ aci d
COTPT! Sh0 i BTG 0GP AR Ea0dng Sl grisgpect Ve proteins
rel at es tocansésoimy nehthuadenadénarsirus 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, f72 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 Ag85A, Ag85B and TB10.4, wherein it is even more preferred
that these three proteins are encoded by a nucleic acid
comprising a sequence in which the genes encoding the
respective proteins are cloned in that 5’ to 3’ order
(Ag85A-Ag85B-TB10.4) .
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 antigens-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 us paefertedritediihent Cati nearstti dbmoorf asaiet embigans ¢ ynucl eoti de

vector accqiding o4 0.d 18 EBYENS AN LULLREL: COTRI $1109.8, Ry fRceut i cal | y
accept abl e“excipient,” and optionally ah a Juvant. ny “pharfaceutically
accept abl edieecpi @ntwsiaaadcadpetaintes langerkabwat ilreaisheonetamilo The i nventi on

furthernore relates to a.nethod of wvaccinati a manmal _for the prevention
or treatneﬁ?lgf e @OﬁﬁgFgfnﬂséﬁﬁ¥%igt8??% Pt F"0aPaPREANAI a reconbi nant
adenovi bus anaigens iaml ehius TBo viacsiie ar fasi&c @riteant of poky e Indatel de vect or
according to the inventigon. In qne 20 aspect, the invention relates to a

met hod of FRELPFRE i3RF A REntal o WRE T pPRY SIS TGT 201 Yt PRAt HeMOT6F  TB,
conpri si ngltihrerstoftorafingdsd EIRI e NY:£8 saiwkdgwmmMual a reconbi nant
adenovirus, a nultival ent TB vaccine, or a recaonmbi nant ol ynucl eoti de

vect or accor di nfP¢ VRS LAD Rt TV FeAEtES 250 7 i ITg VRABRE SR i BIFC1asd

adm ni st er cBpt Ds SR G FeBBRbifant QCREBYNaRt AdIMingUSo enhdrul tival ent TB
vaccine, or a reconbinant polynucleotide vector according to the invention

as a bdgstﬁﬁﬁev%&ﬁﬂrﬂﬁﬂaoﬁ?chRQqu$eﬁpﬂﬁﬁuﬁ}%ﬂﬁ#49 YPEECF 02ELOTHIGNDI nant
adenovi r usgoarRell idweltabh, TRV @mpPisPng 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 nedicanent for the prdphylactic-, or 5 therapeutic
treatment of tuberculosis. In one particular aspect, the invention relates
to a reconbi nant polynucl eotide vector conprising a nucleic acid sequence
encodi ng tvikercadeeiant Theengvengianpabieasdatescognthe orssiafea wherein said

ant i gens arg. R 85 dadondt {1 POLYRLOL Bl dherdaind BLYPEOL &l LOMPY i sing the

pr ot ease recogni tion site separ ati ng at e two or nore
anti gens. PRregfombdbbyt el yhysdleptideevetter \aesogding ho nigked nvBRAiona naked

RNA-, a pl agn,q, 89.%%?5%%{ OCG! Rlets Limdhr HS GHE eﬁrg n}%réﬁ%t ggid viral

vector i s package replicatron- efective Sim’an
adenovi raus. tHerapsutdc bEeanmbmmsbdoﬂubérmukpsmsraI vect or nay be seen as t wo

kinds of entities: the vi t.he virus sed as

nucl o ¢ i d vedfoPne Rt el fHan APREEEL ok {ORREEIHE DRIATSS JZoPor ONA) may
al so be usemhddmbhmansfpmlyﬂucnummheecVe@tdk(ﬁbma&lsmhgresmudxeum hesd cel |

t hrough i nfection of said used herein refers

to a means ﬁ%ﬂ”enF?aﬁg?%?+?9ufﬂf Qéngoﬁ? ?ﬁﬁ%qﬁﬂs a&én@spfﬁ Ft%rest to a host.

This may beradyngrednbyi€hk f &ﬂieﬂeﬂheghi@%ntﬂfgdn&eaDélAestedﬂa&Sﬁi d, or the
viral nucleic acid vector, but may also be 25 achieved 6 nfecti ng host

cel I's w4 h BPl¥@ESRBiRanta A rR?leP(r\%Féﬂ TR i3ing 58St REC %r). As
exenpl i fi edrdtI@IiRionVEits aepmuthagusedidast MmNoZzetRaMW Sor( mekeexanpl e

mce), Vmearnetalscl;etng(? gyg\fé;a?brl;,nség?gcgollgmtlchleegt%rdren Sfecit:cr)]re 1asd 6é‘uptn(:é‘lrked
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 viral DNA) may also be directly injected in the mammal for
immunizing said mammal. Vaccines based on naked DNA, or RNA,

or plasmids are known in the art, whereas 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 28 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 "vegg.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 Bscqrnihaot tviveuges wreotkso larwhn.s Foirnkearitoy dissueeasalbne of said

antigens by a protease-recognition site. Particularly preferred

or ot oase- rENGGHES! GR35I 44 i pr PERS £1 FUEIENEE SbCORETRG L 5°SEQ 1 D NO 21
or 22. Morody ekenr gde i Segarde@Capba nardctpdl’ynucl eoti de vector according to
the invention, wherein said protease is froman Avian Leukosis  Virus
(ALV). In a préfePPedPEeifdded eRROAHISYerfdet REFLIGTE 24t REGSERF olyh a

protease r&LiQRicbiel Sbhfr e bI 98y ndeLaslcod®n§ng grieiaeuyl, 0si s (TB) - causing
bacillus, wherein said TB- causing bacillus is preferably Mycobacterium
t uber cul osfRereify dbbhe tRIGARRTEAr FRaRuTA ich ProFeffe Rt &XPERSBORs. The two

or nore anid gﬁ@%e@é@dpés?k%ﬁbb)f £8¢ 654 B dot@iht B8q I HUR nke@NSbShE Ng of
anti gens encoded by the 85A, Ag85B, AT-6, 20 and TB10. 4 open readi ng

frames of Mastupeecef osiid apffdgenh P¥ A PUedearsr iRREN ItdereFétaci d sequence

encodes ”Dj_ﬁérti%@éﬂﬁb;kﬁ/e@rzje@agkoﬁa\&é@}teic%%t?&% esilied fcbfﬁ%kl&‘@ group
consi sting of antigens encoded by the Ag85A° Ag85B, and TBl0.4 open reading

f ramest®f sgquencer eotersding EeefEQDER NG 43r e edMere Qreifeynad| &9t i des
R506 ang Ry RARCT O BGEL By I @ LOSBEEP TN | L enolh RoBon

invention, wherein said protease is from an Avian Leukosis
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 scl osed. I n yet another aspect, the-2nwvention relates to a reconbi nant
pol ynucl eoti de vector conprising a heterologous 5 nucleic acid sequence
encodi ng an antigen and a genetic adjuvant. The term genetic adjuvant’
refers to dnogrgpshhiaeroi:alecoubénanatadenoynsedededtors masl abt aci d
sequence. %ﬁ%@lggghgen and said genetic adjuvant may be |inked directly or
i n anot her "enbodi nent |inked indirectly, 10 for instance by a connection
conprising a fifdstyptoimader repegh; t tlom isivieatibn aebitwsy twr ef erred aspect,

said polynucl eotide vector i.s a.naked DNA-, a_naked -, 8, plasmd-, or a
viral Vool dFcopRengrF o yBiaRoe 8 Trurdt s Ba Rl o ey bet®

repl i catsi omudakeet aged happrenae enhbbdind laradendgenusnd Wheseaiagtigai d adenovi r us

is even nore, .preferap] selected _fromthe group_consjsting of human
ndenovi rus SYREHE pelhddidn AgsRet AT Riast CRRSETE MG A0 and. AdS0.

Al so pref erprededhecaods andl eatilds tEOIPL ¢ SdritpdadSeguensecl ncediidg a pr ot ease,
wherein said protease | referablé 20,$inked,to ai d an%#ggn and/or to said
genetic adj Chy 321 éSHH@eBrSP a8 T AGHICi BHIRYE AYe Bfr ef err ed
second protieaee HEEOEH] § I il hBoEREPI iR ited@UERNESd AGLOM@IcRYyi 0 SEQ I D
NG 22, whereas the preferred first protease- recognition site conprises a
sequenc® addr dinf§anee B0 3 FOPFeREL2M . CHMRFiSHanr BdEpFot LSS5 prot ease

froman Avigitoghtukesi §itd s ush eNbVher Wid @A aBbe8ENSsae 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, Ad4S and Ad50.
Also preferred are nucleic acids comprising a sequence
encoding a protease, wherein said protease is preferably

20 1linked 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:
Ag85A, 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 consggting of M tubercul osis antigens
Ag85A, Ag85B, and TB10.4, wherein it is further preferred to have a fusion
pol ypeptide conprising the full Iength Ag85A, Ag85B and TB10.4 proteins, in
that 5 ordeitifqend Meléotdd tfrom nue. gAsuglieeisasednyeseim, the TB10. 4 has

unexpected adjuvant , activity, as_it found th it stimyl ates the i nmune
response tBV%%?fé’ &S ofhET9q sﬁ@gPéfl%SWgaﬁP?@e}H &Rt 1Fn the

pol yprot eifs filtenEBlPrérahiddy @bt hhe da 11 alefl gbloPeeitR icompajisyagt . Thus,
the invention also_ provides a reconbi nant vector conprising a nucleic acid
encodi ng tHee Tad. AeRgth fgP it RIEPB| 2 tTRINe YoPReFe Ui d@nthathi ch anti gen

is prefgerablder frdRefcUt Ot -Shtihgen, nore preferably the Ag85A antigen. In
an even nore preferred 15 enbodi nent, the vector conprises a nucleic acid

encodi ng the TB1013chesed1Praia, athe B0 -hhdaagBBR RISy 89BUHART gens. As

outlined below;tiNeadBlO.hd FoaMaIeRI€t d BiRGigass i iniaeessi ng of the
mul ti pl e-antigen“translation product towards the proteosone, resulting in a

hi ghly si gresHEet toBarde ridws @thar COBsReEpdiyeAgBPA) santdigen| i kel y that the
effect is,NQleddd Th eflet r}%@%@ﬂd? Orrh 02120085 YA A 53 W der

applicabif?ty‘%g:?hegf%f%? anthen Hﬁ%n Iinitegj?o .?uq%rculosis vacci nes
al one. 10Thugre fidrredngenetioh adjmvaat . Bmothdheekbvenbien alsloso rel ates to a

recombi nang, MAHQT 22Pe CHBY a3 NGB BHCL G135 hg NGOG BG4 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 Ag85A and TB10.4 alone, with a wider
applicability of the TB10.4 antigen than limited to
tuberculosis vaccines alone. Thus, the invention, in yet
another embodiment, also relates to a recombinant vector

