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IDENTIFICATION OF A NOVEL B CELL CYTOKINE

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0001] This invention was made with Government support under Grant No. A1096278 from

the National Institutes of Health. The Government has certain rights in this invention.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims the benefit of U.S. Provisional Patent Application No.
61/906,855, filed on November 20, 2013, which is incorporated by reference herein.

BACKGROUND
FIELD OF THE INVENTION

[0003] The invention relates to compositions and methods involving a new cytokine called

1L40.
RELATED ART

[0004] Cytokines are small secreted proteins that regulate the immune system. They are
very important mediators that regulate immune responses, including the class and magnitude
of the response. Examples include the interleukins, chemokines, tumor necrosis factor
superfamily, and interferons. Many of these are currently becoming explored as

immunotherapeutics. They are involved in autoimmune diseases, cancer, and other ailments.

SUMMARY

[0005] Embodiments of the invention involve the identification of a novel cytokine herein
called Interleukin 40 (IL40 or IL-40). The molecule is a small secreted protein produced by
activated B cells. Therefore, it is a biomarker of activated B cells. It is also upregulated in
certain diseases, like systemic lupus erythematosus. Because B cells are linked to
lymphomas and autoimmune diseases, it is expected that IL40 plays a role in the pathology of
these diseases and will be a diagnostic or prognostic biomarker. It will also impact the
development of lymphomas, either by influencing the development of these cancers, or by
rendering them resistant to apoptosis, enhancing their growth, or favoring their
differentiation. In autoimmunity, IL40 produced by pathogenic B cells should affect other

cells and favor the inflammatory responses associated with these conditions. Methods to use
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ILA40 to identify its receptor are also contemplated. The identification of its specific receptor
1s important because the availability of the ligand and its receptor can be leveraged to identify
agonists and antagonists of this interaction that can be used in the indications described above

as well.

[0006] In one aspect, an antibody against the C/70rf99 polypeptide gene product (IL40) is
provided. The anti-IL40 antibody can be:

a) an IgG, IgM, IgA, IgD or IgE;
b) a monoclonal antibody;

c¢) an Fab', Fab, F(ab'),, single domain antibody (sdAb), Fv, or scFv (single chain
Fv);

d) a labeled antibody;
¢) a neutralizing antibody; or

f) any combination of a) — ¢).

[0007] In another aspect, a method of using the anti-IL40 antibody is provided. In the
method, the anti-IL40 antibody can be used, e.g.:

a) In a method of detecting IL40 in a sample. The method includes
immunodetecting 1L40 using the antibody as a detection agent for detecting IL40 in an
immunodetection method. In some embodiments, the immunodetection method is enzyme-
linked immunosorbent assay (ELISA), histology, fluorescence-activated cell sorting,
radioimmunoassay (RIA), immunoradiometric assay, immunohistochemistry,
fluoroimmunoassay, chemiluminescent assay, bioluminescent assay, Western blotting, or dot
blotting. In an ELISA assay, two different antibodies recognizing two different epitopes of a
given protein can be used to detect the protein through the detection of a substrate linked to
one of the antibodies in a colorimetric assay. In Histology, a labeled antibody can be used to
detect a protein in a tissue sample either in fresh frozen tissue or in formalin-fixed, paraffin
embedded samples. In fluorescence-activated cell sorting, a fluorochrome-labeled antibody
can be used to detect cells that express a particular protein. In the case of a secreted protein
there are techniques available that allow the intracellular staining of said proteins by

procedures known to those skilled in the art. In a radioimmunoassay a radioactively labeled
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protein can be used to measure the amount of protein present in a given sample by measuring
the amount of radioactivity present in a competition assay (for example, by using a specific
antibody). Variations of these assays involve the use of antibody/labeling compounds to
measure the amount of a particular protein in a given sample through competition assays that
depend on the affinity/avidity of the specific antibody. In a Western blot, a given protein can
be detected by the use of a specific antibody following a gel transfer, a method that also

allows the technician to know the molecular weight of the protein detected.

b) In a method of treating a disease involving 1L40 in a subject in need thereof.
The method includes administering to the subject a therapeutically effective amount of the
anti-1L40 antibody to neutralize IL40. In some embodiments, the disease is an autoimmune

disease or lymphoma.

¢) In a method of detecting 1L40 in a sample. The method includes
immunodetecting 1L40 using the anti-IL40 antibody as a detection agent in a diagnostic or
theranostic method for a disease involving I1L40. There are many methods available based on
the use of antibodies to detect the presence of a soluble protein in a physiological fluid.
Among the most common ones are enzyme-linked immunoassays where two different
antibodies recognizing different epitopes of IL40 are used. One of them is used as a capture
antibody in a plate where the physiological fluid is placed. This antibody is stuck to the plate,
and ““captures” I1L40 present in the fluid. The second antibody is linked to an enzyme. Finally,
a substrate is used that is processed by the enzyme and typically results in the development of
a given color that can be detected in specialized ELISA readers. Other methods include
radioimmunoassays that use radioactivity instead of enzymatic substrates to measure the
amount of IL40 present in a given fluid. The fluids can be obtained from patients with
different diseases. Typically, activated B cells have been found to play a role in the
pathogenesis of various cancers (lymphomas, leukemias) or inflammatory or autoimmune
diseases (rtheumatoid arthritis, systemic lupus erythematosus, Sjogren’s syndrome,
ankylosing spondilytis, psoriasis, others). In some embodiments, the disease is lymphoma,
leukemia, immunodeficiency or an autoimmune disease. In particular embodiments, the
autoimmune disease is systemic lupus erythematosus, rheumatoid arthritis, or psoriasis, and

the immunodeficiency is IgA deficiency syndrome.
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d) In a method of purifying or isolating a subset of cells that express IL40. The
method includes using the anti-1L40 antibody as a purification/isolating agent to purify or
isolate the subset of cells. Antibodies can be purified from hybridoma cultures. Typically,
the supernatants are first filtered through a 0.45 mm filter to remove cell debris. A preferred
method involves protein A/G chromatography. Applying the filtered hybridoma cultures to
the A/G protein column will result in the antibody molecules binding to the A/G protein, in a
bond that can be subsequently broken by changing the pH and eluting the purified antibody
from the column. The purified antibody can then be labeled with various fluorochromes and
then used to stain cell suspensions that can be analyzed in a fluorescence-activated cell sorter.
This procedure may result in the identification of cell subsets that express the antigen
recognized by the antibody. In some embodiments, the subset is purified or isolated by

fluorescence-activated cell sorting (FACS) to select the cell subsets.

[0008] In a further aspect, a cell producing the anti-IL40 antibody is provided, where the
cell is a hybridoma, a recombinant bacterial cell, a recombinant yeast cell, or a recombinant
mammalian cell. The cell can produce any of the anti-IL40 antibodies described herein.

Also, an organ, tissue or animal comprising the cell is provided.

[0009] In another aspect, a peptide or isolated protein comprising a part of or the entire
amino acid sequence of IL40 or mature form of IL40 is provided. The IL40 peptide or
protein can be:

a) a sequence variant, polymorphism, or species counterpart of 1L40;

b) a substitutional, insertional, or deletion variant of 1L40;

¢) a non-sequence derivative of 1L40, selected from the group consisting of

glycosylation modified IL40, chemically modified IL40, and a conjugate of 1L40;
d) a functionally active variant of 1L40;

¢) a functionally active segment of 1L40, a conserved region of IL40, or a non-

conserved region of 1L40;
f) a fusion protein of IL40; or

g) any combination of a) — f).
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[0010] In some embodiments, the functional variant is an agonist or antagonist of 1L40, and

the fusion protein is a covalent or noncovalent construct, or a labeled construct.

[0011] IL40 should bind to its specific receptor which will be present in certain populations
of lymphocytes and leukocytes in general. To identify the receptor, methods can be utilized
as the described herein where 1L.40 is labeled with either a label (such as FLAG or HIS-tag)
or radioactivity. If labeled with an amino acid based label (such as FLAG or HIS-tag) the
successful binding of 1L40 to its receptor can be detected by using a secondary anti FLAG or
anti-HIS antibody labeled with a fluorochrome and detected in a fluorescence-activated cell
sorter (FACS). If labeled with radioactivity, the binding can be monitored by measuring the
radioactive counts bound to a cell expressing the receptor. The biological activity of 1L40
can be monitored by measuring the expression of genes whose expression is modulated by
IL40 in various leukocyte populations (see, for example those listed in Table 5). Leukocytes
(for example splenocytes) can be cultured in vitro in the presence of IL40 for 6 hours before
mRNA is prepared from the cells and used to measure the expression of these genes by real-
time PCR. In vivo, IL40 is necessary for optimal production of IgA. Therefore, the activity
of IL40 antagonists can be monitored in vivo by administering them to a mouse and
measuring at various time intervals thereafter IgA levels in serum or plasma. Conversely, the
activity of IL40 agonists can be measured in vivo by administering them to an IL40-/- mouse
and measuring at various time intervals IgA levels in serum or plasma. Successful 1L40
agonists should be able to correct the IgA defect induced by the IL40-/- mutation, and

therefore IgA levels should rise to those of a normal mouse.

[0012] An IL40 fusion protein can also be used to monitor IL40 activity in vivo or in vitro,
or to alter the pharmacokinetics of native IL40 in vivo. Examples of fusion proteins include
but are not limited to those linked to immunoglobulin heavy chain such that fusion would
result in an IL40-Fc fusion protein. This fusion protein could be more stable in vivo, or it
may exhibit desirable binding characteristics by being able to bind to Fc receptors present in
many leukocyte populations, which may result in preferential localization of the fusion
protein to lymphoid tissues. Alternatively, IL40 could be used to make a fusion protein with
other cytokines or chemokines that preferentially bind B cells. For example, IL40 could be
fused to parts of the interleukin 4 (IL4) gene that encode those parts of the IL4 cytokine that
bind the IL4 receptor, which is present in subsets of both B and T cells. Alternatively, 1L40
could be fused to CXCL13, a chemokine that binds CXCRS, a receptor also preferentially

5
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expressed in B cells. These fusion proteins may exhibit desirable biological properties that
could enhance or alter the biological responses of B lymphocytes, or their homing patterns

within the human body.

[0013] IL40 can be labeled with radioactivity (amino acids or atoms) or by adding a few
amino acids to its sequence. Two common labels that have been used include HIS-tag and
FLAG. The latter have the advantage that there are readily available commercial monoclonal
antibodies that recognize their epitopes and therefore can be used to detect the labeled 1L40

when the labels are attached to it.

[0014] In a further aspect, a method of using the IL40 peptide or protein is provided. In the

method, the peptide or protein can be used, e.g.:

a) In a method of inducing an immune cell. The method includes using the peptide
or protein as an active agent to induce the immune cell to produce synaptogyrin 2 and/or
other IL40-induced proteins produced by B cells, or to induce differentiation or maturation of
the immune cell. Cells can be incubated with IL40 (at various concentrations) for 24 h in
vitro in tissue culture medium, typically using RPMI 1640 or DMEM or similar

supplemented with fetal calf serum, glutamine and -mercaptoethanol.

b) In a method of treating a disease involving IL40 in a subject in need thereof.
The method includes administering to the subject a therapeutically effective amount of the
peptide or protein, where the peptide or protein is an IL40 antagonist. In some embodiments,

the disease is autoimmune disease or lymphoma.

¢) In a method of treating a disease involving IL40 in a subject in need thereof.
The method includes administering to the subject a therapeutically effective amount of 1L40,
or the peptide or protein, where the peptide or protein is an IL40 agonist. In some
embodiments, the disease is IgA deficiency syndrome, Hodgkin or non Hodgkin
Lymphomas, diffuse large cell lymphoma, mycosis fungoides, mantle cell lymphoma,
multiple myeloma, or another lymphoma or leukemia; rheumatoid arthritis, systemic lupus
erythematosus, Sjogren’s syndrome, Hashimoto thyroiditis, scleroderma, Graves’ disease,
Crohn’s disease, ulcerative colitis, primary biliary cirrhosis, autoimmune hepatitis, multiple
sclerosis, psoriasis, atopic dermatitis, idiopathic pulmonary fibrosis, hypersensitivity

pneumonitis, non-specific interstitial pneumonia, or another autoimmune disease.
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d) In a method of diagnosing a disease involving IL40. The method includes
using the peptide or protein as a target or sample control in a diagnostic/theranostic method.
There are many methods available based on the use of antibodies to detect the presence of a
soluble protein in a physiological fluid, including saliva, serum, plasma, semen,
bronchoalveolar lavage fluid, urine, tears, lymph, sweat, bile, cerebrospinal fluid, and the
like. Among the most common methods are enzyme-linked (ELISA) immunoassays where
two different antibodies recognizing different epitopes of IL40 are used. One of them is used
as a capture antibody in a plate where the physiological fluid is placed. This antibody is stuck
to the plate, and “captures” IL40 present in the fluid. The second antibody is linked to an
enzyme. Finally, a substrate is used that is processed by the enzyme and typically results in
the development of a given color that can be detected in specialized ELISA readers. Other
methods include radioimmunoassays that use radioactivity instead of enzymatic substrates to
measure the amount of IL40 present in a given fluid. The fluids can be obtained from
patients with different diseases. Typically, activated B cells have been found to play a role in
the pathogenesis of various cancers or inflammatory or autoimmune diseases. In some
embodiments, the disease is lymphoma, an autoimmune disease, systemic lupus

erythematosus, rheumatoid arthritis, or psoriasis.

¢) In a method of identifying a receptor for IL40. The method includes using the
peptide or protein as a ligand for binding to the IL40 receptor. The IL40 receptor can be
identified by using labeled 1L40 that can be used to bind to its receptor. The ligand/receptor
complex can then be immunoprecipitated using an anti-IL40 or anti-label antibody. Examples
of such labels include His-Tag, Flag-tag, and the like. IL40 can also be radiolabeled to first
detect via radioimmunoassay cells that express the receptor. Different cells are incubated
with radiolabeled 1140, and following incubation the cells are washed or passed through
gradients that separate by viscosity and centrifugation free versus bound radiolabeled 1L40.

Cells that retain radioactivity should express the specific IL40 receptor.

[0015] In a further aspect, a cell producing the 1L40 peptide or protein is provided, where
the cell is a recombinant bacterial cell, a recombinant yeast cell, or a recombinant mammalian
cell. The cell can produce any of the IL40 peptides or proteins described herein. Also, an

organ, tissue or animal comprising the cell is provided.
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[0016] In another aspect, a nucleic acid comprising a part of or the entire nucleotide
sequence of an IL40 gene or IL40 cDNA is provided, including sequences lacking one or
more introns found in a native gene, or incorporating an unnatural nucleotide. The nucleic

acid can be one that:

a) comprises a part of or the entire nucleotide sequence of an 1L40 gene or 1L40

cDNA, wherein the nucleic acid encodes an 1L40 peptide or protein described herein;

b) is conjugated to another nucleotide sequence, to a label (for example, HIS-tag or
FLAG), or to a chemical derivative such as a vinyl sulfone derivatized dye, fluorophore, or

other tags (such as biotin) which are commonly used in other techniques such as proteomics;

c) 1s a primer, a probe, an antisense molecule, or an oligonucleotide based on the

IL40 gene or IL40 cDNA sequence;
d) is a recombinant construct attached to a heterologous nucleic acid sequence; or
¢) any combination of a) - d).

