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ANTIGEN TARGETING TO PORCINE LANGERIN

The present invention relates to an anti-porcine Langerin antibody. The invention
also relates to antigens fused or covalently attached to the anti-porcine Langerin antibody.
The antigen/antibody chimeric molecule is used to immunize a porcine against a disease
caused by an infectious pathogen. Methods of treating a porcine against a disease caused
by an infectious pathogen are also provided.

Infectious pathogens can cause great economic damage in the pork industry.
Commercially available vaccines against pathogenic viruses and bacteria pose safety
concerns and/or lack complete efficacy. For example, vaccines based on modified live
(i.e. attenuated) viruses (MLV) often show good efficacy, but a safety risk exists in that
the MLV could mutate or recombine to revert to virulence. Inactivated (i.e. killed) virus
vaccines are safer to use, but are rarely as effective as MLV vaccines. Inactivated viruses
also may not induce effective cellular immunity, as do MLV. Subunit vaccines
containing isolated or recombinant viral antigens are the safest alternative, but may not
effectively elicit protective antibody responses unless the antigens are modified and
strong adjuvants are incorporated into the vaccines.

One method of increasing the efficacy of subunit vaccines is to increase the
efficiency by which the subunit antigens are taken up by antigen presenting cells (APC),
such as macrophages and dendritic cells (DC). In this method, modified antigens are
generated in which the subunit antigen is linked to a binding protein recognizing a
molecule expressed on APC. One example would be to link an antigen to an antibody
which specifically recognizes a surface marker on an APC. An antibody recognizing
porcine DC-SIGN has been described, in which an antigen linked to the antibody is
targeted to DC. Subramaniam et al., Vaccine 32: 6768-75 (2014). Another such APC
surface marker could be Langerin, also called CD (cluster of differentiation) 207, which
is expressed by DC. However, no specific and high affinity to porcine Langerin
(pLangerin) has been identified.

An anti-pLangerin antibody would be valuable to the development of safe and
effective subunit vaccines against porcine pathogens. Particularly advantageous would be

a monoclonal antibody (mAb) that could be molecularly altered to create a single chain
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(sc) fusion protein that retained specificity and affinity for pLangerin. Antigens (Ag)
derived from porcine pathogens could be linked to the sc fusion protein either
recombinantly or chemically. The sc fusion protein-Ag complex could then be used to
immunize porcines to protect the animals from infectious disease.

Accordingly, disclosed herein is an anti-pLangerin monoclonal antibody, 3B3,
whose variable (V) regions can be expressed as a sc fusion protein. The 3B3 sc fusion
protein can be recombinantly linked to another domain, such an immunoglobulin heavy
chain constant fragment (Fc), to facilitate isolation of the chimeric molecule and provide
a domain for additional modifications and linkages. The chimera can be further modified
by the addition of an antigen from a porcine pathogen. A representative antigen is the
Spike antigen (S Ag) from Porcine Epidemic Diarrhea Virus (PEDV). The 3B3scFv-
plgG,Fc2-PEDV S Ag chimera can be used to elicit immune responses in a porcine, such
as viral neutralizing serum antibodies.

The present invention provides for a nucleic acid comprising a sequence of SEQ
ID NO: 1, wherein the nucleic acid encodes an anti-porcine Langerin antibody heavy
chain variable region. The antibody heavy chain can comprise the amino acid sequence
of SEQ ID NO: 2. The nucleic acid can further comprise, without limitation, any of the
following: a signal sequence, a sequence of an immunoglobulin light chain, a sequence of
a light chain variable region, a sequence of an immunoglobulin heavy chain, and/or a
sequence of a heavy chain constant region (Fc).

The present invention provides a nucleic acid comprising a sequence of SEQ ID
NO: 1 and further comprising a sequence of SEQ ID NO: 3, wherein the nucleic acid
encodes a porcine Langerin binding protein. The nucleic acid can encode
immunoglobulin heavy chain regions and immunoglobulin light chain regions in separate
open reading frames. The nucleic acid can encode a single chain variable region
fragment (scFv) in a porcine Langerin binding protein. The nucleic acid can further
comprise, without limitation, a signal sequence and/or a flexible linker region sequence.
The nucleic acid can comprise a sequence at least 95% identical, 96% identical, 97%
identical, 98% identical, 99% identical, or 99.5% identical to nucleotides 1-894 of SEQ
ID NO: 5. The nucleic acid can comprise a sequence identical to nucleotides 1-894 of
SEQ ID NO: 5. The nucleic acid can comprise a sequence identical to at least nucleotides

67-444 and 514-894 of SEQ ID NO:5.
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The present invention provides for a nucleic acid comprising a sequence of SEQ
ID NO: 1 and further comprising a sequence of SEQ ID NO: 3, wherein the nucleic acid
encodes a single chain variable region fragment (scFv) of a porcine Langerin binding
protein. The nucleic acid can further comprise an immunoglobulin heavy chain constant
region fragment (Fc) sequence. The Fc sequence can be a sequence of a porcine
immunoglobulin Fc. A nucleic acid comprising a sequence of SEQ ID NO: 1, SEQ ID
NO: 3, and a porcine immunoglobulin Fc sequence can comprise a sequence at least 95%
identical, 96% identical, 97% identical, 98% identical, 99% identical, or 99.5% identical
to SEQ ID NO: 5. For example and without limitation, variability can occur in a signal
sequence, a sequence of a flexible linker region, a sequence of a short linker region,
and/or a sequence of a porcine immunoglobulin Fc. Further, different codons may be
substituted for those contained within SEQ ID NO: 5 without altering the peptide encoded
by SEQ ID NO: 5.

The present invention provides for a nucleic acid comprising a sequence of SEQ
ID NO: 1, SEQ ID NO: 3, and a porcine immunoglobulin Fc sequence, wherein the
nucleic acid encodes a peptide having an amino acid sequence at least 95% identical, 96%
identical, 97% identical, 98% identical, 99% identical, or 99.5% identical to SEQ ID NO:
6. For example and without limitation, variability can occur in a signal sequence, a
sequence of a flexible linker region, a sequence of a short linker region, and/or a sequence
of a porcine immunoglobulin Fc. The present invention provides for a nucleic acid
comprising a sequence of SEQ ID NO: 1, SEQ ID NO: 3, and a porcine immunoglobulin
Fc sequence, wherein the nucleic acid encodes a peptide having an amino acid sequence
identical to at least amino acids 23-148 and 172-298 of SEQ ID NO: 6.

The present invention provides for a nucleic acid comprising a sequence of SEQ
ID NO: 1, a nucleic acid comprising a sequence of SEQ ID NO: 1 and SEQ ID NO: 3,
and a nucleic acid comprising a sequence of SEQ ID NOs: 1 and 3 and a porcine
immunoglobulin Fe sequence, wherein each nucleic acid can further comprise a sequence
derived from a porcine pathogen. The porcine pathogen may be a virus or a bacterial
strain. The porcine pathogen may be a virus selected from the group of a Porcine
Reproductive and Respiratory Syndrome (PRRS) virus, a Porcine Epidemic Diarrhea
virus (PEDV), a Transmissible Gastroenteritis virus (TGEV), a Classical Swine Fever

(SCF) virus, a swine influenza virus, a swine coronavirus, a porcinge circovirus, a porcine
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parvovirus, a swine pox virus, a swine adenovirus, a swine rabies virus, a swine herpes
virus, and a swine picornavirus. The present invention provides for a nucleic acid
comprising a sequence of SEQ ID NO: 1, a nucleic acid comprising a sequence of SEQ
ID NO: 1 and SEQ ID NO: 3, and a nucleic acid comprising a sequence of SEQ ID NOs:
1 and 3 and a porcine immunoglobulin Fc sequence, wherein each nucleic acid can
further comprise a sequence derived from a porcine pathogen, which is a Spike antigen
sequence derived from the porcine pathogen PEDV.

The present invention provides for a nucleic acid comprising a sequence of SEQ
ID NO: 1, SEQ ID NO: 3, a porcine immunoglobulin Fc sequence, and a sequence
derived from a porcine pathogen, wherein the nucleic acid comprises a sequence at least
95% identical, 96% identical, 97% identical, 98% identical, 99% identical, or 99.5%
identical to SEQ ID NO: 7. For example and without limitation, variability can occur in a
signal sequence, a sequence of a flexible linker region, a sequence of a short linker
region, and/or a sequence of a porcine immunoglobulin Fc. A sequence derived from a
porcine pathogen may vary among different strains of a given porcine pathogen. The
present invention provides for a nucleic acid comprising a sequence of SEQ ID NO: 1,
SEQ ID NO: 3, a porcine immunoglobulin Fc sequence, and a sequence derived from a
porcine pathogen, wherein the nucleic acid comprises a sequence of SEQ ID NO: 7.

