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COMPOSITIONS AND METHODS FOR TREATING AND PREVENTING
HEPATITIS BAND D

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001]  This application claims the benefit of priority of U.S. Provisional Patent
Application No. 62/966970, filed Januvary 28, 2020, which 13 hereby expressly incorporated by

reference in its entirety.

REFERENCE TO SEQUENCE LISTING
{HHMY2]  The present application is being filed along with & Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled SYF0058eghisting TXT,
which was created and last modified on Januvary 26, 2021, which is 141,377 bytes in size. The
mformation in the electronic Sequence Listing is hereby expressly incorporated by reference

in its entirety.

FIELD

{00037 Aspects of the present disclosure relate generally to 1mmunogenic
compositions or product combinations of engineered hepatitis B {HBV) and hepatitis D (HDV)
nuclewc acids, genes, peptides, or proteins that can be used to dlicit an trunune response agamst
an HBV and/or HDV infection. This imumune response comprises, consists essentially of, or
consists of activated immune cells that produce neutralizing antibodies and activated imrmune
cells, such as T cells and B cells, against HBV and/or HDV. The disclosure also relates
generally to methods of using the immunogenic compositions or product combinations n
subjects to generate immune responses against HBV and/or HDV by adoumistering the
compositions or combinations with a homologous or heterologous nucleic acid and/or

polypeptide prime and nucleic acid and/or polypeptide boost approach.

BACKGROUND
HI004]  Hepatitis is a disease resulting in swelling and mflammation of the liver. Thas
disorder 15 commonly caused by viruses, five types of which are carrently known (hepatitis A,

B, C, D, and E). Hepatitis B nfection can be either acute or chronic, with severe chirouic
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infections causing chronic inflammation, fibrosis, cirrhosis, and hepatocellular carcinoma. The
hepatitis B virus has a partially double-stranded circular BNA genome that enters the host
nucleus and s transcribed by the host RNA polymerase into four viral mRNA molecules. These
are used to translate viral proteins such as capsid proteins and surface antigens as well as
produce more DNA genomes using a reverse transcriptase. Hepatitis D is a virusoid thet relies
on hepatitis B coinfection or superinfection to replicate. The circular single-stranded RNA of
hepatitis D 15 amplified using host RNA polymerases, but also contains a single hepatitis D
antigen (HDAg) gene. During hepatitis B and I coinfection or superinfection, intact hepatitis
D viruses are packaged with an envelope containing hepatitis B surface antigens surrounding
the RNA genome coated with HDAg protein. Incorporation of the hepatitis B surface antigens
15 essential for hepatitis D infectivity, as hepatitis D does not encede its own receptor binding
proteins. Comnfection or superinfection with hepatitis I causes more severe complications,
with increased risk of liver failure, cirrhosis, and cancer. There is a present need for effective
immunogenic compositions and vaccines to establish prophylactic immunity against both

hepatitis B and D infections.

SUMMARY

{00037 The present disclosure relates generally to the use of recormmbinant nucleic
acids, DNA, RNA, proteins, polypeptides, or peptides comprising HBY and/or HD3V antigens
to induce immune reaponses, anttbody production, immune protection, or immunity 3gainst
HBY or HDV mfections. In some embodiments, the recombinant nucleic acids, DNA, RNA,
protens, polypeptides, or peptides comprising HBVY and/or HDV antigens are used ina DNA
prime/protein boost composition approach. In some embodiments, this BDNA prime/protein
boost composition approach results i greater immune response, antibody production, immune
protection, or immunity against HBY or HDV mfections compared to DN A-only, protein-only,
or organism-based iIMMUNGEENIc comMposifions.

{006]  Chronic hepatitis B and D virus (HBV/HDV) infections can cause cancer.
Current HBY therapy using nucleoside analogues (INAs) is life-long and reduces but does not
eliminate the risk of cancer. A hallmark of chronic hepatitis B is a dysfunciional HBV-specific
T cell response. In some embodiments is an immunotherapy driven by naive healthy T cells

specific for the HDV antigen (HDAg) to bypass the need for HBV-specific T cells in order to
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prime PreS1-specific T cells and PreS1 antibodies blocking HBVY entrv. In some embodiments,
combinations of Pre81 and/or HDAg sequences were evaluated for mnduction of PreS1
antibodies and HBV- and HDV- specific T cells in vitro and in vive. In some embodiments,
neutralization of HBV by PreSi-specific murine and rabbit antibodies was evaluated in cell
culture, and rabbit anti-PreS1 were tested for neutralization of HBVY in mice repopulated with
human hepatocyies. In some embodiments, adoptive transfer of PreS1 antibodies prevenied or
modulated HBY infection after a subsequent challenge in humanized mice.

HEMYTY  Insome embodiments, the nucleic acid or polypeptide compositions comprise
sequences, genes, or polypeptides of HBY, HDV, PreS1, or HDAg In some embodiments, the
PreS1 13 PreS1 A or PreSt B. In some embodiments, the HDAg 1s HDAg genotype 1 strain A
(1 A}, HDAg genotype 1 strain B (1 B), HDAg genotype 2 strain A (2 A), or HDAg genotype
2 strain B (2 B). In some embodiments, the compositions also comprise an autocatalytic
peptide cleavage site. In some embodiments, the autocatalytic peptide cleavage site is a PZA
autocatalytic peptide cleavage site. In some embodiments, the PreS1 and HDAg components
are grouped together in the compositions. In some embodiments, the PreS1 1s downstream or
immediately downstream of the HDAg sequence. Tn some embodiments, the PreS1 and HDAg
groups are separated by an autocatalytic peptide cleavage site. In some embodiments, the PreS1
and HDYAg groups are separated by a P2A autocatalytic peptide cleavage site,

{0081 In some embodiments, the nucleic acid compositions are a plasmid, virus,
bacteriophage, cosmid, fosmud, phagemud, bacterial artificial chromosome (BAC), yeast
artificial chromosome (YAC}, or human artificial chromosome (HAC). In some embodiments,
the nucleic acid compositions are cireolar or hinear. In some embodiments, the nucleic acid
compositions are produced in a biological sysiem, including but not limited to mammalian
cells, human cells, bacteria cells, I cofi, yeast, 8 cerevisiae, or other appropriate biological
syatem. In some embodiments, the HBV and/or HDV nucleic acids or genes are found o a
cassette that comprises elements needed to transcribe and translate the nucleic acids or genes
in a biological system.

{00091 In some embodiments, the polypeptide compositions are properly folded or
denatured. In some embodiments, the polypeptide compositions are produced in a bislogical
system, including but not limited to mammalan, bacteria, vyeast, insect, or cell-free

recombinant expression systems. In some embodiments, the polypeptide compositions are
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produced in mammalian, human, primary, immortalized, cancer, stem, fibrobiasts, human
embryonic kidney (HEK) 293, Chinese Hamster Ovary (CHQ), bactenal, Kscherichia coli,
veast, Succharomyces cerevisiae, Pichia pasioris, insect, Spodoptera frugiperda Sf9, or 8.
Srugiperda Sf21 cells, or in a cell-free system. In some embodiments, the polypeptide
compositions are purified using techniques known in the art, including but not limited to
extraction, freeze-thawing, homogenization, permeabilization, centrifugation, density gradient
centrifugation, ultracentrifugation, precipitation, SDS-PAGE, native PAGE, size exclusion
chromatography, liquid chromatography, gas chromatography, hydrophobic interaction
chromatography, ion exchange chromatography, anion exchange chromatography, cation
exchange chromatography, affinity chromatography, immunoaffinity chromatography, metal
binding chromatography, nickel column chromatography, epitope tag purification, or
lyophilization.

j0316]  In some embodiments, the nucleic acid or pelypeptide compositions are
administered to an animal, including but not limited to humans, mice, rats, rabbits, cats, dogs,
horses, cows, pigs, sheep, monkeys, primates, or chickens. In some embodiments, the nucleic
acid or polypeptide compositions are adminstered 1, 2,3, 4, 5,6, or 7 days, or 1,2, 3, 4, 5, 6,
7.8,9, 0or 10 weeks, or 1, 2,3,4,5,6,7, 8 9,10, 11, 12 months or any time within a range
defined by any two of the aforementioned times between each dose. In some embodiments, the
nucleic acid compositions are adnunistered before the polypeptide compositions are
admistered. In some embodiments, the polypeptide compositions are adminiatered before the
nucleic acid compositions.

{6011]  In some embodiments, the nucleic acid or polypeptide compositions are
admimistered i an amount of 1, 10, 100, 1000 ng, or 1, 10, 100, 200, 300, 400, 500, 600, 700,
800, 900, 1000 ug, or 1, 10, 100, or 1000 mg or any amount within a range defined by any two
of the aforementioned amounts. In some embodiments, the nucleic acid or polypeptide
compositions are administered with excipients. In some embodiments, the nucleic acid or
polypeptide compositions are administered with adjuvants. In some embodiments, the nucleic
acid compositions are administered with in vivo electroporation.

{31 Insome embodiments, the immunogenicity of the aucleic acid or polypeptide
compositions are assessed by measuring interferon gamma (IFNy) producing immune cells

using technigues known i the art, including ELISpot, measwring LgG antibody titer specific to
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HBY, HDV, HBV proteins, HBY nucleic acids, HDV proteins, HDV nucleic acids, PreSt, or
HDAg, or measuring the neutralization activity of sera or purified antibodies from immunized
animals in an in vitro or in vivo assay.

HIM3]  In some embodiments, the administration of the nucleic acid or polypeptide
compositions provide transient, lasting, or permanent protection against an HBV or HDV
mnfection. In some embodiments, the transient, lasting, or permanent protection against an HBY
or HDV infection 1s superior to other immumogenic compositions. In some embodiments, the
admunistration of the nucleic acid or polypeptide compositions is performed in conjunction
with an antiviral therapy. In some embodiments, the administration of the nucleic acid or
polypeptide compositions to provide transient, lasting, or permanent protection against an
HBV or HDV infection is effective in humans. In some embodiments, the nucleic acid or
polypeptide compositions are used as vaccines against HBY or HDV.

{0314]  Preferred aspects of the present invention related to the following numbered
alternatives:

[0GIST 10 An immunogenic composition or product cornbination comprising:

(a) a nucleic acid comprising at east one nucleic acid sequence encoding hepatitis D
antigen (HDAg) and at least one nucleic acid sequence encoding PreS1t; and

(b} a polypeptide comprising at least one HDAg polypeptide sequence and at least one
PreS1 polypeptide sequence.

0016] 20 The mmmunogenic composition or product combnation of alternative 1,
wherein the at least one nucleic acid sequence encoding HDAg comprises SEQG ID NG 1, SEG
D NO: 2, SEQ ID NO: 3 or SEQ ID NQ: 4, or any combmation thereof.

{371 3. The immunogenic composition or product combination of alternative 1
or 2, wherein the at least one nucleic acid sequence encoding PreS1 comprises SEQ IDNG: 9
or SEQ ID NO: 10 or both,

{001 4. The mmmunogenic composition or product combination of any one of
alternatives 1-3, wherein the nucleic acid s configured such that each HDAg nucleic acid
sequence s grouped with a PreS1 nucleic acid sequence, and wherein the PreS1 nucleic acid
sequence s immediately downstream of the HDAg nucleic acid sequence.

j00i51 5. The immunogenic composition or product combination of alternative 4,

further comprising at least one nucleic acid sequence encoding an autocatalyviic peptide
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cleavage site, wherein the grouped HDAg and PreS1 nucleic acid sequences are separated by
the at least one nucleic acid sequence encoding the avtocatalyiic peptide cleavage site.

{00201 6. The immunogenic composition or product combination of alternative 5,
wherein the at least one nucleic acid sequence encoding the autocatalyiic peptide cleavage site
comprises a nucleic acid sequence selected from the group consisting of porcine teschovirus-
1 ZA {P2A)}, foot-and-mouth disease virus 2A (F2A), equine rhinitis A virus (ERAV) ZA (BE2A)
and Thosea asigng virus ZA (T2A} nucleic acid, and wherein each encoded autocatalytic
peptide cleavage site may optionally include a GSG (glycine-serine-glycine) motif at us N-
terminus.

{3211 7. The immunogenic composition or product combination of alternative 3
or 6, wherein the at least one nucleic acid sequence encoding the autocatalytic peptide cleavage
stte comprises SEQ 1D NO: 13,

0331 8 The immunogenic composition or product combination of any one of
alternatives 1-7, wherein the nucletc acid 1s codon optimized for expression in a human.

06231 9 The vnununogenic composition or product combination of any one of
alternatives 1-8, wherein the nucleic acid comprises a sequence having at least 80%, 85%,
90%, 95%, 99%, or 100% homology to SEQ 1D NG: 15-24 or 35-36.

{60241 10, The mmmunogenic composition or product combination of any one of
alternatives 1-9, wherein the nucleic acid comprises a sequence having at least 80%, 85%,
0%, 5%, 99%, or 100% homology to SEQ ID NG 18, or SEQ 1D NG: 35-36.

{0351 11 The immunogenic composition or product combination of any one of
alternatives 1-10, wherein the at least one HD Ag polypeptide comprises SEQ ID NGO 5, SEQ
ID NQG: 6, SEQID NG: 7 or SEQ ID NO: & or any combmation thereof,

(00261 120 The immunogenic composition or product combination of any one of
alternatives 1-11, wherein the at least oune PreR1 polypeptide sequence comprises SEQ ID NOG:
11 or SEQ ID NG 12 or both

{0271 13, The immunogenic composition of product combination of any one of
alternatives 1-12, wherein the at least one PreS1 polypeptide sequence is downstream of the at

least one H}Ag polypeptide sequence.
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{0028} 14 The immunogenic composition or product combination of any one of
alternatives 1-13, wherein the polypeptide comprises a sequence having at least 80%, 85%,
0%, 95%, 99%, or 100% homology to the sequence of SEQ 1D NO: 25-34 or 37.

{81 15, The immunogenic composition or product combination of any of
alternatives 1-14, wherein the polypeptide comprises a sequence having at least 80%, 85%,
0%, 95%, 99%, or 100% homology to the sequence of SEQ 1D NG: 29, 31, 32, or 37.

{003¢] 16, The immunogenic composition or product combination of any one of
alternatives 1-15, wherein the polypeptide is recombinantly expressed.

{00311 17 The mmunogenic composiiton or product combination of alternative
16, wherein the polypeptide is recombinantly expressed in a mammalian, bacterial, yeast,
msect, or cell-free system.

{3321 18 The immunogenic composition or product combination of any one of
alternatives 1-17, further comprising an adjuvant.

{00331 19 The immunogenic composition or product combination of alternative
18, wherein the adjuvant is alum, Q8-21 or MF39, or any combination thereof,

{00341 20, The immunogenic composition or product combination of any one of
alternatives 1-19, wherein the nucleic acid comprises DNA.

{00337 21 The mmmunogenic composition or product combination of any one of
alternatives 1-20, wherein the nucleic acid is provided in a recombinant vector.

