-1- TITLE Mul tival ent vaccines conprising reconbinant viral vectors

FI ELD OF THE | NVENTI ON 5The invention relates to the field of

reconbi nant DNA and viral vector vaccines. Specifically, it relates

to reconbi nant DNA and viral vectors harbouring nucleic acids

encodi ng multi ple antigens and/ or adjuvants. 10BACKGROUND OF THE

| NVENTI ON Tubercul osis (TB) has been a major worl dw de threat

to human health for several thousands bf years. TB caused by

Mycobact eri um tubercul osis is an infectious di sease of the |ung

caused by infection through exposureTifyﬁﬂ r-borne M 15 tubercul osis
n

bacilli. These bacilli are extrenely 1niectious and it has been
esti mat ed t hafuldarakent wagppraxicvapel yirgneetchinbihaot vhealorecdors
popul ation (2 billion people) are infected. It has been further

estimated that TB kills over 2 mllion people worldw de on an annual
basis. Only 5 to 10% 20 of tHEELPRFWFEENPEIEICNUumans are suscepti bl e

to TB, agd over #pdqlehH/R WehhedeUQ! PRe L AR SEASEMAGhUSE iy 11

the lungs, while H V-infected humans may al so devel op systemnc
di seases t hapdwiralpypetengideginend SPecdee i lyAppE o5& id&eel §° 90% of M

tubercul osi $2L50i8GI-88 PEBRY ¢Prdd lJecRBEs Q%&%Jo%?iﬁ@%u@ilélﬁlé_sﬁcids
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However, in these latently infected individuals the baci can

survi ve for ®RaPinegRLt Bet oINS SR PHABPVEBES nstance in the
case of a weakened i mune system such as after an H V infection. Due
to the latent nature, infected individuals generally have to 30 be

treated By adninistration BRCEERPENG| OB HELIBYFES ®Mor up to 12 nonths,
which is not a vmiberatlésict i(re) tKeat@EeAt aimhgenebalddmd dueedto teost s
and the pos%i bl e ocgurrence gfr i%é)nugtiédr ergsi ance, ile it

i s al so not "§"¢RAP gﬂ‘e | VEVEF Rh REHT PR rﬁ#s]t 8eVel 6pi ARG TOuMt ri es.

One rel ati velyyobamiees shut ubEBcuacsi ndshas hertdevel dipedset die thaci | | |

Cal met t e- Gu%[lh&' éa%g@:i Mg’?‘%ﬂé&%ﬂ‘&? 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 B5% 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 Dbe 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



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 isol ate obtai ned
froma cow It is a relatively safe vaccine, which is easy and rat her
cheaply produced. In the 10 year 2000, BCG vacci nation covered 86% of
the world popul ati on. However, the vaccine appears to be not
extrenely effective for adult pul monafy TB and nany regions in

devel opi ng countries still have very high rates of TB, despite the
BCG vacci ne_pr.agrans. _lt. _has beepn.estjmate 15 BOG vageipe
orovents onfyL SoarE 9o R e e et eht a1 &L B0 AHs Ty orh TR bun,
2000) . tixprmeott ire mogthdevélmwipgot®apttirdasrat e of the BCG vacci ne

(n general and g o dd18e3hoalddesRPuOIGELLAR: A4 Ha25BEEk 1O chi | dhood

and di ssem nate nore efforts were 20 put 1nt evel opnent of
new, nore bdeedlopedppiticchbbdlly dedmattedyairant (BIS) Masetheowast her
systenms and kngwk eqg uj [ h € UG asnMacci aagi on
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and Xi ng, 208R)firaspy¥vesr éatieppridaahesinmefel t aRenBEE Wwe@ingpifew TB
vaccines, rangiRenhioil SYRHM o 26eLOLS ¥ \AGGLBBSCd-1amdi fi ed
mycobacterium strai ns. Mdreover, also reconbinant viral-based

vacci nes webPevifehgpiitied oPEadpRd HForhe t9andfets of TRLatiFRICc GRS s
anti gens t ovagiinggNai@sent &gy Gkl sadbd Rhesgly §a0aussd] igr Yhe

vehi cl es such as Mdified Vaccini a Ankara gM\/Ag v%ct ors. and

repl i caf'? on¥ehdt &Py PCRIEABHT RIS e bPHFEd 88 OF the yp DNA

vacci nes agpépitiatIbn haywebeen wirseoatbitk app¥bY 6ol b24dof sew rahsty EP
0792358), whgreas. nmany r rts descrihe the use of nunerQus antigens
from Nycoba%f%rol%ﬁlﬁ?t{}f\;reraﬁgﬁrjf)sﬁ%l“ioﬂagtﬁselanﬁe%%%irﬁgﬁ?n%rlnpuri fied
formfor 5 ddalopanyldcatiross istivachane yerWhDP Gh444, oSNDBEYS/ 14713,
WD 96/ 37219 , 599,510 98/ 98/ 4 : 9/ 04 WO
99/ 24577, v%sg’g‘/tglg‘g%,B%ovﬁ%ﬁgﬁg%%‘sd\{%ﬁ%% 3%&[%&8@9‘?’8% us
2002/ 0139598CG Thecime pufevents onlpr 6F edhaldovprdigiengrevéntabdat TB
antigens hag, ahsonbepd kQ,sH9g9esbadp) See WO 98/ 44119, EP 0972045 and
EP 1449922, discl osing the use 'o? a ?fusi on pol ypeptide between ESAT-6
and MPT59 (MPT5@upstaltde ratken devwt BreaechganBraie ChetBSEGt i gen).
Despite al lydhase andychel &fid FubStd Neieageel g proddcyafCiine

agai nst tubercul osis that ensures both a stron
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 {(MVRA) vecteors and replication-defective adenovirus

vectors.



cellular, a strong hunoral response as well as a |long-lasting high
protection rate, no such vaccine is yet available. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1. Map of pAdApt 35Bsu. nyc
Figure 2: Map of pAdApt 35Bsu. TB.LM Figure 3: Map of

pAdApt 35Bsu. TB. SM
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Naked DNA vaccines against TB have been described in WO
96/15241 (see also EP 0792358), whereas many reports
describe the use of numerous antigens from Mycobacterium
tuberculosis in either recombinant or purified form for
5 their application in vaccines: WO 95/01441, WO 95/14713, WO
96/37219, US 6,599,510, WO 98/31388, WO 98/44119, WO
99/04005, WO 99/24577, WO 00/21983, WO 01/04151, WO
01/79274, WO 2004/006952, US 2002/0150592. The use of fusion
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 (MPTS59 is also referred to as Ag85B or the 8S5B
antigen}.
Despite all these and other efforts in generating a
16 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.&M
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



Figure 4. Map of pAdApt 35Bsu. TB. FLM 25 Figure 5. Map of
pAdApt 35Bsu. TB. 3M  Figure 6: Map of pAdApt 35Bsu. TB.4M Figure 7:
Map of pAdApt 35Bsu. TB.5M  Figure 8. Map of pAdApt 35Bsu. TB. 6M
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antigens with the myc-tag (A) and without the myc-tag (B).
(C) similar to (B), with molecular weight markers. See for
notation Table I,

Figure 11. Experimental design of immunization protocol

5 using 7 different adenoviral vectors (DNA) harbouring
different sets of nucleic acids encoding tuberculosis
antigens.

Figure 12. Percentages of antigen-specific splenocytes that
stain positive for interferon-gamma production (IFNy+) upon

10 stimulation with no peptide (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 AgB85A
antigen (A: CD4+ cells, B: CD8+ cells).

15 Figure 14. Percentages of antigen-specific splenocytes that
stain positive for interferon-gamma production (IFNy+) upon
stimulation with a pool of peptides relevant for the AgB85B
antigen (A: CD4+ cells, B: CD8+ cells}).

Figure 15. Percentages of antigen-specific splenocytes that

20 stain positive for interferon-gamma production (IFNYy+} upon
stimulation with a pool of peptides relevant for the TB10.4
antigen (A: CD4+ cells, B: CD8+ cells).

Figure 16. Overview of percentages of CD4+ and CD8+
splenocytes that stain positive in ICN, in sera obtained

25 from mice injected with the triple inserts TB-L (A} and TB-
5(B).

Figure 17. Dose response effect using different doses of TB-
S comprising a nucleic acid encoding Ag85A, AgB5B and Tbl0.4
antigens. CD4 response towards Ag85A (A), Ag85B (C) and

30 TB10.4 (E). CD8 response towards Ag85A (B), Ag85B (D) and
TBl0.4 (F}. (G): CDB response towards AgB85B with the



Figure 9: Map of pAdApt 35Bsu. TB.7M 30 Figure |ysates 10. Western
blot with anti-TB antigen polyclonal from A549 cells infected with
Ad35 viruses on conprising nucleic acids encoding different sets of
TB -4- antigens with the nyc-tag (A) and w thout the nyc-tag (B)
(C simlar to (B), with nolecular weight markers. See for notation
Table |I. Figure 11. Experinental design of imunization protocol 5
using 7 different adenoviral vectors (DNA) harbouring different sets
of nucleic acids encoding tubercul osis antigens. Figure 12.

[t or T er On- BARHAL SRUEE TR CLEAY OaBH-S o 'st RRT A1 B her 2
peptide (A ifPdeticel;| sigh: oCBBR, cgbdrs IB-Fi gueetli8n. Per cent ages of
ant i gen- spe %kﬁe SR eppE VLGS c}a@a}%e sl PORIL) }é?u}.ﬂ( iwri?tgrﬁéé Ay gamma
producti on ?? +) upon stinulatro With & pool o ﬁ%ptl es rel évant
for the Ag8BsosmiriggenthAdifffenteldIB BeciCD8+ €B8R| v9sponse towards
5 BAgB5A (A), AgB5B (C) and TB10.4 (E}. CD8 response towards
AgB5A (B), Ag85B (D} and TB10.4 (F).
Figure 13. Nucleotide sequence of TB-LM
Figure 20. Nucleotide sequence of TB-SM
Figure 21. Nucleotide sequence of TB-FLM
10 Figqure 22. Amino acid sequence of TB-LM
Figure 23. Amino acid sequence of TB-SM
Figure 24. Amino acid sequence of TB-FLM
Figure 25. AgBSA 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 respconse. Ad35.E = empty Ad35
20 wirus.
Figure 27. TB1l0.4 stimulation in a BCG prime/Ad35-TB boost
experiment with a long-term read-cut. Upper panel: CD4
response, lower panel: CDE8 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, Ad2e6, Ad34, Ad35, Ad48, Ad49 and AdS50, wherein the

viral vectors comprise a heterologous nucleic acid sequence

encoding for (fusion) polypeptides of at least two antigens



15 Figure 14. Percentages of antigen-specific splenocytes that stain
positive for interferon-gamma production (Inly+) upon stinulation
with a pool of peptides relevant for the Ag85B antigen (A CD4+
cells, B: CD8+ cells). Figure 15. Percentages of antigen-specific

spl enocytes that 20 stain positive for interferon-gamma production

(1 FN7+) upon stinulation with a pool of peptides relevant for the
TB10.4 antigen (A CO04+ cells, B: CD8%f-cells). Figure 16. Overview of
per cent ages of CD4+ and CD8+ spl enocytes that stain positive in |ICN,
in sera obtained 25 from mce inj.ected w th the tri.ple inser TB- L
(A “and TBSLE BRot dUEr i MEshraledfy afedif T ARERER doses
of TB-S congrtiisieng manue diceaclivd lénkedli ngeAgB8Siyindg8s8 simglEhl10. 4
anti gens. eto ( ( . T .4

(D) Jone r SIRERRPESE ROVRE B A ERe hogMIERE e IO P e &
CD8 r esponserasengr is Ag8SBunseh pohgprotinadinstied sgapei twtpsbey (see
exanpl € §): L Lldonflaply ROR Tber LOIRAEOPacoddIibalbARN souBRALTE S
i nfection. ?:I gure 18. CD4 and CD8 responses after prin ng \E/\)nth BCG
and boost i rgFaticelsedtidterienco?errrBsgedt dihe, hetrrelegoupstualeigr asid

Ag85A (A), may comprise the gene encoding the protease. The fusion
proteins with the direct linkages elicit desired immune
responses due to the antigens present in the fusion product,

10 whereas the proteins comprising the protease sites are
cleaved into separate discrete antigen forms, each
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 compariscn to
vaccination or therapy in which wviral 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 1s 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-cauvsing 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



Ag85B (C) and TB10.4(E). CD8 response towards Ag85A (B)
Ag85B(D)and TB10.4(F). Figure 19. Nucleotide sequence of TB-LM

Fi gure 20.

Nucl eoti de sequence of TB-SM Figure 21. Nucl eotide

sequence of TB-FLM 10
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adjuvants are encoded by a nucleic acid, which is part of
the heterologous nucleic acid sequence introduced into the
wviral vector genome. The adjuvant is expressed together with
the specific antigen{s) and is thereby able to stimulate the
immune response towards the antigen(s). Clearly, the
sequence encoding the adjuvant may be linked directly to the
sequence encoding the antigen(s), but is preferably
separated from the sequence encoding the one or more
antigen(s} by the linker seqguence encoding the protease
recognition site. In the latter case, the adjuvant is
present in the host separately from the antigen(s) and is
able to provide its immune-stimulatory effects along with

the antigen(s).

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

mutants that still elicit a desired immune response. Genes



Figure 22. Amno acid sequence of TB-LM Figure 23. Amno acid
sequence of TB-SM Figure 24. Am no acid sequence of TB-FLM Figure
25. Ag85A stimulation in a BCG prinme/ Ad35- TB boost experi ment
with a long-termread-out. Upper panel: CD4 15 response, |ower panel:
CD8 response. Ad35.E - enpty Ad35 virus. Figure 26. Ag85B stinulation
in a BCG prine/ Ad35- TB boost experinent with a |ong-termread-out.
Upper panel : CD4 -8-

encoding TB antigens that may typically be used in the viral
vectors of the present invention include, but are not limited
to: RgB85A (MPT44), Ag85B (MPT59), Ag85C (MPT45), TB10.4
(CFP7), ESAT-6, CFP7A, CFP7B, CFP8A, CFPBB, CFP9, CFP10,

5 CFP10A, CFPl1l1l, CFP16, CFPl7, CFP1S, CFP19a, CFP19B, CFP20,
CFP21, CFP22, CFP22A, CFP23, CFP23A, CFP23B, CFP25, CFP25A,
CFP26 (MPT51) CFP27, CFP28, CFP29, CFP30A, CFP30B, CWP32,
CFP50, MPT63, MTC28, LHP, MPB59, MPB64, MPT64, TB15, TB18,
TB21, TB33, TB3§, TB54, TBl2.5, TB20.6, TB40.8, TB10C, TR1ZGA,

10 TB17, TB24, TB27B, TB13A, TB64, TB11B, TBl1l6, TB16A, TB3Z,
TB32A, TB51, TB1l4, TB27, HBHA, GroEL, GroES (WO 95/01441, WO
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
01/70891, 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
p3/070187, 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-TBR10.4 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



response, |ower panel: CD8 response. Ad35.E = enpty Ad35 20 virus.
Figure 27. TB10.4 stimulation in a BCG prine/ Ad35- TB boost experi nment
wth a long-termread-out. Upper panel: CD4 response, |ower panel:
CD8 response. Ad35.E = enpty Ad35 virus. 25 SUMVARY OF THE | NVENTI ON
The present invention relates to reconbi nant viral vectors,
preferably replication defective adenoviruses, nore preferably
reconbi nant human adenovirus serotypes?Adl |, 30 Ad24, Ad26, Ad34,
Ad35, Ad48, Ad49 and Ad5O0, mhereln the viral vectors conprise a

het er ol ogous nuclelc Cld ce; &n odin fu ol ypepti des
of at |east TWO BAL nglng %r rom ‘:f)anrgL Ollh gm d(" ¢ ‘?gds:%s causi ng

baci |l l'i. Theneneonckededntedeirs supa;zebma:hlrabo‘,uiyy Iunnkhel vacter:f or m ng
O ool & RLYRER (R ek e PN 21 A il Ehod g%g%t?tlﬁm%@ Lgens are

present in a precursor yprotein, 1n the sens a are
connect ed vieaddoti mcmceseqa,re:h@epae@tﬂg m@eddbyylatspecﬂqr@lpr ot ease

that is go- %%ﬁéé&d stBR $‘ae§|5%ft‘€% c%ﬂ?#ex::e%suq(ﬂad a‘?:g”p” se the

gene encodi ng 't he protease n prote irect
| i nkages eIm@ﬁPtH@§1ﬁé@th¢nﬁﬂﬂ§lr@SQ@N@egeéubtvniﬂhemgﬁﬁlk9§ﬁ§lgm%sent

in the fusi %‘10959&'%%&9:3@9%@%5@% Rheh&hdtRorC RABEA Sdé‘gpﬁcgﬁoter

protease sites are cleaved into separate discrete antigen forns, each
cont ri but i ngnterierengesi ped ﬁ%ﬁ@?%sdéh@étedrﬁé’aﬁi@?@e@é’ P§

preferably |de’i?ﬁ§ﬂa§ Qafcfﬁer@@écﬁ%%dbﬁ( & pRr Bl SRS rCEO MU RAySi te
recogni zed by a cellular protease, Both set-ups praovide 15 add|t| onal

or even Wynér§rsitle e éﬁﬁ’%eﬁsdot‘}oﬁ%‘éﬁ]iss5ﬁ°¥‘othﬁa€é?ﬁ%’f?r6n P&PMe FRFSypy

in which viral vectors egis dtgat co rise onlgasmg
t ransgen- encodi ny® Lﬁﬁef“p g’é’nB QI TSP h’éal?%\Yér’i FoffH%IS relates to
viral vect ordssemdmrd Slengin el og ogo Fisiuns detwaeh dmsadpeBces

encodi ng 20 Ltiple antigens s par at ed rot ease, specific fl eavage
sites. ?nE & ufder %gcfloodq Fﬁ at % é'ﬁ%nf?%%ﬁ%%a% %g SOV ERE
vectors comprising several nucleic acids encoding more than
15 one antigen, which viral wector 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 feold 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



a wde variety of sources including, but not limted to, infectious
agents such as viruses, bacteria and parasites, and are thus
according to this aspect of the invention not 25 limted to antigens
from tubercul osi s-causing bacilli. The antigens from Tubercul osi s
nycobact eri um serve as non-limting exanples of how such nultival ent
viral vector vaccines are generated and how, upon entry into the host
cell, the antigens are separated, and Q'hey are able to 30 contribute
to the inmune response. The invention also relates to the use of
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antlgens ut not limte aut oi mmune antlgens or
tumor anti g'é?\‘?toifﬁr%r mOeF@mP%ﬂtéﬁﬁﬁd‘PW}ﬁthoflﬁé‘aé’i@t pgensiefce ippdm

t uber cuhgsi &a(tT%}uaE?éJ$r@919@C§ﬂdc'essﬂch erelel alceotromMigahact eri um

tubercul osis, PL africanum or bovis or from
genetlc fusions into dlscrete 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



a conbination thereof. The antigens may be the full-length native
protein, chinmeric fusions between the antigen and a 30 host protein
or mnetic, a fragnent or fragnents thereof of an antigen that
originates fromthe pathogen, or other nutants that still elicit a
desired i mune response. Genes -8- encoding TB antigens that may
typically be used in the viral vectors of the present invention
include, but are not linited to: A985A (NPT44) Ag85B ( MPT59), Ag850
(MPT45), TB10.4 (CFP7), ESAT-6, CFP7A, CFP7B, CFP8A, CFP8B, CFP9,

Grr21! Crpad SCRBIA: GRRSS SRRSO CRB o GREn IR e
(MPT51) CFP3EQ TFPEB22CFPR 3o CRPeaye ATNPBRBNAC\WRE20tIGRPEA cakfIH 3,

MIC28, LHP, SyeB5 %ﬁﬁée%%xgﬁ%wﬁﬁéﬁm%d&%mwa Ba3 no B8P, 1 / BS4,
TB12.5, TB20.6, 1B40.8, 1BIOC, TBI5A, 10 TBL7, 1B24, TB27B, TBI3A,

TB64, TB11B rerFB%lzepBi?aAALmz ancrsasml tvssqparﬁemthersztﬁememd@ oEL,

G OES (W 93h914dds iW03984AAL1B01 Wsehiedt, 281, US 6, 641,814, WO
99/ 04005, WO 00721983, WO 99/24577), and the antigens disclosed in WO

02/ 14823, WO 95/AUterpatyyrs by 422158 s Stostierrpoe Sites §aBoRE 510 WO

98/ 31388, USn20@24 (k505982 s MDA ML ket YO, 0458399 0ch R B:hT9274, VIO
2004/ 006952, WO 97/ 09428, WO 97/09429, WO, 98/16645, WO 98/ 16646, WO

08/ 53075, WOTBBPECRIAS1EDEY 95/EH8 0PIV MO 51 09 LERKa g B 3718134 85 1miEn

00/39301, WonmR0AS&SEA4ieME); 04i/r2d4241v)\Wand R4S 20 r c¥ifd 20 05/, 25401, WO
01/ 62893, WD 01/98460, WD 02/098360, WO 03/070187, US 6, 290,969, US
6, 338, 85@, US 6, B&dhrdii6g 45 a6 p46B8e B elﬂSo@:,rthﬂ: 68Be 1Sebrbdd, 522, US

6, 555, 653, US 877 6,61 627 198 Anti.gen fusjons
Chat oy be S3poideey Ebfamsthalesdteal oot bl 2hg AU EFR 14t D
ti me herei nsegquetcess eAg8SIRAGRSBidRL Gand igenls dowln Matdmarserhameof ),

B 510 TOURGEUIANS, Sl o ERETAARTRS A IR SR en o
approach forlrappeBansgeduf terplegchneitpndynagausncey 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 wvaccination.

