WO 2007/ 147518 PCT/ EP2007/ 005261 Use of PPD for the adjuvantation of a
nucl ei c acid vaccine. The present invention provides a novel adjuvant for
nucl eic acid vaccines, and in particular the present invention provides
nucl ei ¢ aciMOVYZEHHes that conprise, or are adm nister eRCT/BPAEHOFIHL | on
with PPD. The present invention also provides nethods to inprove the
therapeutic efficacy of nucleic acid vaccines. Mre particularly, the
present invention provides the use of PPDin the manufacture of a nucleic
acid vacci ne conposition for the purpose of enhancing the inmune response
agai nst the specific antigen that is encoded by the nucleic acid vaccine.
Vacci ne conpositions, kits conprising separate nucleic acid conposition and
conposi tions conprising PPD for separate adm nistration, nethods of
manufacture ofyglgs E’chﬂ‘etﬁeaﬂﬂu{?éﬁt%ﬁoﬁ”& %PE%‘E’Ea@fd yh&ahgENt Of

i ndi vi dual s mnt vaccl ne conpositions of the present Invention are
provi ded. For years, vaccination techni ques have essentially consisted in
the introduction into an animal of an antigen (e.g. a protein, a killed or
attenuated virus) in order to raise an immune response directed agai nst an
i nfectious organism Since the end of the 80's new vaccination techni ques
have appeared i ch co sist.in the |ntrC) edHrjlon i.nt o n ani of a vector
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manufacture of the vaccines and kits, and methods of treatment of individuals with

the vaccine compositions of the present invention are provided.

For vyears, vaccination techniques have essentially consisted in the
introduction into an animal of an antigen (e.g. a protein, a killed or attenuated virus)
in order to raise an immune response directed against an infectious organism. Since
the end of the 80’s new vaccination techniques have appeared which consist in the
introduction into an animal of a vector comprising a nucleic acid sequence coding for
the antigen. For example, a live vaccinia virus encoding a rabies glycoprotein has
been successfully used for the Elimination of terrestrial rabies in Western European
countries (Cliquet et al., Dev Biol (Basel)., 2004,119,185-204). The major advantage
of nucleic acid immunization is that both celiular (including CD4+ and CD8+ T cells)
and humoral immune responses can be induced because the encoded antigen is
processed through both endogenous and exogenous pathways, and peptide epitopes
are presented by major histocompatibility complexes (MHC) class | as well as class |l
complexes (Haupt et al., Exp Biol Med (Maywood), 2002, 227,227-37).



these antigens are poorly recognized by the i nmune system which is down
regul ated by factors at the periphery of tunor. The vacci nation of patients
with a nucleic acid encoding a TAA |eads to the expression of the TAA in an
envi ronment where the imune systemis fully effective and generates an

I mmune resypnepigpaci fically directed agai nst the tumpcraebloswosds for every
treatnent, there is always a need to inprove the efficacy of nucleic acid
vacci nation. Accordingly, ways to quantitatively raise the inmune response
or to shift the type of response to that which would be nost efficacious for
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surprising sHeweventhe, identilication ¢f|a qu@%ﬁgltable for nucleic acid vaccination is

not straightforward since the mechanisms implicated in the immune response against
a traditional vaccine or a nucleic acid vaccine are not the same. For example, the
applicant has found that strong adjuvants of traditional vaccine such as BCG,
montanide, levimazole or chloroquine are unable to increase an immune response

against an antigen encoded by a nucleic acid.

PPD (purified protein derivative) is a mix of compounds extracted from
Mycobacterium tuberculosis. PPD is used as a test for the detection of tubercuiin
reactivity. After intradermal injection of PPD, the production of a delayed
hypersensitivity reaction characterized by a raised bump is a sign of tuberculosis
infection. -

The use of PPD as a carrier for classical antigen has aiready been disclosed
in the prior art. For example, Perraut et al. (Clin. Exp. Immunol., 1993, 93, 382-6)
describes a vaccine comprising synthetic malaria peptides conjugated to PPD. Ohno
et al. (US20060008478) discloses complexes comprising PPD and an antigen
wherein these two components are co-precipitate. The entire prior art discloses the
simultaneous injection of the PPD and of the antigen.

The applicant has found that PPD is a very potent adjuvant of nucleic acid

vaccine and more particularly to nucleic acid vaccine using a recombinant virus as a



present at the surface of the virus or expressed during the viral infection
was supposed to be sufficient to adjuvant the inmune response raised

agai nst the antigen (J Inmunol., 2005, 175, 599-606). Summary of the
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provided a vaccine conposition conprising (i) PPD (ii) a nucleic acid
sequence encoding an antigen. In a further aspect, the invention provides a
kit of part conprising (i) PPD, and (ii) a nucleic acid sequence encodi ng
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response to an antigen, said method comprising administration, either sequentially or

simultaneously, a nucleic acid encoding an antigen and PPD.

In a further embodiment there is provide the use of PPD in the manufacture of
a medicament for the enhancement of an immune response to an antigen encoded
by a nucleic acid sequence, said nucleic acid sequence being administered either

sequentially or simultaneously with said derivative.

In a further embodiment the present invention further provides a
pharmaceutical composition comprising PPD derivative to enhance an immune

response to an antigen encoded by a nucleic acid sequence.

In another embodiment, the present invention provides a method of raising an
immune response in a mammal against a disease state, comprising administering to
said mammal a nucleic acid sequence encoding an antigenic peptide associated with
the disease state; additionally administering PPD to said mammal to raise said

immune response.

Further provided is a method of increasing the immune response of a mammal
to an immunogen, 'comprising the step of administering to said mammal, a nucleic
acid sequence encoding said immunogen, additionally administering PPD to said

mammal in an amount effective to increase said immune response.

Detailed description of the invention.



As used throughout the entire application, the terns "a" and "an" are used
in the sense that they nean "at | east one", "at least a first", "one or
nore" or "a plurality" of the referenced conponents or steps, unless the
context clearly dictates otherwise. For exanple, the term"a cell" includes
a pluraliwowbroesiBs, including m xtures thereof. The permeiand/sest” wherever
used herein includes the neaning of "and", "or" and "all or any other
conbination of the elenents connected py said term'. The term "about" or
"approxi matel y" as used herein nmeans within 20% preferably within 10% and
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As used herein the term vaccine compositibn refers to a combination of a
. nucieic acid sequence encoding an antigen, and PPD. The combination is, for
example, in the form of an admixture of the two components in a single
pharmaceutically acceptable formulation or in the form of separate, individual
components, for example in the form of a kit comprising a nucleic acid sequence
encoding an antigen, and PPD, wherein the two components are for separate,
sequential or simultaneous édministration. Preferably, the administration of the two
components is substantially simultaneous.

As used herein, the term "PPD", “Purified Protein Derivative” or “tuberculin”
(which can be used interchangeably) refers to the proteins obtained by the Seibert
Process (Seibert et al. Am. Rev. Tuberc., 1934, 30, 713-720 and Seibert et al. Am.
Rev. Tuberc., 1941, 44, 9-23). PPD also refers to compositions comprising the
protein obtained by the Seibert process. Such compositions are, for example,
commercially available under the applisol® (Parkedale Pharmaceuticals, Rochester,
USA), PPD Tine Test® (Lederlele Pharmaceutical, Pearl River, USA), Tubertest



WO 2007/ 147518 PCP/ EP2007/ 005261 5 (Sanofi Pasteur Msd), Tubersol (r)
(Aventis Pasteur), Aplitest(r), Sclavo Test-PPDXr) (Sclavo Laboratories,
Italy), or Mno-Vacc Test (O T.) brands. According to a preferred

enbodi ment of the invention, PPDis a conposition chosen fromthe group
conpri si ng WOBeI7t1é5H8 and tubersol. It is possible for theCveER0IWEsADN

nmet hods and conpositions according to the present application to be adapted
for protection or treatnment of manmmal s against a variety of disease states
such as, for exanple, viral, bacterial or parasitic infections, cancer,
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and LRP. caacer dllegiest andhaptofhmunediisordes. ment t he TAA is MUCL. In anot her
enbodi ment of the invention, the antigen is a mcrobial antigen. A
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but not |imted to virus, bacteria, parasites, and fungi. Virus conprises
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Togavi r i cp@ope ofthat agtigere Amaetiderl may haveraneas, morebepitopesi r uses) ; Fl aviri dae
(e.g. dengue viruses, encephalitis viruses, yellow fever viruses);
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stomatit Irgfe\(sI Ecgj %er%olecaltgal tehsat Ysl Ejgt"seec?gd atF Ialh(ljgtlwérl fggqeuegw%ygdr density in tumor cells
than in non-tumor cells of the same tissue type. Examples of TAA includes but are
not limited to CEA, MART-1, MAGE-1, MAGE-3, GP-100, MUC-1, MUC-2, pointed
mutated ras oncogene, normal or point mutated p53, overexpressed p53, CA-125,
PSA, C-erb/B2, BRCA I, BRCA II, PSMA, tyrosinase, TRP-1, TRP-2, NY-ESO-1,
TAGT72, KSA, HER-2/neu, bcr-abl, pax3-fkhr, ews-fli-1, survivin and LRP. According

to a preferred embodiment the TAA is MUCA1.