[0017] Insome embodiments, the heterologous nucleic acid sequence can be a promoter, an

enhancer, a vector, or an expression vector.

[0018] In a further aspect, a method of using the IL40 sequence-containing nucleic acid is

provided. In the method, the nucleic acid can be used, e.g.:

a) In a method of treating a disease involving I1L40 in a subject in need thereof.
The method includes administering to the subject a therapeutically effective amount of the
nucleic acid, where the nucleic acid decreases IL40 expression. In some embodiments, the

disease is an autoimmune disease or lymphoma.

b) In a method of treating a disease involving 1L40 in a subject in need thereof.
The method includes administering to the subject a therapeutically effective amount of the
nucleic acid, wherein the nucleic acid increases 1L40 expression. In some embodiments, the
disease is IgA deficiency syndrome, Hodgkin or non Hodgkin Lymphomas, diffuse large cell
lymphoma, mycosis fungoides, mantle cell lymphoma, or another lymphoma or leukemia;
rheumatoid arthritis, systemic lupus erythematosus, Sjogren’s syndrome, Hashimoto

thyroiditis, scleroderma, Graves’ disease, Crohn’s disease, ulcerative colitis, primary biliary
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cirrhosis, autoimmune hepatitis, multiple sclerosis, psoriasis, atopic dermatitis, idiopathic
pulmonary fibrosis, hypersensitivity pneumonitis, non-specific interstitial pneumonia, or
another autoimmune disease. Also, in some embodiments, the nucleic acid can be an RNAIi

molecule.

¢) In a method of diagnosing a disease involving IL40. The method includes
using the nucleic acid as a probe in a diagnostic/theranostic method for the disease. In some
embodiments, the disease is lymphoma, autoimmune disease, systemic lupus erythematosus,

rheumatoid arthritis, or psoriasis.

[0019] In a further aspect, a cell comprising a recombinant form of the IL40 sequence-
containing nucleic acid is provided, where the cell is a recombinant bacterial cell, a
recombinant yeast cell, or a recombinant mammalian cell. The cell can comprise any of the
IL40 sequence-containing nucleic acids described herein. Also, an organ, tissue or animal

comprising the cell is provided

[0020] In another aspect, a method of selecting a subset of cells expressing 1L40 is
provided. The method includes adding a molecule that binds IL40 to a cell population
comprising cells expressing 1140, and selecting cells labeled with the IL40 binding molecule
to provide a population of selected cells. Cells expressing 1L40 include B-cells, possibly
other leukocytes, and bone marrow and fetal liver cells. The cell types that may express 1L40
is these organs may include epithelial, endothelial, fibroblasts, other stromal cells, or
hematopoietic precursors of various cell types or levels of commitment to a certain lincage.
In some embodiments: a) the cells expressing IL40 can be mouse, rat or human cells; b) the
IL40 binding molecule can be an anti-IL40 antibody or an IL40 receptor; c) the selected cells
can be selected from blood, body fluids, cell suspensions or patient samples; d) the selected
cells can be research tools for studying 1L40 expressing cells; e) also, when the selected cells
are blood cells, the selected cells can be: 1) a source of mRNA for immunoglobulins produced
by the selected cells; or ii) a source of new methods for producing fully humanized

antibodies; or f) any combination of a) — ¢).

[0021] In a further embodiment of the method, a method of treating a disease involving
IL40 in a subject in need thereof is provided. The method includes administering to the
subject a therapeutically effective amount of the selected cells. In some embodiments, the

disease is IgA deficiency syndrome, Hodgkin or non Hodgkin Lymphomas, diffuse large cell

9
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lymphoma, mycosis fungoides, mantle cell lymphoma, or another lymphoma or leukemia;
rheumatoid arthritis, systemic lupus erythematosus, Sjogren’s syndrome, Hashimoto
thyroiditis, scleroderma, Graves’ disease, Crohn’s disease, ulcerative colitis, primary biliary
cirrhosis, autoimmune hepatitis, multiple sclerosis, psoriasis, atopic dermatitis, idiopathic
pulmonary fibrosis, hypersensitivity pneumonitis, non-specific interstitial pneumonia, or

another autoimmune disease.

[0022] In another aspect, a method of detecting activated B-cells in a subject is provided.
The method includes measuring the level of IL40 in the subject, wherein an increased level of

IL40 over control is indicative of activated B-cells. In the method, e.g.:
a) the IL40 level can be measured by an immunodetection technique;

b) the method can further include measuring another biomarker such as, but not

limited to, interleukin 6, interkeukin 10, and certain immunoglobulins;

c¢) the method can diagnose autoimmunity or lymphoma in the subject in need of

such diagnosis, where the increased level is indicative of lymphoma or autoimmunity;

d) the increased level of IL40 can define an IL40-producing subtype of lymphoma

or autoimmune disease; or
¢) any combination of a) — d).

[0023] In some embodiments, the immunodetection technique is ELISA, histology,
fluorescence-activated cell sorting, radioimmunoassay (RIA), immunoradiometric assay,
immunohistochemistry, fluoroimmunoassay, chemiluminescent assay, bioluminescent assay,

Western blotting or dot blotting.

[0024] In another aspect, a method of treating lymphoma or autoimmune disease in a
subject in need thereof is provided. The method includes administering a therapeutically
effective amount of an anti-IL40 antibody, or an IL40 sequence-containing nucleic acid, to
the subject, or to a tumor, tissue or cell of the subject. In some embodiments, the antibody
can be a neutralizing anti-IL40 antibody, and the nucleic acid can be an antisense RNA. In

some embodiments, the antisense RNA is an RNA1 molecule.

10
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[0025] In another aspect, a method of identifying IL40-producing cells in a subject is
provided. The method includes using an anti-IL40 antibody, or an IL40 sequence-containing
nucleic acid, as a probe to identify the IL40-producing cells, for example, in
immunohistochemistry or in situ hybridization. An IL-40 antibody can be used to detect
IL40 producing cells by flow cytometry or can be used to perform immunohistochemistry,
while an IL40-sequence-containing nucleic acid probe can be used to run a Northern blot of
mRNA obtained from cells that produce IL-40. The IL40 sequence can be used to design
primers to perform real-time polymerase chain reaction (PCR) on mRNA obtained from
IL40-producing cells. The IL.40 sequence probe can be used to identify cells producing 1L40
by in-situ hybridization.

[0026] In a further aspect, a method of identifying an IL40 receptor is provided. In some

embodiments, the method includes:

a) Labeling an IL40-responsive cell with 1140, a labeled 1L40, a His-tagged 1140, a
biotin-labeled IL40, or a combination thereof, and isolating, purifying and/or separating the
labeled cell. The cells labeled with these labels can be separated, for example, by using a
fluorochrome-labeled specific antibody against HIS-tag and running the sample through a
fluorescence-activated cell sorter or, in the case of biotin-labeled 1L40, by using

fluorochrome-labeled streptavidin in a similar method; or

b) Labeling an IL40-responsive cell with 1L40, a labeled 1140, a His-tagged IL40, , a
biotin-labeled IL40, or a combination thereof, and isolating, purifying and/or separating the

labeled cell, wherein the cell is a eukaryotic or bacterial cell expressing the IL40 receptor; or
c) Identifying a protein that binds to IL40 in a yeast two-hybrid system; or

d) Immunoprecipitating an IL40-binding protein from a membrane preparation from
cells expressing the IL40 receptor. For example, cells that express the IL40 receptor can be
disrupted using tiny glass, ceramic or steel beads mixed with a cell sample in aqueous media.
The mix is subjected to high level agitation by stirring and shaking. Beads collide with the
cells and break them to release intercellular components. Mechanical shear (vortexing) is
moderate during homogenization and results in excellent membrane or subcellular
preparations that can be separated by centrifugation. Immunoprecipitation of protein

complexes (as in labeled IL40 bound to its receptor) can be achieved by using an antibody

11
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against the label (which could be HIS-tag). Analysis and sequencing of the
immunoprecipitate should lead to the identification of proteins that are present in this

complex.

[0027] In another aspect, a method of using IL40 or a functionally active variant thereof is
provided. The method includes exposing immune cells to IL40 or to the functionally active

variant so as to:
a) promote growth and differentiation of B cells in vitro or in vivo;
b) increase growth of a hybridoma culture;
¢) increase antibody production by a hybridoma culture; or

d) determine the species origin of a tissue or cell by using 1L40 from different

mammalian species, such as human, dog, mouse, cat, cow, horse, pig, goat, or sheep.

[0028] For example, B lymphocytes can be grown and differentiated in vitro by culture in
regular tissue culture medium supplemented with various cytokines (IL4, IL6) and antibodies
that stimulate the B cell receptor (anti-immunoglobulin), or molecules that bind the CD40
receptor (CD40 ligand or antibodies against CD40 receptor). These conditions lead to the
growth and/or differentiation of B lymphocytes. Other cytokines known to favor
differentiation of B cells include IFNy, TGFf, ILS, IL13, and CXCL13. B cell hybridomas
that result from the fusion of a normal B cell with a B cell myeloma or other tumor cell can
be cultured in vitro in selective media (to favor the growth of the hybridoma) supplemented

with cytokines that favor growth of the hybridoma (IL6).

[0029] In any of the foregoing compositions or methods involving autoimmunity,

autoimmune disease or lymphoma,

the autoimmune disease can be systemic lupus erythematosus, rheumatid arthritis,
psoriasis, Graves' disease, autoimmune hepatitis, primary biliary cirrhosis, Hashimoto's

thyroiditis, or Sjogren's syndrome, and

the lymphoma can be Hodgkin's and non-Hodgkin's lymphoma, Mantle cell
lymphoma, Diffuse large B cell lymphoma, Follicular lymphoma, Chronic lymphocytic
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leukemia, Acute lymphocytic leukemia, MALT lymphoma, Burkitt's lymphoma, Mycosis

fungoides, or multiple myeloma.

[0030] In any of the foregoing compositions or methods involving treating or treatment, the

antibody, peptide, protein or nucleic acid can be delivered locally or systemically.

[0031] In any of the foregoing compositions or methods involving diagnostic, diagnosis,
diagnose or diagnostic/theranostic methods, the methods can be practiced on a sample, such
as serum, blood, a body fluid, a tumor, a tissue or a cell, including a biopsy or histology

sample.

[0032] In any of the foregoing compositions or methods involving antibody, peptide,

protein or nucleic acid molecules, the molecules can be in a pharmaceutical formulation that:

a) comprises a pharmaceutically acceptable carrier, excipient, or a combination

thereof;
b) is used as a sterile formulation;

c¢) comprises another therapeutic agent for treating autoimmune disease or
lymphoma, such as but not limited to, anti-TNFa antibodies (Remicade, Humira);

anti-BAFF (Benlysta); anti-CD20 (Rituximab); and anti-CD30 (Adcetris);
d) is in a slow or sustained release formulation, ¢.g., emulsions, micelles, etc.;

¢) is in a targeted administration form, e.g., liposome, inclusion complexes,

carriers; or
f) any combination of a) - ¢).

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] For a more complete understanding of the present invention, reference is now made
to the following descriptions taken in conjunction with the accompanying drawings, in

which:

[0034] Figure 1 is a panel showing that C/70rf99 is a novel cytokine expressed in the fetal
liver, bone marrow, and activated B cells. 1A) C/70rf99 expression in normal human tissues
and immune cells. Data from the BIGE (Body Index of Gene Expression) database (human
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microarray data using the Affymetrix genearray (U133 2.0)) showing the expression profile
of C170rf99 mRNA. X-axis is organized by organ systems: CNS (central nervous system),
Gut (gastrointestinal), Struct (structural), Vasc (vasculature), Resp (respiratory), Endo
(endocrine), Ur (urinary), Rep (reproductive), Imm_T (immune tissue), Imm_C (immune
cells), and Dev (developmental). Y axis represents hybridization intensity of the probe set
corresponding to C170rf99 (236981 at). 1B) C/70rf99 human amino acid sequence (SEQ
ID NO. 1) showing the signal peptide. 1C) Western blot of supernatant from pTT5SV5HS-
C170rf99 transfected 293 HEK cells. 293 HEK cells were transfected with either
pTTSVSHS-C170rf99 or empty vector. The supernatant was collected and purified using a
GE HisTrap purification column and western blotting was performed using an anti-His mAb
followed by anti-rabbit HRP secondary antibody. 1D) RT-PCR confirmation of C/70rf99
expression in human fetal liver and bone marrow. 1E) Clustal Omega analyses of the amino
acid sequence of C/70rf99 in 10 mammalian species. C/ 70rf99 homologs were restricted to

placental mammals (eutheria), marsupials and monotremes.

[0035] Figure 2 is a panel of graphs showing that IL40 expression is similar in mice and
humans. 2A) qRT-PCR analysis of human samples from commercially available RNAs. 2B)

qRT-PCR analysis of mouse tissue obtained from commercially available RNAs.

[0036] Figure 3 is an amino acid sequence comparison between human (SEQ ID NO. 2) and
mouse (SEQ ID NO. 3) IL40 proteins. The analysis was performed using the BLAST

program. A consensus sequence (SEQ ID NO. 4) is also shown.

[0037] Figure 4 is a panel of graphs showing that IL40 is expressed in human and mouse
activated B cells. 4A) qQRT-PCR analysis for IL40 and TSPAN33 of human resting and
activated B cells for 24h with anti-CD40 mAb + IL4. 4B) qRT-PCR analysis of IL40 and
Tspan33 of mouse splenocytes under resting or stimulated conditions for 24h with 1ug/mL
LPS + IL-4. 4C) qRT-PCR analysis of FACS purified CD19+ B cells from a spleen of a
C57BL/6 mouse for IL40 and Tspan33 stimulated with CD40L+IL-4, for 8, 24, 72, and 96h.
4D) qRT-PCR analysis of splenocytes stimulated with 2ng/mL of IL-4, IL-13, IFNy, or
TGEB, for 3 days. 4E) QRT-PCR analysis of IL40 and Tspan33 expression stimulated with

combinations anti-CD40 and cytokines.

[0038] Figure 5 is a panel of graphs of qRT-PCR analysis of IL40 in human and B cell

lines. SA) Human 2E2 B cells and human Jurkat T cells were measured for IL40 expression
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under resting and stimulating conditions. 5B) Murine A20-2J mouse cells were measured for

1140 expression under resting and stimulated conditions.

[0039] Figure 6 is a panel showing the results of FACS purification of CD19+ B cells from
mouse splenocytes. 6A) CD19+ cells in mouse splenocytes before sorting. 6B) CD19+ cells

in mouse splenocytes after sorting.

[0040] Figure 7 is a graph showing that IL40 transcription is induced by LPS + TGFf. qRT-
PCR analysis of mouse splenocytes stimulated with IL-4, LPS, or combinations of LPS and

IL-4, IL-13, IFNy, or TGF.