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

30 to the nucleic acid encoding the viral particle. The

adenoviral vector is preferably a recombinant vector based



having two or nore separate expression cassettes present in a single
vector, each cassette conprising a separate gene of -9- interest.
Thi s approach clearly has di sadvantages, for instance related to
space availability in the vector: separate cassettes generally
conpri se separate pronoters and/or inducers and separate

pol yadenyl ati on signal 5 sequences. th cassettes typically require
separate positions in the viral vector resulting in nor e | abori ous
cloning procedures, whereas a phenomenon known as ' pronoter

interferencg, Qr qsAURlLBBE, {d kLot Msaikhabidd by ebr&8idaukabt
factors reqwred by the prormters to act) may 10 restrict the

expr essi on fRSABIEETE grutFal 7tk rehi vikbridt 8riov prercengags Ofpthe| ed

by the recopbi %oﬁﬁhi’?dlo\ﬂecﬁﬂﬂﬁ adka6t DS sheFeid sbekahétighds0 f usi ons
bet ween nul ti B anti gens, one is now able to make reconbi nant

adenovi r al ’-'6199 B | §Fﬁ% AAPBPEITHIRS 8P ctRRY JEPERRbW Y ABte

than 15 gneraffiagep, cﬂuuqaté_“ﬁﬁihl&&eﬁﬁ@rh\ﬁJathéfﬁJl&t&bflonlgrdﬂEﬁtQ&
response, whereas the use of smgﬁ1 inserts % cit _Lim %g ef f cts
Oearly, thePYBEEAE EHESHECTR O it g%ﬂ i &9 s

express theada®w aaH s@FE antigens in a single cistroni c MRNA, for
exanple in the formof a fusion protein. 20 This approach can be
ef fective when BNAusatdienesn,orabhhibgenr abtaneat proteimeobefregmesed t o

i nvoke T CeJ:hererrgum tl)éht Qh%xg fc??‘gg a9¢h acb%ﬁ ongmé/r? cel ugp

fusion proteéins nh ave a onal. dr a at cannot always be
envi si omed bm‘scueehamjipalase iaf wasadenind ahdmmgue hrelspenems Emagnte% kew

25 i munodop RaRt @g&g% ot N4 nf ek %Ms bovaks, i iy to all

target antigens w equal potency, Wher eas a second an per haps nore
si gni fi cantPritgdbackargseigmrasse b, otyekidese $hesiokhsess that the

| ndividual cRRERelneBRY Dhibo! fhd enriAkYe £RALOT PRId AReiguie (O

the cl ose presence” of their 30 tfusion partner ot her reasons, As a
resul t of tMY% PegeriEilioc tYRR iFFRESHyy 4 ﬁV%tSHthVfrE%oﬁ%e’tlb

nonsensgs -JdQmtated 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



epi topes and such anti bodi es do not recogni ze native epitopes

di spl ayed by the founder pathogens and may be poor at conbati ng
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 nucleic acid sequence, wherein the expressed polyprotein
is processed into the discrete antigenic pol ypeptides. Thus, in one
enbodi nent, the present invention relatés to viral vectors that
enabl e the 10 expression of nmultiple antigens that are subsequently
processed i pterde JSELflS égtﬂﬂﬂeﬂ§oééﬂﬁ359V5¥(yn@grééﬁa ROSS iR
‘limtations associated with genetic fusions, while also excluding the
need for sepaPERERbdYpEREBIBNYRRIIOLIRS PTREPRSDIBLR; no conmpositions
or net hods have been descrlbed 15 that enable reC|se rocessi ng of
viral vect or- expriss S&HE Tt PREFIROSoRES iMPonAFSSSPEL &Y FOMgRRR. The
expr essi on @Etmdetmal ep@dﬁmtelsge@ﬁntﬂmeam Ry atmﬁeeleﬁt 8&|ﬁ‘itd§eﬁ§)nﬂ3:l’oimsed in
a DNA or vira ctor ich ant.ig subse uent rocessed into
i scr et ¢ SanfRYEHES SPheliine PPares” £S (L aRe o GHbroers Aot C B PR

such as t hebyi nadleicosens eequennadwbyhidy iaani helleC 08¢ SorViarysalsdl V,

referred to as IE%SAL\S{ hert i \?\%}r | n A:lL_V enAL:_LE)/- PR fornms the C-term nal
domai n of t A& %aﬁg 6? t e ’% Wi°Po cat al yse the processing

of 925 200,935 Al AT A 4 il o, LT ALYe B 531 o
di rect ed- pr @e‘es@tng'nst]léﬂ @RchBEETdY eamu CAlpodny;triéseé;n sgoht @8 nibny

ALI T- PR 4@nd .di VER gen e I ors, in
whi ch AL?T B%{'- J{-liprlgfa grg@ 3 b&(g)lr%ggc h§§&%1§¥m%g& Eng%égg%ﬁyprot ein

fol | owed by ageMntorganthargaentis apRRAE- are |inked with ALV-PR
digestion sites. Two different cleavage sites are preferably used in
the system One TiFeaPhiF S RE RGCESIEPPAPEPPAYSIOAVIREMRBRALY, SEQ | D
NO 22) is teyheitdseqgéhd/-aRR adg Heheomd et 64 aaMagecsidedtional

( PPSKSKKGGAAAVESAI QPLV/ G SEQ 1D NO21) is recognized by
ALV- PR and GS® %)E %@h BLE‘F\CE t her encoded 5 antigens in discrete

pol ypept, %des 11{erna :lLveIdy t}tlgeangli{ andchagzs clees{a\l/:g e c?'bt es, fray be
encoded by or based on ot H&r TetToveruses sueh as Y
| munodef i cnremgbl‘vflantlsvz(ﬂall\/yectm;r coeptisikgethie ALVY pusqteSsm system

| munodef i chgggyngh Lﬁﬁo](ﬁ%bﬁ and R Rgu%‘ (o1 [ofo)er:R \/a;] IJaQAccor ding to a

preferred e e I nvention oses rec nar‘lt vi ral
vect ors conpatssriglanuet glazagtiidc pefherrreprépeddi ny M1P9p¢1etlaht| gens

from Mcobaghes WanbHPLIGYhOSE S X ﬁc@twﬁ i Lherenninue! Rt . acid
sequences are separ ated from each ot y sequences encodi ng the ALV
20 These pathogens can be 1nfectlous ln 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, BTLV-1,

25 and HTLV-II, Herpesviruses such as EBV; CMV or herpes simplex
virus; Lentiviruses, such as HIV-1 and HIV-2; Rhabdoviruses,
such as rabies virus; Picornaviruses, such as Poliovirus;
Poxviruses, such as vaccinia wvirus; Rotavirus; and

Parvoviruses, such as Adeno-Associated Viruses (AAV).



15 protease recoginition site. In this the discrete TB antigens are
produced as a pol yprotein and subsequently processed such that they
are cleaved into discrete antigenic pol ypeptides, each contributing
to the inmune response. It is to be understood that the ALV protease
systemis not to 20 be limted to the use of TB-specific antigens. A
person skilled in the art wl| appreghqte the possibility that the
system has for applying other antigens, different fromor in
conbination with TB antigens, and its applicability in other

therapeutic set kg8 SUsh ASagCRR ilBRL 8k B8RArJUHADE L 2EnaV e6hpAt i ON.
Preferably, the viral vector conprising the nultiple antigen-encoding

sequences sElFapaing by MlotldBskediteeths JUBAN JHWHBOAR S CIRBEY OfiT ¥$he
viral vect O(Hw?yarbﬁ he ndv,abopanides! €ad,t 88l f Tarhengamit he term viral
vector also refers 30 to the nucleic acid encoding the viral
particle. Tesingeinssi phlTatectueh ias Brefiilabby Tr predoitisdant vect or
based -gl2-..08,,01 oC}eg#yﬁﬂ fcfl?ﬂéri@{i@pﬁ%@ibéé‘%ﬁﬂ??l-f%rﬂf aSgrotype

that encountéers neutraiizing activity in a [ow percentage of the
target populrdPorsuciueh adaseon medesenrawplalsand SRbt i rdruperkrd &d to

as 'rare’ ganevid 4§eS1 s, NeYcIGRCER] I o40adtilvaR i beg Wraky-Cimheul at e
within the human popul ation. Preferifed serotypes are therefore AdlI,

Ad24, Ad26,2r8dgy gpidfs Othesgexappigsapte Adsohératitis & spLdacPer ein,

"antigen” nBRAgeRd, RbeLeiFfuOhnti@Gi®niudhakevts andi ¢h7 WieH! exjyaessed
in an animal or human cell or 10 tissue is caé)abl e 0 triggeri ng an

i mune Mespdise. SEASRPP eWGPnaF LRRFAFEL L n ot SR EERS, Vi r al
proteins, bachesp@tePhPtBidBerPed aSinpEe:prakes htigyholkdurdsas

chenoki nes, i mmupor equl atory agents, and therapeutic agents. The

anti gen nay-"¥BEG R I?‘gn"[‘%e protein, a truncated form of that protein,
15 a nutated form of, Lhat ]:Ee[cq;[e?:l'glgé] t%%éegé,he{ro}ﬁaﬁhféﬁ 9f that
protein, in each Case capable of -contriputing to I MMUNE responses
upon expr essictrrial tdntigensrmiayobehdermsiivedosinelowdgebyncienared. It is
to be upder t.hat 1;gen re.dmt u this fusion
is the {r}’gsuﬁiﬁngggdr%@o%?ﬁg‘?ﬁmfjdgﬁo%pe%m ggiﬁ?%é%% é fljosl,‘,l'a di rect

fusi on of tSedmanelljerspras $isexpliar apm (dBesChbly REFEPtEFa WBPant i geni c

parts of a sinale, W t Y0 HALSG Pndonli O CiHnS L8] NAtdppe, For the
sake of clarity, whén two antigenic parts of a single wld type
protei n (WSEHAPRRNZFASEE - ar BLBFGPNEPPy APFeBeTSALHANRREFIRIRIA- 25 t he
protein) are linked via Linkers as disclosed herein (such, ,as through
the ALIT prot eal®Rles Ogsp’a?téaeﬁé‘é%da“&éﬁﬁﬂﬁ,°%§8ﬁt?ﬁ’s§ ﬁaitgo?)%ﬂs[ of

t he pregentirchvest i sohat s efmes gess extbedtemitioxigehic B.eseit,

hat ar e ei e o8 P CF)Y SoTMRRED I PRar 4t GF, AR ough one br
nor e prot easeububis.ofl mtha mexrte-lpbéie riroadnenirodianteht , of Reorgehella
encodi ng trE%rtussis, 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 “Llc” and “Hly”}
and/or the superoxide dismutase (alsc know as “S0D” 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.



-13- protease is linked to the protein(s) of interest, even nore
preferably through yet another protease site. The different
antigens are not necessarily from one pat hogeni c species.

Conmbi nations of different antigens from5 nultiple species, wherein
the different antigens are encoded by nucl eic acid sequences within a
single vector are al so enconpassed by the present invention. A
"host antigen" neans a protein or par15fhereof that is present in the
reci pient aninmal cell or tissue, such as, but 10 not limted to, a

cel lul ar prot ei npAR.LETRNGr BUL ALY ALENAiQN hel PErARRYLI ¢ agent .

The antigen may be encoded by a codon-optim zed, synthetic gene and
may be cons@PEEITE 85¢ riprégatentticonde dcendimant imN®ednsthods. 15As

mentioned, thgsARi@e8nd Nalich Sa L HNEERSE D ¥alHparBpONDI NANt viral
vector conprising the ALV protease system can be any nolecule that is

expressed by TERSIGAME| SPRacteR i3l TTBrPaAN ECRI| ETHF Ipafirigln BPR0BUED or
during estr¥si i:di60! MHszahh Dk, 0Boopli 11@8PEES AL iIEaBes1h PBL rsiihi BB
host. 20 Theseagat hogens, can be infectious in humans, donestic

ani mal s or WRPESEhiMEFoHosfatamoeba spme SPPh AS FRERBYRAES, from which

the viral amtkgengiekf EleleirVedspd.neheiers Bike L mBQimd, i Wbl Shdnoa

Ot honyxovi ruses, suych as influenza virus; Retraqviruses, such as RSV,
HTLV- 1, 25 &RB: HHNAFFOS98Er pRRvi FaE8L: SWBh’ a2 5B B/ or her pes

Si npl ex Vi rwsroffmriyi $p8eS pusShrteras dfpl; lagd drdhyedreaBppdovi r uses,
such as rabies virus; Picornaviruses, such as Poliovirus; Poxviruses,
such as Macci ni Ezxampliss FRopavisatdiveaant fmnyovf masesitisuphtsyens

Adeno_ASSOCiiﬁ%ﬁﬂ:}evltflgsgﬁc 5 rozo_:'Lté'A'&_S) or Lib\éfyta %Qeﬁssﬁ% yiral
antigens can be tound in the group I ncluding but Nno [ ed to the
Human | nmund@éii @ngmgsna/ilSasl (dadVESamt iafe Ada Mediulospp.Netich Geg, Env,
Tat, mutant ¢poge 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., gpd46 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 S5. 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 auvtoimmune antigens thereof. Thus, in

30 the present invention, viral vectors may encode tumor,

transplant, or autoimmune antigens, or parts or derivatives



derivatives of Tat, such as Tat-A31-45, T- and B-cell 5 epitopes of
gpl120, chineric derivatives of H V-1 Env and gpl120, such as a fusion
bet ween gpl120 and CD4, a truncated or nodified H V-1 Env, such as
gpl40 or derivatives of H V-1 Env and/or gpl40. O her exanples are
the hepatitis B surface antigen, rotavirus antigens, such as VP4 and
VP7, influenza 10 virus antigens such,as hemaggl utinin,

neur am ni dase, or nucl eoprotein, and herpes sinplex virus antigens
such as thym di ne ki nase. Exanpl es of bacterial pathogens, from

whi ch the bagdebiral AM-gonsa1Ry G derhVeathetions! mde chdbaare not 15
limted to, cobacterium spp., Helicobacter g{lorl Sal monel I a spp.,
Shi gel | a sp?)Y hEFlﬁcﬁanSRl(’E%(%t F‘§|%Fs§ﬁbbed 15PO Y § d’h§ﬁB enqogdsi onel | a

Bor ol |1 2 big g0t Lory 1 EvammLoe o proLect: ue.aati Gone.of bacteri a
pat hogens 2 r‘?c?FUaEé‘afrﬁie%o?‘thsf’gh a?ﬁ’[tga%ﬂ% HFLad e%&?o%egélﬁ’l c E coli,
such as % helicFAkd to,nb&batamtspgerfmndnti'gennonmml nga(s,ubmalZI of the
Cyol ase- henBlaPh GREMAER T, Ser et it e R D R o

d ostri di um tet @ﬂga@g%hgfmzﬁpﬁgé el alpaf»rt%@ﬂﬁet idy: 10 LEALLIE

paracrystal | i ne-'sur ayer pro eins o rowaze and
Ri ckettsi a hagshn, is red spi emmlmceb;ﬁsmr( aére Hhaoepy eayp'qu:Edimaﬁde HI y")

andfor 't he SHEHOXI AP ol EIRIABELOMAOAUDON 851 %@ pB1\broRE%% Jard

Li steria monocyt ogenes, urease [T cobact er ror. and t
r ecept oflQ bi M¥iiRg ERATEIOA YPTOISARNRTOGES PR HNE) é%sqq?éepP@lti@@PH"éesantl gen

of BacillusiamoBE8Xin need5f these multiple (discrete) polypeptides.

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. & 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-



The parasitic pathogens, fromwhich the parasitic antigens are
derived, include but are not limted to: Plasnodiumspp. such as

Pl asnmodi um f al ci parum Trypanosone spp. such as Trypanosoma cruzi,
G ardia spp. such 5 as Gardia intestinalis, Boophilus spp., Babesia
spp. such as Babesia mcroti, Entanpbeba spp. such as Ent anpoeba

hi stol ytica, Eineria spp. such as Ei rrerl a maxi ma, Lei shmania spp.,
Schi stosone spp., Brugia spp., Fasci da'’ spp., Dirofilaria spp.
Wichereria spp., and Onchocer ea spp. 10Exarrp| es of prot ective

anti gens of I e i ) or
ver Stage SmeaTH S S T mag Tokots M PR ERaRLE T,
spp. such agrehgbe bfsupunberqfemieptolalRlef fpxipa®ifp) o?f i munogeni c

mutants t hergebrot bg Joehi 02! & 3yr fAs & mnbh gen A Bhasmdi SIHAPR: 15
t he gal actose specifi'c lectin of Entanpeba histolytica, gp63

Lei shmani a SHer SM@I6F 288 StheaAfen ireter CY%W@@PMW‘SBFH@W a’is

mal ayi , tghe dnel 9?5“‘ RBASH N BolrGOPEI RS BePlusaG Bl Sk OIRBR-ABNRTRRLa drhe
secr et ed gl obi n- protein_of Trichostron yf us col ubriforms, the

gl ut at hi one-%- P?é"f‘%éfrél"%’es oﬁlF?%lﬁﬁéYQGhﬁeB%ﬁ%laS&ﬁPst osona bovi s

and S. | aponieysyleacsKbiARf 68N Ha@SPEBROME £1 @ vE. of dRENACUM
As nenti one%é‘%arl ier, the reconpinant viral vectors canpri sing

nucl ei ¢ aci SRt RIMGPPHRFaAE R (AL §: | THE) pr o éﬁ‘é‘@sn’h@?r@ﬁéo&’eenost

anti gens, Wrﬂh@hmra;o:nlaenaw teel A diun2b ¢F ot 05 .d. rmummgtﬂkaﬁ Qiny
agent, ra eutl ent s { her eof , .t hat be ressed
inthe r@c STERTIEH | 18‘]9 C&&?ﬁ{fp GETROY G Ay e a8 Pr

t ranspl ant atu. onbomeheamug rrm:mmramtlegerﬂxatodlipla@neuﬂmeahdop

der i vati ves 9hoLyiilnsHANPLE0 A 8N A0 U0 VDS, 394 gons

t hereof . Thds rese inveRtion, Yvital SVett or S may encode
tunor, transysicantyradr 1atﬂgnlmnmcelrmting@ﬁmt oot parsttsiorediéri vati ves

-16- thereofy, 5&@«5&@ el ¥gidiRg-yi§s h YGCLAL SRy, encade _synifstic

genes (nade as escrlbe above), whic unDr specific,
transpl ¥t , FHENELR BINREN &S B g@ﬁfsn%)TGlpalllt% %m{neoﬂsemanﬁ@e@eoﬁ%uch

antigens | nQ.JlHHelyéJilHe Qé€3ﬂ0t valhhdd£ it a P04 Bl £ /PEEHSEDF,

antlgen meiaianLQT w1tE lySLne {(VO97K) 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 cof heat-labile toxin
(LtxA) of enterotoxigenic Escherichia coli isolated from any
enterotoxigenic E. coli, including but not restricted to E.
colil strain H10407 that display reduced ADP-

30 ribosyltransferase catalytic activity but retain the

structural integrity, including but not restricted to R7K,



TAG 72, CEA, MAGE-1, tyrosinase, CD3, and |AS beta chain. Cearly,
the ALV protease site technol ogy as disclosed herein is also
applicable for gene therapy applications by introducing nultiple

pol ypeptides in a single polyprotein and 10 having the pol yprotein
processed into discrete polypeptides in hosts in need of these

mul tiple (discrete) polypeptides. As a nmeans to further enhance the

i nmunogenicity of the viral vectors,'gkpression cassettes are
constructed that encode at | east one antigen and an adjuvant, and can

be used 15 £ J NeEeRse diRstyd f50995€% L d1blie, AU iBRp; pbessed by

sald viral Vvect'ors. Such ad uvants are hereih SO referre to as
' genetic ad]'—mﬂﬁ:mﬁs Ah@l@emezelahc@li@ parsipnbariA®E-t hat act as

adj uvant . gﬁﬁ%féﬁsé St oHRA Sn A bah&yrﬁ&@gs&mla@e i nki ng
pr ot ease S|tes s descri bed above to have the 20 antigen cl eaved from

t he adj uvanderifpsive rafhshatgrdntoain Abaght s movpEat rfuentedi nents t he

adj uvant s mey,@dt3@nbeifl BChhyaddntked, tihd Barand ideRs tdhesyear ti cul ar
adj uvant encoded by the viral vectors may be selected froma w de

variety of WematsSc250ljARENPE. cInyertHangy éﬂé?r%ﬁ%&d‘!“ff@rﬁene?hé

adj uvant i spth@abr8YPWY tde8Er 0@ BEBow OXi N (Ct XA; exanpl es: GenBank
accession no X00171, AF175708, D30053, D30052), or functional parts

and/ or functi onalltmﬁghnmndeﬁmawa/tQ&gt heﬁ—:rmf arsusdteas adymvahtgonain

of the A supunit, . of accession n 30 K0O2679) .
Al ternativetys 28UV tegi(;‘i%ﬁdb\#gxﬁe t"ﬁﬁ‘?l ﬁ%njbertg%fplﬁﬁq'en am |y of
bacteri ab aﬂarmwe mhiyp hdsp hat eny blbaetivd:)cpa‘ytain fgomxaotrat, ns may be

used, Non-| L0 b9, XATRLES, e L s, Ayt Ao plalIRL) aflpl © toxI T

(EI'tA) of enEt‘ero oXi geni SIs toxin S
subuni t. Otm:blexamreb—dam tohesrmiényhhtlétt@ml Ri¥e-(hensiy gefisrratch as

5 the cyah gengs sphufior 4L Gld:2; PRUBEbSociBe DEQNGR! saptdca of B.

