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Composition for treating BBY infection

The present mvention relates {o immunogenic compostiions with hepaiitis B vires (HBV?}
component(sl, and which may be either nucleic acid- or polypeplide-based. Said
imgnunogenic compositions can be used for stirulating or enhancing an immune response to
HBY with the goal of providing a protective or therapeutic effect against HBV infection and
any eondition or disease caused by or associsted with an HBY ipfection. The present
invention also relates to expression vectors for expressing such HBY componsnt(s) and their
therapeutic or prophylactic use. The invention is of very special interest in the field of
immunotherapy, and more particular for treating patients infected with HBV, especially those

chronically infected.

BACKGROUND

Hepatitis B is a major public health problem with meore than 350 million persons chronically
infected worldwide, 20 to 40% of them being at risk of developing chronic liver disease,
cirrhosis and hepatocelinlar carcinoma. Despite the existence of effective preventive vaccines,
the hepatitis B virus {HBVY) infection is still rampant in many countries, even developed ones,
with an estimation of 4.5 millions of new cases of infoction per year worldwide. Unlike the
WHO recommendation which is o iroplement universal vaccination, the coverage of full
course preventive vaccination varies from 253% in Asia fo 75-80% in Burope. Currently
hepatitis B s the 10% cavse of mortality (around 1 million of deaths/vear) and HBV related
Hver carcinoma, the 5% most frequent cancer. Geographic repartition of HBV infection is
uneven with prevalence lower than 1% In Western countries to more than 10% in South
Dasiern couniries, most part of Africa and Eguatorial Scuth Awmerica. In high HBEY chronic
carrier prevalence area, vertical transmission from infected mwother to neonafe is the most
freguent mode of contamination and almost always resulis in chronic hepatitis {30% of cases),
This rate can be Jowered to 153% by preventive vaccination of infected babies immediately
after birth, In Western countries, infection ocours most likely during adulthood through
horizontal transmission, via body thids such as blood, semen, saliva, resulting in acute and
self recovering infection tn 85% of patients but nevertheless fo clwonic infection in 153% of
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Hepatitis B virus (HBV) is 2 momber of the hepadnavinidae and primanly infects the liver,
replicating in hepatocyies. The infectious particles ave the so called 42-45nm "Rane particles”
which consist of an outer lipoprotein envelope which contains three different surface profeins
{FHBs) and an inner necleccapsid, the major structural protein of which is the core profein
{(HBcAg). Within the nucleocapsid is a single copy of the HBY genome linked to the viral
polymerase protein (P}, In addition o 42—45-nm virions, the blood of HBV-infected patienis
containg 20-nin spheres made of HBaAp and host-derived lipids which are released from

. - iy . M . s -G
infected cells. These spheres cutnumber the virions by a factor of 10%-10%

The HBV genome is a relaxed circular partially double-stranded PNA of approximately 3,200
nucleotides consisting of a full-length negative strand and a shorter positive strand. It contains
4 overlapping open reading frames (ORFe), C, 8, P and X, The € ORF encodes the core
protein (or HBcAg), a 183 amino acid-long protein which constitutes the HBV nucleocapsid
and a second protein found in the serum of patients during virus replication known as HBeAg
which containe a precore N-ierminal exiension and 2 part of HBcAg. The CHerminus of the
core protein is very basic and contains 4 Arg-rich domains which are predicted to bind nucleic
acids as well a8 numercus phosphorylation sites {the phogphoryiastion state of core i
associated with conformational changes in the capsid particle as described in Yu and
Sonumers, 1994, 1. Virol. 68:2965% The 8§ ORF encoedes three surface proteins all of which
have the same C terminus but differ at their N-ermind due {o the presence of three in-frame
ATG start codons that divide the § ORF into three regions, 8§ (226 amino acids), pre-82 (55
amino acids) and pre-81 (108 anrino acids), respectively. The lerge-surface antigen protein
(L) is produced following translation initiation at the first ATG start codon and comprises 389
aming acid residues {pre8i-pref2-8), The middie surface antigen protein (M) results from
translation of the 8 region and the pre-S2 region starting at the second start ATG whereas the
smadl surface antigen protein of 226 amino acids (S, also designated HBsAg) results from
translation of the S region initiated af the third start ATG codon. The HBV surface proteins
are glycoproteins with carbohydrate side chains (glycans) attached by N-glycosidic linkages.
The P ORF encodes the viral polvinerase and the X ORF containg a protein kiown as the X

protein, which is thought to be a transcriptional activator,

After virions enter hepatocytes, by an as-yet-unknown receptor, nucleccapsids transport the
genomic HBY DNA o the muclens, where the relaxed civeular DMNA s converted fo

covalently closed circular DNA {cceDNAY The cocDNA functions as the template for the
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transcription of four viral RNAs, which are exported 1o the cytoplasm and used as mRNAs for
translation of the HBV proteins. The longest {pre~-genomicy RNA also functions as the
template for HBV replication, which occues in nucleocapsids in the cytoplasm. Some of the
HBV DNA and polymerase-containing capsids are then transported back fo the nucleus,
wherse they refesss the newly generated relaxed circular DNA to form additional cocDINA.
With a half-life longer than the one of hepatocytes, the cceDNA is responsible for the
persistence of HBV. Other capsids are enveloped by budding into the endoplasmic reticulum

and secreted after pagsing through the Golgl complex.

A number of preclinical and clinical studies have emphasized the importance of CD4+ and
CU8+ T cell immune responses for effoctive anti-viral response (Ferrari et al, 1990, J Imimul,
145:3442 ¢ Penna st al, 1996, ] Chn Invest, 98:1185 ; Penna ol al, 1997, Hepatology,
25:1022). That is to say, patients naturally having recovered from hepatitis B mounted muiti-
specific and sustained responses mediated by T helper (Tw) and cytotoxic T (CTL)
Jysophooytes which gre readily detectable in peripheral blood. Upon recognition of viral
peptides, CTL acquire the capacity to either cure HBV-infected cells via a non-cytopathic,
cytokine mediated inhibition of HBV replication and/or to kill them via perforin-Fas hgand
and TNFo-mediated death pathways, Both effector functions have been observed during
vesohution of acute hepatitis B and this type 1 T-cell {Thi} response persists afler clinical
recovery. It often coincides with an clevation of serum alanine-aminotransferase (ALT) levels
and with appearance of HBeAg specific IgM and IgG. Anti-HBe and anti-HBs antibodies
appear later and indicatc a favorable outcome of infection. HBsAg-specific antibodies are
neutralizing, mediate protective immunity and persist for life after clinical recovery. Chronic
HBV infection is, however, only rarely resobved by the fnymune systens. When this occurs,
viral clearance is associated with increased CTL activity and increased ALT levels cansed by
a destruction of infected hepatocyies by the immune system. However, the vast majority of
chronically infected patients show weak and temporary CD4 and CD8 T cell immune
responses that are antigenically restricied and ineffective to clear viral infection, although
individual HBV-specific T-cell clones have been isolated and expanded from liver biopsies.
The reason for this alteration of the effector functions of the cellular mmmune response in
chronic hepatitis B is currenily not known. However it was shown that fanctional T cell
responses can be partially restored In some patients when the virel load is below a threshold

of 10° TUMmL (Websier ot al 2004, J. Virol 785707} These data are clearly encouraging and
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emphasize the need for immunomodulatory strategies capable of inducing an effective Troell

response.

ideally, reatment of chronic viral hepaiitis B should first permit to suppress HEY replication
before ireversible Hver damage, so 35 to elimmate the virus, prevent disease progression o
cirthosis or liver cancer and jmprove patient survival, Conventional treatment of chronic
hepatitis B includes pegylated interferon-alpha {IFMNa} and nucleoside/nucleotide analogues
{MNUCs) such as lamivudine, and more recently entecavir, telbivudine, adefovir and tenofovir
{EASL Chnical Practice Guidelines: management of chronic hepatitis B, 2009). IFiNa is a
potent antiviral molecule, wherehy inhibiting viral replication, which however, causes serious
side effects in merely 25 - 30% of patients. NUCs act as competitive inhibitors of HBV
polymerase aimed to inhibit the reverse franscription of the pre-genomic RNA into the
negative DNA strand and then the double stranded viral DNA. They limit the formation of
new virions, but are ineffective to eliminate the supercoiled cccDNA hidden in the nucleus of
infected hepatocytes which constitutes a source of new progeny viruses. This can explain why
NLIC efficacy is tersporary and viral rebound occurs immediately after cessation of treatment,
requiring patients to stay life long under {reatment. In addition, long-term efficacy is also
limited due to emergence of resistant HBY mutants (more than 24% after one yesr and
approximately 66% affer four vears of lamivedine freatment as discussed in Leung ef 8l
2001, Hepatology 33:1527) although newer NUCs {entecavir, telbivudine and tenofovir)
showed much fewer ccourrences of dmg-resistant HBY mutants, while increasing suppression
of HBV DNA. Long-term treatment data with these new drugs are, however, Hmited and this

higher efficacy has not been correlated with a sigrificantly higher rate of HEs-sercconversion,

Besides antiviral therapies, efforts are currently made to develop supplemental therapies
aiming at improved host’s immune responses, specifically those mediated by cytotoxic T and
helper T lymphocytes. A large majority of existing immunotherapy approaches have focused
ot the use of HBV surface protein(s), S preS1 and/or preS2 (Smith et al., 1983, Nature
302:490; Lubeck et al., 1989, Proc. Natl Acad. Sci. USA 86 :6763 ;, Adking et al., 1998,
BicDrugs 10:137 ; Loirat et al,, 2000, §. Immunol. 165:4748; Funuy-Ren et al, 2003, J. Med.
Yirol T1:376; Kasaks ot al., 2004, J. Gen. Virol 85:2665; Xiangming Li et al., 2005, Intern.
hiamunoel. 17:1293; Mancini-Bourguine et al., 2006, Vaccine 24:4482; Vandepapeliere et al.,
2007, Vaccine 25:8585). Encouraging results were obtained at least with respect to the

stimulation of hmmune responses. For example, Mancini-Bourguine et al. {2006, Vaocine
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24:4482) reported induction and/or recall T cell responses in HBV chronically infected
patients injected with a preS2-S-encoding DNA vaccine, which is a good indication that the

irpmune system is still operational in these patients.

HBcAg was also used as an omunogen {Yi-Ping Xing ef al,, 2005, World J. Gastro. 11:4583)
as well as chimeric HBcAg capsids bearing foreign epitopes on their surface (WOSZ/11368;
WO00/32625; Koletzki et al., 1997, 1. Gen, Virol, 78:2049). The most promising location for
ingerting epitopes from the point of view of immunogenicity seems {o be the site of an outer
loop predicted to be on the surface of HBcAg in the vinicity of posifion 80 {Argos ef al. 1988,
EMBO J. 7:819). Schodel et al. (1992, 1. Virel 66:106) and Borisova et al. {1993, 1 Virol,
67:3696} were able to insert preS1 and HBsAg epitopes in this region and reported successiul

mnmunization with the chimeric particles.

Multivalent vaccine candidates aimed to simultancously target multiple HBY antigens have
also been investigated. Nofably, a polvepitope DNA vaccine encoding 2 fusion polypeptide of
multiple cytotoxic Tulymphooytes (CTL}) and helper T-lymphocyte (HTL) epitopes present in
envelope, core and polymerase proteing was shown to elicit multiple CTL and HTL responses
in preclinical mouse models {(Depla et al, 2008, 1 Virol 82:435) Several vaccine
formulations based on a mixture of DNA plasmids encoding HBsAg, HBeAg and HBV
polymerase were developed (WO2005/056051; WO2008/020656) and demonstrated specific
anti-HBY cellular and humoral responses in transgenic mouse model of chronic hepatitis B
{Chae Young Kim et al, 2008, Exp. Mol Medicine 40:665). Phase 1 clinical trials were
initiated in South Korea in HBY carriers in combination with lamivudine trestroent (Yang et

al., 2006, Gene Ther. 13:1110).

Accordingly, there still exists a need for alternative immunotherspsutic approsches for
inducing immune responsss in a more potent and effective manner, especially cetl-mediated
immune responses, i an individoal in need thereof such as an HBV chronically infected
patient. Moreover, there is a need to provide vector-based composition capable of expressing

the HBV antigen in a stable and sustained manner.

This technical problem. is solved by the provision of the embodimenis as defined in the

claims.



Other and further aspects, features and advantages of the present invention will be apparent
from the following description of the presently preferred embodiments of the invention. These

embodiments are given for the purpose of disclosure.

SUMMARY OF THE INVENTION
Accordingly, in a first embodiment, the present disclosure provides an immunogenic
compasition comprising at least one polypeptide or a nucleic acid molecule encoding said at
least one polypeptide, wherein said at least one polypeptide is selected from the group
consisting of:
(i} A polymerase moiety comprising al least 450 amino add residues of a polymerase
protein originating from a first HBV virus;
{it) A core moicty comprising at least 100 amino acid residues of a core protein
originating trom a second HBV vims; and
(iii) An env moiety comprising one or more immunogenic domain{s} of 15 to 100
consecutive amino acid residues of a.HBsAg protein originating from a third HBV
VIrus; or
Any combination of said polymerase moiety, core moiety, env moiety, said nucleic
acid molecule encoding said polymerase moiety, said nucleic acid molecule encoding

said core moiety and/or said nucleic acid molecule encoding said env moiety,

In one aspect, there is provided an immunogenic composition comprising a combination of
three polypeptides or of the nucleic acid molecules encoding said polypeptides wherein said
polypeptides are:
(i) A pelymerase moiety comprising at least 450 amino acid residues of a polymerase
protein originating from a first HBV virus;
(i) A core moiety comprising at least 100 amino acid residues of a core protein
originating from a second HBV virus; and
(iii) An env moiety comprising one or more immunogenic domain(s) of 20 to 100
consecutive amino acid residues of a HBsAg protein originating from a third HBV

virus.

In another aspect, there is provided a nucleic acid molecule encoding a combination of the
polymerase moiety as defined above, the core moiety as defined above and the env moiety as

defined above.

In another aspect, there is provided a plasmid or viral vector comprising one or more pucleic

acid molecule(s) as defined above.



In yet another aspect, there is provided an infectious viral particle comprising the nucleic acid

molecule as defined above or the vector as defined above.

In a further aspect, there is provided a host cell comprising the nucleic acid molecule as

defined above, the vector as defined above or the infectious viral particle as defined above.

In vet a further aspect, there is provided a composition comprising the nucleic acid molecule
as defined above, the vector as defined above or the infectious viral particle as defined above

or the host cell as defined above and a pharmacentically acceptable vehicle.

In another aspect, there is provided the use of at least one of the immunogenic composition as
defined above, of the nucleic acid molecule as defined above, of the vector as defined above,
of the infectious viral particle as defined above, of the host cell as defined above or of the
composition as defined above for the preparation of a drug intended for treating or preventing
an HBYV infection or an HBV-associated disease or pathologic condition, and preferably for

treating a patient having a chronic hepatitis B viral infection.

In still another aspect, there is provided the use of a therapeutically effective amount of at
least one of the immunogenic composition as defined above, of the nucleic acid molecule as
defined above, of the vector as defined above, of the infectious viral particle as defined above,
of the host cell as defined above or of the composition as defined above in the preparation of a
drug for the treatment or prevention of an HBV infection, or an HBV-associated disease or

pathologic condition, and preferably for the treatment of a chronic hepatitis B viral infection.

In another aspect, there is provided the use of at least one of the immunogenic composition as
defined above, of the nucleic acid molecule as defined above, of the vector as defined above,
of the infectious viral particle as defined above, of the host cell as defined above or of the
composition as defined above in the preparation of the drug for inducing or stimulating an
immune response, and preferably a CD4+ and/or CD8+-mediated cellular response, against

HBYV in a host organism.

In a further aspect, there is provided a kit of parts for use in the treatment of an HBV
infection, wherein said kit comprises a plurality of active agents selected from the group
consisting of the HBV moieties as defined above, of the immunogenic composition as defined
above, of the nucleic acid molecule as defined above, of the vector as defined above, of the
infections viral particle as defined above, of the host cell as defined above or of the

composition as defined above.
6a



In a further aspect, there is provided an immunogenic composition compriging a combination
of at least two independeni vectors, each vector carrying one or two of the nucleic acid
molecules encoding the polymerase moiety, the core moiety and the env moiety as defined

above.

Definitions

As used herein throughout the entire application, the terms "a" and "an" are used in the sense
that they mean "at least one”, "af least a first”, "one or more” or "a plurality” of the referenced
compounds or steps, unless the context dictates otherwise. For example, the term "a cell”

includes a plurality of cells including a mixture thereof.

The term "and/or" wherever used herein includes the meaning of "and", "or" and "all or any

other combination of the elements connected by said term”,

The term “about” or “approximately” as used herein means within 10%, preferably within 8%,

and more preferably within 5% of a given value or range.
As used hersin, when used to define products, compositions and methods, the term

"comprising” (and any form of comprising, such as "comprise" and "comprises"), "having"

(and any form of having, such as "have" and "has"), "including” (and any form of including,

6b
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such as "includes" and “include™ or "confaining” {and any form of comtaining, such as
"containg” and "contain®) are open-ended and do not exciude additional, unrecited elements or
method steps. "Consisting essentially of” means excluding other components or steps of any
essentizl significance. Thus, a composition consisting essentially of the recited components
would not exclude trace contaminants and pharmacentically acceptable vehicles. "Consisting
of” means exclnding more than trace elements of other components or steps. For example, a
polypeptide "consisis of” an amino acid seguence when the polypeptide does not confein any
gmine acids bt the recited amino acid sequence. A polypeptide "consists essentially of” an
anine acid sequence when such an amino acid sequence is present with eventually only a few
addiional amino acid residues. A polypeptide "comprises” an amino acid sequence when the
amino acid sequence is at least part of the final amino acid sequence of the polypeptide. Such

a polypeptide can have a few up to several hundred additional amino acids residues.

The terms “amino acids”, “residues” and “amino acid residues™ are synonymy and encompass
natural amino acids as well as aming acid analogs (e.g non-natural, synthetic and modified

aming acids, including D or L optical isomers).

The terms “polypenptide”, “peptide” and “protein” are used herein interchangeably to refer to
polymers of amino acid residues which comprise nine or more amino acids bonded via
peptide bonds. The polymer can be linesr, branched or cyclic and may comprise naturally
occurring and/or amino acid analogs and it may be interrupted by non-amino acids. As a
general indication, if the amino scid polymer is long {e.g. more than 50 amino acid residues),
it is preferably referred to as a polypeptide or a protein whereas if it is 50 amino acids long or

less, it is referred to as a “peptide”.

Within the context of the present invention, the terms “nucleis ackd”, “nucleic acid molecule”,
“nolymuclectide” and “nucleotide sequence™ are used interchangeably and define a polymer of
any length of either polvdeoxyribonucleotides (DNA) {e.g., cDINA, genornic DNA, plasmids,
voctors, viral genomes, isolated DINA, probes, primers and any mixture thereof) or
polyribonucleotides (RNA) molecules (e.g., mRNA, antisense RNA} or mixed polyribo-
polydeoxyribonucleotides. They encompass single or double-stranded, linear or sircular,
natural or synthetic polynucleotides, Moreover, a polynucleotide may comprise non-naturally
occurring sucleotides, such as methvlated nucleotides and puclectide analogs (see US

5,525,711, US 4,711,955 or BPA 302 175 as examples of modifications) and may be
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interrupted by non-nucleotide components. If present, modifications to the pucleotide may be

imparted hefore or after polymerization

As used herein, the tevmn "immunogenic composition™ refers to a formulation which comprises
i, 2, 3, 4 or more component(s) described hereinafter {e.g. the polymerase moiety, the core
moiety, the env moiety, the nucleic acid molecule encoding the polymerase moiety, the
nucleic acid molecule encoding the core moiety and/or the nueleic acid molecule encoding the
env moiety) and optonally other components {e.g. adjuvant, carrier, diluent, efc). The
immunogenic composition of the present invention will typically be in a form that is capable
of being administered to 8 host orgamism and induces a protective or therapeutic immune
response sufficient to induce or stimulate anti-HBV immunity, resulting in a therapeutic
benefit such as prevent an HBV infection, reduce and/or ameliorate at least one condition
caused by or associated with an HBV infection {e.g. reduce the viral load, reduce or delay the
risk of hepstic lesions such as cimhesis or Hver cancer, improve liver history, efc), and/or
reduce serum HBeAg or HBsAg level or both, and/or induce HBe seroconversion, HBs
seroconversion or both and/or enhance the efficacy of another anti-HBV therapy or
prophylaxis. Upon introduction in a host organism, the imumunogenic composition of the
present invention is able to provoke an immune response including, but not limited to, the
production of antibodies andior eytokines and/or the activation of eytotoxic T cells, B, T~
lvmphocyies, antigen presenting cells, helper T cells, dendritic cells, NK cells, leading to the
production of inmate imumune response andf/or specific humoral andfor cellular tmmune

responses against at least one HBY antigen/epiiope.

