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VACCINES AGAINST HEPATITIS B VIRUS

Description

1. INTRODUCTION

[0001] Provided herein are genetically modified arenaviruses suitable as vaccines for
prevention and treatment of Hepatitis B virus infections. Also provided herein are
pharmaceutical compositions and pharmaceutical compositions for use in methods for
the treatment of Hepatitis B virus infections. Specifically, provided herein are
pharmaceutical compositions, vaccinegs, and pharmaceutical compositions and vaccines
for use in methods of treating or preventing Hepatitis B virus infections. As such, the

present application provides immunotherapies for Hepatitis B virus infections.

2. BACKGROUND

2.1 The pathogen and the disease

[0002] Hepatitis B virus (HBY) 8 a double-stranded enveloped virus of the
Hepadnaviridae family. The virus particle consisis of an outer lipid envelope and an
icosahedral nucleccapsid core composed of protein. The nucleocapsid encloses the viral
DNA and a DNA polymerase that has reverse transcriptase activity. The outer envelope
contains embedded proteins which are involved in viral binding of, and entry into,
susceptible celis. HBV replicates in the hepatocytes of humans and other higher primates,
but does not grow in artificial cell cultures.

[0003] The outcomes of HBV infection are age-dependent and include asymptomatic
infection, acute hepatitis B, chronic HBY infection, cirrhosis and hepatoceliular carcinoma
(HCC). Acute hepatitis B occurs in approximately 1% of perinatal infections, 10% of early
childhood infections (children aged 1-5 vears) and 30% of lale infections {people aged >5
yvears). Fulminant hepatitis develops in 0.1-0.6% of acute hepatitis cases; mortality from
fulminant hepatitis B is approximately 70%. The development of chronic HBY infection is
inversely related o the age of acguisition, occurring in approximately 80-90% of people
infected perinatally, about 30% of children infected before the age of 6 years, and in <%
of infections occurring in otherwise healthy adults (Hyams et al., 1995, Clinical infections

Diseases 20:992-1000). Comorbidities, including concurrent HIV infection and ingestion
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of alcohol or aflotoxins, or both, may have an important role in the development of
morbidity related {o hepatitis B. It is estimated that 10% of the 40 million people infected
with HIV worldwide are coinfected with HBV.

[0004] People with chronic HBVY infection have a 15-25% risk of dying prematurely from
HBV-related cirrhosis and HCC (Beasley and Hwang, 1991, Proceedings of the 1930
International Symposium on Viral Hepatitis and Liver Disease: Contemporary Issues and
Future Prospects 532-538). Acute HBV infection is characterized by the presence of
HBsAg, the surface antigen of HBV, and immunoglobulin M (IghM) antibody to the core
antigen, HBcAgQ. During the initial, highly replicative phase of infection, patients are also
seropositive for HBeAg, the extraceliular and secreted form of HBcAg which can be found
in the serum of patients where it serves as a marker of active replication in chronic
hepatitis. Antibody to HBsAg (anti-HBs) is discemnible after a few weeks and is followed
by clearance of the HBsAg. Chronic infection is characierized by the persistence (>6
months) of HBsAg (with or without concurrent HBeAg). Persistence of HBsAg is the
principal marker of risk for developing chronic liver disease and HCC later in life. The
presence of HBeAg indicates that the blood and body fluids of the infected individual are

highly contagious.

2.2 Epidemiology and public health

[0008] Dissases causead by the hepatitis B virus have a worldwide distribution. it is
estimated that two billion people have at some time been infecied with HBY. Of these,
approximately 360 million individuals are chronically infected and at risk of serious iliness
and death, mainly from liver cirrhosis and hepatocellular carcinoma (HCC). Mathematical
modeling Tor the year 2000 estimated the number of deaths from HBV-related diseases
at about 800 000 each year worldwide (Goldstein et al, 2005, International J.
Epidemiclogy 34:1329-1339). Humans are the only reservoir of HBYV. The virus is
fransmitted by percutaneous and permucosal exposure 1o infected blood and other body
fluids, mainly semen and vaginal fluid. The incubation period is 75 days on average, but
may vary from about 30 days to 180 days. The surface antigen of HBV (HBsAg) may be
detected in serum 30-60 days following infection and may persist for widely variable
periods of time. The endemicity of hepatitis B is described by the prevalence of HBsAg in
the general population of a defined geographical area, and it varies considerably globally:

HBsAg prevalences of >8% are typical of highly endemic areas, prevalences of 2-7% are
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found in areas of intermediate endemicity, whereas in areas with low endemicity <2% of
the population is HBsAg-positive.

[0006] In highly endemic areas, HBY is most commonly spread from mother to child at
birth, or from person to person in early childhood (Goldstein et al., 2005, International J.
Epidemiociogy 34:1322-1339;, Wong et al., 1984, Lancet 1:921-826; de la Hoz et al., 2008
International  J. Infectious Diseases 12:183-189). Perinatal or early childhood
transmission may also account for more than one third of chronic infections in areas of
low endemicity (Margolis et al., 1995, JAMA 274:1201-1208) although in those setlings,
sexual transmission and the use of contaminated needles, especially among injecting
drug users, are the major routes of infection (Goldstein et al,, 2002, J. Infectious Diseases
185.713-719).

2.3 Current treatment

[0007] Universal hepatitis B vaccination has been shown o reduce the rates of HBV
infection and HCC significantly. However, once chronic HBY infection is established,
treatment still poses a major challenge as traditional therapies usually fail to provide
sustained control of viral replication and liver damage in most patients.

[0008] Currently approved antiviral treatments for chronic hepatitis B include pegylated
(PEG) recombinant interferon-a and viral DNA polymerase inhibitors. These agents
decrease viral replication and have been shown to delay progression of cirrhosis, reduce
the incidence of HCC and improve long-term survival. However, treatment is complicated
by the toxicity of the agents and it can only cure a small subset of chronically infected
individuals. Although viral levels in the blood plummet {o almost undetectable levels in
individuais receiving standard therapies, reductions of intrahepatic viral DNA are only
modest. As a consequence, rebound of viraemia frequently occurs after discontinuation
of treatment and people with chronic HBY infections must stay on lifelong treatment.
However, even after ten vears on antiviral therapy, drugs reduce liver fallure by only 40-

70%, and mortality from cirrhosis and liver cancer remains high.
2.4 Hepatitis B and the immune system
[0009] Chronic hepatitis B infection is characterized by dysfunctional innate and adaptive

antiviral immunity (Berioletti & Ferrarni, 2012, Gut 61:1754-1764). In contrast, HBV-

specific immunity in patients with resolved HBY infection is robust and multifunctional.
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Several mechanisms might contribute o the dysfunction of HBV-specific T-cell immunity
in chronic hepatitis B patients, including high levels of viral antigenaemia, and the
tolerizing microenvironment of the liver (Jenne & Kubes, 2013, Nat. immunol 14:986-
1006). Previous studies have demonstrated that suppression of viral replication can
transiently and partially restore antiviral T-cell immunity, which supports the hypothesis
that long-term exposure to high levels of antigenaemia might cause dysfunction of
antiviral T cells (Boni et al., 2003, J. Hepatol 39:585-605).

10010} Therapeutic vaccines that could reverse the dysfunctional immune state of chronic
hepatitis B patients and restore antiviral immunity, would theoretically have the potential
to eliminate viremia and reduce intrahepatic levels of HBY DNA {o zerg, thus holding great
promise for HBV cure.

[0011] Recently, HBV vaccines have been identified as a promising therapsutic strategy
for treatment and control of HBY infection in HBY carriers and persistently infected
patients (Michel & Tiollais, 2010, Pathol. Biol. (Paris) 58:288-295; Liu et al., 2014, Virol
Sin. 29:10-18). In about 50% of chronic active HBV patients specific therapy by
conventional anti-HBY vaccination effectively reduced the replication of HBV and
inhibited the immune tolerance to HBsAg protein (Couillin et al., 1899, J. Infect. Dis.
180:15-26). However, s¢ far monotherapy with HBsAg based vaccines did not lead to
sustained control of HBV replication and/or liver damage (Akbar et al., 2013, Hepatobiliary
Pancreat. Dis. Int. 12:363-369) and new therapy strategies are needed {o provide potent
and durable antiviral immune responses and long-term control of HBY replication.
10012} The failure of previous therapeutic vaccing approaches highlights the challenges
and limitations of curreni knowledge regarding immune responses in chronic HBY
infection (Michel et al., 2011, J. Hepatol. 54:12886-1296). The combination of a high viral
load condition such as chronic hepatitis B with the tolerizing liver microenvironment might
make it difficult to achieve full recovery of antiviral T-cell immunity.

[0013] intensive research is currently concentrated on a better understanding of immune
responsas in hepatocytes, on mechanisms by which HBV evades innate immunity and
on proper selection of patients susceptible to benefit from immune therapy, which could
increase the efficacy of therapeutic vaccination (Michel et al., 2015, Med. Microbiol
Immunol. 204:121-129).

[0014] In the first aspect, the invention provides an infectious arenavirus viral vector,
wherein an arenavirus open reading frame is removed and replaced by a nucleotide

sequence selected from the group consisting of:
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a. a nucleotide sequence encoding an HBY HEBc protein or an antigenic fragment
thereof;
b. a nucleotide sequence encoding a fusion of HBY HBs and HBc proteins or
antigenic fragments thereof, and
¢. a nuclectide sequence encoding an HBY pre-S2/S protein or an antigenic
fragment thereof;
wherein the viral vector is capable of eliciting a T cell response against the HBY HBc
protein, the fusion of HBY HBs and HEBc proteins, the HBV pre-52/8 protein, or an
antigenic fragment thereof.
[0015] In the second aspect, the invention provides a pharmaceutical composition,
immunogenic composition, or vaccine comprising the viral vector of the invention and a
pharmaceutically acceptable carrier.
[0016] in the third aspect, the invention provides a viral vector, a pharmaceutical
compaosition, immunogenic compaoasition, or vaccine of the invention, for use in a method
of treating or preventing a Hepatitis B virus infection in a patient.
100177 In the fourth aspect, the invention provides an isolated nucleic acid, wherein the
nucieic acid comprises an arenavirus genomic segment wherein one open reading frame
of the genomic segment is deleted or functionally inactivated and wherein the genomic
segment comprises one or more of;
a. a nucleotide sequence encoding an HBY HBc protein or an antigenic fragment
thereof;
b. a nucleotide sequence encoding a fusion of HBY HBs and HBc proteins or
antigenic fragments thereof; or
¢. & nucleotide sequence encoding an HBY pre-S2/S protein or an antigenic
fragment thereof,
wherein a viral vector comprising the arenavirus genomic segment is capable of eliciting
a T cell response against the HBY HBc protein, the fusion of HBV HBs and HBc proteins,
the HBY pre-S2/8 protein, or an antigenic fragment thereof, optionally wherein the
genomic segment is the short segment, wherein the open reading frame encoding the
glycoprotein (GP) is deleted.
[0018] In the fifth aspect, the invention provides a cDNA of the arenavirus genomic
segment as defined in the fourth aspect.
[0019] In the sixth aspect, the invention provides an in vilro method for generating an
infectious, replication-deficient arenavirus viral vector comprising:

a. transfecting into a host cell the cONA of the invention;
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b. maintaining the host cell under conditions suitable for virus formation; and
c. harvesting the infectious, replication-deficient arenavirus viral vector,
wherein the host cell expresses the open reading frame of the genomic segment that is
deleted or functionally inactivated ;
optionatly wherein the method further comprises in step a. transfecting into the host cell:
a cDNA of a second arenavirus genomic segment, a nucleic acid comprising the L protein
ORF, and/or a nucleic acid comprising the NP ORF.
(0020} In the seventh aspect, the invention provides a pharmaceutical composition
comprising a first infectious, replication-deficient arenavirus viral veclor engineered fo
contain a genome with the ability to amplify and express its genetic information in infected
cells but unabile 1o produce further infectious progeny particles in normal, not genetically
engineared cells, wherein one arenavirus open reading frame is removed and replaced
by a first nucleotide sequence selected from the group consisting of:
a. a nuclectide sequence encoding an HBY HEBc protein or an antigenic fragment
thereof;
b. a nucieotide sequence encoding a fusion of HBYV HBs and HBc proteins or
antigenic fragments thereof, and
c. anuclectide sequence encoding an HBV pre-52/S protein or an antigenic fragment
thereof;
and a second infectious, replication-deficient arenavirus viral vector engineered to contain
a genome with the ability o amplify and express its genetic information in infected cells
but unable to produce further infectious progeny particles in normal, not genstically
engineered cells, wherein one arenavirus open reading frame is removed and replaced
by a second nucleoctide sequence selected from the group consisting of:
a. a nucleotide sequence encoding an HBV HBc protein or an antigenic fragment
thereof;
b. a nuclectide seguence encoding a fusion of HBY HBs and HBc proteins or
antigenic fragments theraof; and
c. & nucleotide sequence encoding an HBY pre-S2/S protein or an antigenic
fragment thereof,
wherein the first and second nuclectide sequences are different; wherein the first viral
vecior and the second viral veclor are capable of eliciting a T cell response against the
HBY HBc protein, the fusion of HBV HBs and HBc proteins, the HBV pre-52/S protein, or

an antigenic fragment thereof.
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[0021] Hereinafter, reference o the arenavirus in the context of the invention, or the
arenavirus comprised in the pharmaceutical composition of the invention, means the

arenavirus viral vector.

3. SUMMARY OF THE INVENTION

[0022] The present application provides immunaotherapies for Hepatitis B virus infections.
Provided herein is an infectious arenavirus viral vector, wherein an arenavirus open
reading frame is removed and replaced by a nucleotide sequence selected from the group
consisting of:
a. anucleotide sequence encoding an HBV pre-82/8 protein or an antigenic fragment
thereof,
b. a nucleotide sequence encoding an HBY HBcC protein or an antigenic fragment
thereof, and
¢. a nucleotide sequence encoding a fusion of HBYV HBs and HBc proteins or
antigenic fragments thereof; and
wherein the viral vector is capable of eliciting a T cell response against the HBY HBc
protein, the fusion of HBY HBs and HBc proteins, the HBV pre-S2/8 protein, or an
antigenic fragment thereof.
[0023] In certain embodiments, the infectious arenavirus viral vector is replication-
deficient (See Section 6.1(a)). In certain embodiments, the infectious arenavirus viral
vector is replication-competent (See Section 6.1(b)). In certain embodiments, the
infectious, replication-deficient arenavirus viral vector is bisegmenied. In certain
embodiments, the infectious, replication-deficient arenavirus viral vector is trisegmented.
In certain embodiments, the infectious, replication-competent arenavirus viral vector is
trisegmented.
10024} in cerlain embodiments, provided herein is an arenavirus viral vector, wherein an
arenavirus open reading frame is removed and replaced by a nuclectide segquence
selected from the group consisting of:
a. anucleotide sequence encoding an HBV pre-82/8 protein or an antigenic fragment
thersof:
b. a nuclectide sequence encoding an HBY HBc protein or an antigenic fragment
thereof, and
¢. a nucleotide sequence encoding a fusion of HBYV HBs and HBc proteins or

antigenic fragments thereof, and wherein the viral vecior is capable of elicitinga T
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cell response against the HBY HBc protein, the fusion of HBV HBs and HBc

proteins, the HBV pre-82/8 protein, or an antigenic fragment thereof.
[0025] In certain embodiments, the arenavirus viral vector is replication-deficient. In
ceriain embodiments, the arenavirus viral vecior is replication-competent.
10028] In certain embodiments, a viral vector as provided herein is infectious, Le., is
capable of entering into or injecting its genetic material into a host cell. In certain more
specific embodiments, a viral vector as provided herein is infectious, 1.e., is capable of
ertering into or injecting its genetic material into a host cell followed by amplification and
axpression of its genetic information inside the host cell. In certain embodiments, the viral
vector is an infectious, replication-deficient arenavirus viral vector enginesred to contain
a genome with the ability to amplify and express its genetic information in infected cells
but unable to produce further infectious progeny particles in normal, not genstically
engineered cells. In certain embodiments, provided herein is a cell ling that supporis viral
growth of a wild type virus but does not express the complementing viral protein, thus is
unable to produce further infectious viral progeny particles. In certain embodiments, the
infectious arenavirus viral vector is replication-competent and able {0 produce further
infectious progeny particles in normal, not genetically engineerad cells.
[0027] In certain embodiments, the pre-S2/8 protein or the antigenic fragment thereof
comprises an amino acid sequence that is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 87%, 98%, 99%, or 100% identical
to an amino acid sequence encoded by the nuclectide sequence of SEQ ID NO: 1. In
certain embodiments, the fragment is antigenic when it is capable of (i) eliciting an
antibody immune response in a host {e.g., mouse, rabbit, goat, or donkey) wherein the
resulting antibodies bind specifically to human HBY pre-S2/8 protein; and/or (i) eliciting
a specific T cell immune response.
[0028] In certain embodiments, the HBC protein or the antigenic fragment thereof
comprises an amino acid sequence that is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to an amino acid sequence encoded by the nucleotide sequence of SEQ 1D NO: 2. In
certain embodiments, the fragment is antigenic when it is capable of (i) eliciting an
artibody immune response in a host {(e.g., mouse, rabbit, goat, or donkey) wherein the
resuiting antibodies bind specifically to human HBV HBc protein; andfor (i) eliciting a
specific T cell immune response.
[0029] In certain embodiments, the fusion of HBY HBs and HBc proteins or antigenic

fragments thereof comprises an amino acid sequence that is 80%, 81%, 82%, 83%, 84%,



o DK/EP 3371316 T3

85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to an amino acid seguence encoded by the nuclectide sequence of SEQ
ID NO: 3. In certain embodiments, the fragment is antigenic when it is capable of (i)
eliciting an antibody immune response in a host (e.g., mouse, rabbit, goat, or donkey)
wherein the resulting antibodies bind specifically to human HBY HBs, HBc¢ or both HBs
and HBc; and/or (ii) eliciting a specific T cell immune response.
[0030] The HBe protein or the antigenic fragment thereof comprises an amino acid
sequence that is 80%, 81%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to an amino acid
sequence encoded by the nucleotide sequence of SEQ 1D NO: 26. The fragment may be
antigenic when it is capable of (i} eliciting an antibody immune response in a host {e.g.,
mouse, rabbit, goat, or donkey) wherein the resulling antibodies bind speacifically {o
human HBY HBe protein; andfor (ii) eliciting a specific T cell immune response.
100317 In certain embodiments, the viral vector comprises at least two of:
a. anucleotide sequence encoding an HBV pre-82/S protein or an antigenic fragment
thereof;
b. a nuclectide sequence encoding an HBY HBc protein or an antigenic fragment
thereof, and
¢. a nucleotide sequence encoding a fusion of HBV HBs and HBc proteins or
antigenic fragments thereof, and
wherein the viral vector is capable of eliciting a T cell response against the HBV HEBc
protein, the fusion of HBY HBs and HEBc proteins, the HBV pre-52/8 protein, or an
antigenic fragment thereof.
[0032] In certain embodiments, the viral vector comprises at least three of:
a. anucleotide sequence encoding an HBV pre-82/8 protein or an antigenic fragment
thereof,
b. a nucleotide sequence encoding an HBY HBcC protein or an antigenic fragment
thereof, and
¢. a nucleotide sequence encoding a fusion of HBY HBs and HBc proteins or
antigenic fragments thereof; and
wherein the viral vector is capable of eliciting a T cell response against the HBY HBc
protein, the fusion of HBY HBs and HBc proteins the HBV pre-82/5 protein, or an
antigenic fragment thereof.
[6033] In certain embodiments, an open reading frame (ORF) of the arenavirus is deleted

or functionally inactivated and replaced with a nucleic acid encoding an HBY antigen as
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described herein. in a specific embodiment, the ORF that encodes the glycoprotein GP
of the arenavirus is deleted or functionally inactivated. In certain embodiments, functional
inactivation of a gene eliminates any translation product. In certain embodiments,
functional inactivation refers to a genetic alferation that allows some translation, the
translation product, however, is not longer functional and cannot replace the wild type
protein.

[0034] In certain embodiments, the viral vecior can amplify and express its genetic
information in a cell that has been infected by the viral vector but the viral vector is unable
to produce further infectious progeny particles in a non-complementing cell. In certain
embodiments, a viral vector as provided herein is infectious, i.e., is capable of entering
into or injecting its genetic material into a host cell. In certain more specific embodiments,
a viral vector as provided herein is infectious, Le., is capable of entering into or injecting
its genetic material into a host cell followed by amplification and expression of its genetic
information inside the host cell.

[0035] In certain embodiments, the genomic information encoding the infectious
arenavirus particle is derived from the lymphocytic choriomeningitis virus (LCMV) Clone
13 strain or the LCMVY MP strain. The nuclectide sequence of the S segment and of the
L segment of Clone 13 are set forth in SEQ 1D NOs: 12 and 7, respectively.

[00386] In certain embodiments, provided herein is a viral vector whose genome (s or has
been derived from the genome of Clone 13 (SEQ ID NOs: 12 and 7) by deleting an ORF
of the Clone 13 genome (e.g., the ORF of the GP protein) and replacing it with a
heterclogous ORF that encodes an antigen (e.g., an HBV antigen) such that the
remaining LCMV genome is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, at least 99%, or 100% identical
to the nucleotide sequence of Clone 13 (SEQ ID NOs: 12 and 7).

[0037] In certain embodiments, provided herein is a viral vector whose genome has bean
derived from the genome of the LCMV strain MP (SEQ ID NOs: 13 and 14) by deleting
an ORF of the LCMV strain MP genome (a.g., the ORF of the GP protein) and replacing
it with a heterologous ORF that encodes an antigen (e.g., an HBV antigen) such that the
remaining LCMV genome is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, at least 98%, 99.1%, 99.2%,
99.3%, 99.4%, 99.5%, 99.68%, 99.7%, 99.8%, at least 99.9% or 100% identical to the
nucleotide sequence of LCMVY strain MP (SEQ 1D NOs: 13 and 14).

[0038] In a more specific embodiment, the viral vector comprises a genomic segment,

wherein the genomic segment comprises a nuclectide sequence that is at least 80%,
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91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, at least 99%, or 100% identical to the
sequence of nuclectide 1638 to 3315 of SEQ 1D NO: 11 or 1640 to 3316 of SEQ D NO:
12. In certain embodiments, the viral vector comprises a genomic segment comprising a
nucleotide sequence encoding an expression product whose amino acid sequence is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, at least 98%, or 100% identical
to the amino acid sequence encoded by 1639 to 3315 of SEQ 1D NO: 11 or 1640 to 3316
of SEQ ID NOG: 12.
10039} Also provided herein are isolated nucleic acids, wherein the nucieic acid is a cONA
of an arenavirus genomic segment wherein one ORF of the genomic segment is deleted
or functionally inactivated and wherein the genomic segment comprises one or any
combination of:
a. anucleotide sequence encoding an HBY pre-S2/8 protein or an antigenic fragment
thereof;
b. a nucleotide sequence encoding an HBY HBc protein or an antigenic fragment
thereof, and
C. a nucleotide sequence encoding a fusion of HBY HBs and HBc proteins or
antigenic fragments thereof, and
wherein a viral vector comprising the arenavirus genomic segment is capable of eliciting
a T cell response against the HBV pre-82/8 protein, the HBVY HBc protein, or the fusion
of HBV HBs and HBc proteins, or an antigenic fragment thereof.
[0040] In certain embodiments, the genomic segment is the short segment, wherain the
ORF encoding the GP is deleted.
(00411 In one aspect, provided herein are methods for generating an infectious,
replication-deficient arenavirus particle comprising:
a. transfecting into a host cell a nucleic acid described herein;
b. maintaining the host cell under conditions suitable for virus formation; and
c. harvesting the infectious, replication-deficient arenavirus particle,
wherein the host cell expresses the ORF that is deleted or functionally inactivated on the
genomic segment. In cerfain embodiments, any additional nucleic acids required for the
rescue of a viral particle are also transfected into the host cell in step a. Such additional
nucleic acids can be: the cDNA of the second arenavirus genomic segment, a nucleic
acid comprising the L protein ORF, and/or a nucleic acid comprising the NP ORF.
[0042] In ancther aspect, provided herein are compositions, e.¢., pharmaceutical,
ImMmunogenic or vaccing compositions, comprising a viral vecior described herein and a

pharmaceutically acceptable carrier. Also provided hergin are compositions {e.¢., vaccine
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compositions) that comprise two or more different viral vectors described herein {(i.e.,
wherein the viral vectors encode different HBV antigens). In certain embodiments, the
pharmaceutical composition comprises a nucleic acid or fusion protein described herein.
[0043] in a further aspect, methods of treating or preventing HBY infection in a patient,
comprise administering to the patient a viral vector, a pharmaceutical composition, an
immunogenic composition, or a vaccine described herein. In yet another aspect, provided
herein is use of a viral vector, a pharmaceutical compaosition, an immunogenic
composition, or a vaccine described herein in methods of reatment or prevention of HBY.
In certain embodiments, an infectious arenavirus viral vector expressing an HBY antigen
or a fragment thereof is capable of preventing transmission and/or infection of HBY from
a mother to an unborn child. in certain embodiments, one or more infectious arenavirus
viral vectors expressing an HBV antigen or a fragment thereof are capable of preventing
transmission and/or infection of HBY from a mother to an unborn child. In certain
embodiments, the infectious arenavirus viral vector is replication-deficient (See Section
8.1(a)). In certain embodiments, the infectious arenavirus viral vector is replication-
competent (See Section 6.1(b)).

[0044] In certain embodiments, administering to a patient an infectious arena virus viral
vecior expressing an HBY antigen or a fragment thereof induces a long-lasting immune
response. In certain embodiments, the infectious arenavirus viral vector is replication-
deficient (See Section 6.1(a)). In certain embodiments, the infectious arenavirus viral
vector is replication-competent (See Saction 6.1(b)).

[0045] In certain embodiments, methods of treating and or preventing HBY infection in a
patient, comprise administering o the patient two or more arenavirus viral vectors
expressing an HBV antigen or fragment thereof In a more specific embodiment, each
arenavirus viral vector expresses a different HBV antigen or fragment thereof. In other
embodiments, each arenavirus viral veclor expresses an HBY antigen or a derivative
thereof. In some embodiments the derivative thereof is an HBY antigen fragment. In yet
another embodiment provided herein are compositions that comprise two or morg arena
virus viral vectors each expressing a different HBV antigen or fragment thereof. In certain
embodiments, the infectious arenavirus viral vector is replication-deficient (See Section
6.1(a)). In certain embodiments, the infectious arenavirus viral vector is replication-
competent (See Section 6.1(b)).

[0048] In cerfain embodiments, the arenavirus is lymphocytic choriomeningitis virus
(LCMV)Y or Junin virus (JUNVY).
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(00477 In certain embodiments, provided herein is an infectious arenavirus viral vector,
wherein an arenavirus open reading frame is removed and replaced by a nuclectide
seqguence encoding a fusion of HBV HBs and HBc proteins or antigenic fragments thereof.
In specific embodiments, the arenavirus is lymphocytic choriomeningitis virus. In specific
embodiments, the open reading frame that encodes the glycoprotein of the arenavirus is
deleted or functionally inactivated. In specific embodiments, the viral vector is replication-
deficient. In specific embodiments, the viral vector s replication-competent. In specific
embodiments, the viral vecior is trisegmented. In certain embodiments, a method of
treating or preventing a Hepatitis B virus infection in a patient, comprises administering
to the patient the viral vector from which an arenavirus open reading frame is removed
and replaced by a nuclectide sequence encoding a fusion of HBV HBs and HBc proteins

or antigenic fragments thereof.

3.1 Conventions and Abbreviations

[0048]
EAFP Alpha- fetoprotein
EALT Alanine aminotransferase
EAF’C Antigen presenting cells
AST .............................................. Aspartateammotransferase ...................................................................
—— Cempiementangceiiime .............................................................................
VR e e
CDB ............................................ e
CEVEE Cell-mediated immunity
éG&piasmid Plasmid expressing genome segments

\EHBC or HBcAg

HBV core antigen

HB@ or HBeAg

..................................................

...................................................

Extraceliular HBY core antigen
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14
EEFNA{ interferon-y
EEQR Intergenic region
EJUNV ‘Juﬂin Virus
LCMV ....................................... Lymphccytsccherscmemﬁgatasvarus ...............................................
T TTR—— : actatedehydrcgenaae ...............................................................................
NEHC ........................................... E\/iajerHastocompatabahtyCompiex ...................................................
NP ................................................. Nuciegprotem .........................................................................................................
EORF Open reading frame
éPre-SZ!E‘s HBV middle surface antigen
ETF-piasmEcj Plasmid expressing transacting factors
TN F-a Tumor necrosis factor-a
UTR ‘Ur‘stransiat@d region
Z ..................................................... T T

4. DESCRIPTION OF THE SEQUENCE LISTING

[0049] The following sequences are illustrative amino acid sequences and nuclectide
sequenceas that can be used with the methods and compositions described herein. In
some instances a DNA seguence is used to describe the RNA sequence of a viral
genomic segment. The RNA seguence can be readily deduced from the DNA sequence.
The seguences themselves may also be found in Table 3 of Section 6.10.
SEQ ID NO: 1 is the nucleotide sequence of the HBV pre-82/5 ORF.
SEQ ID NO: 2 is the nucleotide sequence of the HBY HBc ORF.
SEQ 1D NO: 3 is the nucleotide sequence of the HBY HBs-HBc fusion protein ORF.
SEQID NG: 4 is the nucleotide sequence of the LCMV S segment exprassing HBYV
HBs-HBc fusion protein in cDNA form. The genomic segment is RNA, the
sequence in SEQ 1D NO:4 is shown for BNA; however, exchanging all thymidines
("T") in SEQ 1D NO:4 for uridines ("U") provides the RNA sequence.
SEQ ID NGO: 5 is the nucleotide sequence of the LCMV S segment expressing the
HBc ORF, in cDNA form. The genomic segment is RNA, the sequence in SEQ ID
NC:5 is shown for DNA; however, exchanging all thymidines ("T") in SEQ 1D NG5

for uridines ("U") provides the RNA sequence.
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SEQ D NO: 6 is the nuclectide sequence of the LCMV & segment expressing the
pre-S2/5 ORF, in cDNA form. The genomic segment is RNA, the seguence in SEQ
D NO:6 is shown for DNA; however, exchanging all thymidines ("T") in SEQ 1D
NO.6 for uridines ("U") provides the RNA seguence.

SEQ ID NO: 7 s the lymphocytic choriomeningitis virus clone 13 segment L,
complete sequence (GenBank: DQ361066.1). The genomic segment is RNA, the
sequence in SEQ ID NO: 7 is shown for DNA; howeaver, exchanging all thymidines
("T") in SEQ 1D NO: 7 for uridines ("U") provides the RNA sequence.

SEQ D NO: 8 is the amino acid sequence of an HBY HBs protein-derived epiiope.
SEQID NO: 9 is the amino acid sequence of an HBY HBs protein-derived epitope.
SEQ ID NO: 10 is the amino acid sequence of an HBY HBc protein-derived
epitope.

SEQ 1D NGO 11 is the lymphocytic choriomeningitis virus segment S, complete
sequence. The genomic segment is RNA, the sequence in SEQ ID NO: 11 is
shown for DNA; however, exchanging all thymidines ('T") in SEQ 1D NO:11 for
uridines ("U") provides the RNA sequence.

SEQ 1D NO: 12 is the lymphocytic choriomeningitis virus clone 13 segment S,
complete sequence (GenBank: DQ361065.2). The genomic segment is RNA, the
sequence in SEQ 1D NO: 12 is shown for DNA; however, exchanging all thymidines
("7 in SEQ 1D NO: 12 for uridines ("U") provides the RNA sequence.

SEQ 1D NG: 13 is the lymphocytic choriomeningitis strain MP segment L, complete
sequence. The genomic segment is RNA, the sequence in SEQ 1D NO: 13 is shown
for DNA; however, exchanging all thymidines ("T"}) in SEQ D NG:13 for uridines
("U"} provides the RNA sequence.

SEQ ID NO: 14 is the lymphocytic choriomeningitis strain MP segment S, complete
sequence. The genomic segment is RNA the sequence in SEQ 1D NO: 14 is shown
for DNA; however, exchanging all thymidines ("T") in SEQ ID NO:14 for uridines
("U") provides the RNA sequence.

SEQ ID NO: 15 is the amino acid sequence of the NP protein of the MP sirain of
LCMV.

SEQ 1D NO: 16 is the amino acid sequence of the GP protein of the MP strain of
LCMV.

SEQ D NGO 17 is the amino acid sequence of the L protein of the MP strain of
LOMVY.
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SEQ D NGO 18 is the amino acid sequence of the Z protein of the MP strain of
LCMV.

SEQ ID NO: 19 is Junin virus Candid #1 strain segment L, complete sequence.
SEQ ID NO: 20 is Junin virus Candid #1 strain segment §, complete sequence.
SEQID NG: 21 is the amino acid sequence of the NP protein of the Clone 13 strain
of LCMV.

SEQ D NQ: 22 is the amino acid sequence of the GP protein of the Clone 13 strain
of LOMV.

SEQ ID NO: 23 is the amino acid sequence of the L protein of the Clone 13 strain
of LCMV.

SEQ ID NO: 24 is the amino acid seguence of the £ protein of the Clone 13 strain
of LCMV

SEQ ID NO: 25 is the amino acid sequence of the GP protein of the WE strain of
LCMV.

SEQ ID NO: 26 is the nucleotide sequence of the HBY HBe antigen.

§. BRIEF DESCRIPTION OF THE FIGURES

1060507

Fig. 1. The genome of wild type arenaviruses consists of a short (1, ~3.4 kb) and
alarge (2; ~7.2 kb) RNA segment. The short segment carries ORFs encoding the
nucleoprotein (3) and glycoprotein (4). The large segment encodes the RNA-
dependent RNA polymerase L (5) and the matrix protein Z (6). Wild type
arenaviruses can be rendered replication-deficient vaccine vectors by deleting the
glycoprotein gene and inserting, instead of the glycoprotein gene, antigens of
choice (7} against which immune responsas are {0 be induced.