[0041] Figure 8 is a panel showing that IL40 deficient mice have an altered B cell
phenotype. 8A) Target construct used to generate IL40-/- mice. 8B) Photograph of a spleen
from a WT (left) and IL40-/- (right) mouse. 8C) Ratios of CD19+ (B cells) vs. CD3e+ (T
cells) in the spleens of WT and IL40-/- mice, measured by flow cytometry. 8D)
Measurements of spleen size (left), weight (middle), and total lymphocyte numbers (right), in
WT and IL40 deficient mice. (n=5 per group). 8E) Graph of Ratios obtained from C (left) and
total numbers of T and B cells in WT and IL40 deficient mice (n=5). 8F) Serum levels of
IgG1 (left) and IgA (right) in wildtype and 1L40-/- mice measured by sandwich ELISA.

(n=5). The figures depict representatives from at least 3 independent experiments.

[0042] Figure 9 is a photograph indicating PCR confirmation of genotyping from WT and
IL40-/- colonies. Prominent bands at 250bp (IL40 genomic DNA) and 200bp (Neomycin
construct) are seen. DNA obtained from WT mice only contain the IL40 genomic DNA,
while mice with the deletion carry only the neomycin construct. Heterozygotes contain both

the IL40 genomic DNA and the neomycin construct.

[0043] Figure 10 is a graph showing that IL40-/- mice do not have defects in weight gain.

Mice from WT and IL40-/- mice were measured from 3-6 weeks for weight (g). n=5.

[0044] Figure 11 is a panel showing that IL40-/- mice do not have defects in T cell
developments in the thymus. 11A) Thymocytes were measured, gated on CD3e expression,
then measured for CD4 vs. CDS expression using flow cytometry. 11B) Percentage of
positive cells. The figure depicts experiments obtained from 2 independent experiments,

n=3.
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[0045] Figure 12 is a panel showing that IL40-/- mice do not have defects in IgA production
in B1 cells from peritoneal cavity of B2 cells from the resting spleen. Spleen or peritoneal
cavity cells were gated on subpopulations of CD5 or B220+ cells to identify/gate populations
of Bla, B1b, or B2 cells and then their expression of IgA was measured by flow cytometry,
(n=3).

[0046] Figure 13 is a panel showing that IL40 deficient mice do not have defects in Pro,
Pre, or Immature B cell populations. 13A) Bone marrow exudate cells were gated on
B220+CD19+ cells and measured for IgM vs CD43 expression. 13B) Percentage of cells
measured for 3 separate mice. 13C) Total cell numbers measured for 3 separate mice.

Representative experiment obtained from 2 independent experiments.

[0047] Figure 14 is a panel showing that splenocyte populations of B cells are normal in
resting 1L40 deficient mice. 14A) Mice were gated on B220+ cells, then stained for IgM vs.
IgD expression. 14B) B220+ cells were then measured for IgM vs. IgA expression. 14C)

B220+ cells were stained with 7AAD to measure cell viability. N=3 mice per group.

[0048] Figure 15 is a panel showing that IL40-/- mice have a defect in IgA producing cells
in the Peyer’s Patches. 15A) Measurement of total germinal center (B220+PNA+) cells in the
Peyer’s Patches, n=5. 15B) Measurement of IgA secreting plasma cells, gated on
B220+PNAhi lymphocytes, n=5. 15C) Measurement of total IgA switched cells, B220lo-
hiPNA+ lymphocytes, n=5. 15D) Measurements of total IgA in fecal pellets, n=10. 15E) IL40
transcription is upregulated in the mammary glands of lactacting females. QRT-PCR analysis
obtained from mammary glands of a virgin, pregnant, and lactacting 1 wk and 3wk mouse.

15A-D are representative of 3 independent experiments, with at least 3 mice per group.

[0049] Figure 16 is a panel showing that IL40-/- mice do not have a B cell intrinsic in the
ability to undergo CSR, during in vitro induction assays. CSR induction of mouse
splenocytes stimulated for 4 days, stimulated with: 16A) LPS + anti-BCR + TGFf (IgA
switching), 16B) LPS + IL-4 (IgG1 switching), 16C) LPS + IFNy (IgG3 switching),
measured by flow cytometry. 16D) Stimulation of IgG1 plasma cells with LPS + IL-4.
Representative data obtained from at least 2 independent experiments, with at least 3 groups

per mice.
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[0050] Figure 17 is a graph showing that human synaptogyrin 2 is expressed in activated B

cells. Expression profile of human tissues obtained from the BIGE.

[0051] Figure 18 is a panel showing that IL40 affects only B cells, not T cells. Microarray
analysis of “B cell” and “T cell” genes from WT and IL40-/- mouse splenocytes, under

resting (left), and activated (right) conditions.

[0052] Figure 19 is a panel showing that IL40 is elevated in MRLFaslpr/lpr mice. qRT-PCR

of IL40 and Tspan33 expression of total splenocytes taken from MRL/faslpr/Ipr mice
normalized to CD19 expression. Mice ages 9 weeks old (no detectable pathology), 24 weeks
old (lymphadenopathy with or without mild ear lesions) and 36 weeks old (lymphadenopathy

with ear and face lesions) were compared for Tspan33 expression, n=5.
[0053] Figure 20 is a panel showing that IL40 binds to B cells but not T cells.

[0054] Figure 21 shows the nucleotide sequence (SEQ ID NO. 5) of the coding region of a
cDNA encoding the human IL40 protein.

DETAILED DESCRIPTION

[0055] Antibodies, peptides, proteins and nucleic acids related to the gene product of the
gene C170rf99 are included in various embodiments. The nucleotide sequences of the
C170rf99 gene and CI70rf99 cDNA from various species, and the amino acid sequences of
the C170rf99 gene product from various species, have the following accession numbers (all
incorporated by reference herein): human C170RF99: NM _001163075; mouse C170RF99:
NM_029964 (see National Center for Biotechnology Information, on the world wide web at
ncbi.nlm.nih.gov). As used herein, the C/70rf99 gene product is also referred to as

interleukin-40 (IL40 or IL-40).

[0056] An antibody is any immunologic binding agent such as IgG, IgM, IgA, IgD and IgE.
An antibody can also be any antibody-like molecule that has an antigen binding region, and
includes antibody fragments such as Fab’, Fab, F(ab’) ,, single domain antibodies (DABs),
Fv, scFv (single chain Fv), and the like. Techniques for preparing and using various
antibody-based constructs and fragments are well known in the art. Means for preparing and
characterizing antibodies are also well known in the art (See, for example, Harlow and Lane,

“Antibodies: A Laboratory Manual,” Cold Spring Harbor Laboratory, 1988). Monoclonal
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antibodies (mAbs) are recognized to have certain advantages, e.g., reproducibility and large-
scale production. Thus, monoclonal antibodies of the human, murine, monkey, rat, hamster,

rabbit and even chicken origin, are contemplated.

[0057] Polyclonal antibodies against IL40 can be prepared in a wide range of animal
species. Typically, the animal used for production of antisera is a rabbit, a mouse, a rat, a
hamster, a guinea pig or a goat. To increase immunogenicity, use of adjuvants and
conjugation to a carrier protein such as, but not limited to, keyhole limpet hemocyanin or

bovine serum albumin are well known procedures.

[0058] A monoclonal antibody can be readily prepared through use of well-known
techniques, such as those exemplified in U.S. Pat. No. 4,196,265, incorporated herein by
reference (40-44). Typically, this technique involves immunizing a suitable animal with a
selected immunogen composition, €.g., a purified or partially purified protein, peptide or
domain. The immunizing composition is administered in a manner effective to stimulate
antibody producing cells (45-47). Hybridomas secreting monoclonal antibodies can be

isolated.

[0059] A polyclonal or monoclonal antibody can be further purified, if desired, using
filtration, centrifugation and various chromatographic methods such as HPLC or affinity

chromatography (47).

[0060] Humanized monoclonal antibodies are antibodies of animal origin that have been
modified using genetic engineering techniques to replace constant region and/or variable
region framework sequences with human sequences, while retaining the original antigen
specificity. Such antibodies are commonly derived from rodent antibodies with specificity
against human antigens. Such antibodies are generally useful for in vivo therapeutic
applications. This strategy reduces the host response to the foreign antibody and allows
selection of the human effector functions. Thus, humanized antibodies against I1L40 are
included in some embodiments of the invention, as are chimeric antibodies from mouse, rat,
or other species, bearing human constant and/or variable region domains, bispecific
antibodies, recombinant and engineered antibodies and fragments thereof. The techniques for
producing humanized immunoglobulins are well known to those of skill in the art (44, 47-
51). For example U.S. Pat. No. 5,693,762 discloses methods for producing, and

compositions of, humanized immunoglobulins having one or more complementarity
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determining regions (CDR's). When combined into an intact antibody, the humanized
immunoglobulins are substantially non-immunogenic in humans and retain substantially the
same affinity as the donor immunoglobulin to the antigen, such as a protein or other
compound containing an epitope. Examples of other teachings in this area include U.S. Pat.
Nos. 6,054,297; 5,861,155; and 6,020,192, all specifically incorporated by reference.
Methods for the development of antibodies that are “custom-tailored” to the patient's disease

are likewise known and such custom-tailored antibodies are also contemplated.

[0061] Some embodiments of the invention include IL40 peptides or proteins. In certain
embodiments, naturally occurring IL40 proteins can be substituted by 1L40 variants such as

substitutional, deletion and/or insertion variants.

[0062] A substitutional variant contains an exchange of one amino acid for another at one
or more sites within the protein. The substitution is typically a conservative substitution
involving the exchange of amino acids that are similar in shape and/or charge. A deletion
variant lacks one or more residues of the native protein. An insertion mutant or variant
includes the addition of one or more amino acids at a non-terminal point in the protein.
Variants can have about 80% or more identity, about 85% or more identity, or about 90% or
more identity, about 95% or more identity, or about 100% identity, to the naturally occurring
IL40 protein sequence. A sequence comparison can be performed, for example, using Clustal
Omega, MUSCLE, MView, or MAFFT sequence comparison programs. In comparing
sequences, a segment of comparison between one protein and another may be about 100% of
the amino acids of the length being compared, or about 95%, about 85%, or about 80% of the
amino acids of the length being compared. The length of comparison may be at least about
20, 30, 40, 50, 55, 60, 65, 70, or 75 amino acids, or more. The variants may conserve
particular physicochemical or functional features as the prevailing natural sequence, while
other variants may have modified combinations of structural and functional features. Thus,
some embodiments include functionally active IL40 variants having some or all of the
functions of IL40, such as binding to the IL40 receptor or involvement in the differentiation
of B cells towards IgA responses. Also, some embodiments include variants that function as
IL40 agonists or IL40 antagonists. In some embodiments, the variants do not include
sequences identical to naturally occurring human IL40 sequences, or naturally occurring 1L40
sequences of other species. 1L40 peptides and substitutional, deletion and/or insertion

variants thereof are also contemplated, including functionally active 1L40 peptides and 1L40

19



WO 2015/077506 PCT/US2014/066712

peptide variants, and 1L40 peptides and IL40 peptide variants that function as IL40 agonists
or IL40 antagonists. In some embodiments, the peptide variants do not include amino acid
sequences identical to naturally occurring amino acid sequences present in IL40 proteins of

human or other species.

[0063] Certain embodiments include truncated versions of IL40 proteins, or fusions with
other segments, which exhibit a function as described. A fusion protein can contain all or a
portion of 1L40 linked to all or a portion of a second protein. For example, the C-terminus of
one protein can be linked to the N-terminus of the other protein. Alternatively, the proteins
can be noncovalently linked, for example, to integrins, fibronectin receptors, or other
membrane glycoproteins. The IL40 protein can contain a naturally occurring IL40 amino

acid sequence, or a variant thereof.

[0064] In some embodiments, derivatives of IL40 not involving an amino acid variation, or
in addition to amino acid variation, are provided. Examples of such derivatives include
glycoslylation modified IL40 proteins, chemically modified IL40 proteins such as proteins
modified with polyethylene glycol (pegylation), and IL40 conjugates such as ! labeled
IL40, biotin-11.40, and the like.

[0065] Some embodiments of the invention include nucleic acids encoding all or a portion
of an IL40 protein, including naturally occurring IL40 proteins or variants thereof. The
nucleic acid can be a DNA or an RNA molecule. The nucleic acid can be conjugated to
another nucleic acid sequence, such as for expression purposes, conjugated to a label for
detection purposes, or conjugated to a chemical derivative for detection purposes. For
example, the nucleic acid can be conjugated to a label such as green fluorescence protein

(GFP), or conjugated to a chemical derivative such as biotin.

[0066] The nucleic acid can be utilized as a primer for amplifying or synthesizing 1L40
nucleotide sequences, or as a probe for identifying IL40 nucleotide sequences. In some
embodiments, the nucleic acid is an oligonucleotide containing IL40 gene or IL40 cDNA

sequences. In certain embodiments, the nucleic acid is an antisense molecule.

[0067] An antisense oligonucleotide is an oligomer or polymer of ribonucleic acid (RNA)
or deoxyribonucleic acid (DNA) that can include naturally occurring nucleotides and/or

modified or substituted oligonucleotides. In various embodiments, an antisense
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oligonucleotide includes a nucleotide sequence that hybridizes to an 1L40 target sequence,
and can include additional 5’ and/or 3’ flanking sequences, for example, for use as a primer
binding site. In some embodiments, the antisense oligonucleotide can include modified
oligonucleotide backbones such as, but not limited to, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters,
methyl and other alkyl phosphonates (e.g., 3"-alkylene phosphonates and chiral
phosphonates), phosphinates, phosphoramidates (e.g., 3'-amino phosphoramidate and
aminoalkylphosphoramidates), thionophosphoramidates, thionoalkylphosphonates,
thionoalkyl phosphotriesters, and boranophosphates having normal 3'-5' linkages, as well as
2'-5" linked analogs of these, and those having inverted polarity wherein the adjacent pairs of
nucleoside units are linked 3'-5"to 5'-3" or 2'-5" to 5'-2'. Various salts, mixed salts and free
acid forms are also included. References that teach the preparation of such modified
backbone oligonucleotides are provided, for example, in U.S. Pat. Nos. 4,469,863 and
5,750,666, all incorporated by reference herein. The design and synthesis of antisense
oligonucleotides is well known in the art (52). Computer programs for the design of

antisense oligonucleotide sequences are also available (53).

[0068] Standard methods for producing and making peptides, proteins and nucleic acids can
be applied. Standard recombinant methods can be developed, including design of
recombinant nucleic acids encoding constructs. See, ¢.g., Thompson D.A. Cell and Molecular
Biology Manual 2011. Expression vectors, €.g., with promoters operably linked to coding
regions, can be devised. Cells comprising the vectors are provided, including recombinant
prokaryote cells and recombinant eukaryote cells such as recombinant yeast and recombinant

mammalian cells. Compatible expression methodologies can also be developed.