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- immune respdiise towards the antigen of interest
needs to be stinmulated by the action of an adjuvant. So, it is disclosed

that an antigen within TB10.4 of cobacteriumtuberculosis can act as an
adj uvant t oTEFRR TRIRASEnFPYRASS [prid 98 AR tepaFs, PERES| R MR i on al so

rel ates tosthguisedhbyt Rte MiepbR®IEANURIZAVASEN SB310.t4 18Sd@s8EEHEdd C
adjuvant. Furthernore, in another enbodinent, the invention relates to the

use of thetRpEoRANTIAEM FHENFRNTEHLE. £Ti HyeRbactRndr UPSACEBE O3 Fredi cament

for the treahmedt & 7 ARRbAXE Stdhthfs drHbseaseiddhaihisalnt Bg | mmune
response of a host towards a certain anti (ien or therapeutic conponent of

i nteresP ndglsdA. tBufe $heninaertiomRd sekirklatiepersdhawdsPdobetidl e to
determ ne hhe Level Ay !amgenfﬁp@.%%st Q""Géﬁétigc% Ya4eRrangNtigen of interest

and whether“an extra stinulation by the 15 use an adjuvant, such as a
geneti ¢ adfuvbthermdrs,ciim aageheridnhaflipeny¥piohe, inveyitioperpéaeescial in a
treated suhie The .in ' r.n t 0 r nbi nant

pol ynucl eo;dlg%ieﬁ%/%c %sthfcg@? ?%gt%%f%ﬂgrﬁtﬁ%ﬁt ?%%@'%Lenr gj;l% 20 said genetic
adj uvant cemppasasian cifolemadicament GorAtheotreatmasttamtr gepphmtaxies t her eof

said mypant, der jyallyve COMELE AG AuSerl DELonlysing sulst LiylLen at anino
acid position 6 ?afflééj) e i iventlon alSoryelates 3o -a nultival ent TB
vacci ne comprestain anrtdgenbbnahbeprpeutic! eonpdeenvteciforinterest 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
15 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
(Alke3) . 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 -pBelate to TB antigens Ag85A (Swi 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 ons E¥dMRgERAdenovi 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 Expuplecpt iChnstrastiomifr AdBhobasdd paaptegsSptasmids Adapt er
plasm d p d cant's application WO 2004/ 001032.
Thi s pl asmggpLgéﬁl ns%{u&@?ﬁfz*?&s ar ttgg?l'%he Ad35 genone (including the left
I nvertesl 20 Termems) tﬁepeahs*(:him)l)on blﬂfhdﬂl&?gﬁtéra(pldjagidsfsmﬁtdhlmaltoEl regi on,
and an expreSS| on te i r onot i pserted i.nto the El
regi on. Th&® ’éﬁ’é?ﬁeeﬁa geEﬁﬁpﬁ)geZ’ fﬁ?\%‘i?%nflapﬁgiep?gn‘ﬁfperresé‘ﬁ& 9a region
of Ad35 doms@xeam @fultlipee EtB I’a&ﬁﬂl@ﬁnsV\b$Cd'e9’cﬁ:glb@ﬂ | The Udstdntdlent for a
honol ogous 25 reconbi nati on event with a cosm (1 r| Si D t he renai ni ng

t

part of thESRYES Gedon@ntiasRs rﬁj?atf’& t RBL IRt 3#)61 nbi nant
replicati onsdesgsidtvaradeppyidnts TB1 034 PASKAEHPIIDt §6EB693Ni L eackagi ng cel |

prOVIdeS a&LmE&ﬁ%?igg%pﬁggnggnﬁzans 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 El1 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

i sol ated from agarose gel using the Q aquick gel extraction kit (Q agen)
according to nmanufacturer's instructi¥®dns. A double-stranded (ds) |inker 5
was prepared fromthe follow ng single stranded (ss) oligos (synthesized by
Sigma): Myc-oligo 1: 5 - CTA GCA AGA AAA CCG AGC AGA AGC TGA TCI CCG AGG
AGG ACC TGT GATPAEPL3IBSpsEes| 99g89d) vdnh Mol Arysdlal 3nd B4 er TAT CAC
AGG TCC TCGed £6x - M AREnHCEr ddhentCuwaEC8s STt dd G rblGagdrobSES21 D NO 2) . The

10 two ol igonucl eotides were ni xed using 2 pl of 0.5 pg/pl stocks in a
total vol uHBlRg B fiagmAckl PRy PHFFEGTICR0R AW (FFIIRMICRCEArFing BD mvl MyCl2,

1 M D thi ghpeEiuned’RCYRZE Gt AInPBE bBLbZe M AHESYBSGqUEREdy cool ed
down to 4C at a rate of 0.6C per mn using a PCR machine. The resulting ds

15 |ink8r wWas preeriqydren wWrehfehowineyeipabpartensadadesbpBatigeector in
3x, 6x or 9x.nplal; KALEYS sQbmb e »h;ldﬂ%ﬁfiﬁtocﬁ?!:of)" 3SCT§’\%fc§ heRt £gh f@ig i nsertion

of the linkelf sequence in correct ~orientation by digestion wth Nnhel or
Xbal , sitedGEhAEA A TGCAsTELe@COMGE IAGCCAEEBET FFAT ATt rdh. (SeQuihci ng

confirned . N onsi st t q The

Fooul t1ng fdabaind MicofBb £018S X, Shpe BEr Ak R EHER e lI0

met hods f oGAGI BTC MG TT&r FECSBEG T I TTICe TERL -3 COo(RHAQ UMt O 8) prohwve ded. An

overvi of _all.constructs .and 5 t.heiy respective dnserts,is found in

Tabl e ﬁW _5y° %Jb?%nqqleg%rllg F’uv(’:?lzenaﬁnlexsedaﬁal{lﬁel?rulr eosfpgd"tgi 9§/P§serts
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
15 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 Xbal, 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.
Construct Insert V-d' '- 85Ad" 85B FB3M Vd' '-A 85Ad'" - 85B-rn -0 85A-
85B FB4M 85A- 85B-m 65 85A 5M 85A-mpe-TB-6 85B FB-6M 85B-m B-7 10.4

TB- 7M B10. 4-m B-S 885A- A 85B-TB10.4 B- SM 85A- A 85B TB10.4-m B-L Vvd' *-
85A-d'" - 85Bth -TB10.4 TB LM V-d' *- 85Ad'" -A 85Bdi -TB10.4-nyc TB-FL
85A- X- 85BTHbI8| D. L£OTBWELNE 85ARSS a&@Bt)(ei'Blﬁspemtlye Cossttacti on of

pAdApt 35Bs ter .pl S I b T nt i The
het er ol ogoﬁsgﬁ ? Q%é;l = ?éﬁsd enrcggghs nven 1{&%&% e%égde }gﬁierﬁ]t hree M

t uber cul osmsuhoslsgéns:uég$59\ted>sﬁ;58u@ﬂd aSPﬂ'd?c:le(hs«é ascagpot jerprsittei n from one
nMRNA. Al | fu5| on, SeOP nces %E%lcat edtvmt ‘g cogt ain a nyc epi t ope
(nyc-tag: EBLC’e DG @?Sgtt J(:(¥1edptr8 FA&®3' end of the -35-

5 recognltlon site recognized by the ALV protease; X =

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
TB4 g85A-Ag85B
TB-4M Ag85A-Ag85B-myc
TB-5 Ag85A
TB-5M Ag85A-myc
TB-6 Ag85B
TB-6M IAg85B-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 IAg85A-X-Ag85B-X-TB10.4
-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



sequence to allow anal ysis of expression using nyc-specific antibodies in
case the anti bodies specific for the separate TB antigens do not recognize
the fusions properly. Thus, the "M in the nanes of all constructs
described below relates 5 to the myc-tag, whereas also all constructs were
made w thout a nyc-tag. In a first enbodinent (TB-SM the three antigens
are expressed as a direct fusion pol yptotein: Ag85A- Ag85B- TB10. 4-nyc (TB-S
= Ag85A- Ag85B-TBI 0. 4). 10 In a second enbodi rent (TB-LM the polyprotein
precursor contains a gr ot ease,  which _cleaves the three antigens . intra-

cel I ul arly ¥YSTCEr 58 At £ TS EilEnOSi PERTGHEC s dfaPat BYCTHEARIT1C
l'i nker/di gesdd @paSlekeifeaiedadie BREKEKKEANERSA QPE0 r VMY \NIRRIEITG (SEQ I D

NO 21). This digestion occurs through 15 a sequence-specific protease fused
to the N-teffn gepst fle NPtusiesiPIpiéterhe i ions: rerselY deftufed theom t he

gag gene of ywi NG RA¥LARhELKOSI 1VichhSt EAM) desFiBRAChERYRId1GHWst i NG i N
four separate proteins after protease digestion. The polyprotein nay be as

f ol | ows:5 ALte dihg m¥g85AT di WhesRBBadisg- aRD qBIT-Chpcwere madeh ©di g*'

relates to igeski,.Qn.site separating the protease fromthe antigens
[GSSGDV\PAPE"i%%%?\?QJtS%AW%E LV; SEQ I D NO 22] of the protease and "dig'

rel at gas*t o Ihe diigest pohodinenthetlResM) t bee drftiegenstigens aove;, TB-L =

vl 1 ag serransba 48 LA et Bl SEBARSRIETIC brosent

i nventi on amBll GréemyencBRpassfydidr-agRSBThRIUSH .of sel f-processi ng cl eavage

sites h been des%ri bgrglbci:é]in\l/gtm%%/—gﬁlymr?' . Iori a.t @ianrq eltvggdgsr(r)%nt t he

pol y-protein (al'li-el‘—cL CONprr1ses 305 RE! kRt ihed TSI bRF U SSs ant i gens

separ at ed byoratdiinzk ar prsegassc evhtilcat clsanetd tHeahede( astigendid meaond

embodi ment desqrl §ed 200N el Stk Bl Q¥EBLARST: 3 Lpderendent, fol ding
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