The present invention provides for a nucleic acid comprising a sequence of SEQ
ID NO: 3, wherein the nucleic acid encodes a porcine Langerin binding protein. SEQ ID
NO: 3 represents a nucleic acid sequence of a light chain variable region of a mouse anti-
porcine Langerin antibody. The antibody can comprise the amino acid sequence of SEQ
ID NO: 4. The nucleic acid can further comprise, without limitation, any one of a signal
sequence, a sequence of an immunoglobulin light chain, a sequence of a light chain
variable region, a sequence of an immunoglobulin heavy chain, and/or a sequence of a
heavy chain constant region (Fc).

The present invention provides for the use of the nucleic acid comprising a
sequence of SEQ ID NO: 1 in the manufacture of a medicament for treating a porcine for
an infectious disease. The present invention provides for the use of the nucleic acid
comprising a sequence of SEQ ID NO: 3 in the manufacture of a medicament for treating
a porcine for an infectious disease. The present invention provides for the use of the

nucleic acid comprising a sequence of SEQ ID NO: 1 and SEQ ID NO: 3 in the
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manufacture of a medicament for treating a porcine for an infectious disease. The present
invention provides for the use of the nucleic acid comprising a sequence of SEQ ID NOs:
1 and 3 and a porcine immunoglobulin Fc sequence in the manufacture of a medicament
for treating a porcine for an infectious disease. The present invention provides for the use
of the nucleic acid comprising a sequence of SEQ ID NO: 5 in the manufacture of a
medicament for treating a porcine for an infectious disease. The present invention
provides for the use of the nucleic acid comprising a sequence of nucleotides 1-894 of
SEQ ID NO: 5 in the manufacture of a medicament for treating a porcine for an infectious
disease. The present invention provides for the use of the nucleic acid comprising a
sequence of nucleotides 67-444 and 514-894 of SEQ ID NO: 5 in the manufacture of a
medicament for treating a porcine for an infectious disease. The present invention
provides for the use of the nucleic acid comprising a sequence of SEQ ID NO: 1, SEQ ID
NO: 3, a porcine immunoglobulin Fc sequence, and a sequence derived from a porcine
pathogen in the manufacture of a medicament for treating a porcine for an infectious
disease. The present invention provides for the use of the nucleic acid comprising a
sequence of SEQ ID NO: 7 in the manufacture of a medicament for treating a porcine for
an infectious disease.

The present invention provides the nucleic acid comprising a sequence of SEQ ID
NO: 1 for use in therapy. The present invention provides the nucleic acid comprising a
sequence of SEQ ID NO: 3 for use in therapy. The present invention provides the nucleic
acid comprising a sequence of SEQ ID NO: 1 and SEQ ID NO: 3 for use in therapy. The
present invention provides for the nucleic acid comprising a sequence of SEQ ID NOs: 1
and 3 and a porcine immunoglobulin Fc sequence for use in therapy. The present
invention provides the nucleic acid comprising a sequence of SEQ ID NO: 5 for use in
therapy. The present invention provides the nucleic acid comprising a sequence of
nucleotides 1-894 of SEQ ID NO: 5 for use in therapy. The present invention provides
the nucleic acid comprising a sequence of nucleotides 67-444 and 514-894 of SEQ ID
NO: 5 for use in therapy. The present invention provides the nucleic acid comprising a
sequence of SEQ ID NO: 1, SEQ ID NO: 3, a porcine immunoglobulin Fc sequence, and
a sequence derived from a porcine pathogen for use in therapy. The present invention

provides the nucleic acid comprising a sequence of SEQ ID NO: 7 for use in therapy.
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The present invention provides for a porcine Langerin binding protein comprising
an amino acid sequence of SEQ ID NO: 2 and SEQ ID NO: 4. The amino acid sequence
of SEQ ID NO:2 and SEQ ID NO: 4 may be present on separate peptides or on a single
peptide. The present invention provides for a porcine Langerin binding protein
comprising an amino acid sequence of SEQ ID NO:2 and SEQ ID NO: 4, wherein the
porcine Langerin binding protein is a single chain variable region fragment (scFv) fusion
protein. The present invention provides for a porcine Langerin binding protein
comprising an amino acid sequence of SEQ ID NO: 2 and SEQ ID NO: 4, or an scFv
comprising an amino acid sequence of SEQ ID NO: 2 and SEQ ID NO: 4, wherein the
porcine Langerin binding protein or scFv further comprises at least one of a flexible
linker region and an immunoglobulin heavy chain constant region fragment (Fc) peptide.
The present invention provides for a porcine Langerin binding protein comprising an
amino acid sequence of SEQ ID NO: 2 and SEQ ID NO: 4, or an scFv comprising an
amino acid sequence of SEQ ID NO: 2 and SEQ ID NO: 4, wherein the porcine Langerin
binding protein or scFv further comprises both a flexible linker region and an
immunoglobulin heavy chain constant region fragment (Fc) peptide. The present
invention provides for a porcine Langerin binding protein comprising an amino acid
sequence of SEQ ID NO: 2 and SEQ ID NO: 4, or an scFv comprising an amino acid
sequence of SEQ ID NO: 2 and SEQ ID NO: 4, wherein the porcine Langerin binding
protein or scFv further comprises both a flexible linker region and an immunoglobulin
heavy chain constant region fragment (Fc) peptide, and wherein the Fc peptide is a
porcine Fc peptide.

The present invention provides for a porcine Langerin binding protein, wherein
the porcine Langerin binding protein comprises an amino acid sequence at least 95%
identical, 96% identical, 97% identical, 98% identical, 99% identical, or 99.5% identical
to SEQ ID NO: 6. The present invention provides for a porcine Langerin binding protein,
wherein the porcine Langerin binding protein comprises an amino acid sequence of SEQ
ID NO: 6. The present invention provides for a porcine Langerin binding scFv fusion
protein, wherein the fusion protein comprises an amino acid sequence at least 95%
identical, 96% identical, 97% identical, 98% identical, 99% identical, or 99.5% identical
to residues 23-298 of SEQ ID NO: 6. The present invention provides for a porcine

Langerin binding scFv fusion protein, wherein the fusion protein comprises an amino acid
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sequence of residues 23-298 of SEQ ID NO: 6. The present invention provides for a
porcine Langerin binding protein or a porcine Langerin binding scFv fusion protein which
further comprises an antigenic peptide from a porcine pathogen, wherein the porcine
pathogen is a virus or a bacterial strain. The porcine pathogen may be a virus selected
from the group of a Porcine Reproductive and Respiratory Syndrome (PRRS) virus, a
Porcine Epidemic Diarrhea virus (PEDV), a Transmissible Gastroenteritis virus (TGEV),
a Classical Swine Fever (SCF) virus, a swine influenza virus, a swine coronavirus, a
porcine circovirus, a porcine parvovirus, a swine pox virus, a swine adenovirus, a swine
rabies virus, a swine herpes virus, and a swine picornavirus. The present invention
provides for a porcine Langerin binding protein or a porcine Langerin binding scFv
fusion protein which further comprises an antigenic peptide from a porcine pathogen,
wherein the antigenic peptide from a porcine pathogen is a PEDV Spike antigen peptide.

The present invention provides for an immunogenic composition comprising any
of the porcine Langerin binding proteins or porcine Langerin binding scFv fusion protein
constructs described herein. The immunogenic composition may further comprise at least
one of an adjuvant, an excipient, a stabilizer, a solubilizer, and a diluent.

The present invention provides any of the porcine Langerin binding proteins or
porcine Langerin binding scFv fusion protein constructs for use in therapy. The present
invention provides an immunogenic composition comprising any of the porcine Langerin
binding proteins or porcine Langerin binding scFv fusion protein constructs for use in
therapy.

The present invention provides for the use of any of the porcine Langerin binding
proteins or porcine Langerin binding scFv fusion protein constructs in the manufacture of
a medicament for treating a porcine for an infectious disease. The present invention
provides for the use of an immunogenic composition comprising any of the porcine
Langerin binding proteins or porcine Langerin binding scFv fusion protein constructs in
the manufacture of a medicament for treating a porcine for an infectious disease. The
infectious disease of a porcine may be a disease caused by a porcine pathogen such as a
virus or a bacterial strain. The porcine pathogen may be a virus selected from the group
of a Porcine Reproductive and Respiratory Syndrome (PRRS) virus, a Porcine Epidemic
Diarrhea virus (PEDV), a Transmissible Gastroenteritis virus (TGEV), a Classical Swine

Fever (SCF) virus, a swine influenza virus, a swine coronavirus, a porcine circovirus, a
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porcine parvovirus, a swine pox virus, a swine adenovirus, a swine rabies virus, a swine
herpes virus, and a swine picornavirus.