An “immunogenic domain” refers to a structural portion of an HBY protein capable of being
bound by an antibody or T cell receptor. Typically, such an immunogenic domain contains
ane or more B and/or T epitope(s), in particular, CTL or Ty epitopes or both, and are involved
in recognition by a partcular antbody, or in the context of an MHC (Major
Histocompatibility Complex), by T-oell receptors, An “cpitope” corresponds {o a minimal
peptide motif {ususlly a set of 9-11 amino acid residues) that together form a site recognized
by an antibody, T-cell receptor or HLA molecule. Those residues can be consecutive (linear
epitope} or not (conformational epitope that includes residues that are not bnmediately
adjacent to one anothes). Recognition of a T-cell epitope by a T-cell is generally believed o
be via a mechanism wherein T-cells recognize peptide frugments of antigens which are bound

to class T or class 11 MHC molecules expressed on antigen-presenting cells,
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As used herein, "HBEV" and "hepatitis B virus™ are vsed interchangeably and refer to any
momber of the hepadnaviridae (sec e.g. Ganem and Schneider in Hepadsaviridae (2001} “The

3

viruses and their replication” (pp2923-2069), Knipe DM et al., eds. Fields Virology, 4th ed.
Philadelphia, Lippincott Williams & Wilkins or subsequent edition). Extensive phylogenetic
analyses have led o the classification of hepatitis B viruses inte & major genotypes (A to H).
which show segquence divergence by at least 8%, The various HBY genotypes show distinat
geographic distribution and can display heterogensous diseass symploms and/or climes]
gutcome. The varicus HEY were classified in nine different subtypes {aywi, aywd, awws,
aywd, avr, adw?, adwd, adrgt and adgr-} In councetion with HBsAg-associated serology
{see review by Mamum-Al Mahisb et al, 2008, Hepatobiliary Pancrease Dis Int 51457,
Schaeffer, 2007, World Gastroenterol. 7:14; Norder et al., 1983, I, Gen Virol74:1341). Each
penotype and serotype encompasses different HBV straing and isolates. An isolate
corresponds to a specific virug isolated from a particular source of HBV (e.g. a patient sample
or other biological HBY reservoir) whereas a sirain encompasses various isolates which are

very close each other in terms of genomic sequences,

A number of HBV sudtable for use in the context of the present invention are descdbed in the
art, especially in Genbank., Exemplary HBVY of genotype A melude without Lmitation
isolate HE-JI444AF and strain HB-JI444A (accession number APOG7263). Exemplary HBV
of genotype B include without Hmitation clone pJDW233 (accession number DOU3IZE),,
iselate HBV/14611 (accession number AF121243), HBV-B1 ideatified in 2081 by How, et al,
{GGenBank accession number AF282917.1), HBV strain Whutj-37 (GenBank accession
number AY2933309.1) identified by Zhang ot al. {2005, Arch. Virol 150, 721.741), the
Chinese HBYV sirain GDHI identified by He et al. {GenBank accession number AY766463.1)
and HBYV isolate 57-1 subtype adw identified by Jiang et al. (GenBank accession number
AY518556.1). EBxemplary HBVY of genotype C include withont limitation isolate AH-1-
{N980424 (accession number AB113879), strain HCC-3-TT {accession number AB113877),
HBV isolate SWT3.3 identified by Fang et al. {GenBank accession number BEUS16241.1),
HBV isolate HES identified by Thu et al. (GenBank accession number AY306136.1), HBV
strain C1248 identified by Tu et al. (GenBank accession number DQY75272.1), HBY isolate
CHN-H155 {GenBank accession munber DQ478901.1) identified by Wang et al. (2007, 1.
Viral Hepat 14, 426-434) and HBY isolate GZ28-1 identified by Zhou et al. {GenBank

accession number EF688062). Exerplary HBV of genotype D mclude withowt limitation



18

23

30

WO 2011/015656 : PCT/EP2010/061492

isolates KAMCHATKA27  {accession number ABI18R243), ALTAY136  {accession
sumiber AB188245) and Y07587 described in Stoll-Becker et al. {1997, 1. Virol 71:5399) and
available at Genbank under accession number Y7587 as well as the HBV isolate described
under accession pumber AB267080. Exemplary HBY of penotype B include without
limitation isolate HB-JH11F and strain HB-}411 {zccession number APOO7262). Exemplary
HBY of genofype F  include without lmitation isolates HBV-BLS97 ({accession
numiber AB214516) and HBV-BL592 (accession number AB166850). Exemplary HBV of
genotype G include without limitation isolate HB-J1444GF and strain HB-31444G (accession
number AP007264). Exemplary HBV of genotype H include without limitation isolate HBV
ST0404 (accession number AB298362) and isolate HE-JI260F and  strain HB-JI1260
(accession number AP007261). However, the present invention is not limited to these
exemplary HBY. Indeed the nucleotide and amino acid sequences can vary between different
HBY isolates and genotypes and this natural genetio variation is included within the scope of

the invention as well as non-natural modification(s} such as those described bejow.

Asg psed herein, 3 “native HBV protein” refers to. a protein, polypeptide or peptide (e.g. the
polymerase protein, the core protein or the HBsAg, otc) that can be found, isolated, obfained
from a source of HBV in nature as distinct from one being artificially modified or altered by
man in the laboratory. Thus, this term would include naturally-cccurring HBVY proteins
polypeptides or peptides unless otherwise specified. Such sources in nature include biclogical
samples {e.g. Blood, plasma, sera, semen, saliva, tissue seclions, biopsy specimen eic.)
collected from a subject infected or that has been exposed to HBY, cultured cells {such as
Hep(32.2.15, HuH6-C15 (Surean ef al., 1986, Cell 47:37; Sells ot al.,, 1987, Proc. Matl, Acad.
Sci. 84(4):1005); HuH7.TA61 or HuH7.TA62 (Sun et al., 2008, I Hepatol. 45(5):636), tissue
cultures as well as recombinant materials. Recornbinant materials include without Hmitation
HBYV isolate {e.g. available in depositary institutions), HBV genome, genomic RNA or cDNA
libraries, plasmids contaiming HBV genome or fragment(s) thereof or any prior art vector

imown io include such elements,

Mucleotide sequences encoding the varicus HBVY proteins can be found in specialized data
hanks {(e.p. those mentioned above} and in the Hierature {see o.g. Valenzunela et al,, 1980, The
nucleotide seguence of the hepatitis B viral genome and the identification of the major viral
genes {ppS7-70) in "Animal Virus Genetics”; eds B. Fields, et al.; Academic Press Inc., New

York and Vaudin et al, 1988, 1. Gen. Virol 69:1383). Representative examples of sative

10
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polymerase, core and HBsAg polypeptides are set forth in 38Q ID NGO 1-3, respectively
(SEG ID NO: | provides the amino acid sequence of the native polymerase protein of HBV
isolate Y07587, SEQ ID NO: 2 provides the amine acid sequence of the native core protein of
HBYV isolate Y07587 and SEQ ID NO: 3 provides the aminoe acid sequence of the native envy
{(HBsAp) of HBY isolate YOT587) Nucleotide sequences encoding the native polymerase,
core and HBgAg of YU7587 HBV are shown for illustrative purposes in SEQ ID NO: 4, 5 and
6, respectively. However, as discussed above, the HBV proteins are not limited to these

exemplary sequences and genetic variation is included in the scope of the invention.

As used herein, the tenm “medety” {e.g. polymerase, core and/or env moileties) refers o a
protein, polypeptide or peptide that originates from a native HEBY protein, polypeptide or
peptide after being artificially modified or altered by man in the laboratory as descubed
herein, The term “modified” encompasses deletion, sobstitulion or addition of one or wore
nucleotide/amino acid residue(s), any combination of these possibilities (e.g. degeneration of
the native nucleotide sequence to reduce homology between the HBY sequences encoded by
the composition of the invention, introduction of appropriate restriction sites) as well as non
patural arrangements {e.g. fusion between two or more HBV proteins, polypepiides or
peptides or molety/ies), When several modifications are condernplaied, they can concern
consecutive restdues and/or non consecutive residues, Modification{s) can be generated by 2
number of ways known to those skilled in the art, such as site-directed mutagenesis {e.g. using

the Sculptor™

in virro mutagencsis svsiem of Amersham, Les Ullis, France), PCR
mutagenesis, DNA shuffling and by chemical synthetic techniques {e.g resulting in a
synthetic nucleic acid molecule). The modification(s) contemplated by the present invention
encompass silent modifications that do not change the amino gcid seguence of the encoded
HBY polypeptides, as well as modifications that are translated into the encoded polypeptide
resulting in a modified amino acid sequence as compared to the corresponding native one.
The term “originaie” {or originating} is used o identify the original sowee of a molecule but
is not meant o limit the method by which the molecule is made which can be, for example, by

chemical synthesis or recombinant means.

Preferably, cach of the HBV muoieties in use in the present invention retaing a high degree of
amino acid sequence identity with the corresponding native HBV protein, over either the full
length protein or portionds) thereof. The percent identity between two polypeptides 15 a

function of the number of identical positions shared by the sequences, faking into account the
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number of gaps which need to be introduced for optimal alignment and the length of each gap.
Various computer progratus and mathematical algorithins arc available in the arf to determine
the percentage of identity between amino acid sequences, such as for example the Blast
program {e.g, Altschul et al.,, 1997, Nuclelo Acid Res. 25:338%; Altschul et al,, 2005, FEBS 1
272:5161% available at NCRL The same can be applied for nucleotide sequences. Prograis
for determining nucleotide sequence homelogy are alse available in specialized data base
{Genbank or the Wisconsin Sequence Anglysis Package), for example BESTFIT, FASTA and

(AP mograms.

For example, further to the modifications desoribed hereinafter {e.g. reduced enzymatic
activities, ete), any or all of the HBY moieties comprised or encoded by the composition of
the invention can be modified so a8 to be representative of a specific genotype, and thes
comprise an aming acid seguence corresponding 10 3 cONSSHIUS OF NEAT CONSENSUS sequence
which is typically determined after sequence alignment of various HBV polypeptides of a

particular genotype.

The term “combination” as used herein refers to any kind of combination between at least two
of the components comprised or encoded by the fmmunogenic composition of the invention
and any arrangement possible of the various components with a specific preference for 2 or 3
of the said components. This encompasses raixture of two or more polypeptides, mixture of
two or more nuclelo acid molecules/vectors, mixture of one or more polypeptide(s) and one or
more nucleic acid molecules/vectors, as well as fusion of two or more nuclele acid molecules
50 a8 to provide a single polypepiide chain bearing two or more HBV moteties {e.g. non

natural arrangement},

In a preferred embodiment, the immunogenic composition of the imvention comprises s
combination of at least two of said polymerase moiety, core moiety, env moiety or of at least
two of said nucleic acid molecuies encoding sald polymerase meiety, said sucleic acid
molecule encoding said core moiety and/or said mwleic acid moelecule encoding said env
moiety. A particularly preferred composition of the invention is selected from the group
consisting of (i) a composition comprising a combination of a polymerase moiety and a core
molety as defined herein or a combination of nucleic acid molecules encoding said
polymerase mofety and said core moiety; (i} 2 composition comprising & combination of a

core moiety and a env moiety as defined herein or a combination of nucleic acid molecules
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encoding said core moiely and said env moiety; and (#i) 8 composition compusing a
combination of & polymerase moiety, a core moiety and a env moiety as defined herein or a
combination of nucleic acid molecules encoding said polymerase moiely, said core meiety

and said env moiety.

The term *fusion” or “fusion protein” as used herein refers to the combingtion with one
another of at least two polypeptides {or fragment{s} thereof} in a single polypeptide chain.
Preferably, the fusion between the various polypeptides is performed by genetic means, i.e by
fusing in frame the nucleotide sequences enceding each of said polypeplides. By "fused in
frame®, it is meant that the expression of the fused coding sequences resulis in a single protein
without any translational terminator between cach of the fused polypeptides. The fusion can
he divect {i.e, withont any additional amino acid residues in between) or through a linker, The
presence of a linker may tacilitate correct formation, folding and/or functioning of the fusion
protein. The present invention is not imited by the forn, size or number of Hinker sequences
emploved and multiple copies of g linker sequence may be inserted at the junction belween
the fused polypeptides. Suiiable linkers in accordance with the invention are 3 to 30 amino
acids long and composed of repeats of anino acid residues such as glycine, serine, threonine,
asparagine, alanine and/or proline (see for example Wiederrecht et al, 1988, Cell 34, 841,
Aumaiily of al, 1990 FEBS Lett. 262, 82; and Dekker et al,, 1993, Nature 362, 852}, e.g. Ser-

Gly-Ser or Gly-Ser-Gly-Ser-Gly Hoker,

As used herein, the term “heterolopous hydrophobic seguence” refers to a peptide of
hiydrophobic nature (that contains a hiph number of hydrophobic amino acid residues such as
Val, Len, le, Met, Phe, Tyr and Trp residues). “Heterologous” refers to & sequence that is
foreign to the native HBY protein, polypeptide or peptide from which originate the selected
HBY moiety, Il can be a peptide foreign to an HBY virus {e.g. 2 peplide from a weasie or a
rabies virus) or a peptide from an HBV virus but in a position in which it is not ordinarily
found within the viral genome. The heferologous hvdrophobic sequence can be fused in frame
at the W-terminus, at the Coerminus or within an HBY moiety and may play a role in
polypeptide trafficking, facilitate polypentide production or purification, prolong half-life,
among other things, Suitable heterologous hydrophobic sequences i accordance with the

invention are 15 to 100 amine acids long and contain a highly hydrophebic domain,
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The tarm "vector" as used horein refors to both expression and non-expression vectors and
includes viral as well as non viral veclors, mcluding extrachromosomal vectors {e.g
mutticopy plasmids) and integrating vectors designed for being incorporaied into the host
chromesome(s). Particularly important in the context of the invention are vectors for
transforring nucleic acid molecule(s) in g viral genome {ao-called transter vectors), veciors for
use i immunotherapy (e which are capable of delivering the nucleic acid molecules o a
host organism} as well as expreasion vectors for use in varlous expresaion aysiems or in g host

organism.

As used herein, the term "viral vector”" encompasses vector DNA as well as viral particles

senersted thereof Viral vectors can be rephication-competent, or can be genetically disabled

s0 as to be replication-defective or replication-impaired. The term "replication-competent” as

nsed hereln sncompasses replication-selective and conditionally-replicative wiral vectors
)

which are engineered to replicate betier or selectively in specific bost cells {o.g. tumoral
cells).

As used herein, the term “regulatory sequence” refers to any sequence that allows, contributes
or modulates the expression of a nucleic acid molecule in a given host cell or organism,
including replication, duplication, transcription, splicing, translation, stability and/or transpost

of the nucleic acid or one of its derivative (i.e. mRNA) into a host cell or organism,

As wsed hergin, the termn “host cell” should be undersiood broadly without any limitation
concerning particular organization in tissue, organ, or isolated cells. Such cells may be of a
unique type of cells or a group of different types of cells and encompass bacteria, lower and
higher eukaryotic cells as well as cultured cell lines, primary cells and proliferative cells. This
torm includes cells which can be or has been the recipient of the composition{s}, nucleic acid

molecule(s), vector(s) or infectious viral particle(s) of the invention and progeny of such cells.

The term “host organisn™ refers to a vertebrate, particularly a member of the mammalian
species and especially domestic animnals, farm animals, sport animals, and primates including
humans. Preforably, the host organisin is a patient suffering from a chronic HBV infection.
The infecting HBV can be from the same genotype or serotyps as gt least cne of the first,

seeond or thisgd HBV in use in the present invention,
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As used herein, the term “isolated” refers fo a protein, polypeptide, peptide, nucleic acd
meecule, host cell or virus that is removed from ifs natural environment {s.e. separated from

at least one other component{s) with which i s naturally associated).

Ag used herein a “therapsutically effective amount” 13 2 dose sufficient for the alleviation of
one of more symptoms normally associsted with an HBV infection or any diseass or
condition cansed by or associated with an HBV infection. When prophylactic uvse is
concerned, this term means a dose sufficient to prevent or fo delay the establishiment of an
HBY infection. “Therapentic” compositions are designed and administered to a host organism
already infected by an HBVY with the goa! of reducing or ameliorate at least one disease or
conditton caused by or associated with said HBV infection, eventually in combination with
one or more conventional therapeutic modalities as described herein {a.g. treatment with
nucleoside or nucleotide analogs). For example, a therapeutically effective amount for
indugcing an immune response could be that amount necessary to cause activation of the
immune system (e.g. resulling in the development of an anti-HBVY response). The term
“cancer” encompasses any cancerous conditions including diffuse or localized tumors,

metastasis, cancerous polyps as well as preneoplastic lesions (o g cirrhosis),

 As used herein, a "pharmaceutically acceptable vehicle” is intended o include any and all

carriers, solvents, diluents, exciplonts, adjovants, disporsion media, coatings, antibacterial and
antifungal apents, and absorption delaving agents, and the like, compatible with

pharmacentical administration

in accordance with the present invention, said polvmerase, core and/or env moisties
coraprised or encoded by the composition of the iovention may originafe independently from
any HBY genotype, strain or isolate identificd ai present time, such as those deseribed above
in connection with the term “HBY”. Further, each of the pelymerase, core antd env moieties
may originale from a native corresponding HBY protein or from a modified HBY polypeptide
{e.z. modified so as o be reprosentative of a specific genotype}. Thus, the first, second and
third HBV virus from which originale the polvmerase, core and env moleties comprised or
epcoded by the composition of the present invention can be independently from the same or
different genotypes, serotypes and/or isolates, For example, using HEV moieties originating
from two or thres different HBV genotypes permits to provide protection against a broader

range of HBV genotypes.
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In one embodiment, it could be interesting to adapt the immunogenic composiiion of the
invention to a specific geographic region by using at least one HBV meodety from HBVY
genotvpe(s) that is/are endemic in this region. For illustrative purposes, genotypes & and C
are the most prevalent in the United States wheress patients fom Western Huropean couniries
are infected mostly with genotypes A and D and those in the Mediterranean basin by genotype
D, Limited data from India suggest that genotypes A and I are most common in ndia, On the
other hand, genotypes B and O are the most prevalent in China. For example, a composition
of the invention destined to European countries may comprise a polyinerase moeiely which
originates from genotype A and core and env moieties which originate from genotype I or
vice versa, Alternatively, the polymerase and core moieties can be from genotype A and env
moiety from genotype D. As another example, a composition of the invention destined to
Furopean countries and the USA may comprise polymerase, core and env moleties which
independently originate from genotype A, € and D, On the other hand, a composition of the
tnventon destined to China may comprise or encode polymerase, core and env moieties

which independently originate from genotype B and/or C.

One may also adapt the immunogenic composition of the invention to the population of
patients to be troated. For example, genotype A Is more common among American Whites
arud African Americans and those with sexunally acquired HBY infections whereas genotypes
B and C, on the other hand, are common among Asian Americans, patients born in Asia and
those with maternal to infant fransmission of HBV infection. HBV genotypes have alse been
associated with different clinical outcomes {Schaeffer et al., 2005, 1. Viral. Hepatitis 12:111)
with genotypes I¥ and F being associated with more severe disease progression and a worse
prognosis than genotype A (Sanchez-Tapias et al, 2002, Gastroenterology 123:1848}. It is
within the reach of the skilled person to adapt the composition of the invention according to
the population and/or geographic region to be tremted by choosing appropriate HBVY

genotypes, serotypes, strain and/or 1solates,

According to an advantageous embodiment, at least two of the fivs, second and third HBV
viruses, and preferably ali, are from the same HBV genotype, and particularly from genotype
D, Independently, they van originate from the same isolate, with a specific preference for the
first, second and third HBV viruses being from HBV isolate YO7587. Preferably, the

polymerase moiety in use in the present invention comprises an aminoe acid sequence which
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exhibils at Jeast §0% of identity, advantageously at least 85% of identity, preferably at least
90% of identity, more preferably at least 95% of identity, and even roove preferably 100%
identity with the amino acid sequence shown in SEQ 1D NGO | or pari(s) thereof comprising
at least 450 amino acid residues. Alternatively or in combination, the core moiety in use in the
present invention compprises an amino acid sequence which exhibits at least 80% of identity,
advantageously at least 85% of identity, preferably at least 90% of identity, more preferably at
least 95% of identity, and even more preferably 100% identity with the amino acid sequence
shown in SEQ ID NO: 2 or part(s) thereof comprising at least 100 amino acid residues.
Alternatively or in combination, the one or more immunogenic domains of the env moiety in
wse in the present invention comprises an amine acid sequence which exhibits at loast 80% of
identity, advantagecusly st least 85% of identity, preferably at least 90% of identity, more
preferably at least 95% of identity, and even more preferably 100% identity with part{s) of

15100 amino acid residues within the andno acid sequence shown in SEQ ID NO: 3,

Polymerase moiety

According to one embodiment, the polymerase moiety comgprised or enceded by the
composition of the invention is modified as compared to the corresponding nafive HBEVY

polymerase.

An appropriate modification is the truncation of at least 20 amino acid residues and at most
335 amino acid residues normally present at the Neterminus of a native HBVY polymerase,
This modification is particuiarly relevam for compositions of the imvention also comprising s
second polypeptide so as to reduce or delete the overlapping portions between polymerase and
core moigties, It is within the reach of the skilled person to adapt the truncation to the
composition of the invention within the recited range at least 20 amino acid residues and at
most 335 amino acid residues, With respect to 3 native HBV polvimerase, the polymerase
moiety used in the context of the present invention is advantageously truncated by at least 30
sming acid residues and at most 200 amino scid residues, desirably by at least 35 amine acid
vesidues and at most 100 amino acid residues, preferably by at least 40 amino acid residues
and at most 60 amine acid residues, and more preferably at least 45 and at most 50 amino acid
residuss, with a special preference for a truncation lncluding the fist 47 or the 46 amine acid
residues following the initiator Mer residue located at the Nfemminus of a native HBY
nolymerase. Prefersbly, the truncation extends from position 1 (Met initiator) or 2 to position

47 of SEQ Hy N 1
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A preferred embodiment is directed fo a polymerase moiety comprising an amino acid
sequence which exhibits at least 80% of identity, advantageously at least 85% of identity,
preferably at least 0% of identity, more preferably at least 95% of identity, and even more
preferably 100% identity with the portion of the amino acid sequence shown in SEQ ID NO:
1 extending from approximately position 48 to approximately position 832; and even more
preferably to a polvmerase molety comprising an amino acid sequence which axhibits at least
80% of identity, advantageously at least 85% of identity, preferably at least 90% of identity,
more preferably at least 95% of identity, and even more preferably 100% identity with the

aming acid seguence shown in SEQ D NO: 7,

Alternatively or in combination, the polyvimerazse moiety in use in the invention is modified so
as to exhibit a reduced reverse-transcripiase {RTease) enzymatic asctivity with reapect o &

native HBY polymerase, Advantageousty, said reduction of RTase activity is provided by one

or more mutation{s) in the domain responsible for RTase enzymatic activity.

Structural and functional organization of HBV polymerases was investigated almost 20 years
ago {see for example Raduiwill et al, 1990, I Virel 64:613). They are ymultifunctional
profeins with three fonctional domains that catalyze the major steps in HBV replication
{priming, DNA synthesis and removal of RNA templates) and 2 non essentiel spacer which
are arranged in the following order:
o the first domain extending from position 1 to approximalely position 177 is
responsible for HBY terminal protein activity,
o the spacer is located from approximately position 178 o approxinaately position 335,
o the DNA polvmerase domain extending from approximately position 336 to
approximately position 679 is responsible for RTase activity, and
o the RNase H domain from approximately position 630 to the C-termipus

{approximately position 832} is involved in RNase H activity,

Four residues have been involved in the RTase activity, forming a motif “YMDD™ {for Ty,
Met, Asp and Asp residues) generally present from approximately posifion 538 fo
approximately position 541 of a native HBV polymerase {e.g. corresponding to positions 538,
539, 540 and 541 in SEQ ID NO: 1 and to positions 492, 493, 494 and 495 10 SEQ [ NO: 7)

and the present invention encompasses any mutation(s) in this motif or elsewhere in the
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RTase domain that correlate with & significant reduction (fe. at least a 10 fold reduction) or
ablation of the RTase activity while retaining imssunogenic properities. Representative
examples of suitable RTase-deficient polymerase mutants are described in the Hterature, e.p
in Radziwill et al. (1990, J. Virol. 64:613), in Bartenschlager e al. {1990, I, Virol. 64:5324)
and in Jeong et al. (1996, Biochem Bioph Hes Commun, 223{2):264). Preferably, the
polyimerase molety in use in the present invention comprises the substitution of the first Asp
residue of the YMDD metif {corresponding 10 position 546 in SEQ [ Nk 1 and to position
494 of SEQ ID NO: 7) or of the amino acid residue Iocated in an squivalent position in g
native HBY polymerase to any amine actd residue other than Asp, with a special preference
for a substitution to a His residue (D540H mutation). Reduction or ablation of RTase activity
can be performed using assays well known in the art (e.g. the endogenous polymerase assays

described in Radziwill et al,, 1990, J Virol. 64:613).

