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USE OF PRG4 AS AN ANTI-INFLAMMATORY AGENT

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date of US provisional
application serial number 62/107,799 filed January 26, 2015, and provisional application serial
number 62/273,059, filed December 30, 2015, the disclosures of which are incorporated herein

by reference.
FIELD OF THE INVENTION

[0002] This invention relates to new uses of the human glycoprotein PRG4 or lubricin.
More particularly, it relates to using PRG4 as an anti-inflammatory agent to reduce or inhibit

inflammatory responses and to treat inflammatory conditions.
BACKGROUND

[0003] The proteoglycan 4 gene (PRG4) encodes megakaryocyte stimulating factor
(MSF) as well as highly glycosylated differently splice variant and glycoforms of “superficial
zone protein” also known as lubricin. Superficial zone protein was first localized at the surface
of explant cartilage from the superficial zone and identified in conditioned medium. Lubricin
was first isolated from synovial fluid and demonstrated lubricating ability in vitro similar to
synovial fluid at a cartilage-glass interface and in a latex-glass interface. It was later identified
as a product of synovial fibroblasts, and its lubricating ability was discovered to be dependent
on O-linked P (1-3) Gal-GalNAc oligosaccharides within a large mucin like domain of 940
amino acids encoded by exon 6. Lubricin molecules are differentially glycosylated and several
naturally occurring splice variants have been reported. They are collectively referred to herein
as PRG4. PRGH4 has been shown to be present inside the body at the surface of synovium,
tendon, articular cartilage such as meniscus, and in the protective film of the eye, among other

sites, and plays an important role in joint lubrication and synovial homeostasis.
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[0004] Prior to Applicants’ inventions, PRG4 had been appreciated as a protein with
only mechanical properties, providing mechanical functionalities such as lubricating joints,
tendons, cartilage, and acting as a mechanical barrier to inhibit intercellular interactions.
However, as shown herein, Applicants have discovered that lubricin has properties that extend
beyond its ability to provide boundary lubrication and anti-adhesion. In particular, Applicants
have determined that PRG4 has anti-inflammatory properties due to its ability to act as a ligand
or signaling molecule, participating in ligand receptor interactions to modulate, for example,

CD44 activation, NF-kB translocation, and cytokine-mediated inflammation.
SUMMARY OF THE INVENTION

[0005] The current invention exploits the heretofore unknown anti-inflammatory
properties of PRG4, also known as lubricin. Accordingly, the invention provides, for example,
methods of inhibiting or reducing inflammatory responses and methods for treating
inflammatory conditions. Underlying the discovery of PRG4’s anti-inflammatory properties is
the understanding of various putative mechanisms by which PRG4 achieves its anti-
inflammatory effect. These mechanisms were discovered by Applicants who have determined
that PRG4 binds CD44 receptors, enabling it to act as a CD44 receptor antagonist. As a result,
PRG4 is able to down-regulate pro-inflammatory responses mediated by CD44 receptor
signaling. The ability of PRG4 to affect CD44 signaling also has the effect of down-regulating
translocation of NF-xB. Further, administration of PRG4 has been shown to inhibit production
of a number of pro-inflammatory cytokines, as well as to modulate cellular responses and
proliferation due to pro-inflammatory cytokine induction (e.g., TNF-a); a feature unique to
PRGH4 and not to other lubricants such as high molecular weight hyaluronic acid. PRG4 can
therefore be used in a number of novel ways in therapeutic and prophylactic contexts to effect
anti-inflammatory action via its effect on signaling pathways involved in producing an

inflammatory response.

[0006] Accordingly, in one aspect, the invention provides a method of reducing or
inhibiting an inflammatory response in a patient comprising administering PRG4 to the patient
systemically or locally at a site that is non-cartilaginous, non-osseous, non-osteal, and non-

articular, and is not the urinary bladder, cornea, or surface tissue of the oral cavity.
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[0007] In one embodiment, the PRG4 is administered systemically to the patient, for
example, by intravenous, intramuscular, subcutaneous, intraperitoneal, oral, rectal, buccal, or

sublingual administration, or by inhalation.

[0008] In another embodiment of the invention, PRG4-containing compositions can be
conveniently administered to patients by formulating PRG4 into a matrix/scaffold dosage form
for injection/or placement within a location in a patient. Such a PRG4-containing composition
may be in the form of a controlled release formulation that is capable of slowly releasing PRG4
at a location in the patient. Suitable matrix/scaffold dosage forms include, but are not limited
to, biocompatible polymers, polymeric matrices, capsules, microcapsules, microparticles,
diffusion devices and liposomes. Other such formulations of the present invention include
liquids that, upon association with the matrix or upon administration to the patient, form a solid
or a gel. In addition to such compositions being formulated to contain PRG4, such
compositions may also be formulated to contain recombinantly engineered cells designed to
express PRG4. The PRG4-containing compositions may be administered in any manner
suitable to direct PRG4 to the location within a patient, including by direct injection or
placement of a pre-formed PRG4 composition during an open surgery or during a laparoscopic

or arthroscopic procedure.

[0009] In another embodiment, the PRG4 is administered locally to the patient, for
example, topically or by injection. In some embodiments, the PRG4 is administered locally at
a site selected from skin, kidney, lungs, liver, a wound such as a skin burn or surgical incision,
thyroid, pancreas, spleen, thymus, ovary, testicle, uterus, adrenal gland, pituitary gland,
hypothalamus, urethra, prostate, heart, artery or vessel, pericardial fluid, brain, stomach.
Administration is also conducted in orifices including the rectum, nose, ear, pharynx, larynx,
trachea. Other areas for administration include the tongue, posterior eye, or the site of a tumor.
Administration is also performed in visci including the small intestine, large intestine, colon or
esophagus. , pharynx, larynx, trachea, tongue, posterior eye, or the site of a tumor. In some
embodiments, the site of local administration is a site of inflammation or of an inflammatory

response in the patient.

[0010] In another embodiment, PRG4 is administered systemically to a patient who

suffers from an inflammatory condition selected from arthritis, osteoarthritis, psoriatic arthritis,
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rheumatoid arthritis, diabetic retinopathy, retinal inflammation, retinitis, Sjogren’s syndrome,

macular degeneration, gout, pseudogout, pericarditis, or uveitis.

[0011] In another embodiment, PRG4 is administered systemically or locally to a
patient who suffers from an inflammatory condition selected from acne; acute organ failure;
acute respiratory distress syndrome (ARDS); Addison’s disease; allergic rhinitis; allograft
rejection; alopecia areata; Alzheimer’s disease; anaphylaxis; Appendicitis; asthma;
atherosclerosis; atopic dermatitis; autoimmune disease including autoimmune alopecia;
autoimmune hyperthyroidism; autoimmune hypopituatarism; autoimmune polyglandular
disease; Behcet’s disease; brain injury; bronchitis; cancer; cardiopulmonary bypass syndrome;
cardiorenal syndrome; Celiac disease; chronic actinic dermatitis; chronic obstructive
pulmonary disease (COPD); chronic renal failure; colitis; contact dermatitis; Crohn’s disease;
dermatomyositis; diabetes; eczema; emphysema; foreign body rejection; glaucoma;
glomerulonephritis; gout; graft vs. host disease; Graves’ Disease; Guillain-Barre syndrome;
Hashimoto’s thyroiditis; hay fever; hepatorenal syndrome; hypersensitivity or allergy; inclusion
body my ositis; infection due to viral, fungal, parasitic or microbial infiltration; inflammatory
bowel disease; inflammatory kidney disease; injury due to thermal or chemical exposure or
irradiation; irritable bowel syndrome; ischemia; lung inflammation; morphea; multiple
sclerosis; mycosis fungoides; myocardial infarction; necrosis; non-infectious lung injury;
pancreatitis; pernicious anemia; pneumonia; polymyositis; prostatitis; pseudogout; psoriasis;
Pustulosis palmoplantaris; Pyoderma gangrenum; respiratory allergy; scleroderma; sepsis;
serum sickness; Sezary’s syndrome; skin allergy; stroke; systemic inflammatory response
syndrome (SIRS); systemic lupus erythematosus; systemic sclerosis; T-cell mediated
hypersensitivity diseases; transplant rejection; trauma including from a bullet wound, knife
wound, automobile accident, fall, or combat; tuberculosis; ulcerative colitis; pericarditis;

uticaria; and vitiligo.