"
par apertussi s. AFternatl vely, ﬁ?l particular ADPribosyltransferase
toxin may beelasyedefiopabity osf r@*@lﬂtsﬁmntﬂleofolémpegaﬂ{aéﬁﬁﬁ (i.e

CxA), o PHds bherpaf lhss of I&@j@'lram&ﬁu@é atﬂ'&)%t@sﬁyw| t of Ct;(

(i.e. CtxAl), from an
1nh1b1t1ng o, 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



10 classical Vibrio cholerae strain (e.g. strain 395) or El Tor V.
cholerae (e.g. strain 2125) that display reduced

ADPr i bosyl transferase catal ytic activity but retain the structural
integrity, including but not restricted to replacenent of arginine-7
with l'ysine (R7K), serine-41 with 15 phenyl al ani ne (S41F) serine-61
with lysine (561K), serine-63 with Iy5| ne (S63K), valine-53 with
aspartic acid (V53D), valine-97 with 7’ yS| ne (V97K) or tyrosine-104
with lysine (Y104K), or conbinations thereof. Alternatively, the

particul ar QQEbﬁéQW'ihG@&%(ﬁrr@?@aE QYaReBRYy b aRYrH&dd LabbYgne?0 oOf
cholera toxin_ that fully assenb but are nontoxic proteins due to

mut ati ons i Hitheresildl jbi thesieraresiiondPaci™ o the catal ytic site,

respectivel y1aSch. mubapést idee nbBoR: DWYePRY BRI x@NMRYF 5 ite xdbke olced
nmut agenesi s procedures, as described bel ow. 25l n another enbodi nent,

the ADP-ri bd8§¥¢S AaraFase {ohRAns & &ﬁ%ld’é‘?ﬁRPé‘tsWe(%‘fO"tﬁ‘i‘Beﬁ\g stuni t
of heat - babichgit pXion2¢ Lt Bfreahionter G PxpgaNd ikEsCheEld (ﬁla:tafcalsjed

isolated froma ent erof oxi geni.c E.. col i ncl.udi ng. but no
oot il orod 28 £ e SEL Pt AT S mo i 4 BT b EShRy tABRR IS0
ri bosyl trangéptiaie thatakyll crass+Vidky TORS dremnﬂ—télﬁ:ﬁicltuat'ur al

integrity, includi t, SLri o R7K, -18- S41F, S61K,
S63K, V53D, ?/g or %ﬁgﬁl(acc{lvagogrlrbjinr?gt%l o}rjlss'i KEFRBPSSN ter nat i vel Y,

the particuCaasADRr isbas)| ¢arabef esaseot mxrgemyasbemmw nfoulebyl@sssenbl ed

derivatiye h I o] th ntoxi c ,du tat n5|n
or adj acént Q’I" E éﬁh%rc % ]{%n?“l C g%?}%e % I%gnéft antrz’ mﬁ’
convent i onalrespensedi r(ewed?:?nﬁﬂ agerwsavsnprmpessera@tdescmbzad
bel ow. Al'thgygh ADP-ribosylating toxins are potent adjuvants, the

adj uvant encoded by the viral vectors in the present 10 invention may
al so be anyChedack- vaRPAGE clap Peorsed far, vanminesi Bhatortagget ozoan

organi sns, EBEIANREMEAtRIMe s, daihl assérandad EH OrInﬁﬂﬁl\‘l:Lon
i nhi b|tory RNA (herein referred to as si RNA). The particul ar

bi oacti V& pP&t BIeSe AR BEULES Wil bPITVERELER-FHIMULBELON GhedePy t he

f ol | owi ng cka§§p@ng15nq-a¢§eillana}@§s cl ass of adjuvants induce
apoptosis by inhibitin a host. smal| GIPase. |nhibition of Rho

has been cl earl f”&?%é?‘é‘i]éfd Rt I HeseARREG IOn oF bappesg found
| nducti on othapopitdgessi Srdit @Butaveiingodat i idr,i ¥achysd anderrio. 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 CDB+ 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 CDB cells directed against AgB85A 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



cell responses and a potent nethod for the induction of 20 CTLs. This
strategy has not been evaluated in any experinental systemthus far.
The active domain of SopE is contained in amno acids 78-240 and it
only requires a 486 bp gene for expression. The catal ytic donain of

E. coli CNFl is likely to possess simlar properties. 25 Class 2.
Bacterial porins have been shown to pgssess inmmune-nodul ating
activity. These hydrophobi ¢ honotrinetic proteins form pores that

al | ow passage of nolecules of M < 600 Da through nenbranes. Exanpl es
of porins ifglgude,f éﬁ”@ﬁoufaﬂyg ﬁ?@EéHHJDeQEEEfﬂlﬁstﬁé 4d¥ vector,

Ent er obact eri aceae. Cl ass 3. e stranded RNA (dsRNA) activates
host cells, 04|ﬂ§?@6?¥ﬂf¥i§ﬁﬂthq @aﬁélt%ﬁnQQQBPQSEHQQQCBf an nRNA that -
19 - encodes an inverted repeat spaced by an intro or ribozyne wll
result in the expression of dsRNA. C ass 4. The peptide notive

[ WF] xx[ QD] xx[ V\ﬂ?gf PEeIREWH TSI AR LIRS TR 2 F e tH E:’Er)’é%il NI€CFOLR| |

responses (#anenbedd aandedsiCaitienan?dd) anEX@I’d%ﬁ:%leﬂe Ofus%dpﬁpta de
with this notif fused to.a T4 fibritin coiled-c

produce triRF5EESpeRIWEERR Shithr %‘fcd’sé’ef’f:ﬂ’ks 'P(fﬁsu?ﬁlgodﬂldni”é%ﬁ? cted
T cells, theysabyeapdissat ed tinpaestngdr aspoasesy. ekbrsssehl byl &N can

be used to target host | ecul e 0 that s ess, | mmun
responses ("e“@q EF?S?rSr'egﬁ?%r'rP 5 ﬂ#ﬂgo%é%%soﬁ%gg%)cg% E%.? “H-4or

prevent crosstpteserd ahtenlgukig-4 Ra-4) ¢l BB-SS,GILSERI\"J‘L-QOGaDL'be used
for vaccines that_target costinulatory nolecules, such as CD30 and
cps6. | Hhi b]iz(PF%nIEBa{?FWt ﬁ§§ nﬁe@ﬁ%‘s will prevent co-stinulation
thereby resul ti Rgcbibiha@e! bnaRSKIRNA procedﬁﬁéé‘,)rfioﬁ‘ri B¢ yintasddesdosed

herein, it fas been faqund that, antlg1 q:% gm TB—eca S|‘pl ac l#of such
as the TB1(P™4 fBPSHa‘?‘?P FPROTSIONI §23388 AR SHETGER t SEFFS Dut
even 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 1s 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 Ad5},

involves the development of recombinant vectors from



20 act as an adjuvant towards other TB antigens, for instance Ag85A:
In the case where a triple insert was present (Ag85AAg85B-TB10.4) it
was surprisingly found that the presence of TB10.4 in this construct
stinul ated the i nmune response towards Ag85A, whereas the absence of
TB10. 4 revealed a 25 mnor effect towards CO08+ spl enocytes (see
exanple 4 and figure 13B). The adjuvant effect of TB10.4 was further
investigated and it was found that TB14J. 4 i ndeed stinul ated the
activation of CD8 cells directed agai nst Ag85A when present in a
triple constiydgby; WELEas: flkd %geta&mo\y bRocihe82PSEal HreeeL ol RACh
encodi ng the separate antigens did not result in such stinulation,
strongly sug§estiwgF-hatiutae adengpiralTgeotorabpgefr hddratbiied

present, eithepeighdtheusarBy VREFQL . a¥ LREES Y s@rb@#ﬁbé he,sagp 34
transl at ed product. The present invention also relates to viral

vectors 5 tR&r &dcdde éfldl%%ﬁs ¥Ae shvwngdh Hhd 047807 bkite 0R(48&F Dy a

pr ot ease sr eg@gnid |ZU04$DB€29@W%BeV§P§@%g§I[§ ased. t@oo:ncr @anersost
responses to the assen anti gen s) expressed by said viral

vectors. Ex&fpfel ’“H?d (’59?6@%@3 RROHEdShy 4t AR r 3F YedPgricuter
i nterl euki ndiététdsdlas it-bs dHowh, td lbel@, rhte skQotgPd, (Wd- 1200, TGP,

and TNFa. ant DNA cedures . for e )

I oduat | 0RO TR 0ol 4P ReSTBh STBES Tty Seat JEALaPESHT de
vectors capabhe af aekpoessingeativedioor @gsd Bitgpy a@mﬁteidnfemtkajmoti c
cells or, tissues are.known i art ei co Si s and
nmet hods gre IGRER (T an'ﬂj?g tcffg: %‘gg%‘t ﬁﬁ,thl o‘ﬁgg \zhﬁpgi )%F% %‘g&)@hat
express nor ddéhaamdaSant Tigemrdivannage BE- thmmegebamﬂ lafs hupaef er abl y

tWhZObaCt eri oLk ARENGULO8L Syad¥indf £ G A0S Qleafhy PQYVicse BLEL €T ablY,

that humans are not regularly infected with these wild type
adenoviruses. As a consequence, neutralizing antibodies

16 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 cutlined in WO 00/70071. In another
preferred embodiment, the adenovirus is a simian, canine or
a bovine adenovirus, since these wviruses 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



20 viral vector is a replication-defective reconbi nant adenoviral
vector. One extensively studied and generally applied adenovirus
serotype is adenovirus 5 (Ad5). The existence of anti-Ad5 inmunity
has been shown to suppress substantially the inmunogenicity of

Ad5- based vaccines in 25 studies in mce and rhesus nonkeys. Early
data from phase-1 clinical trials shoy that this problem my al so
occur in humans. One promsing stratetfy to circunvent the existence
of pre-existing immnity in individuals previously infected 30 with

the nost Coegglrarpgugﬁ%%@iﬂgyi{y%§1§§¢mca§té\@®y ho¥o! ¥e % rtiffary

t
devel opnent conbi nant vectors from - 21 - "adenovirus serotypes

that do notskiddodnt e ¥Eh Beeldes §hisry @RiDdMi 1% OVH®ran adenovi r al

vectors thai ke rhdentickbetod ke parddicubasd eusef uh @ngobased on
serotypes 11, 26, , 0 as was shown in WO 00/ 70071,

, 35, 48, 49, and 5
VO 02/ 4066528 AHETGESTR0GAFDRRIACERER T BURRR 4158 - ePa L LCUWIGE3Y .
Q hers hgvepfdrdidel haiinidhsodedtRnevEes Sartd thée d)sollated Mt i cul ar

interest as it is shown to be a rare ser_otgﬁe (":SWH? §004éq(38%§18). In a
preferred efbdHRRERE: EXPAPIET ditafetfdrsyidaPhtisingtudfch?fi Bas°der i ved

froma serotype s¢l 2ot @d 15 o0amddse 716) dHUpas o SiesSthag7 ofwoAdl |, Ad24,
Ad26, Ad34, 3 d48, Ad49 and A he advantage of this

sel ecti on o?ﬁ&d%ﬁﬁq "deqr‘?(?vli‘}ﬁ%é’@ 339@@%&3&-&% vectors lies clearly in
the fact that huorass d@iodcaodf riggulracdnbinahecteton ih tinBsenned dit ype

adenovi ruses. As consequence, neutralizing. antibodj 15 agai nst
these s ¢jot o8 Fga'f eeé"s?ocbll? ?/Iz'iln[eerlilttria'trlluflhné3 ﬁﬁ%ﬁ%ﬁﬁ’oﬂ)glgﬁf\o&n at |arge.
This is in pordentsge taf sbeobype Porbbudvselhumedsodrehequite regularly
(nfected WJLdiRLesd ] kYRS SRLBLYPS: LRCpHITRIRC shoSRANRCS Ll sed
during an intection wth a parental wl -tgpe serotype can negatively
20 i npact treltgfEptdc\Regpmbirante ¥dmbsemnsuall edfoveecasb 5w@ndt ype when

used as a sybsequenied,eeaNbLNPUALEIHIL VEEFIAIgh SUEE-ASs3nYacci ne
against malaria in which adenoviruses are applied. The spread of the

di fferef afRIASVERRSE arér 6pYpeiened shES h@RANTRY ISR FECYpIPul at i on

differs fromHRas96PHARBEG RYMKERuAd:,t D81 A Maiukenitldoks hde
preferred serotypes encounter a |low neutralizing activity in_ hosts in

nost parts SANHERE ¥ 12PiMAL- AR PPRRY FeTiNes otmreaeRts 1 flERot hErtS
preferred emmg eBat ,rdcbabaseitovbensvirtisasSéTH @R, acaranErier iAmeyi ne

adenovi rus, since these ry1i uses 0&"&"50 do n er. pre-existing

. \ . ot 30 count

i mmuni ty i nfERERERFER Shoste BFOMRTR AR E%le% ©na '?e{ﬂlro §'Fs to be

adm ni sper ethic1Bhe appl isegbéhdd \inothsiademnvaden@enpuses for use in

huran gene 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



- 22 - therapy or vaccines is well appreciated by those of ordinary
skill in the art. Besides this, canine and bovi ne adenoviruses were
found to infect human cells in vitro and are therefore al so
applicable for human use. Particularly 5 preferred siman
adenoviruses are those isolated fromchi npanzee. Exanples that are
suitabl e i nclude C68 (al so known as Pap 9; US 6,083,716) and Pan 5, 6
and 7 (WD 03/046124); See al so WD 03/000851. Thus, choice of the
reconbi nant vector is influenced by 10 those that encounter

neutral i zi NG RGEE Y 1t isﬂm% iﬂ}’in@%ﬁ@ﬂﬁé&%@ﬁuhﬁ% BugBss PoRukakyAn in
need of the vaccination. The ‘advantages of the present i'nvention are

nul ti-fol d SRECHFBTHAF PRFULSIusTR r&s“?‘ééwfnéh? AMAPICPE B SV,

can be produygRdqte presknbigh ddi1tigr §ndlSid@uir, Cfinesatdaln ahRune
consi dered safe and that can grow in suspension to very high

vol umes, usiifGPABER RAthif RESSSINoFPRGH& n any ani mal - or human

derived aonponents.ord @arti&ulas: kBpa: tJFakhe emmwtma;mttmenow ruses
elicit a dramati.c i mu response agai nst the protein encoded 3/ t he

het er ol ogousePe*AAIA" eﬁﬁ?ﬁl"seeaﬁé RaRtt Hér%Edé’ﬁSEP’F dAFENDBRR. S The
inventors ofauchei prasenteqmyat coditigaidrzed iltdlyediyadaisitiaampri si ng
mul tiple aanglgens woul dhggow de a st rqll? er _and broader mune
response t odBF4§*? H ! 199°BECTTIATEC RETESTErE RS £8%Me fact
that a si I’lg|@t&mizg:éI’foZSeI:@tﬂtdadb}lxpi‘@fﬂlfonl ol Uc enapieal £Qive@Rrably rbr ed

strains r}qum h ckt a 1m1 I‘}ISJ_ n erﬁal Lant | %!énse Smino
concei va ettecf' ValBrne Ty appsl’l @gﬁ oh% % RS $%E™ i s Iess
likely to su’:fctLdr codxtpmtiHEh ¢ edeateedlumtesp@nsodmn@sage nira thet sageneous

RoPUl ati on. GHOLBUENRS. ahh O ArBLEChE Al BLANRAY Qho0fg ¥ACEDRc

devel opnment,” a“vacci ne consi stin | e constructs wou
very expensﬂ\sbeetl@mfmmﬁ?aet Lﬁ’@r&ﬁdl¢‘@f rfivicat esmqts may be splice

donor or -—acceptor sites, stop codons, Chi-sites, poly(A)

15 stretches, GC- and AT-rich sequences, internal TATA boxes,
etcetera. Methods of codon optimization for mammalian hosts
are well known to the skilled person and can be found in
several places in molecular biology literature.

In a preferred embodiment, the invention relates to a

20 replication-defective recombinant adenoviral vector
according to the invention, wherein the adenine plus thymine
content in said heterclogous 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 wvectors
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 El1 region from the adenoviral genome (see also

belew for packaging systems and preferred cell lines).



- 23 - addition to sinplifying the manufacturing process, a single
construct may ensure equival ent uptake of the conponents by antigen
presenting cells and in turn, generate an i nmune response that is
broadly specific. 5ln one particular aspect of the invention the
replication-defective reconbinant viral vector conprises a nucleic
aci d sequence coding for an antigenic,determ nant wherein said

het er ol ogous nucl ei ¢ acid sequence i s“codonoptini zed for el evated
expression in a mammal , preferably a 10 human. Codon-optim zation is

based on the reayibresbAMe80-AGHE peBL&N inbBe: GRNaral c @ptdamal, codon
usage in the mammal of interest and a nunber of aspects that should

be avoi ded ReABUPRAIRGHEFLEAI]Ye 88PRREaPIG R T FEEt OF iFiBd *BBF 1 ce
donor or - apKARkeEusidAly SELEBUENSarGRIrsSbt ekcipOby{Narkdwell
stretches, GC- and AT-rich sequences, internal] TATA boxes, etcetera.

Met hods of ¥HEnBptlsmaFat fO0 1567 REMRRIELY hdb s YAPe @19 Rhown to
t he skilg edcipaiapetit endroaicbe. fravidravl everdieds acesappl eal enad ar

bi ol ogy literatur ln a preferred enbodi t, the inventiqn rel ates
Do a 30t ettt bh b BEELYE 1« SOUROT TR SBhGN P KPEY B0 E U o g
to the i nvetdnpatise vdreradjnvaite. adgovaetplane kinywm e tloatant tbn sai d

heterologoua{quleic acid, as .conpared to the c tosifgééﬂéﬁéiguanine

, red
content, is resgrthrére@?%tlberelfmé@aﬁlgleﬁpé’gget%%n 8% " wor & pr Iqélrcably

| ess than S®9eandin@®.most preferably equal to approxi mately 45% The
productjpn of r%EQ”B{Jé%@%oﬁdae&%v&é?%evse%oﬁe H]%bg%'é‘%&“v‘t er ol ous

genes is well-known 1n the art an pt cal 'y involves the use of a
packagi ng caidorfing tcadhpt brvardionr i ttheghblemapenitds, cpnbrieilectioh of

at least a gylaqgigggﬁagiggrgg&ﬁean okhgg El region fromthe adenoviral
genone (see also”bel ow for packagi ng systens and preferred cel
l'i nes). 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 wiral 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 wvectors according to the invention may
alsc 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.



- 24 - The vaccines of the present invention are typically held
i n pharmaceutically acceptable carriers or excipients.

Phar maceutically acceptable carriers or excipients are well known in
the art and used extensively in a wide range of 5 therapeutic
products. Preferably, carriers are applied that work well in

vacci nes. Mre preferably, the vaccines further conprise an adjuvant.
Adj uvants are known in the art to furthfiér increase the i mune
response to an applied antigenic determ nant. 10The invention al so

relates to the usg,Qof tﬁekmve@ﬁgeﬁdfmtteg the, %\é@ﬂﬂ%ﬂ n the
t herapeutic, pr ophyl actic or diagnostic treatnent of The

r econbi nant T¢PaFatiear8eiectdiver p ¢wlm8amm@eﬁsnafatmls#@wﬁd

i nvention Mayqhendsedchi %%nQEIrﬂ{keS%BEidj&% ifRodbatthicghr thigy are
applied in corbination wt They may al so be applied as a

prining agertiPBFCH a5d6s{Thig cAgERRy hasdpeés i VAl ¢ Spredwiivpgesttood

foll owi ng atBEE ¥asnlypapt e WAyl BemRase gaxeex%qselﬁeﬂgéﬂﬂauﬁsrws:&onses
It can al so be envisioned that different viral vectors as discl osed

herein 20 aPBtLSRRYS ﬁrB?’F?Pézsodos?n?@e&ﬁé WS e PnPEE et tRl g Say
fol | owed by banedheirde rVar £0uRingvect Ging iGeNPr |E&|emgr§itbrﬁctslaydl i nked
anti gens ma% be conbi ned as .,such,wth vectors conpri LSPéi\nﬁ

&° &Vbﬂés

prot ease- si £ PTIKER FaRt T YRS US P 1fo P03t Ok ét iRy

adenovi rus $1e|retymeaabaypruh&aa@dovz&uanﬂééterassar 6éypdiasne aAsSk
(selecte fro rred_human, ni ne,_or__bovi ne

hdenovi rilsedf kP PARSErEnUTErongn torre TorFad o 7S Hr di ng to the
i nvention mynaistirigeOﬁslednamademml earaitpesyadtl nesi2épraptd6i ng

puri 11 ed (1 aGobi HARt | yap odugedl. ANdsgens, andl oL, 4 30: YAGe nes

conpri sing na encodi ng Si m ar or gens
- 25- Thed, fqm@rpm@mg Gherepteffeared cant igsodabi rmmpreferably

replication )@EBB&He‘f% uﬁ}df?xﬁ'ﬁ?é’z‘c%!ﬂ 3s £, ”Wyb%b&'&t é%l%ﬁckfffca%%daéc%ﬂe nce

encoding two or nore antigens fromat | east one tubercul osis
( TB) - cau$i n§yeaki¢iarsum poyis i anpeSaifdErstPodore antigens are

preferably selected from the group consisting of antigens
encoded by the Ag85A, Ag85B, ESAT-6, f£72 and TB10.4 open
reading frames of M. tuberculosis. In a highly preferred
embodiment, said nucleic acid sequence encodes at least two

20 antigens selected from the group consisting of antigens
encoded by the Ag85A, AgBS5B, 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 seguence encoding the full length proteins

25 AgB5A, AgB5B 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 ocne polyprotein. In one



5 that a polypeptide nmay conpri se several antigenic parts or
antigenic fragnents (= antigens). Also, a protein itself may be
considered as being an 'antigen'. Preferably, said reconbi nant
adenovirus is a human or a siman adenovirus. Mre preferably, the
adenovi rus used as a reconbinant vector 10 in the present invention
is selected fromthe group consisting of human adenovirus serotypes
Adl |, Ad24, Ad26, Ad34, Ad35, Ad48, Af49 and Ad50. The TB-causing
bacillus used for providing the preferred antigen(s) is preferably