00387 220 A method of generating an immune response in a subject using the
mmunegenic compostiion or product combination set forth in any one of alternatives 1-21,
COMPrising;

administering to the subject at least one prime dose comprising the nucleic acid; and

administering to the subject at least one boost dose comprising the polypeptide.

{371 23, The method of alternative 22, wherein the at least one boost dose further
comprises an adpvant.

{038} 24, The method of aliernative 23, wherein the adjuvant 1s alom, GS-21, or
MF39, or any combination thereof,

{381 25, The method of any one of alternatives 22-24, wherein the at least one

boost dose is administered atleast 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 24, 36, or 48 days or weeks
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after the at least one prime dose 15 administered or within a range of time defined by any two
of the aforementioned time points e.g., within 1-48 days or 1-48 weeks,

{00407 26, Themethod of any one of alternatives 22-25, wherein the administration
is provided enterally, orally, intranasally, parenterally, subcutaneously, miramuscularly,
intradermally, or mtravenously or any combination thereof.

{HMED 27 The method of any one of alternatives 22-26, wherein the adminisiration
is performed in conjunction with an antivira! therapy.

{HHM2Y 28 The method of alternative 27, wherein the antiviral therapy comprises
administration of entecavir, tenofovir, lamivudine, adefovir, telbivudine, emuricitabine,
mterferon-¢, pegylated interferon-a, or mterferon alfa-2b, or any combination thereof.

(00431 29 An immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis D, comprising:

{00441 (a) a nucleic acid comprising at least one nucleic acid sequence encoding
hepatitis D antigen (HDAg) and at least one nucleic acid sequence encoding PreS1; and

(00431 (b) a polypeptide comprising at least one HDAg polypeptide sequence and at
least one PreS1 polypeptide sequence.

{60461 30, The unmunogenic cornposition or product combination for use in the
treatment of hepatitis B or hepatitis I of alternative 29, wherein the at least one nuclew acid
sequence encoding HDAg comprises SEQ ID NO: 1, SEQ ID NG: 2, SEQ ID NG: 3 or SEGQ
ID NQO: 4, or any combmation thereof

{0471 31, The immunogenic composition or product combination for use in the
freatment of hepatitis B or hepatitis I of alternative 29 or 30, wherein the at least one nucleic
acid sequence encoding PreS1 comprises SEQ 1D NO: 9 or SEQ 1D NO: 10 or both.

{00481 320 The immunogenic composition or prodoct combination for use in the
treatment of hepatitis B or hepatitis D of any one of alternatives 29-31, wherein the nucleic
acid 15 configured such that each HDAg nucleic acid sequence 1s grouped with a PreS1 nucleic
acid sequence, and wherein the PreS1 nucleic acid sequence 18 immediately downsiream of the
HIDAg nucleic acid sequence.

{HM9] 33, The immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis D of alternative 32, further comprising at least one nucleic

acid sequence encoding an autocatalytic peptide cleavage site, wherein the grouped HDAg and
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PreS1 nucleic acid sequences are separated by the at least one nucleic acid sequence encoding
the autocatalytic peptide cleavage site.

{00307 34 The immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis D of alternative 33, wherein the at least one nucleic acid
sequence encoding the autocatalyiic peptide cleavage site comprises a nucleic acid sequence
selected from the group consisting of porcine teschovirus-1 2A (P2A), foot-and-mouth disease
virus ZA (F2ZA), equine rhinitis A virus (ERAV) 2A (E2A) and Thosea asigna virus 2A {TZA)
nucleic acid, and wherein each encoded autocatalytic peptide cleavage site may optionally
mclude a GSG (glycine-serine-~glycine} motif at s N-terminus.

{31 35, The immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis I} of alternative 33 or 34, wherein the at least one nucleic
acid sequence encoding the autocatalviic peptide cleavage site comprises SEQ 1D NO: 13,

J00831 36, The immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis D of any one of alternatives 29-35, wherein the nucleic
acid 18 codon optimized for expression o a human.

{00531 37 The immunogenic composition or product combination for use in the
treatment or inhibition of hepatitis B or hepatitis D of any one of aliernatives 29-36, wherein
the nucleic acid comprises g sequence having at [east 80%, 85%, 90%, 95%, 99%, or 100%
homology to SEQ ID NO: 15-24 or 35-36,

00347 38 The immunogenic composttion or product combination for use in the
treatment of hepatitis B or hepatitis D of any one of alternatives 29-37, wheren the nucleic
acid comprises SEQ 1D NO: 18, or SEQ ID NO: 35-36,

{S] 39 The immunogenic composition or product combination for use in the
treatment of hepatitia B or hepatitis D of any one of alternatives 29-38, wherein the at least one
HDAg polypeptide comprises SEQ 1D NG: 5, SEQ 1D NO: 6, SEQ 1D NO: 7 or SEQ 1D NG:
8 or any combination thereof

{0861 40 The immunogenic composition of product combination for use in the
treatment of hepatitis B or hepatitis D of any one of alternatives 29-39, wherein the at least one

PreS1 polypeptide sequence comprises SEQ [D NO: 11 or SEQ 1D NO: 12 or both.

0.
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{60371 41, The immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis I3 of any one of alternatives 29-40, wherein the at least one
PreS1 polypeptide sequence is downsiream of the at least one HIDAg polypepiide sequence.

ISR 42, The immunogenic composition or product combination for use in the
treatment or inhibition of hepatitis B or hepatitis & of any one of alternatives 29-41, wherein
the polypeptide comprises a sequence having at least 80%, 85%, 90%, 95%, 99%, or 160%
homology to the sequence of SEQ 1D NO: 25-34 or 37.

{HHMSSY 43. The immunogenic compostition or product combination for use in the
treatment of hepatitis B or hepatitis I} of any of alternatives 29-42, wherein the polypeptide
comprises a sequence having at least 80%, 85%, 90%, 953%, 99%, or 100% homology to the
sequence of SEQ 1D NO: 29, 31, 32, or 37.

0] 44 The immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis D of any one of alternatives 29-43, wherein the polypeptide
is recombinantly expressed.

[00611 45 The mnumunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis D of alternative 44, wherein the polypeptide s
recombinantly expressed in a mammalian, bactenial, yeast, insect, or cell-free system.

{60621 46, The immunogenic composttion or product combination for use in the
treatment of hepatitis B ot hepatitis D of any one of alternatives 29-45, further comprising an
adjuvant.

{0631 47 The immunogenic composition or product combination for use in the
treatment of hepatitis B or hepatitis D of alternative 46, wheremn the adjuvant is alum, QS8-21
or MF59, or any combination thereof.

[0064] 48, The immunogenic composition or prodoct combination for use in the
treatment of hepatitis B or hepatitis D of any one of alternatives 29-47, wherein the nucleic
acid comprises BNA.

{0631 49, The immunogenic composition of product combination for use in the
treatment of hepatitis B or hepatitis D of any one of alternatives 29-48, wherein the nucleic

acid is provided in a recombinant vector.
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BRIEF DESCRIPTION OF THE BRAWINGS

{61 In addition to the features described above, additional features and variations
will be readily apparent from the following descriptions of the drawings and exemplary
embodiments. It is to be understood that these drawings depict typical embodiments and are
not intended to be limiting in scope.

{HRMTD FIGURES 1A-B depicts the nucleic acid or polypeptide constructs
comprising HBV and/or HDV antigens used herein. Ten constructs are provided, Delta-1 (A-
1, D1), Delta-2 (A-2, D2), Delta-3 {A-3, D3), Delta-4 (A-4, D4), Delta-5 {A-5, DS}, Delta-6
(A-6, D6), Delta-7 (A-7, D7), Delta-8 (A-8, D8}, Delta-9 (A-9, D9), and Delta-10 (A-10, D10}
(FIGURE 1A) Western blot confirms that the ten polypeptide constructs are properly
expressed (FIGURE 1B). GFP was used as a control for Western blot.

{MS] FIGURE 2 depicts the constructs used for the DNA prime/protein boost
composition approach. The DNA composition comprises the nucleic acid sequence of A-4, and
the protein composition comprises the polypeptide sequence of either A-7 or A-8 or a fusion
of A-7 and A-8.

{0069] FIGURES 3A-3E depict the quantification of juterferon gamma (IFNy)
forming spots per 10° cells on an ELISpot assay, which corresponds to T lymphocyte
activation, of a purified white blood cell population from sera derived from ruice unununized
with HBV/HDV DNA compositions in response to exposure to various HBY or HDV antigens.
Antigens include purified polypeptides comprising PreST A {(SEQ ID NO: 11), PreS1 A (SEQ
1B NG: 123, HDAg genotype | A (BEQ ID NO: 3, “HDAg gip 1A-pool 17 and “HDAg gtp
TA-pool 27}, HDAg genotype 1 B (SEQ ID NO: 6, “HDAg gtp 1B-pooi 37 and “HDAg gtp
1B-pool 473, HDAg genotype 2 A (SEQ ID NGt 7, “HDAg gtp 2C-pooi 57 and “HDAg gip
2C-pool 67y and HBDAg genotype 2 B (SEQ ID NO: 8, “HDAg gip 2B-pool 77 and “"HDAg
gip 2D-pool 87). Mice sacrificed 6 weeks after first immuanization and pooled splenocyies from
each group were stimudated for 48 hours with the HDV peptide pools 1-8 corresponding to
genotype 1 {pools 1-4) and genotype 2 {pools 5-8}. Pools 1 and 2 of genotype 1 refer to
sequence/isolate A while pools 3 and 4 correspond to sequence/isolate B. Similarly, pools 5
and & of genotype 2 refer to sequence/isolate € and pools 7 and 8 of genotype 2 refer to
sequence/isolate [ Fach pool contained 20 or 221 {for pools 1 and 5) 15-mer peptides with

10 aa overlap. Concanavalin A ("ConA”) was used as a posiiive control, and two ovalbumin

-11-



WO 2021/154752 PCT/US2021/015126

peptides (“OVA Th” and “OVA CTL”) and growth medium (“media”}) were used as negative
controls. Each peptide-stimulated group were run in tniplicates and bars show the mean number
of 1FNy spot forming cells (SFC) per 10° cells with standard error. A cut-off was set at 100
SFCs/10° splenocytes. Concentrations of the antigens are provided.

J0070T FIGURES 4A-4C depict the quantification of anti-PreS1 IgG antibody titer in
sera derived from mice immunized with HBY/HDVY DNA compositions. Constructs A-1 to A-
10 were tested for generation of Ig(G antibodies against PreS1A and PreS1B consensus
sequences in mice (3 mice per group). FIGURES 4A-48 cover reactivity against PreSt amino
acids 2-48. FIGURE 4C cover cross-reactivity against HBV (sub-} genotypes Al, A2, B, B2,
C, D1, Eland F.

{00711 FIGURES SA-3C depict the guantification of interferon gamma {(IFNy)
forming spots per 10° cells on an ELISpot assay of a purified white blood cell population from
sera derived from C57BL/6 or HLA-A2 transgenic HHD mice immunized with a A-4 DNA
composition, or naive C37BL/6 mice in response to exposure to various HBY or HDV antigens
or peptides. Antigens include purified polypeptides comprising PreS1 A (SEQ ID NO: 11),
PreS1 A (SEQ 1D NG: 12), a pool comprising HDAg genotypes 1 Aand 1T B (SEQ ID NO«:
S and &, “gip 1-pool 17, “gtp T-pool 27, “gip L-pool 37, “gtp 1-pool 47}, a pool comprising
HDAg genotypes 2 A and 2 B {SEQ 1D NQs: 7 and 8, “gtp 2-pool B1”, “gip 2-pool B2, “gip
2-pool B3,
KLEDDNPWL, KLEEENPWL, and FPWDILFPA (“pep-3-pool”), and mdividual HDAg

peptides KLEDDNPWL, KLEEENPWL, and FPWDILFPA. Concanavalin A ("ConA™) was

“otp Z-pool B4}, HDAg peptide fragment pools comprising peptides

used as a positive control, and two ovalbumin peptides ("OVA Th” and “OVA CTL”) and
growth medium (“media”} were used as negative countrols. Concentrations of the antigens are
provided.

{731 FIGURES 6A-6C depict the quaniification of anti-PreS1 IgG titer in New
Zealand white rabbits immunized with A-3 or A-4 DNA compositions. Serum from the rabbits
were collected and tested by ELISA against the PreSTA and PreS1B consensus peptides
(FIGURE 6B). The vaccinated rabbit anti-sera also tested for cross-reactivity to HBV {sub-}
genotypes Al, A2, B, B2 C, D1, El, and F (FIGURE 6C). Graph bars show the mean end anti-

PreS1 titers for each group determined as the end fast serum dilution giving an OD at 405 nm
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three times ligher than the OD of non-immunized sera at the same dilution. The sera was
titrated serially with six-fold dilutions starting at 1.60.

{00731 FIGURE 6D shows the percentage of reactivity of D-4 vaccinated rabbit
antisera against PreS1 of different HBYV (sub-} genotypes. Six weeks old D-4 vaccinated rabbit
antisera were tested for reactivity {at OD 405 nm) against HBY (sub-)} genotypes D1, F, A1,
) A2 B B2and E1 by ELISA. Using individual 20mer Pre81 peptides with ten aa overlap
corresponding to each HBV type of aa 2-21, 12-31, 22-41, and 32-48, neutralizing epitopes
mainly localized at aa 22-41 and 32-48 of genotype D1 as indicated by the highest percentage
of reactivity, followed by {sub-} types C, E1 and Al at the same aa region.

{4 FIGURES 7A-7C depict the quantification of interferon gamma (IFNy)
forming spots per 10° cells on an ELISpot assay of a purified white blood cell population from
sera derived from CS7BL/6 mice immunized with a A-4 DNA-only, A-7 protein-only, or A4
DNA/A-8 protein prime/boost composition. Antigens include purified polypeptides
comprising PreS1 A (SEQ 1D NO: 11), PreS1 A (SEQ 1B NG: 12), a pool comprising HDAg
genotypes T A and 1 B(SEQ D NOs: 8 and 6, “gip 1-pool 17, “gip 1-pool 27, “gtp 1-pool 37,
“gtp 1-pool 47), and a pool comprising HDAg genotypes 2 A and 2 B (SEQ 1D NOs: 7 and
8, “gtp Z-pool 57, “gtp 2-pool 67, “gip 2-pool 77, “uip Z-pool 87). Concanavalin A (“ConA”)
was used as a positive control, and two ovalbumin peptides (“OVA Th” and “OVA CTL”),
DMSQO, and growth medium ("media”) were used as negative controls. Concentrations of the
antigens are provided.

{0781 FIGURES 8A-8C depict the quantification of anti-Pre81 Ig(G titer in CS7BL/6
mice mmmunized with HBV/HDYV DNA-only, protem-only, or DNA prime/protein boost
compositions.