[0012] In a further embodiment, the inflammatory response in the patient is associated

with an inflammatory condition from which the patient suffers.

[0013] In a further embodiment, the PRG4 administered is recombinant human PRG4.
In another embodiment, the PRG4 has the sequence of SEQ ID NO:1 minus the signal

sequence. In one embodiment, PRG4 is administered in an amount insufficient to provide
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boundary lubrication in the patient. In another embodiment, PRG4 is administered in an
amount ranging from 0.1 pg/kg — 4,000 ug/kg or as a coating on a tissue surface applied from a
PRG4 solution comprising, for example, a concentration of PRG4 between 10 ug/mL to about
2 mg/mL.

[0014] In one embodiment, the reduction or inhibition of the inflammatory response
may be measured by the level of production of a pro-inflammatory cytokine in the patient. For
example, in one embodiment, the pro-inflammatory cytokine is selected from the group
consisting of IL-1o, IL-1p, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12,
IL-12p70, IL-13, IL-14, IL-15, IL-16, IL-17, IL-17q, IL-18, IL-19, IL-20, IL-21, IL-22, IL-23,
IL-24, IL-25, TL-26, TL-27, TL-28, TL-29, TL-30, TL-31, IL-32, TL-33, TL-34, IL-35, IL-36, TNF-
a, TNF-B (lymphotoxin-a), lymphotoxin-f3, CXC31L (Fractalkine), CXCL-8, CCL2, CCL3,
CCL4, CCL5, CCL11, CXCL10, IFN-g, IFN-B, IFN-g, IFN-k, IFN-@, IFN-y, VEGF, MCP-1,
MCP-3, EGF, GMCSF, CD40L, CD27L, CD30L, FASL, 4-1BBL, OX40L, TRAIL, FGF-2,
GRO, MDC, Rantes, G-CSF, M-CSF, FGF-2, EPO, MCSF, MIP3a, MG-CSF, and GCSF.

[0015] In another aspect, the invention provides a method of reducing or inhibiting an
inflammatory response in a patient having an inflammatory condition, the method comprising
administering PRG4 to the patient. The inflammatory condition may be any of the conditions

mentioned herein.

[0016] In one aspect, the invention provides a method of reducing or inhibiting an
inflammatory response in a patient by administering PRG4 to the patient. Administration of
PRG4 binds a CD44 receptor on a cell in the patient, reduces or inhibits the production of a
pro-inflammatory cytokine in the patient, and/or reduces or inhibits the translocation of NF-xkB

in a cell in the patient and thereby reduces or inhibits the inflammatory response in the patient.

[0017] In another embodiment, the PRG4 is administered locally to said patient to cells
at or about a non-cartilaginous tissue, a non-osteal tissue, a non-osseous tissue, and is not

comeal, urinary bladder or oral cavity tissue, which is a site of inflammation in the patient.

[0018] In a further embodiment, the cell is a mast cell, a spleen cell, a lung cell, a renal
cell, a brain cell, a cardiac cell, a hepatic cell, a cancer cell, a skin cell, an epithelial cell, an

endothelial cell, leukocyte, lymphocyte, neutrophil, eosinophil, basophil, monocyte,
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macrophage, dendritic cell, fibroblast, muscle cell, urethral cell, vascular cell, nerve cell,
pancreatic cell, gastric cell, intestinal cell, colon cell, rectal cell, gall bladder cell, stem cell, or

thyroid cell.

[0019] In a further embodiment, PRG4 is administered to the patient systemically to
contact a synoviocyte, a chondrocyte, an osteocyte, an osteoblast, an osteoclast, retinal cell,
limbal cell, trabecular meshwork cell, comeal cell, conjunctival cell, an ocular cell, or an

ophthalmic cell.

[0020] In yet another embodiment, whether PRG4 is administered locally or
systemically, it is administered in an amount insufficient to provide boundary lubrication in the
patient. For example, in one embodiment, the PRG4 is administered in amount ranging from

0.1 pg'kg — 4,000 pg/ke.

[0021] In a further embodiment, administration of PRG4 reduces or inhibits a pro-
inflammatory cytokine selected from the group consisting of I1L-2, IL-4, IL-6, IL-8, IL-10,
VEGF, IFN-y, TNF-0, IL-10, IL-1B, MCP-1, EGF, FGF-2, Fractalkine, IFN-02, GRO, MCP-3,
MDC, EPO, IL-13, IL-18, MCSF, MIP-3a, MG-CSF, IL-7, IL-5, G-CSF, Rantes, IL-17a, or
IL-12p70.

[0022] In another aspect, the invention provides a method of inhibiting binding of an
activating ligand to CD44 present on a surface. The method comprises exposing the surface to
PRGH4 at a concentration sufficient to bind CD44 and to inhibit binding of the ligand.
According to one embodiment, PRG4 is present at the surface in an amount sufficient to bind
CD44 but insufficient to provide boundary lubrication. In another embodiment, the surface is a
mammalian cell membrane while in another embodiment the surface is in a surface plasmon
resonance detector. In yet another embodiment, the PRG4 is thPRG4 (recombinant human

PRG4) or nhPRG4 (native human PRG4).

[0023] In a further embodiment, the surface is in a human subject. In another
embodiment, the PRG4 is administered systemically. In another embodiment, the PRG4 is
administered topically to a patient. In yet another embodiment, the PRG4, for example
rhPRG4, is administered to a human subject in amount ranging from 0.1 ug/kg — 4,000 pg/kg.

In another embodiment, the PRG4, for example, thPRG4, is administered in an amount of 0.1
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ug/mL to 30 mg/mL in small volumes of 1-100 uL. per dose. In another embodiment, the PRG4
is administered in an amount of 10 pg/mL to 4 mg/mL in volumes of 100 uL — 4 L per dose, for

instance as an enema.

[0024] In one embodiment, when the surface is in a human subject, the human suffers
from a bone metabolic disorder and exposing the receptor to PRG4 reduces or inhibits
osteoclast differentiation. In a further embodiment, the human suffers from an inflammatory
condition. Exemplary inflammatory conditions have been listed herein above. In one
embodiment, exposing the receptor to PRG4, for example, thPRG4 reduces inflammation or

the level of a pro-inflammatory cytokine in the location of the inflammatory condition.

[0025] According to one embodiment, the cell is a synoviocyte, a mast cell, a spleen
cell, a lung cell, a renal cell, a brain cell, a cardiac cell, an eye cell, a hepatic cell, a cancer cell,
a skin cell, an epithelial cell, or an endothelial cell. In a further embodiment, the cell is a
synoviocyte of a subject with rheumatoid arthritis, a pancreatic cell of a diabetic, a lung cell of
an asthmatic, an ocular cell of a subject with an eye infection, burn or other irritation; a
bronchiolar or alveolar epithelial cell of a subject with tuberculosis or another lung infection or
injury or condition; a lung cell of a cystic fibrosis subject; a lower intestinal epithelial cell of a
person with colitis or Crohn’s disease; a skin cell of a subject with psoriasis, a skin cell of a
subject with acne; a skin cell of a subject following treatment with laser ablation, or an
endothelial cell of subject with sepsis. In yet another embodiment, the cell is a T-cell, while in
a further embodiment, the cell is a lymphocyte, neutrophil, fibroblast, cancer cell, macrophage,

dendritic cell, monocyte, eosinophil, or endothelial cell.