Figs. 2A-C: Schematic representation of the genomic organization of bi- and tri-
segmented LCMV. The bi-segmented genome of wild-type LCMV consists of one
S segment encoding the GP and NP and one L segment encoding the Z protein
and the L protein (A). Both segments are flanked by the respective 5 and 3' UTRs.
The genome of recombinant tri-segmented LCMVs (r3LCMV) consists of one L
and two S segments with one position where to insert a gene of interest (here
GFP) into each one of the S segments. I3LCMV-GFPW (nat) has all viral genes
in their natural position (B), whereas the GP ORF in r3LCMV-GFpatiicial (art) ig

artificially juxtaposed to and expressed under control of the 3' UTR (C).
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Fig. 3: Hepatitis B virus-specific CDB+ T cells, expressed as a percentage of the
total CD8+B220- T cell pool in peripheral blood of C57BL/6 mice (5 mice per group)
ten days after intravenous immunization with 10° FFU of rLCMV/HBs-HBc (group
1), rLCMV/HBc (group 3), rLCMV/Pre-52 (group 4), or with 10*FFU of
rl. CMV/HBs-HBc (group 2). Control mice were left untreated.

Fig. 4A-B: Hepatitis B virus-specific CD8+ T cells, expressed as (A) a percentage
of the total CDB+B220- T cell pool in peripheral blood or, (B) as a percentags of
the circulating lymphocytes in the blood, of C57BL/E mice (5 mice per group) eight
days after intravenous immunization with 10° FFU of r3LCMV/HBs-HBc (group 1),

r3LCMV/HBC (group 2), rBLCMV/Pre-S2 (group 3), or with 10° FFU of rLCMV/HBs-

HBc (group 4). Control mice were left unireated.

€. DETAILED DESCRIPTION OF THE INVENTION

[0051] The present application provides immunotherapies for Hepatitis B virus infections.
Provided herein are compaositions and compositions for use in the treatment or prevention
of infection of a subject with HBV. More specifically, provided herein are infectious
arenaviruses that comprise a nucleotide seguence encoding an HBV antigen. In certain
embodiments, the infectious arenavirus is replication-deficient. in certain embodiments,
the infectious arenavirus is replication-competent. These viruses can be administered to
a subject for the treatment or prevention of HBY infection. The generation of infectious
arenavirus vectors for use with the present invention is described in more detail in Section
8.3
(00521 Provided herein is a genetically modified arenavirus, wherein the arenavirus: is
infaectious;
cannot form infectious progeny virus in a non-complementary cell (i.e., a cell that
does not express the functionality that is missing from the replication-deficient
arenavirus and causes it {0 be replication-deficient);
is capable of replicating its genome and expressing its genetic information; and
encodes an HBY antigen or a fragment thereof.
100531 A genetically modified arenavirus described herein is infectious, i.e., it can attach
to a host cell and release its genetic material into the host cell. A genstically modified
arenavirus described herein may be replication-deficient, i.e., the arenavirus is unable to
produce further infectious progeny particles in a non-complementing cell. In particular, to

create a replication-deficient arenavirus, the genome of the arenavirus is modified {e.g.,
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by deletion or functional inactivation of an ORF) such that a virus carrying the modified
genome can no longer produce infectious progeny viruses. A non-complementing cell is
a cell that does not provide the functionality that has been eliminated from the replication-
deficient arenavirus by modification of the virus genome (e.g., if the ORF encoding the
GP protein is deleted or functionally inactivated, a non-complementing cell does not
provide the GP protein). However, a genetically modified replication-deficient arenavirus
provided herain 18 capable of producing infectious progeny viruses in complementing
cells. Complementing cells are cells that provide (in trans) the functionality that has been
eliminated from the replication-deficient arenavirus by modification of the virus genome
(e.g., f the ORF encoding the GP protein is deleted or functionally inactivated, a
complementing cell does provide the GP protein). Expression of the complementing
functionality (e.g., the GP protein) can be accomplished by any method known to the
skilled artisan {e.g., transient or stable expression). A genstically modified arenavirus
described herein can amplify and express its genetic information in a cell that has been
infected by the virus. A genetically modified arenavirus provided herein comprises a
nuclectide seguence that encodes an HBV antigen such as but not limited {o the HBV
antigens described in Section 8.2,

[0054] In certain embodiments, provided herein is a gensetically modified arenavirus in
which an ORF of the arenavirus genome is deleted or functionally inactivated such that
the resulting virus cannot produce further infectious progeny virus particles in non-
complementing cells. An arenavirus particle comprising a genetically modified genome in
which an ORF is deleted or functionally inactivated can be produced in complementing
cells (i.e., in cells that express the arenaviral ORF that has been deleted or functionally
inactivated) (see Sectlion 6.3). The genstic material of the resulting arenavirus particles
can be transferred upon infection of a host cell into the host cell, wherein the genetic
material can be expressed and amplified. In addition, the genome of the genetically
modified arenavirus particles provided herein encodes an HBY antigen that can be
expressed in the host cell.

[0055] In certain embodiments, the ORF that encedes the glycoprotein (GP) of the
arenavirus is deleted to generate a replication-deficient arenavirus for use with the
present invention. In a specific embodiment, the replication-deficient arenavirus
comprises a genomic segment comprising a nucleotide sequence encoding an HBY
antigen. Thus, in certain embediments, a genetically modified arenavirus particle

provided herein comprises a genomic segment that a) has a deletion or functional
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inactivation of an ORF that is present in the wild type form of the genomic segment, and
b) encodes (either in sense or antisense) an HBY antigen (see Section 8.3).
[0056] In certain embodiments, the nucleotide seguence that is inserted into the genome
of the arenavirus encoding an HBV antigen or combinations of HBV antigens is selecied
from :
a. anucleotide sequence encoding an HBV pre-82/S protein or an antigenic fragment
thereof,
b. a nuclectide sequence encoding an HBY HBc protein or an antigenic fragment
thereof, and
¢. a nucleotide sequence encoding a fusion of HBV HBs and HBc proteins or
antigenic fragments thereof,
and wherein a viral vector comprising the nuclectide sequence is capable of elicitinga T
cell response against the HBV pre-52/Sprotein, the HBY HBc protein, the fusion of HBY
HBs and HBc proteins,or an antigenic fragment thereof.
(00571 In certain embodiments, the infectious arenavirus viral vector is replication-
deficient (See Section 6.1(a)). In certain embodiments, the infectious arenavirus viral
vector is replication-competent (See Section 6.1(b))
[0058] A detailed description of the antigens described herein is provided in Section 8.2,
[0059] In certain embodiments, the arenaviruses used according to the invention
described herein can be Old World viruses, for example, Lymphocytic choriomeningitis
virus (LCMV). More detailed description of the arenaviruses described herein is provided
i Section 6.1. In certain embodiments, the arenaviruses usead according to the invention
described herein can be New World viruses.
(00607 Provided herein are nucleic acids comprising the genome of such replication-
deficient arenaviruses. In certain aspects, an infectious, replication-deficient arenavirus
particle comprises a genomic segment comprising a nucleotide sequence of SEQ 1D NO:
1, SEQID NO: 2, or SEQ ID NO: 3.
10061] Provided herein is an expression plasmid that encodas one or more components
required for the generation of a viral vector described herein. Specifically, provided herein
is an expression vector that encodes an LCMV S segment wherein the ORF for the GP
protein has been deleted from the S segment and has been replaced with the ORF of
human HBV pre-82/8 protein {e.g., having an amino acid sequence encoded by the
nuclectide sequence of SEQ 1D NO: 1 or an amino acid sequence that is 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
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98%, 99%, or 100% identical to an amino acid sequence encoded by the nucleotide
sequence of SEQ 1D NO: 1).

(0062} Provided herein is an expression plasmid that encodes one or more components
required for the generation of a viral vector described herein. Specifically, provided herein
is an expression vector that encodes an LCMV § segment wherein the ORF for the GP
protein has been deleted from the S segment and has been replaced with the ORF of
human HBY HBc protein (e.4., having an amino acid sequence encodad by the nucleotide
sequence of SEQ ID NO: 2 or an amino acid sequence that is 80%, 81%, 82%, 83%,
B84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%,
99%, or 100% identical to an amino acid sequence encoded by the nuclectide sequence
of SEQ ID NO: 2).

[0063] Provided herein is an expression plasmid that encodes one or more components
required for the generation of a viral vector described herein. Specifically, provided herein
is an expression vector that encodes an LCMV S segment wherein the ORF for the GP
protein has been deleted from the S segment and has been replaced with the ORF of
human HBV HBs and the ORF of human HBV HBc (e.g., having an amino acid sequence
encoded by the nuclectide sequence of SEQ 1D NO: 3 or an amino acid sequence that is
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to an amino acid sequence encoded by
the nucleotide seguence of SEQ ID NO: 3).

[00864] Provided herein are kits comprising one or two of the vactor plasmids describead
herein. In certain embodiments, provided herein is a kit that comprises a) an expression
plasmid that comprises the nuclectide sequence of the S segment of an LCMV vector; b)
an expression plasmid that comprises the nucleotide sequence of the L segment of an
LCMV vector, and ¢} an expression plasmid that encodes the complementing
functionality. In a specific embodiment, provided herain is a kit comprising a) an
expression vector that comprises the nucleotide sequence of an LCMV 8§ segment
wherein the ORF for the GP protein has been deleted from the S segment and has been
replaced with the ORF of human HBV pre-82/S protein {e.g., having an amino acid
sequence encoded by the nuclectide sequence of SEQ 1D NO: 1 or an amino acid
sequence that is 80%, 81%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to an amino acid
sequence encoded by the nucleotide seguence of SEQ 1D NO: 1), b) an expression

plasmid that comprises the nuclectide sequence of the L segment of an LCMV vector,
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and ¢} an expression plasmid that encodes the LCMY GP protein (or a cell line that
expresses LCMV GP protein).

[0065] Provided herein are kits comprising one or two of the vector plasmids described
herein. In certain embodiments, provided herein is a kit that comprises a) an expression
plasmid that comprises the nuclactide sequence of the S segment of an LCMV vector, b)
an expression plasmid that comprises the nucleotide sequence of the L segment of an
LCMV vector; and ¢) an expression plasmid that encodes the complementing
functionality. In a specific embodiment, provided herein is a Kit comprising a) an
expression vector that comprises the nucleotide sequence of an LCMV 8 segment
wherein the ORF for the GP protein has been deleted from the S segment and has been
replaced with the ORF of human HBV HBc protein (e.¢., having an amino acid sequence
encoded by the nuclectide sequence of SEQ 1D NO: 2 or an amino acid sequence that is
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 98%, or 100% identical to an amino acid sequence encoded by
the nucleotide sequence of SEQ 1D NO: 2); b) an expression plasmid that comprises the
nuclectide sequence of the L segment of an LCMV vector; and ¢) an expression plasmid
that encodes the LOMV GP protein (or a cell line that expresses LCMV GP protein).
[0066] Provided herein are kits comprising one or two of the vector plasmids described
herein. In certain embodiments, provided herein is a kit that comprises a) an expression
plasmid that comprises the nucleotide sequence of the 8 segment of an LCMV vector,; b)
an expression plasmid that comprisas the nucleotide sequence of the L segment of an
LOMY vector, and ¢) an expression plasmid that encodes the complementing
functionality. In a specific embodiment, provided herein is a kit comprising a) an
gxpression vecltor that comprises the nucleotide sequence of an LOCMV S segment
wherein the ORF for the GP protein has been deleted from the S segment and has been
replaced with the ORF of human HBV HBs and the ORF of human HBV HBc (e.g., having
an amino acid sequence encoded by the nuclectide sequence of SEQ ID NO: 3 or an
amino acid sequence that is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to an amino
acid sequence encoded by the nucleotide seguence of SEQ 1D NO: 3); b) an expression
plasmid that comprises the nuclectide sequence of the L segment of an LOMV vector;
and c) an expression plasmid that encodes the LCMV GP protein (or a cell line that
expresses LOMV GP protein).

(00677 Also provided herein are cell lines, culiures and methods of culturing ceills infected

with nucleic acids, vectors, and compaositions provided herein. More detailed description
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of the nucleic acids, vector systems and cell lines described herein is provided in Section
6.4

[0068] In one aspect, provided herein are such genetically modified replication-deficient
arenaviruses suitable as vaccines and said arenaviruses for use in vaccination and
treatment or prevention of infections by HBV. More detailed description of methods of
using such arenaviruses described herein is provided in Section 6.5,

[0069] In certain embodiments, immunization with an infectious arenavirus that
expresses an HBVY antigen or a fragment thereof, as described herein provides a long-
fasting immune response. In certain embodiments, maximal antibody levels can be
achieved after two immunizations. In another embodiment, a third immunization can be
administered for a boosting effect. in more specific embodiments, provided herein are
administration schedules using the infectious arenavirus in a vaccination for the treatment
andfor prevention of infections by HBY. A more detailed description of administration
schedules using an infectious arenavirus as described hergin is provided in Section 6.6
In certain embodiments, the infectious arenavirus viral vector is replication-deficient (See
Section 6.1(a)). In certain embodiments, the infectious arenavirus viral vector is
replication-competent (See Section 6.1(b)).

(80701 In certain embodiments, administering {o a seronegative subject an infecticus
arenavirus expressing an HBV antigen or a fragment thereof, as described herein induces
a detectable antibody titer for @ minimum of at least 4 weeks. In another embodiment,
administering o a subject infected with an HBV infection an infectious arenavirus
expressing an HBY antigen or a fragment thereof, as described herein increases the
antibody titer by at least 100%, at least 200%, at least 300%, at least 400%, at least
500%, or at least 1000%. In certain embodiments, primary antigen exposure, by first
immunization with an infectious arenavirus expressing an HBV antigen, elicits a
functional, {(neutralizing) and minimum antibody titer of at ieast 50%, at least 100%, at
least 200%, at least 300%, at least 400%, at least 500%, or at least 1000% of mean
control sera from infection-immune human subjects. In more specific embodiments, the
primary neutralizing geometric mean antibody titer increases up to a peak value of at least
1:50, at least 1100, at least 1.200, or at least 1:1000 within at least 4 weeks post-
immunization. In another embodiment, immunization with an infectious arenavirus
expressing an HBY antigen or a fragment thereof, as described herein produces high
titers of antibodies that last for at least 4 weeks, at least 8 weeks, at least 12 weeks, at
least 6 months, at least 12 months, at least 2 vears, at least 3 years, ai least 4 years, or

at least 5 years post-immunization following a single administration of the vaccine. In
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certain embodiments, the infectious arenavirus viral vector is replication-deficient (See
Section 6.1(a)). In certain embodiments, the infectious arenavirus viral vector is
replication-competent (See Section 6.1(b)).

100717 in yet another embodiment, secondary antigen exposure by second immunization
with an infectious arenavirus expressing an HBY antigen or a fragment thereof increases
the antibody titer by at least 100%, at least 200%, at least 300%, at least 400%, at least
500%, or at least 1000%. In ancother embodiment, secondary antigen exposure elicits a
functional, (neutralizing) and minimum antibody titer of at least 50%, at least 100%, at
least 200%, at ieast 300%, at least 400%, at least 500%, or at least 1000% of mean
control sera from infection-immune human subjects. In more specific embodiments, the
secondary neulralizing geometric mean antibody titer increases up o a peak value of at
least 1:50, at least 1100, at least 1:200, or at least 1:1000 within at least 4 weeks post-
immunization. In ancther embodiment, a second immunization with an infectious
arenavirus expressing an HBY antigen or a fragment thereof, as described herain
produces high titers of antibodies that last for at least 4 weeks, at least 8 weeks, at least
12 weeks, at least 6 months, atleast 12 months, at least 2 years, at least 3 years, at least
4 years, or at least 5 years post-immunization. In certain embodiments, the infectious
arenavirus viral vector is replication-deficient (See Section 6.1(a)). In certain
embodiments, the infectious arenavirus viral vector is replication-competent (See Section
6.1(b)).

[0072] In yet another embodiment, a third boosting immunization increases the antibody
titer by at least 100%, at least 200%, at least 300%, at least 400%, at least 500%, or at
least 1000%. In ancther embodiment, the boosting immunization elicits a functional,
(neutralizing) and minimum antibody titer of at least 50%, at least 100%, at least 200%,
at least 300%, at least 400%, at least 500%, or at least 1000% of mean control sera from
infection-immune human subjects. In more specific embodiments, the neutralizing
geometric mean antibody titer after the third boosting immunization increases up to a
peak value of at least 1:50, at least 1:100, at least 1:200, or at least 1:1000 within at least
4 weeks post-immunization. In another embodiment, a third boosting immunization
prolongs the antibody titer by at least 4 weeks, at least 8 weeks, at least 12 weeks, at
least 6 months, at least 12 months, at least 2 years, at least 3 years, at least 4 years, or
at least 5 vears post-immunization.

[007 3] In certain embodiments, the infectious arenavirus expressing an HBY antigen or
fragment thereof, elicits a T cell independent or T cell dependent response. In other

embodiments, the infectious arenavirus expressing an HBV antigen or a fragment thereof,
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glicits a T cell response. In other embodiments, the infectious arenavirus expressing an
HBVY antigen or a fragment thereof, as described herein elicits a T helper response. in
another embodiment, the infectious arenavirus expressing an HBV antigen or a fragment
thereof, as described herein elicits a Thi-orientated response or a Thz-orieniated
responsea. In certain embodiments, the infectious arenavirus viral vector is replication-
deficient (See Section 6.1(a)). In certain embodiments, the infectious arenavirus viral
vector is replication-competent (See Saction 6.1(b)).
[0074] In more specific embodiments, the Thi-orientated response is indicated by a
predominance of igG1 antibodies versus 1gG2. In other embodiments the ratio of IgG1
1g(2 is greater than 1.1, greater than 2:1, greater than 3.1, or greater than 4:1. In another
embodiment the infectious arenavirus expressing an HBY antigen or a fragment thereof,
as described herein is indicated by a predominance of 1gG3 antibodies. In certain
embodiments, the infectious arenavirus viral vector is replication-deficient (See Section
6.1(a)). In certain embodiments, the infectious arenavirus viral vector is replication-
competent (See Section 6.1(b)).

100757 In some embodiments, the infectious arenavirus expressing an HBY antigen or a
fragment thereof elicits a CD8+ T cell response. In cther embodiments, the infectious
arenavirus expressing an HBY antigen or a fragment thereof elicits a reguiatory T cell
response. In more specific embodiments, the reguiatory T cell response maintains
immune tolerance. In ancther embodiment, the infectious arenavirus expressing an HBV
antigen or a fragment thereof elicits both CD4+ and CD8+ T cell responses. In certain
embodiments, the infecticus arenavirus viral vector is replication-deficient (See Section
&.1(a})). In certain embodiments, the infecticus arenavirus viral vector is replication-
competent (See Section 6.1(b)).

10076] In certain embodiments, the infectious arenavirus expressing one or more HBV
antigens or fragments thereof, as described herein, elicits high titers of neutralizing
antibodies. In another embodiment, the infectious arenavirus expressing two or more
HBV antigens or fragments thereof, as described herein, elicits higher titers of neutralizing
antibodies than expression of the protein complex components individually. In certain
embodiments, the infectious arenavirus viral vector is replication-deficient (See Section
6.1(a)). In certain embodiments, the infecticus arenavirus viral vector is replication-
competent (See Section 6.1(b)).

[0077] In other embodiments, two or more infectious arenaviruses expressing an HBV
antigen elicit high titers of neutralizing antibodies. In a more specific embodiment, two or

more infectious arenaviruses axpressing an HBY antigen elicit higher titers of neutralizing
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antibodies than an infectiocus arenavirus expressing one HBY antigen or fragment thereof.
in certain embodiments, the infectious arenavirus viral vector is replication-deficient (See
Section 6.1(a)). In certain embodiments, the infectious arenavirus viral vector is
replication-competent (See Section &.1(b)).

100787 In another embodiment, the infectious arenavirus expressing two, three, four, five,
or more HBVY antigens elicits higher titers of neulralizing antibodies than an infectious
arenavirus expressing one HBV antigen or fragment thereof. In certain embodiments, the
infectious arenavirus viral vecltor is replication-deficient (See Section 6.1(a)). In certain
embodiments, the infectious arenavirus viral vector is replication-competent (See Section
6.1(b)).

8.1 Arenavirus Vectors Expressing an HBY Antigen

100791 Arenaviruses for use with the methods and compaositions provided herein can be
Old World viruses, for example Lassa virus, Lymphocytic choriomeningitis virus (LCMV),
Mobala virus, Mopeia virus, or lppy virus, or New World viruses, for example Amapari
virus, Flexal virus, Guanarito virus, Junin virus, Latino virus, Machupo virus, Oliveros
virus, Parana virus, Pichinde virus, Pirital virus, Sabia virus, Tacaribe virus, Tamiami
virus, Bear Canyon virus, or Whitewater Arroyo virus. The genetically modified arenavirus
can be generated as described in Section 6.3.

[0080] The wild type arenavirus genome consists of a short (~3.4 kb) and a large (~7.2
kb RNA segment. The short segment carries the ORFs encoding the nucleoprotein NP
and givcoprotein GP genes. The large segment comprises the RNA-dependent RNA

polymerase L and the matrix protein £ genes.

{a} Replication-deficient arenavirus vectors

00811 In cerlain embodiments, the arenavirus vector is a replication-deficient,
bisegmented arenavirus vector. In certain embodiments, the arenavirus veclor 18 a
replication-deficient, trisegmented arenavirus vector. Wild type arenaviruses can be
rendered replication-deficient to generate vaccine vectors by substituting the glycoprotein
gene for one or more HBY antigens, against which immune responses are {0 be induced.
[0082] Infectious arenavirus vectors expressing an HBV antigen, or a combination of HBY

antigens as described herein, can be used (o immunize (in a preventive manner) or freat
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(in an immunotherapeutic manner) subjects against HBY infection. In a specific

embodiment, a combination of HBs and HBc is used.

10083} Arenavirus disease and immunosuppression in wild type arenavirus infection are

known to result from unchecked viral replication. By abolishing replication, i.e., the ability

to produce infectious progeny virus particles, of arenavirus vectors by deleting from their
genome, e.¢., the Z gene which is required for particle release, or the GP gene which is
required for infection of target celis, the {otal number of infected cells can be limited by
the inoculum administered, e.g., t0 & vaccine recipient, or accidentally transmitied to
personnet involved in medical or bictechnological applications, or to animals. Therefore,
abolishing replication of arenavirus vectors prevents pathogenesis as a result of
intentional or accidental transmission of vector particles. Provided herein, one important

aspect consists in exploiting the above necessity of abolishment of replication In a

beneficial way for the purpose of expressing an HBY antigen. In certain embodiments, an

arenavirus particle is rendered replication deficient by genetic modification of its genome.

Such modifications {o the genome can include:
deletion of an ORF {e.g., the ORF encoding the GP, NP, L, or Z protein);
functional inactivation of an ORF (e.q., the ORF encoding the GP, NP, L, or Z
protein).

For example, this can be achievead by infroducing a missense or a nonsense mutation.;
change of the sequence of the ORF (e.g., the exchange of an SIP cleavage sile
with the cleavage site of another protease);
mutagenesis of one of the 5' or 3' termini of one of the genomic segments;
mutagenesis of an intergenic region (i.e., of the L or the § genomic segment).

[0084] In certain embodiments, an infectious arenavirus expressing an HBY antigen

described herein is a Lymphocytic choriomeningitis virus (LCMV) wherein the S segment

of the virus is modified by substituting the ORF encoding the GP protein with an ORF
encoding an HBY antigen.

[0085] In certain embodiments, a wild type arenavirus vector genome (FIG. 1) can be

designed to retain at least the essential regulatory elements on the & and 3' untranslated

regions (UTRs) of both segments, and/or also the intergenic regions (IGRs). Without
being bound by theory, the minimal transacting factors for gene expression in infected
cells remain in the vector genome as ORFs that can be expressed, yet they can be placed
differently in the genome and can be placed under control of a different promoter than
naturally, or can be expressed from internal ribosome eniry sites. In certain embodiments,

the nucleic acid encoding an HBV antigen s transcribed from one of the endogenous
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arenavirus promoters (Le., 5 UTR, 3" UTR of the 8 segment, 5 UTR, 3' UTR of the L
segment). In other embodiments, the nucleic acid encoding an HBVY antigen is expressed
from a heterologous introduced promoter sequences that can be read by the viral RNA-
dependent RNA polymerase, by cellular RNA polymerase |, RNA polymerase I or RNA
polymerase I, such as duplications of viral promoter sequences that are naturaily found
in the viral UTRs, the 288 ribosomal RNA promoter, the beta-actin promoter or the 55
ribosomal RNA promoter, respectively. In certain embodiments ribonucleic acids coding
for HBV antigens are transcribed and transiated either by themselves or as read-through
by fusion o arenavirus protein ORFs, and expression of proteins in the host cell may be
enhanced by introducing in the viral franscript sequence at the appropriate place(s) one
or more, €.9., two, three or four, internal ribosome entry sites.

[0086] In certain embodiments, for use with the compositions and methods provided
herein is a tri-segmented arenavirus pariicle comprising one L segment and two &
sagments in which (i) an ORF is in a position other than the wild-type position of the ORF;
and (ii) an ORF encoding GP or NP has been removed or functionally inactivated, such
that the resulling virus cannot produce further infectious progeny virus particles. In a
specific embodiment, one ORF is removed and replaced with a heterclogous ORF (e.g.,
encoding an HBV antigen) from an organism other than an arenavirus. In another specific
embodiment, two ORFs are removed and replaced with a heterclogous ORF from an
organism other than an arenavirus. In other specific embodiments, three ORFs are
removed and replaced with a heterologous ORF {e.qg., encoding an HBV antigen) from
an organism other than an arenavirus. In specific embodiments, the ORF encoding GP is
removed and replaced with a heterclogous ORF (e.g., encoding an HBV antigen) from
an organism other than an arenavirus. In other specific embodiments, the ORF encoding
NP is removed and replaced with a heterologous ORF (e.g., encoding an HBV antigen)
from an organism other than an arenavirus. In yet more specific embodiments, the ORF
encoding NP and the ORF enceding GP are removed and replaced with one or iwo
heterclogous ORFs (e.g., encading one or two HBWV antigens) from an organism other
than an arenavirus particle. Thus, in certain embodiments the tri-segmented arenavirus
particle comprises (i) one L segment and two S segments; (ii} an ORF in a position other
than the wild-type position of the ORF; (i) one or more heterologous ORFs (e.g.,
encoding one or more HBV antigens) from an organism other than an arenavirus.

[0087] In certain embodiments, for use with the compositions and methods provided
herein is a iri-segmented arenavirus particle comprising two L segments and one $

segment in which (i) an ORF is in a position other than the wild-type position of the ORF,;
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and (i) an ORF encoding the Z protein, and/or the L protein has been removed or
functionally inactivated, such that the resulting virus cannot produce further infactious
progeny virus particle. In a specific embodiment, one ORF is removed and replaced with
a heterologous ORF (e.g., encoding an HBV antigen) from an organism other than an
arenavirus. In another specific embodiment, two ORFs are removed and replaced with a
heterologous ORF (e.g., encoding an HBV antigen) from an organism other than an
arenavirus. In specific embodiments, the ORF encoding the Z protein is removed and
replaced with a heterologous ORF (e.q., encoding an HBY antigen) from an organism
other than an arenavirus. In other specific embodiments, the ORF encoding the L protein
is removed and replaced with a heterologous ORF (e.g., encoding an HBY antigen) from
an organism other than an arenavirus. In vet more specific embodiments, the ORF
encoding the Z protein and the ORF encoding the L protein is removed and replaced with
a heterologous ORF (e.g., encoding an HBV antigen) from an organism other than an
arenavirus particle. Thus, in certain embodiments the tri-segmented arenavirus particie
comprises (i) two L segments and one S segment; (ii) an ORF in a position other than the
wild-type position of the ORF; (iii) a heterclogous ORF (e.g., encoding an HBY antigen)
from an organism other than an arenavirus.

[0088] Thus, in certain embodiments, the tri-segmented arenavirus particle for use with
the compositions and methods provided herein comprises a tri-segmented arenavirus
particle (i.e., one L segment and two S segments or two L segments and one S segment)
that i} is engineerad to carry an ORF in a non-natural position; i} an ORF encoding GP,
NP, Z protein, or L protein is removed; iii) the ORF that is removed is replaced with one
or more heterologous ORFs {e.g., encoding one or more HBV antigens) from an organism
other than an arenavirus.

10089 In certain embodiments, the vecior generated {o encode one or more HBV
antigens may be based on a specific strain of LCMV. Strains of LCMV include Clone 13,
MP strain, Arm CA 1371, Arm E-250, WE, UBC, Traub, Pasteur, 810885, CH-56%92,
Marseille #12, HP65-2009, 200501027, 810362, 811316, 810316, 810366, 20112714,
Douglas, GRO1, SNO5, CABN and their derivatives. In certain embodiments, the vecior
generated to encode one or more HBY antigens may be based on LCMV Clone 13, In
other embodiments, the vector generated to encode one or more HBY antigens may be
based on LCMV MP strain. The sequence of the S segment of LCMV Clone 13 is listed
as SEQ ID NO: 12 In certain embodiments, the sequence of the S segment of LOMV
Clone 13 is the sequence set forth in SEQ 1D NO: 11, The sequence of the L segment of
LCMV Clone 13 is listed as SEQ ID NGO: 7. The sequence of the S segment of LCMVY
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strain MP is listed as SEQ 1D NO: 14. The sequence of the L segment of LOCMV strain MP
is listed as SEQ 1D NO: 13.
(00901 In certain embodiments, the vector generated {o encode one or more HBY
antigens may be based on a specific strain of Junin virus. Strains of Junin virus include
vaccine strains XJ13, XJ#44, and Candid#1 as well as V4454 a human isolate. in certain
embodiments, the vector generated (o encode one or more HBY antigens is based on
Junin virus Candid #1 strain.
[0091] In certain embodiments, an infectious, replication-deficient arenavirus particle in
the context of the invention comprises a nucleotide seguence or fragment thereof
selected from SEQ ID NO: 13, SEQ ID NO: 14, or a combination theraof.
100921 In certain embodiments, described herein is an infectious, replication-deficient
arenavirus particle comprising a nuclectide sequence, or a combination of nuclectide
seguences, selected from the group consisting of :
« a nucleotide sequence encoding a Hepatitis B virus pre-S2/S protein or an
antigenic fragment thereof;
s & nucieotide sequence encoding a Hepatitis B virus HBc protein or an antigenic
fragment thereof, and
s anuclectide sequence encoding a fusion of Hepatitis B virus HBs and HBc proteins
or antigenic fragments thereof;
and wherein the arenavirus particle is capable of eliciting a T cell response against the
HBV pre-82/S protein, the HBc protein, the fusion of HBYV HBs and HBc proteins, or an
artigenic fragment thereof.
[8083] In certain embodiments, the infectious, replication-deficient arenavirus vector is

trisegmented.

{b) Replication-competent trisegmented arenavirus vectors

100841 In certain embodiments, for use with the compositions and methods provided
herein is a replication-competent, irisegmented arenavirus vector. In  certain
embodiments, the arenavirus vector is a tri-segmented arenavirus particle comprising one
L segment and two S segments or two L segments and one S segment that does not
recombine into a replication-competent bi-segmented arenavirus particle.

[0095] In certain embodiments, an infectious arenavirus expressing an HBV antigen for
use with the compositions and methods described herein is engineered fo carry a viral

ORF in a position other than the wild-type position of the ORF. In somea embodiments,
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the arenavirus genomic segment is selected from the group consisting of (i) an &
segment, wherein the ORF encoding the NP is under control of an arenavirus 5 UTR; (ii)
an S segment, wherein the ORF encoding the Z protein is under control of an arenavirus
5 UTR; (iii) an S segment, wherein the ORF encoding the L protein is under control of an
arenavirus 5" UTR; (iv) an S segment, wherein the ORF encoding the GP is under control
of an arenavirus 3' UTR; (v) an S segment, wherein the ORF encoding the L protein is
under control of an arenavirus 3' UTR,; (vi) an S segment, wherein the ORF encoding the
Z protein is under control of an arenavirus 3" UTR,; (vii} an L segment, whersin the ORF
encoding the GP is under control of an arenavirus 5 UTR; (viii) an L segment, wherein
the ORF encoding the NP is under control of an arenavirus 5' UTR, {ix) an L segment,
wherein the ORF encoding the L protein is under control of an arenavirus 5" UTR,; () an
L segment, wherein the ORF encoding the GP is under control of an arenavirus 3' UTR;
{(xi) an L segment, wherein the ORF encoding the NP is under control of an arenavirus 3
UTR; and (xii) an L segment, wherein the ORF encoding the Z protein is under control of
an arenavirus 3' UTR.

[0096] In some embodiments, the arenavirus 3' UTR is the 3' UTR of the arenavirus S
segment or the arenavirus L segment. In certain embodiments, the arenavirus 5" UTR is
the 5 UTR of the arenavirus § segment or the arenavirus L segment.