-36- of each of the three antigens: Ag85A-X- Ag85B- X- TB10. 4-nyc (i n which
"X relates to a flexible linker: GIGGSGGIGSGIGGSY; SEQ ID 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 nethods

(see below). The desired protein sequences were assenbled using the above

i ndi cated published protein sequences3dor the M tubercul osis antigens, the
ALV protease 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. The Qamheevfpl:beetlmrﬁ@m@rigessm@&MnAbaék-XtT%Mamed to DNA

codi ng squﬁp%slc%ptkm §§€ag t%xgrgfgji{l ilgnglggans and subsequently
in pCR-

synt hesi ze assenbl ed an Soned 1 cripf vectors by Geneart
( Ger many) . GﬂGﬂ&SGGd‘@GGTGGSVmM IDNROs28ueridds these TBasMraperotpiosi ded (Fi g.
19; SEQ ID

NG 5), as el a?éss §‘I'é'/lp"go ggaug?%éetsa% g?#%rfﬁf?(TB FL%(-ESE??BIZ%) N?)Eg) P

TB- SM %) (Fiand 2%- FSE@éslﬁbd\@vk)lyandsil'ﬁg FiMi(lkirgco2dt riEEQdnDmdEN8ds The myc
epitope is coniﬁei ned within the Cterm nal sequence SKKTEXKLISEEDL (SEQ I D
NO9) in eiRSf Hé-fusion proteins, which sequence is not present in the

case of TB-L, TBeSdabired Bpfdteihespgeénae werdSadbemslamnedihysthe genes were
then digested with, Hi ndlll, Xbal and ApalLl after which the 2.7 kb (TB-L),
2.2 kb (TRR¥IS 1é‘ﬁ&°?tﬁdkfﬁﬂi Tghef PF%b?FéhtS?%PEer%‘?%ttéﬁ’ om agarose gel

as descri begbahaM®siApaht i SHrESS the NANASp A skOPRUp OB Sdedud@icRl asm d vect or
in fra%]srrents that were better 30 seﬁarabl e fromthe inserts. Plasmd

pAdApt WEBRIEMESPEOs 6 GeRRaRYed ARFT hNes (RABES 24hdaXBathauRFatRese

vect or - conjf4d¥t18n site as in Genbank Acc. No. AAK13202 amino acids
476-500. The three protein sequences were then back
translated to DNA coding sequences optimised for expression
in humans and subsequently synthesized, assembled and c¢loned

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-ILM (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
HindIII, XbaIl and ApalI 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



fragnent was isolated fromgel as above. The isolated _37_ pAdApt 35Bsu
vector was |ligated in separate reactions to each of the isolated fragnents
containing the TB sequences and transforned into DH5a conpetent bacteria
(I'nvitrogen). Resulting colonies were analysed by digestion with HndlIl 5
and Xbal and plasm d clones containing the expected insert were selected.
This resulted in pAdApt 35BSu. TB. LM (Frgure 2), pAdApt 35Bsu. TB. SM (Fi gure 3)
and pAdApt 35Bsu. TB. FLM (Figure 4), all containing a myc-tag. To generate
adapter plasm ds expressing the fusion genes wthout c-tag the 10 inserts
are first PORARYIOBFIevetRIN'aShe 188FEdW MFGRATFELS TeARELQ Cat@8§h Fragnent
TB-L ALVDY b R¥e 81501000 GAAJHER- TCEO£00 CATy GL GRG LT 6 Gl G -3
(SEQ I D NGO 10) and 10.4. RE.stop: 5 - GCT AGI CTA GAT 15 TAT CAG CCG CCC CAC
TTG GC -3' {sEefopmpd injo \RH3¢ TRmpREert haghsirdte.(IFvhgpegan)TB- FL and TB- S

10, 4. RE. ot G5 T e PIRE o T ShEAS {esp ot & 9050 The" copl 1 ¥1 AL ons. wer e

done w tth Ring iXbpa IDNALppl ysErdsd ofBsoke) taigtioradithg erpeaied dotserdér ' s

instructions, _ The follow,nda program.wa d: 1.n.at. 98C..f ol | oned by 30
cyel o of (Bresetisrioto g HedUiPONgRR pRe stall el el 0 D
ended by 1®)v pAaRp¥2EBsTHEB 1325 UlFtignge 23) faralpdaprst 38Bsu JIB JHIMed usi ng
Q aqui ck PCR.purificati kit _.(Q agen) and digested with Hndill and Xbal.
Tha i gest ol e 0t a2 s btainnaoE v Siadh 35 58RR At D, Al pon
purificati oplaselidEneaprabovey ame Ifugadbedgends wiAtbpt 3npsttaglitgested with the
A o P o OVt 2 2L TR, S0 P RRP 0 (LGRS sy

and templates:

Fragment TB-L

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 XbaI. The digested
fragments were then again purified over a Qiaquick PCR
purification column as above and ligated with pAdApt35Bsu
digested with the same enzymes and purified over a Qiaquick

30 PCR purification column. Transformation into competent DH5a

bacteria (Invitrogen) and selection of the clones containing



bacteria (lInvitrogen) 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 plasmds cmntaining 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 skild comrébe irmdrtsoubhéng clbirsITdat modsXaanll & diisbepehicorder of M

t ubercul osi s antigens. .can be_ md ing..the gener trategy. outlined
herein. ThHE zfyﬁnflsoﬁgs?%taﬁ B gAgggg?ﬁseud%ﬁerEé gg%fﬂ%%%% Pand

ALV- di g* - AgdhptdbasAgBSRINY Chand ddhsbtMucAg88Af AgBS5R-omyehe and t he sane
constructs w thout the -tag. ecifi rinmers wer esjgned to anplify
Che: AgSA AT RS PARERCadn F IR 1T 2abavEN b iy 508 CTBIERI Sha T8, BM
fusi on 5 priteicBat b Seetheininy) epFuSpONE ahe gedermired \windh and w t hout 20

(TB-3 and TB-4 respectively) nyc-tag as above. Hereto, different priner
sets and tenpl ates are used. Fragnent TB.3M ALVprot.FWand 85B. RE nyc: 5'-

GCC TAG CdyneeouE o0l PREApAERET Bdsed3adbPEL A NRAiIE3) With TB-LM as
tenpl ate. 25 Fragnent [1B.4M G8bA FW IB. L. 5 - GCC CAA GCT TGC CAC CAT GIT

CAG CAG ACeitesningitve TP angigen$h NO 14) and 85B. RE nyc (see above) with
TB- SM as geuh| 8he- cAMdt iRRGbhOHE MBI FOREabRI MY HIHSIiaAngBEpkeps DNA 30
pol ymerase with the conditions as described above. PCR fragnents were
puri fi®d @whtdigensGrabng Ag8PERaparigd Faisoan 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-LM 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 B85B.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 HindIII and NheI and again purified using



kit, digested with H ndll2 and Nhel and again purified using -39- 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 fragnments 10 TB.3M and TB. 4M but using a
di fferent rdVerPs& pRruekCaHaifind ke5B. Rie samptiprad EcropgrtTHRIGAT TAT CAG CCG

GCT OCC AGG Cor8y {SFRID NC15) 2 oWl s563ATRAL Scpfr §aBUT i 0 as
above, digeste qvl\lli tnh_lYIi ndT | anld )O(bgl E,is and I3aga?)n puri fig%_ as deascri bed
intra and cdigesdednwothAhptIBEBRsgnagnag- Hiifdd ltragsinomadpian dgitel oni ng
sites. This d =3 ; %ﬁt T, t hat ly differ
fromthe co%cgrtﬁ%&g?@ ?ﬁg(;?%ﬁ:ree 5 a(%gg%t?n t a'igitlé gys/ ﬁ%]é% gr}%errcgc/&%-depi t ope at
the C téer nitmis.copfabnédrar omsienst p6nshe hadrnegy Bengskf uThizut not descri bed

v o bk SSALN DL SIS RENRRDIB8 ol (H05a 05K - A00OA Ty
ALV- di g* - TRIIMtB5§sAgBE MM (FiAgBEB6IyC 25

ﬁt&:g:gz:nggB?E&é%ﬁé%ﬁ%?@?%?%@%@&ﬁ}gzgere generated using the same
ALV- d! g*- AgﬁﬁBraiidgp’fBﬂlQré-aiicg-tAg@ﬁAtﬁyC_ind&Ldé-uﬁcg’ébAg85ﬂefii Drabple@t4- nyc
ALY- df gy Aggonl g TRLO, e, 30 ALV L gl TRIO. %L g- AGOA e,
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 HindIIT and XbaI, and again purified as
described intra and cloned into pAdApt35Bsu using HindIII
15 and XbaIl 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*-AgB85B-dig-Ag85A-myc
ALV-dig*-Ag85A-dig-TB10.4-dig-Ag85B-myc
ALV-dig*-TB10.4-dig-Ag85A-dig-AgB5B-myc

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

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



Ag85B- Ag84A-myc _40_ Ag85A-TB10O. 4-nyc Ag85B- TB10. 4-nyc TB10. 4- Ag85A-nyc
TB10. 4- Ag85B- nyc 5 Ag85A- X- Ag85B-nmyc Ag85B- X- Ag85A- nyc  Ag85A- X- TB10. 4- myc
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- nnyc
Ag85B- X- TB10. 4- X- Ag85A- myc TB10. 4- X- Ag85A- X- Ag85B- myc 15
TB10. 4- X- Ag85B- X- Ag85A-nyc Di g*, dig,agryc and X all relate to the sane
features as outlined above. It is to be understood that these constructs
may al so be produced w thout the nyc-tag. 20 Construction of
pAdApt 35BAgasAsgal adaptyer plasm ds containing single TB antigens Here, the
Ad35 adapt erss%l_q,g?'gdg_ containing single TB antigens are al so described. As
above, prozfgm S ) e&’fﬁessed with or without nyc-tag. Hereto, the
appropri ates125 4eagBby-niwgi ons were anplified fromthe TB-L and TB-S
tenpl at es o i ng_%iji c primers sets: Fragnment TB.5M 85A FW TB.L and
85A. RE nyc -5 BHCTA GCG CCC TGG GGG G -3' (SEQ I D NO 16) usi ng
TB- LM & tmygiaakenqg8O-miggnent TB. 6M 85B. FW 5'- GCC CAA GCT TGC CAC CAT
GIT CAG CCG CC TGG CCT

Ag85B-X-Ag85A-myc

Ag85A-X-TB10.4-myc

Ag85B-X-TB10.4-myc

TB10.4-X-Ag85A-myc

10 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

15 TB10.4-X-Ag85B-X-Ag85A-myc
Dig*, dig, myc and X all relate to the same features as
outlined above. It is to be understood that these constructs

may also be produced without the myc-tag.