{6078] FIGURE 9 depicts the quantification of anti-PreS] IgG titer in rabbits
mmunized  with HBV/HDV DNA-only, protein-only, or DNA prime/protemn  boost
CoOmpositions,

{077 FIGURE 10A-10B depicts the protective effect against HBV infection at 1,
2,3, 4, 6 and 8 weeks after first inoculation, as determined based on the HBVY titers at each
time point. Each line indicates one individual mouse (FIGURE 10A). Two negative control
mice {grey lines) received non-tmmunized 1gG and three mice (red lines) received D4 PreSi

1. One mouse of the PreS1-IgG treated group died at week 4, thus only measurements on
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week 1, 2 and 3 are available for this mouse. There were no significant differences between
the groups with respect to serum levels of alanine transferase, asparagine transferase, alkaline
phosphatase, or bilirubin (FIGURE 10B).

TSR] FIGURE 11A-D depict the assessment of the B-7 and D-8 peptide mixture
(10 pg each for admunistration in mice) with different adruvants. Q8-21, MF39, and alum
adjuvants were tested. D-4 DNA compositions admimstered intramuscularly  with
electroporation was used as control. FIGURE 11A shows the dosing schedule and exemplary
end titers with the tested adjuvants. FIGURE 11B shows % reactivity i individual mice of
each condition assessed by ELISA. The x-axis (1, 3, 10, 30, 07} corresponds to 1D} numbers
of individual mice. FIGURE 11C shows IFNy activation of splenocytes by HBY PreS1 and
HDV antigen consensus peptides as assessed by ELISpot. FIGURE 11D shows end-point
PreS1 titers against PreS1A and PreS1B peptides.

{00751 FIGURE 12A-D depict a comparison of D-7 and D-8 peptide mixture only,
D-7+D-8 fusion peptide only, and D-4 DNA prime and D-7 and D-8 peptide mixture boost
compared to D-4 DNA only and naive controls. FIGURE 12ZA shows IFNy activation of
splenocytes by HBV PreSt and HDV antigen consensus peptides as assessed by ELISpot.
FIGURE 12B shows antibody levels aganst PreS1A assessed 2 weeks after the first round of
adounstration. FIGURE 12C shows autibody levels against PreS1A assessed 2 weeks after
the second round of admumstration. FIGURE 12D shows antibody levels against PreSiB
assessed 2 weeks after the second round of admmustration. The legends for FIGURES 12B-D

correspond to ID nambers of individaal mice.

DETAILED DESCRIPTION

[O0RGT  Despite preventative vaccines and antiviral therapies, chronic hepatitis B
virus (HBV) nfection currently affects over 250 mullion people across the globe. One mithion
chronic carriers die every vear due to hiver related comphications caused by HBV, such as hver
cirrhosis and eventually hepatocellular carcinoma (HUC) The hepatitis I virgs (HDV), an
RNA satellite virus to HBY that “steals” the surface antigen from HBY (HBsAg), co-infects
15-25 million of HBVY carriers globally and worsens disease pregression. Until now, there is
no effective functional cure for chronic HBV or HDV infection. The current standard of care

therapy for HBV consists of nucleoside analogues {(INAs) that inhibit the reverse transcriptase
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(RT} function of the HBY polymerase. This prevents viral maturation by blocking the synthesis
of the partially dsDNA inside the capsid. Thus, NAs only suppress the viral replication dusing
therapy. This is due to the fact that blocking of RT neither affects protein production (including
HBsAg) and release, nor synthesis of the covalently closed circular BDNA| the main cause for
HBV persistence. A life-long NA reduces, but does not eliminate, the risk of HCC. A schedule
of at least one-year pegylated interferon (IFN}-alpha is the cusrently recommended treatment
for chronic HDY,; however, sustained response rates are rare. Combination treatment with
pegylated IFN-alpha and NAs has been shown to have hmited efficacy against HDV and HBY.

{0081 HBV uses several strategies in order to evade the host immune response. The
chronic presence of HBVY proteins induces a T cell dvsfunction. HBY mnfected cells
overproduce sub-viral HBsAg particles mainly containing small HBsAg (SHBsAg) to block
the neutralizing antibody population directed to SHBsAg This ensures survival of viral
particles whose surface are denser with the middle HBsAg (MHBsAg; containing S and PreS2)
and large HBsAg (LHBsAg; containing S, PreS2 and PreS1) proteins. Importantly, the PreS1
domain is responsible for binding to the Na'-taurocholate co-transporting polypeptide (NTCP})
receptor for HBVY on hepatocytes. Thus, an obvious way to target infectious HBY particles and
prevent the infection of new hepatocytes would be to raise antibodies to the PreS1 domain of
the virus.

{0823]  As disclosed herein, to build an immunotherapy targeting both HBV and
HDV mfections to induce production of PreS1 antibodies and T cells specific for HBY and
HDV, chimeric genes contaming PreS1 and the large HDV antigen were generated in different
combinations {Figure 1A}, The advantage of linking PreS1 to HDAg is that HDAg will act as
a heterologous T cell epitope carrier in patients that are mono-infected by HBVY. Thus, these
HDAg-specific T cells support a sustained endogenous production of PreST antibodies that
block viral entry and bypass the need for HBV-specific T cells. In fact, >90% of HBV carriers
are mono-infected with HBY, and in these patients, the heterologous HBAg will prime healthy
naive T cells that support priming of HBV-specific responses. In addition, 1t 1s likely that the
HD Ag-specific T cells and PreS1 antibodies prevent HDV superinfection in these patients. To
induce both neutralizing antibodies and T cells, genetic immumization was used, as this sirategy
has shown t¢ activate immune response to HBV. Overall, this virus entry-blocking strategy

complements the maturation inhibitors and the capsid assembly inhibitors, currently under
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development, in order to achieve sustainable off-therapy responses against HBD and/or HDV
mfection.

{00831 Embodiments provided herein related to immunogenic compostiions or
product combinations of engineered hepatitis B (HBV) and hepatitis D (HDV} nucleic acids,
genes, peptides, or proteins that can be used to ilicit an immune response against an HBY or
HDV infection. The use of chimeric genes and chimeric proteins comprising HBY and HDV
nucleic acids, genes, peptides, or proteins has been characterized, for example, in WO
2017/132332, hereby expressly incorporated by reference in its entirety.

{0084} In the following detailed description, reference 15 made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The llustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without departing from the spirit or scope of
the subject matter presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described heremn, and illustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide variety of different configurations,
all of whuch are explicitly contemplated herem.

{0O83]  Unless defined otherwise, all techmcal and scientific termos used herein have
the same mearing as 15 commonly understood by one of ordinary skill 1o the art. All patents,
applications, published applications and other publications referenced herein are expressly
ncorporated by reference in their entiretics unless stated otherwise. In the event that there are
a plurality of definitions for a term heremn, those in this section prevail unless stated otherwise.

{{3s] The articles a7 and “an” are used herein to refer o one or to more than one
(for example, at least one} of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

{0ORTT  The terms “about” or “around” as used herem refer to a quantity, level, value,
number, frequency, percentage, dimension, size, amount, weight or length that varies by as
much as 30, 25, 20, 15, 10, 9,8, 7, 6, 5, 4, 3, 2 or 1% to a reference quantity, level, value,
number, frequency, percentage, dimension, size, amount, weight or length.

J00RY]  Throughout this specification, unless the context requires otherwise, the

words “comprise,” “comprises,” and “comprising” will be understood to 1mply the inclusion

-16-



WO 2021/154752 PCT/US2021/015126

of a stated step or element or group of steps or elements but not the exclusion of any other step
or element or group of steps or elements.

{00881 By “consisting of” is meant including, and limited to, whatever follows the
phrase “consisting of 7 Thus, the phrase “consisting of” indicates that the listed elements are

<

reguured or mandatory, and that no other elements may be present. By “consisting essentially
of” is meant including any elements listed atfter the phrase, and limited to other elements that
do not interfere with or contribute to the activity or action specified i the disclosure for the
listed elements. Thus, the phrase “consisting essentially of” indicates that the listed elements
are required or mandatory, but that other elements are optional and may or may not be present
depending upon whether or not they materially affect the activity or action of the listed
elements.

{{}8G]  The praciice of the present disclosure will employ, unless indicated
specifically to the contrary, conventional methods of molecular biology and recombinant DNA
techniques within the skill of the art, many of which are described below for the purpose of
dlustration. Such techniques are explained fully in the literature. See, e.g. , Sambrook, el al,
Molecular Clorung: A Laboratory Manual (3rd Edition, 2000); DNA Clowng: A Practical
Approach, vol 1 & 0 (D Glover, ed); Oligonucleotide Synthesis (N, Gait, ed, 1984);
Oligonucleotide Synthesis: Methods and Applications {(P. Herdewijn, ed., 2004); Nucleic Acid
Hybridization (B, Hames & 8. Higgins, eds., 1985); Nucleic Acid Hybnidization: Modern
Applications {Buzdim and Lukyanov, eds., 2009}, Transeription and Translation (B, Hames &
S. Higgins, eds., 1984); Amimal Cell Culture (R, Freshney, ed., 1986); Freshney, R1. (2005}
Cultare of Animal Cells, a Manual of Basic Technique, Sth Ed. Hoboken N, John Wiley &
Sons; B. Perbal, A Practical Guide to Molecular Cloning (3rd Edition 2010); Farrel], R, RNA
Methodologies: A Laboratory Guide for Isolation and Characterization (3rd Edition 2008},

{KM ] The term “purtty” of any given substance, compound, or material as used
heremn refers to the actual abundance of the substance, compound, or material relative to the
expected abundance. For example, the substance, compound, or material may be at least 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% pure, including ail decimals m between.
Purity may be affected by uvnwanted impunities, including but not limited to side products,
isomers, enaniiomers, degradation products, solvent, carrier, vehicle, or contaminants, or any

combination thereof Purity can be measured technologies including but not hmited to
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chromatography, liquid chromatography, gas chromatography, spectroscopy, UV-visible
spectrometry, infrared spectrometry, mass specirometry, nuclear magnetic resonance,
gravimetry, or titration, or any combination thereof.

{0921 The terms “function” and “functional” as used herein refer to a biclogical,
enzymatic, or therapeutic function.

{31 The phrases “effective amount” or “effective dose” as used herein refers to an
amount sufficient to achieve the desired result and accordingly will depend on the mgredient
and its desired result. Nonetheless, once the desired effect is known, determining the effective
amount 13 within the skill of a person skilled in the art.

{34]  In general, the “error bars” provided in the figures represent the standard error
of the mean value.

{83 “Formulation” and “composition” as used interchangeably herein are
equivalent terms referring to a composition of matter for administration to a subject.

{3861 The term “isolated” as used herein refers to material that is substantially or
essentially free from coroponents that normally accompany it in its native state. For example,
an “isolated cell,” as used heren, includes a cell that has been purified from the milieu or
organisms in its naturally occurring state, a cell that has been removed from a subject or from
a culture, for example, 1115 not significantly associated with i vivo or 1n vitro substances.

K871 The term “subject” as used herein has its ordinary meaning as understood n
hight of the specification and refers to an ammal that 13 the object of treatment, inhibition, or
amelioration, observation or experiment. “Anunal” has sts ordinary meaning as understood in
hight of the specification and includes cold- and warm-blooded vertebrates and/or invertebrates
such as fish, shellfish, or reptiles and, m particular, mammals. “Mammal” has its ordinary
meaning as understood in light of the specification, and ncludes but 1s not limited to mice,
rats, rabbiis, guinea pigs, dogs, cats, sheep, goats, cows, horses, primates, such as humang,
monkeys, chimpanzees, or apes. In some embodiments, the subject 1s human

(98] Some embodiments disclosed herein related to selecting a subject or patient
in need. In some embodiments, a patient i3 selected who s in need of treatment of a viral
mfection. In some embodiments, a patient 15 selected who has previously been treated for a
viral infection. In some embodiments, a patient is selected who has previously been treated for

being at risk of a viral infection. In some embodimenis, a patient is selected who has developed
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arecurrence of a viral infection. In some embodiments, a patient is selected who has developed
resistance to therapies for a viral infection. In some embodiments, a patient 15 selected who
may have any combmnation of the aforementioned selection criteria.

(98] The terms “ireating,” “ireatment,” “therapeutic,” or “therapy” as used herem
has its ordinary meaning as understood in light of the specification, and do not necessanly
mean total cure or abolition of the disease or condition. The term “treating” or “treatment” as
used herein (and as well understood in the art} also means an approach for obtaining beneficial
or desired results in a subject's condition, including clinical results. Beneficial or desired
clinical results can include, but are not limited to, alleviation or amelioration of one or more
symptoms or conditions, diminishment of the extent of a disease, stabilizing (1e, not
worsening) the state of disease, prevention of a disease's transmission or spread, delaying or
slowing of disease progression, amelioration or palliation of the disease state, diminishment of
the reoccurrence of disease, and remission, whether partial or total and whether detectable or
undetectable. “Treating” and “ireatment” as used herein also include prophylactic treatment.
Treatment methods comprise administering to a subject a therapeutically effective amount of
an active agent. The admunistering step may consist of a single administration or may comprise
a series of admunistrations. The compositions are administered to the subject in an amount and
for a duration sufficient to treat the patient. The length of the treatment period depends on a
variety of factors, such as the severnity of the condition, the age and genetic profile of the
patient, the concentration of active agent, the activity of the compositions used in the treatment,
or a combination thereof. It will also be appreciated that the effective dosage of an agent used
for the treatment or prophylaxis may increase or decrease over the course of a particular
treatment or prophylaxis regime. Changes 1n dosage may resuft and become apparent by
standard diagnostic assays known in the art. In some mstances, chrome administration may be
required.

{01607 The term “inhibit” as used herein has 1ts ordinary meaning as onderstood
light of the specification, and may refer to the reduction or prevention of a viral infection. The
reduction can be by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%, or an amount
that 1s within a range defined by any two of the aforementioned values. As used herein, the
term “delay” has its ordinary meaning as understood in hight of the specification, and refers to

a slowing, postponement, or deferment of an eveny, such as a viral infection, to a time which
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is later than would otherwise be expected. The delay can be a delay of 0%, 10%, 20%, 30%,
40%, S50%, 60%, 70%, 80%, 90%, 100%, or an amount within a range defined by any two of
the aforementioned values. The terms inhibit and delay may not necessanly indicate a 100%
inhibition or delay. A partial inhibition or delay may be realized.

{01611 The term “immunogenic composition” as used herein refers to a substance or
mixture of substances, including but not limited to antigens, epitopes, nucleic acids, peptides,
polvpeptides, protemns, polvsaccharides, lipids, haptens, toxoids, mactivated organisms, or
attenuated organisms, or any combination thereof, infended to elicit an immune response when
administered to a host. The nnmune response includes both an innate and adaptive immune
response, the latter of which establishes a lasting immunclogical memory through cells such
as memory T cells and memory B cells. The antibodies created during the initial immune
response to the immunogenic composition can be produced in subsequent challenges of the
same antigens, epitopes, nucleic acids, peptides, polypeptides, proteins, polysaccharides,
lipids, haptens, toxoids, inactivated organisms, or attenuated organisms, or a live organism or
pathogen that exhibits the antigens, epttopes, nucleic acids, peptides, polypeptides, proteins,
polysacchanides, lipids, haptens, or toxoids or any combination thereof. In this manner, the
mmunogenic composition may serve as a vaccine against a specific pathogen, Immunogenic
compositions may also include one or more adjuvants to stimulate the imomune response and
merease the efficacy of protective immmunity.