[0097] For use with the compositions and methods, provided herein are tri-segmented
arenavirus particles with rearrangements of their ORFs. In one aspect, for use with the
compositions and maethods, provided herein is a tri-segmented arenavirus particle
comprising one L segment and two 8 segments or two L segments and one S segment.
in certain embodiments, the tri-segmentad arenavirus particle does not recombine into a
replication competent bi-segmented arenavirus particle. In specific embodiments, the tri-
segmented arenavirus particle comprises an ORF in a position other than the wild-type
position of the ORF. In yet another specific embodiment, the tri-segmented arenavirus
particle comprises all four arenavirus ORFs. Thus, in certain embodiments, the tri-
segmenied arenavirus particle is replication competent and infectious. Figure 2 shows
exemplary schematic representations of the genomic organization of a replication-
competent trisegmented LCMVY vector (Figs. 2B-C). Figure 2C shows an exemplary
schematic representation of the genomic organization of replication-competent
trisegmented LCMV vector which cannot recombine into a replication-competent
bisegmented arenavirus particle. In comparison, Figure 2A shows the wildtype

bisegmented LCMV vector.
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[0098] In certain embodiments, the ORF encoding GP, NP, Z protein, or the L protein of
the tri-segmented arenavirus particle described herein can be under the control of an
arenavirus 3' UTR or an arenavirus & UTR. In more specific embodiments, the tri-
segmented arenavirus 3' UTR is the 3' UTR of an arenavirus S segment(s). In another
specific embodiment, the tri-segmented arenavirus 3' UTR is the 3 UTR of an arenavirus
L segment{s). In more specific embodiments, the tri-segmented arenavirus 5 UTR is the
5 UTR of an arenavirus S segment(s). In other specific embodiments, the 5 UTR is the
5" UTR of an arenavirus L segment(s).

[0099] In other embodiments, the ORF encoding GP, NP, Z protein, or the L protein of
an tri-segmented arenavirus particle described herein can be under the control of the
arenavirus conserved terminal sequence element {the 5- and J'-terminal 19-20-nt
regions) (see e.g., Perez & de la Torre, 2003, J Virol 77(2). 1184-1194).

[0100] In certain embodiments, the ORF encoding GP, NP, Z protein or the L protein of
the tri-segmented arenavirus particle can be under the control of the promoter element of
the 5'UTR (see e.g., Albarino etal., 2011, J Virol., 85(8):4020-4). In another embodiment,
the ORF encoding GP, NP, Z protein, L protein of the tri-segmented arenavirus particle
can be under the control of the promoter element of the 3' UTR (see e.g., Albarino et al,,
2011, J Virol,, 85(8).4020-4). In more specific embodiments, the promoter element of the
5 UTR is the & UTR promoter element of the S segment(s) or the L segment(s). In
ancther specific embodiment, the promoter element of the 3' UTR is the 3' UTR the
promoter element of the § segment(s) or the L segment(s).

[0101] In certain embodiments, the ORF that encodes GP, NP, Z protein or the L protein
of the tri-segmented arenavirus particle can be under the control of a truncated arenavirus
3" UTR or a truncated arenavirus &' UTR (see e.g., Perez & de la Torre, 2003, J Virol
77(2y. 1184-1194; Albarino et al., 2011, J Virol, 85(8)4020-4). In more specific
embodiments, the truncated 3' UTR is the 3 UTR of the arenavirus S segment or L
segment. In more specific embodiments, the truncated 5 UTR is the 5 UTR of the
arenavirus S segment(s) or L segment(s).

10102} In one aspect, for use with the compositions and methods, provided herein is a tri-
segmented arenavirus particle comprising one L segment and two S segments. In certain
embodiments, propagation of the tri-segmented arenavirus particle comprising one L
segment and two S segments does not result in a replication-competent bi-segmented
viral particle. In specific embodiments, propagation of the tri-segmented arenavirus
particle comprising one L segment and two S segments does not result in a replication-

competent bi-segmented viral particle after at least 10 days, at least 20 days, at least 30
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days, at least 40 days, at least 50 days, at least 60 days, at least 70 days, at least 80
days, at least 80 days, or ai least 100 days of persistent infection in mice lacking type |
interferon receptor, type H interferon receptor and recombination activating gene (RAG1),
and having been infected with 10* PFU of the tri-segmented arenavirus particle. In other
embodiments, propagation of the tri-segmented arenavirus particle comprising one L
segment and two S segments does not result in a replication-competent bi-segmented
viral particle after at least 10 passages, at least 20 passages, at least 30 passages, at
least 40 passages, or at least 50 passages.

[3103] The tri-segmented arenavirus particle with all viral genes in their respective wild-
type position is known in the art {e.g., Emonet et al., 2011 J. Virol,, 85(4):1473; Popkin et
al., 2011, J. Virol, 85(15).7928). In particular, the iri-segmented arenavirus genome
consists of one L segment and two S segments, in which a heterologous ORF (e.g., a
GFP) is inserted into one position on each S segment. More specifically, one § segment
encodaes GP and GFP, respectively. The other S segment encodes GFP and NP,
respectively. The L segment encodes the L protein and Z protein. All segments are
flanked by the respective 5" and 3' UTRs.