20 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

25 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.
30 Fragment TB.6M:

85B.FW: 5’- GCC CAA GCT TGC CAC CAT GTT CAG CCG GCC TGG CCT
G -3’ (SEQ ID NO:17) and 85B.RE myc using TB-1IM as template.



G-3 (SEQ ID NO 17) and 85B. RE nyc using TB-LM as tenplate. -41- Fragnent

TB. 7M 10

4. FW 5'-

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

-3'" (SEQ ID NO 18) and 10.4.RE nyc: 5'- GCT AGI CTA GAT TAT CAC AGG TCC TCC
TCG -3" (SEQ ID NG 19) using TB-LM 5 as tenplate. The fragnents w thout
nyc-tag were generated with the sane forward priners but with different

reverse p
TGCG GGG
10. 4. RE. s
descri bed

Hi ndl | |

pAdApt 35Bsu. TB. 5, pAdApt 35Bsu. TB. 6 a

rinmers: 8
GCA G -3

5A. RE.stop (for TB.4): 5 - GCT AGT CTA GAT TAT CAG CCC
(SEQ I D NO 20), 85B.RE.stop (for TB.6), and 10

top (for TB. 7). Al reactions were done with Phusion (Bioke) as
£EBEEEEE¢1§ziHﬂi fied fragnments were purified using the Q aquick

PCR purifiqatuopwkif - e chhageentsc d¥aandad Be@Myer eatrhenadegest ed with
and Nhel and after purification as described above, cloned 15 into

pAdApt 35Bs &TRY ECHI g'st EFWIPhNPRES s e dzfmBE. Mihie S'f &5FeffS §BA7M TB-5,
TB-6 and TBaf werecAl osd adcwred rdd ndi/l | (saRd1Xbgd. 1 Hf Lan ngurkiigation as
above fragnents were |igated into pAdApt 35Bsu digested with the indicated
restricbi odsehigppbate This resulted in pAdApt 35Bsu. TB. 5M 20 (Figure 7),

pAdApt 35Bsu. TB. 6L (F Gl 8) wieﬁgéptrn:gaﬁ%%RTﬁeZM %érl:é'xgaucre%l th the

dApt 35Bsu. TB. 7. The latter three

di ffer onlpameofrrierdrgsimers Puguvetly digffgnend reverrft prdmaye:tag is
present at SESQSFE::SE% W@%TB%LEQW'@cmZ-AG@eE%AaﬁEAP”rAOE CAG CCC TGG

replicati

on I Cle

Vir S carrying nuclelc acids encoding TB

anti gens MSGGOGSAtG g¥ne(S&le I5t MO 20 eHSEC &Ei. shoplef Bt iTEe 6) ; egndbi nant
d adgneyi Laly VELLows GRT X1 1% R 18hE" SLaguSXRLESSI on casset tes

Ad35-bq e
are wel

15

20

25

30

known

Phusion (Bioke) as described above. All amplified fragments

were purified using the Qiaquick PCR purification kit. The

fragments

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

and Nhel and after purification as described above, cloned

into pAdApt35Bsu.myc digested with the same enzymes. The

fragments

TB-7M, TB-5, TB-6 and TB-7 were digested with

HindIII and Xbal. After purification as above fragments were

ligated into pAdApt35Bsu digested with the indicated

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

(Figure 7), pAdApt35Bsu.TB.6M (Figure 8), pAdApt35Bsu.TB.7M

(Figure 9), pAdApt35Bsu.TB.5, pAdApt35Bsu.TB.6 and

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

in Figure

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 NO 00/ 70071, WD 02/40665, NO -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 descrétbed 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 a03/10ﬂ#69ua09e@© TN 4/80108A. ofh Geldxa@plleudescXEEGACEheat t he 10

Centre of Nlcr search ( al i sbury,
Wltshire, 9 @ Uﬁth%giﬂﬁﬁﬁgkggTﬁ%Fif 5?8% gggﬁigﬂcﬁ?ggn?ﬂg descri bed
herein, cmmawﬂmgetsheor@kbﬁﬁrr@mthaBAmd@q%dvmeoﬁf@%&iaeqtzmth Pi- Pspl to

Ilberate t he é?SS sequences and tranigene cassette 15 (ad /pter fragnent)
fromthe pPEEH 0 ISRERDEFRL2EANTs HhEcROMMRTINFIF 5P RE B §/Jee WD 03/ 104467

and WO 20044 ) iNashe GBS RGKWLHE NatderandyEsoRyeddria@rent W and
construct g}ﬂ Ad35. AE3. PR50r f 6 ésee WD 03/104467 and WO 2004/001032) was

di gested WHhl P’ and Wor4044/0QgReAt - Hor the argessed 0 HRA nixes were

i ncubat ed fty&RG O bﬁﬁcéé“"%?léhfef&z%%e%ellgoés eabstitepsbgction, digested
adapt er fragnent é fragnent 2 (1.4 pg) and fragnent 3 (1 pg) wer e

m xed to aFel(mayW@ﬁ) J/g Qras @ratfstpqiemtaaﬁnalgfemto9w2|cﬂ40wath DIVEM
(culture npgll WYrobRYh! EODRMEiA SECOBT rwlttlﬁrr%swﬁcﬁé@)paa{te%%5 by m xi ng

14,4 pl Lipofectamne (Invitrogen) wth . after which the two
m xes MbreC%&RRﬁjOﬁoééphéﬁdeﬂwﬁroﬁﬂﬂédgby&tRﬂﬂﬂaﬁghth@AMRﬂxanrﬁ@nresult|ng

atter whi ch s o BRE e AR Rt o PR e EBa o dbrft [oom ferperature
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-EcoRV (see WO 03/104467 and WO 2004/001032) was
digested with NotI and EcoRV (fragment 2) and construct
pBr.Ad35.AE3.PR50rf6 (see WO 03/104467 and WO 2004/001032)

was digested with PacI and NotI (fragment 3). The digested

20 DNA mixes were incubated at 65°C to inactivate the enzymes.
For each transfection, digested adapter fragment (360 ng),
fragment 2 (1.4 pg) and fragment 3 (1 pg) were mixed to a
(maximum) wvolume 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 nul
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 MgCd 2, were washed with DVMEM Then, to the
first two wells 0.5 n 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 m xture 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 overlay was placed as follows. 30 mn

before the B8 OMvifgogen/CIk{QibarcdonOpYi¥eCla HeXe wrEShesht¥dithi ng 9 nl
2xVEM 10 (| pivikek ' @GRR), . 8. 8 N#ifBStw8. #8114 LM MICID&EﬂnGaé Aiddg BRe was

prepared and pl aced at 37C. A sterile pre-made solution of 2.5% agarose

(Seapl aque; 0 Carfr ©%) tha Fpowrieddireeatantionmsept ap BT gaacndeast 15
min prior t,disghis Bhos Al AfifeH AR oRdh Ui WS chheR haERad df om the cells

and 15 cells were washed with PBS once. Then 7. of the agar solution
was added t@%%%ﬁﬁnﬁdﬁ@% mhe l}raét ﬁWRe‘deJalfﬂj @qqtllveﬂa% lth@ﬂlt)h&added to
each wel | . owed Ei)a;gﬂi t.hg H r,+wWhi ch the
pl ates wer eg;it%(l: ate %@% "10% or at east j/" gays grtge

enough, 20 svﬁmglaadpnaqm \EBt-e4 ph CAoHﬂarf mm:hhenvmcjahs dMetrha'yheaJs owest number
of plaques using pipettes with sterlle filter ti 05 0 gl% The pi cked
ndP¢0 I

pl aques werRL#SE@S Ao2687Ht TMidr EeIRERi the of this was

used to inochddif iERpEBi o8 L4 TilxtubeWBbht i @iRF 9 Woopnx@RE and after one
nore 25 anplification of the viruses on PER C6 cells in T25 flasks «cells

and mediUm HWEYE 519883 r eB- 3B dNY F&Sze Pt A8 vRY %%%ﬁdan%t]o@eﬂ‘lag €rude
lysates. These ferﬂﬁegcgﬁﬁspfﬁf ‘é&e§756’. AC% fij'P e HRRENGE ,0f of he

correct transgene by o ated virus to test expression. One
of the of 2.5% agarose (Seaplaque; Cambrex) in H20 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