Alternatively or in combination, the polymerase moiety in use in the present invention is
maodified so as to exhibit s reduced Riase H enzymatic activity with respect to a native HBV
polvmerase. Advantageously, said reduction of RNase H activity is provided by one or more
mutation(s} in the domain responsible for RNsse H enzymatic activity. As discussed above,
the functional domain involved in RMase H activity has been mapped within the C-terminal
portion of HBV polymerase, move particularly from position 680 o the C-terminal position
832 and the present invention encompasses any mutation{s} in this domain that correlate with
a zignificant reduction {i.e. at least & 10 fold reduction) or ablation of the RNase H activity
and which i not deleferious to Immunogenic properties. Representative examples of suitable
RMNase H-deficient polymerase mutants are deseribed in the literature, e.g. in Radziwill et al.
{1990, 1. Virol, 64:513), in Bartenschiager at al. {19880, J. Virol 645324}, Preferably, the
polymerase motety in use in the present invention comprises the subsiitution of the Glu
residue corresponding (o position 718 in SEQ ID NO: 1 and to position 672 of SEQ ID NO: 7
or of the amino acid residue located in an equivalent position in a native HBV polymerase to
any amino acid residue other than Glu, with a special preference for a substitution to a His
residue (E718H mutation). Reduction or sblation of RNase H activity can be performed using
aysavs well known i the art {e.g. in vitro RNaseH activity assays or DNA-RNA tandem
molecule analvsis described in Radriwill et al, 1990, J Virel, 64:613 or in Lee et al,, 1997,

Biochen. Bioph, Res, Commun, 233(23:401).
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Preferably, the polymerase moiety in use in the present invention is mutated so as to reduce or
ablate both the RTase and the RNase activities and comprises the modifications discussed
above in conmection with these enzymatic functions, with a special preference for mutations

DRA0H and EVIEH,

A preferred embodiment of the present invention is directed to a polymerase moiety
comprising, alternatively essentially consisting of or alternatively consisting of an amino acid
sequence which exhibits at least 80% of identity, advantageously at least 53% of identity,
preferably at least $0% of identity, more preferably at least 95% of identity, and even more
preferably 100% identity with the amino acid sequence shown in SEQ 1D MNO: 8 or with the
aming acid sequence shown in 8EQ 1D NO: 7 with the substitution of the Asp residue in
position 494 to an Fis residue and the substitution of the Glu residue in position 672 10 an His

residue,

In another and preferred emhodiment, the polymerase moiety in use in the present invention is
fused in frame to heterologous hydrophobic sequence(s) so as to improve synthesis, and/or
stability, and/or presentation at the surface of the expressing host cells and/or presentation o
host’s MHC class 1 and/or MHC class I antigens. Suitzhle heterologous hydrophobic
sequences include sequences such as signal and/or trans-membrane peptides permitting o
target the polymerase moiety in the seorction pathway. Such peptides are known 1 the arl.
Briefly, signal peptides are generslly present at the Neterminus of membrane-presented or
secreted polypeptides and initiate their passage into the endoplasmic reficulum (ER). They
comprise 15 to 35 essentially hydrophobic amine acids which are then removed by a specific
ER-located endopeptidase to give the mature polypeptide. Trans-membrane peplides are
usually highly hydrophobic in nature and serve to anchor the polypeptides in the cell
membrane {see for example Branden and Tooze, 1991, in Introduction to Protein Structare p.
202-214, NY Garland, WO9/03885). The choice of the trans-membrane and/or signal
peptides which can be used in the context of the present invention is vast. They may be
obtained from any membrane-anchored andfor secreted polypeptide {e.g. cellular or viral
polypeptides) such as those of immunoglobulins, tissue plasminigen activator, insulin, rabies
giveoprotein, the HIV virus envelope glycoprotein or the measies virus F protein or may be
synthetic, The preferred site of insertion of the signal peptide is the N-terminus downslream

of the codon for initation of wanslation and that of the tranc-membrane peptide is the G-
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terrsinus, for example immediately upstream of the stop codon. Moreover, a linker peptide

can be used to connect the signal and/or trans-membrane peptides to the polymerase moiety.

Other hydrophobic sequence(s) can be employed in the context of the invention, such as those
generally present in envelope or membrane bound proteins, including HBsAg, OF particular
interest in the context of the present invention is the fasion of the polymerase moiety with one
or more of the mmunoegenic domains deseribed herein (envl, envZ, env3 and/or envd} which
are of hydrophobic nature. The one or more hydrophobic domain{s} can be fused in frame at

the N-terminus, at the C-terminus or within the polymerase moiety.

Preferably, in the context of the invention, the polymerase molety in use in the invention 18
fused in frame to the signal and trans-membrane peptides of the rabies glycoprotein. As
iltustrated in the appended example section, said rabies signal sequence is fused in frame at
the N terminus and said rabies transmembrane sequence is fused in frame at the Ceterminus of
said polymerase moiety. A most preferred embodiment is direcied to a polymerase moiety
comprising, altematively essentially consist of, or alternatively consists of an amine acid
sequence which exhibits at least 80% of identity, advantageously af least 85% of identity,
particularly at least 90% of identity, preferably at least 95% of identity and more preferably

100% identity with the amine acid sequence shown in 3EQ ID NO: 9.

Core moiety

Alternatively or in combination with the composition described above, the present invention
also provides a composition comprising a core moiety originating from a second HBV. As
described herein in connection with HBY virus, the core moiety in use in the mvention
originates from an HBV which i the same or different of the HBV vires from which
originates the polymerase moisty. Preferably, the core and the polymerase moieties both
originate from a genofype D HBVY, with a special preference for the Y07587 HBYV isolate or

aliernatively, from a HBV genotype prevalent in Ching {e.g. genotype B or O

According to one embodiment, the core molety in use in this invention can be a native HBV
core {e.g. that shown in SEG 1D NO: 2) or a modified core as compared to the corresponding
native HBV core that retains at least 100 amine acid residuss of a core protein, with a specific

preference for a core moiety comprising from 120 to 180 aming scid residues, desirably from
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125 to 148 amino acid residues and prefersbly from 130 to 143 amino acid residuse (e.g.

approximately 140 amino acid residues).

An appropriste modification i3 & tuncation. Desirably, the tnuncation encompasses at least 10
aming acid residues and at most 40 amino acid residues normally present af the C-terminus of
a mative HBY core or within the C-terminal part {i.e, the portion encompassing the last 40
amine acid residues). This modification s particularly relevant for compositions of the
jnvention alse comprising a polymerase moiety 50 a8 o reduce or delete the overlapping
portions between polvmerage and core moleties. It may also be relevant for deleting a NLS
{nuclear localization signal) within this region of core and/or for inhibiting interaction with
HBV polymerase. It is within the reach of the skilled person to adapt the truncation o the
composition of the invention within the recited range at least 10 amino acid residues and at
most 40 amino acid residues. Appropriste truncations inctude 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 3% or 40
consecutive amino acid residues normally present at the C-terminus of a native HBY core or
within its C-terminal portion. With respect o a native HBV core, the core moiety used in the
context of the present invention is advantageousty truncated by at least 20 amino acid residues
and at most 40 amino acid residues, preferably by at least 30 amino acid regidues and at wost
3% amino acid residues, and more preferably by at least 34 amino acid residues and at most 37
amine acid residuss located at the C-terminus of a native HBV or within the C-terminal part
with a special preference for a fruncation including the last 35 amino acid residues of a native
HEY core (in other terms, the truncation extends from approximately position 149 to the C-

terminus of the core polypeptide).

Of particular interest is a core molety comprising an amino acid sequence which exhibits at
lcast 80% of identity, advantageously at least 85% of identity, preferably at least 90% of
identity, roore preferably at least 95% of identity, and even more preferably 100% identity
with the portion of the amino acid seguence shown in SEQ D NO: 2 extending from position
1 to approximately position 148 and even more preferably a core moiety comprising an amino
acid sequence which exhibits at least §0% of identity, advantageously at least 85% of identity,
preferably at least 90% of identity, more preferably at least 95% of idemtity, and even more

preferably 100% identity with the amino acid sequence shown in SEQ ID NO: 10,
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Alternatively or in combination, the cove moiety is modified so as fo exhibit a reduced
recognition: of and/or interaction with an HBV envelope protein with respect fo a native HBV
core. Advantageousty, said reduction of recognition/interaction is provided by one or more
mutation{s) in a region located internally in the vinicity of residue 80 that is predictad to form
an outer loop exposed on the swrface of cove particles (Argos ef al,, 1988, EMBO J. 7:818).
Reduction or ablation of recognition of or interaction with a env protein can be performed
using assays well known in the art {such as electron microscopy, analysis of nucleocapsids
formation in cells, secreted virions following transient transfection in Hubl7, as described

Seitz ¢t al,, 2007, BMBO 1, 260 416 or tn Ponsel et al,, 2003, J. Virol77{1 ) 4163,

A preferred medification comprises deletion of one or more ammino acid residues in the region
of the core exiending from approximately position 75 to approximately position &5
{cotresponding to residues 75-85 of SEQ ID NO: 2 and SEQ ID NO: 10}, with 8 special
preference for the deletion of the portion of the core muiety extending from approximately
position 77 1o approximately position 84 {corresponding to residues 77-84 of SEQ ID NO: 2
and SEQ ID NO: 10). A preferred core molety comprises, alfernatively essentially consisis of
or alternatively consists of an amino acid sequence which exhibits at least 80% of identity,
advantageously at least 85% of identity, preferably at least 90% of identity, more preferably at
least 95% of identity, and even more preferably 100% identity with the amino acid sequence
shown in SEQ ID NO: 1 or with the amino acid sequence shown in SEQ ID NO: 2 Iacking

residues 77-84.

Eay meiety

Alternatively or in combination with the composition described above, the present mvention
also provides a composition comprising an env moiety. Said env motety comprises one or
more immunogenic domain(s) of at least 13 consecutive amine acid residues present in a HEs
protein originating from a third HBV virus. Preferably, each of sald immunogenic domains
corresponds o a portion of at least 20 amino acids and at most 100 amino acids present in a
HBsAg protein either a native one or a modified one (e.g. modified so as to be representative
of a specific genotype). FEach of the immunogenic domains can originate from the same or
different HBY virus(es} which can be the same or different with respect o HBVY viruses from
which originate the core and polymerase moiglics, Preferably, each of the env immumogenic
domains originates from a genotype I HBV, and especially from the YOT587 HBV isolate or

alternatively, from a HBV genotype prevalent 1n China (e.g. genotype B or €l
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Advamtageously, each of the one or more immunogenic domaivs comprises T cell epifopes
specific for T helper (Ty) cells and/or for evtotoxic T {TTL) cells which can be restnicted to
various MHC class | and/or class I antigens {e.g. AZ, AZ24, DR, DP, et} Such epitopes have
bean described in the art {WORYG3764; WOO4/10011; Desombere et al., 2000, Clin, Exp,
Immunol 122:300; Loirat et al, 2000, J. Immunol, 165:4748; Schirmbeck et al,, 2002, J.
Immunol 168:6253; Depla et al., 2008, I Virol, 82 :435) and it is within the reach of the
skilled person t¢ design suitable mnmunogenic domain{s) as described herein within the
recited range of 18 to 100 amino acid residues which include{s B, Ty and/or CTL epitopes
from a native env profein {e.g. that shown in SEQ ID NG: 33 Preferably, the env modety
comprised i or encoded by the composition of the invention does not include any

immunogenic domain{s} originating from pre31 and preS7 regions.

The present invention encompasses env moiety comprising one immunogenic domain as well

as those comgwising two, three or more.

Desirably, the one or more immuncgenic domainds) in use in the present nvention is/are
selected from the group consisting of!
o The portion of an env protein (HBsAg) extending from position 14-31 {env 1 domain};
o The portion of an env protein. (HBsAg) extending from position 185-194 (env 2
domain);
o The portion of an env protein (HBsAg) extending from posiiion 81-106 (env 3
domain);
¢ The portion of an env protein (HBsAg) extending from position 202-226 {env 4

domain); and

o Any combination thereof

Particularly suitable immunogenic domain{s} for use in the present invenfion comprises,
alternatively essentially consists of or aliomatively consists of an aminoe acid sequence which
exhibits at least 80% of identity, advaniageously at feast 85% of identity, preferably at least
90% of identity, more preferably at least 95% of identity, and even more preferably 100%

identity with anv of the amino acid sequences shown in SEQ ID NO: 12-15,
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In the context of the invention, the combination of immunoegenic domains can be in the form
of a mixture of individual imnunogenic domains in the composition of the invertion or in the
form of a fusion in frame between two or more immsnogenic domains in any arrangement
possitle {e.g. fusion or mixture of envi-envd, envi-envl, envi-envd, envi-envi, envi-envd,
envd-envl, envZ-env-3, envieenvZ, envZ-envd, envid-cnv?, envi-envd, envd-envd, envl-
env2-envd, envZ-envi-envl, envi-env2-envd, eic.). Moreover, the combination can comprise
a single copy or several copios thereof {e.g. envi-env-Z-envi, envi-env-4, envl, ete. The

fusion between cach immunogenic domain can be divect or through a linker,

Env moieties of particulsr interest in the context of the iﬁwmima comnprise the fusion of two
or three immunogenic domains shown in SEQ 1 NO: 12.15, with a special preference for an
envl-env2 fuston comprising, aliematively essentially consisting of or slternatively consisting
of an amino acid sequence which sxhibits at least 80% of identity, advantagecusly at least
85% of identity, preferably at least 90% of identity, more preferably at least 95% of identity,
and even more preferably 100% identity with the amino acid sequence shown in SEQ 1D KO:
i6 or an envi-envZ-envd fusion comprising, alternatively essentinlly comsisting of or
alternatively consisting of an amine acid sequence which exhubits at Jeast 80% of identity,
advantageously af least 85% of identity, preferably at least 80% of identity, more preferably at
feast 95% of identity, and even more preferably 100% identity with the amino acid sequence

shown in SEQ ID NO: 17.

According to a specific embodiment, the polvimerase, core and/or env moietios comprised in
or encoded by the composition of the Invention can be fused in frame by pairs or all together.
For example, one may envisage the fusion of the polvinerase and env moletics in a single
polypeptide chain. Alternatively, the core and env moieties can be fused in frame in a single
polypeplide chain, Here again, the encoding nuclele acid sequences can be fused either
directly or through a linker. Advantageousty, the env moiety is fused in frame to the C-

termtinus of the core or polymerase moiety.

Preforred examples of fusion polypeptides of the core moiety with the env motety are selected
from the group consisting ofd

o A polypeptide comprising, or alternatively consisting essentially of, or alternatively

consisting of sn amino acid sequence which exhibits at least 80% of identity,

advantapeousty at least 85% of identity, preferably at least 90% of identity, more
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preferably at least 95% of identity, and even more preferably 100% identity with the
amino acid sequence shown in SEQ ID NO: 18 (core®t-envi);

o A polypeptide comprising, or alterpatively consisting essentially of, or allematively
consisting of an amino acid sequence which exhibits at least 80% of identity,
advantageously ab Jeast 85% of identity, preferably at least 30% of identily, more
preferably at least 95% of identity, and even more preferably 100% identity with the
amine acid sequence shown In SEQ 1D NGO 19 {coret-envi-envi); and

o A polvpeptide comprising, or alternatively consisting essentially of, or alternatively
consisting of an amino acid sequence which exhibits at least 80% of identity,
advantageousty at least 85% of identity, preferably at least 90% of identity, more
preferably at least 95% of identity, and even more preferably 100% identity with the
amino ackd sequence shown In SEQ ID NO» 20 {core-envi-enviZ-envd) or with the
portion of the amino acid sequence shown in SEQ 1D NO: 20 starting at residue 1 and
emding at residue 251 {core-envi-env2} or with the portion of the amnino acid sequence
shown in SEQ ID NO: 20 starting at residue | and ending at residue 221 (core-envl);

or deleted versions thereof lacking residues 77-84 in the core moiety.

I the context of the invention, the polymerase molety, the core motety and/or the env moiety
comprised or encoded by the composition of the invention may further comprise additional
modifications. Suilable modifications arve those which are beneficial 1o the synthesis,
processing, stability and solubility of the resulting polypeptide {e.g. those aimed to modify
potential cleavage sites, potential glycosviation sites and/or membrane anchorage as described
hereiny as well as those which are bensticial to the hmmunogenicity of the resulting
compoesition (e.g. incorporation or fusion with one or more compounds capable of enhancing
immunogenic properiies). Such compounds capable of enhancing frmunocgenic propestics
have been described in the Herature and include, without limitation, calreticulin (Cheng et al.,
2001, 5. Clin. Invest, 108:669), Mycobacterium tuberculosis heat shock protein 70 {(HSP7(0)
{Chen et a1, 2000, Cancer Res. 60:1033), ubiguitin {Rodriguez et al,, 1997, J. Virel, 71:8497},
bacterial toxin such as the trunslocation domain of Pseudomonas aermginesa exeotoxin A
(ETALIN (Hung et al., 2001 Cancer Res. 61:3698) ag well as T helper epitope(s) such as
Pan-Dr peptide (Sidaey ef al,, 1994, Immunity 1:75813, pstS1 GCG eptiope {(Vordermeier et
al,, 1992, Hur, J, Immunol. 22:2631), tetanus toxeid peptides P2TT {(Paning-Bordignon et al.,

1989, Bur. §. Imumonol, 19:2237) and PIOTT (Demotz et al,, 1993, Bur. I hnmunol, 23:425),
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influenza epitope {Lamb et al,, 1982, Nature 300:66) and homaglutinin epitope (Rothbard et

al., 1989, Int. Imimunel. 1:479).

Mucleic aoid molecule

The present invention also provides isolated nucleic acid molecules encoding independently
or in combingtion the polymersse, core and env moieties in use in the present invention as
well as compositions comprising such nucleie aoid molecule(s),
Of particulay interest are:
o Mucleie acid molecules which encode polvmerase moieties a5 doscribed herein, with a
special preference for those comprising the amine acid sequence shown in any of SEQ
ID NO: 7, 8, % or the amino acid sequence shown in SBG HX NO: 7 with the
substination of the Asp residue in position 494 to an His residue and the substitution of

the Glo residues in postiion 672 {0 an His residue;

Y
7

Mucleic acid molecules which encode core moieties described herein, with a special

~
A,

preference for those comprising the amine acid sequence shown in SEQ 1D NO: 10 or
11;

o Nucleic acid molecules which encode epv moieties described herein, with a special
preference for those comprising the amino acid sequence shown in any of SEQ ID
WO 12-17: and

o Nucleic acid molecules which encode fused core and env moieties described herein,
with a special preference for those comprising the amino actd sequence shown in any
of SEQ 1D NGOt 18, 19 or 20 or the portion of the amino acid sequence shown in SEQ
I8 NO: 20 starting at residue 1 and ending at residue 251 {core-envi-envZ) or the
portion of the amine acid sequence shown in SEQ I NO: 20 starting at residue | and
ending at residue 221 {core-envi}, or deleted versions thereof lacking core residues

77-84 of SEQ 1D NO: 20.

Desirably, the pueleic acid molecules of the fnvention can be optimized for providing high
level expression in & particular host cell or orgamism, ¢.g mammalian, veast {e.g
Saccharomyces cerevisiae, Succhavomyces pombe or Pichin pastorisy or bactenia {e.g. £ coli,
Bacillus subtilis or Listerig). 1t has been indecd observed that, when more than one codon is
available to code for a given amino acid, the codon usage patterns of organisms are highly
non-random (see for example Wada et al, 1992, Nucleic Acids Res. 20:2111) and the

wiilisation of codons may be markedly different between different hosts {see for example
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Nekamura ot al,, 1996, Nucleio Acids Res. 24:214). As the nucleotide sequences used in the
invention are mostly of viral ovigin (HBV), they may have an inappropriate codon usage
pattern for efficient expreasion in host cells such as bacterial, lower or higher enkarvotic eells.
Typically, codon optimisation i3 performed by replacing one ot more “native” {e.g. HBV}
codon comresponding ¢ a codon infrequently used in the host cell of interest by one or more
codon encoding the same amino acid which 18 more frequently used, It s not necessary io
replace sl native codons corresponding fo infrequently nsed codons since increased
expression can be achizved even with partial replacement. Moreover, some deviations from
strict adherence (o optimised codon usage may be made to accommodate the introduction of

restriction site{s) into the resulting nucleic acid molecule.

Further to optimization of the codon usage, expression in the host cell or organism can further
be improved throngh additions] moedifications of the nocleotide seguence. For example, the
nucleic acid moleculs of the invention can be modified se as o prevent clustering of rare,
non-optimal codons being preseit in concentrated aress andfor to suppress or modify at least
partially negative sequence clements whick are expected o negalively influence expression
levels, Such negative sequence slements include without limitation the regions having very
high (=80%) or very low {(<30%) GO content; AT-rich or GC-rich sequence strefches;
unstable diveet or inverted repest sequences; ENA sscondary structures; and/or internal
crypiic regulatory elements such as internal TATA-bozes, chi-sites, ribosome eniry sites,
and/or splicing donor/acceptor sites. Another embodiment of the itnvention pertsing to
fragrments of the nucleic acid molecule of the inventivn, eg. restriction endonuclease and
PCH-penerated fragments. Such fragmenis can be used as probes, primers or {ragments

encoding an inpnunogenic portion of the first and/or seeond polypeptide.