In another embodiment of the invention, the antigen is a microbial antigen. A
microbial antigen as used herein is an antigen of a microorganism including but not

limited to virus, bacteria, parasites, and fungi.

Virus comprises but are not limited to Retroviridae, Picornaviridae (e.g. polio
viruses, hepatitis A virus; enteroviruses, human Coxsackie viruses, rhinoviruses,
echoviruses); Calciviridae (e.g. strains that cause gastroenteritis); Togaviridae (e.g.
equine encephalitis viruses, rubella viruses); Flaviridae (e.g. dengue viruses,
encephalitis viruses, yellow fever viruses); Coronoviridae (e.g. coronaviruses);
Rhabdoviradae (e.g. vesicular stomatitis viruses, rabies viruses); Filoviridae (e.g.
ebola viruses); Paramyxoviridae (e.g. parainfluenza viruses, mumps virus, measles

virus, respiratory syncytial virus); Orthomyxoviridae (e.g. influenza viruses);



ebol a viruses); Paranyxoviridae (e.g. parainfluenza viruses, nmunps Vvirus,
nmeasles virus, respiratory syncytial virus); Othonyxoviridae (e.g.

i nfluenza viruses); WD 2007/ 147518 PCT/ EP2007/ 005261 6 Bungaviri dae (e.qg.
Hant aan viruses, bunga viruses, phleboviruses and Nairo viruses); Arena

viridae (hamorivagsc fever viruses); Reoviridae (e.g. peoxpiid®eR201
orbiviurses and rotaviruses); Birnaviridae; Hepadnaviridae (Hepatitis B

virus); Parvovirida (parvoviruses); Rapovaviridae (papillom viruses,
pol yona viruses); Adenoviridae (npst adenoviruses); Herpesviridae (herpes

Si npl ex Bungar§aSVie.d. dHshtadn ViRlidese! bangSviRisel! pieb&VfURBBIFNAYiINAIR (CW),
herpes virus; Poxyiridae (variola viruses, vaccinia viruses, pox Viruses),;
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4099- 41¥898)cr ook et al ., 1991, Cell 67, 547-556; Heck et al., 1992 Pr oc.
Nat|. Acad. USA 89, . 4442-444
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resi dues ocated from approxi natel’y position 118 to approxi nately position
122 (+1HP\epntigearis idegvedgom HEY-teotiaoditiy/8si due of the native HPV-16 E6
pol ypeptide), with a special preference for the conplete del etion of
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The present invention encompasses the use of any HPV E6 polypeptide which
~ binding to p53 is altered or at least significantly reduced and/or the use of any HPV
E7 polypeptide which binding to Rb is altered or at least significantly reduced
(Munger et al., 1989, EMBO J. 8, 4099-4105; Crook et al., 1991, Cell 67, 547-556;
Heck et al., 1992, Proc. Natl. Acad. Sci. USA 89, 4442-4446; Phelps et al., 1992, J.
Virol. 66, 2148-2427). A non-oncogenic HPV-16 E6 variant which is suitable for the
purpose of the present invention is deleted of one or more amino acid residues
located from approximately position 118 to approximately position 122 (+1
representing the first methionine residue of the native HPV-16 E6 polypeptide), with a
special preference for the complete deletion of residues 118 to 122 (CPEEK). A non-
oncogenic HPV-16 E7 variant which is suitable for the purpose of the present
invention is deleted of one or more amino acid residues located from approximately
position 21 to approximately position 26 (+1 representing the first amino acid of the
native HPV-16 E7 polypeptide, with a special preference for the complete deletion of
residues 21 to 26 (DLYCYE). According to a preferred embodiment, the one or more
HPV-16 early polypeptide(s) in use in the invention is/are further modified so as to
improve MHC class | and/or MHC class |l presentation, and/or to stimulate anti-HPV



native HPV-16 E7 pol ypeptide, with a special preference for the conplete
del etion of residues 21 to 26 (DLYCYE). According to a preferred

enbodi ment, the one or nore HPV-16 early polypeptide(s) in use in the
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have a conmon or different origin. The preferred site of insertion of the
secr et or yNERA@IN0; Rrotei SHILERITRPn82-2d 4wt PaHMF t he codon for initiation
of translation and that of the menbrane- anchoring sequence is the

C-ternmnus, fdheeskaipe of ithersaerabeang-apehoriagranst seeretary gequences which can
be used in the context of the present invention is vast. They may be obtained from
any membrane-anchored and/or secreted polypeptide comprising it (e.g. cellular or
viral polypeptides) such as the rabies glycoprotein, of the HIV virus envelope
glycoprotein or of the measles virus F protein or may be synthetic. The membrane
anchoring and/or secretory sequences inserted in each of the early HPV-16
polypeptides used according to the invention may have a common or different origin.
The preferred site of insertion of the secretory sequence is the N-terminus
downstream of the codon for initiation of translation and that of the membrane-
anchoring sequence is the C-terminus, for example immediately upstream of the stop
codon.

The HPV E6 polypeptide in use in the present invention is preferably modified
by insertion of the secretory and membrane-anchoring‘signals of the measles F
protein. Optionally or in combination, the HPV E7 polypeptide in use in the present
invention is preferably modified by insertion of the secretory and membrane-

anchoring signals of the rabies glycoprotein.



codon. The HPV E6 polypeptide in use in the present invention is preferably
nodi fied by insertion of the secretory and nenbrane-anchoring signals of
the neasles F protein. Optionally or in conbination, the HPV E7 pol ypepti de
in use in the present invention is preferably nodified by insertion of the

secr et or ypwgy@dopgane- anchoring signals of the rabi esceleysopiriai n. WO
2007/ 147518 PCT/ EP2007/ 005261 8 Bacteria conprise gram positive and gram

negative bacteria. Such gram positivegbacteria include, but are not limted
to, Pasteurella species, Staphylococci species, and Streptococcus speci es.
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Candi dap, ﬁﬁ'ogéﬁlﬁr@améﬁlﬁﬁ?éﬂe'i‘%p RIBRSCARELS TR0 AL AR bR fust |fﬁﬁué %‘tBQ&I

antigen'is an anti an'in ectlous or gani snms corrpr|S| ng Pllasno um such

as Pl asaottacisy f@bmnpbaotenurrpl adipltbiedae, nmalcaninebacterissnodipum drasipelodimik

Pl asmod] uunéllovp)'a Kiae aBPosI 0 un'% peFFEl ringens, Clostridium tetani, Enterobacter aerogenes,
Klebsiella pneumoniae, Pasturella multocida, Bacteroides sp., Fusobacterium
nucleatum, Streptobacillus moniliformis, Treponema pallidium, Treponema pertenue,

Leptospira, Rickettsia, and Actinomyces israelli.

Fungi notably comprise Cryptococcus neoformans, Histoplasma capsulatum,
Coccidioides immitis, Blastomyces dermatitidis, Chiamydia trachomatis, Candida
albicans.

According to another embodiment of the invention, the antigen is an antigen of
an infectious organisms comprising Plasmodium such as Plasmodium falciparum,
Plasmodium malariae, Plasmodium ovale, and Plasmodium vivax -and Toxoplasma
gondii. Blood-borne and/or tissues parasites include Plasmodium spp., Babesia
microti, Babesia divergens, Leishmania tropica, Leishmania spp., Leishmania
braziliensis, Leishmania donovani, Trypanosoma gambiense and Trypanosoma
rhodesiense (African sleeping sickness), Trypanosoma cruzi (Chagas' disease), and
Toxoplasma gondii.