[0026] According to one embodiment, exposing a surface to PRG4, for example,
rhPRG4, antagonizes a pro-inflammatory ligand of CD44. In one embodiment, the ligand is
hyaluronan (HA), a hyaluronan serum-derived hyaluronan-associated protein complex (HA-
SHAP), or a matrix metalloproteinase (e.g., MMP-9). In another embodiment, the ligand is
hemopexin, EMMPRIN, somatomedin-B, osteopontin, OKT3, or a complement related protein

such as C3a, CD3, CD46.

[0027] In another aspect, the invention provides a method of reducing or inhibiting pro-
inflammatory cytokine levels in blood, for example, in a human subject. The method

comprises the step of administering PRG4 systemically in an amount sufficient to reduce or
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inhibit pro-inflammatory cytokine levels. Exemplary proinflammatory cytokines include IL-2,
IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y, TNF-q, IL1-a, IL-1-B, MCP-1, EGF, FGF-2, fractalkine,
IFN-02, GRO, MCP-3, MDC, EPO, IL-13, IL-18, MCSF, MIP-30, MG-CSF, IL-7, IL-5, G-
CSF, Rantes, IL-17a, or IL-12p70.

[0028] In a further aspect, the invention provides a method of inhibiting NF-xB
translocation in a cell. The method comprises the step of contacting a cell containing NF-xB
with PRG4, wherein PRG4 binds to a cell surface receptor to inhibit activation of the NF-xB
signaling pathway. In a further embodiment, PRG4 inhibits a TNF-o, receptor or an IL-1

receptor on the cell surface.

[0029] In yet another embodiment, the cell is in a human when contacted with PRG4.
In a further embodiment, the cell is a synoviocyte, chondrocyte, or osteocyte, while in yet
another embodiment, the cell is a spleen cell, a lung cell, a renal cell, a brain cell, a cardiac cell,

a brain cell, a hepatic cell, an epithelial cell or an endothelial cell.
BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIGS. 1A-C are bar graphs presenting data demonstrating the binding of
recombinant human proteoglycan 4 (thPRG4), high-molecular weight hyaluronic acid (HMW
HA), and medium molecular weight hyaluronic acid (MMW HA) to recombinant human CD44
receptor as detected by TMB-ELISA at 450 nm. Data represents the average of 4 independent
experiments with triplicate wells per group. FIG. 1A depicts binding of thPRG4, HMW HA,
MMW HA and vitronectin to CD44-IgG1Fc and using IgG1 Fc. The star (*) indicates that the
450 nm absorbance in the CD44-IgG1 Fc wells were statistically significantly higher (p<0.001)
than the IgG1 Fc wells for thPRG4, HMW HA and MMW HA. FIG. 1B shows the
concentration-dependent CD44 binding of thPRG4, HMW HA and MMW HA. CD44 binding
to thPRG4 was significantly higher than to HMW HA or MMW HA (p<0.001). The double
stars (**) indicate that CD44 binding to thPRG4 was significantly higher than to MMW HA
(p<0.001). FIG. 1C depicts the competition between thPRG4 (5 ug/mL) and either HMW HA
or MMW HA (0.01 pg/mL to 50 ug/mL) on binding to CD44 coated on 96-well ELISA plates.
The star (*) indicates the percentage CD44 binding in HMW HA-+rhPRG4 wells was
significantly lower than thPRG4 wells (p<0.05); (**) indicates the percentage CD44 binding in
MMW HA+rhPRG4 wells was significantly lower than rhPRG4 wells (p<0.05).
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[0031] FIGS. 2A-B depict binding of recombinant human proteoglycan 4 (thPRG4) to
recombinant CD44 and competition between rhPRG4 and high molecular weight hyaluronic
acid (HMW HA) on CD44 binding using surface plasmon resonance. FIG. 2A is a sensogram
depicting the concentration-dependent association and dissociation of thPRG4 (300 ug/mL to
50 ug/mL) to immobilized CD44-IgGFc. Dashed line curves represent the binding curves of
rthPRG4 to CD44 chimeric protein and the black lines represent the fitted 1:1 binding model.
FIG. 2B is a plot showing the relative response-HMW HA binding vs. relative response-
rhPRG4 binding. Competition between rhPRG4 and HMW HA on binding to immobilized
CD44-IgGFc. thPRG4 was injected at 300 (1), 250 (2), 200 (3), 150 (4), 100 (5), 50 (6) and 0
(7) ng/mL. Following dissociation of thPRG4, HMW HA was injected at 50 pg/mL. As the
concentration of thPRG4 increased, subsequent HMW HA binding to CD44 decreased.

[0032] FIGS. 3A-B show the impact of sialidase-A and O-glycosidase digestion of
recombinant human proteoglycan 4 (thPRG4) on binding of thPRG4 to CD44. Data represents
the average of 4 independent experiments with triplicate wells per group. FIG. 3A is a bar
graph depicting binding of thPRG4, sialidase-A digested thPRG4, O-glycosidase digested
rhPRG4 and sialidase-A + O-glycosidase digested thPRG4 to CD44. The 450 nm absorbance
values across different groups were normalized to the absorbance values in the undigested
rthPRG4 group. The (*) indicates that CD44 binding in the sialidase A-digested and O-
glycosidase-digested rhPRG4 was significantly higher compared to undigested thPRG4
(p<0.01). (**) indicates that CD44 binding in the Sialidase-A +O-Glycosidase digested
rhPRG4 was significantly higher compared to sialidase-A digested, O-glycosidase-digested and
undigested thPRG4 (p<0.01). FIG. 3B is a photograph of an SDS-PAGE of thPRG4, sialidase-
A digested rhPRG4, O-glycosidase digested thPRG4 and a combination of sialidase-A and O-
glycosidase digested rhPRG4. The gel was stained overnight with Commassie Blue. Digestion
with sialidase-A and O-glycosidase resulted in reducing the apparent molecular weight of

rhPRG4.

[0033] FIGS. 4A-B show the impact of recombinant human proteoglycan 4 (rhPRG4)
and high molecular weight hyaluronic acid (HMW HA) treatment on cytokine induced
proliferation of rheumatoid arthritis fibroblast-like synoviocytes (RA-FLS). Data represents
the average of 3 independent experiments with triplicate wells per treatment. FIG. 4A is a bar

graph depicting the inhibition of cytokine induced RA-FLS proliferation by thPRG4 and HMW
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HA. (#) indicates that cytokine stimulated RA-FLS had a significantly (p<<0.001) higher
absorbance than untreated cells. (*) indicates that thPRG4 (40 and 80 pg/mL) or HMW HA
(40 and 80 pg/mL) treatment of IL-1] stimulated RA-FLS significantly (p<0.05) reduced
cellular proliferation compared to untreated IL-1[ stimulated cells. (**) indicates that thPRG4
(20, 40 and 80 ug/mL) treatment significantly (p<0.05) reduced cell proliferation compared to
untreated TNF-a stimulated cells. FIG. 4B is a bar graph depicting the inhibition of cytokine
induced RA-FLS proliferation by thPRG4 and HMW HA in the presence and absence of IM7,
a CD44-specific antibody. (#) indicates that cytokine stimulated RA-FLS had a significantly
(p<0.001) higher absorbance than untreated cells. (*) indicates that thPRG4 or HMW HA
treatment had a significantly lower cell proliferation compared to untreated IL-1p or (thPRG4
or HMW HA) +IM7 treatment (p<0.05). (**) indicates that thPRG4 treatment had a
significantly (p<0.05) lower cell proliferation compared to untreated TNF-o. or thPRG4+IM7
treatment (p<0.05), a result that was not replicated by the HMW HA. FIG. 4C is a bar graph
depicting thPRG4 inhibition of TNF-a induced NF-xB nuclear translocation in RA-FLS.
Nuclear translocation of NF-kB in the TNF-a+rhPRG4 group was significantly lower than
TNF-a alone or TNF-a+rthPRG4+IM7 groups (p<0.001). Treatment with thPRG4 or NFkB
translocation inhibitor MG132 significantly reduced NFkB nuclear translocation compared to

TNF-a-treated RA-FLS (p<0.001).