A preferred nucleie acid molecule sccording to tho invention is selected from the group
consisting oft
o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in SEQ ID NO: 21 (encoding the
truncated Pol of SEQ 1D NO: 7);
o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in SEQ 1D NO: 22 {(encoding the
mutated Pol of SEQ ID NG &)
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O

A nucleie acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in BEQ D NO: 21 with the
substitution of the G nuclectide in position 1480 to a C, of the G nucleotide in position
2014 to a C and of the A nocleotide in position 2016 to a T {encoding the truncated
Pol of SEQ 1D NG 7 with the substitution of the D340H and E718H mutations),

A nucleic acid molecule comprising a nucleotide sequence which exhibits af feast 80%
of identity with the nuclestide sequence shown in SEQ 1D NO: 23 {encoding the
truncated and mutated Pol-TMR of SEG 1D NO: 9

A nucleic acid molecule comprising a mucleotide sequence which exhibits at jeast 80%
of identity with the nucleotide sequence shown in SEG ID NO: 24 (encoding core®t-
envi of SEG ID NG 18y

A nucleic acid molecule comprising a nucleotide seguence which exhibits at least 305
of identity with the nuclectide seguence shown In SEQ ID NO: 28 {encoding core™i-
envi~env2 of SEQ I NO: 19); and

A nucleic acid molecule comprising a nucleotide sequence which exhibits af least 80%
of identity with the nucleotide sequence shown in SEQ ID NO: 26 (encoding core-
envi-gavl-envd of SEQ I NOG: 20} or with the portion of the nucleotide sequence
shown in SEQ ID NG 26 starting st nucleotide | and ending at puclectide 753
(encoding core-envi~-envZ) or with the portion of the nucleotide segnence shown in
SEQ ID NO: 26 starting at nucleotide 1 and ending at nucleotide 663 (encoding core-
envl); or deleted versions thereof lacking the portion extending from the G in position
229 to the A in position 252 of SEQ 1D NO: 26 (corresponding to deletion of residues

77-84 in the core moiety},

The nucleic acid molecules of the present invention can be generated using sequence data

accessible in the art and the sequence information provided herein. The DNA sequence

coding for each of the HBV polypeptides can be isolated divectly from HBV-containing cells,

cDNA and genomic libraries, viral genomes or any prior art vector known 1o include i, by

conventional molecular biology or PCR techniques, and can be wmedified {e.g. a8 described

herein). Alternatively, the nucleic acid molecule of the invention can also be generated by

chemical synthesis in auvlomatised process {e.g assembled from overlapping synthetic

oligonucieotides as described for example in Edgs, 1981, Nature 292, 756; Nambair et al,,

1984, Science 223:1299; Jay et al., 1984, J, Biol, Chem. 259:6311 ).
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Also provided by the present invention are vectors comprising one or more nucleic acid

molecule(s) of the present invention as well as compositions comprising such vector(s}.

A variety of host-vector svstems may be used in the context of the present invention,
including bacteriophage, plasmid or cosmid vectors adapted io expression in prokaryotic host
orgenisms such as bacteria {e.g. E coli, Bacillus subtilis or Listeria}; vectors adapted to
gxpression in yeast (e.g. Sezccharomyces cerevisioe, Saccharomyces pombe, Pichia pastoris),
virus expression vectors {e.g. baculovirus) adapted 1o expression in insect cell systems {e.g. 81
§ cells); virus or plasmid expression vectors {e.g. Ti plasmid, cauliffower mosaic virus
CaMV; {ohacco mossic virus TMV) adapted to expression in plant cell systerns; as well as
plasmid and viral vectors adapted to expression in higher eukaryotes cells or organisms. Such
veotors are largely described in the literature and commercially available (e.g. in Stratagene,
Amersham Biosciences, Promega, ete.). Representative examples of suitable plasmid vectors
include, without limitation, pREP4, pCEP4 {Inviirogene}, pCl (Promega), pCDMSE (Seed,
1087, Nature 329, 840) and pMT2PC (Kavfiman f ok, 1987, EMBO 1 6:187)}, pVAX and
peWiz (Gene Therapy System Inc; Himoudi et al., 2002, J. Virol. 76:12735}. A number of
viral vectors can also be utilized in the context of the invention derived from a vanety of
different viruses (e.g. retrovirus, adenovirus, AAV, poxvims, herpes virus, measle virus,

foamy virus, alphaviras, vesicular sfomatis virus and the like).

Of partiondar interest ave adenoviral vectors which have a mumber of well-documented
advantages for gene transfer or for recombinant production (for a review, see “Adenoviral
vectors for genme therapy”, 2002, BEd D. Curlel and J. Douvglas, Academic Press). The
adenoviral vectors for use in accordance with the present invention can be derived from a
variety of human or animal scurces {e.g. caning, ovine, simian adenovirus, eich. Any serotype
can be emploved with a special preference for human adenovirnses and a specific preference
for subgenus C such as Ad2 (Ad2), § (AdS), 6 (AdS), subgenus B such as 11 {Adi1}, 34
{Ad34) and 35 {Ad35) and subgenus I such as 19 {Ad19), 24 {Ad24), 48 (Ad48) and 49
{(Ad49Y. T may also be advantageous to use animal Ad with a special preference for chinp
Ad, such as chimp Ad3 (Peruzzi et al., 2009, Vaccine 27:1293) and chimp Ad63 (Dudareva et
al, 2009, vaccine 27:3501) The cited adenovirus are available from the American Type
Culture Collection (ATCC, Rockville, Md.} or have been the subject of numerous
publications describing their sequence, organization and methods of producing, allowing the
artisan to apply them (see for example US §133,028; US 6,110,735; WO 02/40665; WO
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BO/S0573; BP 1016711, Vogels ot al,, 2003, J. Virol, 778263 WOQO0/TG0TT, WO02/40665;
W{2004/001032; WO2004/083418; WORO04/09701 6, WO2005/010148},

In one embodiment, the adenoviral vector of the present invention is replication-defective.
Preferred replication-defective adenoviral veciors are El-defective {see for example US
6,136,594 and US 6,013,638), with an B! deletion extending from approximately positions
45% 10 3328 or from approximately positions 459 o 3510 (by veference to the sequence of the
human adenovirus type 5 disciosed in the GeneBank under the accession number M 73260
and in Chroboczek et al,, 1992, Virel. 186:280). The cloning capsacily can further be improved
by deleting additions! portion{s} of the adenoviral genome {all or part of the non essential B3
region or of other essential B2, B4 regions as described in WOS4/28152; Lusky et al., 1998, 1.
Wirgl 72:20223.

The nucleic acid molecule(s) of the present fnvention can be inserted in any location of the
adenoviral genome, with a specific preference for ingertion in replacement of the Hl region.
It/they may be positioned in sense or antisense orientation relative to the natural

sranscriptional direction of the region in question,

Other suitsble viral vectors in the context of the invention are denived from poxviruses {(sce
for example Cox ef al. in “Viruses in Human Gene Therapy™ Bd I M. Hes, Carohina
Agademic Press). In the context of the present invention, a poxviral vector may be obtained
from any mewber of the poxviridee, In particular canarypox, fowlpoz and vaccinia vivus, the
latter being preferred. Suitable vaccinia viruses include without lnntation the Copenhagen
strain {Goebel et al., 1990, Virol 179:247 and 317; Johnson of al,, 1993, Virol, 196:381}, the
Wyeth strain and the modified Ankara (MVYA) strain {Antoine ef al., 1998, Virol. 244:365),
The general conditions for constructing recombinant poxvirug are well known in the art (sse
for example BP 206 920; Mayr of al., 1975, Infection 3:6; Suiter and Moss, 1992, Proe. Natl.
Acad. Soi. USA 8910847, US 6,440,422}, The nucleic acid molecule of the present invention
is preferably inserted within the poxviral gonome i a non-essential locus, Thymidine kmase
gene is particularly appropriate for insertion in Copenhagen vaccinda vectors {(Hruby et 4l
1983, Proc. Natl. Acad. Sci USA 803411, Weir et gl,, 1983, 1, Virol. 46:530} and deletion {1
or I for insertion in MVA vector (Meyer ¢f al,, 1991, J. Gen, Virol 721031, Sutter et al,,
1994, Vaccine 12:1032)
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The present invention also encompasses veciors {e.g. plasmid DNAY complexed to Hpids or
polymers to form particulate structures such as liposomes, lipoplexes or nanoparticles, Such
woehnologies are available in the art {see for example Arangoa et al,, 2003, Gepe Ther. 135,
Blaz et al,, 2002, Gene Ther. 911230 and Betageri o al, 1993, “Liposome drug delivery

systems”, Technomic Publishing Company, Inc).

According to 2 preferred embodiment, the vectors of the invention comprise the nucleie acid
molecule{s) of the invention in a form suliable for expression in g host cell or organism,
which means that the nucleic acid moleculefs) is/are placed under the conirol of one or more
repulatory sequences, approprisie to the vector and/or the host call. it will be appmciaﬁaﬁ by
those skilled in the art that the cholce of the regulatory sequences can dopend on such factors

as the host cell, the level of expression desired, cto.

The promoter is of special importance and suitable promoters useful in the context of the
present invention include constitutive promoters which direct expression of the nucleic acid
molecule(s) in many types of host cell and those which direct expression of the nucleic acid
maolecule(s) only In certain host cells {e.g. Hver-specific regulatory seguences) or in response
to specific events or exogencus factors {e.g. by temperature, nuirient additive, hormone or

other ligand).

Prommoters suitable for constitutive expression in mammalian cells include but are not limited
to the cytomegalovirus (CMV) immediate early promoter (Boshart et al., 1953, Cell 41:3213,
the REV promoler, the adenovirus major late promoter, the phosphoglycero kinage (POK)
promoter {Adra et al., 1987, Gene 60:65), and the thymidine kinase (1K) promoter of herpes
simplex virus (HSV-1. Vacoinia virus promoters are particularly adapied for expression in
poxviral vectors, Representative example include without Hmitation the vaccinia 7.5K, H3R,
PIK7.5 {Hrbs et al,, 2008, Cancer Gene Ther, 15:18), TK, p2&, pli and K1L promoter, as
well as synthetic promoters such as those desenibed in Chakrabarti et al. (1997, Biotechnigues
23:10%4, in connection with the pSE/L promoter), Hammond ot al (1997, J. Virologieal
Methods 66:135) and Kumar and Bovle (1890, Vuology 179151 as well as eardv/iale
chimeric prometers. Liver-specific promoters include withowt Hmitation those of HMG-Coa
reductase {Luskey, 1987, Mol Cell. Biol, 7:1881); sterol regulatory eloment 1 {8RE-1; Bmith
et al., 1990, 1. Biol, Chenmy, 265:2306); albumin {Pinkert et al, 1987, Genes Dev, 1:268);

phosphoeno! pyrovate carboxy kinase (PEPCK) (Eisenberger ot al, 1992, Mol Cell Biol
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12:1396); human C-reactive protein (CRP) (L et al,, 1990, }. Biok. Chem. 265:4136); Inuman
glucokinase (Tanizawa et al, 1992, Mol Endocrinology 6:1070); cholestersl 7-alpha
hydroviase (CYP-7) (Lee et al, 1994, J. Biol Chem. 20914681}, alpha-1 antitrypsin
(Ciliberto et al., 1985, Cell 41:531); insulin-like growth factor binding protein (JGFBP-1)
{Babajko o al., 1993, Bicchemn Biophys. Res. Comm. 196:480), humen transferrin
{(Mendalzon et al., 1990, Nucleic Acids Res. 18:5717); collagen type | (Houghum et al,, 1884,
J. Clin. Invest. 94:808) and FIX (US 5,814,716} genes.

Those skilled in the art will appreciate that the regulatory elements controlling the expression
of the nucleic acid molecule(s) of the invention may further comprise additional elements for
proper initiation, regulaiion and/or terminstion of transcripiion {e.g polyA transcription
termination sequences), mMRNA ftransport {e.g. nuclear localization signal sequences),
processing {e.g. splicing sipnals), and stability (e.g introns snd nop-coding & and 3
sequences), translation {e.g an initiator Met, tripartite leader sequences, ribosome binding
sites, Shine-Dalgamo sequences, etc.} into the host cell or organism and purification steps

{e.g. atag)

in accordance with the present invention, the nucleic acid molecules of the present invention
encoding said polvmerase moiety, said core moiely and/or said env molety can be camried by
the same vector or at least two vectors {e.g. two or three independent vectorsh, Thus the
present invention encompasses a vector that carries the nucleic acid molecules encoding said
polymerase moiety, said core moiety and said env moiety as well as independent vectors, each
carrying only one or two of the nucleic acid molecules encoding said polymerase moiety, said
core moiety and said env moiety. Such vector{s) are also provided by the present invention as
well as compositions comprising soch vector{s). When using different vectors, they can be
from different origin or from the same origin, For example, one may envisage expression of
one HBV moiety from a defective poxvirus {e.g. MVA) and expression of the two other
moieties from another poxvirus vector {e.g. a Copenhagen vector). As another example, one
may envisage a composition comiprising an adenoviral vector encoding the polymerase moiety
and an adenoviral vector encoding the core and env moieties. Alternatively, expression from
different viral vectors {e.g. expression of the polymerase moiety from an adenoviral vector
and expression of core and/or env moicties fromn MVA or vics versa) is also suitable in the
context of the invention as well as expression of the HBV moieties from plagmid and viral

vectar(s).

33



20

WO 2611/015656 PCT/EP2610/061492

Preferred embodiments of the invention are directed io vectors selected from the group
consisting of:
{3y A MVA vector comprising a nucleic acid melecule placed under the control of a
vacoinia promoter such as the 7.8K promoter, and encoding a polvmerase moiety
comprising an amine acid sequence as shown in SEQ ID NO: 7, 8 or ¥ or in SEQ ID NO:
7 with the substitution of the Asp residue in position 494 fo an His residue and the
substitution of the Glu residue in position 672 to an His residue, Preferably, said nucleic
acid molecule is inserted in deletion I of the MV A genome.
{il} A MVA vector comprising a nucleie acid molecule placed under the control of a
vacoinia promoter such as the pHSr promoter and enceding a core moiety and an env
moiety comprising an mmino acid seguence as shown in SEQ W NO: 18 or 19, Preferably,
said nuclelc acid molecule is inseried in deletion 11 of the MV A genome.
(11} An Bl-defective Ad vector comprising inserted in place of the EI region a nucleie
acid molecule placed under the control of the CMV promoter and encoding a polymerase
molety comprising an amino acld sequence as shown in SEQ D NG 7, § or 9 or in 8EQ
ID NO: 7 with the substitution of the Asp residue in position 494 0 an His residue and the
substitution of the Ghu regidue in position 672 o an His residue.
(iv) An El-defective Ad vector comprising inserted in place of the El region a nucleic
acid molecule placed under the control of the CMV promoter and encoding a core moiety
and an env moiely comprising an amino acid seguence as shown in SEQ ID NO: 18, 19 or
20 or the portion of SEQ 11 NO: 20 starting af residue | and ending af residue 251 {core-
envi-env2) or the portion of SEQ 1D NO: 20 starting at residue 1 and ending at residue
221 {core~envil

As well as 1o a composition comprising vectors (i} and (it} or (1i1) and (v}

If needed, the vector or composition of the invention can further comprise one or more
fransgenels), e.p. a pene of interest to be expressed together with the nucleic acid molecule(s)
of the invention in a host cell or organism. Desirably, the expression of the transgene has a
therapeutic or profective activity to an HBY infection or any disease or condition caused by or
associated with an HBY infection or is able to enhance immunogenicity of the composition of
the invention. Suitable transgenes include without limitalion one or more additions] HBV
polypeptide(sypeptide{s) or encoding nucleic acid molecule(s) such as the X protein or

fragment thereof, immunomodulators such as eytokine (e.g. 1L-2, IL-7, H-12, 1L-13, 1118,
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IL-21, IFNg, fusion of ovtokines {such as those described in WO2005/14042) or their
encoding nucleic acid molecules as well as suicide gene products or sncoding nucleic goid
nolecules partioularly wseful in the context of weating liver carcinoma (such as cytosine
deaminase {CDasel, wacil phosphoribosyl transferase {(LUPRTase), the SO gene product
{described in WO 09/54481) and derivatives thereof {described in WO2006/048768) which
are to be used with the prodrug S-fluorocytesing (S-FC). I a transgene is used, it can be
expressed in the form of a fusion with any of the nucieic actd molecule of the invention or be
expressed independently under the control of appropriate regulatory elements, Further, it can
he inserted in any location of the vector of the invention or in an indepsndent vector which s

used in combination with the vector{s} or composition of the invention.

In another aspect, the present invention provides infectious viral particles comprising the
muecteic acid molecules or vectors of the present inveniion as well as compositions comprising

sach infectious viral particles.

Typically, such viral particles are produced by a process comprising the steps oft

{2} introducing the viral vector of the invention into a svitable celi ling,

{tv) culturing said cell line under suitsble conditions so as to allow the production of
said infectious viral particle,

{¢) recovering the produced infectious viral particle from the culture of said oell line,
and

(d) optionally purifying said recovered infectious viral particie.

When the viral vector is defective, the infectious particles are usually produced in a
complementation cell line or via the use of a helper viras, which supplies in frans the non
functional virsl genes. For example, suitable cell lines for complementing El-deleted
adenoviral veciors include the 293 cells (Graham et al,, 1997, J. Gen. Virel 36, 58-712) as well
ag the HER-96 and PER-C6 cells (e.g. Fallaux et al., 1998, Human Gene Ther. B, 1909-1817,;
WOO7/00326). Cells appropriate for propagating poxvirng vectors are avian cells, and most
preferably primary chicken embryo fibroblasts (CEF) prepared from chicken embryvos

obtained from fertilized eggs.

The infectious viral particles may be recovered from the culture supernatant or from the cells

after lysis. They can be further purified according to standard techniques (chromatography,
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uliracentrifugation in a cesium chloride gradient as described for example in WO96/27677,
WORB/00S524, WOLR/Z2SRE, WORR/26048, WON0/40702, EP1016760 and WO S0573).

The present invention also encompasses vectors or viral particles that have been modified to
allow preferential targeting to a8 particalar target cell (see for example Wickam ot al., 1967, I,
Virol. 71, 8221-8229; Arnberg et al., 1997, Virel, 227, 239-244; Michael ef al,, 1995, Gene
Therapy 2, 660-668; WO94/10323; WOOH/96939 and EP 1 146 125). A characteristic feature
of targeted vectors and viral particles of the invention is the presence at their surface of a
Hgand capable of recognizing and binding to 2 cellular and surface-exposed compovent such
as a cell-specific marker {e.g. an HBV-infected cell), a tissue-specific marker {e.g. a liver-
apecific marker), as well as a viral (e.g. HBV) antigen. Examples of suitable ligands include
antibodies or fragments thereof directed to an HBV antigenic domain. Cell targsting can be
carried out by penetically inserting the Hpand into & polypeptide present on the surface of the

virus (e.g. adenoviral fiber, penton, pIX or vaccinia pl4 gene product).

The invention also relates to host cells which comprise the nucleic acid moelecules, vectors or
infectious viral particles of the tnvention as well as compositions comprising such host celis.
In the context of the Invention, host cells tnclude prokaryotic cells, lower eukaryotic cells
such ag vesst, and other eukaryotic cells such as insect cells, plant and mammalian {e.g.
human or non-human) cells as well as complementing cells capable of complementing at least
one defective function of a replication-defective vector of the invention {e.g. adenoviral

veetor) such as 293 and PERC.EG celis,

According to a specific embodiment of the invemtion, the host ¢ell can be further
encapsulated. Cell encapsulation technology has been previously described (Tresco et al,,

1992, ASAIO 1 38, 17-23; Acbischer et al,, 1986, Human Gene Ther. 7, 851-860),

Still a further aspect of the present invention is a method for producing recombinant
polymerase, core and/or env motetics, amploying the vectors, infectious viral particles and/or
host cells of the invention. The method of the present invention comprises {a) introducing a
vector or an infections viral parficle of the invention into a suitable host cell 1o produce a
transfocted or infected host cell, {(b) culturing in-vifro said transfected or infected host cell

under conditions suitable for growth of the host cell, (¢} recovering the polvmerase, core
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and/or env wmoiety(ies) from the cell cultwe, and {d) optionally, purifying the recovered

polypeptide(s).

it is expected that those skilled in the art are knowledgeable w the numerous expression
5 systems available for producing the HBV molety(iss) in appropriate host cells and of the
methods for introducing & vector or an infectious vifal particle fnto a host cell. Such methods
include, but are not limited to, microinjection {Capechi et al,, 1980, Cell 22:479), CaPOy-
medisted transfection (Chen and Okavama, 1987, Mol. Cell Biol. 7:2745), DEAL -dextran-
medinted transfection, clectroporation {Chu et al, 1987, Nucleic Acid Res. 15:1311},
10 lipofectiow/liposome fusion (Felgner et al, 1987, Proc. Natl. Acad. Sci. USA 84 7413},
particle bombardement (Yang et al, 1990, Proc. Nath. Acad. Sci. USA 87:9368), gene guns,
transduction, viral infection as well as direct administration into a host organisin vig various

means.

15 The vectors of the invention can be used in association with transfection reagents in order to
facilitate introduction of the vector in the host cell, such as polveationic polvimers {e.g
chitosan, polymethacryiate, PEL etc) and cationic lpids (e.g DU-Chol/DOPE, transfectam
Hpofectin now available from Promege). Moreover, ag discussed above, recombinant DNA
technologies can be used o improve expression of the nucleie acid melecule(s) in the host cell

20 or organism, ¢.g. by using high-copy number vectors, substituting or medifying one or more
transcriptional regulaiory sequences {e.g. promoter, enhancer and the like), optimising the
codon usage of the nucleic acid molecule{s) to the host cell, and suppressing negative

sequences that may destabilize the transcript,

25 Host cells of the present invention can be cultured in conventional fermendation bioreactors,
flasks, and petri plates. Culturing can be carried out at a temperature, pH and oxygen content
appropriate for a given host cell. No atternpts to describe in detail the various methods kaowsn

for the production of proteins in prokaryote and eukaryote cells will be made here.

The HBV moiety(ies) can then be purified by well-known purification methods including

Lo
o

ammonium sulfate precipitation, scid exiraction, gel electrophoresis; filtration and
chromatographic methods (e.g. reverse phese, size exclusion, ion exchange, affinity,
phosphocellulose, hydrophobic-nteraction, hydroxylapatite, or high performance liguid

chromatography})., The conditions and technology to be used depend on factors such as net
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charge, molecular weight, hydrophobicity, hydrophilicity and will be apparent to those having

skill in the art. Moreover, the level of pusification will depend on the mtended use.

In another aspect, this invention provides a composition comprising at least one of the
polymerase, core and/or env molety(ics), the encoding nucleic acid molecules, the vector(s),
the infectious viral particle(s}, or the host cell of the invention {also referred herein to "active
agent™} or any combination thereof {e.z, combination of polypeptides or vectors/viral particles
encoding various HBV moieties as deseribed herein or combination of different genotypes).
Preferably, the composition is a pharmacentical composition which comprises  a
vharmacentically acceptable vehicle further to a therapeutically effective amount of the active

agent{s}.

Suitably, the composition of the investion comprises a diluent appropriate for human or
apimal use. It is preferably isolonie, hypotonie or weakly hypertonic and has a relatively low
ionic strength. Representative exsmples nclude sterile water, physiological saline {e.g
sodivm chiovde), Ringer’s solution, glucose, tehalose or saccharose solutions, Hank’s
selution, end other agueous physiclogically balanced salt solutions (see for example the most
current edition of Remington © The Sclence and Practice of Pharmacy, A. Gennaro,
Lippincott, Williams&Wilkins). The composition of the invention is suitably buffered in
ordar to be appropriste for human use at a physiological or slightly basic pH {e.g. from
approximately pH 7 to approximately pH 9} Suitable buffers include without limitation

phosphate buffer {e.g. PBS}, bicarbonate buffer and/or Tris bufker.