[0069] For example, a polynucleotide that encodes an IL40 protein or protein variant can be
placed under the control of a promoter that is functional in the desired host cell. An
extremely wide variety of promoters is well known, and can be used in expression vectors of
embodiments of the invention, depending on the particular application. Ordinarily, the
promoter selected depends upon the cell in which the promoter is to be active. Other
expression control sequences such as enhancers, ribosome binding sites, transcription
termination sites and the like are also optionally included. Constructs that include one or
more of these control sequences are termed “expression cassettes.” Accordingly,

embodiments of the invention provide expression cassettes into which the nucleic acids that
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encode the relevant functional proteins are incorporated for high level expression in a desired
prokaryotic or eukaryotic host cell (see, e.g., Ream W and Field K.G. Molecular Biology
Techniques. Academic Press. 2012).

[0070] Substantially pure compositions of peptides or proteins of at least about 70%, 75%,
80%, 85%, or 90% homogeneity are included in some embodiments, with about 92%, 95%,
98%, or 99% or more homogeneity also included. The purified peptides and proteins can be
used, e.g., as immunogens for antibody production, as active agents for inducing
differentiation, maturation or protein expression in immune cells, or as therapeutic agents in a

pharmaceutical composition.

[0071] The level of IL40 can be measured at the nucleic acid or protein level. For example,
the amount of IL40 mRNA expressed in a cell can be measured, or the amount of IL40
protein present in activated B-cells can be measured. Quantitation of mRNA can be
performed using methods such as, but not limited to, PCR, microarray technologies, or
Northern blots (54,55). Quantitation of protein can be performed using immunodetection
methods such as, but not limited to, enzyme linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), immunoradiometric assay, fluoroimmunoassay, chemiluminescent
assay, bioluminescent assay, or Western blotting, FACS with anti-protein specific antibodies
(for production by cells). The control level can be an average or mean value of IL40 levels

from a control population of cells or from one or more control subjects.

[0072] In some embodiments, a diagnosis that a subject has a disease involving IL40 can be
followed by a treatment such as those described herein. For example, the diagnosis can be
followed by a treatment that involves administering a therapeutically effective amount of an
IL40 antagonist to a subject diagnosed with autoimmunity or lymphoma, or by administering
to a subject a therapeutically effective amount of an oligonucleotide containing an 1140

nucleotide sequence.

[0073] Some embodiments involve therapeutic uses of various embodiments of the
invention. In these embodiments, a subject can be administered a therapeutically effective
amount of an active agent, which can be an antibody, peptide, protein or nucleic acid, or any
combination thereof, of various embodiments of the invention. A therapeutically effective
amount is an amount that promotes or enhances the well-being of the subject with respect to

the medical treatment of his/her condition. For example, extension of the subject's life by any
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period of time, a decrease in pain to the subject that can be attributed to the subject's
condition, a decrease in the severity of the disease, an increase in the therapeutic effect of a
therapeutic agent, an improvement in the prognosis of the condition or disease, a decrease in
the amount or frequency of administration of a therapeutic agent, an alteration in the
treatment regimen of the subject that reduces invasiveness of treatment, and a decrease in the
severity or frequency of side effects from a therapeutic agent. With respect to the treatment
of lymphoma or leukemia, therapeutic benefits also include a decrease or delay in the
neoplastic development of the disease, decrease in hyperproliferation, reduction in tumor
growth, delay of metastases, and reduction in cancer cell or tumor cell proliferation rate. The
amount of active substance to be administered to the subject varies according to the weight of
the subject, the mode of administration, and the indication and the severity of the disease,

from which a skilled practitioner can determine a suitable dose.

[0074] In some cases, an antisense molecule containing IL40 gene or IL40 cDNA
sequences can be used as a therapeutic agent to decrease expression of IL40 in a subject
having a disease involving IL40. For example, the antisense molecule can be an siRNA. An
siRNA is a small inhibitory RNA duplex for use in RNA interference (RNA1) methods.
RNAI is a naturally occurring gene-silencing process in which double-stranded RNA is
cleaved to smaller double-stranded segments (siRNA), which then associate with a protein-
RNA complex (called “RISC”) leading to cleavage of target mRNA (56). In various
embodiments, an sSiRNA can be 18-30 base pairs in size with varying degrees of
complementarity to its target IL40 mRNA. In some embodiments, the siRNA can include
unpaired bases at the 5” and/or 3’ end of either or both the sense strand and antisense strand.
The siRNA in some embodiments can be a duplex of two separate strands, or a single strand
that forms a hairpin structure to form a duplex region. The design and synthesis of siRNAs is
well known in the art (57). Computer programs for the design of siRNAs are also available
(58). Other RNAi1 molecules include micro RNAs that are genomically encoded RNAs and

that may regulate gene expression of 1L40.

[0075] The subject can be a human, dog, mouse, cat or other mammal such as cow, horse,
pig, goat, or sheep. In some embodiments, the subject is a subject suspected of having a
disease involving IL40. In some embodiments, the subject is a subject or patient in need of

treatment for a disease involving 1L40.
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[0076] Samples for analysis, diagnosis, and theranosis can be from a human, dog, mouse,

cat or other mammal such as cow, horse, pig, goat, or sheep.

[0077] Different formulations for administration can be used (sterile, buffered, slow release,
controlled release, stabilizers, ointments, etc.) depending on the optimal route of
administration. See, e.g., Niazi S.K. Handbook of Pharmaceutical Manufacturing
Formulations Informa Healthcare 2012. As with anti-inflammatories, agonists or antagonists
of the IL40/IL40 receptor interaction can be used in combination with other established drugs
to optimize therapeutic outcomes. In addition, the compound(s) can be used in combination
with other therapeutics in a single formulation strategy. Phamacological variants can be used
to obtain desired pharmacokinetic outcomes (secretion, half life, solubility or optimize

excretion routes).

[0078] The exact dose will depend on the purpose of the treatment, and will be
ascertainable by one skilled in the art using known techniques. See, e.g., Ansel, et al.,
Pharmaceutical Dosage Forms and Drug Delivery; Lieberman (1992) Pharmaceutical Dosage
Forms (vols. 1-3), Dekker, ISBN 0824770846, 082476918X, 0824712692, 0824716981,
Lloyd (1999) The Art, Science and Technology of Pharmaceutical Compounding; and Pickar
(1999) Dosage Calculations. As is known in the art, adjustments for protein degradation,
systemic versus localized delivery, and rate of new protease synthesis, as well as the age,
body weight, general health, sex, diet, time of administration, drug interaction, and the
severity of the condition may be necessary, and will be ascertainable with some

experimentation by those skilled in the art.

[0079] Various pharmaceutically acceptable excipients are well known in the art. As used
herein, “pharmaceutically acceptable excipient” includes a material which, when combined
with an active ingredient of a composition, allows the ingredient to retain biological activity
and without causing disruptive reactions with the subject's immune system. Such may include
stabilizers, preservatives, salt or sugar complexes or crystals, and the like. See, e.g., Niazi

S.K. Handbook of Pharmaceutical Manufacturing Formulations Informa Healthcare 2012.

[0080] Exemplary pharmaceutically carriers include sterile aqueous of non-aqueous
solutions, suspensions, and emulsions. Examples include, but are not limited to, standard
pharmaceutical excipients such as a phosphate buffered saline solution, water, emulsions

such as oil/water emulsion, and various types of wetting agents. Examples of non-aqueous
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solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water, alcoholic/
aqueous solutions, emulsions or suspensions, including saline and buffered media. Parenteral
vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium chloride,
lactated Ringer's or fixed oils. Intravenous vehicles include fluid and nutrient replenishers,
electrolyte replenishers (such as those based on Ringer's dextrose), and the like. In other
embodiments, the compositions will be incorporated into solid matrix, including slow release
particles, glass beads, bandages, inserts on the eye, and topical forms. Administration routes
may include the following: topical, systemic, respiratory, oral, eye, implant, vaginal, anal,

suppository, devices with control release, etc.

[0081] For in vivo administration of nucleic acid compounds, the nucleic acid can be
administered as a free (or “naked”) nucleic acid, or can be formulated with a delivery agent
that increases delivery of the nucleic acid to a cellular target. Examples of delivery agents
include, but are not limited to, liposomes, cationic lipids, PEGylated polycations, cationic

block copolymers, and polyethyleneamine complexes (59).

[0082] Existing therapeutics for the indications described elsewhere in this application can
be used in combination or sequentially with the agonists/antagonists of the 1L40/1L40

receptor interaction to optimize therapeutic outcomes.

[0083] An IL40 gene, cDNA, nucleic acid, peptide or protein described herein can be based
on human IL40 nucleotide or amino acid sequences, or based on nucleotide and amino acid
sequences from another mammal such as dog, mouse, cat, cow, sheep, goat, pig or horse.
Similarly, the antigen used to make an anti-IL40 antibody can be based on a human 1L40
antigen, or based on an 1L40 antigen from another mammal such as dog, mouse, cat, cow,

horse, pig, goat, or sheep.

[0084] The present invention may be better understood by referring to the accompanying
examples, which are intended for illustration purposes only and should not in any sense be

construed as limiting the scope of the invention.
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EXAMPLE 1

Introduction

[0085] The recently characterized cytokine-producing B cell subsets, namely, B regulatory
cells (Breg/B10), B effector 1 (Bel), and B effector 2 (Be2) cells, provide evidence
indicating that the role of B cells in inflammation and autoimmune diseases goes beyond
antibody production. In particular, they point to their capacity to produce cytokines. Here, a
novel cytokine produced by activated B cells is described which has been named interleukin-
40 (IL40). IL40 is encoded by an uncharacterized gene (C/70ORF99) which is expressed in
fetal liver and bone marrow in both mouse and human. It is also expressed in B cells
stimulated with CD40L (or LPS). Its production is potentiated by some cytokines (IL-4, IL-
13, and TGF), and inhibited by IFNy. 1L40 is a secreted protein of 24kD, and is not related
to other known cytokines. //40 deficient mice (//40”") exhibit splenomegaly, and an altered B
cell phenotype, with increased CD19+ B cell numbers, and reduced numbers of IgA-
producing cells in the Peyer’s patches. IL40 transcripts are induced in the lactating mammary
gland. Additionally, IL40 transcripts are elevated in PBMCs from patients with SLE and
splenocytes from MRLFas””?" mice. It is concluded that 1L40 is a novel B-cell-derived

cytokine with pleiotropic effects on the development and differentiation of B cells.

[0086] Cytokines are a large and diverse superfamily of pleiotropic secreted proteins, with
activities that impact cellular growth, differentiation, modulation of inflammation, and
hematopoiesis (1, 2). The identification of novel cytokines and their receptors was pivotal in
elucidating the mechanisms through which cytokines modulate human disease. This
information was critical for the diagnosis, treatment, and prevention of these diseases (3).
Given their importance, there was strong interest in the search for novel cytokines, such as
sequence prediction software and database searches (4). This resulted in the identification of
many cytokines, most of them belonging to superfamilies that likely arose through gene

duplication.

A. Identification of IL40 as a cytokine

[0087] The inventors have been interested in searching for new cytokines. To this end, a
comprehensive database of gene expression in the human body, known as the Body Index of
Gene Expression (BIGE), based on Affymetrix U133 2.0 microarrays (5, 6) was used. This

database currently contains genome-wide expression data from 105 different human
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tissue/cell types, and includes lymphoid tissues and both resting and activated B and T
lymphocytes. To identify novel genes of importance in the immune system, the BIGE
database was searched for genes that were highly expressed in either lymphoid or myeloid
cells or in tissues of the immune system (bone marrow, spleen, lymph nodes, thymus, tonsil)
when compared to non-immune tissues. This screen yielded 511 genes associated with
lymphoid tissues and 1569 associated with immune cells, and identified virtually all the
immune system genes that have been identified and described in the last few decades,
including most cytokine and chemokine genes. Importantly, also identified were 35 novel,
poorly characterized genes, predicted to encode either transmembrane or secreted proteins
that are highly expressed in the immune system. The inventors recently published an example
of these genes, tetraspanin 33 (TSPAN33), a transmembrane protein that is expressed by

activated B cells (7).

B. IL40 is a cytokine produced by B cells

[0088] The characterization of another one of these genes, C/70rf99, which encodes a
novel small secreted protein expressed in the fetal liver, bone marrow, and activated B cells,
is described. The inventors have named this molecule interleukin-40 (IL40), since it has
typical cytokine characteristics, including the fact that it is a small secreted protein produced
by activated B cells. While IL40 is produced by B cells upon activation, its production is
potentiated by Th2 cytokines (IL-4 and IL-13) or, TGFf. Conversely, its production is
inhibited by IFNy, a Th1 cytokine. //40” mice display splenomegaly with increased numbers
of B cells in the spleen. Additionally, 7/40-/- mice have lower numbers of germinal center and
total IgA secreting B cells in the intestinal peyer’s patches, a site of IgA production. The
connection between //40 and IgA is further suggested by the observation that //40 is induced
upon the onset of lactation in the mammary gland. Finally, we show that 7/40 transcription is

(Ipr/lpr)

elevated in splenocytes from MRLFas mice (a mouse model of SLE), suggesting that it

may be involved in autoimmune disease

Results
A. Identification of a novel cytokine

[0089] An unannotated immune system-associated gene (C170rf99) was first identified
through the analysis of the BIGE database. C170rf99 mRNA is highly expressed in fetal

liver, bone marrow and in B cells activated for 30h with anti-CD40 + IL-4, with little or no
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expression elsewhere. A complete listing of all the tissues along with the mean intensities for
C170rf99 expression is provided in Table 1. The human gene contains an open reading frame
encoding a protein of 265 amino acids with a predicted N-terminal signal sequence of 20
amino acids (Figure 1B) predicting a mature protein of 245 amino acids (~27 KDa). A
complete listing of the expression of /L40 in the BIGE database is provided in Table 1.
Homologs were identified in mammalians, including primates, dogs and mice
(6030468B19Rik, 72% protein sequence conservation), but absent in chicken and zebrafish
(Figure 2). The gene is named /L40 (Figure 1), since it encodes a small secreted protein (8)
produced in hematopoietic organs (homeostatic) (9) and by activated B lymphocytes
(inflammatory) (2). The BIGE expression profile was confirmed using qRT-PCR analysis of
human tissue RNAs (Figure 2A) and, using an equivalent collection of mouse RNA samples,
it was shown that the mouse homolog is also highly and specifically expressed in immune
system-associated tissues and especially in bone marrow (Figure 2B). A Pfam search
indicates that IL40 does not belong to any current known cytokine families (data not shown),
indicating that IL40 is a novel cytokine produced in hematopoietic organs and activated B

cells.
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Table 1. Complete listing of mean intensity values of IL40 expression from BIGE database

Vena cava 24.6
Trachea 17.6
Bronchus 19.3
Lung 18.3
Adrenal gland cortex 15.5
Pancreas 24.7
Pituitary gland 19.8
Thyroid gland 16.6
Kidney 19.0
Kidney cortex 17.1
Kidney medulla 19.5
Urethra 16.4
Ovary 16.1
Testes 16.5
Fallopian Tube 225
Uterus 20.7
Myometrium 18.9
Endometrium 26.2
Cervix 19.9
Vagina 21.5
Vulva 20.4
Mammary gland 18.7
Nipple cross_section 22.7
Penis 20.3
Prostate gland 15.3
Bone marrow 156.0
Thymus_gland 27.5
Lymph node 26.0
Spleen 21.5
Tonsil 28.2
PBMC media BB 18.4
PBMC PMA-+ionomycin 20.0
Monocytes resting-30h 22.4
Monocytes LPS+FNg-30h 26.8
B cells resting-30h 31.9
B cells antiCD40+1L.4-30h | 52.0
T cells resting-30h 23.6
T cells antiCD3-30h 19.1
CD4+ 20.3
CD4+antiCD3+antiCD28 19.5
CD8&+ 19.8
CD8+antiCD3+antiCD28 17.6
Fetal liver 608.7
Fetal brain 18.7
Placenta 20.6
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+ Table obtained from BIGE database organized according to tissue and organ system. Mean

intensity values of 7L4(0 expression is listed (n=8).