16 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 Theiexpression 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 pnefcedtires, kmain snwehe #wes hesd nigwecewowsttep RBS1(NPBI ), |ysed and
scraped i I, Tris- H 7. 5% DOC, 1%
Tween- 20 %r‘fl ré%é%ag}é%%p eet(lrrjlga)(r{?lit're%41 Wi %#écﬁgéﬁgﬁgﬁdéﬁr%‘ﬁce{ge@dg\?%ﬁ Dr added as a
15 pill (Reshéypicdilerdefeifined bin HRIE ssbhdéserilmmd ibye Shabysmtets wer e

col | ected aeind (%g?f ed by centrifugation. Equal anmounts of whol e-cell
extract were fractionated by using 4- 12% Bis-Tris NuPAGE(r) Pre-Cast Cels
(I'nvitmwogen) . Proteins were transferred onto | mobil on-P nmenbranes

(M11ipor and 20 incubated with a palyclan ant.i body directed to the
Cul ture |xff"Pg?e9Pr1§T |yr?15f°g:° eei& oglgsﬂ I85°y EP8Ral serum was

rai sed in inflektison agithnfd3snvital wWetowsosi s cul ture conprising secreted
proteins. In prjnciple the polyclonal serum contains antibodjes_ agai nst
Ag85A, Ag85B anbe TERISES1SE Qb Ehf diiees) MBsRRT ISP pesSt EPRET™ R secondary
anti body wgs wedt88h SEIAdi5- PRE At 6129264008k Utk JQaifeaBbl-watbi t  anti body
(Biorad). The western blotting procedure and incubations were perforned

accor dfng 16 AL TrédFod¥itRPRivTIntatReNgr the RSSO RPFERERT vidie
vi sual i zedBMahBi§&€s FA8 h post infection, cells were washed twice

with PBS (NPBI), lysed and scraped in lysis buffer (20 mM

Tris-HC1 pH 7.5, 150 mM NaCl, 0.5% DOC, 1% Tween-20 in dH;0
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- Figure 10A shows the results using Ad35 viruses carrying the TB
encodi ng nucl eic acids including the nyc 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 fromthetSAd35 viruses that do not contain a
nyc epitope was neasured (figure 10B). Figure 10C shows a simlar result,
wi th the nol ecul ar wei ght indicated on the right hand side. Specific TB
(fusion) 10 pr oFé@lh%eégl&ré%@a Fhenmosids sy updiBesAdd e Wetié€fed by this

met hod and,i-pyaddi {Hdrhp eoLbak g ChEaMage L aduet S1.8iintBt8e APd TB-L. From
figure 10A it Tan be concl uded t%at the polyprotein including all three TB

antigens i spékppesardesaiiped heheyherThsadd fifarennel s N §igpesent as

conpared t 5 - i B: S, J Sa 4K t han the specific
band in TB?R%/Q .Si{%ﬁ%{}aé ?{r}gf%%%gg?l@?rsé?h%ﬁ%nggtg %??%r%@]g[{é%rlgo:iypepti de in the

TB- LM ahd TBdSMEpo$ yiristheingge rafers itwlivbatesnsant. tire tdet ise@epwaypr ot ei ns

are transl IS 0RO ; ayage, | ngx , 32l t hough

cl eavage 2%&§?Sa%%?%(gzﬁk%eTgeéﬁgfﬁgﬁgﬁggﬁWéﬁgh?g%% }%%Fp#ﬁégAa§5A and
Ag85B ant i getiscohbas alBys( Mpiande 5 ([dasuespgecfigete/)l0Ble Fegpressed. No
speci fic stai.ni is.found_in_|lan TB-7( r el at to t.he TB10.4 anti gen.
It may be bﬁgtsﬁﬁgsd%tﬁfﬂﬁ1afsreﬁ%f§?é%%éhy%gdm?%e%uﬁﬁgfg?'%5Iot setting by
the CFP 25 ipdlivetedadn tMeerreéghti hamdysialeso Sbect hat THe(fusdbeln has run from

tege gelwor Ptégﬁéﬁb% }?orfﬁléysf%%rres_s?%g nV.A549 cel Lsd@e%egp%)esggt in a single
pression ct*R SERR preéd&it AR a9 P gnsttlict (as
TB-LM TB- ne2hdd Ténd) .id addiitgohe déivairaneedBayd pradicglat by shedter 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-1M 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-LM, TB-L and TB-S). In
figure 10A, lane TB-IM a slightly shorter band is visible
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 imune regponse. Exanple 4. imunogenicity of
vectors encoding Mtuberculosis antigens in mce First, the i mMmunogenicity
of the adapter plasm ds as 10 described in exanple 1 (DNA constructs) was
studi ed i n m ceeurthee egpstimwits ehoollédreoreyl tthe physivaele pHdsentegens:

Ag85A, Ag85B .and TB10.4. The DNA.constructs encodin he .nmultiple TB
anti gens mgfetQﬁﬁﬁﬁf 8&“!na}€h94ﬂ§y§%aésd%i%ﬁﬁ‘ﬁgﬁ% gb%g%éfﬁz ank38fPBssing a
pol ypr ot ei BogOriutisngodthie Cimmlimel H8sptSseOfse@OBbabR) Nostdvhgyc t ag and
expressing, a., oLyprobein cogg&?sing,a sequence §ncodiqg_a,progea e and the
prot ease r&l %ingn toREeENG 10PRgIP PIIRETH B8FagB b1 Y HaVR Vﬁarotein
(al so not contrad nimi@inkheesPpdndedg) into discrete pol ypeptides. The follow 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" - Agiifrdliag- AaRRgaiut: - dr(9696sre ahoBatng 0! ubiruieieds) T pl e
antigen constructs TB-L (ALV-di g*- Ag85A-di g- Ag85B-di g- TB10. 4) and TB-S
(Ag85A- AgBBHLISRFD iR BifRct fusion). 30 The experinental set up is given in

Figure 11. Seve#first, 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_  imrunization, DNA was injected
intranmuscularly three times (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# he last DNA i muni 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 ogj cal assays.
Sera, requi FEEH A2 HERor BFAr%%%d{?@%dahaFWEC%éy%F%%t‘g’d“ebi/ heart

punction and3 poodedigiel,: A P rvHN& bevel sofesRECiAd & agbhtl @ i mmune
response was determned using intracellular IFN7 staining (ICS) FACS

assay, by neestrding onkegfpepuehoyiasf reFRYveCDdhremd niENT+00S CDEBS.
Pl enocyl esadhi Bord] Yohtof S Sl 08aW | RERL e 0cPBOk 51 6 oo

correspondi ng antl gens. e i e sera were teste
i mmunof | §or BeE eftragin A54938¢] | subquaesduséd- wi th  adenovi rus encodi ng for

corresponding a Aeg%%ek“é’?té?d&?ee']tda%'{t DAL ZA ) QR EXPERLMEN S, W8/ e 20
performed. For the first experinent, 3 mce per group were used and the
i nune respafiser wase BCEl ymedn{zatieactheonsee werth \Hadwalfli yed Fasplidenssecond

experinment, 8 nmice per grou wer e used for i i zations and 4 mce per
oroup for | EEHT rC RRanE A PO SR GPUFREL T (PO AGFabPORMEE h 25
pepti des, sanphesl@fidawoabyaysp gares freqoitde Samhugioedp reepengzool ed and

stained for FACS analysis. Simlar results were obtained in_ both
o oor i S BAT i HheE Gel bOBT L o PepGE RIS i D BEaBPel e mnal ysi . 30
The intracelgkethpy | FN7 staining (I CS) was perforned 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 A549 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-CD2B (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)-48r- 11-ner (Ag85A, TB10.4) overl apping
sequences, or adjusted for Ag85B with peptide pl and p2 from Ag85A, as
outlined belowin exanple 6 and 7. Sanples from BCG and PBS i nmuni zed mi ce
wer e sti mitamedated aigdidurdaghte Wi tth apPRopCLkterrertiilder apel Pedt ei n; fi nal

concentr at.i gfad ). qa rifi-e t.el Ligwatiye; . (4 na
concentreﬂﬁ%?%c%geﬁgfésﬁél %%PEEEEé{?iéghgiggﬁEPcéﬁékﬁﬁa?lgéga ¥§rt$%1 vitro
stinul at i dregpone BTG camhimutatdoxy.ankgbadpesi t e womseolfD48dmpids wer e
stinul ate _W P\BY g k i nal _cat t | : 50, n and 2

g/ m, res%é% i}\e% % é\)é?/eér ceigglg%ﬁ%g?én{)uggt Fo%g%g{]h&%&ﬁ&% °§e%vgé 'S a negative
controls (rrepstideupatioronsAbted df HS5-skeirnpeptides atpaBnCpgsetokt i on bl ocker

Gol gi Pl ug s added .. (Pharm ngep. . final_ dilutio %g%ﬁo d,t he incubation
was 20 corﬁ\ﬁ?ﬁﬁsﬂsfovlé{’nqu&eﬁ g&%qjl%)l i Zr‘.“%ﬁ {}’fg .)r?ﬁg’“correspondi ng
dupl i cat e cvetpbpsingrsquenced, atxl qijaceededor fr8 FBAGStanpeyside Mriefly,
cells were Sﬁfﬂ mﬁ%@ PBS contt'nigg 01596BSA andlin%uba%e with FcR
Bl ocker . CPHaPA1 NEShAHRat FBro1C BOST BPLRY. 1 BRI Ee’ APfel" a 25 washi ng
step, the saabllaswerem iBTcuRatiedBIV ifinuo4ell mCce (WRhay BtAganatéd | uti on 1: 250)
and anéAP dﬁPhar ] hgen; diIu%ion 1:5%} for 30.mn on ice._ Upon washi ng
cells rés Fk%ﬂg%ﬁg‘ﬁéwnﬁgFl QE%FWH% lé§F5F?x9%3ﬁ%ﬁﬁerﬁF?®harningen) for
20 m n on dogeent pht ¥ed DYigAmVASINAIPPSt @ puwd £ hedlPerrditaah 30 buffer
(Pharm ngen). Intracellular | FN7 was stained using._ .
Derivative; final concentration 10 pg/ml), which 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
ug/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-IFNYy-PE (Pharmingen; dilution 1:100) for 30 min on ice.