{61021 The term “product combination” as used herein refers to set of two or more
mdividual compounds, substances, materials, or composttions that can be used together for a
anified function. In some embodiments, a product combination comprises at least one nucleic
acid composition and at least one polypeptide composition that are used together to elicit an
mmune response when administered to a host, optionally o a greater degree than would be
elicited if only one composition type were to be administered.

{01031 The terms “nucleic acid” or “nucleic acid molecule” as used herein refers to
polynucleotides, such as deoxyribonucieic acid (DNA} or ribonucieic acid (RNA),
oligonuclectides, fragments generated by the polymerase chain reaction {(PCR), and fragments
generated by any of ligation, scission, endonuclease action, and exonuclease action. Nucleic
acid molecules can be composed of monomers that are naturally-occurring nucleotides (such

as DNA and RNA}, or analogs of naturally-occurring nucleotides {e.g., enantiomeric forms of
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naturally-occurring nucleotides), or a combination of both. Modified nuclectides can have
alterations in sugar moieties and/or in pyrimidine or purine base moteties. Sugar modifications
inciude, for example, replacement of one or more hydroxyl groups with halogens, alky! groups,
amines, and azido groups, or sugars can be functionalized as ethers or esters. Moreover, the
entire sugar moiety can be replaced with sterically and electronically similar structures, such
as aza-sugars and carbocyclic sugar analogs. Examples of modifications in a base moiety
inciude alkvlated purings and pyrimidines, acylated purines or pyrimidines, or other well-
known heterocychic substitutes. Nucleic acid monomers can be linked by phosphodiester bonds
or analogs of such linkages. Analogs of phosphodiester linkages include phosphorothioate,
phosphorodithicate, phosphoroselencate, phosphorediselencate, phosphorcanilothioate,
phosphoranilidate, or phosphoramidate. The term “nucleic acid molecule” also includes so-
called “peptide nucleic acids,” which comprise naturally-occurring or modified nucleic acid
bases attached to a polyamide backbone. Nucleic acids can be either single stranded or double
stranded. “Oligonucleciide” can be used mterchangeable with nucleic acid and can refer to
either double stranded or single stranded DNA or RNA. A nucleic acid or nucleic acids can be
contained in a nucleic acid vector or nucleic acid construct {e.g. plasmid, virus, bacteriophage,
cosmud, fosmid, phagenud, bacterial artificial chromosome (BAC), veast astificial
chromosome {(YAC), or human artificial chromosorme (HAC)) that can be used for
amplification and/or expression of the nucleic acid or nucleic acids n various biclogical
systems. Typically, the vector or construct will also contain elements including but not lumited
to promoters, enhancers, terminators, nducers, ribosome binding sites, translation nitiation
sttes, start codons, stop codons, polyadenylation signals, ongins of rephication, cloning siies,
multiple cloning sifes, restrichion enzyme sites, epitopes, reporter genes, selection markers,
antibiotic selection markers, targeting sequences, pepitde purification tags, or accessory genes,
or any combination thereof.

101841 A nucleic acid or nucleic acid molecule can comprise one or more sequences
encoding different peptides, polypeptides, or proteins. These one or more sequences can be
joined in the same nucleic acid or nucleic acid molecule adjacently, or with extra nucleic acids
in between, e.g. linkers, repeats or restriction enzyme sties, or any other sequence thatis 1, 2,
3,4,56,7,8 9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,

>~y

70, 75, 80, 85, 90, 95, 100, 150, 200, or 300 bases long, or any length 1n a range defined by
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any two of the aforementioned lengths. The term “downstream”™ on a nucleic acid as used
herein refers to a sequence being after the 3’-end of a previous sequence, on the strand
containing the encoding sequence (sense strand} if the nucleic acid 15 double siranded. The
term “upsiream” on a nucleic acid as used herein refers to a sequence being before the 57-end
of a subsequent sequence, on the strand containing the encoding sequence (sense strand) if the
nucleic acid is double stranded. The term “grouped” on a nucleic acid as used herein refers to
two or more sequences that occur in proxamity either directly or with extra nucleic acids in
between, e.p. linkers, repeats, or resiriction enzyme sites, or any other sequence thatis 1, 2, 3,
4,5.6,7,8 9,10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
7S, 80, 85, 90, 95, 100, 150, 200, or 300 bases long, or any length in a range defined by any
two of the aforementioned lengths, but generally not with a sequence in between that encodes
for a functioning or catalytic polypeptide, protein, or protein domain,

[0183]  The term “codon optimized” regarding a nucleic acid as used herein refers to
the substitution of codons of the nucleic acid to enhance or maximize translation in a hostof a
particular species without changing the polypeptide sequence based on species-specific codon
usage biases and relative availability of each aminoacyl-tRNA i the target cell cytoplasm.
Codon optimization and techniques to perform such optimization 13 known in the art. Programs
contarning algorithms for codon optimization are known to those skilled in the art. Programs
can include, for example, OptimumGene, GeneGPS® algorithms, etc. Additionally, synthetic
codon optimized sequences can be obtained commercially for example from Integrated BNA
Technologies and other commercially available DNA sequencing services. Those skilled in the
art will appreciate that gene expression levels are dependent on many factors, such as promoter
sequences and regulatory elemenis. As noted for most bacteria, small subsets of codons are
recognized by tRNA species leading to translational selection, which can be an important limat
on protein expression. In this aspect, many synthetic genes can be designed to increase their
protein expression level

{11361 Thenucleic acids described herein comprise nuclecbases. Primary, canonical,
natural, or unmodified bases are adenine, cyiosine, guanine, thymine, and wuracil. Other
nuclechases include but are not himited to purines, pyrimidines, modified nucleobases, 5-

methyleytosine, pseudowridine, dihydrouridine, inosine, 7-methylguanocsine, hypoxanthine,
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xanthine,  5,0-dihydrouract],  S-hydroxymethylcytosing,  S-bromouracil,  isoguanine,
isocytosine, aminoallyl bases, dve-labeled bases, fluorescent bases, or bigtin-labeled bases.

{01071 The terms “peptide”, “polypeptide”, and “protemn” as used herein refers to
macromolecules comprised of amino acids linked by peptide bonds. The numerous functions
of peptides, polypeptides, and proteins are known in the art, and include but are not limited to
enzymes, structure, transport, defense, hormones, or signaling. Peptides, polypeptides, and
proteins are often, but not always, produced biologically by a ribosomal complex using a
nucleic acid template, although chemical syntheses are alse avauable. By manipulating the
nucleic acid template, peptide, polypeptide, and protein mutations such as substitutions,
deletions, truncations, additions, duplications, or fusions of more than one peptide,
polypeptide, or protein can be performed. These fusions of more than one peptide, polypeptide,
or protein can be joined in the same molecule adjacently, or with extra amino acids in between,
e.g. linkers, repeats, epitopes, or tags, or any other sequence thatis 1,2, 3.4, 5, 6,7, 8, 9, 10,
11, 12,13, 14, 15, 16, 17, 18,19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, $0, 85, 90, 95,
100, 150, 200, or 300 bases long, or any length n a range defined by any two of the
aforementioned lengths.

{11381 In some embodiments, the nucleic acid or peptide sequences presented heremn
and used in the examples are functional in various biological systems including but not imited
{0 humans, mice, rabbits, £, ¢ofi, yeast, and mammalian cells. In other embodiments, nucleic
acid or peptide sequences sharing 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sirmilanity, or any percentage
within a range defined by any two of the aforementioned percentages similarity to the nucleic
acid or peplide sequences presented herein and used in the examples can also be used with no
effect on the function of the sequences m biological systems. As used heremn, the term
“sumilarity” refers to a nucleic acid or peptide sequence having the same overall order of
nucleotide or amino acids, respectively, as a template nucleie acid or peptide sequence with
specific changes such as substitutions, deletions, repetitions, or insertions within the sequence.
In some embodiments, two nucleic acid sequences sharing as low as 0%, 10%, 20%, 30%,
40%, 50%, 60%, T0%, 80%, 90%, O1%. 92%. 03%. O4%. 95%. 96%% 97%. 98%. or 99%
similarify can encode for the same polypeptide by comprising different codons that encode for

the same amino acid during translation.
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{01081 The term “recombinantly expressed” as used herein refers to the production
of proteins in optimized or adapted biological systems. These systems provide advantages over
protein expression i a nafural host, including but not limited to high expression
{overexpression), ease of purification, ease of transformation, inducibility, low cost, or stability
of the protein. In some embodiments, proteins are expressed in mammalian, bacteria, veast,
msect, or celi-free recombinant expression systems. Fach system has its own advantages or
disadvantages. For example, bacterial expression systems are highly optimized for
overexpression, but may cause misfolding or aggregation of the produced protein, yeast
systems are useful when post-transiational modifications are necessary, and insect and
mammalian systems are useful for proper RNA splicing that occurs in higher-order organisms.
In some embodiments, A-7, A-8, and other recombinant polypeptides are produced and purified
from mammalian, human, primary, immortalized, cancer, stem, fibroblasts, human embryonic
kidney (HEK) 293, Chinese Hamster Ovary (CHO), bactenial, Escherichia coli, yeast,
Saccharomyces cerevisiae, Pichia pastoris, msect, Spodoptera frugiperda 59, ot S, frugiperda
521 cells, or in a cell-free system. In some embodiments, expression genes, vectors, or
constructs are delivered to the recombinant expression systems in the form of plasnuds,
bacteriophages, viruses, adeno-associated viruses {AAVs), baculovirus, cosmids, fosmads,
phagemids, BACs, YACs, or HACs. For more discussion on recombinant expression systems,
see Gomes et al. “An Overview of Heterologous Expression Host Systems for the Production
of Recombinant Protems” {{2016) Adv. Anmm. Vet Sci 4(7):346-356}, hereby expressly
incorporated by reference in its entirety.

{0110} The term “HDAg” as used herein refers the hepatitis D antigen gene or
protein. A small {24 kDa) and farge (27 kDa, 213 anuno acids exchuding the start methionine}
isoform exist for HDAg and are translated from the same open reading frame on the HDV
genome. Peamunation of the adenosine in a UAG stop codon at codon 196 of the coding
sequence allows for translation to continue and produce the large isoform. Unless expressly
stated otherwise, the embodiments descnibed herein comprise the large soform of HDAg. In
some embodiments, the HDAg sequences comprise at least one of four different HDAg stramn
sequences. “HDAg genotype 1 A7, “HIDAg genotype 1 B”, “HIDAg genctype Z A”, or “"HiAg
genotype 2 B In some embodiments, the nucleic acid sequence encoding at least one HDAg

polypeptide comprises the nucleic acid sequence of HDAg genotype 1 A (SEQ D NO: 1),
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HIAg genotype 1 B (SEQ ID NG: 2), HDAg genotype 2 A (SE I NO: 3), or HDAg
genotype 2 B (SEQ 1B NQ: 4). In some embodiments, the polypeptide comprising at least one
g genotype | A (SEQ ID NG

8), HDAg genotype 1 B (SEQ 1D NO: 6), HDAg genotype 2 A (SEQ 1D NO: 7), or HDAg
genotype 2 B (SEQ D NOG: 8).

HIAg polypeptide comprises the polypeptide sequence of HDA.

{1111} Theterm “PreS17 as used herein refers to a segment of the N-terminal domain
on the large surface antigen of HBV (HBsAg). A 47 amino acid long PreS1 segment of the
108-119 amino acid long N-termunal domain of the large HBsAg is effective in eliciting an
immune response and generating high titer of anti-PreS1/anti-HBY antibedies in mammalian
models. In some embodiments, the PreS1 sequences comprise at least one of two different
PreS1 consensus sequences: “PreS1 A” and/or “PreS1 B”. In some embodiments, the nucleic
acid sequence encoding at least one PreS1 polypepiide comprises the nucleic acid sequence of
PreS1 A (SEQ ID NO: 9) or PreS1 B (SEQ I NO: 18) In some embodiments, the
polypeptide comprising at least one PreS1 polypeptide comprises the polypeptide sequence of
PreS1 A (SEQ ID NO: 11) or PreS1 B (SEQ ID NO: 12).

{6112} Insome embodiments, the PreST A and PreS1 B consensus sequences of HBY
are obtamed or derived from sequence similarity of PreS1 in known genotypes of HBV. There
are ten known or prevalent HBV genotypes (genotypes A, B, C, D E F, G, H 1, and 1)
exhibiting up to or about 8% nucleotide differences i genomic sequence. Of these, there are
additional sub-genotypes exhibiting up to or about 4%-8% nucleotide differences mn genomic
sequence. Sub-genotypes of HBY include but are not imited to A1, A2, A3, A4, AS, A6, A7,
B2, B3, B4, BS, B6, BT, BO, 1, €2, €3, C4, €3, 6, 7, €8, €9, C10, D1, D2, D3, D4, D3,
D6, D7, F1, F2, F2a, F3, or F4 For more discussion on HBY genotypes, see Sunbul “Hepatitis
B wvirus genotypes: Global distnibution and climcal fmoportance” ((2014) World, ]
Gastroenterology. 20(183:5427-5434, hereby expressly incorporated by reference in its
entirety.

{113} Theterms “autocatalviic peptide cleavage site” or “ZA peptide” as used herein
refer to a peptide sequence that undergo cleavage of a peptide bond between two constituent
aming acids, resulting in separation of the two proteins that flank the sequence. The cleavage
is believed to be a result of a ribosomal “skipping” of the peptide bond formation between the

{-terminal proline and glycine in the 2A peptide sequence. Four autocataiviic peptide cleavage
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site sequences identified to date have seen substantial use in biomedical research:  foot-and-
mouth disease virus ZA (FZA}); equine rhinitis A virus (ERAVY 2A (EZA); porcine teschovirus-
1 2ZA (P2A), and Thosea asigna virus 2A (TZA). In some embodiments, the P2A autocatalytic
peptide cleavage site nucleic acid (SEQ ID NO: 13) and polypeptide (SEQ 1D NG: 14)
sequences are used.

{1114} The term “HBeAg” as used herein refers to an HBY antigen protein found
between the nucleocapsid core and lipid envelope of the virus. HBeAg produced 10 a host is
secreted into the blood serum and is a good marker for an active HBV infection. Quantification
of in vitro HBeAg secretion in a cell culture model can be used to assess effect of biological
or pharmaceutical compounds or compositions on HBY infectivity.