The present invention provides any of the porcine Langerin binding proteins or
porcine Langerin binding scFv fusion protein constructs for use in the treatment of a
porcine for an infectious disease. The present invention provides an immunogenic
composition comprising any of the porcine Langerin binding proteins or porcine Langerin
binding scFv fusion protein constructs for use in the treatment of a porcine for an
infectious disease. The infectious disease of a porcine may be a disease caused by a
porcine pathogen such as a virus or a bacterial strain. The porcine pathogen may be a
virus selected from the group of a Porcine Reproductive and Respiratory Syndrome
(PRRS) virus, a Porcine Epidemic Diarrhea virus (PEDV), a Transmissible
Gastroenteritis virus (TGEV), a Classical Swine Fever (SCF) virus, a swine influenza
virus, a swine coronavirus, a porcine circovirus, a porcine parvovirus, a swine pox virus,
a swine adenovirus, a swine rabies virus, a swine herpes virus, and a swine picornavirus.

The present invention provides a method of treating a porcine for an infectious
disease, the method comprising administering to a porcine a porcine Langerin binding
protein or porcine Langerin binding scFv fusion protein which further comprises an
antigenic peptide from a porcine pathogen. The infectious disease of a porcine may be a
disease caused by a porcine pathogen such as a virus or a bacterial strain. The porcine
pathogen may be a virus selected from the group of a Porcine Reproductive and
Respiratory Syndrome (PRRS) virus, a Porcine Epidemic Diarrhea virus (PEDV), a
Transmissible Gastroenteritis virus (TGEV), a Classical Swine Fever (SCF) virus, a
swine influenza virus, a swine coronavirus, a porcine circovirus, a porcine parvovirus, a
swine pox virus, a swine adenovirus, a swine rabies virus, a swine herpes virus, and a
swine picornavirus. The antigenic peptide from a porcine may be a PEDV S antigen
peptide. Administering the porcine Langerin binding protein or porcine Langerin binding
scFv fusion protein may be done prophylactically or therapeutically.

The present invention provides a method of treating a porcine for an infectious
disease, the method comprising administering to a porcine an immunogenic composition
comprising a porcine Langerin binding protein or porcine Langerin binding scFv fusion
protein which further comprises an antigenic peptide from a porcine pathogen. The

infectious disease of a porcine may be a disease caused by a porcine pathogen such as a
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virus or a bacterial strain. The porcine pathogen may be a virus selected from the group
of a Porcine Reproductive and Respiratory Syndrome (PRRS) virus, a Porcine Epidemic
Diarrhea virus (PEDV), a Transmissible Gastroenteritis virus (TGEV), a Classical Swine
Fever (SCF) virus, a swine influenza virus, a swine coronavirus, a porcine circovirus, a
porcine parvovirus, a swine pox virus, a swine adenovirus, a swine rabies virus, a swine
herpes virus, and a swine picornavirus. The antigenic peptide from a porcine may be a
PEDV S antigen peptide. Administering immunogenic composition comprising a porcine
Langerin binding protein or a porcine Langerin binding scFv fusion protein may be done
prophylactically or therapeutically.

The present invention further provides for vectors, such as expression vectors, and
host cells that comprise a nucleic acid as disclosed herein. Non-limiting examples of
expression vectors are discussed in the illustrative Examples. Such vectors may comprise
a sequence of SEQ ID NO: 1 and further a sequence of SEQ ID NO: 3, wherein the vector
can express a porcine Langerin binding protein. The vector may comprise nucleic acid
sequence encoding immunoglobulin heavy chain regions and immunoglobulin light chain
regions in separate open reading frames. The vector may include a nucleic acid encoding
a single chain variable region fragment (scFv) of a porcine Langerin binding protein. The
vectors may include nucleic acid sequence that further comprise, without limitation, a
signal sequence and/or a flexible linker region sequence. The vector can include a
nucleic acid sequence comprising a sequence at least 95% identical, 96% identical, 97%
identical, 98% identical, 99% identical, or 99.5% identical to nucleotides 1-894 of SEQ
ID NO: 5; a sequence identical to nucleotides 1-894 of SEQ ID NO: 5; or a sequence
identical to at least nucleotides 67-444 and 514-894 of SEQ ID NO:5.

A host cell may be transformed with the expression vectors and nucleic acid
sequences disclosed herein and may be a prokaryotic cell or eukaryotic cell. Examples of
such host cells are known in the art and may include bacterial cells such as E. coli; animal
cells, such as mammalian host cells CHO and COS; plant cells; yeast cells, such as S.
cerevisiae; or fungal cells. Accordingly, the present invention provides host cells

comprising the vectors and/or nucleic acids that are described herein.

Figure 1. Nucleotide sequence of a 3B3scFv-plgG,Fc2-PEDV S Ag fusion

protein construct. The construct includes a signal sequence from the human interleukin-2
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(IL-2) gene, the 3B3 light chain variable (V) region (double underlined), a flexible linker

region, the 3B3 heavy chain V region (underlined), a linker region, porcine Fc (bold

underlined), a short linker region, and the PEDV Spike (S) antigen (dotted underlined).

Boxed nucleotides in the porcine Fc portion represent base changes from GenBank

Accession No. AK405797.1.

Disclosed herein is a monoclonal antibody, 3B3, with high affinity for porcine

Langerin. The nucleotide sequence encoding the heavy chain variable region of mAb 3B3

mAb is:

1
61
121
181
241
301
361

ATGGCAGCTIG
AAGAAGCCTIG
TATTCAATGC
AACACTGAGA
TTGGAAACCT
GCTACATATT
TCCACAGCCA

CCCAAAGTAT
GAGAGACAGT
ACTGGGTGAA
CTGGTGAGCC
CTGCCAGCAC
TCTGTGCTAG

AAACGACACC C

CCAAGCACAG
CAAGATCTCC
GCAGGCTCCA
AACATATGCA
TGCCTATTTG
AGATATGGAC

ATCCAGTTIGG
TGCAAGGCTT
GGAAAGGGTT
GATGACTTCA
CAGATCAACA
AACTGGGGTC

TGCAGTCTGG
CTGGTTATAC
TAAAGTGGAT
AGGGACGGTT
ACCTCAAAAA
AAGGAACCTC

ACCTGAGCTG
CTTCACAGAC
GGGCTGGATA
TGCCTTCTICT
TGAGGACACG
AGTCACCGTC

(SEQ ID NO: 1). The amino acid sequence of the heavy chain variable region of mAB

3B3 is:

1 MAAAQSIQAQ IQLVQSGPEL KKPGETVKIS CKASGYTFTD YSMHWVKQAP GKGLKWMGWI

61 NTETGEPTYA DDFKGRFAFS LETSASTAYL QINNLKNEDT ATYECARDMD NWGQGTSVIV

121 STAKTTP
(SEQID NO: 2). .

The nucleotide sequence of the light chain variable domain of mAb 3B3

comprises the sequence of:

1
61
121
181
241
301
361

ATGTTCTGGA
CCTGTCAGTC
AGTAGTGGAA
CTGATCTACA
TCAGGGACAG
TACTGCTTTIC
ADAACGGGCTIG

TTCCTGCTTIC
TTGGAGATCA
ACACCTTTITT
AAGTTTCCAA
ATTTCACACT
AAGGTTCACA
ATGCTGCACC

CAGCAGTGAT
AGCCTCCATC
AGAATGGTAC
CCGATTTTCT
CAAGATCAGC
TGTTCCGTAC
AACTGTA

GITTTGATGA
TCTTGCAGAT
CTGCAGAAAC
GGGGTCCCAG
AGAGTGGAGG
ACGTTCGGAG

CCCAAACTCC
CTAGTCAGAG
CAGGCCAGTC
ACAGGTTCAG
CTGAGGATCT
GGGGGACCAA

ACTCTCCCTA
CATTGTACAT
TCCAAAGCTC
TGGCACTGGA
GGGAGTTTAT
GCTGGAAATA

(SEQ ID NO: 3). The amino acid sequence of the light chain variable region of mAb 3B3

is:

1 MFWIPASSSD VLMTIQTPLSL PVSLGDQASI SCRSSQSIVH SSGNTFLEWY LOKPGQOSPKL

61 LIYKVSNREFS GVPDREFSGTG SGTIDFTLKIS RVEAEDLGVY YCFQGSHVPY TFGGGTKLEI

121

KRADAAPTV
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(SEQ ID NO: 4).