anti -1 FN7- 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 CD8+ <cells were neasured for each
i ndi vi dual sanmple. Results are expressed as a percentage of CD4+ or CD8+
cells that express 5 IFN7. An overview of the in vitro re-stinulation
sanples is given in Table Il. The restfi-ts of the ICS are presented in
Figure 12-16. 10 Table Il. Overview of the in vitro re-stinulation sanples.
| munal i on_In viho antl slipdal i on AMA Ad85B TBlO G%ZP PPD I\/I Medi um
AVA M -S) After fina gs?éln(JT&B?P%S@ S "PEE0ACEHERSAISE XOXCRAMAIB (1B-3) X
X X X AJSHADAISEB 4BrydledXu¥iXg X1 AMIGBAAGESE. TR0 {skl, 0¥ 2084 X
Ae65AAd85133810a013 S) XX XX XX BOGX X X X X X X PBS X X X X X X X
50 Fi guices 1328 R "B NRER £ARt SHA KGIBTAGURLVEIEPIfer KSFELYS| BHE when t he
celI's were ApteshéH AtLbe rEegvsge I3A @MOWs racphi gbe TILAUARCKxBEes Ny + CDA+
spl enocytes after stinulation wth peptides of the Ag85A pool. There is a
clear closgF¥Yreactivity with CD4+ cells obtained frommnice injected with
t he construct harborin he ~AQ85B. en Jg.a ch| expect ed
due to the hi ghgst(rgu(%:lf urgvl %ﬁorg}g% L ‘gq:t Qe S@mu -foh Ssdmprigg ¥

given in Table II. The results of the ICS are presented in

Figure 12-16.
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Table II. Overview of the in vitro re-stimulation samples.
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Ag85A and AgB5B. In contrast to what was found for CD4+ cells, no

stinul ation of CD8+ splenocytes (see figure 13B) 10 was detected of cells
frommce injected with constructs encoding either Ag85A alone or in the
context of Ag85B (| anes Ag85A, Ag85B, TB-3L and TB-4S). However, there was
a striking increase in | FNy+ CD8+ splenocytes in mce injected wth the
triple constructs TB-L and TB-S, cleamsby indicating 15 an inportant 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+ spl enoBygumes d3ét pué B owavdshehebagibmouynshilegess wers eveXy85A al one

(or in cominarhon wid heABSEL- oM dpsnlfalESPHINETe 29nFLALE S14A Shows

that Ag85B in all settings in prese Ietomcreasethe

frequency (hflghFNye‘q@@'y ospIrEmrpcches sph@'ic&ﬁﬁ:efshafeéfeﬂilmﬂaltENyH CD8+
spl enocyt es |s mn ksee figure 14B). Al so here, cross-reactivity is

found bet w¥dfD AB%‘%tBldfr?d g8Ba % QﬁeréoﬂATh%’ée diss@uSigar 28t atvve. Fi gure 15A

shows t pat rteaetiw%%% ebal R Lot aiseh enesy isel @5pOSERAGyiltd t he TB1O. 4
rel ated peptide poo present, where no real, difference can be found

bet ween mi &8¢ Fﬂ'j‘%@f‘é’& RRTROEI R dihes Ag8ABt REAIIAG I9ePBLOVRLEN drfe or a

construct ﬁeﬁpﬁh&ﬁ&ﬁeﬁedhé' Pb e Hd IR GhS st HoMEYS]1, hdmo3B§Wbeiddn figure 15B,
t he frequenc + CD8+ spl enocytes from mce that were injected with

I 'FNy
construct s%g%r@fﬁ fg8OoBe §eneontypst sacvbrhgiashEorBdofar &dtyen, is
dramati cal Eﬁlhgﬁrr?@sﬁqnﬁﬁgﬂloﬁtém[%m QP1¥hS Bt ER1Qsder ﬂﬁﬁﬁg PPti des,

especially in the context of the triple inserts (Note the y-axis,
i ndi catlPngvwashdetegtesy efagelbs Aravgndfet h@]%‘%ﬁ%@’d—?@e?;om‘ém@eﬁctl ve) 5 The

results ar gnégmlezlecqlelrn}\gg?g é,]n@og_,t EhPlge i |&§& el B A’gggﬁ _ Wi th protease
and protease digestion sités ure 16B (TB-S: direct linked
anti gens). (Chras|Ag85Me AdBDBer BBI3L and TB-4S) . However, there was a
striking increase in IFNy+ CD8+ splenocytes in mice injected
with the triple constructs TB-L and TB-S, clearly indicating
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 IFNYy+ CD8+ splenocytes from

mice that were injected with constructs comprising the gene



antigens contribute in different manners to the i mmune response: Ag85A

i nduces both CD4 and CD8 responses; Ag85B 10 only induces a strong CH4
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 theltriple 15 inserts. The BCG

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

spl enocytes of BCG imuni zed mce did produce high levels of IFNy after 72
h stinul at iVFRLPE e TRY0 Ppprtigeqet 5% TAatdicAd Ani1ErgA8d SRORI t, whi ch

20 i ndi cat e itk tTba G s era1TUN-gede & fodanieky cdptai oy ishews). To
determ ne whet her any antigen-specific antibodies were actually raised in

the mice i ffoACeEd AFt Ahe Her I dNERETS 26VTNeA T6nSTRiEE s, 1bAmtdanl s were
transduced Wi ;Ad3ge FLEONDH Naml, BEEpRYi SMS6R £REQd,Ag Fd& (TRegNtigens in 96

wel | plates. The adenoviruses were produced as described in exanple 2. For
this, 18104 heltdesuhérecasectitthagdredeln Bighre/ilbdsdsriple indaadtdd with a

mul tiplicitysaf. i cli 5 ' fter:Lofecti . S were
fixed with %Q%OP?E?&}%%%%&?%% (%‘('4‘)‘8l %Qgt%f;g%é%a%fi’&lql%méht%) g&dmog;fﬁg%kst ep - 52-
w th Pern Visesh (TBfBer diGett slivked antupensd Wlehrigphubhe edf f fiereatser a,

diluted 1:2 ] r.m .]wgf r, 7C. p | ng, goat

anti - nnuse-al'—riglllé:é%gi F%ﬁ‘gﬁl : iein é?%%@ﬁ%%‘%ﬁﬁggr ,ty\/\/ggeg%ud{%gnd i ncubat ed
for 30 m n ws@NCe : ARY&SBA airlfdesabotnastiDd celd £DRerespoddgzedhgsdSBng a

fluor es&ence i

( € Lymi%EOSCODe' Jrh%gi gﬁingfl uor eescaer(l:lcg1 %Q?I ygi S #R%V?al ed strong
antigen  speciffic Ef:gisn‘?nsg ot"% sTWY A" S onfarndd® Y om i ce
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°cy, followed by a washing step



i mmuni zed with TB-6 (Ag85B al one), TB-3 (ALV-di g*-Ag85A-dig 10 Ag85B), TB-4
(Ag85A- Ag85B direct fusion) and TB-L (ALV-di g*- Ag85A-di g- Ag85B-di g- TB10. 4) .
Weak staining was observed with sera frommce imunized with TB-S

(Ag85A- Ag85B-TB10.4 direct fusion), while sera obtai ned upon inmunization
with TB-5 (Ag85A alone) and TB-7 (TB10.4 alone) did not exhibit 15 any
staining. This indicates that at |easdz.sone of the antigens are able to
elicit an anti body response. Full cleavage of the protease fromthe

remai ning part of the polyprotein and expression |levels of the separate
anti gens wigh Retrmdessr rh'ufé@tri nCéhls veqeernnmebate@vibtaripinenszedonst ructi on

of rAd vect.ors encodl e n diuvant r I
r econbi narﬁlcreeSFl 2at P on t(féjf %I grénPe ﬁgfﬁ%rg k#ec& ofrorll_g goﬁgt ?ﬁ)\ged herein
desi gnat ede@thEame@, Agﬁéﬁ:B,anmm-mdnuwmmeSi;bst@m larst iigeRe fntlas i ed to as

X) and a t derlva of. Gt x t ha ors a lyskpe bstltutlon at
ani no aci ere3vyy . ae raélfian‘é'lﬁléaﬁeég Wkaao") %57]8 p$ & &f the serine
that i s pﬁ&i&ﬁrlt whBh} healpay eltral afd xyMed Ehengoasﬂmémnefa adapt er pl asni ds

suitable tg 30 gener ate El -del eted Ad35-based vectors capabl e of expressing
X and A1KE% GT€S58RFeved by introducing PCR-anplifyied X using -53- standard

PCR procedur es TkBowimim NelbseBsesé |dd yisA st Bevédled st3@ngnhfiodysi ng
appropriate cloning restriction_sites. The resu]tant PCR-generated DNA

fragment iSPediigact SRR Checelbs piidh PErReSPF2 119D TORIBAGR| ease(s) and

anneal ed tl%rr@ﬂléeadﬁpéler'rﬂl%aim;ésﬂeﬂﬂfr@)| yt8s3deseridaes -ageyR-dag- Ag85A,
Ag85 and TB10.4. Additional analysis restriction endonucl ease

di gest%%n AIBER) anGB s‘éq@&?@ﬁn@gg?th’l’erQﬂtoﬁéalP@? Fnhdet (AF¥-9tFHducted to
verify th@bB%hedEBwhdggéJayg abi@r &0, H¥akNStaining 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 Alge3, which co-expresses an antigen (referred to as X) and a
mutant derivative of CtxAl that harbors a lysine substitution
at amino acid no. 63 (i.e. herein referred to as Alge) in