Mycobact er | i 4.URek b0 RendioRBGL ETLMTLE! Ld AT BOR UelS

Mycobact eri ovI's, and said two or nore antigens afe pre
sel ect ed frbinkedesgramfocforh = ifngiof rmetedensThenddakagdyayhbe Ag85A,

Ag8SB, ESATalﬁfecyar and, TB10nA 08l {eadi gl 4anks sef ol duidher cul osis.
In a highly preferred enbodi nent, "said nucleic acid sequence encodes

at | east twrFiZo HheTgendiskeeciedsed orf CREPEFOUYOCEAB?SRSNg of
ant i genss engQdednbYald@ndg8b4\ prA98a8, a ad 1 EBLO-t eaREHs IBRA RIS FAMES

of AL tuberculdsis. In an even nore preferred enbodi nent, the

adenovi r us FEEGFAF MFIF RS FNVEKt EBYPEGRPr | RERTeTaRE | 1% C&cTare

sequence enciflerd Lbdwddihl t@ngioh1pres 2iznss295sAQ085A, Ag85B and
TB10.4, wherein it is even nore preferred that these three proteins
are encoded by ZPAUHIENE1GR| Y 0RBLRETHFCa2 SBHE@eSTh hhivBhRctife
genes encodidipriiBend &5 pecbmyEnatoheemsriaue st@edngntéhgle 5° to 3
order (Ag85A- %858— TB10. 4%.80 OThe i nventi gfra\%{.ecl at es a regonbi nant

to
adenovi iis HYVESF4PRLE G € ti BALYTRREP R H S e FERE 2 FREH79 sai d
ant i gens ar expr essadc ibhpnfortthepobygrdiséhg. a Iphagneceuti2@ildypreferred

enbodi nent at | ea two.of said_antigen re_li o forma
fusi on pr otaecfcr?.p%?%%e MR trfafnge&%?lroé%tlil rar\lliaa%?g%%ﬁhgﬁ‘ip' ng |inker
of at | eastpareaceuticaddydaciierbla teqipéents asleddfevaydisnece t wo

separate 5 %t“jngggsg@qrwus to provide a fusion protein of two or
nore anti gens according to the invention, preferably one or nore

| i nker st@ccor di AjetsSEOLPD N@thgriare gedates to a method of
vaccinating a mammal for the prevention or treatment of TB,

comprising administering to said mammal a recombinant
adencvirus, 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 oxr 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



The invention also relates to a nultivalent TB vacci ne conprising a
reconmbi nant adenovirus according to the 10 invention or a reconbi nant
pol ynucl eoti de vector according to the invention, further conprising
a pharmaceutically acceptabl e excipient, and optionally an adjuvant.
Many pharnmaceutically acceptabl e recipients and adjuvants are known
in the art. 15The invention furthernore relates to a nethod of

vacci nating a mammal for the preventidi-or treatment of TB,
conprising adm nistering to said mammal a reconbi nant adenovirus, a
mul tival ent Eﬁﬁ}l@&fdsrl% Ofn & Jn%ﬂgi%rgg{i‘isop%y 4! egtigle \achery
according to the invention. Tn one aspect, the invention relates
to a net hod r@ﬁommaﬁﬁ@‘e}mmlmlﬂcﬂlvah@nqoﬂ@venwmroprt feat nent
of 1B, COMPLEsbRg:ddit SbERRdikoREH NhBE! £d:2:581 th I Rhvéhtion
reconbi nant adenovirus, a multivalent TB vaccine, “or a reconbl nant
pol ynucl eot |léetb%d%1@PaaéE{ﬁM|Qfgat@ecilr?é‘mﬁﬁt'efﬂﬁ Gﬁeaer@%asti%n@r
vacci nat ison; h@Rgo AN SESnAE b8 SAldcIRITRI, a reconbi nant
adenovirus, a miltivalent 1B vaccine, or_ a reconbinant pol ynucl eoti de
vector accor di ngtt ®ehBaF FVBHEFoRSRACta BBB SR LHaR cTHALESNEC Fhe

invention alrsechisd in@S pbDyid1860IH RARLcRJENPHIEHEg & Miehbivalant TB
vacci ne, or a 30 reconbi nant pol ynucl eoti de vectqr according to the

i nvention, EPEHERCHRECPEINY ¥ 08T INHEIPREHETRS 2pfef RHSISFSEN t he
prophyl acti Gecodhetidpenite, Werdiaonast bfitigant aR8t efressed’as a
tubercul Si s. The invention al.so relates to the Uﬁe of a reconbi nant

adenovi r'lls, PRHRF5%/Er et T BV ARES TR 6P BT Y B RatC 558§ nucl eot i de

vect or acco&dcagninohheltm\s@phraﬂlngﬁ attheemtep:azbabfome)ftwa oediccanent

for the proph lactlc [ thera utlc tr of tubercul gsis.
In one parti céf% aspe%?er% ‘i nv m@ LR Ve dEndi ngcncl

pol ynucl eot iptig-~ vea:tralkedomﬁ-l,sanglasmml, em: aon1ata$eqeraiwe encodi ng two
OF ‘nore ant E&S?ér?é?ij ng&ﬂ{ ‘?Larsesé $ Q41 &'9&&4113 fg? el 3RS a

ant | gens ar expressed as a ypr oteln yp I‘Ot elrn
conpri sitig trhelmaﬂleaséef%@agm tlmﬁn Pirt ellswaraal?pﬁgna{s | &asis two of
the two or %@rﬁmﬁ&t t%ﬁsthaﬁi’ of grabl Xnec%@!.:drnsBP'bSénEEéﬁoéé CE‘%oV)‘?P&c%r is a

naked DNA-, a na NA-, a plasmd-, or a viral vector.
preferred eﬁﬁoalilﬁaémes SR} Wirgad| DR @nepding ﬁé@&ﬁ@é’éﬂslmﬂyoba ’-15?39‘1 as

replications dﬁﬁ@félcV%cBHr%bt%&,Shmlaen tadeRpmiy Lt%om}{ihéﬁgt ehd6riral
understood that a viral vector nmay be seen as two kinds of entities:

the viral DNACEREJNPAgmeRe iAo B ‘i‘l%ﬁii b8 bEaPies ShmuErdcarfif of
vector, aohi ligtéhestVitbus REHRELST Aigrdud® YhfadtivachersdiAhoBBYcalls0 be

used tO tranif s th%eg%glrelacs %g!eg l9erein refers to a means for

transferring a gene or multiple genes of interest to a host.
This may be achieved by direct injections of the DNA, RNA,
plasmid, or the viral nucleic acid vector, but may also be

25 achieved by infecting host cells with a recombinant virus
(which then acts as the vector). As exemplified herein,
viruses may be used to immunize mammals (for example mice),
whereas the DNA (for instance in the form of the adapter
plasmid carrying the gene(s) of interest and a part of the

30 wviral DNA) may alsc be directly injected in the mammal for
immunizing said mammal. Vaccines based on naked DNA, or RHNA,

or plasmids are known in the art, whereas vaccines based on



20 interest to a host cell through infection of said host cell. Thus,
a 'vector' as used herein refers to a neans for transferring a gene
or nmultiple genes of interest to a host. This nmay be achi eved by
direct injections of the DNA, RNA, plasmd, or the viral nucleic acid
vector, but may al so be 25 achieved by infecting host cells with a
reconbi nant virus (which then acts as_the vector). As exenplified
herein, viruses may be used to i muni®¢ mamal s (for exanple mce),
whereas the DNA (for instance in the formof the adapter plasmd
carrying t 3 " r.est rt : VA may
al so be di ?lgeccg)ﬁg?}(‘%%%g{légglé% t ea%g%&géﬁgm%%?%?gglés%%' r%wr;rral .
Vacci nes bawddtaas nthiedd dBAivene BRAe @ MgEasIRESs af elkirawsti bo tshe
art, whereagMagei Nes-Pagge-@y az 28 wedtpeONbi nant viruses are al so
known. For clarity issues, all entities that deliver a gene or nore
genes of interes$d ¢%° PURESEreIeMPafEngndgihacrdSia agtPEesent ilone
preferrefd ephediBBpdr tddpRlsd £iaC s@GhdhdRr @AM adpsaidhaggCt Or

conpri ses a sequence encoding a protease, wherein it is preferred
that sai d prEr&asel ipch PERPIESS gha? Sad@p PEQRRAFEL YPPR raX PR SE Ha

pol yprot ei nj ARdptssdddle@dpher alf tRaSIo19Reopéisaind a8tigara by &t

prot ease-recognition site. Particularly gr)referred L )

pr ot ease-r fi PPorPisiSeed FUMIPRE ¥ A BT ERRIMCECIF T I n§ 1t SEQ I D
NO 21 or 2Zrariheel HFief @ireesried arbespbirsasdnidoynstteotcoapr vaetaor

accordi to the invention, wherei id.-protgase is fr an Avi an

Leukosi gogw JRELePRE \ACCoring pﬁoe?’éﬁrﬂﬁ@sgéc?’f eﬁgﬁ? iR ee%?rfﬁ%tlsar e

l'i nked t hr cuglecempirirrapel yesdgntidovesitbe areidiom &t theast 15 one

{uber oul 05! SeTBLafAUS0g: PAB ! Heoc R e syl dn TR CANSERRLLAE! || s
y M¢C ge il I\/f/

is prefer abl actertumTu ul osI's, cobacterium arricanum
and/ or MycobauselALNh-bdwi 8. prEferre®d ampegbr etlneingépsnartdapr @fer abl y

selected fr e i.SLi At i n h 85A,
AgBoD, | o e D O o B ko Bt e e

wher ei niSaiahehévbe tdgsis AUBI-eRrBS g Pasdyliehc@hepnebdeaidole-

preferably @ab;shRgstadiMBuanid §E3%SQIRL MeHobd AL DR SErUMRLGBHSE STi NG
of antigens encoded by the Ag85A, A/g 5B, and TB10. 4 open readi ng
3

frames of NyochBerewiwspEricasR AR LlYEPRIRardgmabeyis. The two
pol uynucl ey d8se a8QlgdnBdatd pirBCeidBIgNEEDEc L FRbR EE gablp gens are
the full length Ag85A,_ Ag85B and TB10. 4 polll%,%%@%l des, 5of whi ch the
encodi ng g&reSigFEE 9N BRI 9PPhERCeAeG fY3t A R85 Bt dimns
based ozo t hesieTang. Didpen tedEmgUEDSIes aft MgenDbeawenosisCiwvhbadin n US
5, 916, 558, . . .
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, 2Ag85B 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 toc the present invention,

encoding the fusion proteins disclosed herein, for



30 WD 01/24820, NO 03/070187 and WD 2005/ 061534. However, the use of
the nucleic acids according to the present invention, encoding the
fusion proteins disclosed herein, for - 29 - incorporati-on into
reconbi nant adenoviral vectors was not disclosed. In yet another
aspect, the invention relates to a reconbinant pol ynucl eotide vector
conprising a heterologous 5 nucleic acid sequence encodlng an antigen
and a genetic adjuvant. The term'gene¥c adjuvant' refers to a
prot ei naceous nol ecule that is encoded by a nucl ei c aci d sequence.

Sai d antigen_and s enet dire tI or in
anot her enbodren tlog fig Ere ¥n°V1rr?%t a%%é J:DE" w% cl)c{)nnectl on

conpri si ng @1&c13$abrotease recognltlon S|te I n another preferred

aspect, sai d pol yauglegride vashate | Sud BRket DAL A Jaked, RNA | a

plasmd-, or a vir vec 'S pre y packaged
into a repl ireatinbinapaf pel yver llegtrade oreos;pm a@mmsaden@matmolqmsa n

sai d adenovi Fﬂﬁeié a%‘iggﬁo éndr ehes tg%q Lh&M g0 oup

consisting o uman a ITus seroty es Ad24, Ad26, Ad34,
Ad35, Ad48, afduvanind TAGSDeTM '96npE&e eardrjédafaﬁf e neferai to #ci ds

conpri si ng r%@QH%ﬂQ%ugnﬁ&i@dﬂieatﬂé@ﬁﬁﬁéﬁcmMQ?%?'E S@didiRr ot g@se is
preferably 20 linked to said antigen and/or to Said genetic adjuvant

by a second SEABERIRe SREEOYHIIFEEN AT 1381 ATARIYHST oA WP eFgHdDe

prot ease-r eq@eRéd DSkl ® SONR LESSh SROYENIE A ERELH NGk eeSEQ,! D
NG 22, whereas the preferred first protease- recognition site

conpri s€€ a feEGIRHARCECRB RIS EEE B CPrrP 25 iNG 21 Fipsty PErsprisy

protease is racpsRitRsesitOM@N aAYLIBdY [eukesied Yspust ( Ala¥Yh, while the
anti gens are refcglfe ? é fromat .| east _a tuberculos*s (TIB) - cau5|ng
&r-abfy

baci | | us, Y‘E)‘I‘ VeRROSbatt 2 Al i rc & BRFY B¥cobict erium

af ri canum a@déemldvyc«)lﬁaetveirannvbom:s Tﬁiéevfrien‘arledeaﬁbr g:en@rafera’iﬂy

sel ect ed f:%ﬁ%k@fec? P8 £ EEEE el defe9§1% V\ﬁ r E3al8 and

TB10.4. A érred e drment s a ve erein sard
hetercﬂ(ﬂgousdﬁucwxﬂuaraehekemmqaemdeaiﬁnaydessemsIeeasthﬂnoprefémhbly

antigens sel g%& %g%g}ntt'xﬁe%fé%i} Eé’r\(,\kﬁds%h gonhuMa éx@eﬁq’%‘ik{? §is
anti gens Ag§ ere| preferred to
have a fusi @ﬁrgmﬁﬂﬂ.ae Atifpr Ad2fg 2d34, Ad35, Ad48, Ad49 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 seqﬁence according to SEQ ID
25 NG:21. A preferred protease is a protease from an Avian
Leukosis Virus (ALV), while the antigens are preferably from
at least a tuberculesis (TB)-causing bacillus, more
preferably Mycobacterium tuberculosis, Mycobacterium
africanum and/or Mycobacterium bovis. Preferred antigens are
30 selected from the group consisting of: AgB5A, AgB5B, ESAT-6
and TB10.4. A most preferred embodiment is a wvector wherein

said heterologous nucleic acid sequence encodes at least two



the full I|ength Ag85A, Ag85B and TB10.4 proteins, in that 5 order
fromN to CGtermnus. As disclosed herein, the TB10.4 has unexpected
adj uvant activity, as it was found that it stinulates the immune
response towards the other (especially Ag85A) antigen present in the
pol yprotein. The TB10.4 adjuvant is a 10 preferred genetic adjuvant.
Thus, the invention also provides a reconbi nant vector conprising a
nucl ei ¢ acid encoding the TB10.4 anti#fen with at | east one other

anti gen, mhich antigen is preferably a tubercul osis antigen, nore
preferably t 85A an_even nore f d 15

embodi ment , If gc?% ﬁp?fosmesq:ha ‘Tpelcgng%:?tpn ngg ing the TB10. 4
anti gen andtmeziceassm rwtég&&&mdAAgBﬁBanan@éﬂﬁo As whereinedt bel ow,
the TB10.4 js Su t

mult i plo- antd 0L B AP BE o daet 1 Cuiial bepblad Snprising
resul ting ithea ﬂmﬂghleg/n@hghgﬁlbaﬁgam angc T840 et |mf0©98n$esl|@oﬁbét It is
very |ikely, ff.ec limted to Ag85A and TB10. 4 al one,
with a ﬁde?é%%:)#ggbﬁ?l i t%y&o esrnrEge‘phTBlo 4 antigen than limted to

t uber cul osi s vadsi Adtsclgisedeherfins, thqdTHlfvantdpnerpegtad aadurivtt
enbodi ment, , &l;$9 el AL 6% s afdu@.aoemmrtt s¥ 8l 1Y e85 KO MAhuSENT
nucl ei ¢ acid encoding TB10.4 and at | east one ot her antigen, wherein
the other a¥RSRgEAS| LOWFTUSathy BBaEt ESRARLAALY JWIPSAThanFiReNt i on

di scl oses ’\}g&s‘éﬁg of drheplvgohact gl it TB10. 4 AnLivEsp 85 aa genetic

adj uvant reover, the invention discloses the use of the TB10.4 30
ant i genq n RIRFeFRRAFIRNSEEE I uYaREdi Bitfentle ot HeRE1ER edrSitent |

di agnosi s a@sﬂvqaegr@pl@doaxmar&f vacdbﬁeﬁa@regheg s haslditarctdl osi s,
and at | east '2'1 a di se%%?o 51 whi.ch t

encoding the antigen w1th a% 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 enceding 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 CDB response. It is very likely that the effect
is not limited to AgB85A and TB10.4 alone, with a wider
applicability of the TB10.4 antigen than limited to
tuberculosis vaccines alone. Thus, the invention, in yet
another embodiment, also relates to a recombinant vector

25 comprising a nucleic acid encoding TB10.4 and at least one
other antigen, wherein the other antigen is not a
Mycobacterium antigen. The invention discloses the use of
the Mycobacterium TB10.4 antigen as a genetic adjuvant.
Moreover, the invention discloses the use of the TB10.4

30 antigen in the manufacture of a medicament for the
treatment, diagnosis and/or prophylaxis of a disease other

than tuberculosis, and at least in a disease in which the



i mune response 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 Mycobacterium tubercul osis can act as an

adj uvant towards other antigens, such as 5 Ag85A. Thus, the invention
also relates to the use of the Mycobacterium antigen TB10.4 as a
genetic adjuvant. Furthernore, in another enbodi nent, the invention
relates to the use of the Mycobacteriwhantigen TB10.4 in the
preparation of a medicament for the treatnent or prophylaxis 10 of a

di sease in \Qﬁ}nﬁget%piomn@m!a%go & At i8ehOSH itng&@égé ReGE" LRI

antigen or therapeutic conponent of interest needs to be stinulated.
The skill ed sgénsbategoblvdthre affiient of dut edpnvantt.héol eifelisoflispinfes

response t oWRLHS: A LitY§8n AMHHABNTES 0 1N ApLoid Wgh NGlh3BL BXL £
stinmulation by the 15 Use of an adjuvant, such as a genetic adjuvant,

herei n exemSBRf peld asy aTEAdi Wanki §awalsts BEher iaditaBensy #ucheased

subj ect. sThaggaxenidi@n £8d tHRentebAlaS ol PefadRCOBDENANse of the
pol ynucl eot i ge vector according to the invention, wherein 20 said
geneti c adj AYSRPACSHFHPs Bt igeChEPEY o BEXANIFIELEAl FABVAR thut ant

derivative tFetR&fmoredl in MHANRErdefiboAmeMe, CEHEEhE&MT o FELAASS tQ
| ysi ne substitution at_am no _acid position 63 (ALKO). The invention

al so rel at eSPBo$e Al £PG AGAP2PESTHET ARG8T LY Agt™ Y€conbi nant

pol ynucl eot ipdepyetiion 35 ace@idbngnt Edrhehé reatnens Jupkbphylaxis

conprisifng a_phagyaceutically. acceptabl e excipient, and optionally an
adi Lvant’0 3Gt 8 SPeASEARAIEEPEL RIS ESTRISGCPT o T CAHSE ks o
adapt er pl asntdstaiar mythgerlort therapdurdicscandidngansof Sidekeeest heeeds
construct | OI?:OOE:% asOL%PnL‘iEB$é asplds, 514 dable 10 w%%ﬂﬁr@é y bt'i:el'o }E‘S' et ed

Ad35- based vectors capabl'e of expreéessing Single or mu e TB
ant i gens i s ddesonirzedhe Thevedx afipiwsuneelrasponise TBwands gegsvég85A

(Swi ssprot #R1794¢)or AHBIR {SWhE SOhEP R 984)ra206: L1 4n (S §RPT O
#053693)15as non-

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 wector 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
{Alxs3) . The invention also relates to a multivalent TB
vaccine comprising a recombinant polynucleotide wvector
25 according to the invention, further comprising a
pharmaceutically acceptable excipient, and optionally an

adjuvant.