An antibody unit can have two heavy chains, and two light chains, each
containing variable and constant domains. Antigen binding domains and fragments can
be designed and generated based on portions of the heavy and light chain variable domain
sequences. For example, a F(ab’), fragment can contain the light chains and the variable
domain, first constant domain, and hinge region of the two heavy chains. A Fab fragment
can contain a single light chain and the variable domain and first constant domain of a
single heavy chain. A single chain containing a variable light chain domain in sequence
with a variable heavy chain domain can also be formed, the result being a “scFv” fusion
peptide. Accordingly, the disclosure provides for a porcine Langerin binding protein or a
Langerin-binding portion thereof that comprises one or more antigen binding domains of
the porcine Langerin antibodies disclosed herein. Determination of the Langerin binding
activity can be assessed using any common binding assay that can detect, determine,
and/or quantify the amount of binding between Langerin (e.g., porcine Langerin) and the
Langerin-binding protein or binding portion thereof.

The 3B3 heavy and light chain variable domains can be linked in a scFv construct.
The linking domain must be flexible and long enough to allow the variable peptide
domains to pair in a functional conformation, but otherwise the amino acid sequence of
the linker and/or linker domain can vary. The linker sequences of the Langerin binding
proteins disclosed herein may vary in length depending on whether they are identified as
a "short linker" or a sequence that is longer and provides a more "flexible linker"
sequence. Non-limiting examples of short linker sequences are provided in the
illustrative sequences and are generally from 1 to no more than 10 (e.g., 10,9, 8,7, 6, 5,
4, 3,2, or 1) amino acid residues in length. Shorter linkers may be used to join domains
and/or regions that are positioned near to one another after the molecule has assembled
where tertiary interactions and orientation of the domains with respect to other domains is
not necessary for desired function. In some embodiments the short linker is from 1 to 5
amino acids in length (e.g., 1, 2, 3, 4, or 5 amino acid residues). Other longer linker
regions, including flexible linkers, generally comprise at least 8 amino acid residues and
may comprise up to about 50 amino acid residues (e.g., 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, or approximately 50 residues

in length. Portions of such linkers may be flexible, hydrophilic and have little or no
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secondary structure of their own (linker portions or flexible linker portions). As
illustrated herein, when multiple linkers are used to interconnect different
domains/portions of the Langerin binding protein, the linkers may be the same or
different (e.g., the same or different length and/or amino acid sequence). The linkers may
facilitate formation of the tertiary structure of the Langerin binding protein and help to
confer or modify Langerin binding activity or affinity. Non-limiting examples of linkers
may comprise (Gly-Ser), residues wherein n is a positive integer (e.g., 1,2, 3,4,5,6,7,
8, 9 or 10), with some Glu or Lys residues dispersed throughout to increase solubility.
Other linker motifs and sequences may be used with the Langerin binding protein
disclosed herein.

A 3B3 scFv fusion protein can also contain a leader sequence, such as a leader
sequence which directs the extracellular secretion of the fusion protein. As one skilled in
the art would appreciate, many different leader sequences (e.g., signal sequences) could
be incorporated into a 3B3 scFv fusion protein. The leader sequence is usually cleaved
from the remaining mature form of the fusion protein.

A 3B3 scFv fusion protein can further contain an additional domain. The
additional domain can be useful in purification or isolation of the fusion protein, or can
provide residues for chemical modification or linkages. For example, a heavy chain
constant region fragment (Fc) can be added to a 3B3 scFv fusion protein to permit
isolation of the fusion protein using the antibody-binding bacterial Protein A and/or
Protein G. If the 3B3 scFv fusion protein is to be used to immunize a porcine, a porcine
Fc can be used, which reduces the risk of a host immune response against the 3B3 scFv-
Fc chimeric protein.

A 3B3 scFv fusion protein can further contain an antigen from a porcine pathogen.
The pathogen can be a virus or a bacterium. For example, the antigen can be the Spike
(““S”) protein of Porcine Epidemic Diarrhea Virus (PEDV). Multiple antigens or T cell
epitopes can be included in a single 3B3 scFv fusion protein. An antigen can be
chemically linked to a 3B3 scFv fusion protein. Alternatively, a nucleotide sequence of an
antigen can be attached to a nucleotide sequence of a 3B3 scFv fusion construct, such that
a 3B3 scFv fusion protein and an antigen are present in a single polypeptide.

A 3B3 scFv fusion protein containing at least one antigen or antigenic epitope can

be used to immunize a porcine. The 3B3 scFv portion of the construct would bind
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porcine Langerin expressed by porcine dendritic cells (DC). This binding should
facilitate uptake of the chimeric protein by the DC. The chimeric protein would be
processed and peptides presented to T lymphocytes in the context of major
histocompatibility complex (MHC) class 1 proteins on the surface of the DC. An
immunogenic composition containing a 3B3 scFv fusion protein having at least one
antigen or antigenic epitope can also contain an adjuvant, such that the adjuvant activates

the DC and increases stimulation of T cells by the DC.

An “antigen” is any molecule capable of being specifically detected by the
immune system of an organism. Typically a viral antigen is a viral protein encoded by
the viral genome or derived from products of the viral genome. The presence of viral
antigens can be specifically detected by the surface antigen receptors of both host T
lymphocytes and host B lymphocytes and by antibody molecules synthesized by host
cells. An “epitope” is a peptide or peptide conformation recognized by an antigen-
specific receptor expressed by lymphocytes.

A “fusion” or “chimeric” protein is a peptide which contains two or more amino
acid sequences not naturally associated in a single sequence.

“Immunogenicity” refers to the ability of an antigen to elicit an immune response,
said immune response comprising both antigen-specific responses and non-antigen-
specific responses or innate immune responses. ‘“Protective immunity” is an immune
response which can reduce or prevent clinical symptoms when an immunized animal is
challenged or exposed to a pathogenic virus strain. As one skilled in the art would
appreciate, protective immunity may decline with time or increased age of the immunized
animal. Protective immunity as used herein should be effective for at least four months,
but preferably at least six months, from the latest date of immunization. Protective
immunity may be elicited with a single dose of a vaccine. A second or further dose may
be used to increase or prolong the protective immune response. For example, increasing
the protective immune response in a breeding sow may result in an increased level of
maternally derived antibody in piglets.

In contrast to an antigen, an “adjuvant” is a non-specific stimulator of an immune
response. An adjuvant could stimulate the innate immune response by binding and

activating a pattern recognition receptor (PRR). Such stimulators of PRRs could be, for
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example, viral or bacterial nucleic acids, lipids from bacteria or parasites, or bacterial
proteins or toxins, or any artificially-constructed mimic of such molecules. Adjuvants
also include, without limitation: inorganic compounds that aggregate antigens to facilitate
recognition by B lymphocytes or uptake by phagocytes, such as alum, aluminum
hydroxide, aluminum phosphate, calcium phosphate hydroxide or ammonium sulfate;
oils; and detergents. Adjuvants could also be host mediators of immune signaling, such
as, without limitation, cytokines, lymphokines, chemokines, interferons, anaphylatoxins,
growth factors, differentiation factors, and adhesion molecules.

As used herein, an “immunogenic composition” is a composition that elicits an
immune response when administered to an animal. An immunogenic composition
comprises at least one antigen and at least one pharmaceutically-acceptable excipient,
stabilizer, solubilizer, or diluent. A description of pharmaceutically-acceptable
excipients, stabilizers, solubilizers, or diluents can be found, for example, in “Remington:
The Science and Practice of Pharmacy,” Lloyd V. Allen, ed., Pharmaceutical Press,
London, UK, 2ond edition, 2012. The antigen can be a whole virus, bacterium, or other
pathogen, either live or inactivated. The antigen can also be isolated, purified, or partially
purified antigenic molecule from a virus, bacterium, or other pathogen. The antigen can
be a polypeptide, a polysaccharide, a nucleic acid, or a lipid.

As used herein, a “vaccine” is an immunogenic composition which confers
protection from, resistance to, prevention of, or treatment for a disease symptom when
administered to an animal, wherein said symptom is caused by a pathogenic organism, for
example a virus. A vaccine may include, without limitation, viral antigens or intact
virions, either live or inactivated, in composition with pharmaceutically-acceptable
adjuvants, excipients, stabilizers, solubilizers, or diluents.

As used herein, the terms “treating”, “to treat”, or “treatment”, include restraining,
slowing, stopping, reducing, ameliorating, or reversing the progression or severity of an
existing symptom, disorder, condition, or disease.

As used herein, the terms “preventing”, “to prevent”, or “prevention”, include
without limitation decreasing, reducing, or ameliorating the risk of a symptom, disorder,

condition, or disease, and protecting an animal from a symptom, disorder, condition, or

disease. A prevention may be applied or administered prophylactically.
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“Percent identity” can be determined by calculating the number of identical
nucleotides or amino acids at the same relative positions in a nucleic acid or protein. Two
or more sequences can be compared over the full length of one sequence or a fragment of
a sequence. Calculation of percent identity includes determination of the optimal
alignment between two or more sequences. Alignment can take into account insertions
and deletions (i.e. “gaps”) in each of the sequences to be tested, such as, without
limitation, in the non-coding regions of nucleic acids and truncations or extensions of
polypeptide sequences. Computer programs and algorithms such as the Basic Local
Alignment Search Tool (BLAST) may be used to determine the percent identity. BLAST
one of the many resources provided by the U.S. National Center for Biotechnology
Information. Because the genetic code is degenerate, and more than one codon can
encode a given amino acid, coding regions of nucleic acids are considered identical if the
nucleic acids encode identical polypeptides. Thus, percent identity could also be
calculated based on the polypeptide encoded by the nucleic acid.