{01151 The term “excipient” has ifs ordinary meaning as understood in light of the
specification, and refers to other substances, compounds, or materials found in an
immunogenic composition or vaccine. Excipients with desirable properties include but are not
limited to preservatives, adjuvants, stabilizers, solvents, buffers, diluents, solubilizing agents,
detergents, surfactants, chelating agents, antioxidants, alcohols, ketones, aldebydes,
ethyienediarnmetetraacetic acid (EDTA), curnc acd, salts, sodium chlorde, sodum
bicarbonate, sodium phosphate, sodium borate, sodium citrate, potassium chloride, potassium
phosphate, magnesium sulfate sugars, dextrose, fructose, mannose, lactose, galactose, sucrose,
sorbitol, cellulose, serum, amuno acids, polysorhate 20, polysorbate 80, sodium deoxycholate,
sodiom tawrodeoxycholate, magnesium stearate, octyiphenol ethoxylate, benzethoniom
chloride, thimerosal, gelatin, esters, ethers, 2-phenoxyethanol, urea, or vitaming, or any
combination thereof Some excipients may be in residual amounts or contaminants from the
process of manufacturing the immunogenic composition or vaceimne, including but not hmited
o serum, albumim, ovalbumin, antibiotics, mactivating agents, formaldehyde, glutaraldehyde,
B~propiolactone, gelatin, cell debns, nucleic acids, peptides, amine acids, or growth medium
components or any combination thereof. The amount of the excipient may be found m an
IMMUNeEEnic composition or vaceine at a percentage of 0%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%,
0.6%, 0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%, 100% w/w or any percentage by weight in a range defined by any

two of the aforementioned numbers.
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{0118} The term “adjuvant” as used heremn refers to a substance, compound, or
material that stimulates the immune response and increase the efficacy of protective immumty
and 1s administered in conjunction with the immunogenic antigen, epitope, of composition.
Adjuvants serve to improve immune responses by enabling a continual release of antigen, up-
regulation of cyiokines and chemokines, celiular recruitment at the site of admunisiration,
increased antigen uptake and presentation in anfigen presenting cells, or activation of antigen
presenting cells and inflammasomes. Commonly used adjuvants include but are not limited to
alum, aluminum salts, aluminum sulfate, aluminum hydroxide, aluminum phosphate, calcium
phosphate hydroxide, potassium aluminum sulfate, oils, mineral oil, paraffin oil, otl-in-water
emulsions, detergents, MF539®, squalene, ASO3, o-tocopherol, polysorbate 80, AS04,
monophosphory! hipid A, virosomes, nucleic acids, polyinosinic:polyeytidylic acid, saponins,
0S-21, woteins, flagellin, cvtokines, chemokines, IL-1, IL-2, IL-12, IL-15, IL-21,
imidazoquinolines, CpG oligonucleotides, lipids, phospholipids, dioleoyi phosphatidylcholine
{DOPC), trehalose dimycolate, pepiidoglveans, bacterial extracts, lipopolysaccharides, or
Freund’s Adjuvant, or any combination thereof.

{6117 The terms “prime” and “boost” as used herein related to separate
mmmunogenic compositions used in a heterclogous prime-boost immunization approach.
Iromunizations or vaccines commonly requite more than one admuustration of an
mnmunogenic composition to induce a successful immunity against a target pathogen in a host.
Compared to this homologous approach where the same composiion s provided for all
admuimstrations, a heterologous prime-boost administration may be more effective
establishing robust immunity with greater antibody levels and muproved cleaning or resistance
against some pathogens such as HBY or HDV. In a heterologous prime-boost administration,
at least one prime dose comprising one type of mmunogenic composition 1s first provided.
After the at least one prime dose 15 provided, at least one boost dose comprising another type
of immunogenic composition 1s then provided. Administration of the at least one boost dose s

7,8, 9, 10, 11, 12, 24, 36, or 48 days or weeks after the at

E]

performed at feast 1, 2, 3,4, 5,6
least one prime dose 13 administered or within a range of tme defined by any two of the
aforementioned time points e.g., within 1-48 days or 1-48 weeks. In some embodiments, the
prime dose comprises a nucleic acid {(e.g. DNA or RNA} that encodes for one of more antigens

or epitopes, and the boost dose comprises a polypeptide that comprises one or more antigens
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or epitopes. In the host, the nueleic acid prime 13 translated 7w vive to elicit an immune reaction
and causes a greater response against the subsequent polypeptide boost. In some embodiments,
the nucleic acid prime comprises sequences that encodes for at least one HDAg polypeptide,
at least one PreS1 peptide, and at least one autocatalyiic peptide cleavage site. In some
embodiments, the polypeptide boost comprises at least one HDAg polypeptide and at least one
PreS1 polypeptide.

{0118} In some embodiments, adminisiration of the nucleic acid prime and
polypeptide boost comprising HBY and HDV components in an experimental organism results
in greater anti-HDAg, anti-PreS1, anti-HBV, or anti-HDV antibody titer ata ratioof 1,2, 3, 4,
5.6, 7,8 9,10, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 5000, 10000,
100000, or 1000000 or any ratio within a range defined by any two of the aforementioned
ratios compared to nucleic acid-only or polypeptide-only immunized, or unimmunized control
organisms, quantified by techniques known in the art such as ELISA. In some embodiments,
administration of the nucleic acid prime and polypeptide boost comprising HBY and HDV
components m an expetimental organism results in serurn that neutralizes HBY or HDV
wfectivity in vitro more effectively and reduces the incidence of infection to a ratio of 0.00001,
0.00005, 0.0001, 0.0003, 0.001, 0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,
0.2,03,04,05 06,07, 08,09, or 1.0 or any ratio within a range defined by any two of the
aforementioned ratios compared to sera from nucleic acid-only or polypeptide-only
mmunized, or unmmmunized control organisms. In some embodiments, administration of the
nucleic acid prime and polypeptide boost comprising HBV and HDV components in an
experimental organism results in a greater number of interferon gamma (IFNvy)-positive cells
{e.g Teellsyataratioof 1,2, 3,4, 5,6,7, 8 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110,
120, 130, 140, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900,
950, 1000, 5000, or 10000, or any ratio within a range defined by any two of the
aforementioned ratios compared to nucleic acid-only or polypeptide-only immunized, or
ummmumized control organisms.

{01191 In some embodiments, the immunogenic compositions or product
combinations are administered with an adjuvant In some embodiments, the immunogenic
compositions of product combinations are adnunistered enterally, orally, intranasally,

parenterally, subcutanecusly, mtramuscularly, intradermally, or intravenously or any
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combination thereof. In some embodiments, the immunogenic compositions or product
combinations are administered in conjunction with an antiviral therapy compound known to
have an effect against HBY or HDV, mncluding but not limited to entecavir, tenofovir,
lamivudine, adefovir, telbivadine, emtricitabine, interferon-o, pegvlated interferon-a, or
interferon alfa-2b, or any combination thereof.

{2 The terms “in vive eleciroporation”, “electroporation”, and “EP” as used
herein refers to the delivery of genes, nucleic acids, DNA, RNA, proteins, or vectors into cells
of living fissues or organisms using electrical currents using technigues known 1o the art,
Electroporation can be used as an alternative to other methods of gene transfer such as viruses
{(transduction), lipofection, gene gun (biolistics), microinjection, vesicle fusion, or chemical
transformation. Electroporation himits the risk of immunogenicity and detrimental integration
or mutagenesis of the cell genome DNA vectors such as plasmuds are able 10 access the cell
nucleus, enabling transcription and translation of constituent genes. In some embodiments, the
genes, nucleic acids, DNA, RNA, proteins, or vectors are added 1o the target tissue or orgamsm
by subcutaneous, mtramuscular, or intradermal injection. An electroporator then delivers short
electrical pulses via electrodes placed within or proximal to the injected sample. As used
herein, the term “1/EP” refers to in vivo electroporation of a sarmple dehvered intramuscularly
"oy

{1121} The term “uPA™-SCID” as used herein refers to an immunodeficient mouse
model used for studying Hver diseases including hepatitis viral mfections. These mice are
homozygous for Pridc™, causing deficiencies i fanctional T and B lymphocytes.
Overexpression of wrckinase-type plasminogen activator (uPA) also causes severe liver
cytotoxicity and hepatic nsofficiency during development. Subsequent transplantation and
engrafiment of human biver tissue to these mice results m a model 1deal for studying hepatic
illnesses of humans. For more discussion on uPA™"-SCID mice, see Meuleman et al. “The
human liver-uPA-SCID mouse: A model for the evaluation of antiviral compounds against
HBYV and HCV” ({2008} Antiviral Research 80(3}:231-238}, hereby expressly incorporated by
reference in its entirety.

{11231 The term "% w/w” or “% wi/wt” as used herein has 1ts ordinary meaning as
understood in light of the specification and refers 10 a percentage expressed in terms of the

weight of the mgredient or agent over the total weight of the composition multiplied by 100,
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The term “% v/v"7 or “% vol/vol” as used herein has its ordinary meaning as understood in the
light of the specification and refers 1o a percentage expressed in terms of the hiquid volume of
the compound, substance, ingredient, or agent over the total hiquid volume of the composition
multiplied by 100,

{01231  The invention is generally disclosed herein using affirmative language to
describe the numerous embodiments. The invention also includes embodiments in which
subject matter is excluded, in full or 1 part, such as substances or materials, method steps and

conditions, protocols, or procedures.

Immunocenic compositions and product combinations

{1124]  Dasclosed herein are immunogenic composttions or product combinations. {n
some embodiments, these immunogenic compositions or product combinations are intended to
induce an immunogenic response against a particular antigen. In some embodiments, the
immunogenic compositions or product combinations comprise {a) a nucleic acid comprising
at least one nucleic acid sequence encoding hepatitis D antigen {HD Ag) and at least one nucleic
acid sequence encoding PreS1; and (b) a polypeptide comprising at least one HDAg
polvpeptide sequence and at least one PreS1 polypeptide sequence. In some embodiments, the
at least one nucleie acid sequence encoding HDAg comprises SEQ ID NO: 1, SEQ 1D NO: 2,
SEQ ID NO: 3 or SEQ ID NO: 4, or any combination thereof. In some embodiments, the at
least one nucleic acid sequence encoding PreST comprises SEQ ID NO: 9 or SEQ ID NO: 10
or both. In some embodiments, the nucleic acid 15 configured such that each HDAg nucleic
acid sequence 1s grouped with a PreST nucleic acid sequence, and wherein the PreS1 nucleic
acid sequence is immediately downstream of the HDAg nucleic acid sequence. In some
embodiments, the immunogenic compositions or product combinations further comprise at
least one nucleic acid sequence encoding an autocatalytic peptide cleavage site, wherem the
grouped HDAg and PreS1 nucleic acid sequences are separated by the at least one nucleic acid
sequence encoding the avtocatalytic peptide cleavage site. In some embodiments, the at least
one nucleic acid sequence encoding the autocatalytic peptide cleavage site comprises a nucleic
acid sequence selected from the group consisting of porcine teschovirus-1 2A (P2A), foot-and-
mouth disease virus 2ZA (F2A), equine thinitis A virus (ERAV) ZA (E2ZA) and Thosea asigna
virus 2A (T2A) nucleic acid, and wherein each encoded autocatalvtic peptide cleavage site

may optionally include a GSG {glycine-sernine-glvcine) motif at its N-terminus. In some
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embodiments, the at least one nucleic acid sequence encoding the autocatalvtic peptide
cleavage site comprises SEQ ID NO: 13, In some embodiments, the nucleic acid is codon
optimized for expression in & human. In some embodiments, the nucleic acid comprises a
sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to SEQ ID NO: 13-
24 or 35-36. In some embodiments, the nucleic acid comprises a sequence having at least 80%,
85%, 90%%, 95%, 99%, or 100% homology to SEQ 1D NG 18, or SEQ ID NO: 35-36. In some
embodiments, the at least one HDAg polypeptide comprises SEQ 1D NGO 5, SEQ 1D NO: ¢,
SEQ ID NO: 7 or SEQ 1D NO: 8 or any combination thereof. In some embodiments, the at
least one PreS1 polypeptide sequence comprises SEQ 1D NO: 11 or SEQ 1D NO: 12 or both,
in some embodiments, the at least one PreS1 polypeptide sequence is downstream of the at
least one HDAg polypeptide sequence. In some embodiments, the polypeptide comprises a
sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to the sequence of
SEQ ID NO: 25-34 or 37, In some embodiments, the polypeptide comprises a sequence having
at least 80%, 83%, 90%, 95%, 99%, or 100% homology to the sequence of SEG I NO: 29,
31, 32, or 37 In some embodiments, the polypeptide 1s recombinantly expressed. In some
embodiments, the polypeptide 15 recombinantly expressed in a mammalian, bacterial, veast,
msect, or cell-free systern. In some embodiments, the immunogenic compositions or product
combmnations further comprise an adjuvant. In some ernbodiments, the adjuvant 1s alum, QS-
21 or MF59, or any combination thereof. In some embodiments, the nucleic acid comprises
DNA. In some embodiments, the nucleic acid 18 provided in a tecombinant vector,

{1351 Also disclosed herein are methods of generating an immune response in a
sabject using an immunogenic composition or product combination. In some embodiments,
the immunogenic composition or product combination 1s any one of the immunogenic
composiiions or product combinations disclosed heremn. In some embodiments, the methods
comprises administering to the subject at least one prime dose comprising the nucleic acid; and
adminstering to the subject at least one boost dose comprising the polypeptide. In some
embodiments, the at least ong boost dose further comprises an adjuvant. In some embodiments,
the adjuvant is alum, QS-21, or MF39, or any combination thereof. In some embodiments, the
at least one boost dose is administered at least 1,2, 3, 4,5, 6,7 8,9, 10, 11, 12, 24, 36, or 48
davs or weeks after the at least one prime dose 1s administered or within a range of time defined

by any two of the aforementioned time points e.g., within 1-48 days or 1-48 weeks. In some
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embodiments, the admunisiration 1s provided enterally, orally, intranasally, parenterally,
subcutanesusly, intramuscularly, intradermally, or intravenously or any combination thereof.
in some embodiments, the administration is performed in conjunction with an antiviral therapy.
in some embodiments, the antiviral therapy comprises adminisiration of entecavir, tenofovir,
lamivudine, adefovir, telbivudine, emtricttabine, interferon-o, pegylated interferon-g, or
mterferon alfa-2b, or any combination thereof.