30



10 imting exanpl es of nmeans and nethods to generate single- and
mul ti-antigen vacci ne preparations using Adenovirusbased
replication-defective vectors. As already stated above, the

princi ples applied here can al so be applied to any conbi nati on of
prophyl actic or therapeutic polypeptide. 15 Construction of
pAdAptSSBsu nyc. Adapt er plasm d pAdApt 35Bsu i s described in
appl i cant's application WD 2004/ 00103%2- This plasnid contains the

| eft part of the Ad35 genone (including the left Inverted 20 Term nal
Repeat (1 TR)), further lacking a f ﬁﬂﬁgal El region, and an
expressi on cassette conprising a pronoter inserted into the E
regi on. The adapter al so conprises a functional plX pronoter and a
region of QIS¢ it QL die o Hided At e CPl Shnidy
sufficient for "a o ous 25 reconbl nation event wth a cosmd
conpri sing G#ﬁ?ﬂmgsaﬂhl gplosis ARELGYSS genone, |eading to the
generatign of aﬂ%ggor@ien%ﬁksfﬁfﬂﬂlgﬁtbPrhch%ftQEt;&l\/&mQEiQnleﬂa%‘-ie' foa
packagi ng cel |, which packa rovi | necessary el enents
and functi o@%ﬂﬁfrélteaEhF%é{eteg 5€BPF%‘gt‘ﬁ?ﬁ%ﬁd‘:%%g?%ge’@fre%“f%e

virus to besHAdueetnuitg10enerakiigansfi s aeosPinant rdenavipIses
usi ng such adapter plasmds is a process well known to the skilled

person. - Blatenhgaff mggems’*gﬁﬁaeé‘%wswmﬁ NP 44hd 38528 and the
fﬁb \(/gect or - EMS%bBb?%ﬁB{l@QEBLEJ‘;dA@SlDS@ @ﬁésf)fcg:m#@g?ﬁﬂme agfhofum ng

e Q aquic extraction ki ccording to manufacturer's
instr uclgl? on%l’glﬁlﬂgu%’l‘aé“fgiersaﬂﬁé‘@%‘gs ‘9‘$ "%ﬁggfjg é"‘%B?’éﬁﬁ‘? es&nf;ﬁgm t he
foll ow ng S&ﬂiﬂMﬁlSlFéﬂﬁi@dn(ﬁsacﬂﬂelgﬁepdnaﬁﬂbhesuémmd hyerSihgma

c-oligo ' T AGG AGG
I\A/yc:c: TGTgGA %&F r?ﬁ%"f’ﬁ?\%%%“' %c ol g Q@Y %F%SAT TAT
CAC AGG TCCaHEﬂé TCE}Z‘ CmnAIﬂlémp-ﬁICed_ @@r’éC@aGTa'lls’ﬁTb:eTir@h@d ESEQ I D
NG 2 Th /

). The @l%ush;egsoapql@ia&@{@ap Xfdr u%bﬂe%?z%@iyp%f?t@dé pg/ p

stocks in a tot une 0 pI" anneal i ng ris-HC1 pH
7.9, 10%%M MyC12, 1 mM Dithiotreitol), incubated at 98C for 2 mn and
subsequent | y, £qal,ed; doWr bRaAl Apsd.h@d e of 0.6C per mn using a PCR

machi ne. The resuftT g ds
Adapter plasmid pAdApt35Bsu is described in applicant’s

application WO 2004/001032. This plasmid contains the left
part of the Ad35 genome (including the left Inverted

20 Terminal Repeat (ITR)}, further lacking a functional El
region, and an expression cassette comprising a CMV promoter
inserted into the El region. The adapter also comprises a
functional pIX promoter and a region of Ad35 downstream of
the E1 region, which region is sufficient for a homologous

25 recombination event with a cosmid comprising the remaining
part of the Ad35-genome, leading to the generation of a
recombinant replication-defective adenovirus in a packaging
cell, which packaging cell provides all necessary elements
and functions for a functional replication and packaging of

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

known to the skilled person.



15 linker was then ligated with the above prepared pAdApt 35Bsu vector
in 3x, 6x or 9x nolar excess of the linker. Colonies were tested for
insertion of the linker sequence in correct orientation by digestion
wi th Nhel or Xbal, sites that are restored only in correct
orientation. Sequencing confirmed 20 that the |inker consisted of the
expect ed sequence. The resulting adapter plasmd is naned

pAdApt 35Bsu. nyc (Figure 1). Below, met¥ods for cloning a |large set of
di fferent constructs is provided. An overview of all constructs

and 25 thel 1 eSpEEtiNBCnSEL Subse LN NWTEP Gl yoet 3 Enobhe !

Construct nanes el r respective 1nserts conprising nuclerc acids
encodi ng TB @witbgersntadbVng vAgaent ewdkodisel¥fedSrpnoteasese dey* - a
prot ease re nLt i48;LE ni,zed. by: @ cell ;aLpro SQindl & -

D ot case 5 raaagneiy e L AEECacHhGR REL! (i ochl A aRTRILY &
flexible |imeaufapourardisngnstmcticonse & dovhhetdwmrndede{daiydinkert ag.

COUEL Yl A IS L D, spreny gy i
(synthesized by Sigma): Myc-oligeo 1: 5"- CTA GCA AGA AAA CCG
AGC AGA AGC TGA TCT CCG AGG AGG ACC TGT GAT AAT -3' (SEQ ID
NO:1) and Myc-oligo Z: 5’- CTA GAT TAT CAC AGG TCC TCC TCG
GAG ATC AGC TTC TGC TCG GTT TTC TTG -3’ (SEQ ID NO:2). The
10 two oligonucleotides were mixed using 2 pl of 0.5 pg/pl
stocks 1in a total volume of 20 pl annealing buffer (10 mM
Tris~HC1 pH 7.9, 10 mM MgCl,, 1 mM Dithiotreiteol), 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, 66X or 9x molar excess of the linker. Colonies
were tested for insertion of the linker sequence in correct
orientation by digestion with Nhel or Xbal, sites that are
restored only in correct corientation. 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.



A985A- Ag85B- nyc TB-5 Ag85A TB-5M A985A-nyc TB-6 Ag 85B TB- 6M Ag85B- mw
TB-7 TB10.4 TB-7M TB10. 4-nyc TB-S Ag85A- Ag85B- TB10A
Ag85A- Ag858- TB10OA- nyc TB-SM TB-L

-34 -

Table I. Constructlnames and their respective inserts
comprising nucleic acids encoding TB antigens. ALV = Avian
Leukosis Virus protease; dig* = a protease recognition site
recognized by a cellular protease; dig = protease

§ recognition site recognized by the ALV protease; X =

flexible linker, not being a protease recognition site; myc

= myc-tag.
IConstruct Insert
TB-3 ALV-dig*-AgB5A-dig-Ag85B
TB-3M ALV-dig*-Ag85A-dig-Ag85B-myc
TB4 Ag85A-Ag85B
TB-4M Ag85A-AgBSB-myc
-5 AgB5A
[TB-5M AgBSA-myC
TB-6 Ag85B
TB-6M Ag85B-myc
[TB-7 [TB10.4
TB-7M [TB10.4-myc
TB-S Ag85A-AgBSB-TB10.4
TB-SM AgB5A-AgB5B-TB10.4-myc
TB-L ALV-dig*-AgB85A-dig-AgB85B-dig-TB10.4
TB-LM AL V-dig*-AgB5A-dig-Ag85B-dig-TB10.4-myc
TB-FL AgB5A-X-AGB5B-X-TB10.4
TB-FLM Ag85A-X-Ag85B-X-TB10.4-myc

10
Construction of pAdApt35Bsu-based adapter plasmids

containing three TB antigens

The heterologous nucleic acids of the present invention

encode the three M. tuberculosis antigens Ag85A, AgB85B 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



ALV-di r - Ag85A- di g- Ag85B- di g- TB10. 4 ALV-di r- Ag85A-di g

- Ag85B-di g- TB10. 4-nyc TB-LM TB-FL Ag85A- X- Ag85E3- X- TB10. 4 TB- FLM
Ag85A- X- Ag85B- X- TB10. 4-nyc 10 Construction of pAdApt 35Bsu-based
adapter plasmds containing three TB antigens The heterol ogous

nucl eic acids of the present invention encode the three M

t ubercul osi s anti gens Ag85A, Ag85B and 15 TB10.4 as a poly-protein
fromone nRNA. Al fusion sequences i hthi'cated with an 'M contain a
nyc epitope (nyc-tag: SKKTEQKLI SEEDL; SEQ ID NO 9) attached to the 3

end of the ¢ = - LS4 | ¢ |
nyc- speci fi csegﬁgfﬁ%ztﬁgs%ﬁﬁﬁc%%é%%gmgﬁt | o%%%@%ﬁ%??ﬁ@ﬁ %?eglﬁfew
separ at e TB anitipgeinss d@ fase rideogntikodies ppetblis feopthd werFhate the

"M in the naimes:0fe@ lacCRDBIFICHS HEoSAld REdi HRl QWobEL R} eSnast Ocde
nmyc-tag, whereas afso all constructs were nade without a nyc-fag. In

a first enbodl nénttherpagrf ¢helihrees matgefeseridedxbeasaglasen

direct fusiaqn RALYRFALRIN: wAGSSA- AGSSBIBLRoAs MMtk The 2 Tade
Ag85A- Ag858- TB10. 4 10°In a second enbodi nrent (TB-LM the

pol ypr ot ei n "Br-éeHF sHM¥CohEEi ns a protease, which cleaves the three
antigens I ntim@a first embodiment (TB-SM) the three antigens are

expressed as a direct fusion polyprotein: Ag85A-Ag85B-
TB10.4-myc (TB-S = AgB5A-AgB85B-TE10.4}.

10 In a second embodiment (TB-LM} the polyprotein precursor
contains a protease, which cleaves the three antigens intra-
cellularly on incorporated digestion sites that separate
them: linker/digestion site sequence: PPSKSKKGGAAAMSSAIQPL
VMAVVNRERDGQTG (SEQ ID NO:21}. This digestion occurs through

15 a sequence-specific protease fused to the N-terminus of the
fusion protein. This protease, derived from the gag gene of
the Avian Leukosis Virus (ALV} is also cleaved resulting in
four separate proteins after protease digestion. The
polyprotein may be as follows: ALV-dig*-AgB5A-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 NGC:22] of the protease and ‘dig’
relates to the digestion site between the antigens, sece
above; TB-L = ALV-dig*-Ag85A-dig-AgB5B-dig-TE10.4). 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 allcows proper and independent folding



cellularly on incorporated digestion sites that separate them

| i nker/di gestion site sequence: PPSKSKKGGAAAMSSAI QPL VVAVVNRERDGQTG
(SEQ I D NO 21). This digestion occurs through 15 a sequence-specific
protease fused to the N-termi nus of the fusion protein. This

prot ease, derived fromthe gag gene of the Avian Leukosis Virus (ALVY)
is also cleaved resulting in four separate proteins after protease

di gestion. The pol yprotein may be as 10l | ows:

ALV- di g*- Ag85A- di g- Ag85B-di g- 20 TB10.4-nyc (in which "dig* relates

to the digesti S| e [ ; pr, f L S

( GSSGP\/\PAPEca"‘tp/f%g%L%/%@EHEFJQ%%%I[_\?"?l Qé%%%l 'DA%S sgéfiaés@ta}]%h%%?gagg@and
'dig' rel at &g wbiche'Xdi gesetem toi eeflrerildenlyierant i gens, see above;
T L ALV- di GirsAa8hesclicgs00868h dbandBid). 4hua Boidh 28,016 gaseaghavadl e

h i
linkers as well as self-cleavage |inkers may be used in the vectors

of the pres@&Te ph¥eMAGnaRPHr Eherftisimbads bEPAfrerernto Afe THsE ofE-

sel f-progessizg hamyagepsht Ae1RRSuPRRN URELLH Rodst PudMDR0RELIIE149.
In a third enbodi nent the poly-protein (TB-ELM conprises 30 the
nenti oned MSeeuBet®l-osi s antigens separated by a |inker sequence

that is not cleanehidsasetNptdie inesoqibneebosk fenRlssé@sTdd hednabgnee) but
al l ows proper and independent folding - 36 - of egch f the three
antigens: ARPSER- RHGESBLHEHBIFIEIHOER fhTHETCeR 19e1ed t0 a
flexible |itkerouF6Seml GrakGGoNe BEQpED&IL IR phY | sdduesaee farsi on
proteins. were_al so nmad it ho th - referred to.as TB-S, TB-
5 L and%I'B- l?@@%%étni ?’8%‘3‘”%2‘%*&6'g’f%%@%ﬁst&fﬁcﬁ%frﬁé?ﬁ%ﬁs (see
bel ow).  digékeidlesitedaprit Genbsmuiercelo WarK1a882rliod asidyg t he
above indic gge@ubllﬂes@ggegr to%lfnnssee nences Jeq_rfottgg%l Ialc:]1{uber cul osi s

antigens, the prot ease P sequence as shed i n Genbank
(Acc. No. CAAB852dfedirtd Dl qgundingasequiingest dpinindised £r iexp@epdiark Ace.

No. AAK132Qz, ﬁg{r\%&?sega%id%uégeﬁj 81913; Thahases. or %Ts.@!énﬁbf%ﬂ'é‘ﬁﬁcé’ﬁoﬁ@re

then back tran | to DNA coding sequences optimsed for expression
in humats dmd PSBOEEHPENV Gt bHeSenaedt 4Gammslvéd and cloned 15 in

PCR-Script vect ghs LyoepSaiti zcEehiN¥huences fhheTAOdPRy@Pt i M zed DNA
sequences for TB-LM are provided (Fi %.) X D NO 3), TB-SM (Fig.

20; SEQ | DmovajedndFie- FMIES &0 ¥ S%T%E%g%)%o?ass%w as the
NO:4) and TB-FLM (Fig. 21; SEQ ID NO:5}, as well as the
protein sequences for TB-IM (Fig. 22; SEQ ID NO:6), TB-SM

20 (Fig. 23; SEQ ID NO:7) and TB-FLM (Fig. 24; SEQ ID NO:8}).
The myc epitope is contained within the C-terminal sequence
SKKTEQKLISEEDL (SEQ ID NO:9) in each of the fusion proteins,
which sequence is not present in the case of TB-L, TB-S and
TB-FL, respectively.

25 The cloned fusion genes were then digested with
HindIII, XbaI and Apall after which the 2.7 kb (TB-L), 2.2
kb (TB-FL) and 2.1 kb (TB-5) fragments were isolated from
agarose gel as described above. ApalLl digestion was done to
digest the plasmid vector in fragments that were better

30 separable from the inserts. Plasmid pAdApt35Bsu was also
digested with HindITII and Xbal and the vector-containing

fragment was isclated from gel as above. The isolated



protein sequences for TB-LM (Fig. 22; SEQ ID NO:6), TB-SM 20(Fig. 23;
SEQ ID NO 7) and TB-FLM (Fig. 24; SEQ ID 140:8). The nyc epitope is
contained within the Gterm nal sequence SKKTEQKLI SEEDL (SEQ I D 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. 25The cl oned fusion genes
were then digested with HndlIl, Xbal and ApalLl after which the 2.7
kb (TB-L), 2.2 kb (TB-FL) and 2.1 kb {¥B-S) fragnents were isol ated
from agarose gel as described above. ApalLl digestion was done to

di gest the plasm d vector in fragnents that were better, 30 separ bIe
fromthe i nSAPEL PRI FFEPAMG 358 EPIS SPRITHQESPEL M I’iol-l?

aBd Xbal hanobﬁ limeveﬁdnarteaonf@gmumg togHTRAhg \Else n&lolsaqmdd‘gsoah@el as
above. The isol a 37- Apt 35Bsu vect or vvas I ed i.n separate
reactions toE&¢ OBIFeq HLé’tf’s%Il é:&mf’?ﬁ%ﬁ’tagg ﬂgr%%?é‘ B
sequences argksull ansg wdmdiéat»mﬂal-lsaarﬁqniebgnalcjmhem aifH mintIdgen) .
Resul ti n% col on hcgs V\%{ﬁe ﬁnal t| on v% d,él .5 and Xbal
and pl as & APy t 8“ @dnf'n% \‘/:V/e?%c &t d8E8EE Thi s
resulted in @&@ApeBéﬁsamL TBhLM:(eEmgtIe@ 12) pApACIRAESEBESE, B ($Mg(1£e gure
3) and pAd 35 F |1 I ag. To
generate ag\?dtegia? E&iy Eé(péfbgg(s?ﬂu)% hﬂ usﬂgﬁ& gﬁggs\?\n %u nyc-tag
the 10 i nsert&.gare ﬂ o+ SL1PCRaaIplingi ®dwesitag. tTre geokkavd Rgapténer s

ggCT’ te”p' LSy 85@%%&%@ HeVREQ o B nas “wifrouE My &ehgl e CAC CAT

10 inserts are first PCR-amplified using the following primers
and templates:
Fragment TB-L
ALVprot.FW: 5'- GCC CAA GCT TGC CAC CAT GCT GGC CAT GAC CAT
GG -3 (SEQ ID NG: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
B5A.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 DHS5a

bacteria (Invitrogen) and selection of the clones containing



GG -3' (SEQ ID NO 10) and 10. 4. RE.stop: 5'- GCT AGI CTA GAT 15 TAT
CAG CCG CCC CAC TTG GC -3' (SEQ ID NO 11) with TB-LM as tenpl ate.
Fragment TB-FL and TB-S 85A.FW 5'- GCC CAA GCT TGC CAC CAT GIT CAG
C-3(SEQID NO 12) and 10.4.RE.stop with TB-FLM or TB-SM as

tenpl ate. 20The anplifications were done wi th Phusi on DNA pol yner ase
(Bi oke) according to manufacturer's instructions. The foll ow ng
programwas used: 2 mn at 98C fol |l oked by 30 cycles of (20 sec at
98C, 30 sec at 58C and 2 min + 30 sec at 72C) and ended by 10 m n at
72C. The resulting 25 fragnments were purified using Q aquick PCR
purificati Ghekmrl(ecatag@fﬁsrténasa%églpéglw%I‘ﬁi Beadl 39 SARENMPHC The

di gested fLAGURIY oWl €s L PaSSE IBERY! ¥BiEd pAMAHt T HIuA gt € karfdCR
purification colum as above and |igated w th pAdApt 35Bsu di gested
With the sEREARTISTES TATRF pOPFFE CPBVERCE (HASRF CRioT) POR

purificati @BnsotutBs. presericar MMt Ffurest », Orpat enin BHsa biest el a
(I'nvitrogen) and selection of the clones containing -36- the correct
i nsert s SusPRy EFHE t]é?‘ld“%ﬁPlﬁ%pediaﬁgﬁ%estq'&eéﬂﬂ/%esenpesuI ts in
pAdApt 35Bsu. TB-L, pAdApt 35Bsu. TB-S and pAdApt 35Bsu. TB- FL. These
constructs differ fromtihe constructs presented in Fi.gures 2, 3 and 4
in that thef 8o" B RO 3oh5h S e e BT S he—h ~t ermi nal end.
Construct i ebnodipAdApk35Es wnbhagets adapter plasmds containing two TB
anti gens re, .the construction. of ter. pl i injng.two
TB 10 ant i BeRE (iSRG RN hh R saBEEr o R B Rt el Bl 10
Gbvi ousiot o ahhigerer sienngi Ad85gcard AgBSRI &% am exbwple tis eléer

conmbi nati o dj o] r by Si g :anti can be
rade el ngCPRLE el bR e LA nelhal g e R e ar e
descri bed Rete aitherTRombinations 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-LM and TB-SM fusion

proteins (see below). Fusions are generated with and without
20 (TB-3 and TB-4 respectively) myc-tag as above. Hereto,

different primer sets and templates are used.

Fragment TB.3M:

ALVprot.FW and 85B.RE myc: 5'- GCC TAG CTA GCG CCG GCT CCC

AGG CTG C —-3' (SEQ ID NO:13) with TB-IM as template.

25 Fragment TB.4M:
85A.FW.TB.L: 5’- GCC CBA GCT TGC CAC CAT GIT CAG CAG ACC CGG
CCT G -3’ (SEQ ID NO:14}) and 85B.RE myc (see above) with TB-

SM as template.
All reactions were done using Phusion (Bicke) 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



15 3M ALV-di g*- Ag85A- di g- Ag85B-nyc and TB-4M Ag85A- Ag85B- nyc, and
the sane constructs w thout the nyc-tag. Specific prinmers were
designed to anplify the Ag85A and Ag85B sequences fromthe above
descri bed TB-LM and TB- SM fusi on proteins (see below). Fusions are
generated with and without 20 (TB-3 and TB-4 respectively) nyc-tag as
above. Hereto, different prinmer sets and tenpl ates are used. Fragnent
TB.3M  ALVprot.FWand 85B. RE nyc: 5'-33GCC TAG CTA GCG CCG GCT CCC
AGG CTG C -3" (SEQ I D NO 13) vvith TB—LM as tenplate. 25 Fragnent
TB.4aM 85A.FWTB.L: 5'- GCT. TGC CAC, CAT. GTT CAG CAG ACC CGG
CCT G -3 (B8 IPBRI\E‘rfif)lca’ﬁHOIBd"BtRET’ﬁ?ca"(P%éél%t%oﬂFéFmﬁM% Yf38M as
tenpl ate. AldubsegeéhOIs 1WGE Cedl R oUSL AGn RN PalOH: (FBsakeyc MAL30as

pol ymerase with the conditions as described above. PCR fragnents were
purified usiHFeFEes afiilc kPPCRIULPEYRSE | cg‘r‘ftEFttreﬂ’F&@?P%ﬁl% tlﬁt?ll ndl I |
and Nhel and;oa@atanpwasfod Bactistig (Invﬁ&ogehhecﬂﬁaspuéréwaaielcaadklt

The arrpl fra nent s were, subsequent | d i asm d
pAGADt B5EbU SHRE PHETT AR AP GUEAER ahc s fex5die SensbhestP iR for
t ransf or rrat |1cm;u|lné® mmaéemcﬁ—lﬁadhpﬁfasmawl:tm (tFriQQEél)S)C laades wer e

selected 5t ert f the correct Iength. This
resulted in 2%1% ruc s pA%p%]Eﬁ% . 3M (Figure 5) and

pAdApt 35Bsu. TB. 4FrédmegiseTB)3 and TE, Fr‘eagmegegeﬂ'eaze@ antind B4 wene

t ed |
Toove for 1 ekl o A" SLA Vel AT haBRd SO Pod HHGALEES
primer nbﬂredI‘EBBB fid SHEoM But WEENgASTITTEAreAT ﬂ'ENErSA@O@@rG@m@C AGG
CTG C -3 P NQLS5). Qg@ﬂ 'AG‘I'egT}fx rma&%g@&gep@ﬁ fdedapg @hove,

di gest ed WI th H ndlTT" and and agaln puri as described intra
and cl oned |%r§’pA%tI@SE§ﬂ1®S| AGPHL fitRd [fragments were purified as

above, digested with HindIII and Xbal, and again purified as
described intra and cloned into pAdapt35Bsu using HindIIT

15 and Xbal as cloning sites. This gave pAdApt35Bsu.TB.3 and
pAdApt35Bsu.TB.4 that only differ from the constructs in
Figure 5 and 6 in that they hawve 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-Ag85B-myc

25 ALV-dig*-TB10.4-dig-Ag85B-dig-Ag85A-myc
ALV-dig*-AgB85B~dig-Ag85A~dig-TB10. 4~mycC
ALV-dig*-Ag85B-dig-TB10.4-dig-Ag85A-myc
ALV-dig*-AgB5A-dig-TB1l0.4-myc
ALV-dig*-AgB5B-dig-TB10.4-myc

30 ALV-dig*-TB10.4-dig-Ag85h-myc
ALV-dig*-TB10.4~dig-Ag85B~-myc
Ag85B-AgB84A-myc



15 and Xbal as cloning sites. This gave pAdApt 35Bsu. TB. 3 and

pAdApt 35Bsu. TB. 4 that only differ fromthe constructs in Figure 5 and
6 in that they have no nyc-epitope at the Cterm nus. 20 O her

conbi nati ons that may be useful but not described in detailed cloning
procedures heréin are: ALV-dig*- Ag85B-di g- Ag85A-nyc

ALV- di g* - Ag85A- di g- TB10. 4- di g- Ag85B- nyc

ALV-di g*- TB10. 4- di g- Ag85A- di g- Ag85B-pe 25

ALV-di g*- TB10. 4-di g- Ag8SB- di g- Ag85A- nyc

ALV- di g*- 85B- di g- Ag85A- di g- TB10. 4- nyc

ALV- di g* - Agg8BATT OFRTBYa- o g- Ag85A- nyc ALV-di g*- Ag85A- di g- TB10. 4- nyc
ALV- di g* - Agy EQBBdngloTlalg 4-nmyc 30 ALV-di g*-TB10. 4-di g- Ag85A- nmyc

ALV-di g*- TB10Q % -myc Ag85B- Ag84A-nyc - 40 -

Ag85A- TB10. 181 %‘ §3mh‘%10 4-myc TB10. 4- Ag85A- nyc TB10. 4- Ag85B- nyc 5
Ag85A- X- Ag&@BeM-ezxg%;%Byé(- Ag85A- myc Ag85A- X- TB10. 4- myc

Ag85B- X- B OaéArw_Ag'gg 0. 4- X- Ag85A- myc

-myc
AgB85B-X-AgB5A-myc
Ag85A-X-TB10.4-myc
AgB5B-X-TB10.4-myc
TB10.4-X-AgB5A-myc
10 TB10.4-X-AgB5B-myc
AgB5A-X-TB10.4-X-Ag85B~myc
Ag85B-X-AgB85A-X-TB10. 4-nyc
AgB85B-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-tagq.