According to another embodiment, the antigen is an allergen. An allergen
refers to a substance that can induce an allergic or asthmatic response in a

susceptible subject. The list of allergens is enormous and can include pollens, insect



gondii. Bl ood-borne and/or tissues parasites include Plasnodi umspp.,
Babesia mcroti, Babesia divergens, Leishnmania tropica, Leishmania spp.,

Lei shmania braziliensis, Leishmania donovani, Trypanosoma ganbi ense and

Tr ypanosomeWO2HBdéBi®ense (African sl eeping sickness), TrRGIAHZSGIES2€E uzi
(Chagas' disease), and Toxoplasma gondii.. According to another enbodi nent,
the antigen is an allergen. An allergen? refers to a substance that can
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(e. 9. AgL@BRYMieA bﬁ@e@Dpres%‘i@mrﬁaér@cﬁrpafecﬂnﬁ)erﬁs?r &)Junigdrtis Cyabihsides,
Triticum aestivun),; Dactylis (e.g. Da ylis gl oner a % estuca (e.g.

Festuca &HBIPPEHS wrm@n@ngmppw gorameini 8néruppeneo Aphels sH)Uyasedal feay.
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(e.g. Festuca elatior); Poa (e.g. Poa pratensis or Poa compressa); Avena (e.g. Avena
sativa); Holcus (e.g. Holcus lanatus); Anthoxanthum (e.g. Anthoxanthum odoratum);
Arrhenatherum (e.g. Arrhenatherum elatius); Agrostis (e.g. Agrostis alba); Phleum
(e.g. Phleum pratense); Phalaris (e.g. Phalaris arundinacea); Paspalum (e.g.
Paspalum notatum); Sorghum (e.g. Sorghum halepensis); and Bromus (e.g. Bromus

inermis).

As used herein, the term "immune response” encompasses B cell-mediated,

T-cell mediated, or a combination of both B- and T-cell mediated responses.

The term "nucleic acid sequence" refers to a linear sequence of nucleotides.
The nucleotides are either a linear sequence of polyribonucleotides or
polydeoxyribonucleotides, or a mixture of both. Examples of polynucleotides in the
context of the present invention include--single and double stranded DNA, single and
double stranded RNA, and hybrid molecules that have both mixtures of single and
double stranded DNA and RNA. Further, the polynucleotides of the present invention

may have one or more modified nucleotides.



As used herein, the term"i mune response" enconpasses B cel | -nedi at ed,
T-cell nediated, or a conbination of both B- and T-cell nedi ated responses.
The term "nucl eic acid sequence” refers to a |inear sequence of nucl eoti des.
The nucl eotides are either a |linear sequence of polyribonucl eotides or

pol ydeoxywioloemmabsaet i des, or a m xture of both. Exanpl estebopobogmuc| eoti des
in the context of the present invention include--single and double stranded
DNA, single and double stranded RNA, 1@nd hybrid nol ecul es that have both

m xtures of single and double stranded DNA and RNA. Further, the
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nucl eoti des. WD 2007/ 147518 PCI/ E P2007/ 005261 10 According to a preferred
enbodunﬁmmeoceeneomng@nunﬁ@enuﬁeommaseddwadedorsequence encodi ng an antigen
is conprised in a vector. The vector can be of plasmd or viral origin and
can, wher e dper mqmtd)vat:an teeof plashiided wial lorigimeand cany evheod sippno@rtatenbeh

i rove e transfectional efficienc and/ or st b| I ity, of, the yector. These
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conbi nation. A _conbi nati on whic envjsaged is that of a reconbl nant

pl asmi PATRIDr BXtWahO! SoRU G HUSENer, dbs SHPEaMGeR AR b@mﬁmeﬁc i,
sper m ng-g, ﬂ'ggul gﬁgpg}neyadsh boséihes) pyb%gpﬁi}%@ﬁ%ﬂdrpﬁ&ﬂ .aé Phege! e

Hexadecy! p and heutra Accor to a preferred
enmbodi rmnbstamclae ezt ibenused igionis arhinc bordinatienu fedombinathos pﬂmferuanl bgenti on
are the catlo L qo de descrlbe i n EP901463Wﬁ ﬁnd mor e eraF %/ pcTGOO0.
The chdWEaged ifd B1 25 GEOTRINAD R Plas9 YRESr W T Gatebingflow Of'fe

pr esentjipidtv OGY) DG-CHOENSBermiReched nsgeemidinéichal, \é‘tﬁ@?(q?@oﬁmﬂp(hbhﬁmél%%& on
vectors. In a ?eneral manner, they are known to the s | ed person and
whi | e dfor example Hexadecylphosphocholine) and neutral lipids (DOPE).

According to a preferred embodiment, the cationic lipids which can be used in
the present invention are the cationic lipids describes in EP901463B1 and more
preferably pcTGS0.

The choice of the plasmids which can be used within the context of the
present invention is immense. They can be cloning vectors and/or expression
vectors. In a general manner, they are known to the skilied person and, while a
number of them are available commercially, it is also possible to construct them or to
modify them using the techniques of genetic manipulation. Examples which may be
mentioned are the plasmids which are derived from pBR322 (Gibco BRL), pUC
(Gibco BRL), pBluescript (Stratagene), pREP4, pCEP4 (Invitrogene) or p Poly (Lathe -
et al., 1987, Gene 57, 193-201). Preferably, a plasmid which is used in the context of
the present invention contains an origin of replication which ensures that replication
is initiated in a producer cell and/or a host cell (for example, the ColE1 origin will be
chosen for a plasmid which is intended to be produced in E. coli and the oriP/EBNA1
system will be chosen if it desired that the plasmid should be self-replicating in a
mammalian host cell, Lupton and Levine, 1985, Mol. Cell. Biol. 5, 2533-2542; Yates
et al., Nature 313, 812-815). The plasmid can additionally comprise a selection gene



nunber of them are available comercially, it is also possible to construct
themor to nodify themusing the techni ques of genetic mani pul ati on.

Exanpl es which nay be nentioned are the plasm ds which are derived from
pBR322 (G bwo 2BRUp751pUC (G bco BRL), pBluescript (Strategeneny7/REP4, pCEP4
(I'nvitrogene) or p Poly (Lathe et al., 1987, Gene 57, 193-201). Preferably,
a plasmd which is used in the context df the present invention contains an
origin of replication which ensures that replication is initiated in a
producer oeiidh emalios tite rapsfectld célfsolo I aalebiad dhidetifidl (cwm@emenitationbef
chosen for a plasmd which is |ntended to be produced in E. CO|I and t he
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which inprove its maintenance and/or its stability in a given cell (cer
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from an adenovirus-associated virus. It is possible to use replication

conpet ent COMPEIGHR iof Leplsiatigardaficiant Winat ypcloestRieterepee mil decaivan Itp usingjaven
to using éectxﬁgf{rﬁéh% nS‘P?rﬁeQr%tte' 1 %95 3e§ped” atd*éhavﬁaqsfee&& %HS”\?é’dt&%'

vectors and vectors - gerivi ng Yrom poxvi rus™and nore vaccl ni a

Vi rus anddéfidngrfeome ppxvipasr tanrdulnmsrby p&fettaebly e/atoinia rwmerrancul MY A hare preryent

i nvention. According to.a preferr the viral vector according
to the i ROBIGHIREH SHB?'?' gdar W‘ﬁﬁﬁ”&”ﬁﬁ@lﬁ?q B@S%QEV?\”%{”\/ irus Ankara (MA). WA
vectors and nethods to produce such vectors are fully descri bed i n European

patents EP8328BCCURANIE o oretersad \gmbodimenh, fag virgt vgctor( ag¢edindhftectheon 3,
6-14) andiQehfied detivé®$Sm a Modified Vaccinia Virus Ankara (MVA). MVA vectors and

methods to produce such vectors are fully described in European patents EP83286
and EP206920, as well ‘as in Mayr et al. (1975, Infection 3, 6-14) and Sutter et Moss
(1992, Proc. Natl. Acad. Sci. USA 89, 10847-10851). According to a more preferred
embodiment, the nucleic acid sequence according to the invention may be inserted in

deletion |, II, Ill, IV, V and VI of the MVA vector and even more preferably in deletion
Il (Meyer et al., 1991, J. Gen. Virol. 72, 1031-1038 ; Sutter et al., 1994, Vaccine 12,
1032-1040).