30



WO 2015/077506 PCT/US2014/066712

[0090] Prior to this study, C170rf99 was identified as a secreted protein in a survey of genes
with predicted signal sequences (10). In order to verify that IL40 is secreted, human 7240
cDNA was cloned from human 2E2 B cells, a Burkitt’s lymphoma model of B cell activation
and differentiation (11), and inserted in-frame into the cloning site of the pTTS5 (12) resulting
in a recombinant gene encoding a fusion protein with a C-terminal 8x His tag. HEK 293 cells
were then transfected with the pTT5-7/40 construct, or empty vector as a control, and day 1
and day 3 supernatants collected and analyzed for the presence of recombinant IL40 protein.
Western blot analysis of affinity purified supernatants using anti-His antibody detected an
approximately 27kD protein only in cells transfected with the pTT5-1140 construct, (Figure

1C), confirming that IL40 is a secreted protein.

B. IL40 is produced by activated B cells

[0091] Since many cytokines, such as IL-2, IL-7, and IL-15, have functions in both
lymphocyte ontogeny and activation (13), the inventors hypothesized that IL40 may also be
involved in these processes. Its expression pattern in the BIGE database indicates that IL40
expression is increased when B cells are stimulated with CD40L + IL-4. To confirm this the
transcription of /L40 in human B cells purified from PBMCs under resting or activating
conditions was measured, with anti-CD40 + IL-4 for 24 hours (Figure 4A), and compared to
TSPAN33 expression (a marker of B cell activation the inventors have recently described)
(7). IL40 transcription was upregulated over 50 fold (p= 0.002) along with TSPAN33 (p=
0.01), indicating that /240 is expressed by activated human B cells. These experiments were
repeated using human 2E2 and Jurkat (T cell line), under resting or activating conditions
(anti-CD40 mAD for 2E2 activation and anti-CD3 + anti-CD28) (Figure 5A). 1L40
transcription was only induced in activated 2E2 cells. Similar results were obtained with
mouse splenocytes activated with LPS + IL-4 (Figure 4B) and A20-2J murine B cells
stimulated under the same conditions (Figure 5B). To measure the kinetics of /1240
transcription, Cd19" B cells from C57BL/6 mice (Figure 6) were stimulated with CD40L+IL-
4 for 8, 24, 72, and 96h and 1140 and Aicda (gene encoding AID, an enzyme involved in
immunoglobulin class switching in activated B cells (14)); gene expression was measured by
qRT-PCR (Figure 4C). IL40 mRNA was upregulated within 8 hours and its expression

remained elevated over 96 hours.
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[0092] Since activated B cells have been shown to secrete Thl type (from Bel) or Th2
(from Be2) cytokines depending on the stimuli (15) we sought to determine whether 1L40

expression was modulated by cytokines as well.

[0093] CDA40 (Figure 4E) or TLR4 (Figure 7) stimuli were combined with IL-4, IL-13,
IFNY, or combinations in mouse splenocytes (Figure 4D). IL40 transcription was induced
upon Th2 cytokine stimuli (IL-4 and/or IL-13, ~8 fold, while IFNy (a Th1 cytokine) only
increased it 3 fold. Anti-CD40 stimulation increased IL40 transcription over 20 fold.
Interestingly, Th2 cytokines (IL4 or IL13), synergized the production of IL40 almost 2 fold
higher than anti-CD40 stimulation alone, while IFNy reduced the expression of 1L40 to half
the levels observed by anti-CD40 alone. Moreover, stimulation with anti-CD40 + TGFf3
induced the highest levels of IL40 production (Figure 4E). The inventors conclude that IL40
production is induced upon anti-CD40 stimulation and synergized by Th2 cytokines and

TGFp, and is inhibited by IFNy.

C. IL40_/_ mice have defects in B cell homeostasis

[0094] To further characterize the biological activity of 1L40, we obtained a mutant mouse
strain with a targeted deletion of the IL40 (6030468B19Rik) gene (Figure 8a, see Figure 9 for
genotyping confirmation). IL40-/- mice are viable and fertile and have no defects in weight
gain or body size (Figure 10). T cell subsets (Figure 11), B1/B2 cell ratios (Figure 12), B cell
maturation of plasma and germinal center cells (Figure 13), and pro/pre/immature B cell
populations (Figure 14), in the thymus, peritoneal cavity, spleen, and bone marrow,
respectively, were compared and no significant differences were found between Wt and
IL40-/- mice. However, by 6 weeks of age, 1140-/- mice developed splenomegaly, as length
(0.0940 = 0.004 vs. 0.1360 = 0.0151 cm, p= 0.005), mass (0.1018 = 0.005 vs. 0.1366 +
0.0147 g, p= 0.0285), and total cell numbers (76.03 + 6.87 vs. 96.34 £ 2.15 * 1076 cells, p=
0.0224) were elevated in IL40-/- mice. When the ratio of CD19+ B cells to T cells (CD3  +)
was compared, IL40-/- mice were found to contain a higher proportion of B cells relative to T
cells when compared to Wt mice although the difference was not statistically significant (4.4
vs. 3.4, p=0.086 (Figure 8C). Additionally, IL40-/- mice exhibit elevated serum levels of
IgG1 and IgA (Figure 8F) over their wildtype (WT) counterparts (616 vs. 189 ug/mL, p= 0.05
and 10 vs. 21 ug/mL, p=0.03, respectively). These data suggest possible alterations of B cell
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homeostasis in 1140-/- mice and suggest that 1140 may play a role in B cell

differentiation/survival.

D. IL40” mice have less IgA producing cells

[0095] Since IL40”" mice appear to express elevated levels of serum IgA, an antibody
isotype associated with mucosal immunity, the levels of plasma and germinal center cells in
the Peyer’s patches, gut associated lymphoid nodules that participate in immune surveillance
of the digestive tract (15), were compared. Peyer’s patches contain naturally occurring
germinal center and IgA secreting plasma cells (16). Single cell suspensions were prepared
from the Peyer’s patches of WT and IL40"" mice and stained for the presence of germinal
center cells (B220 PNA") (Figure 15a), IgA switched germinal center cells

(PNA ‘B220"IgM"IgA ") (Figure 15B), and total IgA switched cells (B220°™PNA IgA")
(Figure 15C), measured by flow cytometry (17-19). 11407 mice had a greater than 2-fold
reduction in germinal center cells (n=5, p=0.0005), 2.5-fold reduction in IgA switched
germinal center cells (n=5, p=0.0001) and a 10 fold reduction in total IgA positive cells
(PNA " germinal center B220" and B220™%" plasma cells) (n=5, p=0.0001). Additionally,
IgA levels in the fecal pellets of Wt and 1140”7 mice were measured by ELISA (Figure 15D),
to determine if the defect in IgA positive cells affects the level of IgA secreting in the
mucosa. There was a 2-fold reduction in IgA levels in the fecal pellets of 1140”" compared to
Wt mice (n=10, p=0.006). The IgA defect present in the IL40"" mice led us to explore
whether 1140 is expressed in the mammary gland. As shown in Figure 15E, IL40 expression is
induced upon lactation in the mammary gland. Taken together, these observations suggest a

role for IL40 in IgA responses.

[0096] These changes can be attributed to either defects in class-switch recombination
(CSR) mechanisms (20, 21) or to a defect in the maturation of the germinal center response
(proliferation (22), survival (23), activation (24). In order to address the first possible
mechanism, in vitro induction of CSR in WT and 7/40” B cells was performed and the
resulting IgG1, IgG2a, IgG2b, and IgA, class switching was monitored using flow cytometry
see (Figure 16). There were no differences between Wt and 11407 IgG1, IgG2a and IgG3
switched cells and only a slight increase in IgA switching in 1140™ B cells (p= 0.03). The
inventors therefore conclude that the paucity of IgA producing cells in the Peyer’s patches of

11407 mice is not due to an impairment of the ability to undergo CSR.
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Identification of IL40 response genes

[0097] The inventors then sought to explore in more detail the effects of IL40 on
lymphocytes. To this end, global gene expression analysis on resting and LPS + I1L-4
stimulated lymphocytes obtained from the lymph nodes of WT or 11407 mice using

genearrays was performed.

[0098] Two groups of genes profiles were characterized, genes that are upregulated in the
WT vs. IL40” mice (Table 2), under resting or activated conditions, and genes that are
upregulated in the IL40” mice vs. WT (Table 3). As expected, the top differentially
expressed gene was IL40. Interestingly the 4™ top differentially expressed gene was
synaptogyrin 2 (Syngr2). Synaptogyrin 2 belongs to the synaptogyrin family found in
neurons of the central nervous system, but unlike its family members, Syngr?2 is not
expressed in the central nervous system. To determine the expression profile of SYNGR2,
the BIGE database was analyzed for sites of SYNGR?2 expression (Figure 17, see Table 4 for
top sites of SYNGR?2 expression in BIGE). SYNGR2 was determined to be expressed by

activated B cells, monocytes, and human colon.
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Table 2. List of top 25 genes upregulated in WT vs IL40"" mouse splenocytes

PCT/US2014/066712

Wivs KOR | Wivs KOA
Gens Description Gene Symbol ratio ratic  |Notes
RIEN oDN& 8030468819 gene 60304685 19Rik 5.3 184
precicted gene, 6664 Cmpo64 0.3 643  |Peeudogens
profire-rich protein Bs!\i subfamily 1 Prd 14 465
syraptogytin 2 Syrgr? 368 454
precicted gens, 8312 (mB342 0.15 321 |Peeudogens
precicted gene, 24724 Gm4724 it 305 [soRNA
histone cluster 1, Hia Histtha 33 298
precicted gene, 23825 Gm23625 6.74 286 [snoRNA
preciced gens 18607 Gm15807 157 295 |pseutogens
precieted gens, 25153 Gm25183 A 285 [snRNA
RKEN cON& 4930467420 gene 403045TA20RK 147 278 |Knownantkense
oifactory receplor 620 (ffr520 0.7 216
miroRhA 20t izl A 288
ibroblast grow th factor 23 Fgf23 108 262
meroRhA 66% mirge%o 12 260 [mRNA
siler ced letin-five receplor famly member 1  |Kirt 173 258
predicted gene, 23516 Gm23516 1.3 257 |snRNA
Teed recepior aloha variable 16N-1 Travisn-1 0.88 252

+ Table obtained from Affymetrix MOGENE 2.0 ST arrays, on resting and LPS + IL-4

induced lymphocytes from the lymph nodes of WT (n=1) and IL-40 deficient mice.
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Table 3. List of top 25 genes upregulated in IL40”" vs WT mouse splenocytes

Wivs KOR [ WEvs KOA
|Gene Deseription Gene Symbol ratio ratio  |Nofes
vomeronasal | receplor 208 Y !r208 861 138
[RYEN o CNA 8020468819 gene B030468819RK 54 184 |KOtargelgene
predicted gene 4587 Gmidder 4,28 056 |sernefthreonine inase-fixe
synapiogyrin 2 Syngr2 385 451
iter celf ke dn-fe receptor sublamy G member 1 |King kK 235
hisione chester 1, Kla Hsllhia 4 288
SH2 gomain protein 181 Sh2d1bt 3 083
pradicted gene, 22657 Gm22657 315 078 |SnoRNA
[oFackory receplor $17 Ofret17 kLA 0.8
smal nuoleciar RNE HACA box M4 Sneradd P 113
[rtosoma L24 domah containing 1 Refdat pa: 124
predicted gene, 25291 Gm25281 28 128 |SnoRNA
inmunogebuln heavy vanable V33 ghvdd 258 1.3
S160 caloim binding prolein AB {cakeyoin) S160a8 2% 158
[Predicted gene, 25419 Gmzsd1s 21 183 |SnoRMA
hemoglobin, bels adul major chain Hob-b1 272 218
small nucleciar RNA, HACA box 16 Enoratls 2N 184 |SnoRNA
Fredicted gene, 24727 Gm2d727 2.8 081 |SnoRNA
Clone MEL31 HACA box snoRNA, parid sequence [AF357391 282 102 |SnoRMA
[Fredicted gens, 25803 G580 182 117 |SneRNA
pematnicopentide repeat doman 2 Pedd 281 118
[Fredisted gens &m 25% 118 |SnoRNA
[Predisted gene &m 254 166 |SmoRNA
[Predicted gene G 28 102 |SnoRNA

+ Table obtained from Affymetrix MOGENE 2.0 ST arrays, on resting and LPS + IL-4
induced lymphocytes from the lymph nodes of WT (n=1) and IL-40 deficient mice.
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Table 4. Top 10 sites of synaptogyrin 2 expression in humans

Tissue in':iii'i}y Tissue inﬂiz'ily
B _cells_antiCD40+1L4-30h 2993 Salivary_gland 682
B _cells_resting-3Ch 1299 Maonoeytes _LPS+IFNg-30h 671
Monocytes_resting-3Ch 1224 Tongue 661
Colon 803 Trachea 653
Prostate_gland 767 CD4+_antiCD3+antiCD28 647
Tonsil 706 T cells_antiCD3-30h 647
Small_intestine 694 Lung 641
PBMC _media_BB 685 Tongue_supetior 630

+ Table obtained from BIGE database of Synaptogyrin 2 expression
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[0099] Lastly, while it has been determined that IL40 is produced by activated B cells, the
target cells of IL40 are not known. To determine whether 1L40 acts on B cell or T cell gene
expression, 50 genes considered “genes involved in B cell activation/differentation,” such as
CDS81, CD86, Ms4al (CD20), IL-4, and Stat6, and 38 genes considered “genes involved in T
cell activation/differentiation,” such as CD3 (3 genes), Cxcr4, 112a, and IFNy, were compared
between the WT and 11407 mouse samples (Table 5). If IL40 acts on T cells, then the absence
of IL40 (in the /140" samples) should affect the T cells but not the B cells; conversely, if
1L40 acts on B cells, then we would expect a difference in B cell activation genes (Figure

18). Additionally, if IL40 acts on both cell types, then both gene sets should change. In the
resting state, only B cell expressed genes were differentially expressed between WT and 1140
" mice, although this difference was not statistically significant (p= 0.09), (probably due to
the smaller number of B cells in the lymph node samples used compared to T cells).
However, in the LPS + IL-4 stimulated samples, B cell, but not T cell genes, were the only
ones differentially expressed (p= 0.018). These results strongly suggest that the IL40

responding cells are B cells.
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Table 5. Gene expression in wild type and 1L40-/- samples.