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.SM:
85A.FW.TB.L and 85A.RE myc: 5'- GCC TAG CTA GCG CCC TGG GGG

G -3’7 (SEQ ID NO:16) using TB~LM as template.
30 Fragment TB.6M:
B5B.FW: 5’- GCC CAA GCT TGC CAC CAT GTT CAG CCG GCC TGG CCT

G -3 (SEQ ID N0:17) and 85B.RE myc using TB-IM as template.



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

Ag85B- X- A985A- X- TB10. 4- myc Ag85B- X- TB10. 4- X- Ag85A- nyc

TB10. 4- X- Ag85A- X- Ag85B- nyc 15 TB10. 4- X- Ag85B- X- Ag85A-nmyc Di g*, dig,
nyc and X all relate to the sanme 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 35Bsu-based adapter plasm ds
containing single TB anti gens Hdr-e, the Ad35 adapter plasnids
containing single TB antigens are al so descri bed. As above, proteins

are express W th qQf it hout nyc-tag. Hereto, the appropriate 25
codi ng regi %&?—%@%—gﬁap\?ﬁr"fi ed fromthe TB-L and TB-S tenpl ates using
specific prilfedsreets - ECG.gIFE"l’ItGCTBT@(MCACSBAT FAGTBCR aaml CBSAGRE CAAC:

Complate. 361 Sorort TE-OMT G5t v 10wt ot R 0 Ol e

CAG COG GCCGREGTECTCAT 248G TQEQCCDISE 1) (R B5BORES mycs imgi M5~ I18- LM
as tenplate.__ : Fragnent TB.7M 10.4. FW 5'- GCC CAA GCT TGC
CAC CAT aeaéc}ie‘ﬁéﬁa CAT GTA CAA CTA CCC -3' (SEQ ID NO 18) and

10. 4. RE nyc: 5' - TIRCErAGTeTTA WEATOTATICACaAGE TRCGeTEC TREGWish IBEQ | D

NO 19) usi ”%a}'fl@ k—Méaz%SpEf—‘rH@sa‘b%t ¢6 11 200RN S r%&??et AYerkag were

generated with the same forward prinmers but with dif rent reverse
priners: 85ARSRERBt PR flépr TR -B):: B' = QGETARGICTET RAGATAT LRGCAE: AC TGG

GGG GCA G - Feo( §EQ d D3NO( gl ,1BRB: Ry Ste8B. ki 9§to-£B-(§é>r B¢y, and

10 10.4.RE.stop (for TB.7). All reactions were done with
Phusion (Bicke} 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

15 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

20 {(Figure 7), pAdApt35Bsu.TB.6M (Figure 8), pAdApt35Bsu.TB.7M
(Figure 9), pAdApt35Bsu.TB.5, pAdApt35Bsu.TB.6 and
PAdApt35Bsu.TB.7. The latter three differ only from the ones
in Figure 7, 8 and 9 in that no myc-tag is present at the C-
terminus.

25
Example 2. Generation of replication-deficient Ad35 viruses

carrying nucleic acids encoding TB antigens
Methods to generate stable replication-defective
recombinant Ad35-based adenoviral vectors carrying
30 heterologous expression cassettes are well known to the
person of skill in the art and were previcusly described in

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



10 10.4.RE.stop (for TB.7). Al reactions were done wth Phusion

(Bl oke) as described above. Al anplified fragnments were purified
using the Q aquick PCR purification kit. The fragnents TB-5M and
TB-6M were then digested with H ndlll and Nhel and after purification
as descri bed above, cloned 15 into pAdApt 35Bsu. nyc digested with the
sanme enzynmes. The fragnments TB-7M TB-5, TB-6 and TB-7 were di gested
with Hindl Il and Xbal. After purificafron as above fragnents were

| igated i nto pAdApt 35Bsu di gested with the indi cat ed restriction

enzymnes. Th| |ted in d u. TB. 5M 20 ure 7
pAdApt 35Bs Y éogiffl uf® ?35% Aﬁiﬁ%?%sgggéa epamp ( é)the
pAdApt 35Bs ltbeIBr@tuﬂA%Dﬁ@@%ﬂsl@ fh anRdtpAs Al 3gBstR -Eﬁ®7ceiri'§9 anat t er

three differ only fromthe ones in Fi %ure 7, 8 and 9 in that no
nyc-tag isASPESEREUSAS EARPTESEEfntifudd Zﬂe’Bé’éﬁﬁ*pFé Orfecandr &17 on of

replicati O@r@@?v ails AdSEaciingUSES Hembl ¥ghgs mUcbeis @ dg7encoding TB
anti gens Methods to generate stable replication-defective

r econbi FantSeAHSRCHRd8dthY i PAFkRARG; dPRRTARLYi A% BFCREPET ot bdlus
expr essi on 0GA$664 6 E2ndr O vmolz;/kmmmz)t oFbhecepaoposds ki khein the art
and were pr,evi ous Cl ighe n bl i shed patent, a cations NO
00/ 70071, N@"SEF%%G%Eﬁr\@ 3412'* PRAST 1P A E \ﬁSpgngEﬁ%c?fosz. Thi s
exanpl e desebitgsy tdse gmraat patertf dag35ibasedr Tio vexsmesamsa'mg

PER. Ce cell d_ Ad35 yifus gonpr n he Ad 4-Orf6 and
E4- O f6/ 7t§3?1€‘§r°rpéaﬁf’a§?{n ect 8 hct’r)]Prm egléog%itélzfeér? gg sequences
i n the 1&d3%eback bohappiberk Mk yb sl cdws 6 r Rémaghrich mm/.leamaﬂl and WO
2004/ 00103 Fo, t i Is (r) cells
refer to céz'%jrrsl' aésal @g‘ég 'thﬁ%gh Hr E%Fly&%(g%fggg as pggent deposi t
under no. 96022%D methieeiadapm rdebngds idpscotbekNereiint ur es
(ECACC) at cbneaﬂﬂll (;‘e'ahé edﬁffeé@ml@ aMtQ%é]m %ngd é@%%@aﬁfih EGAMR)

Porton Down, Salisbury, WIltshire, G Uni ted Ki ngdom
PspI to liberate the Ad35 sequences and transgené 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 63°C fo inactivate the enzymes.
For each transfection, digested adapter fragment (360 ng},
fragment 2 (1.4 pg) and fragment 3 (1 ng) 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 by mixing 14,4 pl Lipofectamine (Invitrogen) with 10.6 nl
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%



The generated adapter plasm ds descri bed herein, containing the
different TB antigens were digested with PiPspl to |liberate the Ad35
sequences and transgene cassette 15 (adapter fragnent) fromthe

pl asm d backbone. Construct pWE. Ad35. pl X- ECORV (see WO 03/104467 and
NO 2004/ 001032) was digested with Notl and EcoRV (fragnent 2) and
construct pBr.Ad35.4E3. PREOf6 (see NO 03/104467 and WD 2004/ 001032)
was digested with Pad | and Notl (fragtent 3). The digested 20 DNA
m xes were incubated at 65C to inactivate the enzynes. For each

transfection,,.digest.ed fr t 60, ng), fr t . 2.1.4
1) and franiedeig ipRH7Efo SETEE nd 208 bert IRl 15
and adj ust edPMEN. 2Fheyl, Vot hh®©MEMstc tte ured Lsedi iml DMBMt wvagenied Aand

second m xt S_pr.epar 1 XJ L.po. m

(Invitr ogen;U'\(/as\/i t{\? cig.tg’%pﬁg%l{%%le ali:t%%%%tééntﬂ&ﬁ%%u\%s' rr?(ggéhaev\es(rggoré%ded
t oget her andwei xedlhHy0.2appl medive aated. 7Phal rek whei hgansfection

DNA- Li pofgec 1 1 L nGub : ] r.Qo

t enper at ufetrrg' tgrge %g(:%hgeéa%rﬁegﬁ/gﬁ}ms g’%ggas%&%'?ﬁgh?lugg O%J?ill%g 30
i ncubat i on, PERsOeck gikhage wdhe Seerlddriabe didg bhénrimdubagededt

pl ates at 1. (C)% lnk.S | i 0, Lhing %_ . - -,.F-BS
(I'nvit rogen/%é &gr?d %Fﬁﬁ/ﬁ/g ) \ﬁgr‘gﬁ%}s l:e}da%ort ﬁvﬁﬁgX v'llaﬁq'en, to
the first twdawel|ss XSG lokvs DMEVmiasbatihted thade@ fnthefd tthe i ncubat ed

transfecti 0%1%?5&'1&1 ﬁggiw,e SG990drL ‘é)%g‘gg%%go-saz?ﬁl”&xﬁﬁpi um and 0.75

m of the transfectio m Xture was e last two wells

recei vedi®l niIngfitrégenipafisPedtli FBSm kilf al i lnedrid gl 3t el viRBS t hen
i ncubated at 37 d % faor, 4. h te i ch_an_aagar, o l.ay was
e e o el L
peri od, a moft @r &% coprrashi e lakquex NEMbIex| | ivvikk® ogenyelfe@Gnd FBS,

0.18 nl 1M a2 and 1. PBS, was_ pr.epar ed .and pl aced 37C. A
sterile pre-drEGe eRY lftjti gﬁggof(a’g %@/%%tggﬁogén GSEET] Egulés,e%(':a Fex) in H20
was nelted atdnaksetil@piedt wd#@s( aheh easiovédd fidh phéotells wad). The
transfecjd on dium was then .r dfro he Ils a 15 cells were
vaanet vl PR R SR hOS L LHTINE oA OMROS £5) hY, SR YD a8EeS 1o

t he HEM nedisedubiont wae, adilg@dcanie3MEN mesd ugunickiuy e addisked endat hnl

vel . The ovgrl gy, %'dé@éi"%st %}:l}omtrsei &%J]]% fl«%g"falf to%d"‘%‘:h
the plates were I ncubated at 767 10% or-at 1dad dlays. en
| ar ge enOLmﬂgoagulate 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 plcked 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.CG6
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 wvirus DNA and to test expression. Cne of the
30 amplified plaques was then chosen to generate virus seed

stocks and to produce batches of purified virus according to



20 single plaques were picked fromthe wells with the | owest nunber
of plaques using pipettes with sterile filter tips (20 pl). The

pi cked plaques were mxed in 200 pl culture nmediumeach and 100 pl of
this was used to inoculate PER C6 cells in 6-well plates. Upon CPE
and after one nore 25 anplification of the viruses on PER C6 cells in
T25 flasks cells and nedi um were harvested and freeze/thawed once and
stored as crude |ysates. These virus-&t-ocks were used to confirmthe
presence of the correct transgene by PCR on i solated virus DNA and to
test expression. One of the 3 I|f| ed ues wa en chosen to
generat e viPIREESBESS STEERs AR et Br‘bﬁf@e ﬁ% é)ﬁri fied virus
accor di ng tgurif4éatiproeedHses ’ﬂﬁéownd:éhﬁrlaEJ_a!ﬁtoﬂJ@hﬂgfﬂad wda:s'se@ CsC1l
purification t hod.. Th oncentr rifi, d V|r

t ypi cal | y o&t g&ﬁ?ﬁ%ﬁllﬁ’y%ﬁg’fﬁﬁ? e&s éf ?grr]%t a ra‘(‘l%‘b?) 5
Exampl e 3. #nalysps) of expression of TB ant i gens upon infection with
A435 vir I vectors The expression of the fused TB anti gens was
determ ned by western blotting. Hereto, A549 cells were infected with
10 the di ff!@xmtleAalsalmﬂwa'sesoﬂ:mpaémm PReTRH@mdsgent 0HORg t he TB

antigens. féc[g st ‘hrghemg)q,uggl bSetirls® Washed twice with PBS
(NPBI), lyse scraped 1n lysis buffer (20 mM Tris-HCL pH 7.5, 150

mV NaCl , 0.5% DO <mrpasdon X ithedfireed FBpretimensdvas tde tEymsmsl and
Protease infy %E%r@fi{l%@t%ﬁga He2elb! 'AsquOEQﬁQ weéfet Eﬁfe‘i:tjeg Winin

| ysis buffer  on ice sates were collected and cleared
centrif iat then dlEﬁ%ﬂtaﬁﬁ@lﬁt‘slr@ﬁeﬁh@?@aé@Mg ebher aefle%\/e?-r@ond#aet tRfhat ed

by using 4-rg 2% Bhesslr s N%A@ﬁhke&ﬁnmaélfﬁlﬁrel@a{sﬁerd)@ama\.e
Proteins were transferred onto | muobil on-P nmenbranes (M| |ipore) and

20 i ncubat etttk PRS AR el bYRdd aRei pORPedi FRck¥Sd St ButtRE gt Tie
Filtrate Protii- mc@fprM—/ ybeseuboNkel, Thiss potyakonateserouinnas,or ai sed

in rabbits against an erc I03|s cul ture, i si ecreted
pr ot ei ns. Iﬁ%ﬁgfﬂﬁ?ﬁde wtlﬁ% g I BRI PROEPART C’O“r%tlggﬁgra odfe?
agai nst 1Ag8&A,1 Ag8&k)gndattdod. 54-102;'511v\/r1|rchya;te talfifes ean eiaed pr ot ei ns.
goat - ant | - REES RTINS0 OGS C I OB SrTh Bt ol S g oy 6a0thr e
and i ncubatamnsmtees® yheltocekd ead:c:ac‘dlweget orgmrienatedBihadsnfnbwn in
the art. Thfz%c%q.gl—'?%(iess N%E\SEWIPI?Q%A&e%e%t &nm@rg&ﬁ) . 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 (Bmersham) 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

epi tope as described herein. The different lanes in figure 10A show
the different viral vectors used and Table |I 5 indicates which name
refers to what insert. In the same way, expression of the TB antigens
fromthe Ad35 viruses that do not cont#n a nyc epitope was neasured
(figure 10B). Figure 10C shows a simlar result, with the nol ecul ar

wei ght i ndi cated gn?]t_,ehelor and si ggltss(gl?m f| 3%;,B é Usion) 10

proteins expressé rom Rdg‘ggw ruses are detec e h1 S5t hod and,
i n addition,caantagntlod é@vageocprrmmotsem atBd8 muiLﬂiBnt the ogef i gure

10A i t can b Xprgg' yded dhabo4 f\ﬂelr%%lé?’p% J.Qfla aneq‘?ﬂgﬁ# direg T8

antigens is Ssed, since a resent
as conpared 1@ E@OWB:Wd(léﬁelrerhe vidgad ‘i'erpﬂoamdua'@i SndsTapkfhdr t han t he

speci fic pangd | 1ehS r 4 S n
pol ypept |§(;e J?nnd t&ﬁggﬁ%muf/zlhah Blte%% %E%Qpﬁﬁgttellﬁg&ﬂ% %%%ﬁeegé‘{ hat

the entire potngsseien mf she TB mndligess fuom the AEY moreses hpt do

cleavage is ngt RPILlLmydl & GL@%&%&Q PFiQRet BoHan FRguseen
in |lanes TB-3M and TB-LM The Ag85A and Ag85B anti %ens (l'anes " TB-5(M

and TB-6(M I¥sséers ve|siridee w8eléssebth RhespeaFilérsveadditng i s

found in | angsitBrdd Mn t@kat £htt dahhesiIBL0 sfealtigen. (fﬁsz%y be t hat
the anti en is not recognized in a western blot setting by the CFP 25

pol ycl ondl , R¥MEAEE §APLREyedl SPhAdPRafitusespr bt clarenbed rlt}’n tPidm t he
gel Fr that rheft HRBOA Y, e_.xtpaaastetbﬂ ncAEté]é)_u rceﬁlbsvmrpraaesﬁttoﬂ :maas

si ngl e express on onstruct (TB-7 present in a triple
construct (a¥rBPL F%@“‘L% ﬁé‘ éoé) itI‘f‘F”"f E’ﬁuF%ml]O’ﬂedl Etlf‘l%t TBELM a
slightly shosdigprbasath iisicvigibd e130tuneke et hﬁti’gegh;es% éxpreiaablby
non-cl eaved) b%%d Th| 1S spgggst S 1%'1186‘&(1?‘&% l%heese'!,'1 4C %i}tairggntct rom
t he remai ni ng por?l ol yprotern. Furt her

experi meti s Bhoi damcévtéal bahe Jphy-sndaTB-tﬁr esehc@"lea:f thhe preotspenjfic

al though ¢ dchearnldl. bhteelB18 daffld 48N RONJLOLES 0 o

B
i mune response (see b strong y indicating that fthe aniigen is
present and prtvpeRridd rivokfedB-1M 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-1IM. The AgB53 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 AS549 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 102, lane TB-LM a slightly shorter band is wvisible

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

the polyprotein.



5 in the immune response. Exanple 4. |Inmmunogenicity of vectors
encodi ng H tuberculosis antigens in mce First, the inmunogenicity of
the adapter plasmds as 10 described in exanple 1 (DNA constructs)
was studied in mce. The constructs encoded one, two or three TB
antigens: Ag85A, Ag85B and TB10.4. The DNA constructs encoding for
the nultiple TB antigens were designed in two ways as described
above, i.e. expressing a polyprote|n4§0npr|5|ng direct 15 fusions not
containing the nyc tag and expressing a polyprotein conprising a

sequence encodi rolease a d t.he .pr e ni.tl
resulting in thﬁﬁkq §§v%3 =t ES Shqulg 9%{%%? fkgséﬁkflcacoﬁféétﬁ%ﬁg t he
nmyc tag) i ntfotbe sparo&:&énpodm@pghdels 15Théedloltlhaw pige DA O¢ 6 nst rigens

?’25253\? R R A R s T
TB-3 (ALV- dnnglicaNgB&Atdaag Ay8BB)igern iFBplegoni8BAd BB edlyr trrolyed

fusion) gIri &R £ ﬁﬁ% cts TB-L
(ALV-dlg* E tnE&Ag&%‘% SgTBlO 4) and TB-S (Ag85AAg85B- TB10. 4

di rect fu3|on) 30The experlnental set up is given in Figure 11.
Seven gr oUfkamb1dli £.€ Tiithfoddiiuity @Sk Webbodd @nkbdidd M Bubblfcsripslr uct s

(two experienents, see below). For each -47-
antlgens in mice
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 seguence 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 (AgB5B) 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 fusicn).

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



i mruni zati on, DNA was injected intranuscularly three tinmes (3 x 50
gg) with intervals of 2.5 weeks. As a negative control, one group of
m ce received three injections of PBS. Additional control group
recei ved single dose of 6 x 105 cfu 5 BCG (strain 5SI1331)

subcut anousl y. One week after the last DNA i nmuni zati'on, and
si x weeks after the BCG i nmuni zation the m ce were sacrificed.