{0128]  Also disclosed herein are 1mmunogenic compositions of product
combinations for use in the treatment or inhibition of hepatitis B or hepatitis D, In some
embodiments, the immunogenic compositions or product combinations are any one of the
immunoegenic compositions or product combinations disclosed herein. 1n some embodiments,
the mmmunogenic compositions or product combinations comprise {(a) & nucleic acid
comprising at least one nucleic acid sequence encoding hepatitis D antigen (HDAg), and at
least one nucleic acid sequence encoding PreS1; and (b} a polypeptide comprising at least one
HDAg polypeptide sequence and at least one PreS1 polypeptide sequence. In some
embodiments, the at least one nucleic acid sequence encoding HDAg comprises SEQ 1D NG:
I, SEQ ID NO: 2, SEQ 1D NG: 3 or SEQ ID NO: 4. In some embodiments, the at least one
nucleie acid sequence encoding PreS1 comprises SEQ 1D NO: 9 or SEQ 1D NO: 10 or both.
In some embodiments, the nucleic acid 13 configured such that each HDAg nucleic acid
sequence 15 grouped with a PreS1 nucleic acid sequence, and wherein the PreS1 nucleic acid
sequence 15 immediately downstream of the HDAg nucleic acid sequence In some
embodiments, the immunogenic compositions or product combinations further comprise at
least one nucleic acid sequence encoding an autocatalytic peptide cleavage site, wherem the
grouped HBAg and PreS1 nucleic acid sequences are separated by the at least one nucleic acid
sequence encoding the autocatalytic peptide cleavage site. In some embodiments, the at least
one nucleic acid sequence encoding the autocatalytic peptide cleavage site comprises a nucleic
acid sequence selected from the sroup consisting of porcine teschovirus-1 2A (P2ZA), foot-and-
mouth disease virus 2A {(F2A), equine rhinitis A virus (ERAV) ZA (E2A) and Thosea asigna
virus 2A (T2A) nucleic acid, and wherein each encoded autocatalyvtic peptide cleavage site
may optionally include a GSG {glycine-senne-glveine) motif at its N-terminus, In some
embodiments, the at least one nucleic acid sequence encoding the autocatalvtic peptide

cleavage site comprises SEQ ID NO: 13, In some embodiments, the nucleic acid is codon

-3



WO 2021/154752 PCT/US2021/015126

optimized for expression in a human. In some embodiments, the nucleic acid comprises a
sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to SEQ ID NO: 15-
24 or 35-36. In some embodiments, the nucleic acid comprises a sequence having at least 80%,
85%, 90%, 95%, 99%, or 100% homology to SEQ 1D NO: 18, or SEQ ID NO: 35-36. In some
embodiments, the at least one HDAg polypeptide comprises SEQ 1D NG 5, SEQ 1D NO: ¢,
SEQ ID NO: 7 or SEQ 1D NO: 8 or any combination thereof. In some embodiments, the at
least one PreS1 polypeptide sequence comprises SEQ 1D NO: 11 or 8EQ 1D NO: 12 or both.
in some embodiments, the at least one PreS1 polypeptide sequence is downstream of the at
least one HDAg polypeptide sequence. In some embodiments, the polypeptide comprises a
sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to the sequence of
SEQ D NO: 25-34 or 37 1n some embodiments, the polypeptide comprises a sequence having
at least 80%, 83%, 90%, 95%, 99%, or 100% homology to the sequence of SEQ 1D NO: 29,
31, 32, or 37. In some embodiments, the polypeptide is recombinantly expressed. In some
embodiments, the polypeptide 15 recombinantly expressed in a mammalian, bacterial, yeast,
msect, or cell-free systern. In some embodiments, the immunogenic compositions or product
combnations further comprise an adjuvant. In some ermnbodiments, the adjuvant 1s alum, QS-
21, or MF39, or any combination thereof. In some emboduments, the nucleic acid comprises

DNA. In some embodiments, the nucleic acid 8 provided 1n a tecombinant vector,

EXAMPLES
{11371 Some aspects of the embodiments discussed above are disclosed in further
detail in the following examples, which are not in any way intended to limit the scope of the
present disclosure. Those in the art will appreciate that many other embodiments also fall

within the scope of the invention, as it 13 described herein above and in the claims.

Example 1. Methodology

Animals
{012¥} Female C357BL/G (H-.?;b} mice were obfained from Charles River

Laboratories. Human leukocyte antigen A2 (HLA-A2} transgemic HHD mice were bred

inhouse. All mice were 8-10 weeks old at the start of the experiments and maintained under
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standard conditions. oPA" -SCID mice with humamzed liver were produced and maintained.

New Zealand White rabbits were purchased from commercial vendors.

DINA Plasmids

{01291 Plasmids encoding for genotypes 1 and 2 of the L-HDAg and the PreSt
domain {aa 2-48} of the HBsAg, were used in this study as fusion constructs, optionally cleaved
by a P2A, consisting of different combinations of HBDAg/PreSt sequences. The HDAg
sequences of genotypes 1 and 2 obtained from four different clinical isolates; US-2 and (B,
and 7/18/83 and TW2476, respectively. All genes were cloned into the pVAX1 backbone
(Invitrogen, Carlsbad, CA) using restriction sttes EcoR | and Hindlii. Plasmids were grown in
TOP10 & coli cells (Life Technologies, Carlsbad, CA) and purified for in vivo injections using
Qiagen Endofree DNA purification kit ((Biagen GmbH) following manufacturer’s instructions.
The correct gene size was confirmed by restriction enzyme digests using HcoR 1 and Hindil}

(Fast Digest, Thermo Fisher Scientific).

Western Blot

G136 Western Blot was essentially performed as generally known tn the art. Hela
cells were transfected with each pVAX1 D1-D10 DNA plasnuds and pVAX1T with the reporter
gene GFP as control, using Lipofectamine® 3000 Transfection Reagent (Thermo Fisher
Scientificy. For protein detection, serum from the D4 vaccinated rabbit diluted 11000 (primary
antibody} and goat anti-Rabbit Immunoglobuling HRP 0.25g/L (DAKO) diluted 1:4000
{secondary antibody} used. For Chemilominescence detection, Pierce T™M ECL Plus Western

Blotting Subatrate was used and images were collected with Gel Doc XR+ System (Biorad).

Peptides
{131] A iotal of 168 HDAg 15-mer peptides with 10 aa overlap were purchased

from Sigma-Aldrich (8t Lowis, MO). The 168 peptides were divided in & pools each containing
20 or 21 peptides. Four pools correspond to genotype 1 {pool 1121, pool 222.42, pool 343.63

and pool 4a4-84) and four pools correspond to genotype 2 {pool 11-21, pool 222-42, pool 343-
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63 and pool 464-84) for sequences A, B, C and P with each sequence referring to each chinical
isolate.

{1321 Two consensus sequences of the PreS1 HBsAg (PreS1A and PreSiB}
consisting of 47 aa and 20-mer PreS1 peptides with 10 aa overlap for HBY (sub-) genotypes
Al, A2, B, B2, C, Di, El and F were purchased from Sigme-Aldrich (8¢ Lows, MO). All
peptides have passed QC (Sigma-Aldrich PEPscreen® Directory) and have purity >70%. OVA
257264 CTL (SIINFEKL (SEQ ID NO: 389 and OVA 323339 Th
(ISCAVHAAHAEINEAGR (REQ 1D NG: 39)) ovalbumin peptides were used as negative
peptide controls while Concanavalin A {ConA) purchased from Sigma Aldrich (St Lows, M}

was used as positive control at final concentration of 0. Sug/ul.

Immunization_protocols for evaluating gumunogenicity of HBV/HDYV plasmids in mice and

rabbits

{61331 To evaluate the immunogenicity of the constructs in vivo, mice and rabbits
were immunized essentially as described boosted at monthly mtervals and sacrificed two
weeks later for spleens and blood collection. In bnef, female CSTBL/6 mice (five per group)
were immuonized intramuseularly (1m.} in the tibialis cramalis anterior {TA) muscle with 50
ug plasmid DNA in a volume of 50 pl. in sterile PBS by regular needle (27G) mjection
followed by in vivo electroporation (EP) using the Cliniporator2 device (JGEA, Carps, Haly).
During in vivo electroporation, a 1 s 600 Viem pulse followed by a 400 ms 60 Viem pulse
pattern was used to facilitate better uptake of the DNA. Prior to vaccine injections, mice werg
given analgesic and kept under isoflurane anesthesia during the vaccinations. For studies in
rabbits, two New Zealand White rabbits per group were immunized with 300ug D3 and D4
DNA vaccines. Vaccines were administered by 1.m. injection in 300ulL sterile PBS to the right

TA muscle followed by in vivo EP.

Detection of IFNv producing T cells by Enzyme-Linked Inumunospot Assay (ELISpor)

{0134]  Two weeks after last vaccination, splenocvtes from each immunized group of
mice pooled {five mice/group) and tested for their ability to induce HBV/HDV-specific T cells
based on IFN-y secretion after peptide stimulation for 48h as known in the art using a

commercially available ELISpot assay {Mabtech, Nacka Strand, Sweden).
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Antibody detection by £LISA

{01351 Detection of mouse and rabbit Ig(s against PreS1 consensus and overlapping
20mer- peptides {10ug/ml) was performed using protocols known in the art. Antibody titers
determined as endpoint serom dilutions at which the OD value at 405 nm 15 at least twice the

OD of the negative control {non-tmmunized or control anmimal serum) at the same dilution.

HBV neutralization assay in human-fiver uPA-SCID mouse mode!

{01361 HepGR-NTCP-A3 is a selected cell clone derived from the HepG2 cell
expressing human NTCP as described previously. it was cultivated m DMEM medium
supplemented with 10% fetal calf serum, 2 mM I-glutamine, 50 U/mL penicillin, and 50 pg/mb
streptomycin. During and after inoculation, 2.5% DMSO was added to the medium to enhance
HBV mfection and replication. HBV wvirgs stock used for infection was prepared from
HepAD38 cells by PEG precipitation as described. Cell culture medium between day 3-6 post
infection were collected and diluted 1:5 with PBS for ELISA analysis of HBeAg quantification

using commercial antibodigs.

Statistical analysis

{31371 Data was analyzed using GraphPad Prism V.5 and V.8 software and

Microsoft Excel V.16.13.1.

Example 2; HBV and HDV immunggeni¢ constructs

{3138]  The use of recombimant HBV and HDV polypeptide constructs have been
shown to be effective in eliciting antibody formation and immune protection against the two
hepatitis viruses, for example, in WO 2017/132332, hereby expressly incorporated by
reference n i3 entirety. These recombinant polyvpeptide constructs were assembled by
combining HDAg chosen from four distinet HDV gevnotypes (HDAg genotype 1 A, HDAg
genotype 1 B, HDAg genotype 2 A, and HDAg genotype 2 B), PreSI chosen from two
genotype consensus sequences {PreS1 A and PreS1B), and one or more P2ZA autocatalytic
peptide cleavage sites. Schematics for eleven recombinant constructs are shown in Figures 1A

and 2, and corresponding SEQ TD NGs for DNA and polypeptide sequences, if applicable, are
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provided im Table 1. A Western blot confirms that polypeptides properly express from A-1 to

A-10 recombinant constructs (Figure 1B).

Table 1. SEQ ID NOs for the HBV/HDY mmmunogenic constructs

Name ggzagei;i:;spﬁmmd Polvpeptide Sequence
A-1 (Delta-1, D) SEQ I NG 15 SEQ D NG: 25
A-2 (Delta-2; D2) SEQIDNG: 16 SEQID NO: 26
A-3 (Delta-3; D3) SEGQID NG 17 SEGID NG: 27
A-4 (Delta-4; D4) SEQIDNO: 18 SEQ ID NG 28
A-5 (Delta-5; DS) SEQ D NO: 19 SEQ ID NO: 29
A-6 {Delta-6; DO) SEQ D NG: 20 SEQID NG: 30
A-7 (Delta-7;, D7) SEQ ID NO: 21 SEQID NO: 31
A-8 {Delta-8; D8) SEQ ID NG: 22 SEQID NG: 32
A-9 (Delta-9; D9) SEQ ID NO: 23 SEQ D NO: 33
A-10 {(Delta-10, D10) | SEQID NG 24 SEQID NG: 34
A-7+ A-8 fusion SEQID NO: 36

{Delta-7+Delta-§; (Wild type sequence: SEQ 1D NO: 37
D-7+D8) SEQ ID NG: 35

Example 3: HBV/HDV DNA compositions induce Inununogenic response in mice

{38 While immunogenic compositions and vaccines have traditionally been either
whole organisms or antigenic proteins, it has been recently shown that in vive administration
of DNA to living tissue and the subsequent transcription and translation of aniigenic proteins
are also highly effective in triggering an immune response. These DNA mmmunogenic
compositions are being explored as potential vaccine candidates against various diseases.

{0140} Following 2 weeks after the second admimistration of the DNA construct
compositions, immunity of the mice against HBV and HDV antigens were assessed. White
blood cells were purified from mouse whole blood samples and incubated with purified
polypeptide antigens, including PreS1 A, PreS1 B, HDAg genotypes 1 A, 1 B, 2 A and 2 B.
Cells were also incubated with Concanavalin A ("ConA”) as a positive control, and two
ovalbumin peptides ("OVA Th” and “OVA CTL”} as negative controls. The population
frequency of interferon gamma (IFNy) producing cells in response 1o antigen exposure was
assessed by enzyme-linked immunospot assay (ELISpot). Briefly, white blood cells were
mcubated with antigen in wells coated with IFNy antibodies. The cells were then removed, and

biotinylated IFNy antibodies, alkaline phosphatase-crosslinked streptavidin, and alkaline
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phosphatase substrate colorimetric reagenis were added to the wells in succession with
thorough washing in between. The plate was then allowed to dry and the remaining colored
spots that correspond to IFNvy-secreting cells were counted by microscopy. The quantitative
total of IFNy spot forming cells per 10° total cells in response to the various peptide antigens
for each of the mice are shown in Figures 3A (A-1 and A-2), 3B (A-3 and A-4)}, 3C (A-5 and
A-G), 3D {A-7 and A-8), and 3E (A-9 and A-10}.

{6141}  Anti-sera were tested for reactivity against PreS1A and PreS1B consensus
peptides (aa 2-48) and for cross-reactivity against HBV (sub-} types A1, A2 B, B2, C, D1, El
and F using pools of 20-mer PreS1-peptides. Immunogenic compositions comprising A-1, A-
2, A-3, A-4, A-7, and A-8 resulted m robust immunogenicity against both HBV PreS1 antigens
(Figures 4A-B). A-3 and A-4 induced antibody titers >10* in mice, followed by constructs A-
1, A-2, A-7 and A-8. Importantly, andi-sera from A-4 and A-7 immunized mice effectively
cross-reacted between all tested HBV types (Figure 4C). The immune response to HDAg
peptides were more variable, likely due to differences in genotypic sequences, but typically
greater than the ovalbumin controls. Notably, 10 A-3 and A-4 treated groups, a slight reduction
m HDV T cell responses 1s observed when 1e. compared to constructs that contain only HDAg
(A-3, A6, A-9, A-10} which nught be attributed to epitope recognition competition with the
sirnultaneous primung of PreSi-specific T cells. Overall, this shows that active immunization
15 able to induce functional T cells to PreS1 and HDAg antigens and suggests that a broadly
functional yimmunotherapy should contam both HDV genotypes 1 and 2 to ensure induction of
spectfic T cells.