[0034] FIGS. 5A-C depict the impact of pro-inflammatory cytokines on Prg4-/- and
Prg4+/+ synoviocyte proliferation and effect of thPRG4. FIG. SA shows fluorescence
micrographs of Prg4-/- and Prgd4+/+ synoviocytes immunocytostained using anti-CD44
antibody (IM7) (Green) and DAPI (blue). Enhanced green fluorescence in Prg4-/-
synoviocytes indicates increased CD44 localization compared to Prgd+/+ synoviocytes. FIG.
5B shows a bar graph depicting cytokine induced proliferation of Prg4-/- and Prg4+/+
synoviocytes. IL-1P induced proliferation of Prg4-/- synoviocytes was significantly higher than
IL-1P induced proliferation of Prg4+/+ synoviocytes (p<0.001) and TNF-a induced
proliferation of Prg4-/- synoviocytes (p=0.002). TNF-a induced proliferation of Prg4-/-
synoviocytes was significantly higher than TNF-a induced proliferation of Prgd+/+
synoviocytes (p<0.001). FIG. 5C shows a bar graph of the impact of rhPRG4 treatment on
cytokine induced Prg4-/- synoviocyte proliferation in the presence and absence of IM7. (#)
indicates cytokine stimulated Prgd-/- synoviocytes had a significantly higher absorbance

compared to untreated cells (p<0.001). (*) indicates thPRG4 treatment of IL-1[ stimulated
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Prg4-/- synoviocytes significantly reduced cell proliferation compared to untreated IL-1f3 or
rhPRG4+IM7 treatment (p<0.001). (**) indicates thPRG4 treatment of TNF-a stimulated
Prg4-/- synoviocytes significantly reduced cell proliferation compared to untreated TNF-o or

rhPRG4+IM7 treatment (p<0.001).

[0035] FIG. 6 is the amino acid sequence of full length (non-truncated) human PRG4
(SEQ ID NO:1: 1404 residues). Residues 1-24 (shown in bold) represent the signal sequence
and residues 25-1404 represent the mature sequence of human PRG4. The glycoprotein does

not require the lead sequence in its active form.

[0036] FIG. 7 is the nucleic acid sequence for the PRG4 gene (SEQ ID NO:2) encoding
the full length 1404 AA human PRG4 protein.

[0037] FIGS. 8A-B show how administration of lipopolysaccharide up-regulates
production of inflammatory cytokines. FIG. 8A is a table showing the measured level of each
cytokine present in whole blood samples after challenge with saline (control) and after
challenge with lipopolysaccharide. The concentrations of the various cytokines represent a
mean of duplicate determination and are expressed in pg/mL (ng/L). The percent change is
shown in the bar graph in FIG. 8B and is based on the comparison of the LPS stimulated

results with that of the saline control.

[0038] FIGS. 9A-B show how administration of lubricin down-regulates production of
inflammatory cytokines. FIG. 9A is a table showing the measured level of each cytokine
present in whole blood samples after challenge with saline (control) and after challenge with
lubricin. The concentrations of the various cytokines represent a mean of duplicate
determination and are expressed in pg/mL (ng/L). The percent change for each individual
cytokine is based on the comparison of the lubricin supplemented sample with that of the saline

control and is shown in the bar graph in FIG. 9B.

[0039] FIGS. 10A-B show how administration of lubricin inhibits LPS mediated
inflammatory cytokine generation. FIG. 10A is a table showing the measured level of each
cytokine present in whole blood samples after challenge with LPS and LPS with lubricin. The
concentrations of the various cytokines represent a mean of duplicate determination and are

expressed in pg/mL (ng/L). The percent change for each of the individual cytokines is based
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on the comparison of the LPS alone and LPS supplemented with lubricin and is shown in the

bar graph in FIG. 10B.

[0040] FIGS. 11A-B show how administration of lubricin inhibits TNF-a mediated
inflammatory cytokine generation. FIG. 11A is a table showing the measured level of each
cytokine present in whole blood samples after challenge with TNF-a and with lubricin and
TNF-a. The concentrations of the various cytokines represent a mean of duplicate
determination and are expressed in pg/mL (ng/L). The percent change for each of the
individual cytokines is based on the comparison of the TNF-a alone and TNF-a supplemented

with lubricin and is shown in the bar graph in FIG. 11B.

[0041] FIGS. 12A-B show how administration of lubricin inhibits tissue factor (TF)
mediated inflammatory cytokine generation. FIG. 12A is a table showing the measured level
of each cytokine present in whole blood samples after challenge with TF and with lubricin and
TF. The concentrations of the various cytokines represent a mean of duplicate determination
and are expressed in pg/mL (ng/L). The percent change for each of the individual cytokines is
based on the comparison of the TF alone and TF supplemented with lubricin and is shown in

the bar graph in FIG. 12B.

[0042] FIG. 13 is a graph showing EPO, IL-13, IL-10, IL-18, IL-1q, IL-2, MCSF, IL-
1B, IL-4, IFN-y, MIP-30, GMCSF, IL-7, TNF-0, VEGF, MCP-1, IL-5, G-CSF, RANTES, IL-6,
GRO, IL-170, and IL-12p70 levels in serum samples taken from test mice receiving an intra-
articular administration of recombinant human lubricin post-surgery (destabilization of the
medial meniscus; grey bars) compared with control mice who received surgery but were

administered saline rather than lubricin post-surgery (white bars).

[0043] FIG. 14A-B are bar graphs showing the levels of cytokines expressed by
osteoarthritic and normal human synoviocytes when exposed to recombinant human lubricin.

FIG. 14A shows FGF-2 concentrations while FIG. 14B shows IL-1Ra concentrations.

[0044] FIG.15 demonstrates the impact of intra-articular administration of
recombinant human proteoglycan 4 (thPRG4) on monosodium urate (MSU) crystal induced

change in paw withdrawal pressure (PWT) in Male Lewis rats. Paw withdrawal pressures were



10

15

20

25

30

WO 2016/123123 PCT/US2016/014952

-13-

measured using an electronic Von Frey instrument, and data is present as percent change from

baseline values.
DETAILED DESCRIPTION

[0045] The invention disclosed herein is based on the discovery of the previously
unknown and unappreciated anti-inflammatory properties of PRG4, also known as lubricin.
The invention exploits the anti-inflammatory properties of PRG4 to provide a number of new
therapeutic and prophylactic uses for PRG4. For example, the invention provides methods of
inhibiting or reducing inflammatory responses and methods for treating inflammatory

conditions.

[0046] While an inflammatory response is necessary for fighting infection and disease,
many inflammatory conditions are the result of excessive, rogue or unwarranted inflammatory
responses. Such is the case, for example, with autoimmune conditions, allergic reactions,
chronic inflammatory conditions, and sepsis. While in some situations, inflammation may
create chronic pain or discomfort and lead to low quality of life, in other situations,
inflammation may be life threating as is the case with sepsis. Accordingly, the discovery that
PRGH4 can be used as an anti-inflammatory agent, for example, to mitigate inflammation when
it is excessive, rogue or unwarranted provides promise for treating chronic or acute
inflammatory conditions and regulating, reducing or inhibiting the levels of associated

inflammation.

PRG4 Protein

[0047] PRG4, also referred to as lubricin, is a lubricating polypeptide, which in humans
is expressed from the megakaryocyte stimulating factor (MSF) gene, also known as PRG4 (see
NCBI Accession Number AK131434 — U70136). Lubricin is a ubiquitous, endogenous
glycoprotein that coats the articulating surfaces of the body. Lubricin is highly surface active
molecule (e.g., holds onto water), that acts primarily as a potent cytoprotective, anti-adhesive
and boundary lubricant. The molecule has a long, central mucin-like domain located between
terminal protein domains that allow the molecule to adhere and protect tissue surfaces. Its
natural form, in all mammals investigated, contains multiple repeats of an amino acid sequence
which is at least 50% identical to KEPAPTT (SEQ ID NO:3). Natural lubricin typically

comprises multiple redundant forms of this repeat, which typically includes proline and
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threonine residues, with at least one threonine being glycosylated in most repeats. The
threonine anchored O-linked sugar side chains are critical for lubricin’s boundary lubricating
function. The side chain moiety typically is a f(1-3)Gal-GalNAc moiety, with the B(1-3)Gal-
GalNAc typically capped with sialic acid or N-acetylneuraminic acid. The polypeptide also
contains N-linked oligosaccharides. The gene encoding naturally-occurring full length lubricin
contains 12 exons, and the naturally-occurring MSF gene product contains 1,404 amino acids
(including the secretion sequence) with multiple polypeptide sequence homologies to
vitronectin including hemopexin-like and somatomedin-like regions. Centrally-located exon 6

contains 940 residues. Exon 6 encodes the repeat rich, O-glycosylated mucin-like domain.