The composition can also eonfain other pharmaceutically aeceptable excipients for providing
desirable pharmaceutical or pharmacedynamic properties, inchuding for example modifying or
maintaining the pH, osmolarity, viscosity, clarity, colour, sterility, stability, rate of dissolution
of the formulation, modifying or maintaining relesse or absorption into an the human or
animal organisiz, promoting transpori acress the blood barrier or penetration in a particular

organ {(e.g. liver). Suitable excipients include aming acids.
The pharmaceutically acceptable vehicles included in the composition of the invention must

also permit to preserve its stability under the conditions of manufacture and long-term storage

{i.e. at least one month) st freexing {e.g -70°C, -20°C), refiigerated {e.g. 4°C7) or ambient
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ternperatures. In this respect, formulations which are particularly adapted fo the composition
of the invention include:

o IM saccharose, 150 md NaCl, ImM MgCly, 54 my/l Tween 80, 10 mM Tris
pi 8.3 {especially when the active agent ie an adenoviral vector), and

o 10 me/mi mannitel, T mg/mi H8A, 20 M Trig, gl 7.2, and 150 mM NaCl

o physiological saline

To addition, the composition of the invention may comprise one or more adjuvant{s} suitable
for systemic or mucosal application in humans. Preferably, the adjuvant is capable of
stimulating immunity to the composiion of the invention, especially a T cell-mediated
immunity e.g. fiwough the toll-like receptors (TLR), such as TLR-7, TLRE-8 and ."‘E“LRJ?),
Representative examples of useful adjuvants include without Hmitation alum, mineral oil
ennision such as Freunds complete and incomplete (IFA}, Hpopolysaccharide or a dedivative
thereof (Ribi et al., 1986, Immunology and Immunopharmacciogy of Bacterial Endotoxins,
Plenum Publ, Corp., NY, pd07-419), saponins such as Q521 {Sumino et al., 1998, J.Virol.
724931 WO 98/56415), imidazo-quincline compounds such as Imiquimed {Suader, 2000, 1.
Am Acad Dermatol. 43:58), $-27609 (Smorlesi, 2005, Gene Ther. 12:1324} and related
compounds such as those described in WO2007/147529, cytosine phosphate guanosine
oligodesxynucieotides such as CpG (Chu ef al, 1997, L Exp. Med. 186:1623; Tritel et al,
2003, 1. Immunol. 171:2358) and cationic peptides such as IC-31 (Kritsch et al,, 2005, 1
Chromatogr Anal. Technol Biomed Life Sci 822:263).

The composition of the present invention is suitable for g variety of modes of administration,
including systemie, topical and localized administration. Injection cany be performed by any
means, for example by subcutaneous, intradermal, intramuseular, miravenous, intraperitonesl,
infratumoral, intravascular, intrasrterial injection or by direct injection into an artery (e.g. by
hepatic artery infusion) or a vein feeding liver {e.g. injection into the portal vein). injections
can be made with conventional syringes and needles, or any other appropriate devices
available in the art. Alternatively the composition of the present invention may be
administered viz a mucosal rovte, such as the oral/alimentary, intranasal, intratrachoal,
intrapulmonary, intravaginal or intra-rectal route. Administration in the respivatory tract can
be performed through nebulisation or aerosolization of droplet, spray, or dry powdered
compositions using 3 pressured container (eg. with a suitable propellant such as

dichiorodiffuoromethane, propane, nittogen and the like), or in a non-prossurized dispenser,
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Topical administration can alse be performed using transdermal means (e.g. patch and the
like). In the context of the invention, a preferred composition is fornmiated for intramuscular

and subcutaneous routes.

The composition of the invention can be in various forms, e.g. solid, Hauid or frozen. Solid
{e.o. dry powdered or lvophilized) compositions can be obtained by a process involving
vacuum drving and freeze-drying. For mucosal administration, the compeosilions can be
formulated a5 gastroresistant capsules and granules for oral administration, suppositories for
rectal or vaginal administration, eventually in combination with absorption enhancers useful
t¢ increase the pore size of the muicosal membranes. Such absorphion enhancers are typically
substances having structural similarities to the phospholipid domains of the mucosal
membranes such as sodivm deoxycholate, sodinm glycocholate, dimethyl-beta-eyclodextrin,

fauryl-T-lysophosphatidyicholing),

The appropriate dosage can be adapted as a function of various parameters, in particular the
mode of administration; the composifion emploved; the age, health, and weight of the host
organisim; the nature and extent of symptoms; kind of concwrent treatinent; the frequency of
treatment; and/or the need for prevention or therapy. Further refinement of the caleulations
necessary o defermine the appropriate dosage for treatment i3 routinely made by a
practitioner, in the light of the relevant circumstances. For general guidance, suitable dosage
for a virus-comprising composition vartes from about 10° to about 10" vp (viral particles), fu
(infectious unit) or pha (plague-forming units) depending on the vector and the guantitafive
technique used. Technigues availabde to evaluate the quantity of vp, iu and pfo present ma
sample are conventional in the art, For example, the mumber of adenoviral particles (vp} s
usually detenained by measuring the AZ60 absorbance, tu titers by guantitative DBP
mmunotuorescence and pfa by counting the number of plagues foliowing infection of
permissive cells. Preferably the vp/iu ratio is below 100 in accordance with FDA guidelines.
Doses from about 5x10° to abeut 10° pfu are preforred for MV A-based composition with a
specific preference for doses of about 197, about 53107, about 16% or about 5x10% pfu,
Concerning Ad-based compositions, preferred doses contain from about 10° to about 10" vp,
with a specific preference for doses of about 10%, about 5x10°, about 16", abont 5210 vp or
shout 10" vis. A composition based on vector plasmids may be administered in doses of
between 10 gg and 20 mg, advantageously between 100 pg and 2 mg. A protein composition

may be administered in one or mors doses of between 10 ng and 20 mg, with a special
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preference for a dosage from about 0.1 pg to about 2 mg of the therapeutic protein per kg
body weight. The administration may take place in & single dose or a dose repeated one or
several times after a certain time inferval,

The composition of the invention may be emploved tn methods for treating a variety of
diseases and pathologic conditions, especially those caused by or associated with an HBV
infection. As used herein, the ferm "reatment” or “treating” encompasses prophylaxis and/or
therapy, | i sspecially aseful for treating HBY chronde infection and/or Hiver lesions in HBV-
infected patients including cirrhosis and liver cancer, Preferably, upon Introduction into a host
organistn according fo the modalitiss described herein, the composition of the invention
provides a therapeutic benefit to the treated host as compared to before treabment. The
therapeutic benefit can be evidenced by a number of ways, for instance a decrease of HBV
viral load detected in blood, plasma, sera or liver of an infected subject, and/or by the
detection of an anti-HBV fminme response {e.g. production of anti-HBY antibodies and/or T
celi-mediated immunity) or by the delay of the symptoms associated with an HBY infection
{e.g. delay in the development of Hver cirrhosis or cancer), or by a decrease of liver
inflammmation/steatosis/fibrosis conditions typically associated with HBV infection or by an

improved response of the individoal to conventional therapies.

Accordingly, the present invention also encompasses the wvse of at least one of the HBY
moieties, nucleic acid molecules, vectors, infectious viral particles, host cells or composttions
of the invention for the pieparation of a drug intended for treating or preventing HBV
infections, HBV-assoclated diseases and pathologic conditions, according to the modalities

described herein.

The presen{ mvention also provides a method for the freatment or prevention of HBV
infections, in parficular chronic HBY infection, HBV-associated diseases and pathologic
conditions, comprising admdnistering to a human or animal orgasism in need. thereof a
therapeutically effective amount of at least one of the HBV muoieties, nucleic acid molecules,
vectors, infectious viral particles, host cells or compositions of the invention.

The method or use of the invention comprises one or more administrations (1, 2, 3, 4, 5, 6, 7,
8, 9, 10, etc) of 8 therapeutically effective arount of said active ageni(s), said administrations
being separated from each other by an appropriate peried of time and being carried out by the

same rouie of adrministralion or by different routes of adminisirations {e.g. Intramuscular and
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subcutaneous routes), af the same site or at different sites. Three administrations separaied
from each other by 3 to 10 days {c.g. 3 weekly admimetrations} are particularly suitable for
MY A-based compositions and vector(s), This first series of administration can be fellowed by
one or more subsequent administration(s} using the same active agent(s} which can take place
one or several months 80 a3 to recall the anti-HBV imymune response primed by the 3
sequential administrations. With respect to Ad-based compositions and vector(s}, a preferred
method or use includes one administration, eventually followed by one oy two subsequent

administration{s} one and 6 mounths later,

It desired, the method or use of the invention can be carried oul in combination with one or
more conventional therapestic modalities {e.g. radiation, chemotherapy and/or surgery). The
uge of multiple therapentic approaches provides the patlent 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
profocols and parameters which can be used (see for example Porez and Brady, 1992,
Principies and Practice of Radiation Oncology, 2nd Ed. JB Lippincott Co; vsing appropriste

adaptations and modifications as will be readily apparent to those skilled in the fisld).

in still another embodiment, the method or use of the invention is associated o chemotherapy
with one or more HBVY drugs which are conventionslly used for reating or preventing HBY
infections, HBV-associated discases and pathologic conditions. Thelr administration may
precede, be concomsitant, or subseguent to the administration of the active agent in use in the
mvention. Representaiive sxamples of HBY drugs include without limitation polymerase
ihhibiim‘& RNase H inhibiiors, nucleoside analogs, nuclectide analogs, TLR agonists, N-
glveosviation inhibitors, sIRNA, antisense oligonucleotides, anti-HBY antibodies, iImmune
modulators, therapeutic vaceines and antitumor agents usually used in the treatment of HBV-
associated Hver cancers {e.g. adviamyein, adriamicin with lipiodol or sorasenib). Examples of
suitable therapeutic vaccines include without timitation recombinant antigens, VLPs, vectors
ot synthetic peptides based on or encoding HBV proteins (Core, preS1, PreS2, S and/or
polymerase) which are particularly suited to Wrigger an anti-HBV humoral response. Such
HBY drugs can be provided in a single dose or, alternaiively, in roultiple doses according to
standard protocols, dosages and regimens over several hours, days andfor weeks. A

particularly suitable method or use according to the invention is used in combinalion with
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standard of care which can be before, in paratlel or subseguently to the method or use of the
invention. Alhough such standard of care may vary from patient to palient, it generally
comprises treatment with cytokines {e.g. 1FNa, pegyviated IFNa2) and/or with,nucleotide or
nucleoside analogs such as lamivudine, entecavir, telbivudine, adefovir, dipivexil or

tenofovir,

In another embodiment, the method or use of the invention is carried out aceording o prime
boost therapeutic modality wiich comprises sequential administrations of one or more
priming composition(s} and one or more boosting composition{s}. Typically, the priming and
the hoosting compositions use different vehicles which comprise or encode at least an
antigenic domain in common. Moregver, the mlming and boosting compositions can be
administered at the same site or at alternative sites by the same route or by different routes of
administration. For example, compositions based on polypeptide can be administered by a
mucossl route whereas compositions based on vectors are preferably injected, e.g.
subcuianeocus injection for a MV A vector, intramuscular injection for a DNA plasmid and

subcutanecus or intramuscular infection for an adenoviral vector.

The present invention also provides a method of inducing or stimulating an immune response
against HBY in a host organism comprising administering o said organism at least one of the
HBV moieties, nucleic acid molecules, vectors, infectious viral particles, host cells or
compositions of the invemtion so as to induce or stimulate said immune response. The
immune response can b2 a specific and/or a nonspecific, humoral and/or celiular and, in this
context, it can be Ch4+ or CDE+mediated or both. The immune response is preferably a T

cell response direcied to an HBV antigen.

The ghility of the method of the invention fo induce or stimulate an anti-HBVY immune
response upon administration in an aninal or human organism can be evaluated either i viiro
or in vivo using a variety of assays which are standard in the arl. For & geperal desoription of
technignes available to evaluate the onset and activation of an inwnune response, ses for
example Coligan et al. {1992 and 1994, Current Protocols in Inununology ; ed J Wiley &
Sons Inc, National Institute of Health}, Measwement of cellular imymunity can be performed
by measurement of cytokine profiles secreted by activated cffector cells including those
derived from T4+ and CD8+ Tecells (e.g. gquantification of IL-10 or [FMg-producing cells

by Ellspot), by determination of the activation status of mmumne effector cells {e.g. T cell
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proliferation assays by a classieal {"H] thymidine uptake), by assaying for antigen-specific T
Iymiphocytes in @ sensitized subject {o.g. peptide-specific tysis in a oviotoxicity assay). The
ability to stimulate a humoral response may be determined by antibody binding and/or
compelition in binding (see for example Harlow, 1989, Antibodies, Cold Spring Harbor
Press). The method of the invention can also be further validated in animal models challenged
with an appropriate infectious or tumer-inducing agent {e.g 2 vaccinia virus or a Listeria
Monocytogenes bacteria expressing HBV gene products) to determine neutralization of the
infectious or fumor-inducing agent and cventually partial resistance io the associated
symyptorus, reflecting an indoction or an enhancernent of an anti-HBV immune response.
Testing and validation of the compositions of the invention are also tllustrated 1n the

appended Example scotion

In another aspect, the invention provides a kit of parts for use in the treatment or prevestion of
HBVY infections, including chronic HBV infection, HEV-associated diseases and pathologic
conditions according to the modalities described herein, and more particularly for inducing or
generating an immune response in a subject infected with HBV, wherein said kit comprises a
plurality of active agents selected from the group consisting of the HEY moieties, nucleic acid
molecules, vectors, infectious viral particles, host cells and compositions desoribed herein.
Desirably, said plurality of active agents is provided in the form of separate polypeptides or
separate vectors and administration of each of the active agents can take place simultaneousty
(at the same time) or separately {one following the other(s) afier a certain Hwme interval), by
the same rouie or different routes of adminisiration and at the same site {or close vicinity} or

different sites and using the same dose or different doses,

Of particular tuterest in the present invention ia a kit of parts which comprises a fivst vector
comprising a nucleic acld molecnle encoding the polymerase moiety as defined herein and a
second vector comprising a mucleie acid molecule encoding the core molety and/er the env
moiety as defined herein.

According to a preferred embodiment, sald first vector is a MV A vector comprising a nucleie
acid molecule placed under the control of a vaceinia promoter such as the 7.5K promoter and
encoding a polymerase moicly comnprising an amino acld seguence as shown in S8EQ I NO:
7, B or @ or in SEQ ID NO:7 with the substitution of the Asp residue in position 494 to an His
restdue and the substitution of the (Giu residue in position 672 to an His residue | and said

second veetor is a MVYA veelor comprising a nucleic acid molecnle placed under the control
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of a vaceinia promoter such as the pHSr promoter and sucoding a core moiety and an env
maoiety comprising an amino acid sequence as shown in SEQ ID NO: 18 or 196,

According to ancther preferred embodiment, sald first vector is an adenoviras vector
comprising a nucieic geid molecule placed under the control of & suitable promoter such as the
UMV promoter and encoding & polymerase molety comprising an amino acid sequence as
shown in SEQ D NO; 7 or SEQ 1D KOs § or SEQ ID NO: 7 with the substitution of the Asp
residue in position 494 to an His residue and the substitution of the Glu residue in position
672 io an His residue | and said second veetor 1s an adenovirus vector comprising a nucleic
acid molecule placed under the control of a suitable promoter such as the CMV promoter and
encoding a core moiety and an env molety comprising an amino acid sequence as shown in
SEQ I NO: 18, 19 or 20 or the portion of SEQ ID NG: 20 starfing at residue | and ending at
residue 251 (core-envl-env2) or the portion of SEQ I WO: 20 starting at residue 1 and
ending at residue 221 {core-envi).

The kit of parts of the present invention may further comprise a third veclor expressing an
immunomodulator as defined above. For illustrative purposes, preferred doses of each active
ingredient comprised in the kit of parts is of the same order as that described above in
connection with the composition of the invention, with a specific preference for a dose from
5x10° to 10° pfu for each poxviral or MVA vector and from about 10° to abont 10 vp for

each adenoviral vector.

The invention also provides antibodies that selectively bind to the HEY moicties in use in the

present invention or peptide fragments thereof As used herein, sn antibody selectively binds a

target peptide when it binds the target peptide and does not significantly bind to unrelated

proteins. In cortain cases, if would be understood that antibody binding to the peptide is still
selective despite some degree of cross-reactivity, It 38 nonetheless preferred that the antibody

of the invention does not bind with high affinity or high selectivity o BBV native protein.

Az used herein, an antibody is defined in terms consistent with that recognized within the art.
The antibodies of the present invention include polyclonal antibodies and monoclonal
antibodies, as well as fragments of such antibodies, including, bul not Hmited {5, Fab ot
F(abl).sub.2, and Fv fragments. Antibodies of the present invention can be produced using
conventional fechniques in the art, e.g following administering fo an animal an effective
amount of any of the HBV moieties described hersin and/or a peplide fagment thereofl

Antibodies are preferably prepared from regions or discrete fragments of the HBYV moieties
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comprising unigue sequences, such as the ones directed to the modifications described herein

introduced into the native HBY proieine.

Antibodies of the present invention have » variety of potential uses that are within the scope
of the present invention. For example, such antibodies can bo used (g) as reagents m assays {o
detect the Hrst or second polypepiides of the present invention, (b} as reagents in assays {o
{etect the presence of a3 HBVY virus in a biclogical sample, and/or {¢} as focls 1o recover the
recombinantly-produced HBV moisiies from g mixture of proteins and other contaminants
{e.g. by permitting purification by affinity chromatography or immunoprecipitation from

cultured host cells).

The present invention also relates to a method for the detection and/or quantificaion an HBY
viris or an anti-HBV antibody in a biclogical sample {&.g. plasma, serum, tissue} taken from
an individual susceptible to be infected by said HBV virus using at least one of the HBV
moieties nucleic acid molecules, vectors, infectious viral particles, host cells, compositions or

antibodies of the invention.

In one embodiment, the method is wore particularly suited for the detection andfor
guantification an HBV virss in a biological sample and comprises at least the steps of
bringing said biological smmple into contact with at least one of the antibodies of the
invention under conditions allowing the formation of a complex between the virus and the
antibody and detecting and/or quantifying the formation of said complex by any appropriate

nmeans.

In ancther embodiment, the metbod is more particularly suited for the detection andfer
gquantification an anti-HBV antibody in a biological sample and comprises at least the steps of
bringing said biclogical sample into contact with at least one of the HBV moisties, nucleic
acid molecules, vectors, infectious viral particles, host cells, compesitions of the mvention
under conditions allowing the formation of a2 complex between the anti-HBY antibody and the
HBY moiety, nucleic acid molecule, vector, infectious viral particle, host cell, composition of
the invention and deiecting and/or guantifving the formation of said complex by any

appropriate means.
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A person skilled in the art will easily delermine the guantity of antibody, HEV moicty,
nucleic acid molecule, vector, infectious viral particle, host cel, compositien to be used in the
methods of the invention, The means of detection and/or guantification of the virus are routine
and well known o a person skilled in the art. By way of illustration, one may mention blots,
BLISA, so-called sandwich techniques, competition techmgues, and PCR techniques, in
particular so called “real-time™ techpigues. The use of an antibody, HBY muolety, nueleic acid
malecule, vector, infections viral particle, host cell, or composition of the present invention as
reagont can be facilitated by coupling {Le., physically Hnking} to a detectable substance.
Examples of detectable substances inchude various enzyimes {e.g. horseradish peroxidase,
alkaline phosphatase, beta-galactosidase or acetylcholinesterase), prosthetic groups (e.g.
streptavidin/bintin, or avidin/biotin), flucrescent materials {e.g. umbelliferone, fluorescein, or
fluorescein derivatives), uminescent materials, bicluminescent materials (e.g luciferase,

I ‘ o b i o 128¢ 13Dy 35¢ . 3y
ueiferin, or aeguoring, and radicactive muterials {e.g 257, B 38 o Y.

Finally, the invention relates to the use of al least one of the HBY moieties, nucleic acid
molecules, vectors, mfectious viral particles, host cells, compositions, or antibodies of the

invention for the in vitre diagnosis of an HBY infection in a biological sample,

The mvention has been described in an llustrative manver, and it is to be understood that the
terminology which has been used is intended to be in the nature of words of description rather
than of limitation. Obviously, many modifications and variations of the present invention are
possible in light of the above teachings. It is therefore to be uadersiood that within the scope
of the appended claims, the invention may be practiced in a different way from what is

specifically described herein.

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 indrvidual
patent, publication or entry were specifically and individually indicated to be incorporated by

reference,

Legends of Figurey
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Yigure 1 Mustrates MBY polypeptide expression from adensvivus and MVA infected
ceils. A549 cells or chicken embrvo fibroblasts were infocted at MOI 10 or 50 for adenovirus
or MOV 0.2 or T for MVA and cells were tysed 48h after infection. Western blot were then
performed with cell lysates obtained from cells infected with the various Ad (Figure 1A) and
MVA (Figure 18} constructs fo detect specific HBVY proteins. Core-containing polypeptides
were detected using an anti-Core antibedy (C1-5 or 13A9, dilution 1/200) and polymerase-
containing polypeptides with an anti-Pol anfibody (815, difution 17200} as privoary antibodies
amnd the secondary antibody was coupled to HRP. Expected sizes for the proteins expressed by
Ad TGI7909 and Ad TG17910 are respectively 31.6kDa and 88.5kDa. Expected sizes for
profeins expressed by MVA TGL7971, MVA TG17972, MVA TG17993 and MVA TG17994
are respectively 202kDa, 15.8kDa, 20kDa and 23.5 kDa Expecled sizes for proteins

sxpressed by MYA TGI7842 and MVA TG17843 ave BR.5kDa and 98.2 kDa respectively.

Figure 2 fllusirates the immunogenicity of HBV polypeptides encoded by adenovirus in
Elispats IFMy assays. Five individuad mice (HLA-AZ fransgenic mice) were immunised once
with either Ad TG17909 alone (black bars), Ad TG17910 alone {(white bars) or in
combingtion {Ad TG17909 + Ad TGIT7910) (groy bars). Figure 24 illustrates spearfic T cell
responses targeting Polymerase profein using the HLA-AZ restricied peptide SLY (SEQ ID
NGO 85) or an ivrelovant one {not shown). Figure 28 illustrates specific T cell responses
targeting Core protein using the HLA-AZ2 restricted peptides FLP (SEQ ID NO: 56) or ILC
{(SEQ ID NGt 7). Figare 2C Hustrates specific T cell responses targeting Env domains using
the HLA-AZ2 restricied peptides VLG (SEQ 1D NO: 58), FLG (8EQ 1D NG: 59) or GLS (S8EQ
ID NO: &0}, Each bar represents an individual vaccinated mouse and the hatched bars
represent the median of each group. Results are shown ag the mean value of the number of
spots observed for 10° spleen cells, obtained from triplicate wells. A response was considered
positive if the number of spots was higher than SO spots per 10° cells (this cut-off is

represented by a thick black line).,

Figure 3 iHustrates the mmupogenicity of HBVY polypeptides encoded by adenovirus
veetor b intraceibular cytolilne staiming assays. Five individual mice (HLA-A2 transgenic
mice} were imumunised once with either AATGLT209 (Figure 3B), AdTGI7910 (Figure 3A) or
a combination of AdTG17909 and AJGTG17810 (Figore 3C). Splenocyies were coltured for 3h

-

with Golgi-Plug and in presence of cach HLA-AZ restricted peptide (SLY for Pol, FLE, 1LC
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for Core, VLQ, FLG and GLS for Env) or an frelevant one. The percentage of CD8+ cells
producing oyiokines (IFNg and/or TNFa) specific of each HLA-AZ restricted epitopes, was
assessed by ICS assays. Each bar represents an individual vaccinsted mouse, with IFNg
producing cells represented by a black bar, TNFa producing cells by a white bar and IFNg +

TNFa producing cells by a hatched bar and all these cell populations are piled for each mouse.