{01421 Smmilar experiments were performed with HLA-A2 restricted T cells purified
from HLA-AZ transgenic HHD mice. IFNy ELISpot of normal C37BL/6 (Figure 5A) and
HILA-AZ HHD (Figure 5B) mice electroporated with a composttion comprising A-4, along
with naive HLA-AZ HHD mice as control (Figure 5(), confirms immunogenicity in the

fransgenic mice, suggesting efficacy of the DNA compositions for treating humans.

Example 4: HBV/HDYV DNA compositions induce imimunosenic response in rabbits

{11431 Corresponding experiments described in Example 3 were also performed in
rabbiis (Orycrolagus cuniculusy. New Zealand white rabbits were imjected iniramuscularly

with a saline solution containing 200 pg of DNA compositions comprising either A-3 or A-4

-38-



WO 2021/154752 PCT/US2021/015126

and subjected to electroporation. Doses were admimistered at O and 4 weeks. After
immunization, anti-Pre81 antibody titers in the rabbit sera were observed for both DNA
compositions comprising A-3 or A-4, with A-4 being more effective (>10°) (Figures 6A-B).
Cross-reactivity of the rabbit antisera against HBVY {(sub-) types A1, A2, B, B2, C, D1 El and
F using pools of 20-mer PreS1 peptides was also tested (Figure 6C). The fine specificity of the
rabbit D4 anti-sera was determined using individually 20-mer PreS1 peptides of HBV types
Al A2 B B2 C, DI, El and F (Figure 6D). This mapped the epitopes to PreS1 located to
region 22-48 aa of genotype D1, as indicated by the higher reactivity, followed by lower
reactivity to genotypes C, El and Al. This overlaps with the NTCP binding site and partly
with previously identified epitopes recognized by neutralizing antibodies.

{01441 Table 2 sununarizes the mmumnity effects of the ten DNA mmmunogenic
compositions. DNA compositions comprising A-4 resulted in the greatest titer of anti-
PreS1/anti-HBY antibodies in both mice and rabbits and are used in the prime/boost
immunizations of the subsequent Examples. A-4 also shows the broadest reactivity to the
different HBY genotypes. “n.d” denotes low or undetectable levels of antibody activity. “n/a”

denotes that the experiment was not performed.

Table 2. HBV/HDV DNA vacome sereen (30 ue DNA mvER)

Candidate HDV ' Am’tiiPreS:E Geno'ty‘pe Cross- Alltiipi”@Sl .
genotype ({3t} | tier in mice | reactivity in ruice | titer in rabbits
A-1 Gtland2 1:2160 C. D E na
A2 Geland2 | 1:2160 AL AZ B2, G 60
D.E

. 1:2160- - .
A-3 Gtland2 112960 DE 1:360
A-4 Gt land 2 1:12960 A-F 1:256G
A-S Gtland?2 n.d. n.d. n/a
A-6 Gtland 2 n.d. n.d. n/a
A-T7 Gt 1:2160 A-E n/a
A-8 Ot 2 1:2160 C.DE n/a
A-9 Gt 1 n.d. n.d. n/a
A-10 Gt 2 nd. n.d. wa
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Example 3. DNA prime/protein boost approach with HBY/HDYV constructs improves

IMMUNegenic fesponse in mice

{01431 DNA compositions comprising A-4 (8EQ ID NGO 18) and polypeptide
compositions comprising A-7 {(SEQ 1D NO: 31} or A-8 (SEQ ID NG 32) were used for a DNA
prime/protein boost immunization approach to build adaptive immumity and induce antibody
production against HBV and/or HDWV i vivo (Figure 2).

{6148]  CS7BL/6 mice were immunized with (1) a DNA composition comprising A-
4 (3 sequential doses of 50 ug DNA), (2) a polypeptide composition comprising A-7 (3
sequential does of 20 ug protein with alum adjuvant), or (3) a DNA composition comprising
A-4 followed by a polypeptide composttion comprising A-8 (2 doses of 50 ug DNA then 2
doses of 20 ug protein with alum). After administration of the compounds, purified white blood
cells were tested for IFNy production in response to HBV and HDV antigens by ELISpot (as
described in Examples 1 and 2). Mice treated with (1} exhibited a commensurate response to
hepatitis antigens (Figure 7A) observed in Example 3 and Figure 3B, but mice treated with the
DNA prime/protein boost compositions of (3) resulted in a comparatively stronger tmmune
cell response overall (Figure 7C). As A-8 mcludes sequences for the HDAg genotype 2
polypepiides, the assayved immune response 1s particularly soproved against these auntigens
(Figure 7C, gtp 2-pool 5, 6, 7 and 8). Conversely, the protein-only approach of (2} using A-7
polypeptides fails to both elicit an equally effective immune response for both HBY and HDV
antigens (Figure 7B). This demonstrates that this DNA prime/protein boost approach may be
effective at inducing a robust ummumogenic response greater than traditional protein or
orgamism-based compositions for certain pathogens, including HBVY and HDV.

{11471 Other DNA prime/protein boost combinations were also assessed in mice.
Anti-PreS1 Igls titers 1o mice were measured after immumzation with (1) a DNA-only
composition comprising A-4 (D47, (2) protemn-only compositions comprising A7 (“D7-
D77}, A-B("D8-DE7), A8 (CD9-DY7Y, or A-T0{"D10-D107), o1 (3) DN A-protein compositions
comprising A-4 DNA with A-7 ("D4-D77), A-8 (“D4-DE"), A-9 (“D4-DO7), or A-10 ("D4-
D107} protein. Composttions were administered three times at weeks 0, 4, and 8, with either
50 pg DNA im/EP or 20 ug protein with alum admimstered for each dose. For DNA-protein
compositions (3}, 50 ng DNA in/EP was admunistered for the first dose at week 0, and 20 ug

protein with alum was administered for the second and third doses at weeks 4 and 8. Anti-
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PreS1 1gG titers in sera were assessed after 2 weeks (Figure 8A), 6 weeks (Figure 8B), and 10
weeks (Figure 8C) after the first dosage (1.e. 2 weeks after each dosage}. DNA prime/protein
boost compoesition D4-D7 results in superior anti-PreS1 titers afier the completion of the dose

administration schedule.

Example 6. DNA prime/protein boost approach with HBV/HDV constructs improves

imimunooeenic response in rabbits

{148 New Zealand white rabbits were immumized with (1} a DNA-only
composition comprising A-4, (2} a protein-only composition comprising A-4, or (3} a DNA
prime/protein boost composition comprising A-4 DNA and A-4 protein. Compositions were
administered four times as weeks ¢, 4, 8§, and 12, with either 900 pg DNA m/EP or 300 pg
protein with alumn admimistered for each dose. For DNA-protein compositions {3}, 900 ug
DNA 1m/EP was administered for the first dose at week 0, and 300 ug protein with alum was
administered for the second, third, and fourth doses at weeks 4, 8, and 12. Anti-PreS1 IgG
titers in sera were assessed at weeks 0, 2, 10, and 14 {(i.e. 2 weeks after each dosage) {Figure
93. Not only does the DNA prime/protein boost composition (3) result in greater overall titers
compared to DNA-~-only (1) and protein-only {2) compositions, but also induces robust antibody

production more rapidly, by week 2, relative to the protein-only composition.

Example 7. Adoptive transfer of sera or purified 1o from ummunized anumals protects

humanized mice against HBV and HDV challenges

{01481 The alulity of D4 induced antibodies to neutralize HBV infection in vive was
determined using human-liver chimeric uPA™-SCID mouse model as described. Total 1gG
was purified from D4-tmmunized and non-immunized rabbits and were injected in aPA™"-
SCID mice repopulated with homan hepatocytes three days prior to HBV challenge. The D4-
mduced PreS1 IgGantibodies protected, or significantly delayed peak viremua in allf challenged
mice {Figure 10A}. Out of three challenged mice, one was protected {weeks 1 to 3} whereas
the other two developed serum levels of HBYV <10* 1U/ml up to a monthly screening and
remained lower compared to the controls up to & weeks follow up. The control mice treated
with Ig(G from a naive rabbit all reached serum HBY DNA levels exceeding 107 IU/ml. There

were no significant differences between the groups with respect to serum levels of alanine
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transferase, asparagine transferase, alkaline phosphatase, or bilirubin (Figure 10B). In
conclusion, passive immunization with D4-specific PreS1 1gG antibodies given as a single
dose was able to prevent, or significantly delayed HBY nfection in vivo i mice repopulated
with human hepatocytes {(Table 3). Importantly, the inocuium contains high levels of sub-viral
particles SHBsAg showing that these antibodies indeed escape being blocked by SHBsAg. The
PreS1 antibodiss present at moculation and during the first weeks clearly block infection, or
the first rounds of infection, and limit the number of infected hepatocytes. This limits the viral

spread and delay development of peak viremia.

Table 3: Adoptive transfer from DNA/brotein vaccinated anumals protects acainst HBYV/HDY

. Transfer . , Number AE‘)S@!’IC@ Low level High
Infection Treatment A of S level
SOUree of mice . . . infection | .7 .
mfection mnfection
. Burifted
/ o ) 1 ( 4] 3
HBY rabbit IoG Control 3 4] {
. Purified T .
HBY rabbit 1sG D4 DNA 3 1 2 0
Whole
HBV/HDV | mouse Control 3 0 0 3
sera
Whole e
HBV/HDV | mouse | ) Frotein 2 2 0 0
/alum
sera
Whole -
HBV/HDY | mouse | D DNA 3 3 0 0
sora +D7/alum

Example 8 Challenge of HBY/HDV peptide constructs with different adiuvants

{ISG] Mixtures of B-7 and D-8 peptides were assessed using different adjuvants.
CA7BL/6Y mice were administered with 2 rounds of a 20 pg mixture of D-7 and D-8 peptides
{10 ug each of D-7 and D-8) administered at week 0 and week 3 (Figure 11A}. Peripheral
blood samples were taken at week 2 (between the two rounds) to determine end titers for HBV
and HDV reactivity by ELISA (Figure 11 A and 11B), and splenocytes were isolated for HBV
and HDV reactivity by ELISpot (Figure 11C-D) at week 5 Pepuide compositions were
adminstered subcutaneously with Q8-21, MF59, and alum adjuvants. Naive mice and mice

administered D-4 DNA plasmud by intramuscular electroporation were used as controls, TFNy
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ELISpot was performed as described above using pools of HDAg peptides, PreS1A and
PreS1B peptides, with OVA peptides and Concanavalin A as conirols (Figures 11C-Dy.
Compositions administered with 8-21 adjuvant exhibited elevated HDAg reactivity

compared to the other adjuvants. 5 mice per group were tested.

Example 9. Comparison of exemplary HBV/HDYV DNA and/or peptide constructs

{61311 A comparison of immunogenicity for 1} a mixture of B-7 and D-8 peptide
only, 2} D-7+D-8 fusion peptide only, 3) -4 DNA prime and a mixture of -7 and -8 peptide
boost were tested, with D-4 DNA only and naive conditions as controls. Mice were
administered with either 20 ug of the D-7+D-& fusion protein or 10 pg each of D-7 and D-8
peptide in the mixed conditions with 38-21 adjuvant, subcutaneously at the tail base in a
voelume of 100 pL. 2 rounds of administration was performed at weeks 0 and 4 D-4 DNA
control was administered at 50 ug intramuscular in 30 gL PBS with electroporation. At week
& (following two rounds of adminstration), T cell response to PreS1 and HDV antigen
genotypes 1 and 2 were determined by IFNy ELISpot (Figure 124). In addition, at weeks 2
{following one round of adnunistration) and 6 weeks (following two rounds of admnstration),
antibody levels to PreST A (Figure 12B-C) and PreS1B (Figure 12D) consensus peptides were
assessed. The greatest HBY and HDV reactivity are observed i the DNA prime, peptide boost

condition.

Example 10: DNA or protein prime with DNA or protein boost urununization against HBV

and/or HDV in human clindeal irials

{11321  The followmng example describes embodiments of using an immunogenic
compostiion or product combination, optionally comprised of a nucletc acid component and a
polypeptide component, used to freat or prevent viral mfections caused by viruses such as HBY
and HBYV,

{11533} The DNA prime/protein boost compositions as described in Example 5 are
administered to human patients enterally, orally, intranasally, parenterally, subcutaneously,
mtramuscularly, intradermally, or intravenously. These human patients mayv be currently
infected with HBVY and/or HDV, previously infected with HBV and/or HDV, ai risk of being
mfected with HBV and/or HDV, or uninfected with HBVY and/or HDV.
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{0134} The DNA prime doses are administered first, at an amount of 1, 10, 100, 1000
ng, or 1, 10, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 ug, or 1, 10, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000 mg, or any amount within a range defined by any two of
the aforementioned amounts, or any other amount appropriate for optimal efficacy in humans.
After the first DNA prime dose, 1, 2, 3, 4, or 5 additional DBNA prime doses can be administered
1,2,3,4,5,6,7,8,9, 10,11, 12, 24, 36, or 48 days or weeks or any time within a range defined
by any two of the aforementioned times after admimstration of the previous DNA prime dose,
e.g., within 1-48 days or 1-48 weeks. The protein boost doses are administered following the
DNA prime doses, at an amount of 1, 10, 100, 1000 ng, or 1, 10, 50, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000 pg, or 1, 10, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 mg,
or any amount within a range defined by any two of the aforementioned amounts, or any other
amount appropriate for optimal efficacy in humans. The first protein boost dose 1s administered
1,2,3,4,5,6,7,8 9,10, 11,12, 24,36, or 48 days or weeks or any time within a range defined
by any two of the aforementioned times after administration of the final DNA prime dose.
After the first protein boost dose, 1, 2, 3, 4, or 5 additional protein boost doses can be
admimustered 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 24, 36, or 48 days or weeks or any time within
a range defined by any two of the aforementioned times after admnistration of the previous
protein boost dose.

{1581 Patients will be monitored for successful response against HBV and/or HDV,
for example, production of anti-HBY, anti-HDV | anti-PreS1, or anti-HDAg antibodies mn sera,
rapid activation of T cells and other immune cells when exposed o HBY and/or HDV antigens,
and protection against future HBY and/or HDV mfections.

{11361 In patients currently infected, previously infected, or at risk for infection with
HBY and/or HDV, admmistration of the DNA prime/protemn boost compositions may be
performed in conjunction with antiviral therapy. Potential antiviral therapy therapeutics that
have been shown to be effective agamst HBV or HDV include but are not hmited to entecavir,
tenofovir, lamivudine, adefovir, telbivadine, emtricitabine, interferon-a, pegylated interferon-
a, or interferon alfa-2b, or any combination thereof. Patients will be monitored for side effects
such as dizziness, nausea, diarrhea, depression, insomma, headaches, itching, rashes, fevers,

or other known side effects of the provided antiviral therapeutics.
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{6137] In at least some of the previously described embodiments, one or more
elements used 1n an embodiment can mterchangeably be used i another embodiment unless
such a replacement is not technically feasible. 1t will be appreciated by those skilled in the art
that various other omissions, additions and modifications may be made to the methods and
structures described above without departing from the scope of the claimed subject matter. All
such modifications and changes are intended to fall within the scope of the subject matter, as
defined by the appended claims.