[0048] The amino acid sequence of the protein backbone of lubricin may differ
depending on alternative splicing of exons of the human MSF gene. This robustness against
heterogeneity was exemplified when researchers created a recombinant form of lubricin
missing 474 amino acids from the central mucin domain, yet still achieved reasonable, although
muted, lubrication (Flannery ef al., Arthritis Rheum 2009; 60(3):840-7). PRG4 has been
shown to exist not only as a monomer but also as a dimer and multimer disulfide-bonded
through the conserved cysteine-rich domains at both N- and C-termini. Lubris, LLC has
developed a full-length recombinant form of human lubricin. The molecule is expressed using
the Selexis Chinese hamster ovary cell line (CHO-M), with a final apparent molecular weight
of 450-600 kDa, with polydisperse multimers frequently measuring at 1,000 kDa or more, all
as estimated by comparison to molecular weight standards on SDS tris-acetate 3—8%
polyacrylamide gels. Of the total glycosylations, about half comprise two sugar units (GalN Ac-
Gal), and half three sugar units (GalNAc-Gal-Sialic acid). This method of recombinant human
PRG4 production is disclosed in International Patent Application No. PCT/US014/061827.

[0049] Any one or more of various native and recombinant PRG4 proteins and isoforms
may be utilized in the various embodiments described herein. For instance, U.S. Patent Nos.
6,433,142; 6,743,774, 6,960,562; 7,030,223, and 7,361,738 disclose how to make various
forms of human PRG4 expression product, each of which is incorporated herein by reference.
Preferred for use in the practice of the invention is full length, glycosylated, recombinant
PRG4, or lubricin, expressed from CHO cells. This protein comprises 1,404 amino acids (see
FIG. 6; SEQ ID NO:1) including a central exon comprising repeats of the sequence KEPAPTT
(SEQ ID NO: 3) variously glycosylated with O-linked p (1-3) Gal-GalNAc oligosaccharides,
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and including N and C-terminal sequences with homology to vitronectin. The molecule is
polydisperse with the glycosylation pattern of individual molecules varying, and can comprise

monomeric, dimeric, and multimeric species.

[0050] As used herein, the term “PRG4” is used interchangeably with the term
“lubricin.” Broadly, these terms refer to any functional isolated or purified native or
recombinant PRG4 proteins, homologs, functional fragments, isoforms, and/or mutants thereof.
All useful molecules comprise the sequence encoded by exon 6, or homologs or truncated
versions thereof, for example, versions with fewer repeats within this central mucin-like
KEPAPTT-repeat domain, preferably together with O-linked glycosylation. All useful
molecules also comprise at least the biological active portions of the sequences encoded by
exons 1-5 and 7-12, i.e., sequences responsible for imparting to the molecule its affinity for
ECM and endothelial surfaces. In certain embodiments, a preferred PRG4 protein has an
average molar mass of between 50 kDa and 500 kDa, preferably between 224 to 467 kDa,
comprising one or more biological active portions of the PRG4 protein, or functional
fragments, such as a lubricating fragment, or a homolog thereof. In a more preferred
embodiment, a PRG4 protein comprises monomers of average molar mass of between 220 kDa

to about 280 kDa.

[0051] Methods for isolation, purification, and recombinant expression of a proteins
such as PRG4 protein are well known in the art. In certain embodiments, the method starts
with cloning and isolating mRNA and cDNA encoding PRG4 proteins or isoforms using
standard molecular biology techniques, such as PCR or RT-PCR. The isolated cDNA encoding
the PRG4 protein or isoform is then cloned into an expression vector, and expressed in a host
cell for producing recombinant PRG4 protein, and isolated from the cell culture supernatant. A
method for production of recombinant human PRG4 is provided in International Patent

Application No. PCT/US014/061827.

[0052] The function of PRG4 heretofore has been almost entirely associated with
reduction of friction and prevention of wear between articulating joints and lubrication of
interfacing tissues such as between the surface of the eye and eyelid. The functional
importance of PRG4 in joint maintenance has been shown by mutations that cause the

camptodactyly-arthropathy-coxa vara-pericarditis (CACP) disease syndrome in humans.



10

15

20

25

30

WO 2016/123123 PCT/US2016/014952

-16 -

CACP is manifest by camptodactyly, noninflammatory arthropathy, and hypertrophic synovitis,
with coxa vara deformity, pericarditis, and pleural effusion. Also, in PRG4-null mice, cartilage
deterioration and subsequent joint failure were observed. Therefore, PRG4 expression is a
necessary component of healthy synovial joints. However, use of a systemic boundary
lubricant such as PRG4 protein as an anti-inflammatory agent as described in the present

invention to Applicants’ knowledge has not been previously suggested.
PRG4 as an Anti-Inflammatory Agent

[0053] The discovery of PRG4’s anti-inflammatory properties is based on the
observation of various putative mechanisms by which PRG4 achieves its anti-inflammatory
effect. One mechanism by which PRG4 produces an anti-inflammatory effect involves CD44.
Applicants discovered that PRG4 binds CD44 receptors, enabling it to act as a CD44 receptor
antagonist. As a result, PRG4 is able to down-regulate pro-inflammatory responses mediated

by CD44 receptor signaling.

[0054] CD44 is a glycoprotein and a major cell surface receptor with various isoforms
generated by alternative splicing and glycosylation that plays a major role in inflammation.
(Cutly et al., JCell Biol 1992; 116(4):1055-62) and is involved in a variety of cell-cell
interactions, tumor metastasis, and lymphocyte activation. CD44 is expressed in a large
number of mammalian cell types and its levels of expression vary between cell types and their
activation state. Cancerous or neoplastic cells may also express CD44 and the presence of
CD44 on such cells is indicative of its involvement in the regulation and metastasis of cancer.
In humans, CD44 is encoded by the CD44 gene on chromosome 1. Signaling through CD44
induces T cell proliferation and IL-2 production, dose-response-dependent enhancement of NK
cytotoxic activity, and macrophage production of cytokines and chemokines, as well as other

functions.

[0055] A well-established /igand for CD44 is high molecular weight hyaluronan (HMW
HA), where HMW HA binds to an extracellular motif in CD44 with homology to other HA-
binding proteins resulting in subsequent intracellular uptake of HMW HA. (Knudson et a/.,
Matrix Biol 2002; 21(1):15-23; Harada et al., J Biol Chem 2007; 282(8):5597-607; Tibesku et
al., Ann Rheum Dis 2006; 65(1):105-8). In experimental models of osteoarthritis, chondrocyte

CD44 expression is increased with disease progression and the expression of CD44 in articular
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cartilage may correlate with disease severity in humans. (Fuchs ef al., J Orthop Res
2004;22(4):774-80; Zhang et al., Mod Rheumatol 2013; 23(6):1186-91). HA/CD44
interactions are prevalent in a variety of disease states. Carcinomas arising from colon epithelia
tend to develop in an HA-rich microenvironment, wherein CD44 receptors on epithelial tumor
cells activate a tyrosine kinase mediated cell survival pathway, leading to unchecked cell
division and proliferation (Misra S et al. Connect Tissue Res. 2008;49(3):219-24). CD44 on
endothelial cells acts to present HA to CD44 on antigen-activated T lymphocytes, thereby
mediating a rolling interacting that directs leukocyte recruitment of inflammatory sites
(Johnson P et al. Inflamm Allergy Drug Targets. 2009 Jul;8(3):208-20), e.g., in a renal ischemia
reperfusion model, rapid CD44 upregulation on renal capillary endothelial cells mediated
neutrophil recruitment and degraded renal function and morphology, whereas CD44 deficiency
reduced the influx of neutrophils independent of the level of expressed chemotactic factors

(Rouschop KMA et al. J Am Soc Nephrol 2005; 16:2034-43),

[0056] The role of CD44 can vary by cell type, inflammatory state and be site-specific.
For instance, CD44 deficiency was found to enhance inflammation in . co/i-induced but not S.
prneumonia-induced pneumonia, suggesting that CD44-HA dependent interactions may limit
rather than increase the inflammatory response to £. coli (Wang Q et al. Am J Pathol. 2002
Dec:161(6):2219-28).