Retroviruses have the property of infecting, and in most cases integrating into,
dividing celis and in this regard are particularly appropriate for use in relation to
cancer. A recombinant retrovirus according to the invention generally contains the
LTR sequences, an encapsidation region and the nucleotide sequence according to
the invention, which is placed under the control of the retroviral LTR or of an internal
promoter such as those described below. The recombinant retrovirus can be derived
from a retrovirus of any origin (murine, primate, feline, human, etc.) and in particular
from the MOMuLV (Moloney murine leukemia virus), MVS (Murine sarcoma virus) or



(1992, Proc. Natl. Acad. Sci. USA 89, 10847-10851). According to a nore
preferred enbodinent, the nucleic acid sequence according to the invention
may be inserted in deletion |, II, IIl, IV, Vand VI of the MVA vector and

even nor ewly Bhefaky in deletion 111 (Meyer et al., 188Lgpaho /R Virol.
72, 1031-1038 ; Sutter et al., 1994, Vaccine 12, 1032-1040). Retroviruses

have the property of infecting, and i mymost cases integrating into,
dividing cells and in this regard are particularly appropriate for use in
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complementing cell line and/or a helper virus. In this respect, it is possible to use
second-generation vectors of the state of the art (see, for example, international
applications WO-A-94/28152 and WO-A-97/04119). By way of illustration, deletion of

- the major part of the E1 region and of the E4 transcription unit is very particularly
advantageous. For the purpose of increasing thé cloning capacities, the adenoviral
vector can additionally lack all or part of. the nonessential E3 region. According to
another alternative, it is possible to make use of a minimal adenoviral vector which
retains the sequences which are essential for encapsidation, namely the 5' and 3’
ITRs (Inverted Terminal Repeat), and the encapsidation region. The various
adenoviral vectors, and the techniques for preparing them, are known (see, for
example, Graham and Prevect, 1991, in Methods in Molecular Biology, Vol 7, p 109-
128; Ed: E.J. Murey, The Human Press mc).

Furthermore, the origin of the adenoviral vector according to the invention can
vary both from the point of view of the species and from the point of view of the
serotype. The vector can be derived from the genome of an adenovirus of human or
animal (canine, avian, bovine, murine, ovine, porcine, simian, etc.) origin or from a

hybrid which comprises adenoviral genome fragments of at least two different origins.



second-generation vectors of the state of the art (see, for exanple,
I nternational applications WO A-94/28152 and WO A-97/04119). By way of
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p53-deficient neoplastic cells. A person of ordinary skill in the art can also mutate and
disrupt the p53 inhibitor gene in adenovirus 5 or other viruses according to
established techniques. Adenoviral vectors deleted in the E1A Rb binding region can
also be used in the present invention. For example, Delta24 virus which is a mutant
adenovirus carrying a 24 base pair deletion in the E1A region (Fueyo et al., 2000).
Delta24 has a deletion in the Rb binding region and does not bind to Rb. Therefore,
replication of the mutant virus is inhibited by Rb in a normal cell. However, if Rb is
inactivated and the cell becomes neoplastic, Delta24 is no longer inhibited. Instead,

the mutant virus replicates efficiently and lyses the Rb-deficient cell.

An adenoviral vector according to the present invention can be generated in
vitro in Escherichia coli (E. coli) by ligation or homologous recombination (see, for
example, international application WO-A-96/17070) or else by recombination in a

complementing cell line.

According to a preferred embodiment of the invention, the vector further

comprises the elements necessary for the expression of the antigen.



in the ONYX-015 virus (Bischoff et al, 1996; Heise et at., 2000; WD
94/ 18992), are particularly preferred. Accordingly, this virus can be used
to selectively infect and kill p53-deficient neoplastic cells. A person of
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adenovi i CRRAOMEMiIsg foflvarginommatesnbryanic antigen) gene, which is overexpressed in
colon cancers (Schrewe et al., 1990, Mol. Cell. Biol. 10, 2738-2748) of the tyrosinase
gene, which is overexpressed in melanomas (Vile et al., 1993, Cancer Res. 53,
3860-3864), of the ERBB-2 gene, whidh is overexpressed in breast and pancreatic
cancers (Harris et al., 1994, Gene Therapy 1, 170-175) and of the o-fetoprotein
gene, which is overexpressed in liver cancers (Kanai et al.,, 1997, Cancer Res. 57,
461-465). The cytomegalovirus (CMV) early promoter is very particularly preferred.

However, when a Vector deriving from a Vaccinia Virus (as for example an
MVA vector) is used, the promoter of the thymidine kinase 7.5K gene is particularly
preferred.

The necessary elements can furthermore include additional elements which
improve the expression of the nucleotide sequence according to the invention or its
maintenance in the host cell. Intron sequences, secretion signal sequences, nuclear
localization sequences, internal sites for the reinitiation of translation of IRES type,
transcription termination poly A sequences, tripartite leaders and origins of replication

may in particular be mentioned. These elements are known to the skilled person.



al so be a pronoter which stinulates expression in a tunor or cancer cell.
Particular nention may be nade of the pronoters of the MJUC-I gene, which is
over expr essed 20bm4bsigast and prostate cancers (Chen et aberref9900s3k1. G in.
Invest. 96, 2775-2782), of the CEA (standing for carcinoma enbryonic
antigen) gene, which is overexpressed ins colon cancers (Schrewe et al.,
1990, Mol. Cell. Biol. 10, 2738-2748) of the tyrosinase gene, which is

over expr essed 'T’Ple”i‘ét:mmbﬁmént V¥Ela? é‘éco?dm% t%-?r?e’;ub\@ﬁ%ﬁrcaﬁeﬁso %%mgréé%e?‘gp”') ,

of the ERBB-2 gene, ch 1's overexpres reast and pancreatic cancers
(Harris etmere. 3dditi9wal gepee of ndergsy, viith it being7Byssibid forf theke gentetiobeqiiated

gene, Wmch IS ,overexpre dinliver ance s (Kan et . al 1997, .Cancer
Ree 57 Ungef 4B8 SRR TG sime o ORISR R e  GopRlstBris; cRsselie) B of
parti CU| afihdepeingbAt ERFrerdtOVEEREs WHIEH nfayVRChaicHar b MBnficrid areV/arCHbhds
Virus (as for exanple an MA vector) is used, the pronoter of the thym dine

ki nase 7. BKRcgding IF%GFMNHSCUU--&IW-“ pief etly-4Q, ”II'-HB Hbtﬂésslberlﬁ etherpokises aas

huc! oot | A Qe B G EE] AP EXEE-FEE e tibs SumldieSsis McBEREREE ol
host cel | .stimifating $@cto@N¢ESF)saer gartiounasi @MaCSEeqirhdastorauetiagr on innate
| ocal i zati . on se uences,. | nterng%% ites for the reinitiatjon of translation

of | RES typawnit r%é?@ﬁﬂ%‘?ﬁ'? FRMRIA Ffdr Yy %&a%@agéﬁﬁé’ Sminege} artivator

| eaders a | | T

cl oot s oy iotorB e 0B RGBT RRiBK, | e SR RIBY 01I%°s
61 15 Thénveationisommnises éhe genaoémﬁdleﬁgem@dungalh-&ventlon can al so conpri se
one or nore additional genes of interest, with it being possible for these
genes to be pl dbed presefdr ibventioontfutheof ptovidesare peauhatentigalel comepusition

Dar ) cul ai OV, 7 GREANS T ERRSIh b Kt G e AP PRIRY (200 AT varton,

IL-7, IL- Ja%abnafaqaaeut.éa»yaagewabnéesmkl nes as CCL19, CCL20, CCL21,
CXCL- 14, interferons, tunmor necrosis factor (TNF), colony stinulating
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and angi ogenes or exanpl e PAI tandi n asm nogen activator
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to the invention conprises the gene of interest encoding IL-2.

in a further embodiment, the process further provides incorporating the

vaccine composition within a pharmaceutically acceptable carrier.