"o

As used herein and in the appended claims, the singular forms "a,” "an," and "the"
include plural reference unless the context clearly indicates otherwise. Thus, for
example, reference to "a V region" or "an antigen" and various hyphenated and
unhyphenated forms is a reference to one or more such proteins and includes equivalents
thereof known to those of ordinary skill in the art.

The following experimental examples are illustrative of anti-porcine Langerin
antibodies, and the use of such antibodies to target antigens to porcine dendritic cells. It
will be appreciated that other embodiments and uses will be apparent to those skilled in

the art and that the invention is not limited to these specific illustrative examples or

preferred embodiments.

EXAMPLE 1

The porcine Langerin extracellular domain 1s cloned as a mouse Fe fusion
protein, expressed and purified from the supernatants of transiently-transfected
293T cell cultures, and used to generate mouse anti-plangerin antibodies as follows.

The nucleic acid sequence encoding the porcine Langerin extracellular domain

(228-1011 nucleotides, GenBank Accession No. NM_{001129957) is PCR-amplified and
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cloned in pFUSE-mlgG,,Fc2 and pFUSE-hlgG,Fc2 expression vectors (InvivoGen). The
pLangerin extracellular domain is expressed as mouse F. fusion proteins in 293T cells by
transient transfection using LIPOFECTAMINE ® LTX (Thermo Fisher Scientific). 293T
cells are maintained in Pro293aCDM (Conditioned Defined Media) (Lonza)
supplemented with 4% FBS. Transiently transfected 293T cells are maintained in Iscove’s
modified Dulbecco’s Medium (IMDM) supplemented with 2% ultra-low IgG FBS (fetal
bovine serum) (Gibco). The expressed proteins are purified from culture supernatants by
Protein A paramagnetic beads (Millipore). BALB/c mice are immunized subcutaneously
with purified pLangerin - mlgGs, F; proteins along with Freund’s adjuvant (Sigma). A
panel of hybridoma cell lines was established by using the CLONACELL®-HY
hybridoma kit (Stemcell Technologies). The monoclonal antibodies produced by the
hybridomas are screened by an indirect ELISA in which the pLangerin- hlgG;F; and anti-
mouse IgG-HRP (horseradish peroxidase) (Kirkegaard & Perry Laboratories) are used as
coating antigen and secondary antibody, respectively. Monoclonal antibodies from the
hybridoma culture supernatants are purified by Protein A paramagnetic beads (Millipore)

and isotyped using a rapid antibody isotyping kit (Pierce).

Two hybridoma cell lines specific to porcine Langerin as measured by the
above ELISA have been established, and termed 3B3 and 5G7. The antibodies are
also specific to porcine Langerin as measured by immunofluorescence assays on
wild-type Langerin transfected 2937 cells. The nucleic acid that encodes wild-type
Langerin {nucleotides 25-1014, GenBank Accession No. NM_001129957) is PCR-
amplified and cloned in pFUSE-hIgG1-Fc2 (dovivogen). CHO-K1 cells are transfected
with pFUSE vector expressing porcine Langerin or CD137 (irrelevant gene control) using
LIPOFECTAMINE ® LTX (Thermo Fisher Scientific). CHO-K1 cells (ATCC) are
maintained in Dulbecco’s modified eagle medium (DMEM) supplemented with 10%
FBS. At 48 hours post transfection, cells are fixed with 3.2% of paraformaldehyde,
permeabilized with Triton X-100, and blocked with 3% of bovine serum albumin (BSA).
Cells are subsequently stained with the Langerin-specific antibodies (1 pg in 100 pL) in
blocking buffer followed by incubation with fluorochrome-conjugated secondary
antibodies. DAPI (4',6-diamidino-2-phenylindole) is used to stain the cell nucleus, and

cells are imaged in Nikon Eclipse TE 300 fluorescence microscope.
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Affinities of the two monoclonal antibodies (mAb) are determined by thiocyanats
ehution. The binding of the mAb to pLangerin- hIgG;F; in an ELISA is assessed in the
presence of increasing concentrations of the chaotropic ammonium thiocyanate (Sigma-
Aldrich) ion from 0 to 3.5 M, which disrupts binding of the antibody to the antigen.
Resistance to thiocyanate elution is a measure of affinity whereby an affinity index
represents a 50% reduction in the binding in the absence of thiocyanate. The relative
affinity of 3B3 mAb (affinity index > 3.5) has been found to be much higher than that of
5G7 mAb (affinity index = 0.4).

The isotype of 3B3 antibody has been determined by an immunoglobulin
isotyping kit { ThermoFisher Scientific) and is a mouse 1gG1 with a kappa light

chain.

EXAMPLE 2

The variable (V) domains of mAb 3B3 are amplified from DNA extracted from
hybridoma cells. Primers for the amplification have been obtained from a mouse Ig-
primer set (EMD Millipore). PCR products of mAb 3B3 variable domains are cloned in
PCR-Blunt vector (Invitrogen) and the coding DNA sequences are verified by Sanger
DNA sequencing (Genomics Research Laboratory, Biocomplexity Institute, Virginia

Tech).

The polynucleotide sequence of the 3B3 mAb heavy chain variable (HCV) is:

1
61
121
181
241
301
361

25

ATGGCAGCTIG
AAGAAGCCTIG
TATTCAATGC
AACACTGAGA
TTGGAAACCT
GCTACATATT
TCCACAGCCA

CCCAAAGTAT
GAGAGACAGT
ACTGGGTGAA
CTGGTGAGCC
CTGCCAGCAC
TCTGTGCTAG
AAACGACACC

CCAAGCACAG
CAAGATCTCC
GCAGGCTCCA
AACATATGCA
TGCCTATTTG
AGATATGGAC
C

ATCCAGTTIGG
TGCAAGGCTT
GGAAAGGGTT
GATGACTTCA
CAGATCAACA
AACTGGGGTC

TGCAGTCTGG
CTGGTTATAC
TAAAGTGGAT
AGGGACGGTT
ACCTCAAAAA
AAGGAACCTC

ACCTGAGCTG
CTTCACAGAC
GGGCTGGATA
TGCCTTCTICT
TGAGGACACG
AGTCACCGTC

(SEQ ID NO: 1). The amino acid sequence of the 3B3 heavy chain variable region is:

1 MAAAQSIQAQ IQLVQSGPEL KKPGETVKIS CKASGYTFTD YSMHWVKQAP GKGLKWMGWI

30
121

STAKTTP

(SEQ ID NO: 2).

61 NTETGEPTYA DDFKGRFAFS LETSASTAYL QINNLKNEDT ATYECARDMD NWGQGTSVIV
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The polynucleotide sequence 3B3 mAb light chain variable (LCV) domain is:

ATGTTCTGGA
CCTGTCAGTC
AGTAGTGGAA
CTGATCTACA
TCAGGGACAG
TACTGCTTTIC
ADAACGGGCTIG

TTCCTGCTTIC
TTGGAGATCA
ACACCTTTITT
AAGTTTCCAA
ATTTCACACT
AAGGTTCACA
ATGCTGCACC

CAGCAGTGAT
AGCCTCCATC
AGAATGGTAC
CCGATTTTCT
CAAGATCAGC
TGTTCCGTAC
AACTGTA

GITTTGATGA
TCTTGCAGAT
CTGCAGAAAC
GGGGTCCCAG
AGAGTGGAGG
ACGTTCGGAG

CCCAAACTCC
CTAGTCAGAG
CAGGCCAGTC
ACAGGTTCAG
CTGAGGATCT
GGGGGACCAA

ACTCTCCCTA
CATTGTACAT
TCCAAAGCTC
TGGCACTGGA
GGGAGTTTAT
GCTGGAAATA

(SEQ ID NO: 3). The amino acid sequence of the 3B3 light chain variable region is:

1 MFWIPASSSD VLMTIQTPLSL PVSLGDQASI SCRSSQSIVH SSGNTFLEWY LOKPGQOSPKL

61 LIYKVSNREFS GVPDREFSGTG SGTIDFTLKIS RVEAEDLGVY YCFQGSHVPY TFGGGTKLEI

121

(SEQ

KRADAAPTV
ID NO: 4).