Figure 4 jHustrates the ability of HBVY polypentides encoded by adenovirus veclor to
fnduce CDB and CD4 T cell responses, detected by intraveliular cytokine staining assays,
AATGIT009 and AdTGI7910. Splenocvies were cultured for Sh with Golgi-Plog and in
prosence of each HLA-AZ restricted pepiide (SLY for Pol, FLP, ILC for Core, VLG, FLG and
(LS for Bnv) or pools of overlapping peptides (15aa overlapping by {1amino acids, 2 pools
of peptides for Core and 2 pools of peptides for Env) covering the whole antigenie domains or
an irrefevant peptide. Indueced specific CDB T cells producing IFMNgamma and/or TNFalpha
{Figure 4AY and induced specific CD4 T cells producing IFNgamma and/or TINFalpha {Figure
4B} or producing FNgamma and/or ILZ (Figure 4C) were monitored by HC8 assays. Bach bar
represents an individual vaceinated mouse, with IFNg producing cells represented by a grey
par, TNFa or 1L2 producing cells by 8 white bar and IFNg + TNFa or IFNg + IL2 producing
cells by a hatched bar and all these cell popudations are piled for each mouse. The median of

gach group 1 aiso showed.

Figure 3 illustrates the ability of adenovirus vector encoding HBV polypeptides to
induce in vivo functional eytolysis against target cells loaded with HBV HLA-A2
restricted epitopes. Three individual mice (HLLA-A2 transgenic mice) were immunised once
with a combination of AJTG17989 and AATG17910 (M1 to M3) and one mouse was
immunized once with an empty adenovirus vector as negative confrol (M), CFSE stained
splenocytes from syngenic mice, loaded with HBV HLA-A2 epitopes or not (negative
control) were injected intraveinously to vaccinated mice. The in vive lysis of stained cells was
assessed for each mouse 24h later by flow cytometry and calculated as indicated in Material
and methods. The mean of specific lysis observed for each peptide for the 3 mice vaccinated

with AdHBY was calculated and showed (Mean M1-M3),

Figure 6 Hlustrates the immunogenicity of HBY polypeptides encoded by MVA vector as

determined by Flispots IFNgamma assays. Individual mice (HLA<AZ transgenic mice)
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were dmpmmised  three times at one week interval with either MVATGI7842 or
MVATG17843 (Figure 6A) or MVATGYT97] (Figure 6BY or MV A TGI7972 or the negative
conirol MV A TGN33.1 (data not shown). Figure 6A illustrates specific T cell responses
targeting Polyvmerase protein following nmunization with MVA TG17842 {dark grey bars}
or MVATGI7843 {(light grey bars) using the HLA-AZ restricted peptide SLY (SEQ 1D NO:
583, pool & of peptides covering the Coterminal part of the polymerase protein (25 peptides of
15 amino acids overlepping by 1lamino acids /pool, an brelevant peplide or medium
{negative controls). Figure 68 illusirates specific T cell responses targeting Core protein
following immunization with MVA TG17971 using the HLA-AZ restricted peptides FLP
(SEQ ID NO: 36}, 1ILC (SEQ I Nk 37), peptides pools “core 1 and core 27 {21 o 22
peptides of 15 amino acids overlapping by Uamino acids /pool), an irrelevant peptide or
medinn (negaiive controls). Each bar represents an individual vaccinated mouse and the
watched bars represent the mean of each group. Resulis are shown as the mean value of the
wimber of gpots observed for 10° spleen cells, obtained from triplicate wells. A response was
considered positive if the number of spots was higher than 50 apots per 10° cells (this cug-off

is represented by a dotted black line).

Figure 7 ilustrates the immunogenicity of HBY polypeptides encoded by MVA vectors
co~-infected in mouse, as deterndoed by Hlispots [FNgamms assays. Individual mice
(HLA-A2 transgenic mice} were immmunised three times at one week interval with a mix of
MVATGI7843 and either MVATGI7972 {(Figure TA) or MVATOIT7S93 (Figure 7B) or
MVATGI7994 (Figure 70) or with MVA TG N33.1 alone a5 negative confrol (data not
shown). Specific T cell responses targeting Polymerase protein wers determined using the
HEA-AD restricted peptide BLY (SEQ ID NG: 85) and specific T cell responses targeting Env
domains using the HLA-AZ restricted peptide GLS {(SEQ ID NO: 60} or a pool of peptides
covering the Eov2 domsin {pool of 15 amino acid-long peptides overlapping by 1lamino
acids}, An irrelevant peptide and medivsm were used as negative controls, Each bar represents
an individual vaccinated mouse and the hatched bars represent the mean of each group.
Results are shown as the mean value of the number of spots observed for 10° spleen cells,
abtained from triplicate wells. A response was considered positive 1 the momber of spots wag

higher then 92 spots per 10° cells {this cut-off is represented by a dotted black line).

EXAMPLES
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1. Material and Methods

The constructions described below are carried out according to the general genetic engineered
and molecular cloning technigues detailed in Marniatis et al, {1989, Laboratory Manual, Cold
Spring Harber Laboratory Press, Cold Spring Harbor NY? or according to the manufacturer’s
recommendations when a commercial kit is used. PCR amplification techniques are known to
the person skilled in the art {see for example PCR protocols A guide to methods and
applications, 1990, published by Innds, Gelfand, Sninsky andWhite, Academic Press). The
recombinant plasmids carrving the ampicillin resistance gene are replicated in the B coli
CG00 (Stratagene) on agar or liquid medium supplemented with 100pg/ml of antibiotic. The
constructions of the recombinant vaceinig viruses are performed according to the conventional
technology in the field in the documents above cited and in Mackett et al. {1982, Proc. Natl.
Acad, Sci. USA 79, 7415-7419) and Mackett et sl (1984, J. Virol. 49, 857-864). The
selection gene got {xanthine guanine phosphoribosyltransferase) of I cofi (Falkner and Moss,
1988, §. Virol. 62, 1849-1854) is used to facilitate the selection of the recombinant vaccinia

virases.
1.1 Yectors constructions and production
114 Selected antigens and HBV seguence strain

The vectors exemplified hereinafler have been engincered fo express the polymerase, core
polypeptides and immunogenic domains of the envelope protein. They ell originate from
HBV strain Y07587 which sequence is desoribed in internatiopal databases (Genbank

Y7387 and in different publications. It is a genotype D virus of serotype ayw.

The Core polypeptide is either wild-type (aa 1-183) or a Core polypeptide deleted of amino
acids 77 to 84 (Le. Core containing amino acid 1 to 76 and 85 o 183 designated core™} or a
C-terminally truncated polypeptide {1-148) or a C-terminally iruncated core (1-148) further
deleted of amine acids 77 to 84 (e Core containing amino acid 1 0 76 and &5 to 148

designated core™t).

The polymerase polypeptide is either wild tvpe or a N-terminally truncated polypeptide

lacking the first 47 amino gerds {(48-832) or a Netruncated polymerase {(48-832} further

n
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mutated at posititon 540 (D in H) and 718 (E in H} {positions 450 and 718 being given with
respect o the wild-type polvmerase) or the truncated (48-832) and mutated polymerase
(D340H and E718H) which is fused to the peptide signal and transmembrane domain of the

rabics virgs glycoprotein (Fol¥TMR).

The selected Env domains are : domain from amine acids 14 {0 51 of the S protein (Eav 1}
wd domain from amino acids 165 10 194 of the HBs protein {Env 2) and domain from amine

acid 202 to 226 of the HBs protein (Bnv 4),

1.1.2. Counstruction and production of a MVATGI7842 expressing a truncated and

mutated HBY polymerase {(Pol®}

The nucleotide seguences encoding a modified HBV polymerase polypeptide were
synthesized by Geneart company using synthetic oligonuclectides and PCR products, The
modified HBV polymerase corresponds to the polymerase protein of HBV YU7587 (SEQ ID
NO:TY mutated at pesition 546 (D in H) and 718 (B in H) in order to eliminate Rnase H and
RTase activities exhibited by the native HBY polymerase (resulting in amino acid sequence
shown in SEQ ID NO: 8 and suclectide sequence shown i SEQ ID NG 22). The
reassembled Pol seguence was then cloned in a plasmid vector resulting in PGALS-pel (SEQ
ID NO: 27). A truncated version deleted of the first 47 amino acids present at the N-terminus
of the native HBV polymerase was amplified by PCR from pGA15-Pol plasmid using the
following primers OTGIN037
(GAGCCGATATCCACCATGAATGTTAGTATTCCTIGGAC) (BEQ ID NO: 28} and
OTGIS03E {(GATCGCTAGCTCACGGTGOTUTCCATGCGAL) (SEQ ID NO: 293 The
resulting fragment was inseried into the Nhel and FooRV restriction sites of a MVA transfer
plasmid downstream the p7.5K promoter {Cochran ef of, 1985, 1, Virel. 3430}, resulting in

TO17842, The mutated and troncated polyimerase is designated hereinafter pol®.
P pory £n %

The MVA transfer plasmid is designed o permit insertion of the mucleotide sequence 1o be
transferred by homelogous recombination in deletion Il of the MVA genome. It oniginates
from .pia.smiai pTGIE {deseribed in Braun of af, 2000, Gene Ther. 7:1447) into which were
cloned the flanking sequences (BRG3 and BRD3) surrounding the MVA deletion I (Sutter
and Moss, 1992, Proc, Natl, Acad. Sci. USA 89:10847). The transfer plasmid also contains a

fosion between the deguorea vicioria enhanced Green Fluovescent protein (eGFF gene,
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isolated  from  pBEGP-CL, Clontech) and the Escherichic cofi  xanthine-guanine
phosphoribosvifranaferase pene {gp¢ gene) under the control of the early Iate vaccinia virus
gynthetic promoter pHIKTS (kndly provided by R, Wittek, University of Lausamne).
Synthesis of wanthine-guanine phosphoribosyltransferase enables GPT recombinant MVA o
form plagues in a selective medium comtaining mycophenolic acld, xanthine, and
bypoxanthine (Falkner ¢f af, 1988, 1. Virel, 62, 1849-54) and oGFP enables the visualisation
of recombinant MVA plagues. The selection marker ¢GFP-GPT 18 placed between two
homologons sequences in the same orientation. When the clonal selection is achieved, the
selection marker s easily eliminated by several passages without selection allowing the

growth of eGFP-GPT recombinant MVA.

Genergtion of MYATG17842 virus was performed by homologous recombination in primary
chicken embryvos fbroblasts (CEF) infected with MVA and transfected with pTG17842
(according to the standard calcium phosphate DNA precipitation}. Viral selection was
performed by three vound of plaque purification in the presence of a selective medium
containing mycophenolic acid, xanthine and hypoxanthine, As mentioned above, the selection
marker was then eliminated by passage in a non-selective medium. Absence of contamination

by parenial MV A was verified by PCR.

Analysis of expression of HBV polymorase was performed by Western-blot. AS49 cells
{ATCC CCL-188) were infected at MO of 1 with MVATG17842 (Pol™) in presesce or in
absence of proteassome inhibitor MG-132 (16pM) added to growth medium, After 24 hours,
cells were harvested. Western-blot analysis was performed using commercial monocional

anti-Pol antibody Hep B Pol (RDS, Santa Cruz, # se-31591)

1.1.3. Consiruction and production of MVATGI7843 expressing a truncated and
mutated HBY polymerave fused to the membrane-anchoring domain of rables envelop

giveoprotein (Pol*TMR)

The HBV Pol* sequence was then modified by fusion at s N-terminus to a peptide signal
(8S) and at its C-terminus to a membrane-anchoring sequences (FMR) derived from the
glycoprotein of the rabies virus (ERA isolate; described in Genbank N® M38452). The &8 and
TMR sequences were amplified from plasmid pTG8042 (described in W{O9%/G38835) by PCR
using  respectively  primer  pairs  OTGIS045 {(SEG D WO 30)
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{CAGTQATATCCACCATGGTTCCTCAGGCTCTCCTG) /7 OTGI9047 (8EQ I NO: 31
{(GTCCAAGOGAATACTAACATTAATAGGUAATITCCCAAAACACAATG) and
OTG19049 {(SEQ D N 32}
(GTCGCATGGAGACCACCGTATGTATTACTGAGTGCAGGSG /[ OTG19050 (SEQ D
NO: 333 (CAGTGUTAGUTCACAGTCTGETCTCACCL), Pol¥ sequence was amplified
from plasmid pGAlIS-Pol by PCR using primer parr OTGLO046 (SEQ ID Nk 343
{GTTTTGGCAAATTCCCTATTAATGTTAGTATTCCTTGGACTC)Y / OTGIO048 (SHQ ID
MO 35} (CTOCACTCAGTAATACATACGOTGOTCTCCATECGACGTGC), Then, 85-
Pol*-TMR seguence was reassembled by triple POR using the following primers OTG19045
{SEG ID NO: 30) and OTGL9050 (SEQ 1D NO: 33} The resulting fragment was inserted mto
the Nhel and EcoRV restriction sites of a vaccinia transfer plasmid downstream the p7.35K

promoter (Cochran et al, 1985, J. Virol. 54:30), resulting in pT'G17843.

Generation of MYVATGI7843 virus was performed in CEF by homologous recombination as

described above.

Analysis of Pol*-TMR expression was performed by Western-blot. A549 celle were infected
at MOT 1 with MVATGI7843 in presence or in absence of proteasome inhibitor MG-132
(10M} added to growth medium. After 24 hours, cells were harvested. Western-blot analysis
was performed using commercial monoclonal anti-Pol antibody Hep B Pol (BDS, Santa Crue,

# sc_—81 591).

1.1.4 Construction snd production of MVATGI17971 expressing a deleted Core

polypeptide ({fai‘ew)

Core® corresponds o the Core sequence of HBV Y07587 (SEQ ID NO: 2) deleted of amino
acids 77 to 84.

The Core* encoding seguences were reconstifuted by double PCR from pGA4-Core plasmid.
This plasmid was made by Geneart company. It contains a full length coding seguence of
modified HBV Core gene which was assembled from synthetic oligonucleotides andior PCR
products. The fast two codons CAA TGT of the coding sequence were modified in CAG TGC

to avoid sequence homology with Pol (SEQ D NO: 36},
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Core sequence from positions 1 to 76 was amplified by PCR wsing the following primers
OTGI9280 (SEQ I NO: 37 (GACTOTTAACCACCATGGACATTGATCCTTA-
TAAAGAATITGY and OTGISI92 (BEQ D NO: 38) (GTTGACATAACTGACTA-
CCAAATTACCACCCACCCAGGTAG).  Core sequence from positions 85 o 183 was
amplified by PCR  with the following primers OTGI9201 (SEQ ID NGO 3%)
(GTGOGTGGTAATTTGGTAGTCAGTTATGTCAACACTAATATGY  and  OTGIS0NR0
(8EQ ID N 61} (GACTCTCGAGTTAGCACTGAGATTCCCGAGATTS). A donble PCR
was performed using OTGI9290 (SEQ ID NO: 37) and OTG19080 {SEQ 1D NO: 613 and
both latter generated amplicons. The resulting fragment was inserted into the Xhol and Hpal
rosiriction sites of & vaceinia transfer plasmid downstream the pHIR promoter (Rosel ef al,

1986, J Virol. 60:436), resulting in pTG17971.

Generation of MVATG17971 virus was performed in CEF by homologous recombination as

described above.

Anelysis of Core® expression was performed by Western-blot. Chicken embrys fibroblasts
were infected at MOI 02 with MVATGIT97E,  After 24 hours, cells were harvesied,
Western-blot analvsis was performed using & commercial monoclonal anti-core antibody Hep

B cAg {(13A9) (Santa Craz, # 5239486},

L1, § Construction and production of MYATGITITE expressing a deleted and truncated
Core polypeptide (Core™t}
Core*t corresponds 1o the Core seguence of HBY YU7387 (SEQ ID NO: 2) truncated afler

amino acid 148 and deleted of amine aclds 77 to 84,

The Core*-encoding sequences were reconstituted by double PUR from plA4-Core plasmid
which contains the sequence encoding the full length HBV Core gene which was assembied
from syathetic oligonueieotides and PCR products except that the last two codons CAA TGT
of the coding sequence were modified in CAG TGO to avoid sequence homology with Pol

{(SEQ ID NMO: 36},

Core sequence from posilions 1 to 76 was amplified by PCR using the following primers
OTGI0Z9C  (SEQ I NGO 3% ((3’.@'&{3?"(}1‘”5!&,&CCAC{:ATGGACATTGAT@CTTA~
TAAAGAATTTG) and OTGI9292 (SEHG ID NO: 38) (GTTGACATAACUTGACTA-
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CCAAATTACCACCCACCCAGGTAG). Core sequence from positions 85 fo 148 was
araplified by PCR from pGAd-core with the following primers OTG19281 (SEQ ID NO: 38)
{CTGOUTGGTAATTTOGTAGTCAGTTATCGTCAACACTAATATG)  and  OTGI9Z99
(REQ ID NO: 40) (GACTCTCGAGTTAAACAGTAGTCTCCGGAAGTG).  The double
PCR was performed using OTG19290 (SEQ ID NG 37) and OTGI299 (SEQ 1D NQO: 40).
The resulting fragment was inserted into the Xho! and Hpe! restriction siles of & vaccinia
transfer plasmid downstream the pHSR promoter {Rosel ¢ af, 1986, J Virel 6(0:4303,

resulting in pTG17972.

Generation of MVATG17972 virus was performed in CEF by homologous recombination gs

described above,

Analysis of Core™t expression was performed by Western-blot. Chicken embryo fibroblasts
were infected at MOI 0.2 with MVATGL7872.  After 24 hours, cells were harvested.
Western-blot analysis was performed using a commercial monacional anti-core antibody Hep

B cAg {13A9) (Santa Cruz, # 50235463

1.1. 6 Construction and production of MVATGI7993 expressing a deleted snd {runcated

Core polypeptide fused to the Eavl im;nam;gmie demsain {(Cere™t-envi)

The Core-t* moiety was fused fo Bnvl domain extending from amine acids 14 o 31 of the
His protein,

The Core*t -Bnvl sequence was reconstituted by double PCR. Core™t sequence was amplified
by PCR from pTG17972 using the following primers OTG19317 (8EQ ID NO: 41}
(GACGGGATCCACCATGGACATTGATOCTTATAAAGAATTTGG) and  OTGIO319
(SEQ ID NO: 42) (GCCTOCTTGCAGGACAACAGTAGTCTCCGGAAGTGTTG). Havl
sequence was amplified by PCR from plasmid pME-C/E (BEQ ID NO: 43) using the
following primers OTG19318 (SEQ ID NO: 447 (CCGGAGACTACTGTTGTCC-
TGCAAGCAGGCTTCTTEY and OTG19320 (SEG ID NO: 43) (GAGTCATTCTCGAC-
TTGCGGCCGUTTACTGACCCAGGUAAACCETGG).  The double PCR was performed
using OTGI9317 (SEQ ID NO: 41y and OTCG19320 (SEQ ID NO: 45) The resulting
fragment was inserted into the Bamii and Nor! restriction siles of a  vaccinia transfer
plasmid downstream the pH3R promoter (Rosel ef of, 1986, 1 Vircl, 60:438), resulling in

pTGL7993,
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For ilustrative purposes, the plasmid pME-C/E was made by Geneart and contains 4 chimeric
sequence consisting of an insertion of three HBY ¢nv domain seguences info core ssguence
(SEQ 1D NO: 43), The native core and env nucleotide seguences were degenerated 10 avoid
sequence homelogy with HBV Pol sequence and also sequence instability due to polyT or
polvGC streiches. In addition, the core ssquence was deleted of amino acids 77 to 84 and
truncated at aal48. The selected Env domains are : domain from amine acids 14 o 51 of the §
protein {BEnv 1) and domain from amine acids 165 to 194 of the 8 protein (Env 2} and domain
fron amine acid 202 to 226 of the § protein (8nv 4}, The three domains were inserted
respectively gt positions nt 127, at nt 222 and at nt 416 of core sequence. it has to be noted
that insertion of this sequence in a MV A vector results in evtotoxieity in the expressing cells,

emphasizing the fact that the design of the env-core fusion is not straightforward,

Generation of MVATGI7993 virus was performed in CEF by homologous recombination as

described above.

Analysis of Core*t-envl expression was performed by Western-blot, Chicken embryo
fibroblasis were infected at MOI 0.2 with MVATG17993.  After 24 hours, cells were
harvested, Western-blot analysis was performed using g commercial monoclonal anti-core

antibody Hep B cAg (13AS Santa Cruz, # sc-23946).

1.1 7, Construction and production of MYVATGIT7994 exproessing & deleted and
truncated Core polypeptide fused to Envl and Env ivumunegenic domains (Core™t-

suvi-envi}

The Core*t polypeptide described in 1.1.5 was then fused fo two immunogenic domains
extending from amine acids 14 t0 31 (BEnv 1} and from amine acid 165 0 194 (EnvZ) of the

HBs protein

The nucleotide sequences encoding the Core*t-Envi-Env? were reassembled by triple PCR.
Core*t sequence was amplified by PCR from pTG17972 using the following primers
OTG19317 (SEQ I NO: 41) and OTG19319 (SEQ ID NO: 42}. Envl was amplified from
pMEK-C/E plasmid using the following primers OTGI9318 (SEQ ID N 44) and OTG19322
{SBQ 1D NO: 46 (GCOTGCOCTTGCOCACTCACCCAGGUAAACCOTGE). Hav? was
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amplified from pMK-C/E plasmid using the following primers OTGIR32Y (SEQ 1D NOn 47
(CGOTTTGCCTGGGTCAGTGGGCAAGCGCACGUTTTAGE) and OTGIR323 (8EQ ID
NO: 48) (GAGTCATTCTCOACTTIGCGGUCGCTTACACGCTCAGCCACACGOTTGA).
The triple PCR was performed using OTG19317 (SEQ ID NO: 41) and OTGI9323 (SEQ ID
NO: 48). The resulting fragment was inserted inio the BamHI and Notl restriction sifes of a
vaceinia transfer plasmid downstream the pHSR promoter (Rosel ef af, 1986, J Virol. 601436},

esulting in pTG17994,

Generation of MVATGI7994 virus was performed in CEF by homologous recormbingtion as

described above.