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

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



construction. 10 DNA encodi ng Al1K63 is anplified fromplasmd pO3d1-A
conprising a copy of CtxAl. The nucl eoti de sequence of ctxAl is available
in GenBank (Accession It Al16422) and nodified by replacing the serine-63
TCA codon (nt 187-189) with a |ysine codon AAA. The nutant derivative is
generated using the 15 Qui kChange(r) Site-Directed Mitagenesis Kit
(Stratagene). The site-directed nutadgénesis process entails whol e-plasmd
PCR using pOG.1-Al DNA as tenplate, forward priner 5 -TGI TTC CCA CCA AAA
TTA GIT TGA GAA GIG CG-3' (SEQ ID NO 24) and reverse priner 5 - CAA ACT AAT
TTT GGT GGAtapgerd ACRCEIATEdRDeS' knasimQtopPRIE9RS . Skt ledigc ERer @ hodi f i es

nucl eoti deg 4875+ A&% Mol 8Bba6H P& 1EHANGOHOS: W {1t 3N APAsCOfIQN (see

underlined sequences). The resultant PCR-génerated plasmd is digested with
Dpnl to remsseliant PERpUanerayed BNE fheonefitgdst ddgpRiped swith td@uced into E

col i by chegloal 25 tIARSLALIBAT SN 86QUs e RPN R 3ACE 04 16 B

| sol ated colonies are selected and DNA was extracte romovernight Iliquid
cul ture§. PHapheéd PHERMIsE ggnprahey s pesiciriibef oabov X683, AgRBRaghgdse gel

el ectrophoresi e C . o) n.to ARR QP iyative. The
mut ant insg\t?? ?%%’04 'c?&o%%ggagﬂgi e%?@ﬁgntbg tgﬁgprsarm oadaeﬁlt%‘ggugﬁéésér/n@d t hat
-54- cont adageXtieit RIR apdt sequenrirgpwistheao ofedX BORI fradwanviaxses are

produced 22ofSSciePd NSy (RETME din MRS LESPANSE L ARS, T8 vectors in
mice 5 Ad35°FECondi nant Virdses expressing the ditferen singl e and fused
TB anti gensoweteuctsisth.t o test antigenicity in mce. Methods to quantify
T-cells that produce interferon-gama (IFN-y) after stinulation with
proteing or pep¥idesnquacing Alest ypiagllifipdr £foomepl amsiing pest.heals known in 10
the art and for, examl € 3558k 0edai N MR 2004L82/89 % @NAE" of crxal
is available in GenBank (Accession # Al16422) and modified by
replacing the serine-63 TCA codon (nt 187-189) 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 pOGLl1-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 1is

30 cloned thereafter into the same adapter plasmid that



et al. (1991) and Jung et al. (1993). Details are described below The
triple insert vector TB-S was used in a dose- response inmunogenicity test.
Four different doses of viral 15 particles (107, 108, 109 and 1010 vp) were
injected intranuscularly in different groups of C57BL/6 mce (5 mce per
group), whereas 3 mce served as a negative control and were injected with
1010 vp of the enpty viral vector. Twa. weeks after immunization, the mce
were sacrificed and 20 spl enocytes were isolated to serve as the source of
cells for cellular imunol ogical studies. The |level of antigen- specific
cel lul ar iddmnaensGSpGEEﬁhErmﬁpsdﬁé&mrﬁn1@@wustﬂgpmfuf X angacel | ul ar | FNy

staining (1CS) FACS assa uri e fre uency of |IFNy CD4+ and CD8+
spl enocyt e&&"a’é%‘?? t?er(TyfgoéBﬁ?/‘g f%%rc&gﬁflsa%‘? & shown in figure 17.
Clearly, the Ad35 based TB-S vector induces an antigen specific immne
response i 0S endent nanner, pecially in relatlon to the increase
in respons‘%wgﬁ gg%%%ﬁ?@???ﬁedé@%rgg é‘tﬁ ®No response was
found el at ed Aaﬂ&a&cﬂnﬁaaaaeeiﬂs‘es%&p@ebbﬁnéfﬂrgaurdaf%Eéntand no response
was found related to Ag85B specific CD3 cells (figure 17D). Wiile hardly

any resporfd@9laerd fetses &8 antioR wese 4ARd 1B te. apbigenigitkspect to

Ag85A and ;hBhOcd. swaHddsC teD8useti By TickealtsetdB utéF respectively), a
mar ked i ncrease was found using the 109 and 1010 doses. The 107 dose did

not give latpréegeantixEma @FVect 2AterasfiBrlahons etithngsotamms €t he 5 108
dose al so _;{Ae\ﬁggliéegoélrb el @%?é&ﬁw fbe&\%%eémsisﬁ@%ﬁthéag%ﬁé&n Gy cells

(figure 1 C respectively) Simlar data were found using the TB-L
const ri@ct thgagat nard %:hrom)ampbar¢¢@pra@eésses§@re2ﬁ04r/&r37€2ﬁé cBendetirunodoni nant

et al. (1991) and 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, 108 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 108



10 sequence epitope mapping of M tuberculosis antigens in mce, it was
found that the peptides referred to as pl (FSRPGAPVEYLQVPS; SEQ I D NG 26)
and p2 (GPVEYLQVPSPSM5 SEQ |D NGO 27) of Ag85A were the only CD8

i mmunodom 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 prdtein (amno acids 1-19:
FSRPGLPVEYLQVPSPSMG, SEQ ID NGO 28) is identical to the sequence of Ag85B in

the sane regi on. However, the ge tides pl and p2 fromthe Ag85B pool, 20
al though cORpPFstl BISRaFE §&ndJ %gm&%@-ﬂeﬁw@lb%lcﬂ@rﬁ cRg85A, did not

gi ve any CIg;LES0NHE 4€Q 7k QUESedRe1yIhi § meHEMESi-AhRL g peptides pl
and p2 from Ag85B were not in order, perhaps due to production effects or
cont ani nat ifensd ugHeg dfter 40° Aancaiddi t idasals -dBbe tRspossedispert e was 25
perfornmed i i ch. ' [ St ' epti ol ..af 5B was
reconstit utaggmgmi§ﬂlﬁ}?a§{r$ e\gfg?‘?%ml’;‘ %&gggihgog%tg e é’i‘géﬁ %%t was

per f or méd Wof hddrot [ 1FR- BeantitdB-in vectiorseassi iy 2diBSas aofl AGF5B 108, 109, and
1010 vp. T . I S r m._ne ..af-ter i mmunization,
30 gener al P?egéfg‘gs‘%:?‘{ %}gngggggﬁﬁge%@gan:&vg@\g%?%%eés?lv%%&?gr oup of mce was
i nj ected wstthiPBS, datts |werenéogndups wwas thenjfTeel.edonstttucn (@apbyndd35 virus
(1010 vp) s Thre1 results -56- with respect to CD8 cells are presented in
Figure 17GSPTERL:  Ieft graph, TB-S, right graph). Cearly, CD8 positive
cells were neaputith Uporsisesgnéhd Bdt MheatDONimhlioddre naditust ed Ag85B

|, alth h th ptides f t he Ag85A anti 5 identical to th
pept | dd2 oPHHENAGESR CaRS BERPLURI Th MR egrPOPRaT 197 ISB8%ard did not

provi de anwipesi it weas riesindt $hatfheise pHisddeat refsrreyedd kel gss show t hat

al so the A%SSB rotein as encoded by 6the Ad35- based adenovi ruses_ can
(FSRPGLPVEYLQVPS; SEQ ID NO¢26) and p GLPVEYLQVPSPSMG; 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
Ag85B was reconstituted with pl and p2 from the Ag85A pool.
The experiment was performed with both TB-S and TB-L
vectors, using doses of 107, 108, 109, and 10 vp. The T
cell response was determined two weeks after immunization,

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



i nduce a CD8 positive T cell response after infection of 10 said viruses.
Exanpl e 7. Ad35 based TB vectors used as a boost upon primng with BCG In
anot her experinent Ad35 vectors expressing TB 15 antigens were tested as a
boosti ng agent for BCG i mruni zation. Hereto, groups of mce were injected
subcut aneous wth BCG vaccine (Bacilli Calnmette-Cuerin; reference standard
FDA and generally known in the art ofsg.tubercul osis vaccination) according
to protocols delivered 20 by the FDA (standards and testing section CBER).
Four groups of mce (8 mce per group) were primed with BCG (6x105

cf u/ nouse)wisitbeekpseousd \ciseredMeeksrrpsentedi bh eEigure W7Gh (TBeradenoviral

vectors base d35 carryi.n the thre dlrectl Ilnked TB antigens (TB-9S)
or with t %Sgéa oviFalr AdS5ty IR LC§FF§|1¥9 thE BGIitdwienge ﬁ)ﬁbl nations

of anti gengsre méBsdrad aigor( qarrpﬁts& ngk i 2AG 80 Aw 2t M&B;dsteat fusion) -
TB-4 + TB-7 (corrprl Si gﬁ TB10Q. 4 _alone) - TB-5 (conpri si nga(nAg85A al one) + TB-6

(conpri si MPERFeBROL 802 IIﬂ’rléq)h theppeptidgs é&ﬁf“r bhe AHRASs 3P4 AFRe per group)

were prg magh M tileRBSca DredMthd BEe: idderarafther abhss PBY igfedypwheeri ved PBS as
nmock -57- immunization, and the BCG prined control group received 109 vp of

the enpty WRFS5 oFdgiBRlly fjseck pafsdid (Pt MEOKAds BR¥RPSIFd¥Eors wer e

performed idyaltls  Cagese Wde rl82i¥Rs ndvrt@d@asy! shbdw tHaQURL1WBEKSe
post -i nfection (14 weeks after 5 prine), mce were sacrificed and

spl enocyt e&g%& erpseiatay en&ﬁéeds’él‘i the AeS8rbpeed ARRROVITHESFeSaMt s ar e
shown in fioWe 218pg Thss {HiGeCRCEe P Eéh%dﬁg@éfé‘%‘i'ﬂ%crtﬁ%w bed in a

significant effect t owar ds Ag85A speci f figure
10 said viruses.

Example 7. Ad35 based TB vectors used as a boost upon
priming 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 section CBER).