[0104] In certain embodiments, inter-segmental recombination of the two S segments of
the tri-segmented arenavirus particle for use with the compositions and methods provided
herein, that unities the two arenaviral ORFs on one instead of two separate segments
resuits in a non functional promoter (i.e., a genomic segment of the siructure: 5 UTR-—
~~~~~~~ 5 UTR or a 3" UTR-e--3" UTR), wherein each UTR forming one end of the
genome is an inverted repeat sequence of the other end of the same genome.

[0105] In certain embodiments, the tri-segmented arenavirus particle comprising one L
segment and two S segments has been engineered to carry an arenavirus ORF in a
position other than the wild-type position of the ORF. In other embodiments, the tri-
segmented arenavirus particle comprising one L segment and two S segments has been
engineered to carry two arenavirus ORFs, or three arenavirus ORFs, or four arenavirus
ORFs, or five arenavirus ORFs, or six arenavirus ORFs in a position othear than the wild-
type position. In specific embodiments, the tri-segmented arenavirus particle comprising
one L segment and two S segments comprises a full complement of all four arenavirus
ORFs. Thus, in some embodiments, the iri-segmented arenavirus particle is an infectious
and replication competent tri-segmented arenavirus particle. In specific embodimenits, the
two S segments of the tri-segmented arenavirus particle have been engineered to carry
one of their ORFs in a position other than the wild-type position. In more specific

embodiments, the two S segments comprise a full complement of the S segment ORF's.
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In certain specific embodiments, the L segment has been engineered to carry an ORF in
a position other than the wild-type position or the L segment ¢an be the wild-type genomic
segment.
[0106] In certain embodiments, one of the two S segments can be:
i, an arenavirus S segment, wherein the ORF encoding the Z protein is under
control of an arenavirus 5 UTR;
i an arenavirus S segment, wherein the ORF encoding the L protein is under
control of an arenavirus 5" UTR,;
i, an arenavirus S segment, wherein the ORF encoding the NP is under control of
an arenavirus & UTR:
iv.  anarenavirus S segment, wherein the ORF encoding the GP is under control of
an arenavirus 3' UTR;
¥.  an arenavirus S segment, wherein the ORF encoding the L is under control of
an arenavirus 3' UTR; and
vi.  an arenavirus S segment, wherein the ORF encoding the Z protein is under
control of an arenavirus 3" UTR.
101077 In certain embodiments, the tri-segmented arenavirus particle comprising one L
segment and two S segments can comprise a duplicate ORF (ie., two wild-type S
segment ORFs e.g., GP or NP). In specific embodiments, the fri-segmented arenavirus
particle comprising one L segment and two S segments can comprise one duplicaie
ORF {e.g., (GP, GP)) or two duplicate ORFs (e.g., (GP, GP) and (NP, NP)).
[0108] Table 1A, below, is an exempilary illustration of the genome organization of a tri-
segmented arenavirus particle comprising one L segment and two S segments, wherain
intersegmental recombination of the two § segments in the iri-segmented arenavirus
genome does not result in a replication-competent bi-segmented viral particle and
abrogates arenaviral promoter activity {i.e., the resulting recombined S segment is made
up of two 3'UTRs instead of a 3' UTR and a & UTR).
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§Trimsegmented arenavirus particle comprising one L segment and two S segmentsg

%Pssition 1 is under the control of an arenavirus S segment 5 UTR; Position 2 is under§

%the control of an arenavirus S segment 3' UTR; Paosition 3 is under the control of an§

ﬁarenavirus S segment 5 UTR; Position 4 under the control of an arenavirus S segment§

3 UTR; Position § is under the control of an arenavirus L segment 5 UTR; Position 6 !S

%umder the control of an arenavirus L segment 3' UTR.

. Position 1 Position 2 | Position 3 Position 4
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%Tr%segmented arenavirus particle comprising one L segment and two 8 segments§

%Pcsiticn 1 is under the control of an arenavirus & segment 5 UTR,; Position 2 is under§

%the control of an arenavirus S segment 3' UTR; Position 3 is under the control of an§

%arenavirus S segmert 5 UTR; Position 4 under the control of an arenavirus 8 segment§

3 UTR; Position 5 is under the control of an arenavirus L segment 5 UTR; Position 6 as

%urzder the control of an arenavirus L segment 3' UTR.

 Position1 | Position 2 | Position 3 | Position 4

§*ORF sndscatés that a hetemiagcus ORF, for example, a heterologous ORF encoding an

%HBV antigen, has been inserted.
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[0109] In certain embodiments, the IGR between position one and position two can be
an arenavirus S segment or L segment IGR; the IGR between position three and four can
be an arenavirus S segment or L segment IGR; and the IGR between the position five
and six can be an arenavirus L segment IGR. In a specific embodiment, the IGR between
position one and position two can be an arenavirus S segment IGR,; the IGR betweaen
position three and four can be an arenavirus S segment IGR; and the IGR beiween the
position five and six can be an arenavirus L segment IGR. In certain embodiments, other
combinations are also possible. For example, a tri-segmented arenavirus particle
comprising one L segment and two S segments, wherein intersegmental recombination
of the two S segments in the tri-segmented arenavirus genome does not result in a
replication-competent bi-segmented viral particle and abrogates arenaviral promoter
activity (i.e., the resulting recombined S segment is made up of two 5'UTRs instead of a
FUTRand a 5 UTR).

[0110] In certain embodiments, intersegmental recombination of an 8 segment and an L
segment in the fri-segmented arenavirus particle comprising one L segment and two S
segments, restores a functional segment with two viral genes on only one segment
instead of two separate segments. In other embodiments, intersegmental recombination
of an S segment and an L segment in the tri-segmented arenavirus particle comprising
one L segment and two S segments does not result in a replication-competent bi-
segmenied viral particle.

[0111] In one aspeact, for use with the compaositions and methods, provided hereinis a tri-
segmented arenavirus particle comprising two L segments and one S segment. In certain
embodiments, propagation of the tri-segmented arenavirus particle comprising two L
segments and one S segment does not result in a replication-competent bi-segmented
viral particle. In specific embodiments, propagstion of the tri-segmented arenavirus
particle comprising two L segments and one S segment does not result in a replication-
competent bi-segmented viral particle after at least 10 days, at least 20 days, at least 30
days, at least 40 days, or at least 50 days, at least 60 days, at least 70 days, at least 80
days, at least 90 days, at least 100 days of persistent infection in mice lacking type |
interferon receptor, type H interferon receptor and recombination activating gene (RAGT),
and having been infected with 10* PFU of the tri-segmented arenavirus particle. In other
embodiments, propagation of the tri-segmented arenavirus particle comprising two L
segments and one S segment does not result in a replication-competent bi-segmented
viral particle after at least 10 passages, 20 passages, 30 passages, 40 passages, or 50

passages.
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[0112] In certain embodiments, inter-segmental recombination of the two L segments of
the tri-segmented arenavirus particle for use with the compaositions and methods provided
herein, that unities the two arenaviral ORFs on one instead of two separate segments
results in a non functional promoter (i.e., a genomic segment of the structure: & UTR---
uuuuuuu 5 UTR or a 3" UTR-reeeen 30 UTR), wherein each UTR forming one end of the
genome is an inverted repeat sequence of the other end of the same genome.
[0413] In certain embodiments, the tri-segmented arenavirus particle comprising two L
segments and one S segment has been engineered {o carry an arenavirus ORF in a
position other than the wild-type position of the ORF. In other embodiments, the tri-
segmented arenavirus particle comprising two L segments and one S segment has been
engineered o carry two arenavirus ORFs, or three arenavirus ORFs, or four arenavirus
ORFs, or five arenavirus ORFs, or six arenavirus ORFs in a position other than the wild-
type position. In specific embodiments, the tri-segmented arenavirus particle comprising
two L segments and one S segment comprises a full complement of all four arenavirus
ORFs. Thus, in some embodiments, the tri-segmented arenavirus particle is an infectious
and replication competent tri-segmented arenavirus particie. In specific embodiments, the
two L segments of the tri-segmented arenavirus particle have been engineered {o carry
one of their ORFs in a position other than the wild-type position. In more specific
embodiments, the two L segments comprise a full complement of the L segment ORF's.
In certain specific embodiments, the § segment has been engineered to carry one of their
ORFs in a position other than the wild-type position or the S segment can be the wild-
type genomic segment.
[3114] In certain embodiments, one of the two L segments can be:
i, an L segment, wherein the ORF encoding the GP is under control of an
arenavirus 5 UTR;
i an L segment, wherein the ORF encoding NP is under control of an arenavirus
5 UTR;
Hi.  an L segment, wherain the ORF encoding the L protein is under control of an
arenavirus 5' UTR;
iv. an L segment, wherein the ORF encoding the GP is under control of an
arenavirus 3 UTR;
v. an L segment, wherein the ORF encoding the NP is under control of an
arenavirus 3' UTR; and
vi.  an L segment, wherein the ORF encoding the £ protein is under control of an

arenavirus 3' UTR.
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[0115] In certain embodiments, the tri-segmented arenavirus particle comprising two L
segments and § segments can comprise a duplicate ORF (i e, two wild-type L segment
ORFs e.g., Z protein or L protein). In specific embodiments, the tri-segmented arenavirus
particle comprising two L segments and one S segment can comprise one duplicate
ORF (e.g., (Z protein, Z protein)) or two duplicate ORFs {e.g., (£ protein, Z protein) and
(L protein, L protein)).

[0116] Table 2A, below, is an exemplary illustration of the genome organization of a tri-
segmented arenavirus particle comprising two L segments and one S segment, wherein
intersegmental recombination of the two L segments in the tri-segmented arenavirus
genome does not result in a replication-competent bi-segmented viral particle and
abrogates arenaviral promoter activity (i.e., the resulting L segment is made up of two
3'UTRs instead of a 3' UTR and a 5 UTR). Based on Table 3 similar combinations could
be predicted for generating an arenavirus particle made up of two 5" UTRs instead ofa &
UTR anda 5 UTR.

Table 24

%Tri-segmented arenavirus particle comprising two L segments and one S segment

Position 1 | Position 2 Position 3 | Position4  Position$  Position &
“ORF 7 ORF L NP GP |
5*ORF Z :*ORF i.. GP NP

*ORF ......................... ZGPL ..................................... XORF ......................... N P ................................
-ORF Z “ORF Gp NP L

*ORF £ GP NP *ORF L
*ORFZNPGP ............................... XORF ......................... L
o R— G ZNP ................................ S —
*ORF L *ORF Z GP NP

ORF L ORF GP NP £z
e e ZQRF ......................... .
*ORF L NP Z *ORF GP

ORF L GP NP “ORF Z
QRFLNPGP ey S
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g*Pcsition 1 is under the control of an arenavirus L segment 5' UTR, position 2 is under§
%the control of an arenavirus L segment 3' UTR; position 3 is under the control of an§
%arenavirus L segment 5 UTR; position 4 is under the control of an arenavirus L s;egmenté
3 UTR; position 5 is under the control of an arenavirus S segment 5 UTR, position & as
%under the control of an arenavirus S segment 3 UTR.
ORF indicates that a heterologous ORF, for example, a heterclogous ORF eﬂcodiﬂgé

%an HBV antigen, has been inserted.

[0117] In certain embodiments, the IGR between position one and position two can be
an arenavirus S segment or L segment IGR,; the IGR between position three and four can
be an arenavirus S segment or L segment IGR,; and the IGR between the position five
and six can be an arenavirus S segment IGR. In a specific embodiment, the IGR between
position one and position two can be an arenavirus L segment IGR; the IGR between
position three and four can be an arenavirus L segment IGR; and the IGR between the
position five and six can be an arenavirus 8 segment IGR. In certain embodiments, other
combpinations are also possible.

[0118] In certain embodiments intersegmental recombination of an L segment and an §
segment from the tri-segmented arenavirus particle comprising two L segments and one
S segment restores a functional segment with two viral genes on only one segment
instead of two separate segments. In other embodiments, intersegmental recombination
of an L segment and an S segment in the the tri-segmented arenavirus particle comprising
two L segments and one S segment does not result in a replication-competent bi-
segmented viral particle.

[0119] In ceriain embodiments, the tri-segmented arenavirus particie as described herein
is an infectious and replication compeatent arenavirus particie. In specific embodiments,
the arenavirus particle described herein is atienuated. In a particular embodiment, the tri-
segmented arenavirus particle is attenuated such that the virus remains, at least partially,
replication-competent and can replicate in vivo, but can only generate low viral loads
resulting in subclinical levels of infection that are non-pathogenic. Such attenuated
viruses can be used as an immunocgenic composition. In other embodiments, the
arenavirus particle is infectious but unabile to produce further infectious progeny in non-
complementing cells.

[0120] In certain embodiments, the arenavirus genomic segment, and the respective
arenavirus particle or tri-segmented arenavirus particle can comprise a heterclogous

ORF. In other embodiments, the arenavirus genomic segment and the respective



» DK/EP 3371316 T3

arenavirus particle or tri-segmented arenavirus particle can comprise a gene of interest.
in more specific embodiments, the heteroclogous ORF or the gene of interest encodes an
antigen. In more specific embodiments, the heterologous ORF or the gene or interest
encodes an HBY antigen or an antigenic fragment thereof (see Section 6.2).

101217 In certain embodiments, the arenavirus genomic segment, the arenavirus particle
or the tri-segmented arenavirus particle can comprise one or more heterclogous ORFs
or one or more genes of interest. In other embodiments, the arenavirus genomic segment,
the arenavirus particle or the tri-segmented arenavirus particle can comprise at least one
heterclogous ORF, at least two heterologous ORFs, at least three heterologous ORFs,
or more heterologous ORFs. In other embodiments, the arenavirus particle or the {ri-
segmented arenavirus particle comprises at least one gene of interest, at least two genes
of interest, at least three genes of interest, or more geneas of intarest. In more specific
embodiments, the one or more heterologous ORFs or the genes of interest encode one
or more HBV antigens or antigenic fragments thereof (see Section 6.2).

(0122} In certain embodiments, an infecltious arenavirus expressing an HBV antigen
described herein is a tri-segmented arenavirus particle comprising one L segment and
two S segments. in certain embodiments, an infectious arenavirus expressing an HBY
antigen described herein is a iri-segmented arenavirus particle comprising two L

segments and one S segment.

8.2 HBY Antigens

[3123] In cerfain embodiments, antigens for use with the methods and compositions
described herein are HBY antigens.

[0124] In certain embodiments, the ORFs of two or more HBV antigens described are
transcribed as a single transcript.

[0125] in certain embodiments, any genotype or subgenotype of human HBY or any
clinical isolate of human HBY can be used with the present invention to obtain the
antigens for generation of the arenaviral vectors described herein. Such HBY genotypes
and subgenotypes include genotypes A-J, and subgenotypes A1-A6, B1-B4, C1-C6, D1-
D7, and F1-F4.

[3126] In certain embodiments, the HBV antigen can be an HBV antigen ortholog, e.g., a

mammalian (i.e., non-human primate, pig, dog, cat, or horse) HBV antigen.

{a) pre-82/5 protein antigens
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101271 In certain embodiments, the antigen is the HBV pre-52/8 protein or a fragment
thereof. in certain embodiments, the antigen is a fragment of at least 10, 15, 20, 25, 30,
35, 40, 45, 50, 60, 70, 80, 80, 100, 150 or more amino acids of HBV pre-S82/8 protein. In
certain embodiments, the antigen is an antigenic fragment of HBY pre-82/8 protein. In
certain embodiments, the antigen is encoded by a nucleic acid sequence that is 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%,
06%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO: 1. In certain embodiments, the
antigen comprises an amino acid sequence that is 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to an amino acid seguence encoded by the nuclectide sequence of SEQ 1D NO:
1.

{b} HBc protein antigens

10128] In certain embodiments, the antigen is the HBY HBc protein or a fragment thereof.
In certain embodiments, the antigen is a fragment of at least 10, 15, 20, 25, 50, 75, 100,
125, 150 or more amino acids of the HBY HBc protein. In certain embodiments, the
antigen is an antigenic fragment of HBc. In certain embodiments, the antigen is encoded
by a nucleic acid seguence that is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 85%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
1D NC: 2. In certain embodiments, the antigen comprises an amino acid sequence that is
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to an amino acid sequence encoded by
the nucleotide sequence of SEQ ID NO: 2.

{c} HBs protein antigens

[0129] In ceriain examples, not in the context of the invention, the antigen is the HBV
HBs protein or a fragment theredf. In certain examples, the antigen is a fragment of at
least 10, 15, 20, 25, 30, 35, 40, 45, 50 or more amino acids of the HBV HBs protein. in
ceriain examples, the antigen is an antigenic fragment of HBs.

[0130] In certain examples, the antigen is the HBV HBs small polypeptide (e.g. "S§") or a
fragment thereof. In certain examples, the antigen is the HBV HBs medium polypeptide

{e.g., "pre-8S2/8") or a fragment thereof. In certain examples, the antigen is the HBV HEBs
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large polypeptide (e.g., "pre-S1/pre-82/5") or a fragment thereof. In certain examples, the
antigen is a fragment of at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 80, 100,
150 or more amino acids of the HBY HBs small polypeptide. In cerfain examples, the
antigen s a fragment of at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100,
150 or more amino acids of the HBY HBs medium polypeptide. In certain examples, the
antigen is a fragment of at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 100, 150, 200, 250,
300, 350 or more amino acids of the HBV HBs large polypepltide.

{d} HBs and HBc fusion proteins

19131} In certain embodiments, the antigen is a fusion protein of the HBV HBs and HBc
proteins or antigenic fragments thereof. In certain embodiments, the antigen is a fragment
of at least 10, 15, 20, 25, 50, 75, 100, 125, 150, 175, 200, 225 or more amino acids of a
fusion protein of HBs and HBc. In certain embodiments, the antigen is encoded by a
nucleic acid sequence that is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D
NO: 3. In certain embodiments, the antigen comprises an amino acid sequence that is
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to an amino acid sequence encoded by
the nucleotide sequence of SEQ ID NO: 3.

{e} HBe protein antigens

[0132] In cerlain examples, not in the context of the invention, the antigen is the HBV
HBe protein or a fragment thereof. In certain examples, the antigen is a fragment of at
least 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150 or more amino acids of
the HBY HBe protein. In certain examples, the antigen is an antigenic fragment of HBe.
In certain examples, the antigen is encoded by a nucleic acid sequence that is 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ 1D NO: 26. In certain examples, the antigen
comprises an amino acid sequence that is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical

to an amino acid sequence encoded by the nuclectide sequence of SEQ 1D NO: 26

{f} Polymerase protein antigens
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10433] In certain examples, not in the context of the invention, the antigen is an HBV
polymerase protein or antigenic fragment thereof. In certain examples, the antigen is a
fragment of at least 10, 15, 20, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 300, 400,
500, 800, 700 or more amino acids of an HBY polymerase protein.

[0134] Nucleic acid sequences encoding an HBVY antigen can be introduced in the
genome of an infectious arenavirus by substitution of the nucleic acid sequence of the
ORF of glycoprotein GP, the mairix protein Z, the nucleoprotein NP, or the polymerase
protein L. In other examples, the nucleic acid sequence encoding the HBY antigen is
fused to the ORF of glycoprotein GP, the matrix protein Z, the nucleoprotein NP, or the
polymerase protein L. The nuclectide sequence encoding the HBVY antigen, once inserted
into the genome of an infectious arenavirus, can be transcribed and/or expressead under
control of one of the four arenavirus promoters (5 UTR and 3 UTR of the S segment, and
5 UTR and 3 UTR of the L segment), as well as ribonucleic acids that can be inserted
with regulatory elements that can be read by the viral RNA-dependent RNA polymerase,
cellular RNA polymerase [, RNA polymerase H or RNA polymerase 1, such as
duplications of viral promoter sequences that are naturally found in the viral UTRs, the
288 ribosomal RNA promoter, the beta-actin promoter or the 58 ribosomal RNA
promoter, respectively. The nucleic acids encoding the HBV antigen can be transcribed
and/or expressed either by themselves or as read-through by fusion to arenavirus ORFs
and genes, respectively, and/or in combination with one or more, &.q., two, three or four,
internal ribosome entry sites.

[3135] In one embodiment, the antigen is one that is usefu for the prevention and/or
treatment of infectious disease. In a specific embodiment, the antigen is derived from
HBY. In certain embodiments, the ORF that encodes the glycoprotein of the arenavirus
is substituted by a nucleic acid sequence encoding HBV pre-82/8 protein. In certain
embodiments, the ORF that encodes the glycoprotein of the arenavirus is substituted by
a nucleic acid sequence encoding HBY HEBc protein,

[0138] In certain embodiments, the ORF that encodes the glycoprotein of the arenavirus
is substituted by a nucleic acid sequence encoding a fusion of HBV HBs and HBc proteins

or antigenic fragments thereof,

{g) Substitution of the ORF encoding the glycoprotein of the arenavirus
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[0137] In certain embodiments, the ORF that encodes the glycoprotein of the arenavirus
is substituted by a nucleic acid sequence encoding one, two, or more HBV antigens
described herein.

[0138] In one embodiment, the ORF that encodes the glycoprotein of the arenavirus is
substituted by nucleic acid sequences encoding an HBV antigen. In certain embodiments,
the ORF that encodes the glycoprotein of the arenavirus is substituted by nucleic acid
sequenceas encoding an antigen that is a fragment of at least 10, 15, 20, 25, 30, 35, 40,
45, 50, or more amino acids of a gene product of a gene of the pre-S2/S protein of HBYV
or a fragment thereof. In certain embodiments, the ORF that encodes the glycoprotein of
the arenavirus is substituted by nucleic acid sequences encoding an antigenic fragment
of pre-S2/S. In certain embodiments, the ORF that encodes the glvcoprotein of the
arenavirus is substituted by nucleic acid sequences encoding antigens including, but not
timited to pre-S2/S or a fragment of pre-52/8.

[0139] In certain embodiments, the ORF that encodes the glycoprotein of the arenavirus
is substituted by nucleic acid seguences encoding an antigen that is a fragment of at least
10, 15, 20, 25, 50, 75, 100, 125, 150 or more aming acids of a gene product of a gene of
the HBc protein of HBY or a fragment thereof. In certain embodiments, the ORF that
encodes the glycoprotein of the arenavirus is substituted by nucleic acid seguences
encoding an antigenic fragment of HBc. In certain embodiments, the ORF that encodes
the glycoprotein of the arenavirus is substituted by nucleic acid sequences encoding
antigens including, but not limited to HBc or a fragment of HBc.

[0140] In certain examples, not in the context of the invention, the ORF that encodes the
glycoprotein of the arenavirus is substituted by nucleic acid seguences encoding an
antigen that is a fragment of at least 10, 15, 20, 25, 30, 35, 40, 45, 50 or more aming
acids of a gene product of a gene of the HBs protein of HBV or a fragment thereof. In
certain examples, not in the context of the invention, the ORF that encodes the
glycoprotein of the arenavirus is substituted by nucleic acid seguences encoding an
antigenic fragment of HBs. In certain examples, not in the context of the invention, the
ORF that encodes the glycoprotein of the arenavirus is substituted by nucleic acid
sequences encoding antigens including, but not limited {o HBs or a fragment of HBs.
[0141] In certain embodiments, the ORF that encodes the glycoprotein of the arenavirus
is substituted by a nucleic acid sequence encoding two or more HBV proteins or
fragments of at least 10, 15, 20, 25, 30, 75, 100, 125, 150, 175, 200, 225 or more amino
acids thereof. In certain embodiments, the ORF that encodes the glycoprotein of the

arenavirus is substituted by a nucleic acid sequence encoding HBs and HBc.
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[0142] In certain embodiments, the ORF that encodes the glycoprotein of the arenavirus
is substituted by a nucleic acid sequence encoding one or more of pre-S2/8 protein or an

artigenic fragment thereof, HBc protein or an antigenic fragment thereof,

8.3 Generation of Infectious Arenavirus Expressing an HBY Antigen

[0143] Generally, arenavirus particles can be recombinantly produced by standard
reverse genetic techniques as described for LOMV (L. Flaiz, A. Bergthaler, J. C. de la
Torre, and D. D. Pinschewer, Proc Natl Acad Sci USA 103:.4663-4668, 2006, A. B.
Sanchez and J. C. de la Torre, Virology 350:370, 2006; E. Ortiz-Rianc, B.Y. Cheng, J. C.
de la Torre, L. Martinez-Scobrido. J Gen Virol. 84:1175-88, 2013).

{a) Replication-deficient arenaviruses

[0144] To generate infectious, replication-deficient arenaviruses for use with the present
invention these techniques can be used, however, the genome of the rescued virus is
modified as described in Section 8.1, These modifications can be: ) one or more, e.q.,
two, three or four, of the four arenavirus ORFs {glycoprotein (GP); nucleoprotein (NP);
the matrix protein Z; the RNA-dependent RNA polymerase L) are removed or functionally
inactivated to prevent formation of infectious particles in normal cells albeit still allowing
gene expression in arenavirus vector-infected host cells; and 1) nucleic acids coding for
HBV antigens can be introduced. Infectious, replication-deficient viruses as described
herein can be produced as described in international Patent Application Publication
No. WO  2009/083210 (application number PCT/EP2008/010894) and international
Patent Application Publication No. WO 2014/140301 (application
number PCT/EP2014/055144),

[0145] Once generated from cDNA, the infectious, replication-deficient arenaviruses
provided herein can be propagated in complemeanting cells. Complementing cells are
cells that provide the functionality that has been eliminated from the replication-deficient
arenavirus by maodification of its genome (e.g., if the ORF encoding the GP protein is
deleted or functionally inactivated, a complementing cell does provide the GP protein).
[01486] Owing to the removal or functional inactivation of one or more of the viral genes
in arenavirus vectors (here deletion of the glycoprotein, GP, will be taken as an example),
arenavirus vectors can be generaied and expanded in cells providing in trans the deleted

viral gene(s), e.g., the GP in the present example. Such a complementing cell line,
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henceforth referred to as C-cells, is generated by transfecting a mammalian cell line such
as BHK-21, HEK 283, VERO or other (here BHK-21 will be taken as an example) with
one or more plasmid(s) for expression of the viral gene(s) of interest (complementation
plasmid, referred to as C-plasmid). The C-plasmid(s) express the viral gene(s) deleted in
the arenavirus vecltor to be generated under control of one or more expression casseties
suitable for expression in mammalian cells, e.g., a mammalian polymerase I promoter
such as the CMV or EF1alpha promoter with a polyadenylation signal. In addition, the
complementation plasmid features a mammalian selection marker, e.g., puromycin
resistance, under control of an expression casseite suilable for gene expression in
mammalian cells, e.g., polymerase |l expression casseile as above, or the viral gene
transcript(s) are followed by an internal ribosome eniry site, such as the one of
encephalomyocarditis virus, followed by the mammalian resistance marker. For
production in E. coli, the plasmid additionally features a bacterial selection marker, such
as an ampicillin resistance cassetis.

[0147] Celis that can be used, e.g., BHK-21, HEK 293, MC57G or other, are kept in
culture and are transfected with the complementation plasmid(s) using any of the
commonly used strategies such as calcium-phosphate, liposome-based protocols or
electroporation. A few days later the suitable selection agent, e.g., puromycin, is added
in titrated concentrations. Surviving clones are isolated and subcloned following standard
procedures, and high-expressing C-cell clones are identified using Western blot or flow
cytometry procedures with antibodies directed against the viral protein(s) of interest. As
an alternative to the use of stably transfected C-cells transient transfection of normai cells
can complement the missing viral gene(s) in each of the steps where C-cells will be used
below. In addition, a helper virus can be used o provide the missing functionality in trans.
10148] Plasmids that can be used can be of two types: i} Two plasmids, referred {0 as
TF-plasmids for expressing intracellularly in C-cells the minimal transacting factors of the
arenavirus, of which the replication-deficient arenavirus vector is derived from e.g., NP
and L proteins of LCMV in the present example; and i) Plasmids, referred to as GS5-
plasmids, for expressing intracellularly in C-cells the arenavirus vecior genome
segments, e.¢., the segments with designed modifications. TF-plasmids express the NP
and L proteins of the respective arenavirus vector under control of an expression cassette
suitable for protein expression in mammalian cells, typically e.g., a mammalian
polymerase ll promoter such as the CMV or EF1 alpha promoter, either one of them
preferentially in combination with a polyadenylation signal. GS-plasmids express the

small (8} and the large (L) genome segments of the vector. Typically, polymerase I-driven
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expression cassettes or T/ bacteriophage RNA polymerase (T7-) driven expression
cassettes can be used, the latter preferentially with a 3'-terminal ribozyme for processing
of the primary transcript to yield the correct end. In the case of using a T7-based system,
expression of T7 in C-celis must be provided by either including in the recovery process
an additional expraession plasmid, constructed analogously to TF-plasmids, providing 77,
or C-cells are constructed to additionally express T7 in a stable manner. In certain
embodiments, TF and GS plasmids can be the same, i.e. the genome sequence and
transacting factors can be transcribed by T7, poll and polll promoters from one plasmid.
[3149] For recovering of the arenavirus vector, the following procedures can be used.
First day: C-cells, typically 80% confluent in MS-well plates, are transfected with a mixture
of the two TF-plasmids pius the two GS-plasmids. In certain embodiments, the TF and
S plasmids can be the same, i.e. the genome sequence and transacting factors can be
transcribed by T7, poll and polll promoters from one plasmid. For this one can exploit any
of the commonly used strategies such as calcium-phosphate, liposome-based protocols
or electroporation.

10150] 3-5 days later: The culture supernatant (arenavirus vector preparation) is
harvested, aliquoted and stored at 4°C, -20°C or -80°C depending on how long the
arenavirus vector should be stored prior to use. Then the arenavirus vector preparation’s
infectious titer is assessed by an immunofocus assay on C-cells.

[0151] The invention furthermore relates to expression of an HBY antigen in a cell culture
wherein the cell culture is infectad with an infectious arenavirus expressing an HBV
artigen. When used for expression of an HBY antigen in cultured cells, the following two
procedures can be used:

i The cell type of interest is infected with the arenavirus vector preparation
described herein at a multiplicity of infection (MO of one or more, €.g., two, three
or four, resuiting in production of the HBY antigen in all cells already shortly after
infection.

i, Alternatively, a lower MOI can be used and individual cell clones can be selected
for their level of virally driven HBV antigen expression. Subsequently individual
clones can be expanded infinitely owing 1o the non-cylolytic nature of arenavirus
vectors. lrrespective of the approach, the HBY antigen can subsequently be
coliected (and purified) either from the culture supernatant or from the cells
themselves, depending on the properties of the HBV antigen produced. However,

the invention is not limited to these two strategies, and other ways of driving
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expraession of HBY antigen using infectious, replication-deficient arenaviruses as

vectors may be considered.
[0152] Alternatively, a rescue system consisting of three plasmids can be used: (1) the
first plasmid expresses the protein NP by transcription via Polymerase ll and subsequent
translation in transfected celis; {2} the second plasmid gives rise {0 the (negalive-
stranded) L-Segment of the LCMVY genome by transcription via Polymerase | as well as
the L protein by transcription via Polymaerase 1l from the same template in the opposite
direction of the Polymerase | promoter; (3) the third plasmid gives rise to the S-segment
of the LCMV genome {encoding the antigen coding sequence instead of the LCMV
glycoprotein) via transcription by Polymerase | 3ug of each plasmid is used for
glectroporation of C-cells, followed by seeding of cells in 6-well plates and incubation at
37°C. After incubation, cells and supernatant from transfections are combined with freshly
seeded C-cells, and vectors are harvested and cleared from cells & debris at a defined
timepoint post infection. Once the vector has been generated, a nucleic acid encoding an
antigen of an oncogenic virus and/or an immunomodulatory peptide, polypeptide, or
protein (see Section 6.2) can be inserted into a plasmid from which a genomic segment
of an infectious replication-deficient vector is transcribed by any technigue known to the
skilled artisan.
[0153] Owing to the removal or funclional inactivation of one or more of the viral genes
in arenavirus vectors (here deletion of the glycoprotein, GP, will be taken as an example)
arenavirus vectors can be generated and expanded in cells that provide the deleted or
functionally inactivated viral gene(s) (e.g.. the GP) in trans. The resulting virus itself is
infectious but is unable to produce further infectious progeny particles in non-
complementing cells due to the lack of the deleted or functionally inactivated viral gene(s)
(e.g., the GP). The complementing cell can provide the missing functionality either by
stable transfection, transient transfection, or by infection with a helper virus that
expresses the missing functionality.
10154] In certain embodiments, the complementing cell provides the viral gene that has
been deleted or functionally inactivated from the arenavirus vector genome. In a specific
embodiment, the complementing cell provides the viral gene from a viral strain that is the
same as the viral strain that was used to generate the genome of the arenavirus vector.
in another embodiment, the complementing cell provides the viral gene from a viral strain
that is different from the viral strain that was used to generate the genome of the
arenavirus vector. For example, the viral gene provided in the complementing cell is

obtained from the MP strain of LCMV and encodes a protein having the amino acid
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sequence of SEQ 1D NO: 15, 16, 17, or 18, In ancther example, the viral gene provided
in the complementing cell is obtained from the Clone 13 strain of LCMV and encodes a
protein having the amino acid sequence of SEQ 1D NO: 21, 22, 23, or 24. In another
example, the viral gene provided in the complementing cell is obtained from the Wk strain
of LCMV and encodas a protein having the amino acid sequence of SEQ 1D NO: 25.
[0155] In a specific embodiment, the complementing cell provides the GP of the MP strain
of LCMV and the arenavirus veclor comprises an ORF of a human HBV antigen as
described herein in place of the ORF encoding the GP protein. In an even more specific
embodiment, the complementing cell provides the GP of the MP strain of LCMV and the
arenavirus vector is obtained from LCMVY Clone 13 and comprises an ORF of a human
HBY antigen as described herein in place of the ORF encoding the GP protein. In an even
more specific embodiment, the GP protein is at least 80%, 91%, 92%, 93%, 24%, 95%,
96%, 97%, 98%, at least 99%, or 100% identical to the amino acid sequence of SEQ 1D
NO: 186,

[0158] In a specific embodiment, the complementing cell provides the GP of the Clone
13 strain of LCMV and the arenavirus vector comprises an ORF of a human HBVY antigen
as described herein in place of the ORF encoding the GP protein. In an even more specific
embodiment, the complementing cell provides the GP of the Clone 13 strain of LMV and
the arenavirus vector is obtained from LCMV MP strain and comprises an ORF of a
human HBV antigen as described herein in place of the ORF encoding the GP protein. In
an even more specific embodiment, the GP protein is at least 80%, 91%, 92%, 93%, 94%,
O5%, 96%, 97%, 98%, at least 989%, or 100% identical to the amino acid sequence of
SEQ ID NO: 22

[0157] In a specific embodiment, the complementing cell provides the GP of the WE strain
of LCMV and the arenavirus vector comprises an ORF of a human HBY antigen as
described herein in place of the ORF encoding the GP protein. In an even more specific
embodiment, the complementing cell provides the GP of the WE sirain of LCMV and the
arenavirus vector is obtained from LCMV Clone 13 and comprises an ORF of a human
HBY antigen as described herein in place of the ORF encoding the GP protein. In an even
more specific embodiment, the GP protein is at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, at least 99%, or 100% identical to the amino acid sequence of SEQ ID
NO: 25,

[01158] In a specific embodiment, the complementing cell provides the GP of the WE strain
of LCMV and the arenavirus vector comprises an ORF of a human HBY antigen as

described herein in place of the ORF encoding the GP protein. In an even more specific
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embodiment, the complementing cell provides the GP of the WE strain of LOMV and the