EXAMPLE 3

The light and heavy chain V region domains of mAb 3B3 are genetically linked

through a flexible linker to make a single-chain-variable-fragment (scFv). The human

interleukin-2 (IL-2) signal sequence is also added to the 5’ end of the light chain region.

Porcine F, cDNA (802-1495 nts, see for example NCBI: AK405797.1) is prepared

from pig spleen total RNA using specific primers, cloned in pFUSE-hlgG;Fc2 by

replacing human F, and introducing an Xhol site at its c-terminus to achieve the vector

named pFUSE-plgG,Fc2).

The 3B3scFv is cloned in pFUSE-plgG,Fc2 and pFUSE-hIgG;Fc2 (Invivogen) to

make porcine and human F. fusion antibodies, respectively. The nucleotide sequence of

the 3B3scFv- plgG,Fc2 is as follows:

61
121
181
241
301
361
421
481
541

ATGTACAGGA
ATATCTATTC
GTCAGTCTTG
AGTGGAAACA
ATCTACAARG
GGGACAGATT
TGCTTTCAAG
CGGGCTGATG
TCAGGCGGAG
CAGATCCAGT

TGCAACTCCT
CTGCTTCCAG
GAGATCAAGC
CCTTTTTAGA
TTTCCAACCG
TCACACTCAA
GTTCACATGT
CTGCACCAAC
GTGGCTCTGG
TGGTGCAGTC

GTCTTGCATT
CAGTGATGTT
CTCCATCICT
ATGGTACCTIG
ATTTTCTGGG
GATCAGCAGA
TCCGTACACG
TGTATCCATC
CGGTGGCGGA
TGGACCTGAG

GCACTAAGTC
TTGATGACCC
TGCAGATCTA
CAGAAACCAG
GTCCCAGACA
GTGGAGGCTG
TTCGGAGGGG
TTCCCACCAT
TCGATGGCAG
CTGAAGAAGC

TTGCACTTGT
AAACTCCACT
GTCAGAGCAT
GCCAGICTCC
GGTTCAGTGG
AGGATCTGGG
GGACCAAGCT
CCAGTTICAGG
CTGCCCAAAG
CTGGAGAGAC

CACGAATTCG
CTCCCTACCT
TGTACATAGT
AAAGCTCCTG
CACTGGATCA
AGTTTATTAC
GGAAATAARARA
TGGTGGCGGT
TATCCAAGCA
AGTCAAGATC
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601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

TCCTGCAAGG
CCAGGAAAGG
GCAGATGACT
TTGCAGATCA
GACAACTGGG
GTCTATCCAC
CCCATATGCC
AAGGACACCC
CAGGAGAACC
CAGACGAGGC
ATCCAGCACC
CTCCCAGCCC
GTGTACACCC
CTGGTCACTG
GAGCCAGAGG
CTGTACAGCA
GCGGTGATGC
GGTAAATGA

CTTCTGGTTA
GTTTAAAGTG
TCAAGGGACG
ACAACCTCAA
GTCAAGGAAC
TGGCCCCTGG
CAGCCTGTGA
TCATGATCTC
CGGAGGTCCA
CAAAGGAGGA
AGGACTGGCT
CCATCACAAG
TGCCCCCACC
GCTTCTACCC
GCAATTACCG
AGTTCTCGGT
ACGAGGCTCT

-19-

TACCTTCACA
GATGGGCTGG
GTTTGCCTTC
AAATGAGGAC
CTCAGTCACC
AGCCATGGTT
ATCGCCAGGG
CCGGACACCC
GTTCTCCTGG
GCAGTTCAAC
GAACGGGAAG
GATCATCTCC
CACCGAGGAG
ACCTGACATC
CACCACCCCG
GGACAAGGCC
GCACAACCAC

GACTATTCAA
ATAARACACTG
TCTTTGGARAA
ACGGCTACAT
GTCTCCACAG
AGATCTGGAA
CCCTCGGTCT
CAGGTCACGT
TACGTGGACG
AGCACCTACC
GAGTTCAAGT
AAGGCCAAAG
CTGTCCAGGA
GATGTCGAGT
CCCCAGCAGG
AGCTGGCAGG
TACACCCAGA

PCT/US2017/012251

TGCACTGGGT
AGACTGGTGA
CCTCTGCCAG
ATTICTGTIGC
CCAAAACGAC
CAAAGACCAA
TCATCTTCCC
GCGTGGTAGT
GCGTAGAGGT
GCGTGGTCAG
GCAAGGTCAA
GGCAGACCCG
GCAAAGTCAC
GGCAAAGARAA
ACGTGGACGG
GTGGAGGCAT
AGTCTATCTIC

GAAGCAGGCT
GCCAACATAT
CACTGCCTAT
TAGAGATATG
ACCCCCATCT
ACCACCATGT
TCCAAAACCC
TGATGTGAGC
GCACACGGCC
CGTCCTIGCCC
CAACAAAGAC
GGAGCCGCAG
GCTAACCTGC
CGGACAGCCG
GACCTACTTIC
ATTCCAGTGT
CAAGACTCCG

(SEQ ID NO: 5). The 3B3scFv portion (including leader sequence) represents
nucleotides 1-894 of SEQ ID NO: 5, which is followed by a linker region to the porcine

Fc. The amino acid sequence of this chimeric peptide is as follows:

1
61
121
181
241
301
361
421
481
541

MYRMQLLSCI ALSLALVINS ISIPASSSDV

SGNTEFLEWYL QKPGQSPKLL IYKVSNRESG

CEFQGSHVPYT
QIQLVQSGPE
ADDFKGREFAF
VYPLAPGAMV
QENPEVQEFSW
LPAPITRIIS
EPEGNYRTTP
GKL

FGGGTKLEIK
LKKPGETVKI
SLETSASTAY
RSGTKTKPPC
YVDGVEVHTA
KAKGQTREPQ
POODVDGTYE

RADAAPTVSI
SCKASGYTET
LOINNLKNED
PICPACESPG
QTRPKEEQEN
VYTLPPPTEE
LYSKESVDKA

LMTQTPLSLP
VPDRESGTIGS
FPPSSSGGGGE
DY SMHWVKQA
TATYFCARDM
PSVEIEFPPKP
STYRVVSVLP
LSRSKVTLTC
SWQGGGIEFQC

VSLGDQASIS
GIDEFTLKISR
SGGGGSGGGG
PGKGLKWMGW
DNWGQGTSVT
KDTLMISRTP
IQHODWLNGK
LVTIGEFYPPDI
AVMHEALHONH

CRSSQSIVHS
VEAEDLGVYY
SMAAAQSIOQA
INTETGEPTY
VSTAKTTPPS
QVTICVVVDVS
EFKCKVNNKD
DVEWQRNGQP
YTOQKSISKTP

(SEQ ID NO: 6). The first 298 amino acid residues represent the 3B3scFv peptide,

including the human IL-2 leader peptide, which accounts for the first 22 amino acid

residues. Amino acids 23-148 of SEQ ID NO: 6 are derived from the 3B3 LCV domain,

which in this construct is missing the first three amino acids of the LCV domain.

Following the flexible linker region, amino acids 172-298 are derived from the 3B3 HCV
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domain. Another short linker region joins the above sequences with the amino acids of a

porcine immunoglobulin constant region (Fc), found at amino acids 313-543.

EXAMPLE 4

PEDV-CO/13 strain is propagated in Vero cells with Eagle minimum essential
medium (MEM) supplemented with 0.02% yeast extract, 0.3% tryptose phosphate broth
and 2 pg/mL trypsin. Uninfected Vero cells (ATCC) are maintained in MEM
supplemented with 10% fetal bovine serum (FBS). The N-terminal domain (NTD) and
S1 domain of the S protein (amino acids 21-737) of PEDV MN strain (GenBank
Accession No. KF468752.1) are genetically combined with the carboxy terminus of
porcine F. or 3B3scFv-porcine F; in pFUSE vectors. The UGA stop codon for the porcine
Fc has been converted to a UCA codon for serine, and a short linker region of Gly-Leu-
Glu-Gln is inserted (see Figure 1). The fusion proteins and chimeras to be used as
vaccine antigens are produced in 293T cells by large-scale transient transfections using
Polyethyleneimine-Max (Polysciences, Inc). The antigens are purified from culture
supernatants with CAPTIVA PRIMAB Protein A agarose beads (Repligen), eluted with
0.2 M Glycine buffer (pH 2.5) and the pH is neutralized with 1 M Tris buffer to
approximately 7.5. The molecular sizes of vaccine antigens are analyzed by SDS-PAGE
and BIOSAFE Coomassie Blue (Biorad) staining. The stained gel is scanned by
ODYSSEY CLx Infrared Imaging System (LI-COR). The vaccine antigens are quantified
by QUICK START Bradford assay (Bio-rad). The standard curve is prepared using the
QUICK START Gamma Globulin Standard Set (Biorad). Vaccine antigens are snap-

frozen in liquid nitrogen and subsequently stored at —80 °C.