Gene Symbol | Wt vs KO R ratio | Wt vs KO A ratio
Cd28 0.87 0.96
Cd4 0.72 0.66
Cd40 1.21 1.18
Cd40lg 1.13 1.04
1110 1.26 0.89
Cr2 1.29 1.08
Icosl 1.32 1.23
Igbpl 1.04 0.89
Ms4al 1.31 1.32
Rgsl 1.04 0.68
Sla2 0.77 0.71
Cd81 0.91 0.93
Cdknla 0.89 1.05
Prkcd 1.09 1.15
Ptprc 0.94 1.12
Bad 1.06 0.86
Clcfl 1.17 1.34
Hdac5 1.05 1.02
Hdac7 0.6 0.67
Pik3rl 0.87 0.89
Cd86 1.18 1.07
Egrl 0.96 0.79
Stat6 1.05 1.13
Ptpn2 1.08 1
Bcel2l1 0.36 0.63
Ighg 1.05 1.19
Ighg 1.24 1.12
Ighg 0.9 1
Ighg 1.09 1.57
Ighg 1.08 1.16
Ighg 1.21 0.97
Ighg 1.36 1.28
Ccl22 0.5 0.44
Nfatcl 1.07 1.05
Nfatc2 1.07 1.2
Ikzf3 0.96 1.04
Spib 1.22 1.28
Tcf3 1 1.03
Pou2afl 1.39 1.28
1121r 1.03 1.13
Cd44 1.31 1.19
Fas 0.59 0.61
Fasl 1.33 1.04
Cblb 1.1 1.12
Cdldl 0.89 0.85
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Cd3g 0.88 0.84
Cd8a 0.58 0.52
Dock?2 0.99 1.07
Irf4 1.42 1.4
Prkcq 1.03 0.98
Sitl 0.67 0.56
Vavl 1 0.97
Was 0.96 0.94
Ccnd3 0.73 0.7
Cd3e 0.83 0.81
Cxcll2 0.84 1.29
Cxcrd 1.08 0.95
Glmn 1.13 1
1112b 0.94 0.52
1118 1.04 1.2
I12ra 1.21 1.16
Cd74 1.09 1.13
H2-Aa 1.37 1.29
Hsp90aal 1.05 1.13
1127 0.8 0.94
Jag?2 0.82 1.02
SocsS 1.3 1.01
Wwpl 1 0.95
Cd93 1.02 1.12
TIr6 1.01 1.08
Impdhl 0.65 0.74
Flt3 0.91 0.88
Nfatcl 1.07 1.05
Nfatc2 1.07 1.2
Ikzf3 0.96 1.04
Spib 1.22 1.28
Tcf3 1 1.03
Pou2afl 1.39 1.28
I21r 1.03 1.13
Cd44 1.31 1.19
Fas 0.59 0.61
Fasl 1.33 1.04
Cblb 1.1 1.12
Cd1dl 0.89 0.85
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ILA40 is upregulated in Systemic Lupus Erythematosus

[00100] Since levels of known B cell cytokines, such as IL-6, IL-21 and BLyS are often
dysregulated in autoimmune diseases (7), the mRNA expression of 1140 in splenocytes from
the MRL/Fas”""" mouse model of systemic lupus erythematosus (SLE) was measured. In this
model, mice show increasing levels of systemic autoimmunity with production of anti-
dsDNA (double stranded DNA) antibodies and immune glomerulonephritis, both of which
are hallmarks of SLE. Young mice appear normal and at 9 weeks exhibit no visible
pathology. By week 24, intermediate lupus symptoms with lymphoadenopathy and some skin
lesions develop, and by week 36, full lupus symptoms are apparent often leading to death
(25). IL40 mRNA expression (Figure 19) was found to increase. The increase in IL40 levels
detected in a mouse model suggests that dysregulation of IL40 may be involved in SLE

pathology and may represent a target for treatment of the disease.

[00101] While there has been significant progress in the functional characterization of human
genes, for a large number of them there is little or no information. Indeed, while the
consensus coding sequence (CCDS) (26, 27) project lists 18,673 GenelDs (Release 14), only
13669 of these have descriptive names (HUGO Gene Nomenclature Committee) (28). Thus,
over 5,000 CCDS entries do not have useful names and most remain poorly characterized.
Another complication preventing their study is the lack of reagents to study them. Here, the
inventors report on the identification of a novel cytokine, which is called 1L40, encoded by
the uncharacterized gene C170rf99. C170rf99 was initially identified as part of a set of 86
genes identified through analysis of the BIGE database of human gene expression (29) whose
expression pattern is associated with either organs of cells of the immune system with little or
no expression elsewhere in the body, and that are predicted to encode either transmembrane
or secreted proteins. The inventors have recently reported the identification of a novel B cell
activation molecule (TSPAN33) which was also identified using this approach (7).
IL40/C170rf99 is the second gene the inventors are reporting as part of this analysis.

[00102] The identification of protein encoded by C170rf99 as the novel cytokine interleukin-
40 (IL40) is based on several factors. Firstly, it is a small secreted protein whose expression
is restricted to several tissues and cells of the immune system —similar to the expression
profiles for many other known cytokines. The inventors began exploring the expression of

IL40 in the bone marrow and found that, in contrast to other cytokines, it was expressed by
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the lymphoid and not the bone marrow stromal cells. The small but significant expression of
IL40 by activated peripheral blood B cells in the BIGE database further suggested that it was
a B cell product. 7L40 encodes a small secreted protein, and its expression is induced in B
cells cultured under proinflammatory conditions, and is modulated by various cytokines.
Taken together, the inventors conclude that C/70rf99 encodes a novel B cell derived

cytokine.

[00103] Until recently, most known cytokines, even those recently characterized, belong to
known cytokine families. IL37, for example, is a member of the interleukinl family. This
facilitated their identification. In contrast, IL40 does not belong to any known cytokine
family. The inventors have identified homologs in mammals, but not in chicken or zebrafish.

This indicates that its function may be restricted to the mammalian immune system.

[00104] Indeed, the inventors have determined that IL40 is induced in B cells, upon
activation with anti-CD40 mAb (or CD40L, or LPS), in the presence of Th2 cytokines (IL-4
and IL-13), but not IFNy, a Th1 cytokine. IL40 is most significantly induced by activation in
the presence of TGFp, however. It is possible that some of the functions previously attributed
to TGFp on B cell function may be indirectly mediated by 1L40. TGFf} simultaneously
inhibits B cell proliferation (30) and CSR towards IgG1, IgG2a, IgG3, and IgE, while
inducing CSR towards IgA and IgG2b.

[00105] As B cell conditional knockouts of TGFf (31) or TGFR (30) (or components of the
TGFR, i.e. Smad2” (32)) mice have defects in IgA production in the peyer’s patches, but an
increase in the frequency and numbers germinal center cells and CSR towards all other
isotypes. Although 1140”" mice have a defect in IgA producing cells in the Peyer’s patches,
they also have decreased germinal center cells, suggesting that the mechanisms of this defect
are separate from TGFf or TGFR deficient mice. Additionally, endogenous TGFp is
necessary for CSR towards all isotypes during in vitro splenocyte induction of CSR, as
inhibiting endogenous TGFp reduces CSR of all isotypes (33), yet B cells from 11407 mice
did not have a defect in CSR during the in vitro induction with LPS and Th1 or Th2
cytokines, although there was a slight increase in IgA switching. It is important to note that a
defect in GC and IgA producing cells could also be caused by defects in the GC response,
such as activation (CD40 or B7 deficient mice) (34), proliferation (Ccnd3™” mice) (22),
survival (Pdcd1lg2”, CD274 " Pdcd1lg2” and Pdcd1” mice) (35), or migration into the
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lamina propria (S1P inhibition by FTY720) (36). However, none of these defects resemble
the phenotype of the 11407 mice that have increased B cell numbers in the spleen, but lower
number of germinal center and IgA secreting cells in the Peyer’s patches. We also detected
lower IgA in the feces of the /140" mouse. TGFp strongly potentiates the production of //40
by activated B cells, and 7/40 is induced upon the onset of lactation in the mammary gland.
Taken together, these observations indicate that /40 is involved in the differentiation of B

cells towards IgA responses.

[00106] Recently, cytokines produced by B cell subsets have been recognized as key
regulators of immune modulation, as B cells were shown to have reciprocal interactions with
T cells in skewing pro or anti-inflammatory responses through secreted cytokines (37). The
discovery of a novel cytokine produced by activated B cells is highly significant, as tailoring
specific cytokine interactions has gained popularity as a therapeutic strategy in the treatment
of autoimmune diseases, such as rheumatoid arthritis (RA) and SLE (38, 39). Furthermore, B
cells have been recognized to be involved in many human autoimmune diseases, therefore
identifying a novel cytokine produced by B cells will contribute to our understanding of B

cell mediated pathology.

[00107] Here the inventors describe the first report of 1L40, a novel cytokine produced
exclusively by activated B cells in the periphery. Since there are no previous reports on 1L40,
its exact pathways and signaling mechanisms are not known. The inventors believe that IL40
may function in autocrine signaling by activated B cells, since microarray analyses revealed
that mostly B cell genes were altered when comparing WT and 11407 mouse lymph nodes.
The discovery of a novel cytokine involved in B cell differentiation is also important in
understanding the involvement of B cell cytokines in modulating the immune response.
Additionally, IL40™ transcription is elevated in mice and humans with SLE, suggesting that

the dysregulation of IL40 may be involved in autoimmune disease.

Methods:
B cells, CSR and plasma cell differentiation

[00108] Spleen cells were resuspended in RPMI with FBS (10%), 50 mM B-mercaptoethanol
and Ix antibiotic-antimycotic mixture (15240-062; Invitrogen Corp.) at 37°C in 48-well
plates and stimulated with the following reagents: LPS (5 pg/ml) from Escherichia coli
(055:B5; Sigma-Aldrich) plus TGF-B (2 ng/ml; R&D Systems) and anti-IgD dextran (Fina
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Biosolutions) for CSR to IgA. Additonally, LPS was used in combination with, rmIL-4 (5
ng/ml) for CSR to IgGl1, and IFN-y (50 ng/ml; PeproTech Inc.) for CSR to IgG3. Cells were
collected on day 4 for surface Ig analysis, after staining with FITC-anti-mouse IgG1 (clone
A85-1), anti-mouse IgG2a (clone R19-15), anti-mouse IgG2b (clone R12-3) anti-mouse 1gG3
(clone R40-82) or anti-mouse IgA (clone C10-3) rat mAb and PE-anti-mouse CD45R (B220)
(clone RA3-6B2) rat mAb (BD Biosciences). Cells were fixed with 1% paraformaldehyde in
PBS and analyzed by FACS.

[00109] Peyer’s patch B cells were stained with phycoerythrin (PE)-Labeled anti-mouse
CD45R (B220) ratmAb (RA3-6B2, eBiosciences) and FITC-labeled PNA (E-Y Laboratories,
San Mateo, CA), 7AAD (Biolegend), and APC-labeled IgM (Biolegend), and analyzed in a
FACScalibur (Becton-Dickinson) and FlowJo software.

[00110] Real-time PCR can be used to measure the amount of IL40 mRNA in a given
sample. A variety of machines are available for this purpose and each requires the design of
specific primers in order to amplify and measure the right mRNA. A Lightcycler from Roche

(Indianapolis, Indiana, USA) was used.
EXAMPLE 2

Identification of cells carrying IL40 receptor

[00111] To determine which cell carry IL40 receptor, spleenocytes from C57BL/6 mouse
were collected, homogenized and placed into FACS tubes (0.5x10E6 cells per tube). First,
spleenocytes were incubated with FACS blocking buffer for 30min on ice. Then, cells were
washed once with ice cold FACS washing buffer and incubated with recombinant His-tagged
IL40 (10ug/ml) for 30min on ice. After, cells were washed twice and incubated with rabbit
anti-6x His tag antibody (1:500 dilution) on ice for 30min. Then cells were washed twice and
incubated with the goat anti-rabbit secondary antibody conjugated to FITC (1:200 dilution),
isotype control or other cell surface staining antibodies. Results are show in Fig. 20. This

experiment indicated that 1L40 binds B cells, but not Tcells.
[00112] Reagents used for the experiment:

Rabbit anti-6x His tag antibody (Abcam, catalog number ab9108)
FITC Donkey anti-Rabbit (Biolegend, catalog numer 406403)
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Rabbit IgG isotype control (Santa Cruz, catalog number sc-2027)

PE anti-mouse CD45R/B220 (Biolegend, catalog number 103207)

APC anti-mouse CD8b.2 antibody (Biolegend, catalog number 140409)
PE anti-mouse CD3 antibody (Biolegend, catalog number 100307)

APC anti-mouse CD19 antibody (Biolegend, catalog number 115511)

EXAMPLE 3

[00113] Functional response of receptor expressing cells to cytokine. In order to find
biomarker genes modulated by IL40 in responding cells, cells from immune organs like
spleen, lymph nodes, thymus or bone marrow can be incubated with various doses of
recombinant mouse or human IL40 (depending on the origin of cells used) and then incubated
for several hours (6-8-24) in order to let the cells transcribe the mRNA of these genes. The
cells are then harvested and processed for microarray analyses using genearrays from
Affymetrix. The mRNA is prepared using standard techniques and then cDNA is produced
for hybridization with the microarrays. The microarrays are read and the data analyzed with

proprietary Affymetrix software. The genes controlled by
EXAMPLE 4

[00114] Evaluation of IL40 sequence variants for agonist or antagonist function. The
functional responses of receptor-expressing cells can be used to monitor agonist or antagonist
function. To this end, the receptor-expressing cells can be incubated with either agonists or
antagonists and monitor the expression of 1L40-responsive genes by qPCR. The levels of
these genes should indicate whether IL40 was able to bind to its receptor or not. The
responder cells will incubated with IL40 agonists which should induce the same genes as
those induced by IL40 in these responder cells. Antagonists should block the induction of
these biomarker genes if the responder cells are incubated with I1L40 and each of the

candidate antagonists.
EXAMPLE 5

[00115] Prophetic example of identification of receptor structure. The receptors for cytokine
can be made up of several protein chains. Established methods can be used that have served

well to identify the IL40 receptor, by using several possible methods as described below.
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[00116] method A: Seed method, cDNA libraries, and test for which clones bind. cDNA
libraries can be prepared of cells known to bind IL40. Which cells bind IL40 can be
determined by labeling IL40 with radioactivity tags and performing radioimmunoassay.
Alternatively, His-tagged IL40 can be used to bind to cells and use an anti-His antibody to
detect the binding of the cytokine to the cells that express the receptor. Other tags can be
used, like FLAG instead of His. Once cells that express the receptor are identified, cDNA
libraries of these cells can be produced, and transfect cells such as HEK293 or BAF3 cells
with pools of cDNA library clones. Which of these cells now bind IL40 can be monitored as
described above. The fluorescently labeled cells can be sorted by flow cytometry and cultured
to use as a source of mMRNA. This mRNA can be used to clone the cDNA from the library
that was transfected into that given cell, that is also responsible for the expression of the IL40
receptor chains. Specific sequences in the cDNA construct can be used to design primers to
PCR out the library cDNAs found in that cell. This method can be used independently of the
number of chains that the IL40 receptor is composed of, the only difference would be the

frequency with which the positive cells will be identified.