Spl eens were isolated to serve as a sotfrce of cells for cellular

i mrunol ogi cal assays. Sera, required for hunoral response 10
anal ysi s, mefnﬁnu%?'z%?.efo%edlljpx neant s BING 'i%@r%s’s&ci%!cgg B%egftg}dé’s.
The level of specitic dellular imhine response was termned using

i ntracel | ul af3 kFBY sf)aiwithgi{deCShlEALSS 2assayekdy Aveasukdaig.vehe
frequency of Ilf: + C4+ and | EN7+ 15 CD8+ gp%enoc tes after ifn gelé'tro
re-stimui at i GE NPt PEpEFHRP ffol"s Cof TEBr 88 pondichd ARt Fifdits O The® -

i Mmune ser a Awelieibdest edntisdhgyiompunedd ivexe s tegioe dobe ABE S cellDs cfu

t ransduc 1.£h adenovi_r cading, for correspondi ng antigen. Two
independgt Vﬂ%ﬁ?ﬁ%ﬂ r%lfgiggr isﬁ%ﬁggar\l/%lrsgyzo perforned. For the first
experinment, 3 n Oee perekgrdtgr whee lase dr@ndmhbei datione ares gdRSeeatass
anal yzed f or. aeh: fpyss | ALYLAYRLEend Gl cENGe 2ECQ0M;: EXRGLT EBLan

m ce per group were used tor I rmuni zat'rons an m ce per group
for control vWareupnszkatiegnto Pénver apna iaurgesof mdldisi 6or wiglHu2ar

pepti des, sa : = Y .ce ool ed
and st ai nedal;;%hbJ ﬁéﬁ%ég\ggf%?}s%’\pg%n% a{éq%glg%?f}fséﬁe@gg% t%ien gﬁfgﬁ) bot h
experi mett s amdyehe d@rg detledtrdubhthasgdePreetifodr a8d apqcdedchaer

anal ysi s. -gp: stinmulated in duplicate with appropriate peptide
pool as indicated (final concentration 2 pg/m per peptide), in the
presence of co-sTRfASYEdr §f atRACHEdF el lAARK - HBUYE: CEARRPSEn S

ant i - mouse- AR P! HhagNind:aec81 tANA o Wdaanigh dick§Opacd Peptide
pool s consi sted of 15-ner "peptides spanning whol e antigens, with

10- mer (Ag84Bkagr Wy memisutAgB83Ae TBifuehcyovérlimypi CRfiseqdehods, or
adj ust ed, f or 8 i th pt A I f 0 | hed
bel ow i n1%x§ﬁi§?e§§%}qﬁ§ y?QES%%%egnf‘?{(}gn%OE%& gaﬁ%alé%%%hmr‘g%hzé%{)%%e
were stinmul gtoeds 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

256 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



10 additionally with CFP (Culture Filtrate Protein; final
concentration 10 pg/m) and PPD (Purified Protein Derivative; final
concentration 10 pg/m ), which are antigens commonly used for in
vitro stinmulation upon BCG i nmuni zation. As a positive control,
sanples were stinulated 15 with PMA/ionomycin (final concentrations:
50 ng/m and 2 jig/m, respectively) whereas the incubation with

medi um served as a negative control (‘Wd stinulation). After 1 h
stinmulation at 37C, secretion bl ocker Gol gi Plug was added

(Phar m ngeng il u 0

conti nued fotrlmggggdglltnl tghgl[' %E{tﬁ%egil)iél?:%gtrgﬁ %%u%%hlg?@% respondl ng
dupli cate skilcetederfdnpdoternreatdapiacdssednt merFAes: dwdl y $nsthe
Briefly, cellsope é’"%%h‘ég LR PP HARLAE D Nx 2 SMew@a@dleat ed
with FcR BIerc er % armnglen a&o gtsqllon 1:5 § o mn on ice. After
a 25 washi raptdrepuse1i@28el Phaggdnges hdibat éunfw mlejauorﬂcfcl 1000.
(Phar m ngense iy hgtwﬁs c8§9)s@ado§D§54%P9 ﬁ:?ﬁ@{d@sngﬁ%ni@id whbon 1:50)

for 30 mn on ice.” Upon washing cells were fixed and pernabilized
with Oyt of|@ateg%f)er%télphﬁ‘rmﬁmdéﬁﬁ43>or°r2élrﬂleﬁ-’ dﬁg?é%v fﬁ*Bélol Bhed by a

washi ng st eRreth bPp Ry Welishcel] BufiefustBharsd ngesk. witt papgelddll@r
| FN7 was st ai ned u5| n%gantl -1 FN7- PE (Pharm ngen; di]ution 1; 100) for

30 nin on %€ P2_fop AgRpPReras PHEP‘%%?S REAGY s’t‘bﬁ%aﬂ‘B]r? £ 78fe’-
resus pendedsdm@lgel £ mx BEBDIn A G san@hiraedd Usi de) welreWs wmae&ar At

| 10, 000 |l d f h jndiyid le.
Rocul t oty Psiprondy 3% Gl CERLGge SRIEDRE GRoEDRY carel that

express 5 IddNéentrationAmo qy@'rmu)em@fpanheepumﬁmadr Broeeixt i nul ati on

sanpl es isf%l \ientl n T lil el l . n relsul m Ilrhhe v!ﬂ%s are present ed in
Figure 12 o-ray 61 calgleVI WP RFIINT ¢ FBYFR3EEi nul at i on
sanpl es. lammiipegatdopmonly used for in vitro stimulation upon BCG

immunization. As a positive control, samples were stimulated

15 with PMA/ionomycin (final concentrations: 50 ng/ml and 2
Hg/ml, respectively) whereas the incubation with medium
served as a negative control {(no stimulation). After 1 h
stimulation at 37°C, secretion blocker GolgiPlug was added
{Pharmingen; final dilution 1:200) and the incubation was

20 continued for an additional time period of 5 h. The
corresponding duplicate samples were pooled and processed
for FACS analysis. Briefly, cells were washed with PBS
containing 0.5% BSA and incubated with FcR Blocker
{Pharmingen; dilution 1:50) for 10 min on ice. After a

25 washing step, the cells were incubated with CD4-FITC
{Pharmingen; dilution 1:250} and CD8-APC (Pharmingen;
dilution 1:50) for 30 min on ice. Upon washing cells were
fixed and permabilized with Cytofix/Cytoperm (Pharmingen)

for 20 min on ice, followed by a washing step with Perm/Wash
30 buffer (Pharmingen}. Intracellular IFNY was stained using

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



Ad8. 5A (1B-5) Ad858 (TB-6) 1810.4 (TB-7) Ad85AAdESB (TB-3)
Ad135AAd858 ( TB-4) X Ad85AAd85B. TB10OA ( TB-L) X Ad85AAd85B. TB10.4 (1B-$)
- 50 - Fi gures 12A and B show t hat background | evels were very
| ow when the cells were not stinulated. Figure 13A shows a high
frequency of |FN7+ CD4+ splenocytes after stinulation with peptides
of the Ag85A pool. There is a clear cross- 5 reactivity with CD4+
cells obtained frommce injected wit h*t-he construct harboring the
Ag85B encodlng gene, which is not unexpected due to the hi gh

structural t Ag@bA .an was
found for + ce??(nglenw\c%ﬂgg1 i g%ét%lsoﬁglfég%%s ?IPS ocy ;{g:g‘g’ﬂ %’éure
13B) 10 was Gt#tleenddamflyzeH] ’SSiI'FEDrflanC@ﬁOﬂP@eted-\W\AltGHSCOKEIOIUIQCC@8+
encoding eit r fg B 5A,
Ag85B, TB-3L£I§anfp\'gr%-§éA .E%Egs\gvfe@ E%Egrfe\’%géﬁﬁ Eﬁ%g%g lfén&g{lg%sé‘g?n

| FI N171- CDssxpyjsisendc3a ésPRACeRewei af cetdedoni EPB+ Inelipi Prat esnsestct s
TB-L and JB- clearly indicating 15 an inportant role of the

addi ti ona‘rf ant |Ygen (TB10.4) present in these constructs. Apparently,
in this setting, AbhhevéiBli@wdofinthegén vitmablre- smratlramlighysaimpileeassa t he
frequency of cytes i des,
wher e Ag85A %ﬁ%‘e §p+§%1% %%nb]m{]a?%%){% tﬁ?\ﬁthg;Ehea gé}seqf%h fig
responses. 220iduirgut2-1&4A shows that Ag85B in all settl ngs in which it
was present is able to increase the frequency of |IFN, CD4+

spl enocytes, whereas the effect on | FlI Ty+ CD8+ spl enocytes is m ninal
(see figlte 14B). Also here, cross-reactivity is found between Ag85B
and Ag85A (f4giler14Aveas: i, Sot33Rdi 25, ARQV Be- & GHNG L 10 hgies [ hat
the frequency of I FITT+ CD4+ spl enocytes responding to the TB10. 4

rel ated peptide pool is present, where no real difference can be
found between m ce

Immunization
BCG X X X




injected with either a construct with TB10.4 al one or a construct
conprising the triple inserts. However, as shown 30 in figure 15B

the frequency of | F1T7+ CD8+ splenocytes frommce that were injected
Wi th constructs conprising the gene - 51 - encoding the TB10. 4
antigen, is dramatically increased upon stinulation with TB10. 4

rel ated peptides, especially in the context of the triple inserts
(Note the y-axis, indicating that an58verage of 1.5%of the

spl enocytes was reactive). 5 The results are sunmarized in figure 16A

(triple insert in TB-L;,wt r [ j.gest i Lt.es)
and figure 16B HBER %ﬁ}\r{weaélt%l Pi %&oég%gﬁ? in%jaecﬁ(g)%g@glaes}leg,g %%1%1&% #( &er ent
anti gens cantrwinrt ehencel ff eeeatnomsténslated. hEigwraiddAr ekponse:

Ag85A i nduces, both CD4 an responses; Ag85B 10 _on i.nduces a

S ong Cod ek pomweRtY T Ry o sesylre i Betmi e
Ag85B, t hewIBiOpebtaatsgen thavagesA Posl [ OTtgereDesr &spiansecants-a m nor
CD4 response. This indjcates the clear.be icial subsidiary .effect
of the difFEPEMY 4t i"blélfﬂzéDé;ﬁcfian]cF ﬁg’%?ﬁ%e(gg(fﬁgnréle%e DY 58% éianl% he
triple 15 ithsetdrmstribe BGGBarimygnilEaRydHB dBrdoddhg reend,t whiclsiigni f i cant
| CS respons Howev shl enqcyt es. . ' i 1.ce. di roduce
hi gh | evel élggfunle\l%%?%g??e@le?fghg% %%Fa?%ndtv%g @%lo@ggP?’%é&aeg
determ ne agBbhyy el REARE. Hinl BAntdast whidir2@apnfivwut dort B+ nice were
mmunt zed hiig) Sl Kk Rl oR0be ThANS Fenos +40 delerarhpe, whahher any

antigen-specitic anti Ies were actually raised in thée mce injected
with tHe8 dwhsedetificte8 oRAeddasfrarmdce AbuiRcter| ¥ikerconeEamiduced with

Ad35 reconpj,pamtn ALeRRYE LRSS ENGRAIRY: § NG TRoAPL LIRS AhRsD6 Wel |

pl ates. The adenovi ruses were produced as described in exanple 2. For
this, |x104leess faféhe AESBedTHetl wBHI TRTAS)vi POSEE e LBSTHIASt 8d with

a multipli ggykﬁig !iH%?&éei.eO'an;[ 090 spi WMo Aoy aht ff cd Nfgettod
cells were tixed With Cytofix operm (20 mnh at 4C), folllowed by a
washi ng st@pth 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 Ag858}) 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). Alsc here, cross-reactivity is
found between Ag85B and Ag85A (figure 14A) as discussed

25 above. Figure 15A shows that the frequency of IFNy+ CD4+
splenocytes responding to the TB10.4 related peptide pool is
present, where no real difference can be found between mice
injected with either a construct with TB10.4 alone or a

construct comprising the triple inserts. However, as shown
30 in figure 15B, the frequency of IFNy+ CD8+ splenocytes from

mice that were injected with constructs comprising the gene



- 52 - with PermiWash buffer. Cells were incubated with i muni zed
mce sera, diluted 1:2 in Permi Wash buffer, for 1 h at 37C. Upon
washi ng, goat anti-nouse-FITC, diluted 1:5 in Perm Wash buffer, was
added and incubated for 30 mn at 37C. After a 5 final wash, cells
were anal yzed using a fluorescence m croscope. The i munof!| uorescence
anal ysis reveal ed strong antigen specific staining of cells with sera
obtai ned from mice i nmmuni zed with TB-65(-Ag85B al one), TB-3

(ALV-di g*- Ag85A-di g- 10 Ag85B), TB—4 ( Ag85A- Ag8SB di rect fusion) and

TB-L (ALV-di 85A- di.g- Ag85B-.di g- TB10. t

obser\(/ed Wi It%' sgf\g fébrri%lgg% rﬁru zédls c(pﬁm kJ(lS gé%iﬁ%ﬁl@io. 4
di rect fusi ospimunatien serth @bl%hed:lap@il pe@ﬁﬂdesz,atasvﬂcmxly TB- Bhe
(Ag85A al on gonac%%(;?f h(eTg% ][Df'%tallnlgggks d!b%t@°£?§>8{: aggl E 1§n@1®6t1n

staining. This indicates t east sonme o 6 ant | gens are dabl e
to elicit antha®t ehoaveragepohsk.>¥gif] tht eplggecytes Waspreasdye) from

the remaiging HaLL, ofs tHQ gﬁﬂnﬂ{ﬁa‘%ﬁ' By AGFEPS £5 S t‘%’iﬁgh@vﬂs%r‘%f ihhe

separate antigens was not determ ned in this experi Exanpl e
5. Const r uctTRmd:oFiEAPrpderse saiehPodrprF e nlignst yun safgs hransdjfagare |

Here, a novejcd qeubi nank kepligat agelééfsqcttygaﬂqenexér@iff\s@@;.er is

constructed, herein designated Ad35- X- CO- expresses an
antigen (ref@trléénﬁ CHETXPUEA T dl#ﬁtfamnfdé‘ﬁpvaﬁ \Fé’ GPBC}I%NHET hat

harbors a |y_1§is@>%n§é|bsﬁd3t5%t LRBuds BBLACCHL addNE@ps G2 sbbn8eshelg@bB
referred to as A.m pl ace of the serine that is _present in the

par ent al ¢t QLY Tﬂ@“%%srlé‘t PLEPRDIFOEf TSRS 2PPIFHYY eVt e to 30
generate El -deipehed. Ad32ohasest wechgsss capablel ®fs explessingoXeand

Almis achi eved ngycﬁé]trreos%ggisgganﬂcg_ mi <|31! fc,¥)| eges)i:olilmssle gTh:i__s 5i:;’ml_icates
the clear beneficial subsidiary effect of the different
antigens encoded by the sequences present in the triple

15 inserts.
The BCG immunization did not result in significant ICS
response. However, splenocytes of BCG immunized mice did
produce high levels of IFNY after 72 h stimulation with CFP

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

shown) .

To determine whether any antigen-specific antibodies
were actually raised in the mice injected with the different
25 DNA constructs, A549 cells were transduced with Ad35
recombinant adenoviruses encoding the TB antigens in 96 well
plates. The adenoviruses were produced as described in
example 2. For this, 1x10? cells were seeded per well and
viruses were infected with a multiplicity of infection of
30 5000. Two days after infection cells were fixed with

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



standard PCR procedures known to persons skilled in the art, and

i ntroduci ng appropriate cloning restriction sites. The resultant
PCR-generated DNA fragnent is digested with the respective
restriction endonucl ease(s) and annealed to an 5 adapter plasmd
general ly as described above for Ag85A, Ag85 and TB10. 4. Additi onal
anal ysis by restriction endonucl ease digestion, PCR and sequenci ng of
the cloned PCR fragnent are conducted2to verify that the DNA was not
altered during construction. 10DNA encoding Almis anplified from

pl asm d pOGL in co f X h eoti de sequence
of ctxAl id va| %sﬁn '%ef%ﬁangg](%cggsgllo%c% %&‘g a""a TotiYied by
repl aci ng tieesseraje-dbBufiédh lcadom Herin/W83k IdH)fews tfma 1| ysane3®odon
AAA. The ant drlvatlv i_S,gener.at Si r)

Sit e-Di regltﬁtga Mt ageﬁés?oa atnt? a%a%g#g dﬂl UEQS 15*55 cgi?ﬁr e%}%‘%%g

nut agenesi duffecesmsentided smwsih@h@&qaltaslnfdr FK(Rmuual atg O AARTDAA as

t enpl at f r T GA GAA GIG
c3 (SEo TDPRD ‘%‘4% i%%fg}ga%ar&ne%%%%@/f%ﬁ% GGT GGA
AAC ATA TCOLiATCECGH® . 3 (SEQ ID NO 25). This procedure nodifies

nucl eot i des 187p,l 9By Gl ACb LM @%ai-%§%%g@aﬂ& @téené%lﬁ%@an

(see underlined sequences). The resultant P enerated plasm-d
di gest ed wisPACR¥ SttélPB‘Fﬂ)\Pé cakly mha’@%r@mtameci Heoni ‘gé%ﬁ ed DNA is

i ntroduced mmhslfed Gekh @Lecfeﬁarwﬁlalaﬁey I afrstz0n AR Ay +aRgs S{-QMWy-on
agar at 30C for hr. 1sol ated col onies are sel ected and DNA was

ext ract'@d P‘Eéﬁ?bvé['rBrTflgIﬁ?‘gqfikqaﬁﬁlf’%tﬂltrﬁ%sfuﬂ"éé n?ed PERLUSP Y P9 Ter s

speci fic fagsfhiaiPnds8galioserdels)e! aehk OPhaneal Sva @bEORERIC hadht O
screen for an appropriate derivative. The mutant |nsert is 30 cloned

t her eaf t er SPAR ’fcl‘fbméﬁ?remﬁ'él’é‘bf‘%? Hiths AR TS t HaBSA-RIB5BsBRE Gihs X,
ei ther upsuheast Gusdewnstwhdam oéraX odfidiRcke APohr UfAmiabeidn odithed as

O Do O RATELES, ooEe £ IR M S L T o
16§ 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. Consatruction of rAd vectors encoding an antigen

and an adjuvant.

Here, a novel recombinant replication-defective
adenoviral vector is constructed, herein designated Ad35-X-
25 Algg, 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 Alxe) 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
¥ and Algss is achieved by introducing PCR-amplifyied ¥ using



single and fused TB antigens were used to test antigenicity in mce.
Met hods to quantify T-cells that produce interferon-ganma (I FN-vy)
after stinulation with proteins or peptide pools are typically

per formed using nethods known in 10 the art and for exanpl e described
in WD 2004/ 037294, Sander et al. (1991) and Jung et al. (1993).
Details are described below. The triple insert vector TB-S was used
in a dose- response i munogenicity tes®- Four different doses of

viral 15 particles (107, 108, 108 and 101 vp) were injected

i ntramuscul arI erent s of C57BL/6 m QS %hgeart

dg %f%é roce nown erson
group), mhere erve as a nega | e con ro an mere |njected

with 1010 vpnm‘ ihhecdnping eppedpniectoclonfing westesicafibarsitasunilzat i on,

the mce wer fi{u’ﬂf fp%ﬁd%&ﬁq:a]%gdsﬁﬁz@}%g&&?t rSlJa%é)éeacf %%fé mer Ve as

the source of I MunNo oglc eveI of
anti gen- specﬁa‘apeccw& Weatri apinTe endsporiseseas atst enneaketl ¥oi AY t he

i ntracel Iy qaé%[%'i‘ C%%a@nﬁ'd”@ex(éz%@lfé?%&%&%ed b%;gg%f?gl% Jﬂ%g%hezx

frequency of and”CD8+ spl enocytes as abo
The results EavrdeT§h@Jvm iAddf tgerad Enal i blyy restei cAd88 @mwc?reag

vector i nducggy-ap; 8t 'Eﬁzﬁnaﬁ@e&c{deﬁchw thESPAIRG PR3 AUQERNL are
dependent manner, especi al ¥ inrelation to the increase in response
¥

with Ag85B sﬁfe’@iuf-‘l‘:%d C994V€éil ftgihe DNPCrasNeel edferee dwrsnBound
related to TBW+d4uddigpecific CH4 cells (figure 17E), and no response
was found related to Ag85B specific CD8 cells (figure 17D). Wile
hardly any I’eSpODBESeﬂ/MbHQngeA&Gi ad whphifike #Hom andshdS pocraI5a doses

in respect to Ag85A and TB10. pecific CD8_cel figure 17B 17F
ospect | vel IR A% Gt SPREr A Ns TAICAE R ReTTy e Tp0
doses. The i/ agtaskamslied inoGenpark daycssginnf #card2ef f esd sndaifany of
AGB5A and AL EHAEI T SEEE S e SO FRe WA Snd o7 1B Beat T AT y)
Simlar dat acqmneMZDur‘mheusht@tt kerTBativonst gerdratedt asirat tdhown) .
During aﬂ‘i as&u%iéggr%edc %Iitcterﬁir%%eici%{]a%%%@egsa%it {(Stratagene). The

site-directed mutagenesis process entails whole-plasmid PCR

using pOGL1-Al DNA as template, forward primer 5'-TGT TTC

CCA CCA _AAAR 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 ARA codon (see

underlined segquences). The resultant PCR-generated plasmid

is digested with Dpnl to remove the template DNA and the

digested DNA is introduced into E. coli by chemical

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

Alges, and agarose gel electrophoresis are conducted to

screen for an appropriate derivative. The mutant insert is

30 cloned thereafter into the same adapter plasmid that



10 sequence epitope mapping of M. tuberculosis antigens in mce, it
was found that the peptides referred to as pl (FSRPGLPVEYLQVPS; SEQ

| D NO 26) and p2 (GLPVEYLQVPSPSMS SEQ I D 110:27) of Ag85A were the
only CD8 i mmunodom nant epitopes for C57BL/6 m ce. The underlined
stretch should 15 theoretically fit in the WMHC nol ecul es of C57BL/ 6
m ce. The sequence of the Ag85A antigen in this region of the protein
(am no acids 1-19: FSRPG_PVEYLQ\/PSPSI% SEQ ID NGO 28) is identical to
t he sequence of Ag85B in the sanme regi on. However, the peptides pl
and p2fromt e. Ag85B_ppol . 20, althou co e e sane
sequence as pg %n?gjgg rgghrﬁfAélggﬁre%n (?Igg WnSln‘}\jréaagl glfgﬁ%rgesponse (see
Fi gure 17Dedefhvsrswggest prickated hes plept:rdwi pbowead p2 from Ag85B
were not in order, perhaps due to production effects or

contam nations. Therefore, an additional dose response experinent was
25 per f or mEgamplefi.c ROB® cresponse rf Sd3huTRtraskope pin adcpool of Ag85B

vas'recqnst | LUt ggickonls ARd D2 LML De. A0R5ARDG e Ty exper | mont

was per orned ctors,” using doses of 107,
108, 109, asAdgle"andfuged TR eetigerr&p@ﬁseu% taetesthiansdgens \ideks

af ter i mmunizatLonuedogensy Bubic Aty 4e86iiPafa@boNRcls negat i ve

controls, one group of mce Wwas I njected , wWhile one group
was i nj ect éataffqroawgewm y(IEY38) \Aftes FEU&“J\P;‘})IOHTWé:hr &5aFeLns or5g -

withr eSpegtepwd&%oqgl i asz?leéﬁge%%ﬂohﬁbfluguﬁ@ zﬂe@oﬁm{ﬂowﬂ aht

graph, TB- ear | ositive cells were neasured

ht
upon i Oy {hs %’E‘i rﬂE‘%afPBr?W“Pﬁet%%&Pﬁgt’erﬂ WRy88¢! F%P%m 235G t he

peptides freemihe(1A98praantiuggne® aer @1bgent ieahild drdedpeptimdas of

t he Ag853 antigen, which were originally used and did not provide any
positive r ®8LP¥s. These observations neverthel ess show that also the
Ag85B protei n asheneafdes insetrbevdrtdh- hasedraadeney i inusedosan i nduce a