Analysis of Core*t-envi-envZ expression was performed by Western-blot, Chicken embryo
fibroblasts were infected at MOI 0.2 with MVATG17994, After 24 hours, cells were
harvesied. Western-blot analysis was performed using s commercial monoclonal anii-core

antibody Hep B cAg {13A8, Santa Cruz, # 5¢-235463

1. LE Construction and production of an adenoviral vector AdTGITH0% expressing

CORE-Envi-Envi-Envd :

A synthetic gene {831 nucleciides) encoding s COREBE-Envi-Envi-Hnvd fusion was
reconstituted by double PCR, CORE was amplified by PCR from pGA4-Core {described in
1.1.4)  ssing  the  following primers  OTGIPISZ (SEQ  ID N 4%
{GGGGGGCTAGCAAGCTTCCACCATGGACATTGATCCTTATAAAGAATTTGY and
OTGISIS4  (8RQ ID NGO 30y (GAAAGAATCCAGCTTGCAGGACGCACT-
GAGATTCCCOGAGATTGAG). Bnvi-Envi-Envd were amplified by PCR from pGA4-Env
using the following primers QTG19153 (SEQ ID NO: 51} (CTCAATCTCGGGAATOT-
CAGTGCGTCCTGCAAGCTGGATTCTTITSY  and  OTGIRISS (SEGQ ID NO: 52)
{(GAGTCATICTCOGACTTGOGGCCGUTTAGATATAAACCCACAAGO The double PCR
was performed using OTG19152 (SEG D NO: 49} and OTGI9159 (BEQ 1D NGO 52} The
resulting fragment was inseried into the Nhel and Not restriction sites of an adenoviral shuitle
plasmid containing a CMV-~driven expression cassette surrounded by adenoviral sequences
(adenoviral nucleotides 1-454 and nucleotides 3513-5781 respectively) to allow generation of
the vector genome by homologous recombingtion {Chartier et al,, 1996, J. Virol 70:4803),

The residting adenoviral vector pTGI790% i3 E3 (puclectides 28393-30464) and El
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{nuclectides 455-3512) deleted, with the El reglon replaced by the expression casseite
containing, from 5% to ¥°, the CMV immediate-carly enhancer/promoter, & chimeric human
B-globin/lg(s intron {as found in pCl vector available in Promega), the sequence encoding the
CORE-Eavi-Env2-Envd and the BV40 late polvadenviation signal. The recorobinant
adenovirus was pgenerated by transfecting the Pacl linearized viral genomes into an Bl
complementation cell line. Virus propagation, purification and titration were made as
described previously (Erbs et al., 2000, Cancer Res. 60:3813)

Expression of the fusion protein was evaloated by Western-blot. 10° AS49 cells (ATCC CCL-
185} were infected at MOI of 10 or 50 for 48 hours with AdTG17909 or with an empty
adenavirus as negative control. The cell pellets were collected and probed with an anti CORE

mouse monoclonal antibody (C1-3, 8¢-23845, Santa (ruz).
118, Constraction and production of adenoviral vector AdTGL7916 expreseing Peol™:

The gene encoding Pel®, a polymerase protein truncated of the 47 first amino acids except the
het inttiator (48 to 832) and mutated at posititon 5S40 (D in H) and 718 (E in H} {with respeot
to the wild type polymerase} was inserted in an adenovirus vector. The Pol gene {2364
sucleotides) was amplified by PCR from pGAT5-Pol (described in 1.1.2) using primers
OTG19155 (8E¢ ID  NO: 5%y {(GGGGOGCTAGCAAGCTTCCACCATGAA-
TCTTAGTATTCCTTGGACTCATAAG)Y and  OTGIRISE  (BEQ D NO: 543
(CGAGTCATTCTCGACTTGUGOCCGCTCACGGTOGTCTUCATGUGACGTGT), The
resulting fragment was inserted into the Nael and Mord restriction sites of an adenoviral shutile
plasmid containing a CMV-driven expression cassette surrounded by adenoviral sequences
{adenoviral mucleotides 1-454 and nuclectides 3513-5781 respectively} to allow generabion of
the vector genome by homologous recombination {Chartier et al., 1996, J. Virol. 70:4805).
The resulting adenoviral wvecior pTGITOLE is E3 {nucleofides 28593-30464) and HI
{mucleotides 455-3512) delsted, with the El region replaced by the expression cassefte
containing, from 5° to 37, the CMV immediate-early enhancer/promoter, & chimeric human
f-globin/ieG intron {as found in pCl vector available in Promegs)}, the sequence encoding the
truncated and mutated Pol and the SV40 late oolyadenylation signal. The recombinant
adenovirus was generated by transfecting the Facf linearized viral genoraes into an Ei
complementation cell lne. Virug propapation, purification and tifration were made as

described previously (Eibs et al., 2000, Cascer Res. 60:3813).
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Expression of the fusion protein was evaluated in adenovirus infected cells by Western-blot.
A549 cells (10° cells) (ATCC CCL-185) were infected at MOT of 18 or 50 for 48 hours with
the adenovirus AATGI7914, as well as an empty adenoviros as negative control, The cell
pelets were collected and probed with an antt Pol mouse monoclonal antibody (8D35, sc-

81591, Santa Cruz).
1.2, Evahuation of antigen himmunogenicity

Antigen immunogenicily was evaluated in wvo by Elispot IFNy and intracellular cytokine

staiming {ICSY assavs following immunization of HLA transgenic nuce,

121 Mouse model

The HLA-A2.1 transgenic mice used in the study were described by Pascolo et 2l (1997, 1
Exp. Med. 185:2043). These mice have the H-2D" and murine Br-microglobulin genes
knocked-out and express a transgenic monochain histocompatibility class I molecule (HED
molecule) in which the C-terminus of the human B2m is covalently Hnked to the N-terminus
of a8 chimeric heavy chain (HLA-A¥Q201 al-g2, H-20" «3 transmembrane and
intracytoplasmic domains). Seven to 10 weeks-old mice fmale and female) were immunized.

Average weight of the mice was around 25-30 g.

1.2.2. Iomunization profocols

Mice were divided in 4 groups; group | immunized by AJTGI7802 {encoding HBY Core
fused o envi, env? and envd immunogenic domains), group ¢ mmumized AJTGIT7910
{encoding the truncated and mutated Pol*), group 3 immuonized with both vectors and group 4
immunized with an empty adenovirus {AdTG15149) as pegative confrol. All animals were
mmunized by subcutaneous injection at the base of the tail, groups 1 and 2 animals received
one subcutaneous injection of 10% 117 of each Adenovirus (TG17909 or TG17910), group 3
one subcutaneons injection of & mix cortaining 10° TU of each adenovirus {total of 2.10° TU:
10° U of AATG17909 + 10° TU of AJTGI7910) and negstive controls received one
subcutanoous injection of 2.10% TU of AATG15149, Cellular immune responses were assessed
by IFNg Elispot and intracelivlar cytokine steining (ICS) assays 2 weeks after the

imrnanization,
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1.2.3 Peptides
Peptides used for cells stimulation in wiro were etther short peptides of 9 to 10 amino acids
which are described or predicted as HLA-AZ restricted epitopes or long peptides of 15 amine
acids included in peptide Hbraries covering all the antigens of interest,
Short peptides comresponding fo described or predicted HLA-AZ restricted epitopes of
Polymerase protein, Core protein or Env domains were synthesized by Burogentec (Belgtom)
and were dissolved in 100% DMSO (sigma, D2650) at a concentration of 10mM.
Peptides librartes covering the whole Polymerase, Core and Envelope profeing were
synthesized by Prolmmune (Oxford, United Kingdom}. The Pol, Core and Env libraries were
composed of 15 mer peptides overlapping by 11 amino acids. Each crude peptide was
digsolved in 100% DMSO fsigma, D2650}) at a concentration of S0mg/ml, For cach library,
peptides were pooled fo a concentration of 2mg/mi per peptide:
HBY Pol protein is covered by 8 pools of 24 to 25 peptides from Pol Hbrary (Pool 1024
nepiides covering residues 45 1o 151; Pool 2: 24 peptides covering residues 140 to 251,
Pool 3: 24 peptides covering restducs 241 to 347; Pool 4: 24 peptides covering residues
337 1o 447, Pool 5: 24 peptides covering residues 437 to 543; Pool & 24 peptides
covering residues 533 to 639; Pool 7: 24 peptides covering residues 629 to 735; Pool 8¢
25 peptides covering residues 725 to 832),
HBY Core protein is covered by 2 pools of 21-22 peptides from Core Hbrary (Fool 1t
22 peptides covering residues 1 to 100; Pool 2: 21 peptides covering residues 89 to
183);
HEV Env protein is covered by 3 pools of 6 to 10 peptides from Env Bibrary {(Fool 1:
10 peptides covering HBs residues 9 t0 59; Pool 20 9 peptides covering HBs residues

157 to 194; Pool 4 6 poptides covering HBs residues 193 to 226}

1.2, 4. [FNg Elispot assavs

Splenocytes from immunized mice were collected and red blood cells were lysed (Sigma,
RT7STY. 2.1¢° cells per well were cultured in triplicate for 40 h in Multiscreen plates
{(Millipore, MSHA S4510) costed with sn anti-mouse [FNy monoclensl antibody (BD
Bicsciences; 10 ug/ml, 551218) in (MEM culture medinm (Gibeo, 22571} supplomented with
180 % FCS (Sigma, F7524 or JRH, 12003-100M0M), 80 Umlb. penicitlin / 8} pg/mbl
sireptoravein {(PAN, P06-07-100), 2 mM L-ghitamine (Gibeo, 25030), 1X non-essential

anune acids (Gibeo, 11140), 10 mM Hepes (Gibos, 156303, | mM sodium pyruvate (Gibey,
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31354% and 50 uM B-mercaptoethano! {Gibeo, 31330) and in presence of 10 units/mi of
recombinant muring 112 (Peprotech, 212-12), alone as negative control, or with:
~ 10 uM of one HLA-AZ restricted peptide present in HBV antigens encoded by Ad
vectors (SLY in Pol, FLP, ILC for Core, VLG, FLG and GLS for Env) or an irvelevant
one;
-a pool of peptides at a final concentration of Sug/mi per peptide

- 5 pg/ml of Concanavalin A {Sigma, C5275) for positive control.

IFNg-producing T cells were quantified by Blispot (cytokine-specific enzyme lnked
irmunospot} assay as previously descnibed (Himoudi ot al., 2002, J. Virol, 76:12735), The
number of spots {corresponding io the IFNg-producing T cells) in negative control wells was
substracted from the number of spots detected in experimental wells containing HBV
pepiides. Results are shown as the mean value obtained for triplicate wells, An experimental
threshold of positivity for observed responses {or cut-off) is determined by calculating a
threshold value which corresponds to the mean value of spots observed with medium alone +
2 standard deviations, reported to 10° cells. A technical cut-off linked to the CTL Elispot
reader was also defined as being 50 spots/ 10° cells (which is the value above which the CV of
the reader was systematically less than 20%). The highest value between the technical cut-off
and the experimental threshold calculated for each experiment is taken into account to define
the cut-off value of each experiment. Statistival analyses of Elispot responses were conducted

by using & Mann-Whitney test. P value egual or inferior to 0.05 was considered as significant.

£.2. 5, Intracellular cvteling staining (ICS) assays

ICS was performed on splenocyies from cach animal of sach group. Following red blood cells
tysis with lysis buffer (Sigma, R7757), 2x10° cells per well in flat-bottom 96-well plate were
incubated in complete alpha (MEM culture medinm {Gibeo BRL, 22571) in presence of 16
units/ml of murine recombinant IL-2 {Peprotech, 212-12} alone as negative conirol or with
10uM of specific HBV peptide or with a pool of peptides at a final concentration of 5Sug/ml
per peptide or with 10pM of an irrelevant peptide. The GolgiPlug (BD Biosciences, 555029}
was immediately added at a 1pl/ml final concentration for 5 h. Then, cells were harvested in
V-bottomn 96-well plates and washed with 1 % FCS-PBE. Staining was performed using
monoclonal antibodies against CD3 (hamster MAbD anti-CD3e-PE, dilution 1/200), CDE {rat
MADb anti CD8a-APC, dilution 1/600} and CD4 {rat MAD anti-CD4-PerCP, dilution 1/600)
{(all from BD Biosciences, 553063, 553035 and 553052 respectively) in 50 ul of 1 % FCS-
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PBS for 15 min at room temperature, After washing, cells were fixed and permeabilized with
Cytofix/Cytoperm and washed with Perm/Wash solution (BD Biosciences, 5547143, Then,
the suti-mouse IFNg-PE antibodies (B Biosciences, 554412357724} and anti-mouse TNFa -
Alexad8R antibodies (BD Biosciences, 53771%) or the antivmouse IFNg-PE antibodies (BD
Biosciences, 5534412557724) and anti-mouse 1LZ-Alexad88 antibodics (BD Biosciences,
557719} were added for 15 min at room temperature and after washing with Perm/Wash, cells
were resuspended in 1% FCS-FBS and analysed by flow cytometry using a FacsCalibur
(Becton Dickinson). CD3et, CDBat+ ¢ells or CD3e+, CD4+ cells were gated {o determine
percentages of IFNg+ U8+ or IFNg+ CD4+ T or TNFa+ CD8+ or ThiFa+ CDM4+ T or [L2+
CDE+ or ILZ CD4+ T or IFNg+ TNFg+ CD&+ or IFNg+ TNFg+ CD4+ or IFNg+ IL2Z+ CDE+
or IFNgt IL2+ CD44 T cell population. The percentage obtained in medium only was

considered as background.

£.2. 6 I vive CTL assavs

fn vive CTL assays were performed as described (Fourniflier et al, 2007). Splenceyte
suspensions were obtained from syngenic mouse spleens and adjusted to 20x10° cells/ml after
iysiz of red blood cells. One third of the cells was incubated with one of the HBV specific
peptide, the second third of the cells was incubated with another HBV peptide, 8l at 10 pM
final concentration for 1 hour af 37°C, whereas the last fraction was left unpulsed. 3{6})
carboxyfluorescein diacetate succinimidyl ester {CPFSE) (Molecular probes, C1157) was
added at 16 uM (CFSE-high) to unpulsed cells, at 4 uM (CESE-medium) to ILC or VLQ
peptide pulsed cells and at T pM (CFSE-low) to SLY or FLP peptide pulsed cells, for 10 min.
After washing with PBS, the three populations (unpulsed, ILC and SLY peptide pulsed celis
or unpulsed, FLP and ILC peptide pulsed cells) were mixed and 30.10° total cells were
injected to anaesthetized mice via the retro-orbital vein (using ketamine-xylazine-PES mix
{(Kétamine Virbac, Centravet KET204, final concentration 25 mg/ml; Xylazine hydrochloride
Rompun Bayer, Centravet, final concentration 5 mg/mb). Thus, CF3B-low and medium
population represented specific targets supposed to be lysed by cytotoxic T cells and CFSE-
high population was an internal reference allowing assay normalisation. Splenoeytes from
recipient mice were analyzed 24 h later by flow cytometry to detect the CFSE-labeled cells.
Following gating on lymphooytes {(S88C/FSC), a second gating was performed based on the
number of events/CFSE fluorescence (FL1) which reveals 3 peaks, a 1rst one corresponding
to CFSE-low cells, the 2nd one to CFSHEanedium cells and the 3rd one to CFSE-high cells,

For each animal, ratic between CFSE+ peptide-pulsed targets and CFSE+ unpulsed targets
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was calculated (R=Number CFSE-dow cells/Number CFSE-high cells). Two naive mice were
used fo determine R reference. The percentsge of specific lysis for each animal was
determdned by the following formula: % lysis = (1-Ruouse/Ruetorence % 100, A response was

considerad pogitive i the percentage of specifie lysis was higher than 10% (cut-off).

2. Results
2.1 Antigen expression by viral vectors

2 0.1 Expression of untipens from adenoviras constructs AdTGITH8 and AdTGI7810

Hxpression of the core-envl-envZ-envd fusion proteln was evaluated by Weslemn-blot, AS49
cells (10° cells) were infected at MOI of 10 or 50 for 48 hours with AJTG17909 or an empty
adenovirus as negative control, The cell peliets were collected and p robed with an anti-
Core mouse monoelonal antibody (C1-5, s¢-23945, Santa Cruz). As illustrated in Figurs 1A, a
major band having the expected molecular weight {31.6 kDa) was revealed in the sample

collected from cells infected with AdTG17909,

Hxpression of the Pol* polypeptide was evaluated by Western-blot following AJDTGI7910
infection of A%4%9 cells. The cell pellets were then collected and probed with an anti-Pol
mouse monoclonal antibody (805, so-81591, Santa Cruz), As illusirated in Figure 1A, a band
having the expected molecular weight (88.5 kida} was revealed in the samnple collected from
cells infected with AdTGUT910 topether with some sub-products {partial polymerase

proteins).

252 Expression of anligens Jrom MVA constructs

Analysis of Pol*, Pol*TMRE, Core*t, Core®Envi, Core*t-Bovi-Bnv2 expression was
petformed by Western-blot. A549 cells or CEF were mfecied at MO of 1 or 0.7 respectively
with MVATG17842, MVATG17843, MVATG17971, MVATGI7972, MVATG17993, and
MYATGITI94 respectively in presence or in absence of protessome inhibitor MG-132
{10ud) added (o growth medium for MVATG17842 and MVATG17843. After 24 hours,

colls were harviested.
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For MVATG17842, Western-blot analysis was performed nsing conumercial monocional anti-
Pol antibody Hep B Pol (815, Santa Cruz, # 5c-813911 As shown in Figure 1B, expression of
a profein with an apparent molecular weight of 88.3 kDa was detected only in presence of

MG-132. This band has the expecied molecular weight for the Pol® protein.

For MVATG17843, Western-blot analysis was performed using commercial monoclonal anti-
Pol antibody Hep B Pol (815, Santa Cruz, # s¢-81591}. As shown in Figure 1B, exprossion
of a proiein with an apparent molecular weight of 98.2 kDa was detected in presence or in
absence of MG-132. This band has the expected molecular weight for the Pol*-TMR protein,
it should he noticed that in presence of MGI32 more product and an additional product of

high molecular weight, over 200 KDa, were defected.

For MYATGIT971, Western-blot analysis was performed using & coromercial monoclonal
anti-core antibody Hep B cAg (13A9) (Santa Cruz, # sc-23946). As shown in Figure 1B,
expression of Core* was detected with an apparent molecular weight of 21 kDa which

corresponds to the expected molecular weight.

For MYATGI7972, Western-blot analysis was performned using a commercial monociona
anti-core antibody Hep B cAg (13A9) (Ranta Cruw, # 80-23946). As shown in Figure 1B,
expression of Core™ was detected with an apparent melecular weight of 15.8 kDa which

corresponds to the expected molecular weight.

For MYATGIT883 and MVATG17994, Western-blot analysis was performed using s
commercial monoclonal anti-core anttbody Hep B cAg (13A9, Santa Cruz, # 50-23946). As
shown in Figure 1B, expression of a protein with an apparent molecular weight of 19.9 and
23.4 kDa respectively was detecied. This band has the expected molecular weight for the

Core™-Envl protein and Core*t-Envi-EnvZ

2.2 Immunogenicity of antigens expressed from adenovivus vectors AITGITI68 and

AdTGITRI8

The immunogenicity of the HBV polypeptides expressed by adenovirus vectors was assessed
in HLA-AZ2 transgenic mice immunized with either AdTG17909 or AdTG17910 alone or with
a mixture of the 2 adepoviruses. Specific T cell responses induced following one

subcutanecus injection were evaluated by Blispot IFNg, ICS and in vive cytolysis assays
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using known {described as being the target of specific T cell responses in patients) HLA-AZ
epitopes present in Polymerase, Core or the envelope domains ox/and pools of overlapping

peptides covering the HBV antigens of interest,

221 HBV specific FFNy producing cell evaluation By Efispot assays

Eligpot [FNg assays showed that AdTG17910 is able to induce IFNg producing cells specific
of an HLA-AZ restricted epitope (SLYADSPSV) (SEQ ID NO: 35 located within the HBV
polymerase at positions 816-824) (Figurs 2A). Immunization with AJdTG17909 also resnited
in high freguency induction of TFNg producing cells specific for 2 Core HLA-A2 restricted
spifopes (FLPSDPFFPSY st position 18-27 (SEQ I NO: 56) and ILOWGELMTL af position
99-108 (SEQ ID NO: 57} as well as for 3 envelope HLA-AZ restricted epitopes
{(VLQAGFFLL (SEQ ID NO: 58) at positions 14-22 and FLGGTTVCL (SEQ ID NO: 59) at
positions 41-49 both present in Bavi, and GLEPTVWLEY (SEQ 1D NOG: 63} at positions
185-194 present in BEav2} (Figure 2B and C). Immunization with ihe mixture of AJTG1 7909
and ADTGI7910 also induced a comparable level of specific IFNg producing cells targeting
the same cpilopes in the 3 antigens, i the SLY spitope present in Pol, the FLP and [LC
epilopes in the Core protein, and the 3 epitopes of the envelope domains (VLQ, FLG and
GLS) (Figure 24, B and O, Frequency of T cell responses detected following immunization

with a single Ad or the mixture of the twe was comparable, showing that there is no major

immunodominance between the 3 antigens expressed from the desoribed vectors,

2.2.2, HBYV specific IFNg/TNFa producing cell evaluation by Intracellider siaining assays

The number of CD8 T cells able to produce either TFNg alone or IFNg + TNFa targeting
HLA-AZ restricted epitopes present in polymerase (SLYY} in Core (FLP and L) and in
envelope domains (VLQ, FLG and GLR) were evaluated by ICS assay. All these epitopes
were the target of double and simple secreting cells. The resulis are shown in Figure 3.
Animals immunized with AJTG17909 alone or in combination with AJTG17910 mounted
roughly equivaleni Core- snd Env-specific CDE T cell responses {same percentages of
specific U8 T cells producing IFNg or [FNg + TNFa following restirnulation with FLP,
ILC, VLG, FLG and GLS peptides as shown in Figures 3B and 3C). On the other hand,
conceming the polymerase specific CDE T cell response {SLY epitope), & very high
percentage of CD8+ cells producing IFNg or IFNg + TNFa was detected in mice treated with
AATGIT710 expressing Pol® (Figure 3A) as well as in those immunized with the mixture of

AATGI7910 and AJTGITH02 although at g lower level (Figure 3C)
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2,23, HBV specific IFNg/TNFa producing CB8 and CD3 T cell evaluation following
immunization with @ mix of Adenovirus veciors, by infraceiiuior staining assays