[00117] method B: biochemical method, label ligand and isolate binding complexes. The
ligand can be labeled with tags like His or FLAG (or others) and incubated with membranes
from cells that express the 1L40 receptor. Various detergents can be added to optimize the
ability of the ligand to bind the receptor and be able to run the complex in a gel following
immunoprecipitation with an anti-His or anti-Flag antibody. This method should work
regardless of the number of chains that the IL40 receptor has. The resulting
immunoprecipitating bands can be isolated and sequenced and bioinformatics can be used to

determine the identity of the gene encoding each protein.

[00118] method C: genetic method; 2 hybrid system. IL40 interacting proteins can be
identified using the yeast two hybrid system. IL40 would be prepared as a fusion protein (for
example GALBD) and the potentially interacting proteins can be prepared as fusion proteins
labeled with GALAD. In this case, IL40 would be the ‘bait’ and the interacting protein would
be the ‘prey’. The system is tested in Saccharomyces cerevisiae, a yeast system where the
interacting proteins will cause the transcription of a reported gene (for example, LacZ). Yeast
turning on the LacZ gene would be those where successful interaction (complementation) of
two proteins has occurred. This system can identify several proteins that make up the 1L40

receptor.
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EXAMPLE 6
Production of antibodies

[00119] method A: mouse or rabbit polyclonals; immunoselection. Antibodies can be
produced by immunizing animals with recombinant human, mouse or rat IL40. Sheep, goats,
donkeys or horses can be immunized. Several immunization doses can be used and the
production of antibodies can be monitored by ELISA. Once the desired response is achieved,

the antibodies can be harvested by bleeding the immunized animal and obtaining the serum.

[00120] method B: mouse or rat monoclonal antibodies. Monoclonal antibodies can be made
against human IL40 by immunizing mice with IL40, monitoring the response of the mice and
selecting those that show strong responses against IL40. The spleen is obtained and fused
with polyethelene glycol or similar fusing reagent to myelomas cells to produce hybridomas.
The resulting hybridomas can be grown in vitro and selected using HAT medium to selective
grow hybridomas. The resulting hybridomas are cloned, and the producing antibodies can be

screened by ELISA, western, FACS or immunohistochemistry.

[00121] Production of antibodies using phage display. Mice are immunized with human 1L40
and their spleens are used to create a phage display library. The library is then screened for its
ability to bind recombinant IL40. The successful phage display clones are identified and their
sequences obtained in order to obtain sequence information of the binding site of the
antibody. The resulting antibody can be engineered using molecular biology techniques into

appropriate fully human antibodies.
EXAMPLE 7
Nucleic acid constructs for expression of cytokine

[00122] Method 1: cells from human or mice, expressing IL40 mRNA can be used and RT-
PCR using anchored oligo-dT can be performed. IL40 cDNA can then be amplified using
primers designed to IL40. This cDNA can be inserted into a high expression vector, such as a
mammalian, bacterial, or insect plasmid vector. The cDNA containing IL40 gene is inserted
into the appropriate recipient cells for each system, and allowed to incubate so the cells can

produce the IL40 protein. The supernatant of these cells is harvested and used to purify 1L40
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using biochemical methods. The human IL40 ¢cDNA sequence (SEQ ID NO. 4) is shown in
Figure 21.

[00123] Method 2: Same as method 1, but cloning splice variants of IL40 mRNA by

designing primers specific to exons/introns not contained in Method 1.

[00124] Method 3: Same as method 1, except sequences encoding a tagged or reporter gene
can be inserted, to create fusion proteins. Fusion proteins can be used to detect cells
producing 1140. Tagged fusion proteins can also be used for western blotting or affinity

purification.

[00125] Method 4: Same as method 1, except the promoter can be replaced with a highly
inducible, or highly active promoter from a different gene. This can allow us to control the

expression of the transgene in the final expression system.
EXAMPLE §
Use of above nucleic acid constructs to make and purify IL40 protein

[00126] Method 1: A plasmid vector construct can be used containing IL40 cDNA insert
with a positive or negative selection agent (neomycin/f galactosidase/GFP), to transfect
mammalian (HEK, HELA, etc) cell lines, insect cells, or bacteria, depending on which vector
the IL40 cDNA was inserted into. The transformed/transfected cells that express the plasmid
can be positively or negatively selected for, to eliminate cells that will not produce
recombinant protein. High amounts of recombinant IL40 can be obtained directly from

supernatant or lysates of the transfected/transformed cells.

[00127] Method 2: in a different method, chemical precipitation can be performed on the
lysates of cells transfected/transformed with a vector containing IL40 cDNA insert, to obtain
concentrated amounts of proteins. Chemical methods include salt, pH, organic solvent, metal
ions, non-ionic polymer, methods that non-specifically precipitate all proteins. The lysates
containing recombinant protein are mixed with the chemical precipitating agent. The
precipitates can be collected by low speed centrifugation or decanting. The precipitates then
can be resuspended by dialyzing through a dialysis tube that allows the smaller precipitating
agent to pass through the membrane, while keeping the proteins in the tube. The precipitates

will contain concentrated amounts total proteins, including the recombinant protein.
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[00128] Method 3:. In a different method, affinity purification can be performed on the
lysates of cells transfected/transformed with a vector containing IL40 cDNA insert using a
column containing anti-IL40 antibodies or recombinant IL40 receptor linked to magnetic
beads. The column can be washed, to remove non-specific binding of proteins, while
maintaining binding of recombinant IL40 to the antibody linked to beads. The column can
then be eluted using a change in pH or salt that affects the interaction between rIL40 and the

anti-IL40 antibody.

[00129] Method 4: In a different method the lysates of cells transfected/transformed with a
vector containing IL40 cDNA insert, can be collected and concentrated using size exclusion
through a membrane. A centrifuge column can be used that contains a membrane only
permeable to proteins less than 30KD. Proteins less than 30KD can then be collected, which
should include high amounts of recombinant IL40 produced from the transfected/transformed

cells.

[00130] Method 5: In a different method, the lysates of cells transfected/transformed with a
vector containing IL40 cDNA insert can be collected and purified through High performance
liquid chromatography. Since each protein interacts differently with the analyte, the fraction

containing recombinant I1L40 can be collected.
EXAMPLE 9
Isolation of IL40 receptor expressing cells (FACS isolation)

[00131] method A: isolation, purification. To determine which cell carry 1L40 receptor(s),
mouse splenocytes are collected, homogenized and placed into FACS tubes (0.5¢6 cells per
tube). First, splenocytes are incubated with FACS blocking buffer for 30min on ice. Then,
cells are washed once with ice cold FACS washing buffer and incubated with recombinant
His-tagged 1L40 (10ug/ml) for 30min on ice. After, cells are washed twice and incubated
with rabbit anti-His tag antibody (1:500 dilution) on ice for 30min. The cells are then washed
twice and incubated with goat anti-rabbit secondary antybody conjugated to FITC; isotype
control or other cell surface staining antibodies. This experiment indicates that 1L40 binds to

B cells, which can be used as positive control.

[00132] The labeled cells can be sorted by flow cytometry based on their expression of
FITC. The sorted cells should express the 1L40 receptor.
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[00133] method B: depletion from cell population. IL40 labeled with a toxin (like an
antibody drug conjugate, for example) can be used to destroy cells that express the 1L40
receptor. An antibody against the IL40 receptor can also be used for the same purpose, either

alone or as an antibody-drug conjugate.

method C: in animal; depletion of cells. Intravenous injection of an anti-IL40 receptor
monoclonal antibody can be used to deplete IL40 receptor-expressing cells. The antibody can

be a “naked” antibody or an antibody drug conjugate.

EXAMPLE 10

[00134] Use of IL40 transgenic or knockout mouse to discover effects of IL40. An IL40™
mouse can be used to investigate the function of IL40. This mouse has been published (Tang,
T. et al. A mouse knockout library for secreted and trasnmembrane proteins, 2010. Nat.
Biotechnol. 7: 749-55). The only phenotype observed was elevated IgG1 in serum when
mouse was immunized. Immune tissues from this mouse can be obtained and they can be
activated with different agents (anti-CD3 and anti-CD28 for T cells; lipopolysaccharide
(LPS) or anti-CD40 and IL4 for B cells; LPS for monocytes). Microarrays analysis can then
be performed to identify genes differentially expressed between wild type and IL40™" tissues.
The mouse can also be phenotyped using flow cytometry of various tissues, or perform blood
chemistry analyses as well as blood cell counts. The mouse can be used in various models of

disease, including cancer, autoimmune diseases, or infectious diease;

[00135] Besides the IL40” mouse, IL40 can also be overexpressed as a transgene in mice.
This would exaggerate the effects of IL40 in vivo and would let investigate the effects of this
cytokine in a mouse model. To do this, the transgene is introduced by pronuclear injection
into a single cell of the mouse embryo and it is integrated in the genome. The gene is under
the control of a promoter that can be triggered to express the gene. Overexpression of 1L40 in
vivo would lead us to understand the effects of this cytokine in vivo. Phenotyping of the

resulting transgenic 1L40 mouse would allow us to understand its function in vivo.
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[00137] Although the present invention has been described in connection with the preferred
embodiments, it is to be understood that modifications and variations may be utilized without
departing from the principles and scope of the invention, as those skilled in the art will
readily understand. Accordingly, such modifications may be practiced within the scope of the

invention and the following claims.
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[00138] Definitions of specific embodiments of the invention as claimed herein follow.

[00139] According to a first embodiment of the invention, there is provided a method of treating a
disease involving activated B cells in a subject, comprising administering to the subject a therapeutically
effective amount of an antibody against the C/70rf99 polypeptide gene product (IL40), wherein the
antibody is:

a) an IgG, IgM, IgA, IgD or IgE;

b) a monoclonal antibody;

c) an Fab', Fab, F(ab")2, single domain antibody (sdAb), Fv, or scFv (single chain Fv);

d) a labeled antibody; or

e) any combination of a) - d),
wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

[00140] According to a second embodiment of the invention, there is provided the use of an antibody
against the CI70rf99 polypeptide gene product (IL40) in the manufacture of a medicament for treating a
disease involving activated B cells in a subject, wherein the antibody is:

a) an 1gG, IgM, IgA, IgD or IgE;

b) a monoclonal antibody;

c¢) an Fab', Fab, F(ab")2, single domain antibody (sdAb), Fv, or scFv (single chain Fv);

d) a labeled antibody; or

€) any combination of a) - d),
wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

[00141] According to a third embodiment of the invention, there is provided a method of detecting 1L.40
in a sample, comprising immunodetecting 1L40 using an antibody against the C/70rf99 polypeptide gene
product (IL40), wherein the antibody is:

a) an 1gG, IgM, IgA, IgD or IgE;

b) a monoclonal antibody;

c) an Fab', Fab, F(ab")2, single domain antibody (sdAb), Fv, or scFv (single chain Fv);

d) a labeled antibody; or

) any combination of a)- d)
as a detection agent in an in vitro diagnostic or theranostic method for a disease involving activated B

cells, wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
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Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

[00142] According to a fourth embodiment of the invention, there is provided a method of treating a
disease involving activated B cells in a subject, comprising administering to the subject a therapeutically
effective amount of a peptide or protein, wherein the peptide or protein comprises a part of or the entire
amino acid sequence of IL40 or mature form of IL40, wherein the peptide or protein is an IL40 agonist,
wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

[00143] According to a fifth embodiment of the invention, there is provided the use of a peptide or
protein in the manufacture of a medicament for treating a disease involving activated B cells in a subject,
wherein the peptide or protein comprises a part of or the entire amino acid sequence of IL40 or mature
form of IL40, wherein the peptide or protein is an IL40 agonist, wherein the disease is scleroderma,
multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia, Hashimoto thyroiditis, Graves’ disease,
Crohn'’s disease, ulcerative colitis, atopic dermatitis, idiopathic pulmonary fibrosis, systemic lupus

erythematosus, rheumatoid arthritis, or psoriasis.

[00144] According to a sixth embodiment of the invention, there is provided a method of diagnosing a
disease involving activated B cells in a subject, comprising using the peptide or protein as described in
the fourth or fifth embodiment as a target or sample control in an in vitro diagnostic or theranostic
method wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma,
leukemia, Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis,

idiopathic pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

[00145] According to a seventh embodiment of the invention, there is provided a method of diagnosing a
disease involving activated B cells in a subject, comprising probing a sample of the subject using a
nucleic acid as a probe in an in vitro diagnostic or theranostic method for the disease, wherein the of a
nucleic acid comprises a part of or the entire nucleotide sequence of an IL40 gene or IL40 cDNA,
wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

[00146] According to an eighth embodiment of the invention, there is provided a method of diagnosing a
disease involving activated B cells, comprising probing a sample by using a nucleic acid as a probe in an
in vitro diagnostic or theranostic method, the nucleic acid comprising a part of or the entire nucleotide

sequence of an IL40 gene or IL40 cDNA, wherein the nucleic acid encodes a peptide or protein as
58



21 Aug 2019

2014352891

described in the fourth or fifth embodiments, wherein the disease is scleroderma, multiple sclerosis,
Sjorgren’s syndrome, lymphoma, leukemia, Hashimoto thyroiditis, Graves’ disease, Crohn’s disease,
ulcerative colitis, atopic dermatitis, idiopathic pulmonary fibrosis, systemic lupus erythematosus,

rheumatoid arthritis, or psoriasis.

[00147] According to a ninth embodiment of the invention, there is provided the method or use of any
one of the first to eighth embodiments, involving antibody, peptide, protein or nucleic acid molecules,
wherein the molecules are in a pharmaceutical formulation that:

a) comprises a pharmaceutically acceptable carrier, excipient, or a combination
thereof;

b) is used as a sterile formulation;

c¢) comprises another therapeutic agent for treating autoimmune disease or lymphoma,;

d) is in a slow or sustained release formulation;

e) is in a targeted administration form; or

f) any combination of a) - e).

[00148] In the present specification and claims, the word ‘comprising’ and its derivatives including
‘comprises’ and ‘comprise’ include each of the stated integers but does not exclude the inclusion of one

or more further integers.

[00149] The reference to any prior art in this specification is not, and should not be taken as an
acknowledgement or any form of suggestion that the prior art forms part of the common general

knowledge.
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CLAIMS

1. A method of treating a disease involving activated B cells in a subject, comprising administering
to the subject a therapeutically effective amount of an antibody against a C/70rf99 polypeptide gene
product (IL40), wherein the antibody is:

a) an IgG, IgM, IgA, IgD or IgE;

b) a monoclonal antibody;

c) an Fab', Fab, F(ab")2, single domain antibody (sdAb), Fv, or scFv (single chain Fv);

d) a labeled antibody; or

e) any combination of a) - d),
wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

2. Use of an antibody against a Cl70rf99 polypeptide gene product (IL40) in the manufacture of a
medicament for treating a disease involving activated B cells in a subject, wherein the antibody is:

a) an IgG, IgM, IgA, IgD or IgE;

b) a monoclonal antibody;

c¢) an Fab', Fab, F(ab")2, single domain antibody (sdAb), Fv, or scFv (single chain Fv);

d) a labeled antibody; or

) any combination of a) - d),
wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

3. The method of claim 1 or the use of claim 2, wherein the disease is lupus erythematosus or

rheumatoid arthritis.