The pharmaceutically acceptable carrier is preferably isotonic, hypotonic or
weakly hypertonic and has a relatively low ionic strength, such as for example a
sucrose solution. Moreover, such a carrier may contain any solvent, or aqueous or
partially aqueous liquid such as nonpyrogenic sterile water. The pH of the
pharmaceutical composition is, in addition, adjusted and buffered so as to meet the
requirements of use in vivo. The pharmaceutical composition may also include a
pharmaceutically acceptable diluent, adjuvant or excipient, as well as solubilizing,
stabilizing and preserving agents. For injectable administration, a formulation in
aqueous, nonaqueous or isotonic solution is preferred. It may be provided in a single
dose or in a multidose in liquid or dry (powder, lyophilisate and the like) form which

can be reconstituted at the time cf use with an appropriate diluent.

When the nucleic acid sequence encoding an antigen is of plasmid origin, the
pharmaceutically acceptable ca rier is preferably a particle usable for gene gun

administration. For example, saic carrier may be a gold bead.



The present invention further provides a pharmaceutical conposition
conprising a vaccine conposition, a kit of parts according to the present
i nvention, and a pharnaceutically acceptable carrier. The present invention

further pWi(ggz,§47§18pr ocess for the manufacture of a vq,%q}ﬂg(m%mgglstn
conprising mxing PPD wth a nucleic acid encoding an antigen. In a further

enbodi nent, the process further provides incorporating the vaccine
conposition within a pharnaceutically acceptable carrier. The
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(e. g., Mycobacterla, in particular, M. tuberculosis, Salmonella, Streptococci, E. coli,
Staphylococci), fungi (e.g., Candida species, Aspergillus species), Pneumocystis

carinii, and prions.

The present invention further provides a method of treating a patient suffering
from or susceptible to allergy, by the administration a vaccine composition, a kit of
part or pharmaceutical composition as herein described.

The present invention further provides a method for increasing an immune
response in @ mammal to an antigen, the method comprising the administration to
the mammal of the following components: (i) PPD, (ii) a nucleic acid sequence
encoding an antigen. In one embodiment, the method comprises simultaneous
administration of any two components (i) and (ii). Alternatively, the method comprises
sequential administration of components (i) and (ii).

As used herein, the term "sequential" means that the components are
administered to the subject one after another within a timeframe. Thus, sequential
administration may permit one component to be administered within 5 minutes, 10

minutes or a matter of hours after the other.



term"infectious disease" as used herein, includes, but is not limted to
any disease that is caused by an infectious organism |Infectious organi sns
may conpri swoviopusiesls (e.g., single stranded RNA virusescTarrgl/essdir anded
DNA viruses, human imunodeficiency virus (HV), hepatitis A B, and C
virus, herpes sinplex virus (HSV), cytdrmegal ovirus (CW) Epstein-Barr virus
(EBV), human papilloma virus (HPV)), parasites (e.g., protozoan and
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present invention further provides a nethod of raising an i rmune response
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t he enhancement of an immune response to an antigen encoded by a nucleic acid
sequence, in which said nucleic acid sequence is formulated into a separate

medicament.

Administering the vaccine composition, the kit of part or the pharmaceutical
composition of the present invention may be accomplished by any means known to
the skilled artisan. Preferred routes of administration include but are not limited to
intradermal, subcutaneous, oral, parenteral, intramuscular, intranasal, sublingual,
intratracheal, inhalation, ocular, vaginal, and rectal. According to a preferred
embodimen, the vaccine composition, the kit of part or the pharmaceutical
composition of the present invention are delivered subcutaneously or intradermally.
According to an even more preferred embodiment of the invention, PPD and the

nucieic acid encoding an antigen are administered at the same site.

The administration may take place in a single dose or a dose repeated one or
several times after a certain time interval. Desirably, the vaccine composition, the kit
of part or th pharmaceutical composition are administered 1 to 10 times at weekly

intervals.



manmal within a nucleic acid sequence encodi ng the antigen and further
adm nistering PPD to the mammal . The present invention further provides use
of PPD in the manufacture of a nedicanent for enhanci ng i nmmune responses

i nitiat edwy20@88si gen being expressed as a result ofpcagdighfhséhati on to a
mammal of a nucleic acid sequence encoding the antigen. The present

i nvention further provides the use of BPD for the nmanufacture of
medi canments for concomtant or sequential adm nistration to a mammal for the
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t he conposition enpl o?/ the’age, health, and weight
based on vector pla smids may be administered in doses of between 10 pg and 20
mg, advantageously between 100 pg and 2 mg. Preferably the composition is
administered at dose(s) comprising from 5 10° pfu to 5 107 pfu of MVA vaccinia

vector.

When the use or the method according to the invention is for the treatment of
cancer, the method or use of the invention can be carried out in conjunction with one
or more conventional therapeutic modalities (e.g. radiation, chemotherapy and/or
surgery). The use of multiple therapeutic approaches provides the patient with a
broader based intervention. in one embodiment, the method of the invention can be

. preceded or followed by a surgical intervention. In another embodiment, it can be
. preceded or followed by radiotherapy (e.g. gamma radiation). Those skilled in the art
can readily formulate appropriate radiation therapy protocols and parameters which
can be used (see for example Perez and Brady, 1992, Principles and Practice of
Radiation Oncology, 2nd Ed. JB Lippincott Co; using appropriate adaptations and
~ modifications as will be readily apparent to those skilled in the field).

The present invention further concerns a method for improving the treatment

of a cancer patient which is undergoing chemotherapeutic treatment with a



t he host organism the nature and extent of synptons; kind of concurrent
treatnment; the frequency of treatnent; and/or the need for prevention or

t herapy. Fuwiommee7/14ra8i nenent of the cal cul ati ons necessaprgrkpodeioszeri ne t he
appropriate dosage for treatnment is routinely nade by a practitioner, in
the light of the relevant circunstancesl9 For general guidance, suitable
dosage for a MVA-containing conposition varies fromabout 104 to 1010 pfu
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skilled i mandhs atiViralcmpgga@s| y formul ate appropriate radiation therapy
protocol s and paraneters which can be used (see for exanple Perez and
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YOt Xl RRtalion BF one or Tora primer Composiionis) and ond o miire’ Bobster
composition(s). Typically, the priming and the boosting compositions use different
vehicles which comprise or encode at least an antigenic domain in common. The
priming composition is initially administered to the host organism and the boosting
composition is subsequently administered to the same host organism after a period
varying from one day to twelve months. The method of the invention may comprise
one to ten sequential administrations of the priming composition followed by one to
ten sequential administrations of the boosting composition. Desirably, injection
intervaIé are a matter of one week to six months. Moreover, the priming and boosting
compositions can be administered at the same site or at alternative sites by the same

route or by different routes of administration.

The examples which follow are intended to illustrate the various subjects of the
present invention and are consequently not limiting in character.

All of the above cited disclosures of patents, publications and database entries
are specifically incorporated herein by reference in their entirety to the same extent
as if each such individual patent publication or entry were specifically and

individually indicated to be incorporat .d by reference.



in need of such treatnent along with a nethod as above di scl osed. Wen the
use or the nethod according to the invention is for the treatnent of an

i nfectious disease, the nmethod or use of the invention can be carried out
with the W@s200BKH78HRot her t herapeutic conpounds such asPaWEPHIOHPI5ed
antifungal conpounds and/or antiviral conpounds. The present Invention
further concerns a method of inproving®he therapeutic efficacy of an
antibiotic, an antiviral or an antifungal drug which conprises co-treating
a patient inFiged ofepistshther partertaigeadfdomoniftde miceetfterdingtishafehdi BCH osed.