arenavirus vector is obtained from LCMV MP strain and comprises an ORF of a human
HBV antigen as described herein in place of the ORF encoding the GP protein. In an even
more specific embodiment, the GP profein is at least 90%, 91%, 92%, 93%, 94%, 95%,
S6%, 97%, 98%, at least 98%, or 100% identical to the amino acid sequence of SEQ ID
NQO: 25.

[0158] In certain embodiments, the infectious, replication-deficient arenavirus s

trisegmented.

{b) Replication-competent, trisegmented arenaviruses

[0160] Provided herein are in vitro methods of generation of replication-competent
arenavirus vectors. infectious, replication-competent irisegmented viruses as described
herein can be produced as described in United States Provisional Patent Application No.
62/079,493.

10161] In certain embodiments, the method of generating a iri-segmented arenavirus
particle comprises (i} fransfecting into a host cell the cDNAs of the one L segment and
two S segments or two L segments and one § segment; (i} transfecting into a host cell
plasmids expressing the arenavirus' minimal trans-acting factors NP and L; (i)
maintaining the host cell under conditions suitable for virus formation; and (iv) harvesting
the arenavirus particle.

[0162] Once generated from cDNA, the tri-segmented arenavirus particle (i.e., infectious
and rephlication competent) can be propagated. In certain embodiments tri-segmented
arenavirus particles can be propagated in any host cell that allows the virus (o grow o
titers that permit the uses of the virus as described herein. In one embodiment, the host
cell allows the tri-segmented arenavirus particle to grow o tilers comparable {0 those
determined for the corresponding wild-type.

[0163] In certain embodiments, the tri-segmentad arenavirus particle may be propagated
in host cells. Specific examples of host cells that can be used include BHK-21, HEK 293,
VERO or other. in a specific embaodiment, the tri-segmented arenavirus particle may be
propagated in a cell line.

[3164] In certain embodiments, the host cells are kept in culture and are transfected with
one or more plasmid(s). The plasmid(s) express the arenavirus genomic segmeni(s) o
be generated under control of one or more expression casseties suitable for expression

in mammatlian cells, e.q., consisting of a polymerase | promoter and terminator.
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[0165] In specific embediments, the host cells are kept in culiure and are transfected with
one or more plasmid(s). The plasmid(s) express the viral gene(s) to be generated under
control of one or more expression casseties suitable for expression in mammalian cells,
e.q., consisting of a polymerase | promoter and terminator.

[0166] Plasmids that can be used for generating a tri-segmented arenavirus comprising
one L segment and two S segments can include: i} two plasmids each encoding the &
genome segment e.g., pol-l driven § segment expression plasmids, i) a plasmid encoding
the L genome segment e.g., a pol-l driven L segment expression plasmid. Plasmids
needed for the tri-segmented arenavirus comprising two L segments and one S segments
are: i) two plasmids each encoding the L genome segment e.q., pol-L, i1y a plasmid
encoding the S genome segment e.g., pol- S,

[0167] In certain embodiments, plasmids encoding an arenavirus polymerase that direct
intraceliular synthesis of the viral L and S segments can be incorporated into the
transfection mixture. For example, a plasmid encoding the L protein and a plasmid
encoding NP (pC-L and pC-NP, respectively). The L protein and NP are the minimal trans-
acting faclors necessary for viral RNA ftranscription and replication. Alternatively,
intraceliular synthesis of viral L and S segments, together with NP and L protein can be
performed using an expression cassette with pol-l and pol-ll promoters reading from
opposite sides into the L and S segment cDNAs of two separate plasmids, respectively.
[0168] In addition, the plasmid(s) fealures a mammalian selection marker, e.qg,
puromycin resistance, under control of an expression cassette suitable for gene
expression in mammalian cells, e.g., polymerase Il expression cassetie as above, or the
viral gene transcripl{s) are followed by an internal ribosome entry site, such as the one of
encephalomyocarditis virus, followed by the mammalian resistance marker. For
production in E.coli, the plasmid additionally features a bacternial selection marker, such
as an ampicillin resistance cassetie.

10169] Transfection of BHK-21 cells with a plasmid(s) can be performed using any of the
commonly used strategies such as calcium-phosphate, liposome-based protocols or
glectroporation. A few days later the suitable selection agent, e.¢., puromycin, is added
in titrated concentrations. Surviving clones are isclated and subcloned following standard
procedures, and high-expressing clones are identified using Western blot or flow
cytometry procedures with antibodies directed against the viral protein(s) of interest.
(01707 Typically, RNA polymerase |-driven expression casseties, RNA polymerase -
driven cassettes or T7 bacteriophage RNA polymerase driven casseties can be used, the

latter preferentially with a 3'-terminal ribozyme for processing of the primary transcript (o
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vield the correct end. In certain embodiments, the plasmids encoding the arenavirus
genomic segments can be the same, i.e., the genome sequence and transacting factors
can be transcribed by T7, poll and polil promoters from one plasmid.

[0171] For recovering the tri-segmented arenavirus vecior, the following procedures are
envisaged. First day: cells, typically 80% confluent in MB-well plates, are transfected with
a mixture of the plasmids, as described above. For this one can exploit any commonly
used strategies such as calcium-phosphate, liposome-based protocols or electroporation.
(0172} 3-5 days later: The cultured supematant (arenavirus vector preparation) is
harvested, aliquoted and stored at 4°C, -20°C, or -80°C, depending on how long the
arenavirus vector should be stored prior use. The arenavirus vector preparation's
infectious titer is assessed by an immunofocus assay. Alternatively, the transfected cells
and supernatant may be passaged to a larger vessel (e.g., a T75 tissue culture flask) on
day 3-5 after transfection, and culture supematant is harvested up to five days after
passage.

[0173] The present application furthermore relates {0 expression of a heterologous ORF
{e.g., an HBV anligen), wherein a plasmid encoding the genomic segment is modified {o
incorporate a heterologous ORF. The hsterologous ORF can be incorporated into the
plasmid using restriction enzymes. In certain embodiments, the heterologous ORF
encodes an HBY antigen. In certain embaodiments, the plasmid encoding the genomic
segment is modified to incorporate one or more heterologous ORFs. In certain

embodiments, the heterologous ORFs encode one or more HBV antigens.

§.4 Nucleic Acids, Vector Systems and Cell Lines

10174} In one embodiment, described herein is a nucleic acid sequence which is the
cDNA of the large genomic segment (L segment) of an infectious arenavirus described
herein, in which one ORF of the genomic segment is deleted or functionally inactivated,
and the genomic segment comprises a nuclectide sequence encoding an HBY antigen.
In certain embodiments, the infectious arenavirus viral vector is replication-deficient (See
Section 6.1{(a)). In certain embodiments, the infectious arenavirus viral vector is
replication-competent (See Section 6.1(b)).

[3175] In one embodiment, described herein is a nucleic acid sequence that encodes the
short genomic segment (S segment) of an infectious arenavirus described herein, in
which one ORF of the genomic segment is deleted or functionally inactivated and wherein

the short genomic segment comprises a nuclectide sequence encoding an HBY antigen.
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In another embodiment, described herein is a nucleic acid sequence that encodes the
short genomic segment (S segment} of an infectious arenavirus described herein, in
which the ORF of the glycoprotein gene is deleted or functionally inactivated and wherein
the short genomic segment comprises a nucleotide sequence encoding an HBY antigen.
In certain, more specific embodiments, the HBYV antigen 18 an antigen described in
Section 6.2.

[0176] In certain embodiments, the nucieic acid seguences provided herein can be
derived from a particular strain of LCMV. Strains of LCMV include Clone 13, MP strain,
Arm CA 1371, Arm E-250, WE, UBC, Traub, Pasteur, 810885, CH-5682, Marssille #12,
HP65-2009, 200501827, 810362, 811316, 810316, 810366, 20112714, Douglas, GRO1,
SNO5, CABN and their derivatives. In specific embodiments, the nucleic acid is derived
from LCMV Clone 13. In other specific embodiments, the nucleic acid is derived from
LOCMY MP strain.

01771 In a more specific embodiment, provided herein is a nucleic acid comprising an
arenavirus genomic segment comprising a sequence that is at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, at least 99%, or 100% identical {0 the sequence of
SEQIDNO: 1, SEQID NO: 2, or SEQ ID NO: 3. In ancther embodiment, provided herein
is a nucleic acid that comprises an arenavirus genomic segmeni comprising (i) a
nuclectide sequence that is at least 80%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
at least 99%, or 100% identical to the sequence of nucleotide 1638 to 3315 of SEQ ID
NG: 11; and (ii) a nucleotide sequence encoding an HBY antigen.

[0178] In ancother embodiment, provided herein is a nucleic acid that comprises an
arenavirus genomic segment comprising (i) a nucleotide seguence encoding an
expression product whose amino acid sequence is at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, at least 98%, or 100% identical to the amino acid sequence
encoded by 1638 {o 3315 of SEQ ID NO: 11, and {ii} a nuclectide sequence encoding an
HBV antigen.

01791 In ancther embodiment, provided herein is a nucleic acid that comprises an
arenavirus genomic segment comprising (i) a nuclectide seguence that is at least 80%,
91%), 92%, 93%, 94%, 95%, 96%, 97%, 98%, at least 99%, or 100% identical to the
sequence of nucieotide 1640 to 3316 of SEQ 1D NO: 12; and (i) a nucleotide sequence
encoding an HBV antigen.

(01807 In ancther embodiment, provided herein is a nucleic acid that comprises an
arenavirus genomic segment comprising (i) a nucleotide sequence encoding an

gxpression product whose amino acid sequence is at least 80%, 91%, 92%, 93%, 94%,
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95%, 96%, 97%, 98%, at least 99%, or 100% identical to the amino acid sequence
encoded by 1640 to 3316 of SEQ 1D NO: 12; and (ii) a nucleotide seguence encoding an
HBV antigen
[0181] in one embodiment, described herein is a vector system comprising one or more
vectors that together comprise the genome of an infectious arenavirus particle described
herein. Specifically, provided herein is a vector system wherein the one or more vectors
comprise two arenavirus genomic segments, namely an L segment and an S segment,
of an infectious arenavirus described herein. Such a vector system can comprise (on one
or more separate DNA molecules):
[0182] An arenavirus S genomic segment that is modified such that an arenavirus particle
carrying this modified S genomic segment cannot produce infectious progeny virus
particles and an arenavirus L genomic segment that comprises a nucleotide sequence
encoding (in sense or antisense) an HBY antigen;
101837 An arenavirus L genomic segment that 1s modified such that an arenavirus particle
carrying this modified L genomic segment cannot produce infectious progeny virus
particles and an arenavirus S genomic segment that comprises a nucleotide sequence
encoding (in sense or antisense) an HBV antigen;
[0184] An arenavirus S genomic segment that is maodified such that an arenavirus particle
carrying this modified S genomic segment cannot produce infectious progeny virus
particles and wherein the arenavirus S genomic segment comprises a nucleotide
sequence encoding (in sense or antisense) an HBV antigen and comprising a wild type
arenavirus L genomic segment, or
[3185] An arenavirus L genomic segment that is modified such that an arenavirus particle
carrying this modified L genomic segment cannot produce infectious progeny virus
particles and wherein the arenavirus L genomic segment comprises a nuclectide
sequence encoding (in sense or antisense) an HBV antigen and comprising a wild type
arenavirus S genomic segment.
[0186] In the context of the invention, provided herein is a nucleic acid sequence
comprising an arenavirus (e.g., LCMV) genomic segment in which the ORF encoding the
GP of the S genomic segment is substituted with a nucleotide seqguence comprising:

a nuclectide sequence encoding a Hepatitis B pre-S2/8 protein or an antigenic

fragment thereof,

a nucleoctide sequence encoding a Hepatitis B virus HBc protein or an antigenic

fragment thereof, or
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a nucleotide sequence encoding a fusion of Hepatitis B virus HBs and HBc proteins

or antigenic fragments thereof,

and wherein a viral vector comprising the arenavirus genomic segment is capable

of eliciting a T. cell response against the HBV pre-52/S protein, the HBc protein,

the fusion of HBs and HBc proteins, or an antigenic fragment thereof .
[0187] In certain embodiments, provided herein is a nucleic acid sequence comprising an
arenavirus {e.q9., LCMV) genomic segment in which the ORF encoding the GP ofthe &
genomic segment is substituted with a nuciectide sequence encoding one or more HBY
antigens (e.g., one or more of those listed in the above paragraph).
[0188] In ancother embodiment, a cell may comprise a nucleic acid or a vector system
described above in this section. Cell lines derived from such cells, cultures comprising
such cells, and methods of culturing such cells infected with nucleic acids or vector
systems are also described. In certain embodiments, the cell may comprise a nucleic acid
comprising the large genomic segment (L segment) of an infectious arenavirus described
hierein, in which one ORF of the genomic segment is deleted or functionally inactivaied,
and the genomic segment comprises a nuclectide sequence encoding an HBY antigen.
[0189] In other embodiments, the cell may comprise a nucieic acid sequence that
comprises the short genomic segment (S segment) of an infectious arenavirus provided
herein, in which one ORF of the genomic segment is deleted or functionally inactivated
and wherein the short genomic segment comprises a nucleotide sequence encoding HBY
pre-82/3 protein or an antiganic fragment thereof.
(0190} In other embodiments, a cell may comprise a nucleic acid segquence that
comprises the short genomic segment (8 segment) of an infectious arenavirus provided
herein, in which one ORF of the genomic segment is deleted or functionally inactivated
and wherein the short genomic segment comprises a nucleotide seqguence encoding HBY
HBc protein or an antigenic fragment thereof.
[0191] In examples, not in the context of the invention, a cell may comprise a nucleic acid
sequence that comprises the short genomic segment (S segment) of an infectious
arenavirus, in which one ORF of the genomic segment is deleted or functionally
inactivated and wherein the short genomic segment comprises a nucleotide sequence
encoding HBY HBs protein or an antigenic fragment thereof.
[3192] In other embodiments, a cell may comprise a nucleic acid sequence that
comprises the short genomic segment (S segment) of an infectious arenavirus provided
hierein, in which one ORF of the genomic segment is deleted or functionally inactivated

and wherein the short genomic segment comprises a nucleotide sequence encoding a
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fusion protein comprising at least one domain from HBY HBs protein and HBY HBc
protein.

[0193] In other embodiments, a cell may comprise a nucleic acid segquence that
comprises the short genomic segment (8 segment) of an infectious arenavirus provided
herein, in which one ORF of the genomic segment is deleted or functionally inactivated
and wherein the short genomic segment comprises a nucleotide sequence encoding oneg
or more of HBV antigens.

10194} In another embodiment, a cell may comprise two nucleic acids or vector systems
described herein.

[0195] In certain embodiments, a nucieic acid comprises a nucleotide seguence that is at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NOC: 13 or SEQ ID NO:
14, In certain embodiments, an expression vector comprises a nucleotide seguence that
is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 00%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 13 or SEQ ID
NG 14, In certain embodiments, a host cell comprises a nucieotide sequence that is at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 20%, 91%, 92%, 93%,
94%, 95%, 96%, 97 %, 98%, 99%, or 100% identical to SEQ D NO: 13 or SEQ ID NG:
14,

[0196] In certain embodiments, a nucleic acid comprises a nucleotide sequence encoding
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical o SEQ
ID NO: 15, 16, 17, or 18, In certain embodiments, an expression vector comprises a
nuclectide sequence encoding an amino acid sequence that is at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %,
98%, 99%, or 100% identical to SEQ 1D NO: 15 16, 17, or 18. In certain embodiments, a
host cell comprises a nucleotide sequence that encodes an amino acid sequence that is
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO: 15, 16, 17, or 18.
101977 In certain embodiments, an isolated protein comprises an amino acid seguence at
least 80%, 81%, 82%, 83%, 84%, 85%, 868%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 98%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO: 15, 16, 17, or 18. In
certain embodiments, a host cell expresses a protein comprising an amino acid sequence
that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
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93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 15, 16, 17, or
18. In certain embodiments, the host cell is cultured in cell culture medium.

[0198] In certain embodiments, a nucleic acid comprises a nuclectide sequence that is at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 12 or SEQ ID NG: 7.
In certain embodiments, an expression vector comprises a nucleotide seguence that is at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 290%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 12 or SEQ ID NO: 7.
In certain embodiments, a host cell comprises a nuclectide sequence that is at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 12 or SEQ ID NG 7.

[0198] In certain embodiments, a nucleic acid comprises anucleotide sequence encoding
an amino acid sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NO: 21, 22, 23, or 24. In certain embodiments, an expression vector comprises a
nuclectide sequence encoding an amino acid sequence that is at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 89%, or 100% identical to SEQ 1D NO: 21, 22, 23, or 24. In certain embodiments, a
host cell comprises a nucleotide sequence that encodes an amino acid sequence that is
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO: 21, 22, 23, or 24,
[0200] In certain embodiments, an isolated protein comprises an amino acid sequence at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 891%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO: 21, 22, 23, or 24. In
certain embodiments, a host cell expresses a protein comprising an amine acid seguence
that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 21, 22, 23, or

24 In certain embodiments, the host cell is cultured in cell culture medium.

£.5 Methods of Use

(02017 Provided herein are arenavirus viral vectors according to the invention, for use in
immunotherapies for Hepatitis B virus infections. In one embodiment, provided herein are
one or more infectious arenaviruses expressing an HBVY antigen as provided herein or a

composition thereof for use in methods of treating an infection in a subject comprising
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administering to the subject one or more infectious arenaviruses expressing an HBY
antigen as provided herein or a composition thereof. In certain embodiments, the
infectious arenaviruses are replication-deficient. In certain embodiments, the infectious
arenaviruses are replication-competent. In a specific embodiment, a method for ireating
an infection comprises administering to a subject in need thereof an effective amount of
one or more infectious arenaviruses expressing an HBV antigen provided herein or a
composition thereof. The subject can be a mammal, such as but not limited to a human
being, a mouse, a rat, a guinea pig, a domesticated animal, such as, but not limited to, a
cow, a horse, a sheep, a pig, a goat, a cat, a dog, a hamster, a donkey. In a specific
embaodiment, the subject is a human.

10202} In another embodiment, methods for inducing an immune response against HBV
i & subject comprise administering to the subject an infectious arenavirus expressing an
HBV antigen or a composition thereof.

102037 In another embodiment, the subjects to whom an infectious arenavirus expressing
an HBY antigen described herein or a composition thereof is administered have, are
susceptible to, or are at risk for an HBV infection. In another specific embodiment, the
subjects to whom an infectious arenavirus expressing an HBV antigen described herein
or a composition thereof is administered are infected with, are susceptibie to, or are at
risk for, an infection with HBY.

[0204] In another embodiment, the subjects to whom an infectious arenavirus expressing
an HBY antigen described herein or a compaosition thereof 1s administered are suffering
from, are susceptible o, or are at risk for, an infection with HBV, e.g., in the liver. In a
specific embodiment, the subjects to whom an infectious arenavirus expressing an HBY
antigen described herein or a composition thereof is administered are suffering from, are
susceptible to, or are at risk for, an infection with HBV in one or more organs of the body,
e.g., the liver.

[0205] in another embodiment, the subjects to whom an infectious arenavirus expressing
an HBYV antigen described herein or a compaosition thereof is administered have test
resuits {e.g., blood test results) indicating liver damage. In certain embodiments, the
subjects have alanine aminotransferase (ALT) levels in the blood indicating liver damage.
In certain embodiment, the subjects have aspartate aminotransferase (AST) levels in the
blood indicating liver damage. In cerfain embodiments, the subjects have alkaline
phosphatase levels in the blood indicating liver damage. In certain embodiments, the

subjecis have lactate dehydrogenase (LDH) levels in the blood indicating liver damage.
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In certain embodiments, the subjecis have one or more of ALT, AST, alkaline
phosphatase, and LDH levels in the blood indicating liver damage.

[0206] In certain embodiments, the subjects have alpha-fetoprotein (AFP) levels in the
blood indicating liver cancer or susceptlibility thereto. In certain embodimenits, the subjects
have bilirubin {e.g., conjugated bilirubin) levels in the blood indicating liver damage. In
certain embodiments, the subjects have albumin levels in the blood indicating liver
damage.

(02077 In certain embodiments, the subjects have abdominal ulfrasound results indicating
fiver damage. In certain embodiments, the subjects have CAT scan resulls indicating liver
damage. In certain embodiments, the subjects have MRI results indicating liver damage.
10208] In another embodiment, the subjects to whom an infectious arenavirus expressing
an HBY antigen described herein or a composition thereof is administered have
detectable levels of HBs antigen (HBsAg) in the blood. In certain embodiments, the
subjects have detectable levels of IgM antibody against HBc antigen (HBcAg) in the
blood. In certain embodiments, the subjects have deteciable levels of HBe anfigen
(HBeAg, the extracellular/secreted version of the HBc protein) in the blood. In certain
embodiments, the subjects have detectable levels of antibody to HBsAg in the blood.
(02097 In ancther embodiment, the subjects to whom an infectious arenavirus expressing
an HBV antigen described herein or a composition thereof is administered have persistent
levels of HBsAg, indicative of chronic hepatitis. In certain embodiments, the subjects have
persisient levels of HBeAg, indicative of chronic hepatitis. In certain embodiments, the
subjects have persistent leveis of HBsAg and HBeAg, indicative of chronic hepatitis.
102107 In ancther embodiment, the subjects to whom an infectious arenavirus expressing
an HBY antigen described herein or a composition thereof is administered are suffering
from symptoms of HBV infection, including but not limited o loss of appetite, fatigue,
nausea, vomiting, itchiness, abdominal pain, abdominal swelling, or jaundice.

10211} in another embodiment, the subjects to whom an infectious arenavirus expressing
an HBVY antigen described herein or a composition thereof is administered are suffering
from manifestations of HBVY, including but not limited to acute hepatitis B, chronic HBY
infection, cirrhosis, and hepatocellular carcinoma (HCC). In ancther embodiment, the
infectious arenavirus expressing an HBY antigen described hersin or & composition
thereof is administered o a subject with asymptomatic HBY.

[0212] In ancther embodiment, an infectious arenavirus expressing an HBV antigen as
described herein or a composition thereof is administered 1o a subject of any age group

suffering from, susceptible to, or at risk for, an infection with HBV. In a specific
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embodiment, an infectious arenavirus exprassing an HBY antigen as described herein or
a composition thereof is administered o a subject with a compromised immune system,
a pregnant subject, a subject undergoing an organ or bone marrow transplant, a subject
taking immunosuppressive drugs, a subject undergoing hemodialysis, a subject who has
cancer, or a subject who is suffering from, susceptible to, or at risk for, an infection with
HBVY. In a more specific embodiment, an infectious arenavirus expressing an HBV antigen
as described herein or a composition thereof s administered to a subject with a
compromised immune system due to HIV infection, who is suffering from, is susceptible
to, oris at risk for, an infection with HBY. In yet ancther specific embodiment, an infectious
arenavirus expressing an HBY antigen as described herein or a composition thereof is
administered to a subjectwho isachildof 0,1, 2,3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, or 17 years of age suffering from, susceptible to, or at rnisk for, an infection with
HBV. In yet another specific embodiment, an infectious arenavirus expressing an HBV
antigen described herein or a composition thereof is administered o a subject who is an
infant suffering from, susceptible to, or at risk for, an infection with HBY. In vet ancther
specific embodiment, an infecticus arenavirus expressing an HBY antigen described
herein or a composition thereof is administered to a subject who is an infant of 0, 1, 2, 3,
4.5 6,7,8 9 10, 11, or 12 months of age suffering from, susceptible o, or at nisk for,
an infection with HBV. In yet another specific embodiment, an infectious arenavirus
expressing an HBV antigen described herein or a composition thereof is administered o
an elderly subject who is suffering from, is susceptible o, or is at risk for, an infection with
HBV.

[0213] in ancther embodiment, an infectious arenavirus expressing an HBVY antigen
described herein or a composition thereof is administered to subjects with a heightened
risk of disseminated HBV infection. In a specific embodiment, an infectious arenavirus
gxpressing an HBY antigen described herein or a composition thereof is administerad to
subjects In neonatal period with immature neonatal immune system. In another
embodiment, an infectious arenavirus exprassing an HBV antigen described herein or a
composition thereof is administered to a subject who uses intravenous drugs with a
heightened risk of HBV infection.

[0214] In ancther embodiment, an infectious arenavirus expressing an HBV antigen
described herein or a compaosition thereof is administered o subjects infected with one
or more genctypes or subgenotypes of HBY. In certain embodiments, the genotype is

one or more of genotypes A-J, or another genotype. in certain embodiments, the
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subgenotype is one or more subgenotypes A1-A8, B1-B4, C1-C6, D1-D7, F1-F4, or
anocther subgenotype.

[0215] In ancther embodiment, administering an infectious arenavirus expressing an
HBV antigen as described herein or a composition thereof to subjects confer cell-
mediated immunity {CMI) against an infection with HBY. Without being bound by theory,
in another embodiment, an infectious arenavirus expressing an HBY antigen as described
herein or a composition thereof infects and expresses antigens of interest in antigen
prasenting cells (APC) of the host (e.g., macrophages) for direct presentation of antigens
on Major Histocompatibility Complex (MHC) class | and H. In another embodiment,
administering an infectious arenavirus expressing an HBV antigen as described hersin or
a composition thereof to subjects induces plurifunctional IFN-y and TNF-a co-producing
HBV-specific CD4+ and CD8+ T cell responses (IFN-y is produced by CD4+ and CD8+
T cells and TNF-a is produced by CD4+ T cells) of high magnitude to treat or prevent an
infection with HBV.

[0216] In ancther embodiment, administering an infectious arenavirus expressing an
HBY antigen or a composition thereof reduces the risk that an individual will develop an
infection with HBY by at least about 10%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least about 50%, at least about
60%, at least about 70%, at least about 80%, at least about 90%, or more, compared o
the risk of developing an infection with HBVY in the absence of such treatment.

[0217] In ancthar embodiment, administering an infectious arenavirus expressing an
HBV antigen or a composition thereof reduces the symptoms of an infection with HBVY by
at least about 10%, at least about 20%, at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 80%, or more, compared to the manifestation of
the symptoms of an infection with HBY in the absence of such treatment.

[0218] in another embodiment, administering an infectious arenavirus expressing an
HBV antigen or a compaosition thereof to subjects with immature neonatal immune system
induces cell-mediated immunity (CMI) response against an infection with HBV by at least
about 10%, at least about 20%, at least about 25%, at least about 30%, at least about
35%, at least about 40%, at least about 50%, at least about 80%, at least about 70%, at
least about 80%, at least about 90%, or more, compared {o cell-mediated immunity (CMI)
response against an infection with HBY in the absence of such a treatment.

[0219] In certain embodiments, administering an infectious arenavirus expressing an

HBV antigen or a composition thereof reduces ALT levels in the blood. In certain
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embodiments, administering an infectious arenavirus expressing an HBY antigen or a
composition thereof reduces AST levels in the blood. In certain embodiments,
administering an infectious arenavirus expressing an HBY antigen or a composition
thereof reduces alkaline phosphatase levels in the blood. In certain embodiments,
administering an infectious arenavirus expressing an HBY antigen or a compaosition
thereof reduces LDH levels in the blood. In certain embodimenis, administering an
infectious arenavirus expressing an HBY antigen or a composition thereof reduces one
or more of ALT, AST, alkaline phosphatase, and LDH levels in the blood.

(02201 In ceriain embodiments, administering an infectious arenavirus expressing an
HBY antigen or a composition thereof reduces AFP levels in the blood. In certain
embodiments, administering an infectious arenavirus expressing an HBV antigen or a
composition thereof reduces bilirubin (e.9., conjugated bilirubin) levels in the blood. In
ceriain embodiments, administering an infectious arenavirus expressing an HBY antigen
or a composition thereof increases albumin lavels in the blood.

[0221] In certain embodiments, administering an infectious arenavirus expressing an
HBVY antigen or a composition thereof reduces levels of HBsAg in the blcod. In certain
embodiments, administering an infectious arenavirus expressing an HBY antigen or a
compaosition thereof reduces levels of igM antibody against HBcAg in the bicod. In certain
embodiments, administering an infectious arenavirus expressing an HBY antigen or a
composition thereof reduces levels of HBeAg in the blood. In cerlain embodiments,
administering an infeclious arenavirus expressing an HBV antigen or a composition
thereof reduces levels of antibody to HBsAg in the blood.

(02221 In ceriain embodiments, administering an infectious arenavirus expressing an
HBY antigen or a composition thereof reduces the number of inclusion bodies detected
in salivary glands or another histological sample. In certain embodiments, administering
an infectious arenavirus expressing an HBY antigen or a composition thereof reduces the
number of anti-HBY antibodies detected in a patient blood sample. In certain
embodiments, administering an infectious arenavirus expressing an HBY antigen or a
composition thereof reduces the amount of HBV detecied in urine, saliva, blood, tears,
semen, or breast milkk. In certain embodiments, administering an infectious arenavirus
expressing an HBY antigen or a composition thereof reduces the level of virus cultured
from a urine, throat swab, bronchial lavage, or tissue sample. In certain embodiments,
administering an infectious arenavirus expressing an HBY antigen or a composition

thereof reduces the level of virus detected through quantitative or qualitative PCR tests.
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[0223] Changes in celi-mediated immunity (CMI) response function against an infection
with HBV induced by administering an infectious arenavirus expressing an HBV antigen
or a composition thereof in subiects can be measured by any assay known to the skilled
artisan including, but not limited to flow cytometry (see, e.¢., Perfetto S.P. et al., Nat Rev
immun. 2004, 4(8):648-55), lymphocyte proliferation assays (see, e.¢., Bonilla F.A. et al,,
Ann Allergy Asthma Immunol. 2008; 101:101-4; and Hicks M.J. et al., Am J Clin Pathol.
1683, 80:159-63), assays to measure lymphocyte activation including determining
changes in surface marker expression following activation of measurement of cylokines
of T lymphocytes (see, e.g., Caruso A. etal, Cytometry. 1997,27.71-6), ELISPOT assays
(see, e.g., Czerkinsky C.C. et al., J immunol Methods. 1983; 65:109-121,; and Hutchings
PR Etal, Jdimmunol Methods. 1988; 120:1-8), or Natural killer cell cytotoxicity assays
{(see, e.q., Bonilla F.A et al., Ann Allergy Asthma Immunol. 2005 May; 94(5 Suppl 1).51-
83).
102241 In another embodiment, described herein 1s a use of an infectious arenavirus {e.g.,
LCMV) expressing an HBV antigen as described herein in which the ORF encoding the
GP of the S genomic segment is substituted with a nucleotide seqguence comprising:
a. a nuclectide sequence encoding an HBY pre-S2/5 protein or an antigenic
fragment thereof;
b. a nuclectide sequence encoding an HBV HBc protein or an antigenic fragment
thereof, or
c. a nuclectide sequence encoding a fusion of HBY HBs and HBc proteins or
antigenic fragments thereof,
and, wherein the arenavirus is capable of eliciting a T cell response against the HBV pre-
S2/8 protein, the HBc protein, the fusion of HBs and HBc proteins, or an antigenic
fragment thereof.
[0225] In ancther embodiment, provided herein is an infectious arenavirus expressing an
HBV antigen as claimed for use in methods of preventing transmission and/or infection of
HBV from a mother to an unborn child, the methods comprise administering to a subject
of child-bearing age the infectious arenavirus expressing an HBY antigen. See Section
6.2. In specific embodiments, methods of preventing transmission and/or infection of HBY
from a mother to an unborn child comprise administering {0 a seronegative subject of
child-bearing age an infectious arenavirus expressing an HBV antigen as described
herein. In yet another embodiment, methods of preventing transmission and/or infection

of HBV from a mother to an unborn child comprise administering to a subject of child-
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bearing age with the intention o procreate an infectious arenavirus expressing an HBY
antigen as described herein.

[0226] In another embodiment, methods of preventing transmission and/or infection of
HBV from a mother to an unborn child comprise administering {0 a subject of child-bearing
age one or more infectious arenaviruses expressing an HBV antigen as describad herein.
See Section 6.2, In specific embodiments, methods of preventing transmission and/or
infection of HBV from a mother to an unborn child comprise administering to a
seronegative subject of child-bearing age one or more infectious arenaviruses exprassing
an HBV antigen as described herein. In yet ancther embodiment, methods of preventing
transmission andfor infection of HBY from a mother {o an unborn child comprise
administering to a subject of child-bearing age with the intention to procreate one or more
infectious arenaviruses expressing an HBV antigen as described herein.

102271 in another embodiment, methods of preventing transmission and/or infection of
HBV from a mother to an unborn child comprise administering to a pregnant subject an
infectious arenavirus expressing an HBY antigen as described herein. In specific
embodiments, methods of preventing transmission and/for infection of HBY from a mother
to an unborn child comprise administering (o a pregnant subject an effective amount of
an infectious arenavirus expressing an HBY antigen described herein.

[0228] In ancther embodiment, methods of preventing transmission and/or infection of
HBY from a mother to an unborn child comprise administering to a pregnant subject one
or more infectious arenaviruses expressing an HBV antigen as described herein. iIn
specific embodiments, methods of preventing transmission and/or infection of HBV from
a mother 1o an unborn child comprise administering to a pregnani subject an effective
amount of one or more infectious arenaviruses expressing an HBY antigen described
herein.

[0229] In ancthar embodiment, administering an infeclious arenavirus expressing an
HBV antigen reduces congeniial HBY infection. In another embodiment, administering
one or more infectious arenaviruses axpressing an HBY antigen reduces congenital HBY
infection.

102307 In ancther embodiment, administering an infectious arenavirus expressing an
HBV antigen reduces manifestations of congenital HBY infection by at least about 10%,
at least about 20%, at least 25%, at least about 30%, at least about 35%, at least about
40% . at least about 50%, at least about 60%, at least about 70%, at isast 80%, at least

90%, or more. In another specific embodiment, administering an infectious arenavirus
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expressing an HBY antigen reduces mortality of newborn infants with congenital HBV
infaction.

(0231} In another embodiment, administering one or more infectious arenaviruses
expressing an HBY antigen reduces manifestations of congenital HBY infection by at least
about 10%, at least about 20%, at least 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
80%, at least 80%, or mora. In another specific embodiment, administering ona or maore
infectious arenaviruses expressing an HBV antigen reduces mortality of newborn infants
with congenital HBY infection.

[0232] Such manifestations of congenital HBV include but are not limited to acule

hepatitis B, chronic HBV infection, cirrhosis, and hepatocellular carcinoma (HCC).

8.6 Compositions, Administration and Dosage

[0233] The invention furthermore relates to vaccings, immunogenic compositions, and
pharmaceutical compositions comprising a genetically engineered arenavirus as