{HIS8] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

{01589] Tt will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims {(e.g., bodies of the appended claims) are generally
intended as “open” terms {e.g., the term “including” should be nterpreted as “including but
not limited to,” the term “having” should be interpreted as “having at least,” the term
“includes” should be nterpreted as “includes but 1s not Timuted t0,” etc.). It will be further
understood by those within the art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited 1u the claim, and m the absence of such
recitation no such matent 1s present. For example, as an aid to understanding, the following
appended claims may contam usage of the mtroductory phrases “at least one” and “one or
more” to introduce claim recitations. However, the use of such phrases should not be construed
1o inply that the introduction of a claim recitation by the mndefinite articles “a” or “an” himits
any particular claim contaiming such miroduced claim reciiation to embodiments conlaming
only one such reciiation, even when the same claim includes the mtroductory phrases “one or
more” or “at least one” and indefinite articles such as “a” or “an” {e.g., “a” and/or “an” should
be interpreted to mean “at least one” or “one or more”}; the same holds true for the use of
definite articles used to introduce claim recitations. In addition, even if a specific number of
an troduced claim recitation is explicitly recited, those skilled in the art will recognize that
such recitation should be interpreted to mean at least the recited number {e.g., the bare
recifation of “two recitations,” without other modifiers, means at least two recitations, or two

or more recitations). Furthermore, in those instances where a convention analogous to “at least
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one of A, B, and C, etc.” is used, in general such a construction is intended i the sense one
having skill in the art would understand the convention (e.g., “a system having at least one of
A, B, and C” would nclude but not be himited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and € together, and/or A, B, and C together, etc). In
those instances where a convention analogous to “at least one of A, B, or €, etc.” 15 used, in
general such a construction s intended in the sense one having skill in the art would understand
the convention {e.g., “ a system having at least one of A, B, or € would include but not be
linuted to systems that have A alone, B alone, C alone, A and B together, A and C together, B
and C together, and/or A, B, and C together, etc ). It will be further understoed by those within
the art that virtually any disjunctive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should be understood to contemplate
the possibilities of including one of the terms, either of the terms, or both terms. For example,
the phrase “A or B” will be understood to include the possibilities of “A” or “B” or “Aand B.”
{01601 In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled 1o the art will recognize that the disclosure i3 also thereby
described n terms of any individual member or subgroup of members of the Markush group.
(1611 As will be understood by one skilled m the art, for any and all purposes, such
as n terms of providing a written description, ail ranges disclosed herein also encompass any
and all possible sub-ranges and combinations of sub-ranges thereof. Any listed range can be
easily recogmized as sufficiently describing and enabling the same range being broken down
o at feast equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each
range discussed herein can be readily broken down into a fower third, middle third and upper
third, etc. As will also be understood by one skilled i the art all langoage such as “up to,” “at

£33

least,” “greater than,” “less than,” and the like include the number recited and refer to ranges
which can be subsequently broken down into sub-ranges as discussed above. Finally, ag will
be understood by one skilled in the art, a range mcludes each mdividual member. Thus, for
example, a group having 1-3 articles refers to groups having 1, 2, or 3 articles. Similasly, a
group having 1-5 articles refers to groups having 1, 2, 3, 4, or 5 articles, and so forth.

{1631 While various aspects and embodiments have been disclosed herein, other

aspects and embodimenis will be apparent to those skilled in the art. The various aspecits and
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embodiments disclosed herein are for purposes of ilustration and are not intended to be
limiting, with the true scope and spirii being indicated by the following claims.

{01631 All references cited herein, including but not limited to published and
unpublished applications, patents, and literature references, are incorporated herein by
reference in their entirety and are hereby made a part of this specification. To the extent
publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification is intended to supersede and/or take

precedence over any such contradictory material.
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WHATIS CEAIMED IS:

I. An immunogenic composition or product combination comprising;

{2} a nucleic acid comprising at least one nucleic acid sequence encoding hepatitis D
antigen {HDAg} and at least one nucleic acid sequence encoding PreS1; and

{b} a polypeptide comprising at least one HD Ag polypeptide sequence and at least one

PreS1 polypeptide sequence.

2. The immunogenic composition or product combination of claim 1, wherein the
at least one nucleic acid sequence encoding HDAg comprises SEQ 1D NG: 1, SEQ ID NG: 2,
SEQ ID NG: 3 or SEQ ID NO: 4, or any combination thereof.

3. The immunogenic composition or product combination of claim 1 or 2, wherein
the at least one nucleic acid sequence encoding PreS1 comprises SEQ ID NO: 9 or SEQ ID
NO: 10 or both.

4, The immunogenic composition or product combination of any one of clamms 1-
3, wherein the nucleic acid 153 configured such that each HDAg nucleic acid sequence s
grouped with a PreS1 nuclewe acid sequence, and wherein the PreS1 nucleic acid sequence s

mmediately downstream of the HDAg nucleic acid sequence.

5. The immunogenic composition or product combimation of claim 4, further
comprising at least one nucleic acid sequence encoding an autocatalytic peptide cleavage site,
wherein the grouped HDAg and PreS1 nucleic acid sequences are separated by the at least one

nucleic acid sequence encoding the autocatalytic peptide cleavage site,

6. The immunogenic composition or product combination of claim §, wherein the
at least one nucleic acid sequence encoding the autocatalvtic peptide cleavage site comprises
a nucleic acid sequence selected from the group consisting of porcine teschovirus-1 2A (PZA),

foot-and-mouth disease virus ZA (F2A), equine rhinttis A virus (ERAV) 2A (E2ZA) and Thosea
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asigna virus 2A {T2A) nucleic acid, and wherein each encoded autocatalytic peptide cleavage

site may optionally include a GSG (glycine-serine-glycine} motif at its N-terminus.

7. The immunogenic composition or product combination of claim 5 or 6, wherein
the at least one nucleic acid sequence encoding the autocatalytic peptide cleavage site

comprises SEQ 1D NO: 13.

8. The immunogenic composition or product combination of any one of claims 1-

7, wherein the nucleic acid is codon optimized for expression in a human,

9. The immunogenic composition or product combination of any one of claims 1-
8, wherein the nucleic acid comprises a sequence having at least 80%, 85%, 90%, 95%, 99%,

or 100% homology to SEQ 1D NO: 15-24 or 353-36.

10. The immunogenic composition or product combination of any one of claims 1-
9, wherein the nucleic acid comprises a sequence having at least 80%, 85%, 90%, 95%, 99%,

or 100% homology to SEQ ID NO: 18, or SEQ 1D NO: 35-36,

11 The mmunogenic composition or product combination of any one of claims 1-
10, wheremn the at least one HDA g polypeptide comprises SEQ 1D NQG: 5, SEQ ID NO: 6, SEQ
I NG: 7 or SEQ ID NO: & or any combination thereof,

12. The immunogenic composttion or product combination of any one of claims 1-
11, wherein the at least one PreS1 polypeptide sequence comprises SEQ ID NG: 11 or SEQ
I NGO 12 or both,

13. The immunogenic composition or product combination of any one of claims 1-

12, wherein the at least one PreS1 polypeptide sequence is downstream of the at least one

HDAg polypeptide sequence.
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14.  The immunogenic composition or product combination of any one of claims 1-
13, wherein the polypeptide comprises a sequence having at least 0%, 85%, 90%, 95%, 99%,

or 100% homology to the sequence of SEQ 1D NO: 25-34 or 37.

5. The immumogenic composition or product combination of any of claims 1-14,
wherein the polypeptide comprises a sequence having at least 80%, 85%, 90%, 95%, 99%; or

100% homology to the sequence of SEQ ID NO: 29, 31,32, or 37,

16, The immuncgenic composttion or product combination of any one of claims 1-

15, wherein the polypeptide 1s recombinantly expressed.

17. The immunogenic composiiion or product combination of claim 16, wherein
the polypeptide is recombinantly expressed in a mammalian, bacterial, veast, insect, or cell-

free system.

I8  The immunogenic coraposition or product combination of any one of claims 1-

17, further comprising an adjuvant.

19, The wmmunogenic composition or product combination of claim 18, wherein

the adjuvant 15 alum, QS-21 or MFS9, or any combination thereof.

20. The immunogenic composition or product combination of any one of claims 1-

19, wherein the nucleic acid comprises DNA.

21 The immunogenic composttion or product combination of any one of claims 1-

20, wherein the nucleic acid 1s provided in a recombinant vector,

22 A method of generating an mmmune response in a subject using the
mmunegenic compostiion or product combination set forth i any one of claims 1-21,
COMprising:

administering to the subject at least one prime dose comprising the nucleic acid; and
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administering to the subject at least one boost dose comprising the polypeptide.

23. The method of claim 22, wherein the at least one boost dose further comprises

an adjuvant.

24. The method of ¢laim 23, wherein the adjuvant is alum, Q8-21, or MF59, or any

combination thereof.

25, The method of any one of claims 22-24, wherein the at least one boost dose 15
administered at least 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 24, 36, or 48 days or weeks after the at
least one prime dose is administered or within a range of time defined by any two of the

aforementioned time points e.g , within 1-48 days or 1-48 weeks.

26.  The method of any one of clatms 22-25, wherein the administration is provided
enterally, orally, intranasally, parenterally, subcutaneously, mtramuscularly, intradermally, or

wtravenously or any combination thereof.

27. The method of any one of claims 22-26, wherein the admunistration 1§

performed in conjunction with an antiviral therapy.

28. The method of claim 27, wherein the antiviral therapy comprises administration
of entecavir, tenofovir, lamivuding, adefovir, telbivudine, emiricitabine, interferon-a,

pegylated mierferon-g, or interferon alfa-2b, or any combination thereof.

29. An immuonogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis B, comprising;

{2) a nucleic acid comprising at least one nucleic acid sequence encoding hepatitis D
antigen (HDAg)}, and at least one nucleic acid sequence encoding PreSi; and

{b} a polypeptide comprising at least one HDAg polypeptide sequence and at least one

PreS1 polypeptide sequence.
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30, The immunogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis I of claim 29, wherein the at least one nucleic acid
sequence encoding HDAg comprises SEQ ID NO: 1, SEQ D NO: 2, SEQ 1D NO: 3 or SEQ

1D NO: 4, or any combination thereof.

31 The immunogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis D of claim 29 or 30, wherein the at least one nucleic

acid sequence encoding PreS1 comprises SEQ 1D NO: 9 or SEQ ID NG: 10 or both.

32, The immunogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis D of any one of claims 29-31, wherein the nucleic acid
is configured such that each HD Ag nucleic acid sequence is grouped with a PreS1 nucleic acid
sequence, and wherein the PreS1 nucleic acid sequence is immediately downstream of the

HDAg nucleic acid sequence.

33, The immunogenic composition or product combination for use m the treatment
or infubition of hepatitis B or hepatitis I of claim 32, further comoprising at least one nucleic
acid sequence encoding an autocatalytic peptide cleavage site, wherein the grouped HDAg and
PreS1 nucleie acid sequences are separated by the at least one nucleic acid sequence encoding

the autocatalytic peptide cleavage site.

34, The immunogenic composition or product combmation for use in the treatment
or inhibition of hepatitis B or hepatitis I of claim 33, wherein the at least one nucleic acid
sequence encoding the autocatalyiic peptide cleavage site comprises a nucleic acid sequence
selected from the group consisting of porcine teschovirus-1 ZA (P2A), foot-and-mouth disease
virus 2A {F2A), equine rhunttis A virus (ERAV) ZA (E2A) and Thosea asigna vivus 2A (T2A)
nucleic acid, and wherein each encoded awtocatalytic peptide cleavage site may optionally

inciude a GSG {glycine-serine-glycine) motif at s N-terminus.
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35, The immmunogenic composition or product combination for use in the treatment
or mhibition of hepatitis B or hepatitis D of claim 33 or 34, wherein the at least one nucleic

acid sequence encoding the autocatalytic peptide cleavage site comprises SEQ 1D NG 13,

36. The immunogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis D of any one of claims 29-35, wherein the nucleic acid

is codon optimized for expression in a human.

37 The mmunogenic composition or product combination for use in the treatment
or inhihition of hepatitis B or hepatitis D of any one of claims 29-36, wherein the nucleic acid
comprises a sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to SEQ

1D NO: 15-24 or 35-36.

38  The immunogenic composition or product combination for use m the treatment
or inhibition of hepatitis B or hepautis D of any one of claims 29-37, wherein the nucleic acid
comprises a sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to SEQ

D NO: 18, or SEQ ID NG: 35-36.

39, The immunogenic composition or product combination for use n the treatment
or inhibition of hepatitis B or hepatitis B of any one of claims 29-38, wherein the at least one
HDAg polypeptide comprises SEQ 1D NG: 5, SEQ 1D NO: 6, SEQ 1D NO: 7 or SEQ 1D NO:

8 or any combination thereof.

40.  The immunogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis D of any one of claims 29-39, wherem the at least one

Pref1 polypeptide sequence comprises SEQ ID NO: 11 or SEQ ID NO: 12 or both.
41, The immunogenic composition or product combination for use in the treatment

or inhibition of hepatitis B or hepatitis D of any one of claims 29-40, wherein the at least one

PreS1 polypeptide sequence is downsiream of the at least one HIDAg polypepiide sequence.
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42, The immunogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis D of any one of claims 29-41, whergin the polypeptide
comprises a sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to the

sequence of SEQ 1D NO: 25-34 or 37

43 The immunogenic composition or product combination for use in the treatment
or mhibition of hepatitis B or hepatitis D of any of claims 29-42, wherein the polypeptide
comprises a sequence having at least 80%, 85%, 90%, 95%, 99%, or 100% homology to the

sequence of SEQ ID NO: 29, 31, 32, or 37.

44,  The immunogenic composition or product combination for use in the treatment
or inhibition of hepatitis B or hepatitis D of any one of claims 29-43, wherein the polypeptide

is recombinantly expressed.

45, The immunogenic composttion or product combination for use in the treatment
or mhibition of hepatitis B or hepatitis DY of claim 44, wherein the polypeptide 1s recombinantly

expressed 1o a mammalian, bacterial, yeast, insect, or cell-free system.

46, The immunogenic composition or product combination for use n the treatment
or inlubition of hepatitis B or hepatitis D of any one of claims 29-45, further comprising an

adjuvant.

47, The immunogenic composttion or product combination for use m the treatment
or inhibition of hepatitis B or hepatitis D of claim 46, wherein the adjuvant is alum, Q8-21 or

MF59, or any combination thereof
> 4
48. The immunogenic composition or product combination for use in the treatment

or inhibition of hepatitis B or hepatitis I of any one of claims 29-47, wherein the nucleic acid

comprises DNA.
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49, The immunogenic composition or product combination for use in the treatment
or inltbition of hepatitis B or hepatitis D of any one of claims 29-48, wherein the nucleic acid

is provided in a recombinant vector.
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