I n anot her enbodi nent, th hod use . of jnvention i.,s carried out
accor di fgmMPb Cﬁﬁ)ﬁjPFH‘@SBKB‘Ss&e{Eé@QfB’eg%iRfOtrﬁHHQf %wi%@mﬂaﬁp?% tagqlfehti al

adm ni Stefd 1148 rﬁi'fceQD@reO\r/adH‘Méte@rtﬁr%?tirﬁ@@?@tsivéélﬂgﬁﬁtbnﬁm RIS LMVIPLECRPOST er
conposition(s). Typically, the primng and the boosting conpositions use

di f f er ereixprassingcthesEGHR7c Antigemin senjoncliarcwith RIPD| e BCG airdevigwsiote.ddmai n i n
common. Th Ik m C osition i.s 148k dm.ni.stered to the host

or gani srﬁ"&ﬁ& Wén%gcg& % %E%hﬁggitﬁfaoﬁéﬁ;f éﬁt&egqhwé%t%/ a:!l%ﬂﬁ Pﬁeé% éfs&ﬁio 83 the
sanme hogbnpeigani smafter a period varying fromone day to twelve nonths.
The nethod of the invention may conprise one to ten sequential

adm ni strati pper@f 2 tdehies! RN HuAMEIOST T Q2Ilf SHécmedoPEga? Efitoped after ,
sequential adm nistrations of the boosting conposition. Desirably, injection
i nt er valimmunisationwf teice afithoar M vector eingodingttne EONBY @sligen in lsenjunctidmg and
boosti ng,, b : L) e site or at

al ter nag‘i' 't\l;]gﬂér}%?’ ééﬁt’g@@?uﬁ%ﬁwg%éé@naéj%{l@%%gebgv%ﬁp%&éﬁﬁ l[q'qr?out es of

adm ni stratign. The exa es i fo re intended.to il rate .t he

Var ous subj EEHES of SEHEEP IR odERbaseht ERELS el cREat Tt 157 RBEIRS i i ng
i n char aROFY, aftér imafunisation s veics ivithdas M\A 986t 2noHding e IE5/E P@Wakigeatn ons
and database entries are specifically incorporated herein by reference in

their efPNBEYOR Withike sabeutaneys injegdionsof tayimaselenlivendfi o D|oat ent
publication or entry were specifically and individually indicated to be
incorporat d by reference. WO 2007J147518 PCTI EP2007/ 005267 20 Figure 1
depi cts the percentage of tunor free mce after injection of the TCL tunor
cells expressing the E6 and E7 protein of HPV16. After injection of the TCl



cells, the mce were vaccinated three tinmes (at weekly intervals) with a WA
vector expressing the E6/E7 antigen in conjunction with PPD, |ive BCG or

| evi masol e. wlreooerpily WA and a MVA encodi ng the E6/ E7 anttrgenoimseat ed

al one were used as controls. Figure 2 depicts the nunber of T cell specific
for E6/E7 epitopes after imunisation &f mce with an MVA vector encoding
the E6/E7 antigen in conjunction wth the subcutaneous injection of

| evi masol exampiesBCG or PPD. Figure 3 depicts the percentage of CD8+ T
cells, specific for an E7 peptide (R9F), after immunisation of mce with an
MVA vector encodingTbEeafmBleE? antigen in conjunction with the subcutaneous
injection of |levimsole, live BCG or PPD. WO 20071147518 PCT/ EP2007/ 0115261
21 Exanples 1. Test Article a. Denom nation and Brief description of each
vector construction Virus Batch E6tm E7tm hlL-2 Transg Denom nati o

51200 prurm P75 prssoRrene R Argdsiaoreneta e oMo ces

were receive ‘ Forthe Migﬁ;mdar "'E‘ShﬁEﬂ Vg m?ﬁl rent—and—t hen were

. . Tr ns .
mai nt ai ned at #60 unt ill ay off T njection| e vifral gu4>pen5| on was
rapidly tha npriteld gtcendgnimtioor t @t | uti on| AW adnievestrati on. 2. Ani nal
nmodel a. Specigs/ Strairn/Supplier: $PF heal thy) femal e |[C57B1l/6 mce were
obt ai ned from Charl es IJZi ver (Les Oncins, Franhce). Specification: The
ani mal s wer e |Bawendss- oljd,momfuanr 1 yal . At t he| begi nnijng of | experinentation,
they were 7-week-old.
MVATG8042 | 3,1.109 pfu/mi P7.5 PH5R E6/E7;

hiL-2

b. Conditions of storage:

Viruses were received from the Molecular immunology Department and then
were maintained at -80°C until the day of injection. The viral suspension was rapidly
thawed immediately prior to dilution and administration.

2. Animal model
a. Species/Strain/Supplier:

SPF healthy female C57Bl/6 mice were obtained from Charles River (Les
Oncins, France).

Specification: The animals were 6-weeks-old upon arrival. At the beginning of

experimentation, they were 7-week-old.

Environment: The animals were housed in a single, exclusive room, air-
conditioned to provide a minimum of 11 air changes per hour. The temperature and
relative humidity ranges were within 20°C and 24°C and 40 to 70 % respectively.
Lighting was controlled automatically to give a cycle of 12 hours of light and 12 hours

of darkness,

Specific pathogen free status was checked by regular control of sentinel
animalis.



Environnent: The animals were housed in a single, exclusive room air-
conditioned to provide a mninmumof 11 air changes per hour. The tenperature
and rel ative hum dity ranges were within 20C and 24C and 40 to 70 %

respecti 07,1H58;1t| ng was controlled automatical ly tgQgipi6odesNs! € of 12
hour s of t and 12 hours of darkness. Specific pathogen free status was

checked by regul ar control of sentinehb, animals. WO 2007/147518
PCCl EP2007/ 005261 22 Diet: Throughout the study the ani rral s had access ad

libitumto ste ize e R e Franc ). Sterile
wat er was pr[é'\‘? tﬁoﬂgh?qtﬁf’?ﬁw(& el\%wtg"t% léaed(gcée% $% I'@ CI’I gﬁ?’hﬁgﬁd% S
char act gleSRqu (DieteRRHahtonSawt Graten)] Chefilenwatee &bdssproviders ad dplitlim okt ai ned
from C57Bl 6 mice |ung, have been transduced with 2 retroviruses :

LXSN16EBetHeexpr essi ng E6 and E7 from HPV16 and pVEJB expressing the ras
gene. There are a kind gift of Dr TC Wi (The Johns Hopkins University,

Bal ti nore, USAP. Cells dasicristioRre cultured in DVEM containing 0.5 ng/nl G418
and 0.2 ng/m Hygronyci ne. Adherents cells were renoved by trypsine

treat nent and aft era3 Gadlshihagactetistinsr/ conditioengé user e per f or med

subcut aneously wth 2.105 TCl viable cells. 4. Protocol a. |Immunizations
schedul e : For the inmunot herapeutic experinents, 15 C57BI6 female mce were
chal | enged subcutaneously in the right flank with 2.105 TCl cells at D1.

Mce were tTEatt@dor ek :t Mmese &Hbmﬂt@ine@daﬂry @57Blerm'rcedmagahtav§iﬂe©$1 Wi th

5.106 pfu of poxvirus (MVA strain t he EG/E7 tein of HPV16) at
DB, 15 alfensihiced Wi TSHIOVILERS | dSN PEGY eraressing Edvirem HEYAS sol e

was i nj ¢4 QEﬁﬁbég&%\}grgg‘ﬁLé’réé‘ ne.bﬁ"fé?%%ré%cltlnéj ggn%@{irngmetmﬁg tes of

i nj ection in of mce (approx. mor' gr owt
moni t or Hdpkmswm/easmeaeltdnonm@% dagsellswiene aultwradlin pEMardaingrg:0.5

eut hani sed. f Q418U M TPS hEAR NSRS Rink " RheldMPEem! &rd PnSWREDY Wy psine
treatment and after 3 washings, tumor challenge were performed subcutaneously
with 2.105 TC1 viable cells.

4. Protocol
a. Immunizations schedule :

For the immunotherapeutic experiments, 15 C57BI6 female mice were
challenged subcutaneously in the right flank with 2.10° TC1 cells at D1. Mice were
treated three times, subcutaneously at three distant sites, with 5.106 pfu of poxvirus
(MVA strain expressing the E6/E7 protein of HPV16) at D8,15 and 22. 0.5 Ul of
tubertest, 5 10° cfu of BCG or 0.5% of levamisole was injected subcutaneously just
before each immunization over the sites of injection to the shaved skin of mice
(approx. 10 cm?). Tumor growth was monitored, twice a week during 80 days, with a
calliper. Mice were euthanised for ethical reasons when their tumor size was superior
to 25 mm of diameter or when they showed pain even if the tumor was smaller.