EXAMPLE 5

A 3B3scFv-plgG,Fe2-PEDV S Ag chimeric polypeptide can be used to stimulate
PEDV-specific immune responses in porcines by targeting the S antigen (Ag) to dendritic
cells. The 3B3scFv-plgG,Fc2-PEDV S Ag chimeric polypeptide is encoded by SEQ ID
NO: 7.
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A total of 31 four-weeks-old PEDV-negative piglets were divided into four
treatment groups: an adjuvant control group (Group 1), a non-targeted group receiving the
plgG,Fc2-PEDV S Ag chimeric polypeptide (Group 2), a two DC-targeted groups
receiving the 3B3scFv-plgG,Fc2-PEDV S Ag chimeric polypeptide: one given a primary
immunization transdermally (Group 3), and a second given a primary immunization
intramuscularly (Group 4). Animals in Groups 2-4 received 200 pg of recombinant
antigen mixed with 50 pg of cholera toxin (CT), while pigs in Group 1 received 50 pg of
CT only. On day 28, all groups received a secondary or boosting injection
intramuscularly. Blood was collected on days 0, 7, 21, 28, 35 and 42 for measurement of

immune responsces.

Antigen-specific T cell responses were analyzed in T cell populations by in vitro
antigen stimulation of mononuclear cells isolated from peripheral blood followed by
intracellular staining of IFN-y and subsequent flow cytometry analysis. Peripheral blood
mononuclear cells (PBMC) were isolated from blood taken on days 0, 7, 28 and 35. The
PBMC were stimulated in vitro with 20pug/mL recombinant plgG,Fc2-PEDV S Ag for
17h, and stained for intracellular IFN-y. Flow cytometry analyses showed that the
CD4"CD8" T cell subset was the only subset showing increased mean frequencies of IFN-
v producing cells in response to PEDV antigen. As early as 7 days after the primary
vaccination in pigs, the antigen-specific CD4 T cell frequencies in Group 3 (0.969+0.201,
p<0.025) were significantly higher than those in the non-targeted group (0.395+0.158)
and the Group 4 (0.4832+0.067). The CD4 T cell priming were sustained in a proportion of
pigs (2/8) in the Group 3 (p=0.027) up until 28 days after the primary vaccination. At day
7 after the second vaccination (i.e. on day 35), IFN-y-specific CD4 T cell responses
increased significantly in Group 3 (0.391+0.107, p=0.016) as compared to the non-
targeted group (0.108+0.052). However, there was no significant difference in CD4 T cell
responses observed between Groups 3 and 4. The IFN-y responses were not found to be

significantly elevated among CD4 CD8" T cells in any group.

The humoral immune response was measured to detect serum IgG and IgA levels
on days 21, 28, 35, and 42. Antibody levels were determined by ELISA. ELISA plates
(96-well) were coated overnight at 4 'C with 100 uL of PEDV S Ag-mouse IgG», F,
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antigen (2 pg/mL, diluted in 0.2 M Carbonate/Bicarbonate buffer, pH 9.4). Wells were
washed thrice with PBS/Tween-20 (0.1%) and blocked with 150 uL of 5% non-fat milk in
PBS/Tween for 2 hours at 37 'C. Test serum, positive and negative serum samples were
diluted (1:400) in the blocking buffer. Diluted sera (100 puL) were added to each well in
duplicates. The plates were incubated at 37 "C for 1 hour. Wells were washed thrice with
PBS/Tween and then incubated 37°C for 1 hour with 100 pL of secondary conjugates:
horseradish peroxidase (HRP)-conjugated goat anti-pig IgG (H+L), human/mouse serum
pre-adsorbed antiserum (Santa Cruz Biotech) (1 pg: 16000 uL) or HRP-conjugated goat
anti-pig IgA antiserum (Bethyl) (1pg: 2000uL). Wells were washed thrice with
PBS/Tween and incubated with 100 pL of Sure Blue substrate (KPL) for 5 minutes. The
reaction was stopped promptly by adding 100 puL of 1N HCI per well. Absorbance was
measured at 450 nm in microplate reader (Tecon or Promega GLOMAX). Sample-to-
positive (S/P) ratio was calculated by the formula: (sample mean — negative control
mean) / (positive control mean — negative control mean) where “mean” was the average

of optical densities (OD) at 450 nm of duplicate samples.

The first vaccine dose induced detectable levels of antigen-specific serum IgG but
not IgA by day 21 in all vaccinated groups, but not in the control group. However, serum
IgG levels specific to PEDV antigen increased considerably upon the second vaccine
dose. Particularly, at day 7 after the second administration (i.e. day 35), the mean IgG S/P
ratio was significantly higher in Group 4 (1.372+0.039, p=0.037) than in Group 3
(1.230+£0.059). The higher serum IgG levels in Group 4 was sustained until day 35 after
boosting (mean S/P ratio: 1.33720.052, p=0.005) as compared to Group 3 (mean S/P
ratio: 1.048+0.076) at the same time point. In contrast, substantial IgA levels were
detected only at days 35 in all vaccinated groups, but not in the control group; and the
mean IgA S/P ratio was much higher in the Group 4 (0.346+0.118, p=0.001) than Group
3 (0.053+0.007). The serum IgA responses were observed on 42, although at low levels.
Interestingly, serum IgG responses were also observed at significant levels in pigs
vaccinated with non-targeted PEDV antigen (Group 2), but there was no significant

difference noticed in antibody levels between Group 2 and the DC-targeted Group 3.
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The serum antibodies measured above were tested for the ability to neutralize
PED virus in an in vitro infection assay. Vero cells were seeded in 96-well cell culture
plates one day prior to actual test. Pig serum samples were heat-inactivated at 56°C for 30
minutes and serially diluted two-fold with MEM. PEDV was prepared at a concentration
of 2,000 TCIDs¢/mL in MEM and added to diluted sera at 1:1 ratio. The virus-serum
mixtures were incubated at 37°C for 1 hour, and then transferred to Vero cell monolayers
on 96-well cell culture plates (100 pL per well) which were previously washed with
MEM once. Cells were incubated at 37°C for 1 hour and subsequently washed with MEM
thrice. Maintenance medium containing trypsin (2 pg/mL) was added to cells and further
incubated at 37°C for 5 days. Serum virus neutralization (SVN) titers were calculated as
the reciprocals of the highest serum dilution resulting in complete inhibition of PEDV-
induced cytopathic effect. Geometric mean was calculated for triplicates as well as

groups.

Strong neutralizing antibody (NAD) responses were detected in all vaccinated
groups (Groups 2-4) on day 35, with no significant difference in NAb levels between
these groups, while the adjuvant control group did not show serum neutralizing activity.
The mean PEDV-specific NAD titers ranged between 32 and 64 in the vaccinated groups
irrespective of DC targeting. There was a strong positive correlation between PEDV-
specific virus-neutralizing antibody levels and IgG levels in serum (r = 0.88, p < 0.0001),
but there was no evidence of correlation between virus-neutralizing antibody levels and

IgA levels in serum (r = 0.34, p = 0.062)
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4.

WHAT IS CLAIMED IS:

10.

A nucleic acid comprising a sequence of SEQ ID NO: 1, wherein the
nucleic acid encodes a porcine Langerin binding protein or a Langerin-
binding portion thereof.

The nucleic acid of Claim 1, wherein the nucleic acid encodes a binding
protein comprising the amino acid sequence of SEQ ID NO: 2.

The nucleic acid of Claim 1, further comprising a sequence of SEQ ID
NO: 3.

The nucleic acid of Claim 3, wherein the nucleic acid encodes a single
chain variable region fragment (scFv) fusion protein.

The nucleic acid of Claim 3, further comprising a signal sequence and/or a
flexible linger region sequence.

The nucleic acid Claim 5, wherein the nucleic acid comprises a sequence
at least 95% identical to nucleotides 1-894 of SEQ ID NO:5.

The nucleic acid of Claim 5, further comprising an immunoglobulin heavy
chain constant region fragment (Fc) sequence.

The nucleic acid of Claim 7, wherein the Fc sequence is a sequence of a
porcine immunoglobulin Fe.

The nucleic acid of Claim 7, comprising a sequence at least 95% identical
to SEQ ID NO: 5.

The nucleic acid of Claim 7, wherein the nucleic acid encodes a peptide

having an amino acid sequence at least 95% identical to SEQ ID NO: 6.
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The nucleic acid of any preceding claim, further comprising a sequence
derived from a porcine pathogen; wherein the porcine pathogen is a virus
or a bacterial strain.