described herein. Such vaccines and pharmaceutical compositions can be formulated
according to standard procedures in the art.

[0234] In another embodiment, provided herein are pharmaceutical compositions
comprising an infectious arenavirus described herein. Such compositions can be used in
methods of treatment and prevention of disease. In a specific embodiment, the
compositions described herein are used in the methods of treatment of subjects infected
with, or susceptible to, an infection with HBV. In another specific embodiment, the
immunogenic compaositions provided herein can be used {0 induce an immune response
in a host {0 whom the composition is administerad. The immunogenic compositions
described herein can be used as vaccines and can accordingly be formulated as
pharmaceutical compositions. In a specific embodiment, the immunogenic compositions
provided herein are used in the methods of prevention of infection of subjects {e.q.,
human subijecis) by HBV. In certain embodiments, the infectious arenavirus viral vector
is replication-deficient (See Section 6.1(a)). In certain embodiments, the infectious
arenavirus viral vector is replication-competent (See Section 6.1(b)).

[0235] In certain embodiments, provided herein are immunogenic compositions
comprising an arenavirus vector (or a combination of different arenavirus vectors) as
described herein. In certain embodiments, such an immunogenic composition further

comprises a pharmaceutically acceptable excipient. In certain embodiments, such an
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immunogenic composition further comprises an adjuvant. The adjuvant for administration
in combination with a composition described herein may be administered before,
concomitantly with, or after administration of said composition. In some embodiments,
the term "adjuvant” refers to a compound that when administered in conjunction with or
as part of a composition described herein augments, enhances and/or boosts the immune
response (o an infectious arenavirus particle, but when the compound is adminisiered
alone does not generate an immune response to the infectious arenavirus particle. In
some embodiments, the adjuvant generates an immune response to the infectious
arenavirus particle and does not produce an allergy or other adverse reaction. Adjuvants
can enhance an immune response by several mechanisms inciuding, e.g., lymphocyte
recruitment, stimulation of B and/or T cells, and stimulation of macrophages. When a
vaccing or immunogenic compaosition of the invention comprises adjuvants or is
administered together with one or more adjuvanis, the adjuvants that can be used include,
but are not imited {o, mineral salt adiuvants or mineral salt gel adjuvants, particulate
adjuvants, microparticulate adjuvants, mucosal adjuvants, and immunostimulatory
adjuvants. Examples of adjuvanis include, but are not limited to, aluminum salts {alum)
(such as aluminum hydroxide, aluminum phosphate, and aluminum sulfate), 3 De-0O-
acylated monophosphoryl lipid A (MPL) (see GB 2220211), MF52 (Novartis), AS0O3
(GlaxoSmithKline), AS04 (GlaxoSmithKline), polysorbate 80 (Tween 80; ICL Americas,
inc.}, imidazopyridine compounds (see international Application
No, PCT/US2007/064857, published as International Publication No. W02007/108812),
imidazoguinoxaline compounds (see International Application No. PCT/US2007/064858,
published as International Publication No. W02007/108813) and saponins, such as
Q821 (see Kensil et al., in Vaccine Design: The Subunit and Adjuvant Approach (eds.
Powell & Newman, Plenum Press, NY, 1995) US. Pat. No. 5057,540). In some
embodiments, the adjuvant is Freund's adjuvant {complete or incompilete). Other
adiuvants are oil in water emuisions (such as squalene or peanut oil), optionally in
combination with immune stimulants, such as monophosphoryt lipid A (see Stoute et al,|
N. Engl. J. Med. 336, 86-81 (1997)}).
10238} The compositions comprise the infectious arenaviruses described herein alone or
together with a pharmaceutically acceptable carrier. Suspensions or dispersions of
genetically engineered arenaviruses, especially isotonic agueous suspensions or
dispersions, can be used. The pharmaceutical compositions may be sterilized andfor may
comprise excipients, €.g., preservatives, stabilizers, wetting agents and/or emulsifiers,

solubilizers, salts for regulating osmotic pressure and/or buffers and are prepared in a
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manner Known per se, for example by means of conventional dispersing and suspending
processes. In certain embodiments, such dispersions or suspensions may comprise
viscosity-reguiating agents. The suspensions or dispersions are kept at temperatures
around 2-8°C, or preferentially for longer storage may be frozen and then thawed shortly
before use. For injection, the vaccine or immunogenic preparations may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such as Hanks's
solution, Ringer's solution, or physiological saline buffer. The solution may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.

(02377 In certain embodiments, the compositions described herein additionally comprise
a preservative, e.¢., the mercury derivative thimerosal. In a specific embodiment, the
pharmaceutical compositions described herein comprise 0.001% to 0.01% thimerosal. In
othaer embodiments, the pharmaceutical compositions described herein do not comprise
a preservative.

[0238] The pharmaceutical compositions comprise from about 10% to about 10" focus
forming units of the genetically engineered arenaviruses. Unit dose forms for parenteral
administration are, for example, ampoules or vials, .g., vials containing from about 10° to
10'% focus forming units or 10%to 10" physical particles of genetically engineersd
arenaviruses.

(02391 In ancther embodiment, a vaccing or immunogenic composition provided herein
is administered o a subject by, including but not limited to, oral intradermal,
intramuscular,  intraperioneal, intravenous, topical, subcutaneous, percutaneous,
intranasal and inhalation routes, and via scarification (scratching through the top layers
of skin, e.g., using a bifurcated needle). Specifically, subcuianeous, intramuscular or
intravenous routes can be used.

102407 For administration intranasally or by inhalation, the preparation for use according
to the present invention can be conveniently delivered in the form of an aerosol spray
presentation from pressurized packs or a nebulizer, with the use of a suitable propellant,
e.q., dichlorodiflucromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol the dosage unit may
be determined by providing a valve to deliver a metered amount. Capsules and cartridges
of, &.g., gelatin for use in an inhaler or insufflators may be formulated containing a powder
mix of the compound and a suitable powder base such as lactose or starch.

[0241] The dosage of the active ingredient depends upon the type of vaccination and
upon the subject, and their age, weight, individual condition, the individual

pharmacokingtic data, and the mode of administration.
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(02421 Processes and uses of genetically engineered arenaviruses for the manufacture
of vaccines in the form of pharmaceutical preparations, may comprise genetically
engineered arenaviruses as active ingredient. The pharmaceutical compositions of the
present invention are prepared in a manner known per se, for example by means of

conventional mixing and/or dispersing processes.

6.7 Optimized Generation of LOMV Vectors

[0243] Owing to the removal or functional inactivation of one or more of the viral genes
in arenavirus vectors (here deletion of the glycoprotein, GP, will be taken as an example)
arenavirus vectors can be generated and expanded in cells that provide the deleted or
functionally inactivated viral gene(s) (&.g., the GP) "in trans.” The resulting virus itself is
infectious but is unable fo produce further infectious progeny particies in non-
complementing cells due {o the lack of the deleted or functionally inactivated viral gene(s)
(e.g., the GP). The complementing cell can provide the missing functionality either by
stable transfection, transient transfection, or by infection with a helper virus that
expresses the missing functionality.

[0244] In certain embodiments, the complementing cell provides the viral gene that has
been deleted or functionally inactivated from the arenavirus vector genome. In a specific
embodiment, the complementing cell provides the viral gene from a viral strain that is the
same as the viral strain that was used to generate the genome of the arenavirus vector.
In another embodiment, the complementing cell provides the viral gene from a viral strain
that is different from the viral strain that was used {0 generate the genome of the
arenavirus vector. For example, the viral gene provided in the complementing cell is
obtained from the MP strain of LCMV and encodes a protein having the amino acid
sequance of SEQ 1D NO: 15, 18, 17, or 18. In another example, the viral gene provided
in the complementing cell is obiained from the Clone 13 strain of LCMV and encodes a
protein having the amino acid sequence of SEQ 1D NG: 21, 22, 23, or 24, In another
example, the viral gene provided in the complementing cell is obtained from the WE strain
of LCMV and encodes a protein having the amino acid sequence of SEQ 1D NO: 25.
[0245] In a specific embodiment, the complementing cell provides the GP of the MP strain
of LCMV and the arenavirus vector comprises an ORF of a human HBVY antigen as
described herein in place of the ORF encoding the GP protein. In an even more specific
embodiment, the complementing cell provides the GP of the MP strain of LOMVY and the

arenavirus vector is obtained from LCMV Clone 13 and comprises an ORF of a human



0 DK/EP 3371316 T3

HBY antigen as described herein in place of the ORF encoding the GP protein. In an even
more specific embodiment, the GP protein is at least 90%, 891%, 92%, 93%, 94%, 95%,
98%, 97%, 98%, at least 98%, or 100% identical to the amino acid sequence of SEQ ID
NO: 16.

[02486] In a specific embodiment, the complementing cell provides the GP of the Clone
13 strain of LCMV and the arenavirus vector comprises an ORF of a human HBV antigen
as described herein in place of the ORF encoding the GP protein. In an even more specific
embodiment, the complementing cell provides the GP of the Clone 13 strain of LCMV and
the arenavirus vector is obtained from LCMV MP strain and comprises an ORF of a
human HBV antigen as described herein in place of the ORF encoding the GP protein. In
an even more specific embodiment, the GP protein is at least 80%, 1%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, at least 88%, or 100% identical {o the amino acid sequence of
SEQ ID NO: 22,

102471 In a specific embodiment, the complementing cell provides the GP of the WE strain
of LCMV and the arenavirus vector comprises an ORF of a human HBV antigen as
described herein in place of the ORF encoding the GP protein. In an even more specific
embodiment, the complementing cell provides the GP of the WE strain of LCMV and the
arenavirus vector is obtained from LCMV Clone 13 and comprises an ORF of a human
HBY antigen as described herein in place of the ORF encoding the GP protein. In an even
more specific embodiment, the GP protein is at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, at least 99%, or 100% identical to the amino acid sequence of SEQ ID
NO: 25.

[0248] In a specific embodiment, the complementing cell provides the GP of the WE strain
of LCMV and the arenavirus vector comprises an ORF of a human HBY antigen as
described herein in place of the ORF encoding the GP protein. In an even more specific
embodiment, the complemaeanting cell provides the GP of the WE strain of LCMV and the
arenavirus vector is obtained from LCMV MP strain and comprises an ORF of a human
HBY antigen as described herein in place of the ORF encoding the GP protein. In an even
more specific embodiment, the GP protein is at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, at least 99%, or 100% identical to the amino acid sequence of SEQ ID
NO: 25.

6.8 Combination therapy

8.8 {a) Methods
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102497 In one embodiment, provided herein are two or more infectious arenaviruses as
claimed, for use in methods of treating and/or preventing an HBY infection in a subiect
comprising administering to the subject said two or more infectious arenaviruses
axpressing an HBY antigen. See, e.g., Section 6.2, In specific embodiments, a method
for treating and/or preventing an HBY infection comprises administering a first infectious
arenavirus expressing an HBV antigen as described herein, e.g., in which the ORF
encoding the GP of the S genomic segment is substituted with a nuclectide sequence
encoding the HBV antigen, wherein the nucleotide sequence is selected from the group
consisting of:
a) anucleoctide sequence encoding an HBV pre-52/S protein or an antigenic fragment
thereof,
b} a nuclectide sequence encoding an HBY HBc¢ protein or an antigenic fragment
theraof, and
¢} a nucleotide sequence encoding a fusion of HBV HBs and HBc proteins or
antigenic fragments thereof and, wherein the first infectious arenavirus is capabie
of eliciting a T cell response against the HBV pre-52/S protein, the HBc protein,
the fusion of HBs and HBcC proteins, or an antigenic fragment thereof;
and a second infectious arenavirus expressing an HBV antigen as described herein, e.g.,
in which the ORF encoding the GP of the S genomic segment is substituted with a
nuclectide sequence encoding the HBY antigen, wherein the nucieotide sequence is
selected from the group consisting of:
a} anuclectide sequence encoding an HBV pre-52/S protein or an antigenic fragment
thereof;
b} a nucleotide seguence encoding an HBY HBc protein or an antigenic fragment
thereof, and
c) a nuclectide sequence encoding a fusion of HBY HBs and HBc proteins or
antigenic fragments thereof, and wherein the second infectious arenavirus is
capable of eliciting a T cell response against the HBY pre-52/S protein, the HBc
protein the fusion of HBs and HBc proteins, or an antigenic fragment thereof.
(02501 In certain embodiments, the first and second infectious arenaviruses are
replication-deficient. in certain embodiments, the first and second infectious arenaviruses
are replication-competent. In certain embodiments, either the first or second infectious
arenavirus is replication-deficient. In certain embodiments, the first and second infectious

arenaviruses are bisegmented. In certain embodiments, the first and second infectious
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arenaviruses are trisegmented. In certain embodiments, either the first or second
infectious arenavirus is bisegmented, and the other is trisegmented.

[0251] In specific embodiments, methods for treating and/or preventing an HBY infection
comprise administering a first infectious arenavirus expressing a first HBV antigen,
selected from: an HBV pre-52/8 protein or an antigenic fragment thereof, an HBV HBc
protein or an antigenic fragment thereof, and a second infectious arenavirus expressing
a second HBY antigen, selected from: an HBV pre-82/S protein or an antigenic fragment
thereof, an HBV HBc protein or an antigenic fragment thereof.

(02521 In certain embodiments, methods for treating and/or preventing an infection
comprise administering two arenavirus vector constructs expressing an HBY antigen as
described herein. In a specific embodiment, the two arenavirus vector construcis express
a different HBV antigen.

[0253] in certain embodiments, methods for treating andfor preventing an infection
comprise administering two or more arenavirus vector constructs expressing an HBY
antigen as described herein. In a specific embodiment, methods for treating andfor
preventing an infection comprise administering three or more arenavirus vector
constructs expressing an HBY antigen as described herein. In certain embodiments, the
arenavirus vector construct can be based on LCMV.

[0284] In certain embodiments, methods for treating andfor preventing an infection
comprise administering two or more arenavirus vector constructs each expressing a
different HBY antigen as described herein. In a specific embodiment, meathods for treating
and/or preventing an infection comprise administering three or more arenavirus vector
constructs, each expressing a different HBV antigen as described herein. In certain
embodiments, the arenavirus vector construct can be based on LCMVY.

[0258] In specific embodiments, the antigen is the HBV pre-82/S protein or a fragment
thereof. (Ses, &.g., Section 6.2(a)).

[0256] in certain embodiments, the antigen is the HBY HBc protein or a fragment thereof.
(See, e.g., Section 8.2(b)).

(02577 In certain embodiments, the antigen is the HBY HBs protein or a fragment thereof.
(See, ae.g., Section 6.2{(c)).

[0258] In certain embodiments, the antigen is a fusion of HBY HBs and HBc proteins or
antigenic fragmenits thereof. (See, e.g., Section 6.2(d)).

[0259] In certain embodiments, the antigen is the HBY HBe protein or a fragment thereof,
(See, e.g., Section 6.2{e)).



. DK/EP 3371316 T3

[0260] In certain embodiments, the vector generated to encode one or more HBY
antigens as described herein comprises one or more nucleic acids encoding an HBY
artigen and combinations thereof as described. In specific emboediments the HBY
antigens as described herein are separated by various linkers, spacers, and cleavage
sites as described herein.

[0261] In another embodiment, the vector generated {0 encode one or more HBV
antigens as described herein of the first infectious arenavirus may be based on LCMV
Clone 13 or LOCMV MP strain. (See, e.g., Section 7.1).

(02621 in ancther embodiment, the vecior generated to encode one or more HBV
antigens as described herein of the second infectious arenavirus may be based on LMV
Clone 13 or LOCMV MP strain. {See, e.g., Section 7.1).In another embodiment, the vecior
generated to encode one or more HBVY antigens as described herain of the first infectious
arenavirus may be based on Junin virus.

102631 In another embodiment, the vector generated to encode one or more HBV
antigens as described herein of the second infectious arenavirus may be based on Junin
vIrus.

[0264] In a specific embodiment, methods of treating andfor preventing an infection in a
subject comprise administering to the subject a first infectious arenavirus expressing an
HBY pre-82/8 protein or an antigenic fragment thereof and a second infectious arenavirus
expressing an HBY HBc¢ protein or an antigenic fragment thereof.

[02865] In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering sequentially to the subject a first infectious arenavirus
expressing an HBV pre-82/5 protein or an antigenic fragment thereof and a second
infectious arenavirus expressing an HBY HBs protein or an antigenic fragment thereof.
102686] In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering simultaneously 1o the subject a first infectious arenavirus
expressing an HBY HBc protein or an antigenic fragment thereof and a second infectious
arenavirus expressing an HBY HEBs protein or an antigenic fragment thereof.

[0267] In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering sequentially 1o the subject a first infectious arenavirus
expressing an HBY pre-S2/S protein or an antigenic fragment thereof and a second
infectious arenavirus expressing a fusion of HBY HBs and HB¢ proteins or antigenic
fragments thereof.

[0268] In a specific embodiment, methods of treating and/or preventing an infection in a

subject comprise administering sequentially to the subject a first infectious arenavirus
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expressing an HBY HBc protein or an antigenic fragment thereof and a second infectious
arenavirus expressing a fusion of HBV HBs and HBc proteins or antigenic fragments
thereof.

[0269] in a specific embodiment, methods of treating andfor preventing an infection in a
subject comprise administering sequentially to the subject a first infectious arenavirus
expressing an HBY HBc protein or an antigenic fragment thereof and a second infectious
arenavirus expressing an HBVY pre-S2/8 protein or an antigenic fragment thereof,

[0270] In a specific embodiment, methods of treating andfor preventing an infection in a
subject comprise adminisiering seguentially to the subject a first infectious arenavirus
expressing a fusion of HBY HBs and HBc proteins or antigenic fragments thereof and a
second infectious arenavirus expressing an HBY pre-82/5 protein or an antigenic
fragment thereof.

102711 in a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering sequentially to the subject a first infectious arenavirus
expressing a fusion of HBY HBs and HBc proteins or antigenic fragments thereof and a
second infectious arenavirus expressing an HBY HBe protein or an antigenic fragment
thereof.

(02721 In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering sequentially to the subject a first infectious arenavirus
expressing a fusion of HBY HBs and HB¢ proteins or antigenic fragments thergof and a
second infectious arenavirus expressing an HBY HBc protein or an antigenic fragment
thereof.

[0273] In a specific embodiment, methods of trealing andfor preventing an infection in a
subject comprise administering o the subject a first infectious arenavirus expressing an
HBY pre-S2/S protein or an antigenic fragment thereof and a second infectious arenavirus
expressing an HBY HBe protein or an antigenic fragment thereof.

[0274] in a specific embodiment, methods of treating andfor preventing an infection in a
subject comprises administering sequentially to the subject a first infectious arenavirus
expressing an HBY HBe protein or an antigenic fragment thereof and a second infectious
arenavirus expressing a fusion of HBV HBs and HBc proteins or antigenic fragments
thereof.

[0275] In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprises administering sequentially to the subject a first infectious arenavirus

expressing an HBY HBs protein or an antigenic fragment thereof and a second infectious
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arenavirus expressing a fusion of HBY HBs and HBc proteins or antigenic fragments
thereof.

[0276] In a specific embodiment, methods of treating andfor preventing an infection in a
subject comprise adminisiering sequentially to the subject a first infectious arenavirus
expressing an HBY HBe protein or an antigenic fragment thereof and a second infectious
arenavirus expressing an HBV pre-52/8 protein or an antigenic fragment thereof.

[0277] In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering sequentially to the subject a first infectious arenavirus
expressing a fusion of HBV HBs and HEBc proteins or antigenic fragments thereof and a
second infectious arenavirus expressing an HBY HBs protein or an antigenic fragment
thereof.

[0278] In a specific embodiment, methods of treating andfor preventing an infection in a
subject comprise adminisiering sequentially to the subject a first infectious arenavirus
expressing an HBY HBs protein or an antigenic fragment thereofl and a second infectious
arenavirus expressing an HBV pre-52/8 protein or an antigenic fragment thereof.

10279] In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering simultaneously to the subject a first infectious arenavirus
axpressing an HBY HBc protein or an antigenic fragment thereof and a second infectious
arenavirus expressing an HBY HBe protein or an antigenic fragment thereof.

(02807 In a specific embodiment, methods of treating and/or preventing an infection in a
subject comprise administering simultaneously to the subject a first infectious arenavirus
expressing an HBY HBs protein or an antigenic fragment thereof and a second infectious
arenavirus expressing an HBV HBc protein or an antigenic fragment thereof.

[0281] In a specific embodiment, methods of treating andfor preventing an infection in a
subject comprises administering simultaneously to the subject a first infectious arenavirus
expressing an HBV HBe protein or an antigenic fragment thereof and a second infectious
arenavirus expressing an HBY HBc protein or an antigenic fragment thergof.

(02821 In another embodiment, the first infectious arenavirus expressing an HBY antigen
is a primary vaccing antigen and the second infeclious arenavirus expressing ancther
HBV antigen is a secondary vaccine antigen.

[0283] In certain embodiments, administering a first infecticus arenavirus expressing an
HBVY pre-82/S protein or a fragment thereof or an HBV HBc protein and a second
infectious arenavirus expressing an HBV pre-82/8 protein or an HBY HBc protein
provides a betler protective effect to HBY after vaccination than administering a single

infectious arenavirus expressing an HBV antigen, e.g., expressing only the pre-82/5
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protein {or a fragment thereof) or only the HBc protein. In other embodiments,
administering a first infeclious arenavirus expressing an HBV pre-S2/S protein or a
fragment thereof or an HBY HBc protein and a second infectious arenavirus expressing
an HBY pre-52/8 protein or a fragment thereof or an HBV HBc protein elicits a greater
frmmune response than administering a single infectious arenavirus expressing an HBV
antigen e.g., expressing only the pre-52/8 protein {or a fragment thereof) or only the HBc
protein. In another embodiment, administering a first infectious arenavirus expressing an
HBV pre-82/8 protein or a fragment thereof or an HBY HBc protein and a second
infectious arenavirus expressing an HBV pre-82/8 protein or a fragment thereof, or an
HBY HBc protein elicits a larger CD8+ T cell response than administering a single
infectious arenavirus expressing an HBVY antigen e.g., expressing only the pre-52/8
protein (or a fragment thereof) or only the HBc protein. In other embodiments,
administering a first infectious arenavirus expressing an HBV pre-S2/S protein or a
fragment thereof or an HBV HBC protein and a second infectious arenavirus expressing
an HBY pre-S2/8 protein or a fragment thereof or an HBY HBc protein elicits higher tilers
of neultralizing antibodies than administering a single infeclious arenavirus expressing an
HBV antigen e.g., expressing only the pre-82/8 protein (or a fragment thergof) or only the
HBc protein.

[0284] In certain embodiments, administering a first infectious arenavirus expressing an
HBY pre-52/S protein or a fragment thereof or an HBY HBs protein and a second
infectious arenavirus expressing an HBV pre-82/8 protein or an HBY HBs protein
provides a better protective effect to HBVY after vaccination than administering a single
infectious arenavirus expressing an HBV antigen, e.g., expressing only the pre-S2/8
protein {or a fragment thereof) or only the HBs protein In other embodiments,
administering a first infectious arenavirus expressing an HBV pre-S2/S protein or a
fragment thereof or an HBV HBs protein and a second infectious arenavirus expressing
an HBY pre-52/8 protein or a fragment thereof or an HBV HBs protein elicits a greater
frmmune response than administering a single infectious arenavirus expressing an HBY
antigen e.g., expressing only the pre-52/8 protein (or a fragment thergof) or only the HBs
protein. In another embodiment, administering a first infectious arenavirus expressing an
HBV pre-82/8 protein or a fragment thereof or an HBY HBs protein and a second
infectious arenavirus expressing an HBV pre-82/8 protein or a fragment thereof, or an
HBY HBs protein elicits a larger CD8+ T cell response than administering a single
infectious arenavirus expressing an HBV antigen e.g., expressing only the pre-52/8

protein (or a fragment thereof) or only the HBs protein. In other embodiments,
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administering a first infectious arenavirus expressing an HBV pre-82/8 protein or a
fragment thereof or an HBV HBs protein and a second infectious arenavirus expressing
an HBY pre-S2/S protein or a fragment thereof or an HBV HBs protein elicits higher titers
of neutralizing antibodies than administering a single infectious arenavirus expressing an
HBY antigen e.g., exprassing only the pre-32/8 protein (or a fragment thereof} or only the
HBs protein.

[0288] In certain embodiments, administering a first infactious arenavirus expressing an
HBVY pre-S2/8 protein or a fragment thergof or a fusion of HBV HBs and HBc proteins
and a second infectious arenavirus expressing an HBY pre-82/S5 protein or a fusion of
HBY HBs and HBc proteins provides a better protective effect to HBY after vaccination
than administering a single infectious arenavirus expressing an HBV antigen, e.q.,
expressing only the pre-S2/S protein (or a fragment thereof) or only the fusion of HBV
HBs and HBc proteins. In other embodiments, administering a first infectious arenavirus
axpressing an HBV pre-32/8 protein or a fragment thereof or a fusion of HBY HBs and
HBc proteins and a second infectious arenavirus expressing an HBY pre-52/5 protein or
a fragment thereof or a fusion of HBV HBs and HBc proteins elicits a greater immune
response than administering a single infectious arenavirus expressing an HBY antigen
e.g., expressing only the pre-S2/S protein (or a fragment thereof) or only the fusion of
HBY HBs and HBc proteins. In ancther embodiment, administering a first infectious
arenavirus expressing an HBY pre-82/S protein or a fragment thereof or a fusion of HBV
HBs and HBc proteins and a second infectious arenavirus expressing an HBV pre-82/5
protein or a fragment thereof, or a fusion of HBY HBs and HBc proteins elicits a larger
CD8+ T cell response than administering a single infectious arenavirus expressing an
HBY antigen e.g., expressing only the pre-S2/S protein (or a fragment thereof) or only the
fusion of HBV HBs and HBc¢ proteins. In other embodiments, administering a first
infectious arenavirus expressing an HBV pre-S2/8 protein or a fragment thereof or a
fusion of HBY HBs and HBc proieins and a second infectious arenavirus expressing an
HBY pre-S2/S protein or a fragment thereof or a fusion of HBY HBs and HBc¢ proteins
glicits higher iiters of neutralizing antibodies than administering a single infectious
arenavirus expressing an HBY antigen e.g., expressing only the pre-32/5 protein (or a
fragment thereof) or only the fusion of HBY HBs and HBc proteins.

[0286] In certain embodiments, administering a first infecticus arenavirus expressing an
HBY pre-S2/§ protein or a fragment thereof or an HBY HBe protein and a second
infectious arenavirus expressing an HBY pre-82/5 protein or an HBY HBe protein

provides a betler protective effect to HBVY after vaccination than administering a single
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infectious arenavirus expressing an HBV antigen, e.g., expressing only the pre-52/8
protein {(or a fragment thereof) or only the HBe protein. In other embodiments,
administering a first infectious arenavirus expressing an HBVY pre-S2/8 protein or a
fragment thereof or an HBV HBe protein and a second infectious arenavirus expressing
an HBY pre-82/8 protein or a fragment thereof or an HBV HBe protein elicits a greater
immune response than administering a single infectious arenavirus expressing an HBV
antigen e.q., expressing only the pre-S2/8 protein (or a fragment thereof) or only the HBe
protein. in another embodiment, administering a first infectious arenavirus expressing an
HBVY pre-82/S protein or a fragment thereof or an HBV HBe protein and a second
infectious arenavirus expressing an HBVY pre-S2/8 protein or a fragment thereof, or an
HBY HBe protein elicits a larger CD8+ T cell response than administering a single
infectious arenavirus expressing an HBVY antigen e.g., expressing only the pre-82/5
protein {or a fragment therecof) or only the HBe proiein. In other embodiments,
administering a first infectious arenavirus expressing an HBVY pre-82/S protein or a
fragment thereof or an HBY HBe protein and a second infectious arenavirus expressing
an HBV pre-S2/5 protein or a fragment thereof or an HBY HBe protein elicits higher titers
of neutralizing antibodies than administering a single infectious arenavirus expressing an
HBV antigen e.g., expressing only the pre-82/S protein (or a fragment thereof} or only the
HBe protein.

(02877 In yet ancther embodiment, provided herein is the combined use of the replication-
deficient arenavirus expressing an HBV antigen described herein and one or more
replication-defective virus vectors. In a more specific embodiment the replication-
defective virus vector is selecied from the group comprising of poxviruses, adenoviruses,
alphaviruses, herpes simplex viruses, paramyxoviruses, rhabdoviruses, poliovirus,
adeno-associated virus, and sendai virus, and mixtures thereof. In a specific embodiment,
the poxvirus is a modified vaccine Ankara.

[0288] in yet another embodiment, provided herein is the combined use of the replication-~
deficient arenavirus expressing an HBV antigen described herein and one or more
replication-defective virus vectors expressing an HBY antigen. In a more specific
embodiment the replication-defective virus vector is selected from the group comprising
of poxviruses, adenoviruses, alphaviruses, herpes simplex viruses, paramyxoviruses,
rhabdoviruses, poliovirus, adenoc-associated virus, and sendai virus, and mixtures
thereof In a specific embodiment, the poxvirus is a modified vaccine Ankara.

[0289] In another embodiment, the first infectious arenavirus expressing an HBV antigen

as described herein is administered before or after the second infectious arenavirus
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expressing an HBY antigen as described herein. For example the first infectious
arenavirus expressing an HBY antigen is administered around 30-60 minutes before or
after the first administration of the second infectious arenavirus.

102901 in another embodiment, the first infectious arenavirus expressing a vaccine
antigen is administerad before the second infectious arenavirus expressing a vaccing
antigen. In certain embodiments there is a period of about 1 hour, 2 hours, 3 hours, 6
hours, 12 hours, 1 day, £ days, 3 days, 5 days, 1 week, 2 weeks, 1 month, 2 months, 3
months, 4 months, & months, 6 months, 7 months, 8 months, 9 months, 10 months, 11
months, 1 year between the administration of the first infectious arenavirus and the
second infectious arenavirus.

10291] In ancther embodiment, two infectious arenaviruses are administered in a
treatment regime at molar ratios ranging from about 1:1 to 1:1000, in particular including:
1:1 ratio, 1.2 ratio, 1:5 ratio, 1:10ratio, 1:20 ratio, 1:50 ratic, 1:100 ratio, 1:200 ratio, 1:300
ratio, 1:400 ratio, 1:500 ratio, 1:600 ratio, 1:700 ratio, 1:800 ratio, 1:900 ratio, 1:1000 ratio.
[0292] In ancther embodiment, the subjects whom two or more infectious arenaviruses
egxpressing an HBY antigen described herein are administered have, are susceptibie {o,
or are at risk for an HBY infection. In ancther embodiment, the subjects whom two or
more infectious arenaviruses expressing an HBVY antigen described herein are
administered are infected with, are susceptible to, or are at risk for, an infection with HBY.
[0293] In ancther embodiment, the subjects whom two or more infectious arenaviruses
expressing an HBY antigen described herein, are administered simultaneously have, are
susceptible o, or are at risk for an HBY infection. In another embodiment, the subjects
whom two or more infectious arenaviruses expressing an HBY antigen described herein
are administered simultaneously are infected with, are susceptible to, or are at risk for,
an infection with HBY.

[0294] In ancther embodiment, the subjects whom two or more infectious arenaviruses
expressing an HBY antigen described herein, are adminisiered sequentially have, are
susceptible to, or are at nisk for an HBV infection. In another embodiment, the subjects
whom two or more infectious arenaviruses expressing an HBY antigen described herein
are administered sequentially are infected with, are susceptible to, or are at risk for, an
infection with HBY.

[0295] In another embodiment, said two or more infectious arenaviruses expressing an
HBY antigen as described herein are further administered in combination with at least
one other medicament for treating and/or preveniing HBY. Therapeutic medicaments for

treating and/or preventing HBY include, but are not limited to entecavir (BARACLUDE®,
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Bristol-Myers Squibb), lamivudine (EPIVIR HBV®; GlaxoSmithKline), adefovir dipivoxil
(HEPSERA®: Gilead Sciences), interferon alpha 2b (INTRON A®; Schering), pegylated
interferon (PEGASYS®, Roche), telbivudine (TYZEKA®, Novartis), and tenofovir
(VIREAD®; Gilead Sciences).

[0286] In ancther embodiment, said two or more infeclious arenaviruses expressing an
HBY antigen as described herein are further adminisiered in a combination with at least
one other immunomodulator. In a more specific embodiment, said two or more infectious
arenaviruses exprassing an HBV antigen as described herein are further administered in
a combination with at least one Thi-specific adjuvant. In a more specific embodiment the
Th-1 specific adjuvant is Bacilius Calmette-Guerin (BCG).

102977 In another embodiment, the administration regime can involve administering to a
symptomatic subject a second infectious arenavirusg expressing an HBV antigen as
described herein. In yet another embodiment, the administration regime can involve
administering to an subject with a compromised immune system, especially transplant
recipients, HIV-infected persons, a pregnant subject, a subject who has cancer, a second
infectious arenavirus expressing an HBV antigen as described herein. In another
embodiment, two or more infectious arenaviruses expressing an HBY antigen as
described herein are administered to a subject whoisachildof 0,1, 2, 3,4,5,6, 7,8, 9,
10, 11, 12, 13, 14, 15, 16, or 17 vears of age suffering from or susceptible to, or at risk
for, an infection with HBV.

[0298] In another embodiment, the administration regime can involve administering to a
subject who is a child, a first arenavirus expressing an HBV antigen, and administering o
the same subject who is an adolescent a second arenavirus expressing an HBV antigen.
In a specific embodiment, the administration regime can involve administering to a subject
who is 0,1, 2, 3, 4,5 6, 7,8, 9,10, 11, 12, 13, 14, 15, 16, or 17 vears of age a first
arenavirus expressing an HBV antigen as describad herein, and to the same subject who
is 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 years of age a second infectious
arenavirus expressing an HBV antigen.

[0299] In another embodiment, the adminisiration regime can involve administering to a
prepubescent subject a second infectious arenavirus expressing an HBY antigen. iIn
another embodiment, the administration regime can involve administering to an
adolescent male, aged 12 10 18 years a second infectious arenavirus expressing an HBY
antigen as described herein. in another embodiment, the administration regime can
involve administering to a female, aged 12 t0 18 years a second infectious arenavirus

egxpressing an HBV antigen.
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103007 In ancther embodiment, administering two or more infectious arenaviruses
egxpressing an HBY antigen reduces the risk that an individual will develop an infection
with HBY by at least 10%, at least about 20%, at least about 25%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 80%, or more, compared to the risk of developing an infection
with HBY in the absence of such treatment.

[0301] In ancother embodiment, administering two or more infectious arenaviruses
expressing an HBY antigen, administered separately, reduces the risk that an individual
will develop an infection with HBY by at least 10%, at least about 20%, at least about
25% . at least about 30%, at least about 40%, at least about 50%, at least about 80%, at
least about 70%, at least about 80%, at least about 80%, or more, compared to the risk
of developing an infection with HBV in the absence of such treatment.

[0302] in another embodiment, administering two or more infectious arenaviruses
expressing an HBY antigen, administered sequentially, reduces the risk that an individual
will develop an infection with HBY by at least 10%, at least about 20%, at least about
25%, at least about 30%, at least about 40%, at least about 50%, at ieast about 60%, at