For the immunogenicity study, 3 C57BI6 female mice were vaccinated
subcutaneously at three distant sites with 5.107 pfu of poxvirus (MVA strain) at D1,8
and 15. This dose was used to optimize the detection of cellular immunity against
HPV specific antigens. 0.5 Ul of tubertest, 5 10° cfu of BCG or 0.5% of levamisole

was injected subcutaneously just before each immunization over the sites of injection



to 25 nm of dianeter or when they showed pain even if the tunor was snall er.
For the i nmunogenicity study, 3 C57BI6 fenmale m ce were vacci nated

subcut aneouslonoatisrigsee distant sites with 5.107 pfu of poxxpiusosMYA
strain) at D1,8 and 15. This dose was used to optim ze the detection of
cellular imunity against HPV specificogntigens. 0.5 U of tubertest, 5 106
cfu of BCG or 0.5%of |evam sole was injected subcutaneously just before

each i mm%g@% isABvEY &kint Q,ewzéi ﬁa}\ffe? ?}% %ng\/égnZQ,Qg js%ﬂ?rﬁ]\ﬁere re)movgq at

PCT/ EP200 261 23 tot ] m ce (appr ox.
and ser umbDigrfor imamoneldgial apalgsisor i nmunol ogi cal anal ysi s. 1 I\/Easure of the
nunber/frequency of IFNy secreting cells by Elispot Fresh spleen cells were

prepared using Lynmphaédstirg@uf thel mahbemfrégidney.of A Ny tbereting peildiep EVispat
synt hesi zed by Neosystem at the i mmunograde |evel (10 ng). Each peptide was

di ssol ved in DW%QhaépléQn %Efl%e%‘%ré&%@ lﬁihé@yn@hgﬁt@@ﬂﬂcaﬂbﬁ ’b@tﬁ@f I ml e

pl ate was coated with nonocl onal rat” anti-nouse | FNy anti body Cl one
R4- 6A2; Phraptideryweere (swtltheﬁtrzsa1mweoamtenmat2wlmmqwadwéevgl (1A rBoHikan

prates werhGones TRPBuEy L USC, el TR b o 8 6y 4 aBnd o

37C with nﬂt%@llul@bﬁglaw%mg/@dj Iwnhsmggmwerydrﬁﬁzlow fatiirat®dusé PNy antibody
concentration of 10 cell s/ 100pl. Interl eukine was added to all the wells

at a concéhlongt R&HASk Pfamrmmvv@u n(ﬁﬁ&@@yé@b%@@(ﬁeﬁg/ APYuI/vRIN dBNSQEHIMA
d
v used RuBOR BBt trehorck AR ThundBY SRRHAIA £ERY igs wrte pepd 2L o

The pl alt € WERS wmhbddhmeetlm'esmwml DNMENBS O%Xcmldzﬁa stdtmmﬂed)/\dztr’muFBcSi; ‘.B\Z;/é@mvnthS%
Bi ot i nyl at XMGL. 2, Phar.m, ngen) was e t, the
concen%/r at 5&%%5\}‘%“0?;@%5@%%@ 8p§rﬁ‘8°yﬁeﬁCWB%ﬁ plpted H’gu? SoRcep %ﬁ’ﬂrl Ohp&at ur e
under sl OWeWéJHG)@II' %terf@ﬁﬂnn@' 3t QvyRSagNed abp t‘hb”%ll‘é‘ofah &Bsonbep@atidn 080

Extravi din AKP ('Si St. Louis, MO diluted at /
PBS- Tween@Ub@@l@W@’?Jl (%&aﬁy&t@nsa@dwml)o GansanevalinA m@epJS/adeas positine copirat e

was i ncub 5

1o hreub et N UbEaLE heb A LM GRS DS BBl Ry el

subst r at ewe(réanEhB@tda)mvaeu@chiew Leb6WEI0,. And pitatweaswessheef dnatimeowith PBS

tenperature for''/2 hour. o )
1X and 5 times with PBS-Tween 0.05%. Biotinylated Anti-mouse IFNy (clone
XMG_1.2, Pharmingen) was added at the concentration of 0.3ug/100ul/well and
incubated 2 hours at room temperature under slow agitation. The plate was washed
5 times with PBS-Tween 0.05%. Extravidin AKP (Sigma, St. Louis, MO) diluted at
1/5000 in PBS-Tween0.05%-FCS1% was also added to the wells (100pl/well). The
plate was incubated 45 minutes at room temperature and then washed 5 times with
PBS-Tween 0.05%. IFNy secretion was revealed with Biorad Kit. 100ul substrate

 (NBT+BCIP) was added per well and plate was left at room temperature for % hour.

The plate was washed with water and put to dry overnight at room temperature.

Spots were counted using a dissecting microscope.

2. List of tested peptides:
SCVYCKKEL (E6; Db) : SOL Peptide
RCIICQRPL (E6; Db) : ROL Peptide
SEYRHYQYS (E6; Kb) : S9S Peptide



The plate was washed with water and put to dry overni ght at room
tenperature. Spots were counted using a dissecting mcroscope. 2. List of
tested peptides: SCVYCKKEL (E6; Db) : S9L Peptide RCIICOQRPL (E6; Db) : ROL

Peptide SEYRHMRYSLES, Kb) : SIS Peptide WO 2007/ 147518-PEFFRaR%4/ 005261
24 ECVYCKQQL (E6; Db) : E9L Peptide TDLHCYEQL (E7; Kb) : T9L Peptide

RAHYNI VTF (E7; Db) : ROF Peptide Irrelgvant Peptide (Flu specific) 3.
Measure of the frequency of ROF Tetraner specific CD8+ T cells Fresh spl een

cells were ha r aBDSpeCIfIC sieve (Cell
Strainer). EW@?QW%&% % r| ng 5 days with ROF peptide (5
pg/m) in 24 o, us irectly for specific labelling. 1.106
cells were stgmk:ﬂ%amgzpkbbf-Fglrlgﬁpgg%oupl ed nmouse CD8 specific antibody
(BD Pharm ngen 553035 : clone 53-6.7 | ot no 32567) and 10pl of RIF
specific I—I-ZDB%YN%/@(EUBMWFCBEWQQ T20071 ; H 2Db/ PE ; peptide
RAHYNI VTF ; |ot C507117; C6021 10) during 30 mn at 4C Cells were washed
then diluted IrelopmtPepliderAlu speclisdul ts: A therapeutic experinent has been
done in the TCl subcutaneous nodel as described in the protocol section. W
have observed that a pre-treatnment by a subcutaneous adm nistration of
0.5Ul of PPD 5% increase significantly the therapeutic efficacy of
MVATG3042 by 45% 3.0 Mdsduoé of theoredueney of ROFaTettaraeespeaific CDBe Erxeks | nent
(see figure 1). The statistical difference in in vivo survival experinent
between the dFfdstr spiteqroallps wens hasvested @ndsprepaced-aginBaa B spktifiat dieve

(Statisti 5.1 software, Statsoft Inc of t Ka ier survival

curves. ég§trggme~|r)s S m%ﬁeﬁtﬁ'ﬂ‘l"@ﬁ ring Qﬁ@}‘ﬁ ?’itg%é\ée tédsﬁ EﬁJ%g Nl

descr i be% iR Fa?es( br Bsed %%Hﬂ)?% ec#ﬂcvlﬁbé@% 1%@\8@% &b st&aih8Ativh

enhance traditio vaccl nes are u e to Incréase the t erapeutic

ef ficacy 1¢f oftaTeAﬁ’@ed:@inetamaﬂJseaQBB rseec.iﬂmiﬁﬁm (BD Pharmingen 553035 ; clone
53-6.7 ; lot n°® 32567) and 10ul of ROF specific H-2Db tetramer (Beckman Coulter
T20071 ; H-2Db/PE ; peptide RAHYNIVTF ; lot C507117 ; C602110) during 30 min at

4°C. Cells were washed then diluted in PBS/0.5% PFA.

4. Results:

A therapeutic experiment has been done in the TC1 subcutaneous model as
described in the protocol section. We have observed that a pre-treatment by a
subcutaneous administration of 0.5Ul1 of PPD 5% increase significantly the
therapeutic efficacy of MVATG8042 by 45% to 65% of tumor free mice at the end of
the expériment (see figure 1). The statistical difference in in vivo survival experiment
between the different groups was assessed using a Log Rank application (Statistica
5.1 software, Statsoft Inc.) of the Kaplan-Meier survival curves. A P<0.05 is
considered statistically significant. Previously described adjuvants (i.e. levamisole,
live BCG), known to efficiently enhance traditional vaccines are unable to increase
the therapeutic efficacy of the nucleic acid vaccine MVATG8042.