[0057] Other CD44 ligands include extracellular matrix components e.g. collagens,
fibronectin and laminin (Naor et al., Adv Cancer Res 1997; 71:241-319; Knudson et al., Cel!
Mol. Life Sci. 2002; 59:36-44), matrix metalloproteinase-9, the HA-serum-derived hyaluronan
associated protein complex (HA-SHAP), hemopexin, EMMPRIN, somatomedin-B,
osteopontin, OKT3, or complement related proteins (such as C3a, CD3, CD46).

[0058] As shown by the data presented in Example 1 below, the lubricin-CD44
interaction shows that this glycoprotein has functions beyond its boundary lubricating and
mechanical properties. In fact, Examples 1A-D show that lubricin acts as a ligand, binding
CD44. Accordingly, because lubricin binds CD44, lubricin may be used as a CD44 antagonist
to prevent binding to CD44 of ligands, such as hyaluronic acid, that result in pro-inflammatory

signaling by CD44. Further, because of these demonstrated anti-inflammatory properties,
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lubricin is indicated as an agent for treating inflammatory conditions, reducing or inhibiting

inflammation and reducing or inhibiting an inflammatory response.

[0059] Another mechanism discovered by Applicants through which PRG4 provides an
anti-inflammatory effect is through down-regulating translocation of NF-kB. NF-«xB is a
protein complex that controls transcription of DNA, is critical to cell survival, and plays a key
role in regulating the immune response to infection, and in turn regulating cytokine production.
NF-kB is generally located in the cytoplasm of almost all animal cell types, and when induced
by a stimulus, such as stress, cytokines, free radicals, ultraviolet irradiation, oxidized LDL, and
bacterial or viral antigens, migrates to the nucleus. Incorrect regulation of NF-xB has been
linked to cancer, inflammatory and autoimmune diseases, septic shock, viral infection, and
improper immune development. The NF-kB signaling pathway has long been considered a
prototypical pro-inflammatory pathway. Activation of NF-kB signaling is triggered in a series
of steps through one of three recognizable pathways: the canonical, the non-canonical, and the
atypical IxK independent pathways. In its unactivated state, NF-kB is bound to IxB. The
activating signal (e.g., binding of TNF-q, IL-1¢, LPS, CD40, Lymphotoxin, UV, HER2/Neu,
H;0,, or other ligand) causes phosphorylation of IxB and triggers its degradation. The free
unbound NF-kB can then translocate to the nucleus and activate transcription, e.g., of pro-

inflammatory cytokines, chemokines, and adhesion molecules.

[0060] As shown in Example 1F below, administration of lubricin can reduce NF-xB
translocation in a rheumatoid arthritis fibroblast-like synoviocyte model. It appears that
PRG#4’s effect on NF-kB translocation is mediated by PRG4’s effect on at least CD44, as
shown by the data in Example 1F. Based on these data, PRG4 is indicated as an anti-
inflammatory agent and is also indicated as an agent for treating inflammatory conditions,
reducing or inhibiting inflammation, and reducing or inhibiting an inflammatory response.
PRG4 is also indicated as treatment for any condition that could be improved by reducing
translocation of NF-xB. This includes inflammatory conditions as NF-kB is a transcription
factor involved in regulating expression of many pro-inflammatory cytokines produced by both

the innate and adaptive immune system.

[0061] Applicants have also observed that lubricin achieves its anti-inflammatory effect

by inhibiting or down-regulating production of a number of pro-inflammatory cytokines by
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mechanisms unknown. As shown by the data presented in Examples 2 and 3 below, lubricin
down-regulates the production of pro-inflammatory cytokines and therefore, has an anti-
inflammatory effect. This effect was demonstrated with lipopolysaccharide (LPS)-mediated
inflammatory cytokine generation, TNF-a mediated-inflammatory cytokine generation, and
tissue factor (TF)-mediated inflammatory cytokine generation. Accordingly, lubricin’s effect

on pro-inflammatory cytokine production have been verified in a number of different pathways.

[0062] Lubricin also can achieves its anti-inflammatory effect via its function as an
anti-adhesive/lubricant. Applicants have observed that the mitochondria in cells subjected to
mechanical stress can be deformed, perturbing their function, and leading to production of
reactive oxidative species, cell death, and production of localized cell debris, and consequent
local inflammation. The lubricating action of lubricin present at or about such mechanically
stressed cells, to the extent it mitigates the mechanical stress on the cells and their

mitochondria, also inhibits the development of localized inflammation.

[0063] By virtue of its anti-inflammatory properties, lubricin accordingly will be useful
as a pan-immune modulator and as an anti-inflammatory agent to reduce or inhibit the
inflammatory response through, for example, reducing or inhibiting pro-inflammatory cytokine
generation. Consequently, lubricin is indicated as an agent for treating inflammatory
conditions, reducing or inhibiting inflammation, and reducing or inhibiting an inflammatory

response.

[0064] Accordingly, through these modes of action, PRG4 has the ability to down-
regulate various signaling pathways involved in the inflammatory response and is therefore
useful as an anti-inflammatory agent. As described herein, administration of PRG4 is indicated
for treating a wide variety of inflammatory conditions and diseases and the inflammation

associated with those conditions.
Uses of PRG4 as an Anti-Inflammatory Agent

[0065] Because of the anti-inflammatory properties of PRG4 disclosed herein, PRG4 is
indicated for new uses previously unappreciated. In particular, PRG4 is indicated for use as an
anti-inflammatory agent and is indicated for treating inflammatory conditions and reducing or

inhibiting inflammation.
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[0066] In one aspect, the invention provides a method for reducing or inhibiting an
inflammatory response in a patient by administering PRG4 to the patient. In some
embodiments, the patient may already be suffering from an inflammatory condition. In others
he or she may be at risk of developing an inflammatory episode, e.g., when suffering from a

recurring or chronic inflammatory condition.

[0067] In some embodiments, “treating” the patient may involve preventing the
worsening of the condition, while in others it may involve alleviating or reducing or inhibiting
inflammation associated with the condition. In still other embodiments, “treating” may refer to

reducing the level of one or more pro-inflammatory cytokines in the patient.

[0068] In yet another aspect, the invention provides a method for reducing or inhibiting
an inflammatory response in a patient by administering PRG4 to the patient where the PRG4 is
administered to the patient at a site that is non-osseous, non-cartilaginous, non-ophthalmic,
non-osteal, non-osseous, and non-articular or at such sites other than the urinary bladder,
comea, or the surface tissues of the oral cavity. Accordingly, administration of PRG4 locally
and directly to bony or cartilaginous tissues, to the anterior surface of the eye, to articulating
joints, to the urinary bladder, or to the mouth is outside of the scope of the subject matter

claimed herein.

[0069] In yet another aspect, the invention provides a method for reducing or inhibiting
an inflammatory response in a patient where the method involves administering PRG4 to the
patient, which binds a CD44 receptor on a cell in the patient, reduces or inhibits the production
of a pro-inflammatory cytokine in the patient, or reduces or inhibits translocation of NF-xB in a
cell in the patient. As a result, the patient experiences a reduction or inhibition in the

inflammatory response.