CD8 p05|t|ve T cell, response.after_.i ectl 0 r
Beanpl o 7. AN JEBE TR B Ph Sarborti haBhed® B M HREL, ¢
BCG 15 particlendibbr 18%paif nemt 18435pY oty snﬂeat{eﬁr@sm ng TB 15

anti gens "‘%@rénﬁf&c‘%ﬁa@f 3 PACSEL N1 2G2Bhpd Yr BS5a1 /AHALZALS Mice
Her et o, groups o re injected

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 lewvel 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 107 and 10°



subcut aneous with BCG vaccine (Bacilli Cal nette-Cuerin; reference
standard FDA and generally known in the art of tuberculosis

vacci nation) according to protocols delivered 20 by the FDA
(standards and testing section CBER). Four groups of mce (8

m ce per group) were prined with BCG (6x105 cfu/ nobuse) subcutaneously
ten weeks prior to infection with the adenoviral vectors based on
Ad35 carrying the three directly |inke®TB antigens (TB-S) or wth
the 25 adenoviral Ad35 vectors carrying the foll ow ng conbi nati ons of

antigens: TB-4 alon L Sj t a B~direct, Jf usi on)
TB-4 + TB-7 csg‘&‘r?p%L ?s?ens(d’%%%%b Vo g}ﬁgﬂ%ﬁd%@%é&éﬁ%ﬁﬁ?? s:ceeﬁl& ®Ag85A
al one) + TB- 6fiwerptiBiang AGBSB:BRcalivak) +aTBafkedNipceedtd alasgr oups

(4 mce per SLolPLsYRY &rRl hFBd W § §oPBR A, Whih B30 rae%&e%we
PBS group received PBS as nock- -57- 1 nmunization, the B
primed cont rdy gignpiieandi e€feato ippany ahéhenpritingss veklhoithe

Injections wWgshgbie AA3Srbasadqaveat & SinebssPeid apass ddu abbsgases
with 109 vp, intranmuscul arly. Four weeks post-inféction (14 weeks

after 5 prin®ecifieeChieceliackiigueedl hrshiléhotsares b+ )i-sol at ed

and used as gigsahik-b@skaRR¥e. M LASHE thaAmB-BheMiticlcEi gt A8t The
presence of the Ag85A antigen resulted in a significant effect

t owar ds A985§5?°§‘Bécifi c C04 cells (figure 18A). As expected (see al so

figure 13B), theputig enl@ssofsidndCtod Bere icndusRdinddongSdf speci fic
CD8 respi se, while the TB-4 vector _.did nqt induce sugh a response
(figure 1BB)SCVERFEFPIERE FRPRUN% Of olind BEFPEEPSF BEh T 138,

i ndi cating trnate,t he yaegennd HatAg8b Apedtoriesorefarredmhonad ipdn Wit h

found when O PLPcRuriRsl P W nolPH G0 BAC Ik SRR 088
when t he sepdr a0e2VecifOAg8ABredenjtbet el H D8I mmBursidegh easth@pitopes
TE10. 4 anti S CaCRAL T nauch A Rebb R R ake e BN once when
co-i nj ect®ed, thngtrekatdlgly fit in the MHC molecules of C57BL/6 mice. The
sequence of the Ag85A antigen in this region of the protein
{(aminc 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
AgB5A, did not give any CDB 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 wvitro stimulation peptide pool of
AgB5B was reconstituted with pl and p2 from the Ag85A pool.
The experiment was performed with both TB-S and TB-L
vectors, using doses of 107, 10%, 10%° and 10' vp. The T
cell response was determined two weeks after immunization,
30 generally as described above. As negative controls, one
group of mice was injected with PBS, while one group was

injected with an empty Ad35 virus (10" vp). The results



20 that the antigen should be present in the same construct or at

| east in the same cell. The mechanismfor the adjuvant effect of
TB10.4 is yet unclear. The effects seen with the Ag85B anti gen
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 C08
response, in contrast to what is foud8-with Ag85A. Both antigens are
wel | expressed fromthe constructs, as was shown in figure 10B. The
negati ve effect be d to 3Q corrupt pept o]

measur e anVlW%sé%ﬁBnE%%t%gwﬁ? S RJ55BT egc P 1«,9116@ 917 g%gle'/)'

58 - Theét | dchipht, | DB-3f re:gm aephs . uGleag:lIrBl@D&l plosuzevey dedis
(figure 18E The indyction e n parate
vector (TBYBFTEESTRS )uploé1 slf]g‘ﬁll Océsﬁ llmf ttli%h leglg(jgglleeagﬂu&heziey axi s;
see al so firg8se p’b@B), aTttevvighdting ipptofles ERH0LHe ARSSAf Aot &HR cel | s

usi ng TB- Slsv A figur r d 12%
| FNy po itrve: F?P "(GI tgg %‘% conéé\qE %e ﬂgﬁéﬁ? eg'%%ig‘h%wgntl ge(;l
i's capabl ewefelcndmnagllalﬁea a@@mb@smtcwmvzj,sieaﬂmamqsgéhve which as a
singl e Con%%%ﬁlftts d%ﬁés@%bs%'r\%%f&rﬁe nkQe A idB sECSRANTRat 02 {A08PA) . It

is known t activation of I's requires a sonmewhat hi gher
anti geni c BHBBBIRsodeinags ©hcoded iRrathenAdic-traed AdenoviRRds “@Nat

| east partlyqgue £ epg Nﬁg@éﬁ&v@r&fmeﬂqr YebpMlevadeép aitelkgehn pFOCESSI Ng
and presentation by C class | nolecules (Storin and Bachmann.

2004) . 1PIeréaliitV3‘fFal§eFound 15 that when TB10.4 was coupl ed to antigens
Ag85A and Ag858 in a triple-antigen construct, strong CD8 responses

were triggered,  nQt onl ainst TB10.4 its | f b al.so_agai nst
Ag85A. It EXarple Q’ ﬁ’l%l%/h?% '\cé/s‘fec?é‘f"rﬁr'é%eéﬁeé i °|°§f0 YB°Fn the
construct paﬁﬂegseﬁthl‘m:@ffl ci ency of transport of the 20 fusion
protein to the proteog cessar for t he efficient
presentation toﬂhr‘?‘&o’éﬁ‘?’f \fé‘?%ﬁm%?t %ﬁg ce?‘fst r\é PTEAs 6 %%r t he
hi gher 1381@n41@¢1fscmfe|re ﬁzﬁedeht Eté:@peni;mglasgenbsfoﬂ iBCel y due to an

i ncreased expressi.qn of the tr| | con onparison to
t he vector glgr?lﬁaﬁéoflhe TSN gn??g@hcealw%gﬁéul%etcﬁga h t he CD8
response t owacdsanERY6. Vit BRE wasriales dBa¢ighdiif Cabmattenfuexpriessi on

evel s of T810:4 GOUL b 18he" Medndue i ek Af cFE10:E specific

antisera for western
tuberculosis vacc1nat10n) 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-



The increased targeting to the proteosone mght be the 30 result of

t he presence of specific sites in TB10.4 nol ecul e, such as sequences
i nvol ved in binding of ubiquitin (or other nol ecul es responsible for
| abeling the proteins destined for -59- processing), or transporter
proteins, or sequences that otherw se increase processing and
presentation in the context of MHC class | nol ecules (Wang et al.
2004). Alternatively, the presence of-5fB10.4 protein in the 5
construct m ght physically destabilize the fusion protein, leading to
i ncreased degradation rate_ of t reased | evel qof. ,

anti gen prodg§§Pﬁ ﬁ%ﬂﬂdsa??lﬁfﬁngﬁglpf %nEP%%E %EB%PC%ﬁﬂ3158$ Yati on.
Fur t her nor e,vp bfnttedh ep\p@yeMBEendetup |ijbbelcpxrs)tw&msoame faa3schassy |
presentatlon ke;g were\NlII resent, in.g gmd extracellularly
and, thus, NGt BE avallgﬁf ?%r activatio I1'€7 It has been
reported tl1amtaammsnuaaséycoﬂduﬁ aEBKSIpﬂﬂtstsfémnnmaemlerﬂaqysnafter
processi ng i” C t i it i iter
(Dol ogu o & abnohiod Hi€'{ehitt b Aokl BBNuRRGELL fefisBitled
stronger antardens¢dmasndbEck dxcenbevaashebsesnlst amesehernf Lonfhgwes

| mmuni zed wiigh gdpublesantl agn (gan &ééﬁ?%ﬁt&ﬁé#‘%sﬁl 804 1,0 t he

triple-antigen construct |nnun|ze fin g suggests that
our tripl e- adgngbicans eftees towvantaisisdd FTRIOL.YC §Dé ¢ﬁld-l$l yfigure

suscepti bl e 13@,t %Qr&?gg%@ daegr gdad |ﬂr&u§gd1§g£ ctgL_,I tAGhievation and,

thus, less available for antibody I nduction a strong T cel
r esponseld s conpEE@r A58 %%ﬁf@ﬁséna%%sﬁwﬁb@r%ﬁpés?%qunﬁer swhile

concl uded thak an-Ad3ztbasech %tpi@a@a isgen A/%tsgensa\qu@ueenmmses a
nucleic acid encodln%gthe TB10. 4 antigen and at 25 | east, one ot her TB

anti gen, pr &fBH4BF FORYBEA WS FBRRA F3ERdPEL(LIBE h3RyeSALARAT 5B,

is very sui ttﬂi@dﬂh&%r@&@ﬂcé rbfamyasmanemagarnﬁ{ dombeﬁ@ucmsmthThe
found effects urth ﬁbglncrease Iprlmng

be
oot e e TRy gk OE el T e Ehe HrASEn Tafdre Sush go2esfo

15 is found when TB10.4 is present. Interestingly, no effect
was determined when the separate vectors were injected but
in a single shot (TB-4/TB-7 or TB-5/TB-6/TB-7 in figqure
18B), indicating that the TB10.4 antigen can not induce an
AgBSA 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-S5 does not give rise to a AgB85B-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 CDB response

towards AgB5B (see example 6 and below).



-60- the prine/boost study with BCG prine, Ad35-TB boost was

repeat ed, although now t he spl enocytes were renoved from m ce that
were sacrificed 26 weeks after prinme (16 weeks after inmunization).
Mce (8 per group) were immunized with 5 PBS, Ad35. Enpty, Ad35.TB-S,
or Ad35.TB-L with either 109 or 1010 vp of the respective viral
vectors. Results are shown in Figure 25 (Ag85A stinulation), 26
(Ag85B stinulation) and 27 (TB10. 4 st$mul ation). The results clearly
indicate that significant CD4 and CD8 responses can still be measured

10 after prol ongg% Pec{ﬁl %d ofotl e cI:Exlalrrp TP bOOStr\ng&:l enge

experinent in QUi I'gs Tt subsequen ex erl rrent
i nvest i gat etk ighee hBdE)pr The ngnduictthoBCE D8 | oalde: lbgiag BRI 4wit e

Ad3S- based TRa1acUSRLAnS. (HOU GaDEtEch 393LNak ol oagkeEhum

t ubercul osi's ection in | engi n GUl nea pIgs were
initially mqamedow the BES:igpiscal h;/sqasflgnde cHiBdd Fhevinduetios «f u per

ani mal ) .. Af i ther {h 1010
vp Ad35. EI'B-'%EI(J YR %@B&%%B’Lé A I8 8 ey i?}éﬂséﬁgig%

r econbi nant18F}p use%h agr avefags od areundPRe’ (BHM PoEigivuPs Ee?glfﬁ
weeks |ater, t h?taéﬁmscmﬁzd%ﬁakﬂﬁf‘&%@ yhid o 11991&&&' M capable

t uber cul osi s per “ani nal he animal s are nonitored
appr oxi mat €3y ipgugik 58§tr%ﬁﬂoﬁ‘éef@W%GPV?WeﬂntlBﬁ{ler%dﬁhaﬁé 35

observati ong ngyg0eststdriat dhes BEG @Herr&léelw\wénbyr@%EMS TB boost
ensur es10a hi ghezr” SuIrtVIJ.\éa]lmgwar} ?:hggagct%%gtﬂ:gnoef CD_86g'ells Fr%‘?;uElNEeEsSa
somewhat higher antigenic threshold than the activation of
Ch4 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 Ag83B 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 CDB 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 CDB response towards
TB10.4 alone was also significant, n¢ 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
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increased CDB cell activation. Furthermore, if much protein
ends up in the proteosome for class I presentation, less
10 will be present in cytoscl 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 interesting to
18§ 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 tripile-
antigen molecules, containing TB10.4, are highly susceptible
20 to protesome degradation and CB8 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 enceding the TB10.4 antigen and at
25 least one other TB antigen, preferably Ag85A and more
preferably, both Ag85a and AgBS5B, 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 figqure 18.
30
Using the new peptide pool for Ag85B with the peptides
pl and p2 of Ag85A added (as described in example 6}, also
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the prime/boost study with BCG prime, Ad35-TB boost was
repeated, although now the splenocytes were removed from
mice that were sacrificed 26 weeks after prime (16 weeks
after immunization). Mice (8 per group) were immunized with
5 PBS, Ad35.Empty, Ad35.TB-S, or Ad35.TB-L with either 10° or
10*® vp of the respective viral vectors. Results are shown
in Figure 25 (Ag85A stimulation), 26 (Ag85B stimulation) and
27 (TB10.4 stimulation). The results clearly indicate that
significant CD4 and CDB responses can still be measured

10 after prolonged period of time.

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

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

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

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

20 Ag85B-TB10.4) or Ad35.TB-4 (AgB5A-Ag85B) recombinant
viruses, or injected with PBS (control group). Eight weeks
later, the animals were challenged with ~100 cfu M.
tuberculosis per animal. The animals are monitored up to
approximately 78 weeks post prime for survival. Intermediate

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

TB boost ensures a higher survival rate than BCG alone.



0-5-1 Authorized officer - 63 - The invention clainmed is: 1. A
reconbi nant replication<|lefective adenovirus conprising a nucleic
aci d sequence encodi ng antigens fromthe Ag85A, the Ag85B and the TBI
0.4 open reading frames of Mycobacterium tubercul osis, wherein the
nucl eic acid sequence conprises, in the 5 to 3 direction, an
expression control sequence, the Ag85A codi ng sequence, the Ag853
codi ng sequence, and the TB10.4 codi nf!sequence. 2. The reconbi nant
replication-defective adenovirus of claim1l, wherein the three
antigens are expressed as one polyggégﬁ%th 3. The reconbi nant
replication-defective adenovirus o i i, wherein the three
antigens are linked so as to forma fusion protein. 4. The
reconbi nant replication-def ive enavi.rus. of claiml1, wherein the
oot gens corrgh Gnmelorher oopY eof SRRELA T thEl n Tt vl ent
t uber cul osi subaccisiconprpsissgont he a ebogbi Manitcoadegandd us of claim
4. and asphacameanldqal LYo ASGERNABL & XAk PEFluace e NG LugEoMpI nant
-defec , e

replication ivé adenovirus of claim rein the nucleic acid
encodi ng t hénfatf gemync68ptiFedlhécl eoti des 13-2043 of SEQ | D NO 4.
7. A nultival ent tubercul osis vaccine conprising: the reconbi nant

adenovirus of claim6, and a pharmaceutically acceptabl e excipient.
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8. A nmultival ent tubercul osis vaccine conprising: the reconbi nant
‘adenovirus of claim1, and a pharmaceutically acceptabl e excipient.
9. The reconbinant replication-defective adenovirus of claiml1,
wherein the adenovirus is selected froni.the group consisting of
human adenovi rus serotypes Ad! 1, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49,
and Ad50. 10. The reconbi nant replication-defective adenovirus of
claim1, wherein the adenovirus i seff@@type 35. - 64 - 11. The
reconbi nant replication-defective adenovirus of claim 10, wherein the
antigens conprise amno acids | -676 of SEQID NO 7. 12. A

mul tival ent™@Pgpérand &4re 4atddi%%e THRAFEUIPHY AFEIPeRbibenBATE

adenovi r us gabsehaidndl Eutardl, axphat masevhtenidsy 1a6sepiialse exci pi ent.
13. The reconbi nant replication-defective adenovirus of claim 10,
wherein the nucl eic acid encoding the antigens conprises nucl eoti des
13- 2043 of wahg o NQtdal. 12004 nEpitopal PRA tadednhes| agisiskacci ne

conprising: _the recanbi nant adengqvi.r.us .of cl aj 3. a

a. phann ceLﬁuﬁ’Sﬁ?T&s&&eﬁ?ﬁﬁr@ &% i‘b}:fléli’tlgln 1@&@%% e%eg(riﬁlflﬁ]ént

repli cati onmiehectdspenadenaMicitied diy @pdtopd ,DNAherecind.h&cadéndvi r us
IS serotype_26. 6., LH econbi nant replication-defective

adenovi rus%(r)“’fn ¢ Jz'ai mfé; %ﬁer ein the antigens conprise am no acids
1-676 of SEQID NO 7. 17. A multival ent tubercul osis vaccine
conprising: the reconbi nant adenovirus of claim 16, and a
pharmaceutically acceptabl e exci pi ent. 18. The reconbi nant
replication-defective adenovirus of claim 15, wherein the nucleic
acid encodi ng the antigens conprises nucl eotides 13-2043 of SEQ ID
NO 4.



19. A multival ent tubercul osis vaccine conprising: the reconbi nant
adenovirus of claim 18, and a pharnmaceutically acceptabl e excipient.
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The invention claimed js:

1. A recombinant replication-defective adenovirus com-
prising a nucleic acid sequence encoding antigens from the
Ag85A, the Ag85B and the TR10.4 open reading frames of
Mycobacterium tuberculosis, wherein the nucleic acid
sequence comprises, in the 5' to 3' direction, an expression
control sequence, the Ag85A coding sequence, the AgQ5B
coding sequence, and the TB10.4 coding sequence.

2. The recombinant replication-defective adenovirus of
claim 1, wherein the three antigens are expiessed as one
polyprotein,

3. The recombinant replication-defective adenovirus of
claim 1, wherein the three antigens are linked 50 as to form a
fusion protein.

4. The recombinant replication-defective adenovirus of

" claim 1, wherein the antigens comprise amino acids 1-676 of
SEQID NO:7.

3. A multivalent tubercwlosis vaccine comprising;

the recombinant adenovirus of claim 4, and

a pharmaceuticaily acceptable excipient,

6. The recombinant replication-defective adenovirus of
claim 1, wherein the nucleic acid encoding the antigens com-
prises nucleotides 13-2043 of SEQ ID NO:4.

7. A multivalent tuberculosis vaccine comprising;

the recombinant adenovirus of claim 6, and

a pharmaceutically acceptable excipient.

8. A multivalent tuberculosis vaccine comprising:

the recombinant adenovirus of claim 1, and

a pharmaceutically acceptable excipient.

9. The recombinant replication-defective adenovirus of
claim 1, wherein the adenovirus is selected from the group
consisting of hpman adenovirus serotypes Adil, Ad24,
Ad26, Ad34, Ad35, Ad4S, Ad49, and Ad50,

10, The recombinant replication-defective adenovirus of
claim 1, wherein the adenovirus it serotype 35.
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11. The recombinant replication-defective adenovirus of
claim 10, wherein the antigens comprise amino acids 1-676 of
SEQID NQ:7.

12. A multivalent tuberculosis vaccine comprising:

the recombinant adenovirus of claim 11, and

a pharmaceutically accepiable excipient.

13. The recombinant replication-defective adenovirus of
claim 10, wherein the nucleic acid encoding the antigens
comprises nucleotides 13-2043 of SEQ ID NO:4.

14. A multivalent tuberculosis vaccine comprising;:

the recombinant adenovirus of claim 13, and

a.pharmacentically acceptable excipient.

15. The recombinant replication-defective adenovirus of
claim 1, wherein the adenovirus is serotype 26.

16. The recombinant replication-defective adenovirus of
claim 15, wherein the antigens compriseamino acids 1-676 of
SEQ ID NO:7. .

17. A multivalent tuberculosis vaccine comprising;

the recombinant adenovirus of claim 16, and

a pharmaceutically acceptable excipient,

18. The recombinant replication-defective adenovirs of
claim 15, wherein the nucjeic acid encoding the antigens
comprises nucleotides 13-2043 of SEQID NO:4.

19. A multivalent tuberculosis vaccine comprising:

the recombinant adenovirus of claim 18, and

a pharmaceutically acceptable excipient,