An immunogenicity study was also performed in parallel to look for the
induction of cellular responses against E6 and E7 HPV antigens. Mice were
vaccinated as described in the protocol section.



An i munogenicity study was also performed in parallel to |ook for the

i nduction of cellular responses against E6 and E7 HPV antigens. Mce were
vacci nat ed wa® "esariibed in the protocol section. WO 2007p34/FPH87/005261

PCT/ EP2007/ 005261 25 In a first set of experinents (see figure 2), the
nunber of E6 or E7-specific |FNy secretihg cells was enunerated using an
ELI SPOT assay. E6 and E7 H2Db restricted peptides were used to nonitored

CD8 T cel |l respansarstfdetiof igkpenmeatd tdbe fy&eh@)veth@bﬁmw&doft BetorE Bshegit ment
wi th a subcutaneous adm ni stration of PPD ngrove significantly the nunber
aie

of MHC cl d§NYyIsecestingi eglisdwapemmeshiesd aoingi LESPOZeagsays EGhanth imbbir2[dl

Cone/ RoF TEEV i Bl arer SEALI fbpubfpd GRAcTPEN P ariss o M Tipton.

anal ysi s (\Weghdve Sbsd19bartaabprétre@tmeént with r0 sebeuth&busadnmivistiatidie of PPD
E7-speci fic i nmunodom nant epitope ROF. Thus indicate that the recognition

of the ROHMPRAFSIGBHICARLY thﬁanw@@r io§ Mileglasp herstagted Gly8 dpgelipablafned as
cel I's. Thigg Q&g@ r%r’nIBQr SEH I YRy p&%deﬂs rteﬁ&gﬁi%@e“ and a flow cytonetry

anal ysis requir vitro stirmu he pepti de. Pre-treatnent

opi tope_wher e i e SePERRL, e pdREe! ot GREZIRTF TRyad I aths hab dRPEAT o' 56
so (the ohaeasi®dd dyf fiewertep ety anasis %FfvgtlteﬁB) beafdrg & gfterf incatrd) stinfdation
2007/ 147518 PCT/ EP20071005261 26 CLA vacci ne conﬁoa tion

i

conpri si ngVith WFEY'&HGCT'F|'W"W”RG@WQ!‘t§@itGP%&%Ee|T@§S edieaigi that e raregrjlion 2.
A kit of Rgg@)eﬁgmfm A drhihaft @;5& ig c?éarg BAURREy gmeﬁé&m@ﬁ Bl I ERE,

and (ii) e vaccil ne conp art according to
claim1l orpcmulamerleweiatlwymwmthgs;deemmpda tiow rcytmosten ahalysistraguiggdap in
conpri sing..tuber t an bers 4. .Th ci.n Qsition or t t of
pa?}t) acc o?"dtir?'@’% %Wé’ with h §| %&Pet (frg treatment With P?’mmprove fhe numger 05‘
specific CD8 T cells against this particular epitope wherein pre-treatment with
levamisole and live BCG are unable to do so (the observed differences are not

statistically significant).



wherein said antigen is a tunour associated antigen (TAA). 5. The vaccine
conposition or the kit of part according to one of clainms | to 3, wherein
sai d anti gewo mom4miigr obi al antigen. 6. The vacci ne conppsi/tpoom/ st he Kit
of part according to claim5, wherein said mcrobial is an antigen of a
virus, a bacteria, a parasites or a fundl6 7. The vacci ne conposition or the
kit of part according to one of clains 1 to 6, wherein said antigen is an
anti gen ofcimMef ectious organism 8. The vacci ne conposition or the kit of
part according to claim®6, wherein said antigen is selected in the group
consisting of E6 early coding region of HPV, E7 early coding region of HPV
and part or conbination thereof 9. The vaccine corrposi tion or the kit of

part accordi ng_ilt A & ?bgﬁogl dcfn Aﬁsmq‘ﬂgj oD A .ug aaﬁﬁdlgl@rbdcf? yence

al | ergen. hé' vaceihe ¢ nposi t1 o art accor ¥0 'One of
clains 1 tenlcoalngvdmarmgensal d nucleic acid sequence is conprised |n a vector.
11. The vacci ne conposition or the kit of part according to claim10,
wherein said Ceptidtrofigarbdornpisingd or viral origin. 12. The vaccine
conposition or the kit of part according to claim1l, wherein said vector

derived from a poxv{ij #$wcli®aiasegdency brstsding éﬁ@hﬂgér‘i‘tdrﬁwl rus, froma WO
20071147518 PCT/ EP2007/ 005261 27 herpesvirus, froman al phavirus, froma

foany virus or fronL gPraglenovi rus- associated virus. 13. The vaccine
conposition or the kit of part according to claim 12, wherein said vector

derived from agfie vhdcindBBriRaniohcoRENAS a%&bra.ngt&ia.rﬁh 8 fwiRG eI i ng

to one of clai erein salrd vector furth conpri ses the

el enent s rsa@skBBBYig af compdsiticrx phasesi foom thé grdup conopriging tuberteshand tubessolpar t
according to one of clainms 2 to 14, wherein the conponents are for
substantially 4i thbtvaneioa&oamdsﬁtiossmmhiedm of jfart t¢wrdting tofonpanficlaimsot i 8g to

one of clains 2 to wherejn the co n thin a single
phar neceutTERP Ry Adiadibee LaHiasEPgREY antgenTRAY
5. The vaccine composition or the kit of part according to one of claims 1 to 3,

wherein said antigen is a microbial antigen.

6. The vaccine composition or the kit of part according to claim 5, wherein said

microbial is an antigen of a virus, a bacteria, a parasites or a fungi.

7. The vaccine composition or the kit of part according to one of claims 1 to 6,

wherein said antigen is an antigen of an infectious organism.

8. The vaccine composition or the kit of part according to claim 6, wherein said
antigen is selected in the group consisting of E6 early coding region of HPV, E7 early

coding region of HPV and part or combination thereof.

9. The vaccine composition or the kit of part according to one of claims 1 to 4,
wherein said antigen is an allergen.

10. The vaccine composition or the kit of part according to one of claims 1 to

9, wherein said nucleic acid sequence is comprised in a vector.

11. The vaccine composition or the kit of part according to claim 10, wherein

said vector is of plasmid or viral origin.

12. The vaccine composition or the kit of part according to claim 11, wherein

said vector derived from a poxvirus, from an adenovirus, from a retrovirus, from a



17. A pharmaceutical conposition conprising a vaccine conposition or a kit
of parts according to one of clains 1 to 16 and a pharnaceuti cal

accept abl e waryd7647518 18. A process for the manufacture dKH§HV%€@Wﬁé1
conposition conprising mxing PPDwith a nucleic acid sequence encodi ng an
antigen. 19. The process according to clZim18 further conprising the step
of incorporating the vaccine conposition within a pharmaceutically

accept abl cheepasviras, frord. atiselpbbviRRD front ke foamyf actsirer dfora amdadana@must or
enhanci ng i mmune responses initiated by an antigen being expressed as a
result of 388AFAISHMSi on to said mammal of a nucleic acid sequence encoding

sai d antigen. _ i , . .
13. The vaccine composition or the kit of part according to claim 12, wherein

said vector derived from a MVA.

14. The vaccine composition or the kit of part according to one of claims 10 to
13, wherein said vector further comprises the elements necessary for the expression

of the antigen.

15. The kit of part according to one of claims 2 to 14, wherein the components

are for substantially simultaneous administration.

16. The kit of part according to one of claims 2 to 14, wherein the components

are within a single pharmaceutically acceptable formulation

17. A pharmaceutical composition comprising a vaccine composition or a kit of

parts according to one of claims 1 to 16 and a pharmaceutically acceptable carrier.

18. A process for the manufacture of a vaccine composition comprising mixing

PPD with a nucleic acid sequence encoding an antigen.

19. The process according to claim 18 further comprising the step of

incorporating the vaccine composition within a pharmaceutically acceptable carrier.

20. 'Use of PPD in the manufacture of a medicament for enhancing immune
responses initiated by an antigen being expressed as a result of administration to

said mammal of a nucleic acid sequence encoding said antigen.