[0070] While the patient is preferably a human, the patient may be any mammal, for

example a horse, a cow, a pig, arat, a mouse, a dog, or a cat.

[0071] While lubricin is produced naturally within the body, the effects of the invention
are observed when exogenous lubricin is administered to the patient. Accordingly, in one

embodiment, the PRG4 administered to the patient is exogenous human lubricin, while in
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another embodiment, the PRG4 administered to the patient is recombinant human lubricin

(thPRG4). In another embodiment, thPRG4 has the sequence of SEQ ID NO:1.

[0072] In one embodiment, the PRG4 is administered in an amount that is insufficient
to provide boundary lubrication. Accordingly, a therapeutically effective amount of lubricin
for administration according to the invention is in the range of 0.1 pg/kg to 4,000 pg/kg, or 0.1
ng/kg to 1,000 pug/kg, or 0.1 pg/kg to 100 pg/kg, or 0.1 to 50 pug/kg. In another embodiment,
lubricin is administered, e.g., by application to a tissue surface, in an amount of 0.1 pg/mL to
30 mg/mL, or 1 ug/mL to 10 mg/mL, or 10 pg/mL to 1 mg/mL. In some embodiments,
lubricin is administered in small volumes of 1 to 100 uL per dose. In some embodiments,
lubricin is administered in large volumes of 100 pL to 4 L, for instance, as an enema. In further

embodiments, lubricin is administered at concentrations no greater than 60 pg/mL.

[0073] The amount of lubricin administered will depend on variables such as the level
or locus of the inflammation, the extent of the condition to be treated, the overall health of the
patient, the pharmaceutical formulation, and the route of administration. The initial dosage can
be increased beyond the upper level in order to rapidly achieve the desired blood-level or tissue
level. Alternatively, the initial dosage can be smaller than the optimum, and the dosage may be
progressively increased during the course of treatment. The optimal dose can be determined by

routine experimentation.

[0074] For administration, lubricin is preferably combined with a pharmaceutically
acceptable carrier. As used herein, “pharmaceutically acceptable carrier” means buffers,
carriers, and excipients suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. The carrier(s) should be “acceptable” in the
sense of being compatible with the other ingredients of the formulations and not deleterious to
the recipient. Pharmaceutically acceptable carriers include buffers, solvents, dispersion media,
coatings, isotonic and absorption delaying agents, and the like, that are compatible with
pharmaceutical administration. Carriers may also include biomaterials such as a matrices,
hydrogels, polymers, tissue scaffolds, and resorbable carrier materials including collagen
sponges. The use of such media and agents for pharmaceutically active substances is known in

the art. Useful formulations can be prepared by methods well known in the pharmaceutical art.
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For example, see Remington’s Pharmaceutical Sciences, 18" ed. (Mack Publishing Company,
1990). Formulation components suitable for parenteral administration include a sterile diluent
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or
methyl paraben; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
EDTA; buffers such as acetates, citrates or phosphates; and agents for the adjustment of
tonicity such as sodium chloride or dextrose. Lubricin for administration can be presented in a
dosage unit form and can be prepared by any suitable method and should be formulated to be

compatible with its intended route of administration.

[0075] The invention contemplates that PRG4 may be administered to the patient
systemically or locally. Local administration may be warranted in cases where the
inflammatory response is localized to a specific tissue or organ and accessing the tissue or
organ is possible by, for example, injection or local administration. However, systemic
administration is also contemplated by some embodiments of the invention. Systemic
administration may be warranted when the inflammatory response is localized but local
administration is not feasible or otherwise indicated. Systemic administration also may be
warranted when the inflammatory response is not localized in one area of the patient but is
found throughout the patient or in more than one location in the patient. Further, because pro-
inflammatory cells travel through the circulatory system of the patient, systemic administration
may be the optimal mode of administration to ensure PRG4 has the greatest opportunity to

interact with and counteract the activities of pro-inflammatory cells, e.g., in treatment of sepsis.

[0076] Accordingly in one embodiment of the invention, lubricin is administered
systemically to achieve a reduction or inhibition of the inflammatory response or to treat an
inflammatory condition. For example, lubricin may be systemically administered in an enteral
manner, such as oral, rectal, sublingual, sublabial, or buccal delivery. In another embodiment,
lubricin may be systemically administered in a parenteral manner, such as nasal, by inhalation,

intravenous, intramuscular, subcutaneous, intradermal, intraperitoneal or transmucosal delivery.

[0077] In another embodiment, lubricin is administered locally to achieve a reduction or
inhibition of the inflammatory response or to treat an inflammatory condition. For example,

lubricin may be locally administered topically or by local injection to a body tissue or organ
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and may provide a coating of lubricin to, within, or around the specific body tissue or organ.
According to one embodiment of the invention, when PRG4 is administered locally, it is
administered at a location and at, around, to, or in the vicinity of a tissue that is non-
cartilaginous, non-osseous, non-osteal, and non-articular, and is not the comea, oral cavity, or
urinary bladder. For example, in one embodiment, PRG4 is not locally administered to the
corea or surrounding tissues or to cartilaginous, bony, or articular joints or tissues. In another
embodiment, PRG4 is not locally administered to the bladder or the mouth. In another
embodiment, however, PRG4 is administered locally, for example, topically, or by injection, to
posterior regions of the eye, to the skin, kidney, lungs, liver, a wound or surgical incision,
thyroid, pancreas, spleen, thymus, ovary, testicle, uterus, adrenal gland, pituitary gland,
hypothalamus, urethra, prostate, heart, artery or vessel, brain, or stomach. Administration is
also conducted in orifices including the rectum, nose, ear, pharynx, larynx, trachea. Other areas
for administration include the tongue, posterior eye, or the site of a tumor. Administration is
also performed in visci including the small intestine, large intestine, colon or esophagus. The
site of administration may be a location of inflammation in some embodiments, while in other

embodiments, the site of administration may be chosen for ease of administration.

[0078] In a further embodiment, lubricin is administered locally to the thyroid to treat
inflammation associated with gout by injection into or at the thyroid. In another embodiment,
lubricin is administered locally to a site of trauma or tissue injury such as a wound or surgical
incision by injection or topical application to the site. In another embodiment, lubricin is

administered locally to the skin by topical administration.

[0079] For use in the practice of the invention PRG4 may be formulated in a carrier,
e.g., suspended in phosphate buffered saline, at concentrations ranging from 1 pg/mL to 1,000
ug/mL, and more preferably, 100-500 ug/mL. Suitable carriers include physiological saline,
bacteriostatic water, Cremophor ELTM (BASF, Parsippany, NJ) or phosphate buffered saline
(PBS), optionally in admixture with surfactants such as polysorbates. The carrier should be
stable under the conditions of manufacture and storage, and should be preserved against
microorganisms. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene

glycol), and suitable mixtures thereof.
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[0080] The timing of administration will depend on a variety of factors and the
condition to be treated. For example, in one embodiment, administration of lubricin to treat
inflammation that is incident to a chronic condition may result in administration daily, weekly,
bi-weekly, twice daily or monthly. In another embodiment, treating inflammation that is
incident to an acute condition, may require administration of lubricin continuously, for

example, via intravenous drip, for a fixed period of time.

[0081] In one embodiment, the inflammatory response is an acute inflammatory
response. Accordingly, in one embodiment, the inflammatory condition that is treated
according to the invention, or the inflammatory condition suffered from by the patient is related
to or caused by an infection, for example, a viral, bacterial, fungal, parasitic infection or by
exposure to microbial toxins incident to the infection; necrosis, for example, caused by
ischemia, trauma, physical or chemical injury, thermal injury or irradiation; foreign bodies such
as splinters, dirt, foreign tissue, or sutures or other medical implant; or an immune reaction
such due to hypersensitivity such as allergies leading to, for example, anaphylactic
inflammation. In another embodiment, the inflammatory condition that is treated according to
the invention, or the inflammatory condition suffered from by the patient is related to or caused
by a chronic inflammatory response such as a persistent injury or infection such as tuberculosis
or an ulcer; prolonged exposure to a toxin; allergy, or an autoimmune condition. Some chronic
inflammatory conditions include diabetes, cancer, cardiovascular diseases, Alzheimer’s disease,
pulmonary diseases (e.g., tuberculosis), arthritis (e.g., gout, osteoarthritis), autoimmune
diseases (e.g., multiple sclerosis, rheumatoid arthritis, lupus, celiac disease etc.), and

neurological diseases.