least about 70%, at least about 80%, at least about 80%, or more, compared to the risk
of developing an infection with HBY in the absence of such treatment.

[0303] Without being limited by theory, administration of a first infectious arenavirus and
subsequently of a second infectious arenavirus vector results in a prime-boost effect.
[0304] In certain embodiments, provided herein are methods for treating and/or
preventing an HBY infection comprising administering two or more arenavirus vector
constructs each expressing the same or a different HBY antigen sequentially. The time
interval between each administration can be about 1 week, about 2 weeks, about 3 week,
about 4 weeks, about & weeks, about & weeks, about 7 weeks, about 8 weeks, about 3
months, about 4 months, about 5 months, about 6 months, about 7 months, about 8
months, aboui @ months, about 10 months, about 11 months, about 12 months, about 18
months, or about 24 months.

[0305] In certain embodiments, the first infectious arenavirus and the second infectious
arenavirus are homologous. In certain embodiments, the first infectious arenavirus and
the second infectious arenavirus are heterologous.

[0306] In certain specific embodiments, the first infectious arenavirus is an Old World
arenavirus, and the second infectious arenavirus is an Old World arenavirus. In certain
specific embodiments, the first infectious arenavirus is an Old World arenavirus, and the

second infectious arenavirus is a New World arenavirus. In certain specific embodiments,
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the first infectious arenavirus is a New World arenavirus, and the second infectious
arenavirus is a New World arenavirus. In certain specific embodiments, the first infectious
arenavirus is a New World arenavirus, and the second infectious arenavirus is an Oid
World arenavirus.

103077 In certain specific embodiments, the first infectious arenavirus is derived from
LCMV, and the second infectious arenavirus is derived from LCMV. In certain specific
embodiments, the first infectious arenavirus is derived from LCMV, and the second
infectious arenavirus is derived from Junin virus. In certain specific embaodiments, the first
infectious arenavirus is derived from Junin virus, and the second infectious arenavirus is
derived from Junin virus. In certain specific embodiments, the first infectious arenavirus
is derived from Junin virus, and the second infectious arenavirus is derived from LCMV.

[0308] In certain embodiments, provided herein 1s a method of treating and/or preventing
an HBY infection wherein a first infectious arenavirus is administered first as a "prime”
and a second infectious arenavirus is administered as a "boost.” The first and the second
infectious arenavirus vectors can express the same or different HBV antigens. In certain
specific embodiments, the "prime” administration s performed with an infectious
arenavirus derived from LCMV, and the "boost” is performed with an infectious arenavirus
derived from Junin virus. In certain specific embodiments, the "prime” administration is
performed with an infectious arenavirus derived from Junin virus, and the "boost” is
performed with an infectious arenavirus derived from LCMY.

[0308] In certain embodiments, administering a first infectious arenavirus expressing an
HBV antigen or a fragment thereof, followed by administering a second infectious
arenavirus expressing an HBV antigen or a fragment thereof resulls in a greater antigen
specific CD8+ T cell response than administering a single infectious arenavirus
egxpressing an HBY antigen or a fragment thereof. In certain embodiments, the antigen
spacific CD8+ T cell count increases by 50%, 100%, 150% or 200% after the second
administration compared to the first administration. In certain embodiments, administering
a third infectious arenavirus expressing an HBV antigen results in a greater antigen
specific CD8+ T cell response than administering two consecutive infectious arenaviruses
expressing an HBV antigen. In certain embodiments, the antigen specific CD8+ T cell
count increases by about 50%, about 100%, about 150%, about 200% or about 250%
after the third administration compared {o the first administration.

[0310] In certain embodiments, provided herein are methods for treating andfor
preventing an infection comprising administering two or more arenavirus vector

constructs, wherein the two or more arenavirus vector constructs are homologous, and
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wherein the time interval between each administration is about 1 week, about 2 weeks,
about 3 week, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, about 8
weeks, about 3 months, about 4 months, about 5 months, about 6 months, sbout 7
months, about 8 months, about 9 months, about 10 months, about 11 months, about 12
months, about 18 months, or about 24 months.

[0311] In certain embodiments, administering a first infectious arenavirus expressing an
HBV antigen or a fragment thereof and a second, heterologous, infectious arenavirus
expressing an HBV antigen or a fragment therecf elicits a greater CD8+ T cell response
than administering a first infectious arenavirus expressing an HBY antigen or a fragment
thereof and a second, homologous, infectious arenavirus expressing an HBY antigen or
a fragment thereof.

[0312] In certain specific embodiments, the first infectious arenavirus expressing an HBY
pre-52/S protein is LOMV, and the second, heterologous, infectious arenavirus
axpressing an HBV pre-S2/8 protein is Junin virus. In certain specific embodiments, the
first infectious arenavirus expressing an HBV pre-S2/85 protein is Junin virus, and the
second, heterologous, infectious arenavirus expressing an HBV pre-82/8 protein is
LOMVY.

[0313] In certain specific embodiments, the first infectious arenavirus expressing an HBV
HBc protein is LOMV, and the second, heterologous, infectious arenavirus expressing an
HBY HBc protein is Junin virus. In ceriagin specific embodiments, the first infectious
arenavirus expressing an HBV HBc protein is Junin virus, and the second, heterologous,
infectious arenavirus expressing an HBY HBc protein is LOMV.

[8314] In certain specific embodiments, the first infectious arenavirus expressing an HBV
HBs and HBc fusion protein is LOMV, and the second, heterologous, infectious arenavirus
expressing an HBV HBs and HBc fusion protein is Junin virus. In certain specific
embodiments, the first infectious arenavirus expressing an HBYV HBs and HBc fusion
protein is Junin virus, and the second, heterclogous, infectious arenavirus expressing an
HBY HBs and HBc fusion protein is LCMV.

[0315] In certain specific embodiments, administering a first infectious arenavirus
expressing an HBV pre-82/85 protein and a second, heterologous, infectious arenavirus
expressing an HBV pre-S2/S protein eliciis a greater CD8+ T cell response than
administering a first infectious arenavirus expressing an HBV pre-82/S protein and a
second, homologous, infectious arenavirus expressing HBV pre-52/8 protein. In certain
specific embodiments, administering a first infeclious arenavirus expressing an HBV pre-

S2/8 protein and a second, heterologous, infectious arenavirus exprassing an HBVY pre-
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S2/S protein elicits a CD8+ T cell response that is about 20%, about 40%, about 60%,
about 80%, about 100%, about 120%, about 140%, about 160%, about 180%, or about
200% greater than administering a first infectious arenavirus expressing an HBV pre-82/5
protein and a second, homologous, infectious arenavirus expressing an HBY pre-852/8
protein.

[0316] In certain specific embodiments, administering a first infectious arenavirus
expressing an HBY HBc protein and a second, heterclogous, infectious arenavirus
expressing an HBY HBc protein elicits a greater CD8+ T cell response than administering
a first infectious arenavirus expressing an HBV HBc protein and a second, homologous,
infectious arenavirus expressing HBVY HBc protein. In certain specific embodiments,
administering a first infectious arenavirus expressing an HBY HBc protein and a second,
heteroclogous, infectious arenavirus expressing an HBV HBc protein elicits a CD8+ T cell
response that is about 20%, about 40%, about 60%, about 80%, about 100%, about
120%, about 140%, about 160%, about 180%, or about 200% greater than administering
a first infectious arenavirus expressing an HBY HBc protein and a second, homologous,
infectious arenavirus expressing an HBV HBc protein.

(0317} In certain specific embodiments, administering a first infectious arenavirus
expressing an HBYV HBs and HBc fusion protein and a second, heterologous, infectious
arenavirus expressing an HBY HBs and HBc fusion protein elicits a greater CD8+ T cell
response than administering a first infectious arenavirus expressing an HBY HBs and
HBc fusion protein and a second, homologous, infectious arenavirus expressing HBY
HBs and HBc fusion protein. In ceriain specific embodiments, administering a first
infectious arenavirus expressing an HBY HBs and HBc¢ fusion protein and a second,
heterologous, infectious arenavirus expressing an HBY HBs and HBc fusion protein elicits
a CD8+ T cell response that is about 20%, about 40%, about 60%, about 80%, about
100%, about 120%, about 140%, about 160%, about 180%, or about 200% greater than
administering a first infectious arenavirus expressing an HBY HBs and HBc fusion protein
and a second, homologous, infectious arenavirus expressing an HBV HBs and HBc fusion
protein.

10318] In ceriain embodiments, provided herein are methods for ireating and/or
preventing an infection comprising administering two or more arenavirus vector
constructs, wherein the two or more arenavirus vector constructs are heterclogous, and
wherein the time interval between each administration is about 1 week, about 2 weeks,
about 3 weelk, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, about 8

waeks, about 3 months, about 4 months, about 5 months, about 6 months, about 7
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months, about 8 months, about 9 months, about 10 months, about 11 months, about 12
months, about 18 months, or about 24 months.

10319] In yvet another embodiment, provided herein is the combined use of the replication-
deficient arenavirus expressing an HBY antigen described herein and one or more
replication-defective virus vectors. In a more specific embodiment the replication-
defective virus vecior is selected from the group comprising of poxviruses, adenoviruses,
alphaviruses, herpes simplex viruses, paramyxoviruses, rhabdoviruses, poliovirus,
adenoc-associated virus, and sendai virus, and mixtures thereof. In a specific embodiment,
the poxvirus is a modified vaccine Ankara.

103207 In yet ancther embodiment, provided herein is the combined use of the replication-
deficient arenavirus expressing an HBV antigen described herein and one or more
replication-defective virus vectors exprassing an HBV antigen. In a more specific
embodiment the replication-defective virus vector is selecied from the group comprising
of poxviruses, adenovirusas, alphaviruses, herpes simplex viruses, paramyxovirusas,
rhabdoviruses, poliovirus, adenc-associated virus, and sendai virus, and mixtures
thereof. In a specific embodiment, the poxvirus is a modified vaccine Ankara.

[0321] In ancther embodiment, the first infecticus arenavirus expressing an HBY antigen
as described herein is administered before or after the second infectious arenavirus
expressing an HBY antigen as described herein. For example the first infectious
arenavirus expressing an HBY antigen is administiered around 30-60 minutes before or
after the first administration of the second infectious arenavirus.

(0322} In another embodiment, the first infectious arenavirus expressing a vaccine
antigen is administerad before the second infeclious arenavirus expressing a vaccine
antigen. In certain embodiments there is a period of about 1 hour, 2 hours, 3 hours, 6
hours, 12 hours, 1 day, 2 days, 3 days, 5 days, 1 week, 2 weeks, 1 month, 2 months, 3
months, 4 months, S months, 8 months, 7 months, 8 months, 9 months, 10 months, 11
months, 1 year between the administration of the first infectious arenavirus and the
second infectious arenavirus.

[0323] In ancther embodiment, two infeclious arenaviruses are administered in a
treatment regime at molar ratios ranging from about 1:1 to 11000, in particular including:
1:1 ratio, 1:2 ratio, 1:5ratio, 1:10ratio, 1:20 ratio, 1:50 ratio, 1:100 ratio, 1:200 ratio, 1:300
ratio, 1:400 ratio, 1:500 ratic, 1:600 ratio, 1:700 ratio, 1:800 ratic, 1:900 ratio, 1:1000 ratic.
[0324] In another embodiment, the subjects to whom two or more infectious arenaviruses
expressing an HBY antigen described herein are administered have, are susceptible to,

or are at risk for an HBV infection. In another embodiment, the subjects {0 whom two or
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more infectious arenaviruses expressing an HBY antigen described herein are
administered are infected with, are susceptible to, or are at risk for, an infection with HBYV.
[0325] The subjects who can be treated with the methods provided herein are susceptible
to, or are at risk for an HBY infection.

[0328] In ancther embodiment, said two or more infeclious arenaviruses expressing an
HBVY antigen as described herein further express at least anocther immunostimulatory
peplide, polypeptide or protein. In certain embodiments, the immunostimulatory paptide,
polypeptide or protein is Calreticulin (CRT), or a fragment therecf; Ubiquitin or a fragment
thereof;, Granulocyte-Macrophage Colony-Stimulating Factor (GM-CSF), or a fragment
thereof, Invariant chain (CD74) or an antigenic fragment thereof, Mycobacterium
tuberculosis Heat shock protein 70 or an antigenic fragment thereof, Herpes simplex virus
1 protein VP22 or an antigenic fragment thereof, CD40 ligand or an antigenic fragment
thereof, or Fms-related tyrosine kinase 3 (FIt3) ligand or an antigenic fragment thereof.
103271 Heterclogous  prime-boost  methods  with  infectious  replication-defective
arenavirus vectors wherein the two infectious replication-defective arenavirus vectors are
derived from different arenaviruses (e.g., LOMV and Junin virus) are also provided. These
infectious replication-defective arenavirus vectors can express an antigen, such as an
antigen of HBV.

[0328] Heterclogous  prime-boost  methods  with  infectious  replication-competent
arenavirus vectors wherein the two infectious replication-competent arenavirus veciors
are derived from different arenaviruses (e.g., LCMV and Junin virus) are also provided.
These infectious replication-competent arenavirus vectors can express an antigen, such

as an antigen of HBV.

6.8 {b} Compositions

103291 The invention furthermore relates (o vaccines, immunogenic compositions, and
pharmaceutical compositions comprising a genetically engineered arenavirus as
described herein. Such vaccines and pharmaceutical compositions can be formulated
according to standard procedures in the art.

10330} In one embodiment, provided hergin are compositions comprising two or more
infectious arenaviruses expressing an HBY antigen as described herein. See, e.g.,
Section 6.2.

[0331] In a specific embodiments, the compositions described herein are for use in

methods discussed previously, wherein the methods comprise administering to a subject
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a first infectious arenavirus expressing an HBY antigen as described herein, e.¢., inwhich
the ORF encoding the GP of the § genomic segment is substituted with a nuclectide
seguence encoding the HBV antigen. The HBV antigen can be but is not limited to:

a) an HBV pre-82/S protein or an antigenic fragment thereof,

by an HBY HBc protein or an antigenic fragment thereof, and

¢} afusion of HBY HBs and HBc proteins or antigenic fragments thereof
The methods further comprise administering a second infectious arenavirus composition
expressing an HBVY antigen as described herein, e.q., in which the ORF encoding the GP
of the S genomic segment is substituted with a nucleotide sequence encoding the HBY
antigen. The HBV antigen can be but is not limited to:

a} an HBV pre-82/S protein or an antigenic fragment thereof,

b} an HBY HBc protein or an antigenic fragment thereof, and

c) afusion of HBY HBs and HBc¢ proteins or antigenic fragments thereof
In certain embodiments, the first and second infectious arenaviruses are replication-
deficient. In certain embodiments, the first and second infectious arenaviruses are
replication-competent. In certain embodiments, either the first or second infectious
arenavirus is replication-deficient.
[0332] In specific embodiments, methods for treating and/or preventing an HBY infection
comprise administering a first infectious arenavirus expressing a first HBY antigen,
selected from: an HBV pre-82/5 protein or an antigenic fragment thereof, an HBV HBc
protein or an antigenic fragment thereof, a fusion of HBV HBs and HBc proteins or
artigenic fragments thereof, | as described herein and a second infectious arenavirus
expressing a second HBV antigen, selected from: an HBV pre-52/S protein or an
antigenic fragment thereof, an HBY HBc¢ protein or an antigenic fragment thereof, a fusion
of HBV HBs and HBc proteins or antigenic fragments thereof.
[0333] In certain embodiments, provided herein are compositions suitable for use in a
method of treating and/or preventing an HBVY infection comprising administering two
arenavirus constructs expressing an HBY antigen as described herein. In a specific
embodiment, the two arenavirus vector constructs express an HBV antigen.
10334} In certain embodiments, provided herein are compositions comprising two or more
arenavirus vector constructs expressing an HBV antigen as described herein. in specific
embodiments, provided herein are compositions comprising three or more arenavirus
vector constructs expressing an HBY antigen as described herein. In certain

embodiments, the arenavirus can be LCMV.
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[0335] In specific embodiments, the antigen is the HBV pre-82/S protein or a fragment
thereof. (See, e.g., Section 6.2(a)).

[03386] In certain embodiments, the antigen is the HBY HBc protein or a fragment thereof.
(See, e.g., Section 6.2(b)).
103377 In certain embodiments, the antigen 1s the HBV HBs protein or a fragment thereof,
(See, e.g., Section 6.2{c)).

[0338] In certain embodiments, the antigen is a fusion of the HBV HBs and HBc proteins
or antigenic fragments thereof (See, e.g., Section 6.2(d)).

103397 In certain embodiments, the antigen is the HBV HBe protein or a fragment thereof,
(See, e.g., Section 6.2(g)).

103407 In certain embodiments, the vecior generated {o encode one or more HBV
antigens as described herein comprises one or more nucleic acids encoding an HBY
antigen and combinations thereof as described. In specific embodiments the HBY
antigens as described herein are separated by various linkers, spacers, and cleavage
sites as described herein.

10341} In another embodiment, the vector generated 1o encode one or more HBV
antigens as described herein of the first infectious arenavirus may be based on LCMV
Clone 13 or LCMV MP strain. (See, e.g., Section 7.1).

[0342] In ancother embodiment, the vector generated to encode one or more HBV
antigens as described herein of the second infectious arenavirus may be based on LOMV
Clone 13 or LOCMV MP strain. (See, e.g., Section 7.1}

[0343] In a specific embodiment, provided herein are compaositions for use in a method
of treating and/or preventing an HBYV infection in a subject comprising administering to
the subject a first infectious arenavirus composition expressing an HBV pre-82/8 protein
or an antigenic fragment thereof and a second infectious arenavirus composition
expressing an HBY HBc¢ protein or an antigenic fragment thereof.

[0344] in a specific embodiment, provided herein are compositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentially fo the subject a first infectious arenavirus expressing an HBV pre-82/5
protein or an antigenic fragment thereof and a second infectious arenavirus expressing
arnt HBY HBs protein or an antigenic fragment thereof.

[0345] In a specific embodiment, provided herein are compositions for use in a method
of treating and/or preventing an infection in a subject comprising administering

simuitaneously to the subject a first infectious arenavirus expressing an HBV HB¢ protein
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or an antigenic fragment thereof and a second infectious arenavirus expressing an HBY
HBs protein or an antigenic fragment thereof.

[0346] In a specific embodiment, provided herain are compositions for use in a method
of itreating and/or preventing an infection in a subject comprising administering
saquentially {o the subject a first infectious arenavirus expressing an HBV pre-82/8
protein or an antigenic fragment thereof and a second infectious arenavirus expressing a
fusion of HBV HBs and HBc proteins or antigenic fragments thereof.

[0347] In a specific embodiment, provided herein are compaositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
simuitaneously to the subject a first infectious arenavirus expressing an HBY HBc protein
or an antigenic fragment thereof and a second infectious arenavirus expressing a fusion
of HBY HBs and HBc proteins or antigenic fragments thereof.

[0348] in a specific embodiment, provided herein are compositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentiaily to the subject a first infectious arenavirus expressing an HBY HBc protein or
an antigenic fragment thereof and a second infectious arenavirus expressing an HBV pre-
S2/S protein or an antigenic fragment therecf.

(03497 in a specific embodiment, provided herein are compaositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentially to the subiject a first infectious arenavirus expressing a fusion of HBV HBs
and HBc proteins or antigenic fragments thereof and a second infectious arenavirus
expressing an HBY pre-S2/8 protein or an antigenic fragment thereof.

(03507 In a specific embodiment, provided herein are compaositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentially 1o the subject a first infectious arenavirus expressing a fusion of HBV HBs
and HBc proteins or antigenic fragments thereof and a second infectious arenavirus
expressing an HBY HBe protein or an antigenic fragment thereof.

103517 In a spacific embodiment, provided herein are compaositions for use in a method
of treating andf/or preventing an infection in a subject comprising administering
sequentially 1o the subject a first infectious arenavirus expressing a fusion of HBV HBs
and HBc proteins or antigenic fragments thereof and a second infecticus arenavirus
expressing an HBY HBc protein or an antigenic fragment thereof.

[0352] In a specific embodiment, provided herein are compaositions for use in a method
of treating and/or preventing an infection in a subject comprising administering to the

subject a first infectious arenavirus expressing an HBV pre-82/8 protein or an antigenic
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fragment thereof and a second infecticus arenavirus expressing an HBV HBe protein or
an antigenic fragment thereof.

[0353] In a specific embodiment, provided herein are compaositions or use in a method of
treating and/or preventing an infection in a subject comprising administering sequentially
to the subject a first infectious arenavirus expressing an HBY HBe protein or an antigenic
fragment thereof and a second infectious arenavirus expressing a fusion of HBY HBs and
HBc¢ proteins or antigenic fragments theraof.

[0354] In a specific embodiment, provided herain are compaositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentially to the subject a first infectious arenavirus expressing an HBY HBs protein or
an antigenic fragment thereof and a second infectious arenavirus expressing a fusion of
HBV HEs and HBc proteins or antigenic fragments thereof.

[0355] in a specific embodiment, provided herein are compositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentiaily to the subject a first infectious arenavirus expressing an HBY HBe protein or
an antigenic fragment thereof and a second infectious arenavirus expressing an HBV pre-
S2/S protein or an antigenic fragment therecf.

[8356] In a specific embodiment, provided herein are compaositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentially to the subiject a first infectious arenavirus expressing a fusion of HBV HBs
and HBc proteins or antigenic fragments thereof and a second infectious arenavirus
expressing an HBY HBs protein or an antigenic fragment thereof.

(83577 In a specific embodiment, provided herein are compaositions for use in a method
of treating and/or preventing an infection in a subject comprising administering
sequentially to the subject a first infectious arenavirus expressing an HBV HBs protein or
an antigenic fragment thereof and a second infectious arenavirus expressing an HBV pre-
S2/S protein or an antigenic fragment thereof.

[0358] In a specific embodiment, provided herein are compaositions for use in a method
of treating andfor preventing an infection in a subject comprising administering
simultaneously to the subject a first infectious arenavirus expressing an HBV HBc¢ protein
or an antigenic fragment thereof and a second infectious arenavirus expressing an HBY
HBe protein or an antigenic fragment thereof.

[0359] In a specific embodiment, provided herein are compaositions for use in a method
of treating andf/or preventing an infection in a subject comprising administering

simultaneously to the subject a first infectious arenavirus expressing an HBY HBs protein
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or an antigenic fragment thereof and a second infectious arenavirus expressing an HBY
HBc protein or an antigenic fragment thereof.

[0360] In a specific embodiment, provided herein are compositions four use in a method
of itreating and/or preventing an infection in a subject comprising administering
simuitaneously {0 the subject a first infectious arenavirus expressing an HBY HBe protain
or an antigenic fragment thereof and a second infectious arenavirus expressing an HBY
HBc protein or an antigenic fragment thereof.

[0361] In another embodiment, the first infectious arenavirus compaosition expressing an
HBV antigen is a primary vaccine anfigen and the second infectious arenavirus
expressing ancther HBY antigen is a secondary vaccine antigen.

10362] In yet ancther embodiment, provided herein is the combined use of the replication-
deficient arenaviruses compositions expressing an HBY antigen as described herein and
one or more replication-defective virus vecior compositions. In a more specific
embodiment the replication-defective virus vector compaosition can be but is not limited
to: poxviruses, adenoviruses, alphaviruses, herpes simplex viruses, paramyxoviruses,
rhabdoviruses, poliovirus, adenc-associated virus, and Sendai virus, and mixtures
thereof. In a specific embodiment, the poxvirus is a modified vaccine Ankara.

[0363] in another embodiment, two infectious arenaviruses compositions have molar
ratios ranging from about 1.1 to 1:1000, in particular including: 1:1 ratio, 1:2 ratio, 1.5
ratio, 1:10 ratio, 1:20 ratio, 1:50 ratio, 1.100 ratio, 1:200 ratio, 1:300 ratio, 1:400 ratio,
1:500 ratio, 1:600 ratio, 1:700 ratio, 1:800 ratio, 1:900 ratio, 1:1000 ratic.

[0364] In ancother embodiment, two or more infectious arenavirus compositions
expressing an HBY antigen described herein are suitable for administration to subjects
who have, are susceptible to, or are at risk for an HBV infection. in ancther embodiment,
the subjects, to whom two or more infectious arenaviruses compositions exprassing an
HBV antigen described herein or a composition thereof is administered, are infected with,
are susceptible to, or are at risk for, an infection with HBV.

[0365] In ancther embodiment, said two or more infectious arenavirus compaositions
further comprise at least one other medicament for treating andfor preventing HBY
infection. Therapeutic medicaments include, but are not limiled 1o, entecavir
(BARACLUDE®; Bristol-Myers Squibb), lamivudine (EPIVIR HBV®: GlaxoSmithKline),
adefovir dipivoxil (HEPSERA®, Gilead Sciences), interferon alpha 2b (INTRON A%
Schering), pegyiated interferon (PEGASYS®, Roche), telbivudine (TYZEKA®, Novartis),
and tenofovir (VIREAD®; Gilead Sciences).
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[0366] In another embodiment, compositions are suitable for administrating to a
symptomatic subject a second infectious arenavirus composition expressing an HBV
artigen or a fragment thereof as described herein. In yet another embodiment, the
compositions are suitable for administration {0 a subject with a compromised immune
system, especially transplant recipients, HiV-infected persons, a pregnant subject, or a
subject who has cancer, a second infectious arenavirus composition expressing an HBY
antigen described herein or a fragment thereof. In another embodiment, two or more
infectious arenavirus compositions expressing an HBY antigen as described herein or a
fragment thereof are suitable for administrating to a subjectwho isachild of G, 1, 2, 3, 4,
5 6,7,8, 9 10, 11,12, 13, 14, 15, 16, or 17 years of age suffering from or susceptible
to, or are at risk for, an infection with HBV.

[0367] In another embodiment, compositions are suitable for administrating to a subject
who is a child, a first arenavirus expressing an HBV antigen, and administering to the
same subject who is an adolescent a second arenavirus expressing an HBY antigen. In
a specific embodiment, the administration regime can involve administering {0 a subject
who is 0,1, 2, 3, 4,5 6, 7,8, 9,10, 11, 12, 13, 14, 15, 16, or 17 vears of age a first
arenavirus expressing an HBVY antigen as described herein, and to the same subject who
is 12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25 years of age a second infectious
arenavirus expressing an HBY antigen.

[0368] In another embodiment, compositions are suitable for administering to a
prepubescent subject a second infectious arenavirus expressing an HBY antigen. In
another embodiment, the administration regime can involve administering to an
adolescent male, aged 12 10 18 years a second infectious arenavirus expressing an HBY
antigen as described herein. in another embodiment, the administration regime can
involve administering o a female, aged 12 to 18 vears a second infectious arenavirus
expressing an HBV antigen.

[0369] in another embodiment, two or more infectious arenavirus compositions
expressing an HBY antigen or a fragment thereof, as described harein reduce the risk
that an individual will develop an infection with HBY by at least 10%, at least about 20%,
at ieast about 25%, at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 80%, or more,
compared to the risk of developing an infection with HBV in the absence of such
treatment.

(0370} In another embodiment, two or more infectious arenavirus compositions

gxpressing an HBV antigen or a fragment thereof, as described herein, administered
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separately, reduce the risk that an individual will develop an infection with HBV by at least
10%, at least about 20%, at least about 25%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at least about 80%, at least
about 90%, or more, compared to the risk of developing an infection with HBY in the
absence of such treatment.

[0371] In another embodiment, two or more infectious arenavirus compositions
gxpressing an HBV antigen or a fragment thereof, as described herein, administered
sequentially, reduce the risk that an individua!l will develop an infection with HBVY by at
feast 10%, at least about 20%, at least about 25%, at ieast about 30%, at least about
40% . at least about 50%, at least about 80%, at least about 70%, at least about 80%, at
least about 80%, or more, compared to the risk of developing an infection with HBY in the
absence of such freatment.

[0372] in another embodiment, provided herein the invention provides a vaccine
compaosition comprising a synergistic combination of two or more infectious replication-
deficient arenaviruses expressing an HBV antigen.

10373] In another embodiment, provided herein the invention provides a vaccine
composition comprising a synergistic combination of two or more infectious replication-

competent arenaviruses expressing an HBVY antigen.

6.9 Assays

[0374] Assay for Measuring Arenavirus Vector Infectivity Any assay known to the
skilled artisan can be used for measuring the infeclivity of an arenavirus vector
preparation. For example, determination of the virusfvector titer can be done by a "focus
forming unit assay” (FFU assay). In brief, complementing cells, e.g. HEK 293 cells
expressing LCMV GP protein, are plated and inoculated with different dilutions of a
virusfvecior sample. After an incubation period, to allow cells to form a monolayer and
virus o attach to cells, the monolayer is covered with Methylceliulose. When the plales
are further incubated, the original infected cells release viral progeny. Due {o the
Methyicellulose overlay the spread of the new viruses is restricted 1o neighboring cells.
Consequently, each infectious particle produces a circular zone of infected cells called a
Focus. Such Foci can be made visible and by that countable using antibodies against
LCMV- NP and a HRP-based color reaction. The titer of a virus / vector can be calculated

in focus-forming units per milliliter (FFU/mL).
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[03758] To determine the infectious titer (FFU/mL) of transgene-carrying vectors this
assay is modified by the use of the respective transgene-specific antibody instead of anti-
LOMYV-NP antibody.

[0376] Serum ELISA Determination of the humoral immune response upon vaccination
of animals (2.g. mice, guinea pigs) can be done by antigen-specific serum ELISAs
{enzyme-linked immunosorbent assays). In brief, plates are coated with antigen (e.g.
recombinant protein), blocked {o avoid unspecific binding of antibodies and incubated
with serial dilutions of sera. After incubation, bound serum-antibodies can be detacted,
e.g., using an enzyme-coupled anti-species {(e.g. mouse, guinea pig)-specific antibody
(detecting total IgG or IgG subclasses) and subsequent color reaction. Antibody titers can
be determined as, e.g., endpoint geometric mean titer.

10377} Immunocapture ELISA (IC-ELISA) may also be performed (see Shanmugham et
al., 2010, Clin. Yaccine Immunol. 17(8):1252-1260), wherein the capture agents are
cross-linked to beads.

[0378] Neutralizing Assay in ARPE-18 cells Determination of the neutralizing activity
of induced antibodies in sera is performed with the following cell assay using ARPE-19
cells from ATCC and a GFP-tagged virus. In addition supplemental serum as a source of
axogencus complement is used. The assay is started with seeding of 8.5%10° cells/well
(50giwelly in a 384 well plate one or two days before using for neutralization. The
neutralization is done in 96-well sierile tissue culture plates without cells for 1h at 37°C.
After the neutralization incubation step the mixdture is added {o the cells and incubatead for
additional 4 days for GFP-detection with a plate reader. A positive neultralizing human
sera is used as assay positive control on each plate to check the reliability of all resulls.
Titers (EC50) are determined using a 4 parameter logistic curve fitling. As additional
tasting the wells are checked with a fluorescence microscope.

[0379] Plague Reduction Assay In brief, plaque reduction {neutralization) assays for
Hepatitis B virus are performed by use of an isolate of HBY tagged with green fiuorescent
protein, 5% rabbit serum was used as a source of exogenous complement, and plagues
are enumerated by fluorescence microscopy. Neutralization titers are defined as the
highest dilution of serum that results in a 50% reduction in plagues, compared with that
irt control (pre-immune) serum sampiles.

[0380] Neutralization Assay in guinea pig lung fibroblast {GPL) cells In brief, serial
dilutions of test and control (pre-vaccination) sera were prepared in GPL complete media
with supplemental rabbit serum (1%) as a source of exogenous complement. The dilution

series spanned 140 through 1:5120. Serum dilutions were incubated with eGFP tagged
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virus (100-200 pfu per well) for 30 min at 37°C, and then transferred {o 12-well plates
containing confluent GPL cells. Samples were processed in triplicate. After 2 hours
incubation at 37°C the cells were washed with PBS, re-fed with GPL complete media and
incubated at 37°C / 5% CO:zfor 5 days. Plagues were visualized by fluorescence
microscopy, counted, and compared to control wells. That serum dilution resulting in a
50% reduction in plagque number compared (o controls was designated as the neuiralizing
titer.

[0381] gPCR LCMV RNA genomes are isolated using QlAamp Viral RNA mini Kit
(QIAGEN), according to the protocol provided by the manufacturer. LCMV RNA genome
gquivalents are detected by quantitative PCR carried out on an StepCnePlus Real Time
PCR System (Applied Biosystems) with SuperScript® Il Platinum® One-Step gRT-PCR
Kit (Invitrogen) and primers and probes (FAM reporter and NFQ-MGEB Quencher) specific
for part of the LCMV NP coding region. The temperature profile of the reaction is : 30 min
at 80°C, 2 min at 85°C, followed by 45 cycles of 15 s at 95°C, 30 s at 56°C. RNA is
guantified by comparison of the sample resulls to a standard curve prepared from a log10
dilution series of a spectrophotometrically quantified, in vitro-transcribed RNA fragment,
corresponding to a fragment of the LOMV NP coding sequence containing the primer and
probe binding sites.

[0382] Western Blotting Infected cells grown in tissue culture flasks or in suspension
are lysed at indicated timepoints post infection using RIPA buffer (Thermo Scientific} or
used directly without cell-lysis. Samples are heated to 99°C for 10 minutes with reducing
agent and NuPage LDS Sample buffer (NOVEX) and chilled to room temperature before
loading on 4-12% SDS-gels for electrophoresis. Proteins are biotted onto membranes
using Invitrogens iBlot Gel transfer Device and visualized by Ponceau staining. Finally,
the preparations are probed with an primary antibodies directed against proteins of
interest and alkaline phosphatase conjugated secondary antibodies followed by staining
with 1-Step NBT/BCIP solution (INVITROGEN).

[0383] MHC-Peptide Multimer Staining Assay for Detection of Antigen-Specific
CD8+ T-cell proliferation Any assay known (o the skilled artisan can be used to test
antigen-specific CD8+ T-cell responses. For example, the MHC-peptide tetramer staining
assay can be used (see, e.g., Altman J.D. et al, Science. 1996, 274:94-96; and Murali-
Krishna K. et al., Immunity. 1898; 8:177-187). Briefly, the assay comprises the following
steps, a tetramer assay is used {o detect the presence of antigen specific T-cells. In order
for a T-cell to detect the peptide to which it is specific, it must both recognize the peptlide

and the tetramer of MHC molecules custom made for an antigen specific T-cell (typically
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fluorescently labeled). The tetramer is then detected by flow cyiometry via the fluorescent
label.

[0384] ELISPOT Assay for Detection of Antigen-Specific CD4+ T-cell
Proliferation Any assay known 1o the skilled artisan can be used {0 test antigen-specific
CD4+ T-cell responses. For example, the ELISPOT assay can be used (seg
e.g., Czerkinsky C.C. et al., J Immunol Methods. 1883, 65:109-121; and Hutchings P.R.
Et al., J Iimmunol Methods., 1989; 120:1-8). Briefly, the assay comprises the following
steps: An immunospot plate is coated with an anti-cytokine antibody. Cells are incubated
in the immunospot plate. Cells secrete cytokines and are then washed off. Plates are then
coated with a second bictyiniated-anticytoking antibody and visualized with an avidin-
HRP system.

10385] intracellular Cytokine Assay for Detection of Functionality of CD8+ and
ChD4+ T-cell Responses Any assay known to the skilled artisan can be used o test the
functionality of CD8+ and CD4+ T cell responses. For example, the intraceliular cytokine
assay combined with flow cytometry can be used (see, e.g., Suni M.A. et al.| J Immunol