The percentages of CD8 and CD4 T cells able to produce either IFNg alone or IFNg + TN¥a
or IFNg + 112 targeting HLA-A2 restricted epitopes present in polymerase (SLY) in Core
(FLP and ILCY and in envelops domains {(VLQ, FLG and GLS} or pools of overlapping
peplides covering Core protein and Bnv domains were evalvated by ICS assay. All the fested
HILA-AZ resivicted epitopes were the target of single and double secreting cells (IFNg and
IFNg + TNFa} and some pools of overlapping peptides were the farget of single and double
producing cells too (IFNg and IFNg+TNF and IFNg + 112}, The results are shown in Figure
4. Five HLA-AZ transgenic mice were lmmunized with 2 mix of AJdTGIT909 and
AGTGI7918 and 3 HLA-AZ transgenic mice were immonized with AdTG15149 (negative
control). Animals immunized with AdTG15149 displayed no HBV-specific T cell responses
{data not shown). Animals immunized with AATG17909 combined with AdTGI7910
displayved a strong CDE T oell response specific of HBV targeted antigens (Figure 4A}, with
high percentage of single ({IFNg) and double (IFNg + TNFa} producing cells specific of the
HLA-A2 epitopes present in Polymerase, Core and Env domains and specific of the “core 17
pool of peptides and the pools of peptides covering Envl and Env2 domains. As illustrated in
Figures 4B and 4C, these vaccinated mice also displayed CD4 T cell responses specific of
HBV antigens, in particular single (IFNg) and double (IFNg + TNFa and IFNg + IL2}
producing cells specific of the “core 27 pool of peptides and the Bov2-covering pool of

peptides,

2.2.4, Induction of in vive cytolysis measured by in vive CTL assays

The ability of adenovirus vectors AdTG17909 and AJTGI7910 to induce in vive cytolysis
against cells presenting HBY HLA-AZ epitopes was assessed by in vive CTL assays. Four
HI.A-AZ epitopes were tested, respectively SLY { Pol}, FLE and ILC {Core} and VLG (Eav |
domain). Six animals were immunized with a mix of AJITGIT909 + AdTGIT910 and 2
animals were immunized with AdTG13149 (negative control). The half of each group {thres
AdTGITS09+AdTG17910 immunized mice and one AITGIS149 immunized mouse) was
tested for its ability to lyse in vivo cells pulsed with SLY peptide and cells pulsed with 1LC
peptide. The other half was tested for the ability of the vaccinated animals to lyse in vivo cells
pulsed with FLP peptide and cells pulsed with VL peptide. The results are shown in Figure

5. As expected, no HBV-specific in vwio cviolysis could be detected with ATGIS149
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immunized mice {data not shown). In vive cyiolysie against the 2 core epitopes FLP and ILC
was weak in AATGI7909+A4ATGITR10 Inmunized wice. However, in contrast, animals
immunized with the mixture of AATG17909 and AJTGI7910 displaved a strong in vivo
cytelysis against the polvmerase epitope SLY (Figure 5A) and Envl epitope VLG (Fipure

583, reaching more than 50% of specific lysis in both cages.

interestingly, the combination of Ad veciors expressing pol, core and env moieties allows the
induction of specific T cell responses targeting the 3 HBV antigens when co-injected. Induced
T cells are able to produce one or 2 cytokines and o lyse in vive cells loaded with some HBV
peptides. All together thess data demonstrate the imunmogenic activity of the compositions

described and their ability o induce CD8 and €D4 T cell responses when vectorised by Ad,

2.3, Dmmunogenicily of antigens expressed  from MVA  vectvrs MVATGITESZ,
MVATGI?843, MVATGI?97], MVA TGIT7972, 3MVA TGI7995 and BMVA TGI7984

The immunogenicity activity of the MVYA-based compositions was assessed in HLA-AZ
fransgenic mice immunized with one of the MVA vectors described i Examples 1.1.2 to
17 (MVATGIT842, MVATGITE43, MVATGITE7E or MVATG17972 alone) or with a
mixture of 2 MVA (MVATG17843 + MVATG17972, MVATG17843 + MVATG17993 or
MVATG17843 + MY ATE17994). Mice were immunized with three subcutaneous injections
at one week interval and specific T cell responses were evaluated by Elispot IFNg and ICS
using the above-described HLA-A2 epitopes present in Polymerase, Core or the envelope

domains or/and pools of overlapping peptides covering the HBV antigens of interest.

237 HEV specific IFNy producing cell evalupotion by Elispot assays following
immunization with polymerase expressing MVA.

Three mice were immunized with either MVATGI17842 expressing a truncated and mutated
polymerase snfigen or MVATG17843 expressing a membrane-fargeted version of the same
truncated and mutated polymerase or MY A N33.1 (negative control). Polymerase-specific T
cell responses were evaluated by [FNg Elispot assays using the SLY HLA-AZ restricted
epitope and pools of peptides covering the polymerase. No HBV-specific T cell response was
detected for mice immunized with MVA N33t and with MVATG17842 (data not shown).
However, as shown in Figure 64, IFNg producing cells were mnduced following immunization
with MVATG17843 which are specitic of the HLA-AZ restricted epitope SLY and of the

neptide pool 8 covering the Coterminal portion of the polymerase (No specific respanse could
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be detected against the other pepiide pools 1-7 under the tested experimenial conditions).
These data highlight the benefit of expressing polymerase as a memnbrane-anchored antigen at

least in MV A-based compositions.

2.3.3 HBY specific IFNy producing cell evaluafion by Elispot assays following
immnnization with core expressing MVA.

Eigth mice were immunized with either MVATG17971 expressing a core moicty deleted of
residues 77-B4 or MVATGI7972 expressing & truncated version thereol (C-terminal
fruncation from residue 149) or MVA N33.1 {(negative conirol}. Core specific T cell responses
were determined by IFNg Hlspot assays using HLA-AZ resivicted epitopes {FLP and ILC
peptides) and the sbove-described core 1 and core 2 pools of peptides. As Hlustrated in Figure
65, immunization with MVA TG17971 s able o induce sporadic T cell responses specific
against HLA-AZ-restricted FLP and 1LC peptides and the two peptide pool covering core
antigen (Figure 6B). No core specific T cell responses could be detected in mice tmymunized
with MVATGI7972 using the tested peptides and under the tested experimental condilions

{data not shown}.

2.3.3. HBV specific IFNy producing cell evaluation by Hilspet assays following
immmunization with combination of MVA vectors,
Three mice were immunized with a mixture of MVA TGI7843 and either MVA TG17972,
MVA TG17993 and MVA TG17994 and HBV specific T cell responses were evaluated by
Elispot IFNg assay using the above-described peptides.
- Polymerase specific T cell responses wore delected in the vast majority of animals
vaceinated with the combination MVATG17843 + MVATGIT872 (positive responses
in /3 animals as shown in Figure 7A), MVATGI7843 + MVATGI7993 (positive
responses in 3/3 animals a5 shown in Figure 78} and MVATGIT7843 + MVATG17694
(positive responses in 2/3 animals as shown in Figme 7C) Frequency of IFiNg
producing cells scoms to be comparable with the one observed when MVA TG17843
was injected slone (Figure 6A) which demeonstrates that vector combination is not
detrimental to the induced irmmune response.
-no core-specific response could be detected under the experimental conditions tested

in any of the vaccinated animals using HLA-A2 or pools of peptides (data not shown).
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- 116 gnv-specific response could be delected under the experimental conditions tested
irn any of the animals vaccinated with the MVATGI7993comprising combination
using Envi HLA-AZ or pools of peptides {data not showa.
- Env 2-specific T cell responses were detected in 2 out of 3 animals fmmunized with
the MVATGI 7984 -comprizing combivation as Hustraled tn Figare 7O which were
directed against both the HLA-AZ-restricted GLE epitope and the Envi-covering poot
of peptides (no detection of T cell response against Hnvi domain could be observed
under these experimental conditions; data not shown).

ICS assays performed In the same conditions confinmed {he results observed in Elispot assays

{data not shown),
Interestingly, the combination of MVA vectors expressing pol, core and env moeieties allows
the induction of specific 'V cell responses targeting the pol and env? antipens when co-

injected.

All together, these data demonstrate the immunogenic activity of the compositions described

and their ability to induce T cell responses against the major HBVantigens,
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CLAIMS

1. An immunogenic composition comprising a combination of three polypeptides or of the
nucleic acid molecules encoding said polypeptides wherein said polypeptides are:
(1) A polymerase moiety comprising at least 450 amino acid residues of a polymerase
protein originating from a first HBV virus;
(ii} A core moiety comprising at least 100 amino acid residues of a core protein
originating from a second HBV virus; and
(iii} An env moiety comprising one or more immunogenic domain{s) of 20 to 100
consecutive amino acid residues of a HBsAg protein originating from a third HBV

virus.

2. The immunogenic composition according to claim 1, wherein said first, second and third

HBYV virus are from different genotypes.

3. The immunogenic composition according to claim 1, wherein said first, second and third

HBYV viruses are from the same HBV genotype.

4. The immunogenic composition according to claim 3, wherein said first, second and third

HBYV viruses are from genotype D.

5. The mmunogenic composition according to claim 4, wherein said first, second and third

HBYV viruses are from HBV isolate Y(7587.

6. The immunogenic eomposition according to claim 3, wherein said first, second and third

HBYV viruses are from genotype B or C.

71



7. The immunogenic composition according to anyone of claims 1 to 6, wherein said
polymerase moiety is modified by truncation of at least 20 amino acid residues and at most

335 amino acid residues normally present at the N-terminus of a native HBV polymerase.

8. The immunogenic composition according to anyone of claims I to 6, wherein said
polymerase moiety is modified by truncation of the first 47 or 46 amino acid residues

following the initiator Met residue located at the N-terminus of a native HBV polymerase.

9. The immunogenic composition according to claims 7 or 8, wherein said polymerase moiety
comprises an amino acid sequence which exhibits at least 80% of identity with the amino acid

sequence shown in SEQ ID NO: 7.

10. The immunogenic composition according to anyone of claims 1 to 9, wherein said
polymerase moiety is modified so as to exhibit a reduced reverse-transcriptase (RTase)
enzymatic activity with respect to a native HBV polymerase, and comprises the substitution of
the Asp residue corresponding to position 540 in SEQ ID NO: 1 and to position 494 in SEQ

1D NO: 7 to any amino acid residue other than Asp, and preferably to a His residue.

11. The immunogenic composition according to anyone of claims 1 fo 10, wherein said
polymerase moiety is modified so as to exhibit a reduced RNase 1 enzymatic activity with
respect to a native HBV polymerase, and comprises the substitution of the Glu residue
corresponding to position 718 in SEQ ID NO: 1 and to position 672 in SEQ ID NO: 7 to any

amino acid residue other than Glu, and preferably to a His residue.

12. The immunogenic composition according to claim 11, wherein said polymerase moiety
comprises an amino acid sequence which exhibits at least 80% of identity with the amino acid
sequence shown in SEQ ID NO: § or with the amino acid sequence shown in SEQ ID NO: 7
with the substitution of the Asp residue in position 494 to an His residue and the substitution

of the Glu residue in position 672 to an His residue.

13. The immunogenic composition according to anyone of claims 1 to 12, wherein said
polymerase moiety is fused in frame to the signal and trans-membrane peptides of the rabies

glycoprotein, wherein said
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rabies signal sequence is fused in frame at the N terminus and said rabies transmembrane

sequence is fused in frame at the C-terminus of said polymerase moiety.

4. The immunogenic composition according to claim 13, wherein said polymerase moiety
comprises an amino acid sequence which exhibits at least 80% of identity with the amino acid

sequence shown in SEQ ID NO: 9.

15. The immunogenic composition according to anyone of claims 1 to 14, whercin said core
moiety is modified by truncation of at least 10 amino acid residues and at most 40 amino acid

residues normally present at the C-terminus of a native HBV core.

16. The immunogenic composition according to anyone of claims 1 to 14, wherein said core

moiety is modified by truncation of the last 35 amino acid residues of a native HBV core.

17. The immunogenic composition according to claims 15 or 16, wherein said core moiety
comprises an amino acid sequence which exhibits at least 80% of identity with the amino acid

sequence shown in SEQ ID NO: 10,

18. The immunogenic composition according to anyone of claims 1 to 17, wherein said core
moiety is modified so as to exhibit a reduced recognition of and/or interaction with an HBV
envelope protein with respect to a native HBV core, and comprises an amino acid sequence
which exhibits at least 80% of identity with the amino acid sequence shown in SEQ 1D NO:
11.

19. The immunogenic composition according to anyone of claims 1 to 18, wherein said one or
more Immunogenic domain(s) in use in the present invention are selected from the group
consisting oft
o The portion of an env protein (HBsAg) extending from position 14-51 (env 1 domain);
o The portion of an env protein (HBsAg) extending from position 165-194 (env 2
domain);
o The portion of an env protein (HBsAg) extending from position 81-106 (env 3
domain);
o The portion of an env protein (HBsAg) extending from position 202-226 (env 4
domain); and

o Any combination thereof.
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20. The immunogenic composition according to claim 19, wherein said immunogenic
domain(s) comprises an amino acid sequence which exhibits at least 80% of identity with any

of the amino acid sequence shown in SEQ ID NO: 12-15.

21. The immunogenic composition according to claim 20, wherein said env moiety comprises
an amino acid sequence which exhibits at least 80% of identity with the amino acid sequence

shown in SEQ ID NO: 16 or in SEQ ID NO: 17.

22. The immunogenic composition according to anyone of claims 1 to 21, wherein said
polymerase, core and/or env moieties are fused in frame in a single polypeptide chain by pairs

or all together.

23. The immunogenic composition according to claim 22, wherein said env moiety is fused in

frame to the C-terminus of said core moiety.

24. The immunogenic composition according to claim 23, wherein said fusion polypeptide of
the core moiety with the env moiety is selected from the group consisting of:
o A polypeptide comprising an amino acid sequence which exhibits at least 80% of
identity with the amino acid sequence shown in SEQ ID NO: 18;
c A polypeptide comprising an amino acid sequence which exhibits at least 80% of
wdentity with the amino acid sequence shown in SEQ ID NO: 19; and
o A polypeptide comprising an amino acid sequence which exhibits at least 80% of
identity with the amino acid sequence shown in SEQ ID NO: 20 or with the portion of
the amino acid sequence shown in SEQ ID NO: 20 starting at residue 1 and ending at
residue 251 or alternatively with the portion of the amino acid sequence shown in SEQ
ID NO: 20 starting at residue 1 and ending at residue 221; or deleted versions thereof
lacking residues 77-84 in SEQ ID NO: 20.

25.  The immunogenic composition according to anyone of claims 1 to 24, wherein said
nucieic acid molecules encoding said polymerase moiety, said core moiety and said env

moiety are carried by one or at least two independent vector(s).

26. A nucleic acid molecule encoding a combination of the polymerase moiety as defined in
anyone of clatms 1 and 7 to 14, the core moiety as defined in anyone of claims I and 15 to 18

and the env moiety as defined in anyone of claims 1 and 19 to 25.

27. The nucleic acid molecule according to claim 26, wherein said nucleic acid molecule

contains a nucleotide sequence selected from the group consisting of:
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o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in SEQ ID NO: 21;

o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of tdentity with the nucleotide sequence shown in SEQ ID NO: 22;

o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least §0%
of identity with the nucleotide sequence shown in SEQ ID NO: 21 with the
substitution of the G nucleotide in position 1480 to a C, the G nucleotide in position
2014 to a C and the A nucleotide in position 2016 to a T;

o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in SEQ ID NO: 23;

o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in SEQ ID NO: 24;

o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in SEQ ID NO: 25; and

o A nucleic acid molecule comprising a nucleotide sequence which exhibits at least 80%
of identity with the nucleotide sequence shown in SEQ ID NO: 26 or with the portion
of the nucleotide sequence shown in SEQ ID NO: 26 starting at nucleotide 1 and
ending at nucleotide 753 or with the portion of the nucleotide sequence shown in SEQ
ID NO: 26 starting at nucleotide 1 and ending at nucleotide 663 or deleted versions
thereof lacking the portion extending from the G in position 229 to the A in position
252 of SEQ ID NO: 26.

28. A plasmid or viral vector comprising one or more nucleic acid molecule(s) as defined in

claim 26 or 27.

29. The vector according to claim 28, wherein said viral vector is a replication-defective

adenoviral vector.

30. The vector according to claim 29, wherein said viral vector is an adenoviral vector

comprising said nucleic acid molecule(s) inserted in replacement of the E1 region.
31. The vector according to claim 28, wherein said viral vector is a poxviral vector and more

particularly obtained from canarypox, fowlpox or vaccinia virus, said vaccinia virus being

preferably from the modified Ankara (MVA) strain.
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32. The vector according to any one of claims 28 to 31, wherein said vector carries only one
or two of the nucleic acid molecules encoding said polymerase moiety, said core moiety and

said env motiety.

33. The vector according to claim 32, wherein said vector is selected from the group

consisting of:
(i) A MVA vector comprising a nucleic acid molecule placed under the control of a
vaccinia promoter such as the 7.5K promoter and encoding a polymerase moiety
comprising an amino acid sequence as shown in SEQ ID NO: 7, 8 or 9 or in SEQ ID NO:
7 with the substitution of the Asp residue in position 494 to an His residue and the
substitution of the Glu residue in position 672 to an His residue;
(i1) A MVA vector comprising a nucleic acid molecule placed under the control of a
vaccinia promoter such as the pHS5r Iﬁromoter and encoding a core moiety and an env
moiety comprising an amino acid sequence as shown in SEQ ID NO: 18 or 19;
(ii1) An El-defective Ad vector comprising inserted in place of the ET region a nucleic
acid molecule placed under the control of the CMV promoter and encoding a polvmerase
moiety comprising an amino acid sequence as shown in SEQ 1D NO: 7, 8 or 9 or in SEQ
ID NO: 7 with the substitution of the Asp residue in position 494 to an His residue and the
substitution of the Glu residue in position 672 to an His residue; and
(iv) An El-defective Ad vector comprising inserted in place of the El region a nucleic
acid molecule placed under the control of the CMV promoter and encoding a core moiety
and an env molety comprising an amino acid sequence as shown in SEQ 1D NO: 18, 19 or
20 or the portion of SEQ ID NO: 20 starting at residue 1 and ending at residue 251 or the
portion of SEQ ID NO: 20 starting at residue 1 and ending at residue 221,

34. An infectious viral particle comprising the nucleic acid molecule according to anyone of

claims 26 to 27 or the vector according to anyone of claims 28 to 33,
35. The infectious viral particle according to claim 34, wherein said infectious viral particles

is produced by a process comprising the steps of:

(a) introducing the viral vector of the invention into a suitable cell line,
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{b} culturing said cell line under suitable conditions so as to allow the production of
said infectious viral particle,

{c) recovering the produced infectious viral particle from the culture of said cell line,
and

(d) optionally purifying said recovered infectious viral particle.

36. A host cell comprising the nucleic acid molecule according to anyone of claims 26 to 27,

the vector according to anyone of claims 28 to 33 or the infectious viral particle according to

claim 34 or 35.

37. A composition comprising the nucleic acid molecule according to anyone of claims 26 to
27, the vector according to anyone of claims 28 to 33 or the infectious viral particle according
to claim 34 or 35 or the host cell according to claim 36 and a pharmaceutically acceptable

vehicle,

38. The composition according to claim 37 which further comprises one or more adjuvant(s)

suitable for systemic or mucosal application in humans.

39. The composition according to claim 37 or 38 which is formulated for intramuscular or

subcutaneous administration.

40. The composition according to anyone of claims 37 to 39, which comprises from about 10°

to about 10" infection units of a viral vector or of an infectious viral particle.

41. Use of at least one of the immunogenic composition according to anyone of claims 1 to
25, of the nucleic acid molecule according to anyone of claims 26 to 27, of the vector
according to anyone of claims 28 to 33, of the infectious viral particle according to claim 34
or 35, of the host cell according to claim 36 or of the composition according to anyone of
claims 37 to 40 for the preparation of a drug intended for treating or preventing an HBV
infection or an HBV-associated disease or pathologic condition, and preferably for treating a

patient having a chronic hepatitis B viral infection.
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42. Use of a therapeutically effective amount of at least one of the immunogenic composition
according to anyone of claims 1 to 25, of the nucleic acid molecule according to anyone of
claims 26 to 27, of the vector according to anyone of claims 28 to 33, of the infectious viral
particle according to claim 34 or 35, of the host cell according to claim 36 or of the
composition according to anyone of claims 37 to 40 in the preparation of a drug for the
treatment or prevention of an HBV infection, or an HBV-associated disease or pathologic

condition, and preferably for the treatment of a chronic hepatitis B viral infection.

43. The uvse according to anyone of claims 41-42, wherein said drug is to be used in
combination with a standard of care comprising cytokines and/or nucleotide or nucleoside
analogs selected from the group consisting of lamivudine, entecavir, telbivudine, adefovir,

dipivoxil and tenofovir.

44. Use of at least one of the immunogenic composition according to anyone of claims 1 to
25, of the nucleic acid molecule according to anyone of claims 26 to 27, of the vector
according to anyone of claims 28 to 33, of the infectious viral particle according to claim 34
or 35, of the host cell according to claim 36 or of the composition according to anyone of
claims 37 to 40 in the preparation of the drug for inducing or stimulating an immune
response, and preferably a CD4+ and/or CD8+-mediated cellular response, against HBV in a

host organism.

45. A kit of parts for use in the treatment of an HBV infection, wherein said kit comprises a
plurality of active agents selected from the group consisting of the HBV moieties as defined
in any one of claims 1 and 7 to 25, of the immunogenic composition according to anyone of
claims 1 to 25, of the nucleic acid molecule according to anyone of claims 26 to 27, of the
vector according to anyone of claims 28 to 33, of the infectious viral particle according to
claim 34 or 35, of the host cell according to claim 36 or of the composition according to

anyone of claims 37 to 40.

46. The kit of parts of claim 45, which comprises a first vector comprising a nucleic acid
molecule encoding the polymerase moiety as defined in anyone of claims 1 and 7 to 14 and a
second vector comprising a nucleic acid molecule encoding the core moiety and/or the env

moiety as defined in anyone of claims 1 and 15 to 25.
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47. The kit of part according to claim 46, wherein said first vector is a MV A vector as defined

in claim 33(1) and said second vector is a MV A vector as defined in claim 33(ii).

48. The kit of part according to claim 46, wherein said first vector is an Ad vector as defined

in claim 33(iii) and said second vector is an Ad vector as defined in claim 33(iv).

49. The kit of part according to anyone of claims 46 to 48, further comprising a third vector

expressing an immunomeodulator,
56.  An mmmunogenic composition comprising a combination of at least two independent
vectors, each vector carrying one or two of the nucleic acid molecules encoding the

polymerase moiety, the core moiety and the env moiety as defined in claim 1,

51. The immunogenic composition of claim 50, wherein said at least two vectors are from the

same origin.

52. The immunogenic composition of claim 50, comprising the vectors (iii) and (iv) as

defined in claim 33.
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