4. The method of claim 1 or the use of claim 2, wherein the disease is lymphoma.

5. A method of detecting IL40 in a sample, comprising immunodetecting IL40 using an antibody
against the CI70rf99 polypeptide gene product (IL40), wherein the antibody is:

a) an 1gG, IgM, IgA, IgD or IgE;
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b) a monoclonal antibody;

c¢) an Fab', Fab, F(ab")2, single domain antibody (sdAb), Fv, or scFv (single chain Fv);

d) a labeled antibody; or

e) any combination of a) - d)
as a detection agent in an in vitro diagnostic or theranostic method for a disease involving activated B
cells, wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia,
Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic

pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

6. The method of claim 5, wherein the disease is lymphoma or leukemia.

7. The method of claim 5, wherein the disease is systemic lupus erythematosus, rheumatoid

arthritis, or psoriasis.

8. A method of treating a disease involving activated B cells in a subject, comprising administering
to the subject a therapeutically effective amount of a peptide or protein, wherein the peptide or protein
comprises a part of or the entire amino acid sequence of IL40 or mature form of IL40, wherein the
peptide or protein is an IL40 agonist, wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s
syndrome, lymphoma, leukemia, Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative
colitis, atopic dermatitis, idiopathic pulmonary fibrosis, systemic lupus erythematosus, rheumatoid

arthritis, or psoriasis.

9. Use of a peptide or protein in the manufacture of a medicament for treating a disease involving
activated B cells in a subject, wherein the peptide or protein comprises a part of or the entire amino acid
sequence of IL40 or mature form of IL40, wherein the peptide or protein is an IL40 agonist, wherein the
disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia, Hashimoto
thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic pulmonary

fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

10. The method of claim 8 or the use of claim 9, wherein the peptide or protein is:
a) a sequence variant, polymorphism, or species counterpart of 1L40;
b) a substitutional, insertional, or deletion variant of 1L40;

c) a non-sequence derivative of IL40, selected from the group consisting of glycosylation
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modified 1L40, chemically modified IL40, and a conjugate of 1L40;
d) a functional variant of 1L40;
e) a functional segment of IL40, a conserved region ofIL40, or a non-conserved region of 1L40;
f) a fusion protein of IL40; or

g) any combination of a) - f).

11. The method of claim 8 or 10 or the use of claim 9 or 10, wherein the disease is lymphoma.

12. The method of claim 8 or 10 or the use of claim 9 or 10, wherein the disease is mantle cell
lymphoma, rheumatoid arthritis, systemic lupus erythematosus, Sjogren's syndrome, Hashimoto
thyroiditis, scleroderma, Graves' disease, Crohn's disease, ulcerative colitis, multiple sclerosis, psoriasis,

atopic dermatitis, idiopathic pulmonary fibrosis.

13. A method of diagnosing a disease involving activated B cells in a subject, comprising using the
peptide or protein as described in any one of claims 8-10 as a target or sample control in an in vitro
diagnostic or theranostic method wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s
syndrome, lymphoma, leukemia, Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative
colitis, atopic dermatitis, idiopathic pulmonary fibrosis, systemic lupus erythematosus, rheumatoid

arthritis, or psoriasis.

14. The method of claim 13, wherein the disease is lymphoma.

15. The method of claim 13, wherein the disease is systemic lupus erythematosus, rheumatoid

arthritis or psoriasis.

16. A method of diagnosing a disease involving activated B cells in a subject, comprising probing a
sample of the subject using a nucleic acid as a probe in an in vitro diagnostic or theranostic method for
the disease, wherein the of a nucleic acid comprises a part of or the entire nucleotide sequence of an
IL40 gene or IL40 cDNA, wherein the disease is scleroderma, multiple sclerosis, Sjorgren’s syndrome,
lymphoma, leukemia, Hashimoto thyroiditis, Graves’ disease, Crohn’s disease, ulcerative colitis, atopic
dermatitis, idiopathic pulmonary fibrosis, systemic lupus erythematosus, rheumatoid arthritis, or

psoriasis.
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17. A method of diagnosing a disease involving activated B cells, comprising probing a sample by
using a nucleic acid as a probe in an in vitro diagnostic or theranostic method, the nucleic acid
comprising a part of or the entire nucleotide sequence of an IL40 gene or IL40 cDNA, wherein the
nucleic acid encodes a peptide or protein as described in claim 8 or 9, wherein the disease is
scleroderma, multiple sclerosis, Sjorgren’s syndrome, lymphoma, leukemia, Hashimoto thyroiditis,
Graves’ disease, Crohn’s disease, ulcerative colitis, atopic dermatitis, idiopathic pulmonary fibrosis,

systemic lupus erythematosus, rheumatoid arthritis, or psoriasis.

18. The method of claim 16 or 17, wherein the nucleic acid is:

a) conjugated to another nucleotide sequence, to a label, or to a chemical derivative;

b) a primer, a probe, an antisense molecule, or an oligonucleotide based on the 1L40 gene or
IL40 cDNA sequence;

¢) a recombinant construct attached to a heterologous nucleic acid sequence; or

d) any combination of a) - c).

19. The method of claim 16 or 17, wherein the disease is lymphoma.

20. The method of claim 16 or 17, wherein the disease is systemic lupus erythematosus, rheumatoid

arthritis or psoriasis.

21. The method of any one of claim 1, 3-7 and 10-20 or the use of any one of claims 2-4 and 9-12,
involving antibody, peptide, protein or nucleic acid molecules, wherein the molecules are in a
pharmaceutical formulation that:

a) comprises a pharmaceutically acceptable carrier, excipient, or a combination
thereof;

b) is used as a sterile formulation;

c) comprises another therapeutic agent for treating autoimmune disease or lymphoma;

d) is in a slow or sustained release formulation;

e) is in a targeted administration form; or

f) any combination of a) - e).

22. The method or use of claim 21, wherein the slow or sustained release formulation comprises an

emulsion or micelles, and the targeted administration form is a liposome, inclusion complex, or a carrier.
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Phe

Gln

Leu

Glu

val

Pro

val

70

Asn

Ala

His

Thr

Ala

150

Gly

3.5

Phe

Glu

Phe

Pro

55

Ala

val

Ser

Trp

Leu

135

Ser

Gln

Cys

Glu

Pro

40

Pro

Lys

Thr

Ser

Glu

120

Gln

Ser

val

Leu

Ile

25

Lys

Pro

Lys

Leu

Thr

105

Leu

Asp

Gly

His

Ala

10

Thr

Gly

Ile

val

Lys

90

Ser

Trp

Arg

Ser

Leu
170

val

Pro

Arg

Thr

val

75

Ser

Gly

Ser

Gly

Pro

155

Gln

Page 1

Leu

val

Trp

Tyr

60

Lys

Ser

Ala

Lys

Ala

140

Pro

Gln

Ala

val

val

45

Ser

Thr

Pro

His

Pro

125

Gly

Ile

Arg

Ala

Ser

30

Leu

Leu

His

Asp

val

110

val

Pro

Thr

Pro

Ser
15

Cys

Glu

Leu

95

Asp

Ser

Arg

Asn

Cys
175

Ser

Ala

Thr

Gly

Pro

80

Leu

Ser

Glu

val

Ser

160

His



Arg

Phe

Thr

Pro

225

Arg

val

Gln

Trp

val

210

Leu

Leu

Arg

<210>
<211>
<212>
<213>

<400>

Pro

Cys

195

val

Glu

Ser

Gly

190
PRT
Homo

2

Glu Glu Ile
1

Phe

Pro

Ala

val

65

Ser

Trp

Leu

Ser

Gln

Pro

Pro

Ser

Glu

Gln

Ser

130

val

Lys

Pro

35

Lys

Leu

Thr

Leu

Asp

Gly

Ala

180

Gln

Pro

Ser

Glu

Arg
260

Asn

Ala

Pro

Pro

Glu

245

Lys

sapiens

Thr

Gly

20

Ile

val

Lys

Ser

Arg

Ser

Leu

Pro

Arg

Thr

val

Ser

Gly

85

Ser

Gly

Pro

Gln

Phe

Ala

Gly

Ile

230

Glu

Ala

val

Trp

Tyr

Lys

Ser

70

Ala

Lys

Ala

Pro

Gln

Ser

Asn

Gly

Leu

Phe

Ala

val

val

Ser

Thr

55

Pro

His

Pro

Gly

Ile

135

Arg

Phe

Asn

200

Asp

Ala

Gly

Ala

Ser

Leu

Leu

40

His

Asp

val

val

Pro

120

Thr

Pro

1279_589_sST125
Leu Pro Ser Gln

185

Ala

Gln

Leu

Gly

Met
265

Ile

Ile

25

Cys

Glu

Leu

Asp

Ser

105

Arg

Asn

Cys

Asn val

Lys Met

Pro Leu
235

Phe Arg
250

Ala Tyr
10

Thr Cys

Gly Thr

Pro Ala

Leu Thr

75

Ser Ala

90

Glu Leu

val Glu

Ser Leu

His Arg
Page 2

Gln

Glu

220

Tyr

Ile

Lys

Cys

Lys

Ser

60

Tyr

Arg

Arg

Met

Ile

140

Gln

Thr

His

205

Asp

Arg

Gly

val

Ala

Asn

45

Phe

Phe

Leu

Ala

Ile

125

Gly

Pro

Ser

190

Ser

Trp

Ser

Asn

Leu

Pro

30

Ile

Asn

Cys

Gln

Asn

110

Cys

Lys

Ala

Asp

Ala

Gln

Thr

Gly

Glu

15

Gln

Lys

Leu

Trp

Met

95

Phe

Gln

Asp

Asn

Trp

Leu

Gly

Arg

Glu

val

Pro

val

Asn

Ala

80

His

Thr

Ala

Gly

Phe



145

Ser Phe Leu Pro Ser

165

Asn Asn Ala Asn Vval

<210>
<211>
<212>
<213>

<400>

180

3
190
PRT

Mus musculus

3

Glu Glu GIn Thr

1

Tyr

Ser

Ala

Ile

65

Thr

Gln

Leu

Ser

Asn

Pro

Gln

Lys

50

Thr

Ser

Glu

Arg

Ser

130

val

Leu

Asp

<210>
<211>

Gln Ser
20

Pro Ile
35

Lys val

Ile Lys

Asn Ser

Leu Trp
100

His Gly
115

Gly Ser

Leu Ala

Pro Leu

val Gly

180

4
109

Glu

Arg

Thr

val

Ser

Gly

85

Ala

Asp

Pro

Gln

Ser

165

val

150

Gln

Gln

Gly

Arg

Tyr

His

Ser

70

Thr

Lys

Ser

Pro

Gln

150

Gln

Asp

Thr

His

Ile

val

Ser

Asp

55

Pro

Tyr

Pro

Gly

Ile

135

Arg

Thr

Ser

Ser

Ser

Thr

Leu

Leu

40

Ser

Asp

Gly

val

Pro

120

Thr

Pro

Thr

Ser

1279_589_sT25

Asp

Ala
185

Ile

Ile

25

Leu

val

Leu

Pro

Ser

105

Thr

Tyr

Leu

Gly

Ala
185

155

Trp Phe
170

Leu Thr

Ala Tyr
10

Thr Cys
Ala Ser
Pro Ala
Leu Thr

75
Ser Ser

90

Gln Leu

val Glu

Arg Leu

His Gly

Trp Phe

170

Arg Ile

Page 3

Trp

val

Lys

Asp

Arg

Ser

60

Tyr

Arg

Gln

Leu

val

140

Lys

Gln

Pro

Cys

val

val

Ala

Gly

45

Phe

Ser

Leu

Ala

Ser

125

Gly

Pro

Cys

Leu

160

Gln Ala Ala

Pro
190

Leu

Pro

30

Ile

Asn

Cys

Gln

Asp

110

Cys

Asn

Ala

Glu

Pro
190

175

Glu

15

Glu

Leu

Ile

Gln

Met

95

Phe

Leu

Gly

Asn

Ala
175

val

Ala

val

Asn

Ala

80

Tyr

val

Ala

Gly

Phe

160

Glu



<212>
<213>

PRT
<220>
<223>
<400> 4
Glu Glu Thr
1

Thr Cys Ala

Ala
35

val Pro

Tyr Cys Ala

50

val
65

Ser Leu

Pro Pro Ile

Phe Ser Ser

<210> 5
<211> 798
<212> DNA
<213> Homo

<400> 5
atggggctcc

c€gggaggaag
aaaggccgct
tccctctgtg
gcctccttca
tgggcgtcect
ctgtggtcca
ggccccaggg
ctgatcggga
aacttctcct
gccaatgtcc

gactggcagg
cgtctgagtg

Ile
5

Pro Pro

20

Ser Phe

Ser Ser

Ala Phe

Thr Leu

85

Gln Thr

100

sapiens

ctgggctgtt
aaattacccc
gggtgctcat
gaaccaagaa
acctcaacgt
ccacctcagg
agccagtgtc
tggagatgat
aggatgggca
tcctgccgag
agcacagcgc
gtcccctgga

aagaggagtt

Ala Tyr

Ile

Asn

Gly

Leu

70

Gly

Trp

Artificial Sequence

consensus sequence

Lys val

Thr

Tyr

Thr
40

Asn

Ser
55

Arg

Gly Pro

Gly val

Phe Cys

ctgcttggcc
tgtggtctcc
aacctgctgt
catcaaggtg
cacactcaag
tgcccatgtg
tgagctgcgg
ctgccaggcg
ggtccacctg
ccagacatcg
cctcacagtg

gagccccatc

tggggggttc

1279_589_sST25

Glu val

10

Leu

Ser Leu Ile

25

Lys Ser Ser

Leu Gln Met

val Glu cCys

75

Gln
90

Gln Arg

Ala
105

Asn Ser

gtgctggctg
attgcctaca
gcaccccagc
gccaagaagg
tccagtccag
gacagtgcca
gccaacttca
tcctcgggcea
cagcagagac
gactggttct
gtgcccccag

cttgccttgce
aggataggga

Page 4

Pro Arg val

val Ala Lys

30

Pro Asp Leu

45

Glu
60

Leu Trp

Ala Ser Ser

Pro His Pro

Ala Pro

ccagcagctt
aagtcctgga
caccaccgcc
tggtgaagac
acctgctcac
ggctacagat
ctctgcagga
gcccacctat
catgccacag
ggtgccaggce
gtggtgacca
cgctctacag

atggggaggt

Leu Ile

15

Lys val

Leu Thr
Pro

Lys

ser
80

Gly

Ala
95

Asn

ctccaaggca
agttttcccc
catcacctat
ccacgagccg
ctacttctgc
gcactgggag
cagaggggca

caccaacagc
gcagcctgcc
tgcaaacaac
gaagatggag
gagcacccgc

cagaggacgc

60
120
180
240
300
360
420
480
540
600
660
720
780
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aaagcagcag ccatgtag 798
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