Four groups of mice (8 mice per group) were primed with

BCG (6x10° cfu/mouse) subcutaneously ten weeks prior to
infection with the adenoviral vectors based on Ad35 carrying
the three directly linked TB antigens (TB-S) or with the

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-



18A). As expected (see also figure 13B), the triple 10 construct TB-S

i nduced an Ag85A specific CD8 response, while the TB-4 vector did not

i nduce such a response (figure 18B). Simlar results were found earlier
(figure 13B), indicating that the presence of Ag85A alone or in combination
with Ag85B does not give a CDB response, whereas such a response 15 is
found when TB10.4 is present. Interestﬁhgly no effect was determ ned when
the separate vectors were injected but in a single shot (TB—4/TB—7 or
TB-5/TB-6/TB-7 in fi ndi cating that the TB10.4 ant R can not
Tnduce an RPBEATSEN | edrere EEoRE Sneh g BEEEBAT SRV ler 20 | ha

the anti genyshauliebempt @SRIY5 ivecltBe . SaRPe SO WEEhOthe AhdiRasseldn the sanme
cell. The nechanism for the adjuvant _effect of TBlQ 4 is yet unclear. The

ef fects seefPSHANT HRESARBSEPHIRG dEn2dt eC23LTIHEr 0 WRh what was f ound

earlier (figwenl8cuaddlP). rdir MetksbBoseSiniad chhat4t e asange of the
TB10.4 antigen in the triple construct TB-S does not give rise to a

Ag85B- speci Biicnedmg miresperR esaqi fd6/r aBE SRLGUPSYERS VOERACL %@ 3Fe8g85A. Both

antigens arg,Weldeq€%Rr §656F HdLBHNE . CORST £l iHs @S eWBRows NOMEiigh i gur e
10B. The negative effect may be due to a 30 corrupted peptide pool used to

measur e anyl&DFhee ppeashCe t @fneihds AA§8B BT s xaplEes BRE bel ovv) -58- The
i nduct i on 0% &Hﬂﬁtc%%'tl éff'ééf'gco-';;%¥934A?§5Xe§;5'e 1B quu &1 18 R}% i nduction

of CD8+ cells using TB10 In a separate vector (TB-5 TB— 6/
si gni fi cant1§kot @st kapested e(sae Eleoyfaguse s ,altge trgpte 15B) The

| ndct | g ofo d TED. 4oSRep Al D ShLE WELNGTPegl Soebyedl ARG our e

18F), wth an average o aroun i've I't "can be
concl uded ttit THrd TI@Gon &id irgen ingducapsitle ofrespdosengf 89GR8 1BE3ponse

towards an §Eﬁfﬁ¥%nresui99 SgEe found earlier (figure 13B), indicating
that the presence of Ag85A alone or in combination with
Ag85B does not give a CDB response, whereas such a response
15 1is 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
Ag85A 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 Ag85B 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).



single construct does not give rise to a CD8 response 10 (Ag85A). It is
known that activation of CD8 cells requires a sonewhat higher antigenic
threshold than the activation of CD4 cells, which is at |least partly due to
conpl ex machinery involved in antigen processing and presentati on by MHC
class | nolecules (Storin and Bachmann. 2004). Here, it was found 15 that
when TB10.4 was coupled to anti gens 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 theThentndusdtionnefe@Res adid sebising ePRA0 -df itsr gAspokew of t he 20

fusion protei o} e t . | L ; hg . efficient
pr esent at i(tggbpgéa}l%dcﬁh\%agﬁgﬁgg O%?&P?seggﬁ%ﬁ% sg%IPbg i eJ hi gher
TB10. 4- spesephiret€DZ Y (TBspORR /TB-hndt bidgwlfichne tlooha ther eased

expression _lLeyel o > _ trip C tr L n npadi s vect or
carrying %ﬁg?LéS!)q'BEllb% gﬁgﬁélsée%]g%l%n@eo. fx%%ﬁ%ub%&th?h&gg{e@%%ﬁeo owar ds
TB10. 4 5al ama OwAsspdsifizsi gNBf cehhd ,usimge TPpressEs oredyendlgh dfigudl410. 4 coul d be
deternineqegge to lack of TBIO, §$ecif%%9 isera for §ﬁ§ter bl otting.
The i ncreas&d’t S et h§ teSafJﬁeoér% B °n‘?§$ﬁf Bethe® resutt of the
presence of speti¢ar = tceacl adddBltha: mhkeeTBl @, 4 sttlyeas iseqaedisles | nvol ved
i n bi ndi ng of. HbiqgitiQ%%or ot her nolegules re&ponsibke %or | abel i ng the
proteins G&stPABE TSR B TP ORI HWGF S0P t FENIOrt ¥PLFP oRBiths, or
sequences sihalle OdhedMicEe doBET ©GS &yiRfc0Ge 88l By archgrreseshaéi on in the
context of MHC class | nol ecul es Al ternatively, the

presen@e JdRITRAD: 4 Hrict é‘inﬁwf‘ntlf?lfe(a\é\atggﬁg%i’glc?f Zﬁpgsﬁ%c'edﬂﬁsf‘éﬁ‘llﬁﬁ%ést abilize
the fusi ogopeRh&t MhigHeaadnhggéwid HrRdsedddegimdaid retiakeion dihe nol ecul e.
I ncreased | evel of antigen processing |leads in general to )
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



i ncreased CD8 cell activation. Furthernore, if nmuch protein ends up in the
prot eosone for class | presentation, less 10 will be present in cytosol and
extracellularly and, thus, not be available for activation of B cells. 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 interestim@-to 15 nention that a nuch stronger
anti gen-i munof | urescence was observed in sera frommce i Mmunized with
doubl e-antigen constructs rather than fromthe triple-antigen construct

i mruni zed MLEESSTHIY) £ i9TitAGNSRYEERY PAIALNGur OF r PPAURNGAR iték nol ecul es,
contai ni ng LA #sc Al o lialdl ¥r8USEENI] ity BRcbanPhel &9 0P lgar adati on and

cell activation and, t , less available for antibody induction. As a
strong T celonterespbiC icdagspiereletiles d¥pogset agthi 04 ubercul osis, it

is conclud 3 a LDl ingen i Whiheh conprises a
nucl ei c ac?gt%?@%%?ﬁaﬁﬂhgth?ggiég%¥fg%ﬁﬁégdgaP¥§§éféég¥n%%e ot her TB
antigen$ prehetabty mgBBAraydinetey ¢esfadridbizg, thot fushig8bAranding85B, is

very suiteqdl iQ?hyéeﬂucﬂe%s%d"é%éié‘&a@i%%%gtet ypergil @Sidy,  the found effects

may be even turther T ncreased usi ng as a primng agent, as
i ndi cat ed Byctrhesedsidtesl fowntiigef i guoeesk8ng30edds nin tdememrew pepti de pool

for Ag85B q%th th P &9%3 aﬁé.aggi]g.qalégggA gddequ§§}pesc i?ed in
exanplo 6) "STEBOSBOY 1 PREHBOBAT Sy AR BOG HrRE. DRGISLTE boost
was repeateeds apthougle powtebeospl Browii=as wepee semoaeidrf,r amssm ce t hat
ber o dl) MBReDF RIS Ry W EHE B PR AP FRRL) S | A, T SLPGF Ad3s. TB L
wi th eithemot08eotvaillil o/ Forf atbevaesqeaisi Becellal Meday BeeResul ts are
shown 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 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



in Figure 25 (Ag85A stinulation), 26 (Ag85B stimnulation) and 27 (TB10.4
stinmulation). The results clearly indicate that significant CD4 and CD8
responses can still be nmeasured 10 after prolonged period of time. Exanple
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, .epul d protect against a Mycobacterium
tuberculosis infection in a challenging set-up. Guinea pigs were initially
primed with BCG typically as indicated above (6x105 cfu per aninmal). After
14 weeks, the paimerido®steseudy twigth BEBUpk Zreel, BdIP-TB81Doupt AdB5. TB- S ( Ag85A-
20 Ag85B- TI§10.4 o a%%%S.TE—él»{A 85A- ,f\gSSB% ersecorptéi Qéﬁ}t v(iir Ises, or i njected
wi th PBS (083?? i 'gro pf}‘lg ig?‘l eRE-TaY t-r t15& CafiFTRY S* were" chal | enged
with -100 afide Mhatt wWeaecabosi&iqeery 2@niweaks diterapiriakbs (A6 ewaaks tored up to
appr oxi mateI%/ 78, weeks [gost pr.i.me f%r survival. Internediate, 25 ?lbser vati ons
suggest t haf "EhelBEEIFATAR™} o ¥istRed PhF e AnI T “PECh BRI EHMEE M hi gher
survivab rabe, t A5 .Baptgl oness ~1Ek-s, REFERENCES®-Dewagt &itkeér alo® 62000) DNA
vacci nation _agai nst _tubercul osis: expression of_a ubiquitin-conjugated 5

t uber cul osit8 pPBt 8f bR FSTOES LAY i Wi AECEPFaL Remhtist #Te PRPERt | mmun

68: 3097- 3108 Pidgrel.25et(Agk5A (49931 abebaE] | D6 Qigeiskt Eaeehlat fdn)Cwhaki nes by
flow cytonmetry. J Immunol Meth 159:197-207 10 Kaufmann SHE (2000) Is the
devel opment’ of TBL vy stdpEt 2 E )i s TheageFhbt HrElSapa? IR CaRR) had55- 960

Kr onenber gs%ﬁ-ﬂ:ﬂic%ﬁi Dl LR8OS ?&%pBHQQQV@e{H inah byfgesiybfq 15 of NKT
cells. Nat Rev | mmunol 2:557-568
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 (Ag85A-Ag85B) recombinant
viruses, or injected with PBS (control group). Eight weeks
later, the animals were challenged with ~100 cfu M,
tuberculosis per animal. The animals are monitored up to
approximately 78 weeks post prime for survival. Intermediate

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. Use of a Mycobacterium antigen TB10.4 as a genetic
adjuvant.
2. Use of the Mycobacterium antigen TB10.4 in the preparation

of a medicament for the treatment or prophylaxis of a disease in
which the immune response of a host towards a certain antigen or

therapeutic component of interest needs to be stimulated.

3. A use as claimed in claim 2, wherein the antigen or
therapeutic component of interest is selected from at least one
antigen encoded by the Ag85A open reading frame or at least one
antigen encoded by the AgB85B open reading frame from at Ileast
one tuberculosis (TB)-causing bacillus or at 1least one non

mycobacterium antigen.

4. Use of a mycobacterium antigen TB10.4 in the preparation of

a medicament for the treatment or prophylaxis of tuberculosis.