The nucleic acid of Claim 10; wherein the porcine pathogen is a virus
selected from the group of a Porcine Reproductive and Respiratory
Syndrome (PRRS) virus, a Porcine Epidemic Diarrhea virus (PEDV), a
Transmissible Gastroenteritis virus (TGEV), a Classical Swine Fever
(SCF) virus, a swine influenza virus, a swine coronavirus, a porcine
circovirus, a porcine parvovirus, a swine pox virus, a swine adenovirus, a
swine rabies virus, a swine herpes virus, and a swine picornavirus.

The nucleic acid of Claim 10, wherein the sequence derived from a
porcine pathogen is a PEDV Spike antigen sequence.

The nucleic acid of Claim 10, wherein the nucleic acid comprises a
sequence at least 95% identical to SEQ ID NO: 7.

A nucleic acid comprising a sequence of SEQ ID NO: 3, wherein the
nucleic acid encodes a porcine Langerin binding protein or a Langerin-
binding portion thereof.

The nucleic acid of Claim 15, wherein the nucleic acid encodes a binding
protein comprising the amino acid sequence of SEQ ID NO: 4.

Use of the nucleic acid according to any one of claims 1 to 16 in the
manufacture of a medicament for treating a porcine for an infectious
disease.

A protein comprising an amino acid sequence of SEQ ID NO:2 and SEQ

ID NO: 4.
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The protein of Claim 18, wherein the protein is a single chain variable
region fragment (scFv) fusion protein.

The protein of any one of Claims 18 or 19, further comprising a flexible
linker region.

The protein of any one of Claims 18-20, further comprising an
immunoglobulin heavy chain constant region fragment (Fc) peptide.

The protein of Claim 21, wherein the Fc peptide is a porcine Fc peptide.
The protein of any one of Claims 18-22, wherein the protein comprises an
amino acid sequence at least 95% identical to SEQ ID NO: 6; or at least
95% identical to residues 23-298 of SEQ ID NO: 6.

The protein of any of Claims 18-23, further comprising an antigenic
peptide from a porcine pathogen; wherein the porcine pathogen is a virus
or a bacterial strain.

The protein of Claim 24; wherein the porcine pathogen is a virus selected
from the group of a Porcine Reproductive and Respiratory Syndrome
(PRRS) virus, a Porcine Epidemic Diarrhea virus (PEDV), a Transmissible
Gastroenteritis virus (TGEV), a Classical Swine Fever (SCF) virus, a
swine influenza virus, a swine coronavirus, a porcine circovirus, a porcine
parvovirus, a swine pox virus, a swine adenovirus, a swine rabies virus, a
swine herpes virus, and a swine picornavirus.

The protein of Claim 24, wherein the antigenic peptide from a porcine
pathogen is a PEDV Spike antigen peptide.

An immunogenic composition comprising the protein of any one of Claims

18-26.
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The immunogenic composition of Claim 27, further comprising at least
one of an adjuvant, an excipient, a stabilizer, a solubilizer, and a diluent.
The protein of any one of Claims 18-26 or the immunogenic composition
of any one of Claims 27-28 for use in therapy.

Use of the protein of any one of Claims 18-26 or the immunogenic
composition of any one of Claims 27-28 in the manufacture of a
medicament for treating a porcine for an infectious disease.

A method of inducing an immune response in a porcine comprising
administering to the subject at least one of

a. the protein of any one of Claims 18-26;

b. the immunogenic composition of any one of Claims 27-28; or

¢. the nucleic acid of any one of Claims 1 to 16,

in an amount effective to induce an immune response in the porcine
against a porcine pathogen.

The method according to Claim 31 wherein the method induces a
protective immune response against the porcine pathogen and the porcine
is at risk of exposure to a porcine pathogen or at risk of developing an
infectious disease caused by the porcine pathogen.

The method according to Claim 31 wherein the method induces an
immune response in a porcine that has been exposed to the porcine
pathogen or has developed an infectious disease caused by the porcine
pathogen.

The method according to any of Claims 31 to 33 wherein the porcine

pathogen is a Porcine Epidemic Diarrhea Virus (PEDV).
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35. An expression vector comprising the nucleic acid of any one of Claims 1
to 16.
36. A host cell comprising the nucleic acid of any one of Claims 1 to 16, or the

expression vector of claim 35.
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3B3scFv- plgG,Fc2-PEDV S Ag construct

Signal sequence

ATGTACAGGA TGCAACTCCT GICTTGCATT GCACTAAGTC TTGCACTIGT

3B3
ATATCTATTIC

light chain wvariable

(V)

region

CTGCTTCCAG CAGTGATGTT TTGATGACCC

ARAACTCCACT

CACGAATTCG

CTCCCTACCT

GTCAGTCTTG

GAGATCAAGC

CTCCATCTCT

TGCAGATCTA

GTCAGAGCAT

TGTACATAGT

AGTGGAAACA

CCTTTITTAGA

ATGGTACCTG

CAGAAACCAG

GCCAGTICTCC

ADAAGCTCCTG

ATCTACAAAG

TTTCCAACCG

ATTTTCTGGG

GTCCCAGACA

GGTTCAGTGG

CACTGGATCA

GGGACAGATT

TCACACTCAA

GATCAGCAGA

GTGGAGGCTG

AGGATCTGGG

AGTTTATTAC

TGCTTTCAAG

GTTCACATGT

TCCGTACACG

TTCGGAGGGE

GGACCAAGCT

GGAAATAAARA

CGGGCTGATG

CTGCACCAAC

Flexible linker region

TGTATCCATC TTCCCACCAT CCAGTTCAGG TGGIGGCGGT

TCAGGCGGAG
CAGATCCAGT

GTGGCTCTGG
TGGTGCAGTC

CGGTGGCGGA
TGGACCTGAG

3B3 heavy chain V region

TCGATGGCAG

CTGCCCAAAG

TATCCAAGCA

CTGAAGAAGC

CTGGAGAGAC

AGTCAAGATC

TCCTGCAAGG

CTITCIGGTTA

TACCTTCACA

GACTATTCAA

TGCACTGGGT

GAAGCAGGCT

CCAGGAAAGG

GTITTAAAGTG

GATGGGCTGG

ATAAACACTG

AGACTGGTIGA

GCCAACATAT

GCAGATGACT

TCAAGGGACG

GTTTGCCTTC

TCTTTGGAARA

CCTCTIGCCAG

CACTGCCTAT

TTGCAGATCA

ACAACCTCAA

AAATGAGGAC

ACGGCTACAT

ATTTICTGTIGC

TAGAGATATG

GACAACTGGG

GTCAAGGAAC

CTCAGTCACC

GTICTCCACAG

CCAAAACGAC

ACCCCCATCT

GTCTATCCAC
CCCATATGCC

TGGCCCCTGG
CAGCCTGTGA

AGCCATGGTT
aTcdccaGaa

Porcine Fc region

AGATCTGGAA

CAAAGACCAA

ACCACCATGT

CCCTCGGTCT

TCATCTTCCC

TCCAAAACCC

AAGGACACCC

TCATGATCTC

CCGGACACCC

CAGGTCACGT

GCGTGETRGT

TGATGTGAGC

CAGGAGAACC

CGGAGGTCCA

GTTCTCCTGG

TACGTGGACG

GCGTAGAGGT

GCACACGGCC

CAGACGAGGC

CAAAGGAGGA

GCAGTTCAAC

AGCACCTACC

GCGTGGTCAG

CGTCCTIGCCC

ATCCAGCACC

AGGACTGGCT

GAACGGGAAG

GAGTTCAAGT

GCAAGGTCAA

CAACAAAGAC

CTCCCAGCCC

CCATCACAAG

GATCATCTCC

AAGGCCAAAG

GGCAGACCCG

GGAGCCGCAG

GTGTACACCC

Teccccceacd

cpplccerceac

CTGTCCAGGA

GCAAAGTCAIC GC[TAACCTGC

CcTGGTCA[TG

GCTTCTACCC

ACCTGACATC

GATGTCGAGT

GGCAAAGAARA CGGACAGCCG

GAGCCAGAGG

GCAATTACCG

CACCACCCCG

CCCCAGCAGG

ACGTGGACGG

GACCTACTTC

CTGTACAGCA

AGTTCTCGGT

GGACAAGGCC

AGCTGGCAGG

GTGGAGGCAT

ATTCCAGTGT

GCGGTGATGC

ACGAGGCTCT

GCACAACCAC

TACACCCAGA

AGTCTATCTC

CAAGACTCCG
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PEDV Spike (S) protein
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Figure 1 continued (page 2/3)
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3661 TATTCTGTTA CGCCATGTIC TTTTTCAGAG CAGGCTGCAT ATGTTGATGA TGATATAGTG

Figure 1 continued (page 3/3)
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