Methods. 1998, 212:89-98; Nomura L.E. et al., Cytometry. 2000; 40:60-68; and Ghanekar
S.A et al, Clinical and Diagnostic Laboratory Immunology. 2001, 8:628-63). Briefly, the
assay comprises the following steps: activation of celis via specific peptides or protein,
an inhibition of protein transport {e.g., brefeldin A) is added to retain the cytokines within
the cell. After washing, antibodies to other cellular markers can be added to the cells,
Cells are then fixed and permeabilized. The anti-cytokine antibody is added and the cells
can be analyzed by flow cytometry.

[0386] Assay for Confirming Replication-Deficiency of Viral Vectors Any assay
known to the skilled artisan that determines concentration of infectious and
replicationcompetent virus particles can also be used as a to measure replication-
deficient viral particles in a sample. For example, FFU assays (as described in [00408])
with non-complementing cells can be used for this purpose.

103877 Furthermore, plague-based assays are the standard method used to determine
virus concentration in terms of plague forming units (PFU) in a virus sample. Specifically,
a confluent monolayer of non-complementing host cells is infected with the virus at
varying dilutions and covered with a semi-solid medium, such as agar to prevent the virus
infection from spreading indiscriminately. A viral plague is formed when a virus
successfully infects and replicates itself in a cell within the fixed cell monolayer (see,
e.g., Kaufmann, S.H.; Kabelitz, D. (2002). Methods in Microbiclogy Vol 3Z2:immunology
of Infection. Academic Press. [SBN 0-12-521532-0). Plague formation can take 3-14
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days, depending on the virus being analyzed. Plagues are generally counted manually
and the results, in combination with the dilution factor used {o prepare the plate, are used
to calculate the number of plague forming units per sample unit volume (PFU/mL). The
PFU/mML result represents the number of infective replicationcompetent particles within
the sample.

[0388] Measuring Viral Load in the Blood or Liver Any assay known {o the skilled
artisan that determines the viral load may be used to detect the number of HBVY particles
per volume in the blood or liver (see, e.g., Mendy et al., 2010, J. Viral Hepat. 17(2): 115-
122). Non-limiting examples of such assays include nucleic acid-based tests such as
PCR, as well as nonnucleic acid-based tests.

10389] Liver Biopsy Any procedure known 1o the skilled artisan that performs a liver
biopsy may be used {o determine the degree of liver damage, for example, to test a patient
for chronic HBY infection or liver cancer. Non-limiting examples of types of liver biopsies
include percutaneocus needle biopsies, laparoscopic biopsies, and transvenous biopsies.
In certain embodiments, a liver biopsy is used o determine the presence of ground glass
hepatocytes when the cells are examined under a light microscope. The observance of
ground glass hepatocytes is indicative of the presence of HBsAg in the liver cells.

103901 Assay for Expression of Viral Antigen Any assay known 1o the skilled artisan
can be used for measuring expression of viral antigens. For example, FFU assays (as
described in [00408]) can be performed. For detection, mono- or polyclonal antibody
preparation(s} against respective viral antigens are used (transgenea-specific FFU).
[0391] Furthermore, Western Blotting (as described in [00415]) can be performed.
[0392] Microparticle Enzyme Immunocassay The AXSYM® HbsAg (Abbott) is a
microparticle enzyme immuncassay (MEIA) to detect HBsAg in adult, pediatric, and
neonatal serum or plasma, including in pregnant women. This assay can be used as an
aid in the diagnosis of acute or chronic HBY. This assay may also be used to confirm the
presence of HBY infection.

103831 To perform the assay, a sample of the patient’s blood is placed into reaction wells
containing detector antibodies and microparticles coated with antibodies to HBY (e.g., to
HBV antigens). If the blood sample contains HBV proteins (e.g., HBsAg), they will bind {o
the microparticles in the reaction wells. This reaction is detected by ancther substance
that produces light, which is then measured to determine the presence of HBV {e.g. HBY
antigens) in the blood. if the first test is positive, the patient's blood is re-tested to confirm

the presence of HBV (e.g., HBV antigens). Any microparticle enzyme immunoassay
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known to the skilled artisan may be used to measure the presence of HBsAg or other
HBV antigens.

[0394] Other HBY Assays A sample of the patient's blood is placed in contact with either
HBV antibodies or HBV antigens. The antibodies and/or antigens include HBsAg,
antibodies to HBeAg, antibodies to HBsAg, HBeAg, IgM antibodies to HBcAg, and
antibodies to HBcAg. If the patient is infected with HBY, antigens and/or antibodies
present in the blood will cause a chemical reaction to occur when the test is run. This
assay aliows for the detection of the stage of HBV, according to what HBY antigens and/or
antibodies are present in the patient's blood.

[0395] Any assay known to one of skill in the art may be used to evaluate levels of HBV,
HBV antigens, or HBV antibodies. For non-limiting examples of such assays, see,
e.g., Mayer et al., 2012, BMC Clin. Pathol. 12:8, Van Helden et al., 2004, Clin. Lab. 50(1-
2):63-73, and Villar et al., 2011, J. Med. Virol. 83(9):1522-1529.,

103867 Animal Models The safely, tolerance and immunogenic effectiveness of vaccines
comprising of an infectious arenavirus expressing an HBV antigen described hereinor a
composition thereof can be tested in animals models. In certain embodiments, the animal
models that can be used o test the safety, tolerance and immunogenic effectiveness of
the vaccines and compositions thereof used herein include mouse, guinea pig, rat,
monkey, and chimpanzee. In a preferred embodiment, the animal models that can be
used to test the safely, tolerance and immunogenic effectiveness of the vaccings and
compositions thereof used herein include mouse.

[0397] In a specific example, a transgenic mouse model may be used {0 assess the
antiviral potential of pharmacological agenis, such as immunotherapies or vaccines, and
to assess physiological processes, including the immune response {see, e.g., Guidotti et
al.,, 1995, J. Virol. 68(10):6158-69). Such transgenic mouse models may express human
molecules, such as human class | and I HLA molecules, and/or the hepatilis B surface
antigen (HBsAQ) (seg, e.g., Bourgine et al,, 2012, Virology 430(1):10-9).

10398] In another specific example, the woodchuck (Marmota monax) can be used as an
animal model for developing and testing treatment and prevention approaches to chronic
hepadnaviral infections, such as chronic hepatitis B (see, e.g., Kosinska et al., Hepat.
Res. Treat. 2010:817580). The woodchuck model is applicable for evaluation of the
immunogenicity and other immune responses of potential immuncotherapies such as
vaccines (see, e.g., Vaccine 27(25-26).3271-3275).

6.10 Sequences
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10399] The sequences in Table 3 are illustrative amino acid sequences and nuclectide
sequences that can be used with the methods and compositions described herein. in
some instances a DNA seguence is used to describe the RNA sequence of a viral

genomic segment. The RNA sequence can be readily deduced from the DNA sequence.

Table 3. lllustrative amino acid sequences.

gSEQ Description §Sequence
1D NO: :

’i nuclectide sequence of ATGLAGTOOARTTCLACAALCTICCALTAAALTLY
: the HBY pre-S2/8 ORF E{a( AACATCCCAGAGTGAGAGGOUTETATTTQRICY
GOUTGETOOGOTOCAGTTCAGGRACAGTUAALLCYG
UTGACCACTEUONTC GTOATUSAATUTICY
COAGGATTOOOOACCUTGUTCTGAATCATOGAGAA
CATCACATUAGOATICCTGOGADCCOTIOTTETGY
TOCAGGUAGGHETTTITOTTOTTGACAAGAATCUTT
ACAATCCOTCARAGTCTGOACTUTTGOTEGALTEC
TCTCAATTTTUBGOOGGOAACCACAGTETOTCTTG
GCCAAAATIUTCAGTCUICSACUTCCAATCACTCA
f SCAATCTOTTOTOCTCCAALTYGRTCOTGOTTACAR
ATGOATOTETOTGAGGAGATTCATCATOTTOCTCY
TCATCOTGOTGCTGTGOCTOATOTTOTTOTTOOTIC
TYCTGGACTATCAAGGAATEIYGUCAGTTYGTOCY
{ GATTCCAGGATCOTCAACRAUCAGUACTGGAL
CATOCAGRACCTOCATOACCACTOOTCAAGGRAL
CTCAATGTATCOOTOOTOTTGUTGU AL UAAALOTY

CAGATOGAAATTGCACCTGEATTCOCATCOCATCA
FOCTGRGCTTITGGAAANTTCCTTTGRGAGTGGGE
;{i“i‘{?if%(}-(‘.?{i%G‘A‘?’“ﬁ‘( CTOOCTCAGFTTOOTOOTHN
CATTTOTTCAGTGGTITGTIGUGCTITCOCCCACT

GUFIGOCTIICAGTGATTIGGATGATGTGOTATIG
GUOGCCAAGTUTGTACAGUATCTYGAGTCCCTTTT
TRCCTOTOTTGCCAATTTTCT PTG TCTTTRGGTOY
AUATTTAA
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%SEQ Description ESequence

nuclectide sequence of FGGACATFGACCOTTACA AAGAATFTGUAGE A A
the HBY HBc ORF CTOTOHAGTIGUICTCCTITITOOCTTOTGACTYCT
PICCTTCAGTGAGAGATOTICTTUACACTGUOTOS
GOTOTOTACAGGGAAGCCTTGOAGTCTOCTGAGE
ATTOETTOACCTCACCACACTOCAUTCAGHUA GO
AATTCTTIGOTGGOOGOAACTCATGACTCTGOCA
ACCTGOOTCONTGTCAATTIONAAGATCCABECT
CAAGAGACCTTGTGOTOAGTIATGTCAACACAAA
CATGOOOCTGAAGTTOAGGCAACTCTIGTRUTTIC
ACATTICTRGTOTCAL TTTTOOAAGAGAAADAGTC
ATTOAGTATTTIGGTOTO TTTTOOAGTOTOOATCAG
GACTOUTOCAGUTTACATACCADCAAATGUCUNA
ATOCTGTCAACACTTOCAGAGACCATTO TIGTCAG
AAGAADAGGCADNTCOCCCAGAAG AAGAALTCD

| CTCACCAAGAAD AADAAGGTUTCAATCTCOCADA
L AGGAGAAGATCTCAATCARGUHAATCTCAATGTT
LA

3 nuclectide sequence it
the HBV HBs-HBc fusion |
protein ORF 5
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Description

nucleotide seguence of§
the LCMVY 3 segment§
expressing HBY HBsn§
FCCTCIGGOATTOTTICEAGACCACCATTTGGATC
CAGCCTTCAGAGOAAACACTOCARATCCAGATIG
BOACTTOAATOCEAACAAGGADACTGOUCAGAT
D GCCAACAAGGTOOOAGCTABAGCATTIOONCTO0
NO:4 is shown for DNA (i 1ioaCoC CALCCOATHHAGGCDTTTIOO0GTO0
AGCCCTOAGGCTCAGOOCATICTOCASACTTTRNC
thymidines ('T") in SEQ! 4 604 A A TECACTTOCTGCOTOCACCAACABGOAG

D NO:4 for uridines (U e 4 5084 AGGCAGTCCACCOOTOTOTOTOCACOTTT

RNA  GAGAAACACTOATCOTCAGOCCATGUAGTGOAAT
TCCADAACDTICDACCAAALTCTOCAABATCOCA

 BAGTOADAGGCCTGTATITCCCTOCTGRTROCTCD
AGTICAGGAACAGTCAACCCTUTYCYGACCALYG

COTCTCCOTTETCATCAATCTTCTUCAGGATTGHG

BACCOTOETOTOAACATOGAGAACATUACATCAD
GATICCTGOGACCCCTTICTIOTGTTOCAGGLAGHE
CTPETTCTTOTTOACAAGAATCOTCACAATCOCTCA
GAGTUTOOACTOTTOGTGGACTTCRCTCANTITID
TOOOGGEAACCACAGTOTOTCTIGGCCARANTTC
TOAGTCOCCAACCT
GTCOTOCAALTIGTCCTGGTTACAGATGGATGTOT
CYGAGGAGATTCATCATCTICCTCTYCATCOTGOT

HBc fusion protein in
cDNA form (The genomic
i5 RNA, the

in SEQ

segment

sequence

however, exchanging all

provides the

sequence.)

‘Sequence

GUOUACCGGGGATCCTAGOCTTTTIGOATIGOGCT
TTCOTCTAGATCAACTOHGTUICAGGCUOTATICTY
ACAGAAGGATGGOOGCAGRATETTTOCAUCAGTAN

CCAATCACTCALCAALY
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%SEQ Description ESequence

TCAAGGAATOTTGUCAGTITGTOUTOTGATICCAG
GATOCUTCAACAACCAGUACTOGACCATGUAGGALD
CTGUATGACCACTGUTCAAGGAACCTUAATGTAT
CUCTCUTOTIGUTGCACUARAAUCTTOAGATUORAAS
TTGCACCTGUATICOCATCOCATCATCOTGGOOTY
TTGOARAATICUTTITGGGAGTGOGUICTCAGUUAL
ATTCTOCRGGUTCAGTTTIGUTGHTGUEATTRTYC
AGTGOTTIGTTOORGUTTICCOUALTLTITGROTT
TCAGTOATTTOGATGATOTGOTATIGOGGRICAR
GHOTGTACAGCATOTIGAGTOCUTTTTTGOUTITG
g'?"f{?(.‘{',isf\_s%} PETCTTTIOTCTTIOOGTOTATATTATS

CTOTACAGGGAAGCCTIOGAGTOTCOTGAGUATT
OTTCACCTCACCACACTOOAUTCAGOCAAGCART
TCTPIGUTHGGGGHAACTCATOACTOTGGUAACEY
 COGTGGUTOTCAATTTIGHAAGATCCAGCUTOASS
AGACCTTGTGGTCAD TTATGTCAACACAAACATE
BGCCTAAAGTICAGGUAACTCTTGTOBTTICACAT
CTPCTRGICTOAC TTT T GAAGAGAAATAGTOATT
AGTATTIOOTG IO TTTGGAG T TG ATCABGACT
CCTOCAGUTTACAGACCACCAAATOULCOARTCCT
GTCAACACTTIOCAGAGACCACTOTTOICAGAAGA
ADAGGCAGGTICUCCOAGAAGAADBAACTOCTTCAD
: SAAGUAG
: CAATUARDOGAATCICANTGTTAGAGA
ACAGCGCCTUCCTOACTOTUCACCTOGAAAGAGG
 TGOAGAGTCAGHGAGOCCUAGAGGGTCTTAGAGT
OTCACAACATITGGOCCTUTARAAATTAGH LAY
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%SEQ Description ESequence

FGGEAGAATH TTGTGAACAGTTTTEA ;
GAGUCTTGOTTTGOAGGCHCTTTCAAAAATGATG
CAGTOCATGAGTOCACAGTOCGOGGTGATCICTTY
CTTOTTITTGTCCCTTACTATICOAGTATGCATCTT
ACACAACCAGCUATATTTGTCCCATACTTTATCTY
CATACTCCCTOGAAGCTTCCCTGGTCATTTUAACA
TOGATAAGCTTAATGTECTTCCTATYTTGTGAGTC
CAGAAGCTTTCTGATGTCATOGGAGCETTOACAD
CTTAGAACCATOCCOTGOBGAADAGCACOTATAA
CTGACGAGOTOAACTUOGGTIOGUATTGAAGAG
GTOGOUAABATOCATOCCGTATOAGTACTIGHAA
TCTIGUTTGAATTGTTITTGATCAACOGGTTCCCT
| GTAASAGTOTATOAACTGOCOGTTOTGTGRTTGG
AAAATIGUTATTICCACTOOATCATTAAATCTACT
CTCAATGTCAATCCATOTAGGAGCG TIGGGGTCA
ATTCCTOCOATOAGGTCTTTTASAAGCATTOTOTG
GCTGTAGUTEAAGCCCALCTOABGTOGACCTGUT
GCTCOAGUOGUIOCCTOOOTEAGTTGACTOCAG
OTTTCTCOOTTGTGAGATCARTIGTIOTOTITTONC
ATBOTCTOCRCARANTCOATHTTOTACA AGCTATG
TATGOOCATOCTTCADCTOAAAGOUAAACTTTAT,
AGGATGTTTTCATAAGGGTIOC TGO OCCARDTY
| GOTCTGAAACAAACATGITGAGTITICTCTTGGOC
CCGAGAACTGCC TTCAAGAGATCCTOGCTGTIGET
TOGUTTGATCARAA TTGACTCTAACATGTTACCCE
 CATOCAACASGGOTOOCECTGOCTTOACGROAGD
ADCAAGACTAAAGTTATAGCOAGAAATOTTGATE
CTGOACTOUTGTTCAGTGATGACCUCUAGAACTG
GOTGCTIGTCTITCAGCCTTTOAAGATCATTAAGA
TTTGGATACTTOACTOTGTAAAGCAAGUCAAGUT
CTGTGAGCGUITGTACAACHTOATTGAGLGGAGT

X i
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%SEQ Description ESequence
1D NO: :

3 TETGACTETTTCGOOATAUAAGUCATAGTTAGAL
TTGGCATTOVGOCAAATTOATTIGTTCAAANSTGAT
GAGTOTTTCACATOCCAAACTOTTACCACALCALY
THGCACCCTOGUTGALGUTTTCTCATCCCAATEATCY
FAGGATUTOAGATUTTRGOTUTAGTIGOTGTOTY
GTTAAGTTOCCUATATATACTCCTOAAGUUTGGOG
: CTTTCAGACCTIUATEATOTIGGOCCTTOAGUTTICY
FEAAGGTCAGLCGUAADAGACATCALGTICTTOYGO
PACTGAGCOTCOCCAUTTTUAAARAUNTICTTOTTTG
ATGTTGACTTTAAATOCALAAGAGAATETALAGT
‘ THGTTGAGACTICTGAGTCICTOTAGUETCTTIGT
FOAL

i3

TOTCTURTTICOCTTOCT AT GATOOTUTGAALCAT

;T(l.;‘(‘f}\{‘i:‘\‘{:{.\T(’::*‘x{i’S\.{;‘f\:‘\.{.\{i\{‘fﬁ.ﬁ%\,-"‘,\(‘f3::{::*‘&.}\‘3“{:5‘ FAALS
GTTGOTTGUATCCTTAATOACAGCAGUCTICALAY
CTGATGTGAAGCTCTGCAATICTOTTOTCANTROT
TEOOTUCATTOOAAGOTOTTAACTIUOTTAGALAA
SGOACATUTTGTTGUTCAA TGO TT RO TCAAGALCAAA
TOCGUAATCAARATOOCTAGGATCOATIGTOOG

nucleotide sequence of
the LOMV & segment
expressing the HBo ORF,
in ¢DNA form  (The

genomic segment s

RNA, the sequence in
SEQ 1D NO5 is shown
for DNA; however,
exchanging all
thymidines {"T™) in SEQ
iD NO:5 for uridines ("U™) i

provides
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%SEQ Description ESequence

R A e e N
AN - R

EESAN

WS X
TR A

the LCMV S seg ment§ TICCTCTAGATCAACTGOOTOTCAGGUCOTATOCT
ACAGAAGOATGCALTGGAATICCATAACUTTOUA
ORF, in cDNA form (The CLAAACTCTGCAAIA TCOCABADTUABAGGCCTS
genomic  segment  is | TATTICCCTGUIGGTGGCTCLAGTICAGGAACADT
RNA, the sequence i CaaCOCTGTTOTOACCACTGOUTCTCCOTIOTCAT
SEQ ID NO® is Shown | ¢ a ATCTTOTCOAGRATTGGGRATE

FOA CTGOTETGAAC
for  DNAS hOWeVEr | 4 1GGAsaaCATCACATUAGOATTCCTORGACICT
exchanging alti

CPTCTTGTOTTGCAGGCAGGGTTTITCTTGTTGACA
thymidines ("T") in SEQ! v A 10T ACAR TECOTC AL AGTOTONACTOTTE
DROB forunidines (U | (00 ACTTOTOTCAATTTTCTOGRGGHAACOACAG

rovides the RNA e et A i — e b £ e
P TGO TIGGCCAAAATTO TCAGTUCCOAACTTLC
ssquence.} ety sk e et 5 & gt
AATCACTCACCAACETOTTGTOCTOCAACTTGTOC
TOGTTACAGATGOATGTGTCTGAGGAGATICATC
A TUTTO T T AT TGO TGO TG TGO TOATUTTE

expressing the pre-S2/8 ;
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Description

‘Sequence

: s CRERR—
WGTTTOTOOTOTEATIOCAGGATCETCAATAALCA
WACTGGATCATGUAGGACCTOCATGAUCACTOU
CAAGGAACCTOAATGTATOCURCOTGYTGUTGOA
ARACCTICAGATGOAAATIGACCTOCATICCC
FCOCATCATOTGLGUITTTOGHAARATTOCTTTG
GOGAGTGGGUCTUAGCCAGATTIOTCCEGGUTCALTY

3 CRTGOTGLOATTTGETICAGTOOTITG TR GEORCET

TTGUETATTOOOGGLUAAGTUTOTACAGUATOTTG

GTUOUTTTTTOOUTTTOTTIGOURATITTOTYTIGY
FTTGGOTUTACATTIARAGAACAGGUOTONTG
VOTOTCCACOTUGARABAGLRTGHAGAGTIAGHEA
HRCCAGAGGGTUTTAGAGTGTCACAALATITGG
GUUTCTAAASATTAGGTCATETGLUAGAATCTTG

TEAACAGTITICAGATUTOGOAGOUTTGOTTTGA
FOCGUTT I AAAAATEATGOAGHCCATGAGTGUA
CAGTGUGEGOTOATITOTTTOTIOTTITTEROOCTY
ACTATTCCAGTATGUATCTTADALARACTAGE
PIOTCCCACALTITATCTTCATACTCECTCGAAG
TTCCOTGUTCATTIC &G

: ACATOGATAAGITT AL
COTTCOTATTTROPGAGTCLAGAAGUTTITORINY

FTCATCLGAGCUTTGATAGIT T AGARUCATOOCCY
UOGAAGAGUALTUTATAALTGANGAGTTCAALCC
ARGGTTOCGUATTOAAGAGOTUGGUAAGATUCATG
CERGTGAGTACTIGOANICTTGUYTGAATIOTETY

TTEATCRACERITTCOURI T A AAAGTOTATGRALY
GUCOGTTUTOTGOTTOGS AAATTOUTATTIOCALY
GUIATCATTASATCTACCOTOAATOTOAATCCATGT
AGUAGUGTTOLGETCARTICUTCOCCATRAGETOTY
TTAAAAGUATTGTUTOOUTGTAGLTTAAGUOCALL
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Description

GTGARTTGALT

CTTOAAUATOATY

L AAAGCAAGCUAAGHT

‘Sequence

GAGHTEGACCTBCTCTECRBECaETsacsiae
GUAGFTTTOTCGCTTGTGADATOA
FTYGTIGTGITITC

CATOGOTUTOCUCATAATUGA

TGTICTACAAGOTATGTATGGCUATOOTTCALCTG
AAAGGCAAACTTITATAGAGGATOTITICATAAGG
GTTCCTOTOCCCAAUTTGOTUTGAAACAAALATGY

TGAGTITTCTCTTEHICUCGAGAAUTOUUTICAAG
AGATCOTLGUTHTIGCTIGHUTTOATCAAARRTTEA
CROTARCANGTTACCOCLRICUAACAGQGUTGCLC
CTOCUTTUACGOUAGUALTRAGACTARAG

AAGATITOGATAUTTGALTGIGY
CTETGAGCGUTTETACARAC
FPCATTGAGCOGAGTUTGTGACTHTITGGUCATAD

| AAGCOATAGTTAGACTIGOC AT GTOUCARATIG

ATTOTTCAAAAGTGATGAGTOITTOACATCCCAAS
CTCTTACCACACCACTIOCACCOTGUTGAGGCTTT
CTCATCCCAAUTATCTGTAGGATCTGAGATOTTTG
GTUTAGTTOOTETOITOTTAAGTIOCOCATATATA
CCRCTGAAGCOTOGGGOCTTTOAGACCTOATGATC
TPGGLOTTCAGUTTUTCAAGOTCAGCUGLAAGAD

ACATCAGTTCTIETGCALTBAGLCTCOCT
AAAACATICTTCTTTGATOTIGALTT TS
AAGAG
CTCTOTAGOTOCTTTOTCATOTOICTITICOTIOOYC
ATGATCOTCTGAADATTOUTGALTTUAGASGAAGT

COAADCOATTOAGAADGTIOGTTHUATCUTTAATG
| ACAGCAGCUTTCACATOY
ATTCTCTTOTCAATGUTIGOG YL
TTAACTICCTTAGACAAGGACATUTTGTYGUTCAR

ACTTIC
{AATCCAL
AATETAUALGTOTGUTTGAGALTIOTGAGT

TEGHAAGOYT

FTGOETTTCTOAAGACAAATOUGUAATCARATIICY
AGGATCCACTOTGCN
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Description

G

fymphocytic

choriomeningitis
cione 13 segment
complete
{(GenBank: DQ3G1068.1)

{The genomic segment is

seguence

RNA, the seguence in

for DNA; however,

exchanging

provides the

sequence.)

virus§
L
GTCCAGAGAGGAGS
 CAGGGUUGAAATCCTACTAGATACCACCTATCTT
BGCCOTTTAAGCTGCAAATCT
 TOACAGETTGGTAAGATHOCATGATCACTA
SEQ 1D NO: 7 is Shown ! GraGraCTOTTTASACT
 BACAGGTGTOCTC

aiEE{ AGATTGAAGATATOAACAGHICUCA AR

thymidines (T 10 SEQL 0oy e 0 0TACGAAGAG TAACACCOTCOGGCOCTH0

IDNO: 7 foruridines (U | e a0 A AR CAGEOCAOCACAALGOAALCGUAC

RN T AACOTACACABACACAGEACTCAATAC
ARAACACHCACALACACACACATACALIACUCALA
CGUADGUGLOCOCALCACCOGGHHGTLUCLe
CEGGOGARCHGCCECCT
CCCCATGGAGA

ACATAGTICCTOOAGGATTACACTTAT
CCAACAAATOTTCACCAGT
GAAGAGGTTCCCAAGGACATCACT,
AGEC
TIGGTCTCCAGCTIC

‘Sequence

GUACCGOEGGATUCTAGGOETTVAGTTGCGOTG
TITOOTTGUALAACTTIUTTCOTGAGGUTETUALA
AGTEOACCTGGUTEATAGUGATOGGUTUAAGGUAA

"g!‘g(“{:{:’&(( \N\I \S}' 3 i & “:i“*k E\ g

TCOETGGOAGAAATT
SOTTY
PTCTGUTGTCAGTATOU
TIGTAMATATCCATTACCAAC

FOCA

GOGAGLLCGEIGUGGAG
TGEUCCATCALTCOATOICOTCGEG

| CCACUGACUCOCCAGLCAATOGTOGUAGGACTTC
 COCTTOAGTE
<

TAAATCTOCCOCTCATTETTTOAT A
ATCARAGTGUTOCTAGATTTOOTAAAACASAGT

CTGUAATCOTTAAAGGUGAALCAGTO TR AAAA
GUOGACAGTOOAATCAGUAGAATAGA]

FOTGTUTAY
CTUTGAAL
YOTGAATUGATGCAG
AATCTTITOAY
TGCTAGRAAGALTITCATEICT
AMEAATGATATTITGLATAAG

SARAGTOC
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Description

‘Sequence

STGGCATAGORUTCCCACTCAGHTUCAALTICIL
AAGTCAATAGATOTARTCOCATOCAGTATICY
FTHIGGAGDUCARCAACTEAAGUTCAAGAGAATEA
CCAAGTATCAAGGGATUTTUCATETAATUCTCA S
WCTCTTUAGATOTGATATOAAAGACACCATOGTTC
COTTOAAGATAGAGTOTGTUOTOADTAAGTGRA

Do

TAAAGAGETOAGAGUATOATAARALTTCABCA
ACCTGGATTCTOTAATTOGUACUTAACCAAIAA
ATCAATCARAATTTCOTTAARACAGTCRATTATTAT
TCTGATTGTGUOTAAAGTCCAUTGARATIGAALS
FOCASTACUCOTTTIGTGTAGTTIGAGUATET AGT
CCACAGATOUTTTAAGGATTTARATGUCTTTOEG

FAATOATTOAAAGOHOCCCAUTOUCTUAGUACTAT
CTRCAGATGOCATUATTIOTTTATGAGUOARLCATY

ATTCTOGAALAAATGATTCAAAATALACTYGY
: AGAAGTICTIGEAGALATCOUTCOTGUTAALAA
AANTICATCAACAGACTGGALTUAGATUGUTG
FATGAGAATTGOCAAGOTCAGRAAATAGAALAGT
FFAATOTICATOCOTTITCCAUTTAACAACATOAL
: SATOAGCTOACAAGQATTUTGALTTAATATRAAT
ARAACACAGAGSTCAAGGAATTTAATTCTGGGA
STCCACCTOATETTTTTTOAGCTCATHTUAG

TAUAT
: AATGGAAGAAGCTGATOUTCAAAGATOTTGHUA
CATAGCCGOCTCATAGATTOAATOSCTTGHITOAS
ATTCACTTTGTOUTCCAGTAGOUTTGAGUTUTCAG
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Description

‘Sequence

CTTTCTTOUTACATANTCATATGRG ANGTGU
CAAGAGTTAGGTICTCACTGTTATICTYCCCTTTG
FGTOGUTTCTOUTAGOACTC AR ACACOUAATTCAA
VAGAGTTGUTCAATOARAATAUAAATGTALGTOCCA
VAGAAGAGGOOTTAAAAGGUATATATGATCRTGG
E PGOLUTTOTGUATOAGAUTGTTIGIUAC AAATHTA
AGLGTTATACCATOCCOATTOUAAADTUTIGTICA
TGATCATUTOGTGOTTAGATOUTCAAGCAGCTYTY
CTTGATATACAGATTITCOCEATTTITGITIONICALA
ACCTGUITCCTAGAGTTTIGUAARGOUUTATAAA
FOAGATGAGATACAACTUTGORAAGUTGALTIO
? FOATTOOTTOTGACAGCAGOTTOTOTGUALCOD
%"TGT(}.% ATTTACTACASAGTTIGRTOTGOAGTEWY
GATCAATBATEOGATTOTTIOCTCTTGOAAAGTC
YTCAUTEATGOATAAACCATCITTTGTUTITAAAAL
CATCOTTAATOGGAAUATTIUATICARATTCANDC
AGTTAACATUTGOTAACTGATTCAGATOTTOTTOA
AGACOGAGOAGOTOTOUC AATIGAAGAATGOICY
COTTTITATOTOTGTTAAATAGOTCTAAGAARAATT
FTCATTASATICACCATTTITGADUT AT GAYOC
TRFCOTTACAABOTTIOTTALAACUITIETTICA
CTTAGGACACAGTTICCTCAATGAGTOTTIGTATTNY
FUAACDTOTAGAADCATCUAGLCANTUTENCATAT
ARGTOTTOOTATTCAGTAGAARRTGUATCOARALG
AAATTGGUATAUTITAGGAGETCCAGTETTUICC
TTTGOATACTATTAACUTAGGUAGAUTGOGACECC
ATTTOCGATGOUITOATOTGCANTTGTATCTATYIG
TTTCACAAAGTTOATOTOGUTCTTTACAUTTGACA
CTTOTOTAGUOCTOCALATACAAACTTTOTGAGAA
AGGGACTTOUTCOCCUTATACATAGAATUTAGA
TITAAATTOTGUAGUUAAQUTCOCAGICALACTYY
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%SEQ Description ESequence

FTGGGOTOATAARTTIOTTT
TGAGATTGHAATTCCAACABGACAAGAALTTCCT
CCGOATCACTTACAACCAGGTCACTCAGCUTCUTA
TCAAATARAGTGATCTGATCATCAUTRGATHTGTA
AGCCTCTGOIUTTTCGCCARAGATAACACCAATE

CAGTAGTTGATGAACUTUTCGUTAAGLARALICAT
ACAATTCAGAAMGCATTATGCAAGATTICLOTRE
CATATCAATAAGGUTLOATATATGGUATHOCALY
ATCCOCATITCAAAXTATTGTUTCARAATIUTCTC
AGTAACAGTTGTTICTGRACCUOTHAGRAGTITTA
GUTTCGAUTTGACATATOGATTICATCATIGOATIC
ACAACAGGAAAGGGOGALUTCGACAAGUTTATGOA
TOTCCUAATTAAUAAATTOUTAATATOAICITIC

GATTITOTAGAAADATIAAGAATARAAATGIICA
CATCATTOOTOCCCATTTOCTETGATCCATACTAT
AGTTTAAGAAUCCTTCCUOCATATIOATAGITATT
CGACAAGATIOURTTTTEARATTOOTTATORTTIGTY
TRAACAGCGAGIITCAAAAGASATTTGAAARAAGA
T ATTAMICTTOTQAARATYY

o

3
1

AAATAATCITCTS
TIETCOPCAAATOVCCAATATAGAGTICTETATYY
COUCEAACTGOTOTTTATAAGATAGTGL AAATTY
CAGUUTTCCAGAGTUAGGACCTAUTGALGLTLTAY
GATGYTGUTGATTUTTOTGAGTAGAAGD ACAGATY
TEFCAARAGUAGLACTUATACATYI TG RCAATGAU A
GASCTTIACTAAMGGACTCAGAR TTACTTNCCCTE
TCALTGATTOTCACHTCTRCITCCAGTTTRTCICA
GTCAAATTIGAAATTCAAGUOTIGUCTTTGCATAY
GOUTETATTTOCOTGAGTACGLATTRGCATTOATY
TGCAACAGAATCATUTTOSTGCAAGAAALCUAAT
CATTOTCAGARAAGAAUTTTOTACARAGGTTTTTT
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Description ESequence

AT CATC O AGGCOACACTGATOTTT
TGAGOTOAAATACAAAGGTGACAGETOTGTGGAN
COCTCAACAGCCTCACAGATARATI TCATGYCATC
ATTGOTTAGACATGATGGGTCASAGTCTECTACTA
AATGGAAAGATATTICTGACAAGATAACTITICTY
AAGTGAGCCATCTTCCUTOTTAGAATAAGE
AATGATOTAGTCOTTTIGTATIIOTAAGTTTTICIC
CATCTOCTTTETOATTOGCECTCCTACCTCTTCTGT
ACCOTGUTATTGTGGTGTTGACCTTIECTIOGAGA
CTTTIGAAGAAGCTTGTCTCTTCTTOTCCATCARA
ACATATTICIGOCAGG T TICCHATCTOOUTG
TOTCTTUTCOC T I GG AACCGATGACCAATOTAGAL
ACTAACTIGGAAACTTTATATICATAGTCTOAGTS
GOTCAACTTATACTITIGTTTTOTTACGAAACTOTC
COTAATTIOACTCACAGOACTAACAAICAATTTGT
TAAAGTCATATICCAGAAGTCGTTOTCOATTTAGA
TGCTTATTAACCACCACACTTTTGTIACTAGOAAG
ATCTAATGCTOTCGC ACATCCAGAGTTAGTCATGS
 GATCTAGGCTGTTTAGOTTICTTOTCTCOTTTGAAA
ATTAAAGTGOUGTTOTTAAATGAAGACADCATEA
GGCTAAAGGOTTCCAGATTAACACCTGGAGTTGE
ATOCTGADAGTCAATERCTITACTAGTGAATOTC
CTOATTTOOTCATAGAACADACATICTTOCTOAGEA
GTGATTOUTTCOTIOOGGTTOACAAASAAATOAS
ATTOACTTTTOGOCTCAASGAAUTITTCAAAATAT
TTATCTOATCTGTTAGCETOTCABGGGTCTOCTT
TGTGATCAAATGACACADGTATOACACATTICAAC
ATAAATTTAAATITTOCACTUAATAACACCTICTC
ACCAGTACCAASAATAGTITTITATTAGGAATCTA
 AGCAGETTATACACCACCTTICTCAGCAGGTGTGAT
CAGATCCTCOUTCAACTTATCC ATTAATGATUTAG
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Description

‘Sequence

SAATCTGAUACTATTGUCATCATDAAANTY

FTCPGACACTOTGYACCTGUTTETOATTICTOTTYGY
TGUOTTGOTOAGUATTAGCAACAATAGGOTOUTC
AGTOUAACTUTCAATGTCGOTGAGAAGICTTICA
AATCAGGACATOEATCTAATCCATGAMATCATGAY
STCTATCATATTOIATAAGALUTCATOTGARAAAL
TTGUTAAARAGAACCTTTTAGGATUTOORTALAA
GUARRTTAAANTGATCATOCOOGCUTTETATGOAG
TAGUACCTIGAAGATTOTCCAGTUTTOTGOTATAA
TAGGTGOQTATTOTTOAGAGTOCAGTTITTATTACTT
GUUAAAARCACTTOTITGUATICTACCAUTTGATAT
UFCACAGAUOCTATTITOATTTTGCOTTAGTUTAGC
AACTOAGUTAGTITTCATADTOTTIOTTAAGGOUA
GAUAAACAGATOATAATOTTIOTCAGGUICTETATYT
GITOTTCAGUTIGOTOTETGUTOGETTGOAA’TTGE
ATCTTOASACTIOGTATAATACATTATCGGTG
GUTCCAATITHOATAAAGTICTUARATICAOTOAA
TEOTATGTOOUATTOTTRITCAAGOTOTICAGALUA
STOCOTAATOOTCOARACTIAGTOOCACUALCTAA
CAGHUATITITGAATTTTRSCAATRAACTEACT AN
TAGAGTCOTAAAMIAATTCOTCAARAAGACALLTYY
CTARACACCTTRGACTTEITTCTATIGIYCAAAAG
TUTAATGAAUTOUTRITTITAGTGUTOTLAAALUTTA
CCAGCUTATCATICACAUTACTATAGOAACAALCC
ACCTAGTUTITIATCATITITTAACCUTTTOGAATTIC
GACTOTTTTATOAATHAGGAAAGACACARAALATY
CCAGATTTARMIAACTGTCTOOTTOTAGTATICAAL
ANTITUAAACTOTTGACTTTETITAACATAGAGAG
CAGUOTCTCATATTCAGTGUTAGTCTOACTICUCC
TEIOGTGCOCATGUGTURCTOOAGTTATGRATOT
ATCAAAGGACAGGATTOGALTRUOTCCOTEITTA

3A
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%SEQ Description ESequence

TAGAGUTCAGAGAATTOOTTGATOAAGUOTICAG
GGITTACTTICTGAAAGTITOTUTTTAATTTOOCALD
é;g‘“{“\\(\}( POTTOETAAACTTOUTEAARAGAGAS

CTTTATYCCARRAACCACATCATCACAGUYCATGYT
 BOOCTIGATGCNTTCOTGROACATCUTOATAATTT
CATCATTGTOAGTTGACCTOGCATOTTTCAGAATT
§TTQ&T&GAGTCGAYASQGG&GGGCTYGTCGATAGT
ATTOTTCAGOGACTCACATAGTOTAAAATATICA
§GA(3{3W{;&«&ﬁ&gi;;t?t&s;iyﬁﬁT?A@AATA
CRCUCAAAAGTTTGAATAAAAGOTCTCTAAATTTO
AAGTTTOCCCACTOTGGUATAARALTATTATOATA
ATCACAACGACCATOTACTATTGGAACTAATGTG
§Aﬁ&@&fﬁﬂ&&ﬁAGCAAGGTCTY&ﬂCTGATGCATG
CCAATTTOTTAGTOICCTOTATAAATITCTICTOA
AAACTGOLTOGGIGCTCCTAACAAAACALTOAAG
 AAGAATGAGAGAATTGTCTATOAGUTTOTAALCA
 TCAGGAATOATAAGTGGTAGTCCTGUOOATACAA
TTCOAGACTCOATCAAAANTTGTTTCOACAGATTTA
TCGTORTGGTTRTGTGTHCAGCCACTCTTGTOTGO
ACTOTCTATTICAATUOAGUGTOACAGUAALTTGA
BTCCCTCAATCAGAACCATICTGGGTTOCOTITGT
CCCAGARAGTTGAGTTTCTRUCTTGATAACCTCTE
ATCCTGTTCTATATAGTTEAAAUATAACTCTCTCA
ATTCTGAGATGATTICATCOATIGUGCATCARARA
GOCTAGGATOCTCGG TGOS

8 aming acid sequence ofé\/WLSVEWM
: an HBY HBs

proteinderived epitope

9 amino acid sequence ofEEPQSLDSWWFSL
| an HBV  HBs.

proteinderived epitope

§1€3 amino acid sequence of ! MGLKFRQL
: an HEBY Hacg

proteinderived epitope
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Junin Virus (JUNV)-based vaccine vectors exprassing the respective HBV antigens or

certain domains thereof are designed (FIG. 1).

7.2 Vaccines Against Hepatitis B Virus

[0401] Candidate vaccines against hepatitis B virus (HBV) comprise rLCMV-based and
rJUNV (Junin vaccine strain Candid#l) vectors exprassing pre-82/8 (fLCMV/pre-52/8,
rdUNV/Pre-52/3), HBc (fLCMV/HBCc, rJUNV/HBC), a fusion protein consisting of the full
length HBs and HBc ORFs (fLCMV/HBsHBCc), and HBe (fLCMV/HBe, rJUNV/HBe).
Vectors will be replication-deficient (r2LCMV, also referred to as rLCMV, r2JUNV, aisc
referred to as rJUNV) and replication-compestent trisegmented constructs (r3LCMVY,
r3JUNV, see, e.g., Emonet et al, 2009, PNAS, 106(8).3473-3478), wherein the
transgenes are arranged in a so-called "artificial” way (r3LCMV2® r3JUNVE). Mice (e.g.,
C57BL/G mice) are immunized with one of these constructs, or with combinations thereof
in a homologous or heterclogous prime-boost vaccination. Administration is performed
via the infraperitoneal, intramuscular, or intravenous route. The dose will be in the range
of 104 to 107 focus forming units (FFU). At time points ranging from 7 to 100 days after
immunization, HBV-specific CD8+ T cells are measured in the blood andfor spleen. T
cells may be measured, for example, by using MHC class | tetramers in combination with
anti-CD8 antibodies in order to identify the magnitude of the CD8+ T cell response to
HBV-derived epitopes.

10402] In a complementary approach, synthetic peptides are used to selectively stimulate
directly ex vivo blood andfor spleen-derived CD8+ T celis by means of intraceliular
cytokine assays. The intraceliular cytokine assays measure the frequency of interferon
(IFN)-y, tumor necrosis factor (TNF)-q, andfor interleukin (IL)-2-producing CD8+ T celis.
Surface expression of CD107a serves as a marker of cytolytic degranulation in flow
cytometry (FACS). Peplide specificities are analvzed, including: HBs-derived epilope
VWLSVIWM (SEQ 1D NO: 8), HBs-derived epitope IPQSLDSWWTSL (SEQ 1D NO: 9),
and HBc-derived epitope MGLKFRQL (SEQ 1D NO: 10).

7.3 Iimmunogenicity of Replication-Deficient Arenavirus-Based Vectors Expressing
HBV Antigens

[0403] C57BL/6 mice (5 mice per group) were immunized once with 10°FFU of
r CMV/HBs-HBe {group 1), rLCMV/HBC (group 3), rLCMV/Pre-52 (group 4), or with
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104 FFU of rLCMV/HBs-HBc (group 2), via the intravenous route. Control mice were left
untreated. 10 days after immunization CD8+ T cells were measured in the blood by using
MHC class | multimers. H-2KP dextramers complexed with the HBs-derived epitope
VWLSVIWM  and  H-2KP dextramers complexed with the HBc-derived epitope
MGLKFRQL were used in combination with anti-CD8a antibody to identify hepatitis B
virus-specific CD8+ T cells. The enumerated celis were expressed as a percentage of the
total CD8*B220 T cell pool in peripheral blood.

[0404] The resulis, as shown in Figure 3, indicate that vaccination with rLCMV/HBs-HBc,
rLCMV/HBe and rLCMV/Pre-82 induces substantial antigen-specific CD8+ T cell
responseas against the antigens expressed by the respective vectors. The anti-HBs and
anti-HBc CD8+ T cell responses induced by vaccination with r.CMV/HBs-HBc showed a
clear dose dependency. Higher frequencies of anti-HBc CD8+ T cells upon rLCMV/HEBs-
HBc immunization as compared to rLCMV/HBc immunization indicate that fusion o HBs
resuits in augmented immunogenicity of HBc.

[0405] Anti-HBs CD8+ T cell frequencies were somewhat higher after immunization with
rCMV/Pre-82 than after immunization with rLCMV/HBs-HBc, raising the possibility that
anti-HBc CD8+ T cell responses competed with anti-HBs responses for antigen

availability.

7.4 Immunogenicity of Attenuated Replication-Competent Arenavirus-Based

Vectors Expressing HBY Antigens

[0406] C57BL/6 mice (5 mice per group) were immunized once with 10° FFU of
r3LCMV/HBs-HBce {group 1), r3LCMV/HBC (group 2), rSLCMV/Pre-S2 (group 3), or with
10° FFU of rLCMV/HBs-HBc (group 4), via the intravenous route. Control mice were left
without vaccination. 8 days after immunization HBs- and HBc-epitope-specific CD8+ T
cells were measured in the blood by using MHC class | multimers. H-2KP dextramers
complexed with the HBs-derived epitope VWLSVIWM and H-2KP? dextramers complexed
with the HBc-derived epitope MGLKFRQL were used in combination with anti-CD8a
antibody to identify hepatitis B virus-specific CDB+ T cells. The enumerated celis were
expressed in two different ways, either as a percentage of the total CD8"B220° T cell pool
in peripheral blood (FIG. 4A) or as a percentage of circulating lvmphocytes in blood (FIG.
4B8).

[0407] The results, as shown in Figure 4, indicate that all r3LCMV-based construcis as

well as the replication-deficient rLCMV/HBs-HBc reference vector were immunogenic,
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gliciting epitope-specific CD8+ T cells against their vectorized antigens, respectively.
Moreover, when enumerating epitope-specific CD8+ T cells as a percentage of circulating
lymphocytes, the replicating r3LCMV/HBs-HBc is shown to be more immunogenic than

its replication-deficient counterpart r CMV/HBs-HBc.
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VACCINER MOD HEPATITIS B-VIRUS

PATENTKRAV

Infektigs arenavirus-virusvektor, hvor en arenavirus-aben leeseramme fjernes og

erstattes af en nukleotidsekvens, der er valgt fra gruppen bestaende af:

a. en nukleotidsekvens, der koder for et HBV-HBc-protein eller et
antigenfragment deraf,

b. en nukleotidsekvens, der koder for en fusion af HBV-HBs- og HBc-proteiner
eller antigenfragmenter deraf, og

c. en nukleotidsekvens, der koder for et HBV-prae-S2/S-protein eller et
antigenfragment deraf,

hvor virusvektoren er i stand til at fremkalde et T-cellerespons mod HBV-HBc-

proteinet, fusionen af HBV-HBs- og HBc-proteiner, HBV-prae-S2/S-proteinet eller et

antigenfragment deratf.

Virusvektor ifglge krav 1, hvor

(i)  HBc-proteinet eller antigenfragmentet deraf omfatter en aminosyresekvens,
der er 80 %, 81 %, 82 %, 83 %, 84 %, 85 %, 86 %, 87 %, 88 %, 89 %, 90 %,
91 % 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 % eller 100 % identisk
med en aminosyresekvens, der kodes for af nukleotidsekvensen ifalge SEQ
ID NO: 2,

(i)  fusionen af HBV-HBs- og HBc-proteiner eller antigenfragmenter deraf omfatter
en aminosyresekvens, der er 80 %, 81 %, 82 %, 83 %, 84 %, 85 %, 86 %, 87
%, 88 %, 89 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99
% eller 100 % identisk med en aminosyresekvens, der kodes for af
nukleotidsekvensen ifalge SEQ ID NO: 3, eller

(i) pree-S2/S-proteinet  eller  antigenfragmentet  deraf  omfatter en
aminosyresekvens, der er 80 %, 81 %, 82 %, 83 %, 84 %, 85 %, 86 %, 87 %,
88 %, 89 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %
eller 100 % identisk med en aminosyresekvens, der kodes for af
nukleotidsekvensen ifglge SEQ ID NO: 1.

Virusvektor ifglge krav 1, der omfatter mindst to eller mindst tre af:
a. en nukleotidsekvens, der koder for et HBV-HBc-protein eller et
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antigenfragment deraf,

b. en nukleotidsekvens, der koder for en fusion af HBV-HBs- og HBc-proteiner
eller antigenfragmenter deraf, og

c. en nukleotidsekvens, der koder for et HBV-prae-S2/S-protein eller et
antigenfragment deraf,

eventuelt hvor ekspression af nukleotidsekvenserne producerer et antigent

proteinkompleks, der fremkalder hgjere titere af neutraliserende antistoffer end

ekspression af de individuelle proteinkomplekskomponenter.

Virusvektor ifglge et hvilket som helst af kravene 1 til 3, hvor arenaviruset er:

(i)  lymfocytisk choriomeningitis-virus,

(i)  replikationsdeficient og konstrueret til at indeholde et genom med evnen til at
amplificere og udtrykke dets genetiske information i inficerede celler, men ude
af stand til at producere yderligere infektiagse atkomspartikler i normale, ikke
gensplejsede celler,

(ii)y bisegmenteret og replikationsdeficient eller

(iv) trisegmenteret og replikationskompetent.

Virusvektor ifalge et hvilket som helst af kravene 1 til 4, hvor den dbne laeseramme,
der koder for glycoproteinet (GP) af arenaviruset, er deleteret eller funktionelt

inaktiveret.

Virusvektor ifglge et hvilket som helst af kravene 1 til 5, hvor den genomiske
information, der koder for den infektigse arenavirus-virusvektior, er afledt af
lymfocytisk choriomeningitis-virus eller Pichinde-virus,

hvor den lymfocytiske choriomeningitis-virus eventuelt er den lymfocytiske
choriomeningitis-virus-klon 13-stamme eller den lymfocytiske choriomeningitis-

virus-MP-stamme.

Virusvektor ifglge et hvilket som helst af kravene 1 til 6, hvor virusvektoren omfatter

et genomisk segment, hvor det genomiske segment omfatter:

(i)  en nukleotidsekvens, der er mindst 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96
%, 97 %, 98 %, mindst 99 % eller 100 % identisk med sekvensen af
nukleotiderne 1639 til 3315 ifalge SEQ ID NO: 11 eller nukleotiderne 1640 til
3316 ifglge SEQ ID NO: 12, eller
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(i) en nukleotidsekvens, der koder for et ekspressionsprodukt, hvis
aminosyresekvens er mindst 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97
%, 98 %, mindst 99 % eller 100 % identisk med aminosyresekvensen, der
kodes for af nukleotiderne 1639 til 3315 ifglge SEQ ID NO: 11 eller
nukleotiderne 1640 til 3316 ifalge SEQ ID NO: 12.

Virusvektor ifalge et hvilket som helst af kravene 1 til 7, hvor arenavirusets vaekst
eller infektivitet ikke pavirkes af nukleotidsekvensen.

Virusvektor ifglge et hvilket som helst af kravene 1 til 8, hvor arenaviruset er en
infektios, replikationsdeficient arenavirus-virusvektor, der er konstrueret til at
indeholde et genom med evnen til at amplificere og udirykke dets genetiske
information i inficerede celler, men ude af stand til at producere yderligere infektigse
afkomspartikler i normale, ikke gensplejsede celler, og hvor indgivelsen af
arenavirus-virusvektoren til et individ inducerer et langvarigt immunrespons mod
HBV-HBc-proteinet, fusionen af HBV-HBs- og HBc-proteiner, HBV-prae-S2/S-
proteinet eller et antigenfragment deraf, eventuelt hvor
(i) detlangvarige immunrespons inducerer en detekterbar antistoftiter mod HBV-
HBc-proteinet, fusionen af HBV-HBs- og HBc-proteiner, HBV-prae-S2/S-
proteinet eller et antigenfragment deraf, eller
(i) det langvarige immunrespons inducerer en detekterbar antistoftiter mod HBV-
HBc-proteinet, fusionen af HBV-HBs- og HBc-proteiner, HBV-prae-S2/S-
proteinet eller et antigenfragment deraf i mindst et minimum af 4 uger,
eventuelt hvor det langvarige immunrespons agger antistoftiteren mod HBV-HBc-
proteinet, fusionen af HBV-HBs- og HBc-proteiner, HBV-prae-S2/S-proteinet eller et
antigenfragment deraf med mindst 100 %, mindst 200 %, mindst 300 %, mindst 400
%, mindst 500 % eller mindst 1000 %.

Farmaceutisk sammenseetning, immunogen sammensaetning eller vaccine, der
omfatter virusvektoren ifglge et hvilket som helst af kravene 1 til 9 og en
farmaceutisk acceptabel baerer.

Virusvektor som defineret i et hvilket som helst af kravene 1 til 9, eller farmaceutisk
sammensaetning, immunogen sammenseetning eller vaccine som defineret i krav

10, til anvendelse i en fremgangsmade til behandling eller forebyggelse af en
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hepatitis B-virusinfektion hos en patient.

Isoleret nukleinsyre, hvor nukleinsyren omfatter et genomisk arenavirussegment,

hvor en aben leeseramme af det genomiske segment er deleteret eller funktionelt

inaktiveret, og hvor det genomiske segment omfatter en eller flere af:

a. en nukleotidsekvens, der koder for et HBV-HBc-protein eller et
antigenfragment deraf,

b. en nukleotidsekvens, der koder for en fusion af HBV-HBs- og HBc-proteiner
eller antigenfragmenter deraf, eller

c. en nukleotidsekvens, der koder for et HBV-prae-S2/S-protein eller et
antigenfragment deraf,

hvor en en virusvektor, der omfatter det genomiske arenavirussegment, er i stand

til at fremkalde et T-cellerespons mod HBV-HBc-proteinet, fusionen af HBV-HBs-

og HBc-proteiner, HBV-prae-S2/S-proteinet eller et antigenfragment deraf,

eventuelt hvor det genomiske segment er det korte segment, hvor den abne

leeseramme, der koder for glycoproteinet (GP), er deleteret.

cDNA af det genomiske arenavirussegment som defineret i krav 12.

In vitro-fremgangsmade til generering af en infektigs, replikationsdeficient

arenavirusvektor, der omfatter:

a. transfektion i en veertscelle af cDNA'et ifalge krav 13,

b. opretholdelse af veertscellen under betingelser, der er egnede til
virusdannelse, og

c. hgst af den infektigse, replikationsdeficiente arenavirusvektor,

hvor veertscellen udtrykker den abne laeseramme af det genomiske segment, der er

deleteret eller funktionelt inaktiveret,

eventuelt hvor fremgangsmaden vyderligere omfatter i trin a. transfektion i

veertscellen af: et cDNA af et andet genomisk arenavirussegment, en nukleinsyre,

der omfatter L-protein ORF og/eller en nukleinsyre, der omfatter NP ORF.

Farmaceutisk = sammenseetning, der omfatter en forste infektigs,
replikationsdeficient arenavirus-virusvektor, der er konstrueret til at indeholde et
genom med evnen til at amplificere og udirykke dets genetiske information i
inficerede celler, men ude af stand til at producere yderligere infekiigse
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afkomspartikler i normale, ikke gensplejsede celler, hvor en arenavirus-aben

lzeseramme fjernes og erstattes af en farste nukleotidsekvens, der er valgt fra

gruppen bestaende af:

a. en nukleotidsekvens, der koder for et HBV-HBc-protein eller et
antigenfragment deraf,

b. en nukleotidsekvens, der koder for en fusion af HBV-HBs- og HBc-proteiner
eller antigenfragmenter deraf, og

c. en nukleotidsekvens, der koder for et HBV-prae-S2/S-protein eller et
antigenfragment deraf,

0og en anden infektigs, replikationsdeficient arenavirus-virusvektor, der er

konstrueret til at indeholde et genom med evnen til at amplificere og udtrykke dets

genetiske information i inficerede celler, men ude af stand til at producere yderligere

infektigse afkomspartikler i normale, ikke gensplejsede celler, hvor en arenavirus-

aben laeseramme fjernes og erstattes af en anden nukleotidsekvens, der er valgt fra

gruppen bestaende af:

a. en nukleotidsekvens, der koder for et HBV-HBc-protein eller et
antigenfragment deraf,

b. en nukleotidsekvens, der koder for en fusion af HBV-HBs- og HBc-proteiner
eller antigenfragmenter deraf, og

c. en nukleotidsekvens, der koder for et HBV-prae-S2/S-protein eller et
antigenfragment deraf,

hvor den forste og anden nukleotidsekvens er forskellige, hvor den farste

virusvektor og den anden virusvektor er i stand til at fremkalde et T-cellerespons

mod HBV-HBc-proteinet, fusionen af HBV-HBs- og HBc-proteiner, HBV-prae-S2/S-

proteinet eller et antigenfragment deratf.

Virusvektor ifolge et hvilket som helst af kravene 1 til 9, eller farmaceutisk
sammensaetning, immunogen sammensaetning eller vaccine ifglge krav 10, eller
farmaceutisk sammenseetning ifglge krav 15, hvor virusvektoren, den farmaceutiske
sammenseaetning, den immunogene sammensaetning eller vaccinen er egnet til

intramuskuleer indgivelse eller intravengs indgivelse.
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