[0082] Inflammatory conditions that may be treated by the methods of the invention
include but are not limited to acne; acute organ failure; acute respiratory distress syndrome
(ARDS); Addison’s disease; allergic rhinitis; allograft rejection; alopecia areata; Alzheimer’s
disease; anaphylaxis; Appendicitis; arthritis; asthma; atherosclerosis; atopic dermatitis;
autoimmune alopecia; autoimmune disease; autoimmune hyperthyroidism; autoimmune
hypopituatarism; autoimmune polyglandular disease; Behcet’s disease; brain injury; bronchitis;
cancer; cardiopulmonary bypass syndrome; cardiorenal syndrome; Celiac disease; chronic
actinic dermatitis; chronic obstructive pulmonary disease (COPD); chronic renal failure; colitis,

contact dermatitis; Crohn’s disease; dermatomy ositis; dermatomyositis; diabetes; diabetic
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retinopathy; eczema; emphysema; foreign body rejection; glaucoma; glomerulonephritis; gout;
graft vs. host disease; Graves’ Disease; Guillain-Barre syndrome; Hashimoto’s thyroiditis; hay
fever; hepatorenal syndrome; hypersensitivity or allergy; inclusion body myositis; infection due
to viral, fungal, parasitic or microbial infiltration; inflammatory bowel disease; inflammatory
kidney disease; injury due to thermal or chemical exposure or irradiation; irritable bowel
syndrome; ischemia; lung inflammation; macular degeneration; morphea; multiple sclerosis;
mycosis fungoides; myocardial infarction; necrosis; non-infectious lung injury; osteoarthritis;
pancreatitis; pernicious anemia; pneumonia; polymyositis; prostatitis; pseudogout; psoriasis;
psoriatic arthritis; Pustulosis palmoplanteris; Pyoderma gangrenum; respiratory allergy; retinal
inflammation; retinitis; rheumatoid arthritis; scleroderma; sepsis; serum sickness; Sezary’s
syndrome; Sjogren’s syndrome; skin allergy; stroke; systemic inflammatory response syndrome
(SIRS); systemic lupus erythematosus; systemic sclerosis; T-cell mediated hypersensitivity
diseases; transplant rejection; trauma including from a gun wound, knife wound, automobile
accident, fall, or combat; tuberculosis; ulcerative colitis; uticaria; uveitis; pericarditis, or

vitiligo.

[0083] In some embodiments, inflammatory conditions of the joints or bones and
inflammatory conditions of the eye may be treated by systemic administration of PRG4 and
reducing or inhibiting inflammatory responses in tissues of the eye, joints, cartilage and bone.
Such inflammatory conditions include but are not limited to macular degeneration, uveitis,
retinitis and arthritis including osteoarthritis, psoriatic arthritis, juvenile idiopathic arthritis and

rheumatoid arthritis.

[0084] In some embodiments where PRG4 binds a CD44 receptor on a cell, the cell
may be a white blood cell (i.e., leukocyte) such as a lymphocyte (e.g., T-cell, B-cell, NK-cell),
neutrophil, eosinophil, basophil, and monocyte, macrophage, or dendritic cell; adrenal cell;;
brain cell; cancer cell; cardiac cell; chondrocyte; colon cell; conjunctival cell; corneal cell;
dendritic cell; endothelial cell; epithelial cell; fibroblast; gall bladder cell; gastric cell; hepatic
cell; immune cell such as a mast cell, dendritic cell, lymphocyte, leukocyte or macrophage;
intestinal cell; leukocytes; limbal cell; lung cell; lymphocyte; macrophage; mast cell; muscle
cell; nerve cell; ocular or ophthalmic cell; osteoblast; osteoclast; pancreatic cell; rectal cell;
renal cell; retinal cell; spleen cell; stem cell; synoviocyte; thymus cell; thyroid cell; trabecular

meshwork cell; urethral cell; or vascular cell. However, this list is not limiting.
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[0085] In some embodiments where PRG4 administration reduces or inhibits
translocation of NF-xB in a cell, the cell may be a white blood cell (i.e., leukocyte) such as a
lymphocyte (e.g., T-cell, B-cell, NK-cell), neutrophil, eosinophil, basophil, and monocyte,
macrophage, or dendritic cell; adrenal cell;; brain cell; cancer cell; cardiac cell; chondrocyte;
colon cell; conjunctival cell; comneal cell; dendritic cell; endothelial cell; epithelial cell;
fibroblast; gall bladder cell; gastric cell; hepatic cell; immune cell such as a mast cell, dendritic
cell, lymphocyte, leukocyte or macrophage; intestinal cell; leukocytes; limbal cell; lung cell;
lymphocyte; macrophage; mast cell; muscle cell; nerve cell; ocular or ophthalmic cell;
osteoblast; osteoclast; pancreatic cell; rectal cell; renal cell; retinal cell; spleen cell; stem cell;
synoviocyte; thymus cell; thyroid cell; trabecular meshwork cell; urethral cell; or vascular cell.

However, this list is not limiting.

[0086] In some embodiments where PRG4 binds a CD44 receptor on a cell or where
PRG4 administration reduces or inhibits translocation of NF-xB in a cell, when the cell is a
synoviocyte, a chondrocyte, an osteocyte, an osteoblast, a retinal cell, a limbal cell, a trabecular
meshwork cell, a corneal cell, a conjunctival cell, an ocular cell, or an ophthalmic cell, PRG4 is

administered to the patient systemically.

[0087] In a further embodiment, the pro-inflammatory cytokine, the production of
which is inhibited or reduced by the administration of lubricin is IL-1a, IL-10, IL-2, IL-3, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-12p70, IL-13, IL-14, IL-15, IL-16, IL-17,
IL-17q, IL-18, IL-19, IL-20, IL-21, IL-22, TL-23, IL-24, IL-25, IL-26, IL-27, IL-28, IL-29, IL-
30, IL-31, 1L-32, IL-33, IL-34, IL-35, IL-36, TNF-a, TNF- (lymphotoxin-a), lymphotoxin-f3,
CXC31L (Fractalkine), CXCL-8, CCL2, CCL3, CCL4, CCL5, CCL11, CXCL10, IFN-a, IFN-
B, IFN-¢, IFN-k, IFN-@, IFN-y, VEGF, MCP-1, MCP-3, EGF, GMCSF, CD40L, CD27L,
CD30L, FASL, 4-1BBL, OX40L, TRAIL, FGF-2, GRO, MDC, Rantes, G-CSF, M-CSF, FGF-
2, EPO, MCSF, MIP3a, MG-CSF, or GCSF. In a further embodiment, administration of
lubricin reduces or inhibits the level of one or more, two or more, or three or more, or four or

more of the aforementioned pro-inflammatory cytokines.

[0088] In one embodiment, the reduction or inhibition of the production of a pro-
inflammatory cytokine may be confirmed by the lower level of the cytokine in a body fluid

sample taken from the patient after administration of lubricin compared to the level before.
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The body fluid sample may be blood or plasma, for example. Given that lubricin’s effect on a
given cytokine level may not be measurable immediately upon administration of lubricin,
reduction or inhibition may be observed over the course of hours, days or weeks after the initial

administration or lubricin.

[0089] In another aspect, the invention provides a method of inhibiting binding of a
ligand to CD44 present on a surface. According to this method, the surface is exposed to

lubricin and lubricin binds to CD44 and inhibits binding of the ligand.

[0090] In one embodiment, the surface may be the surface of a cell expressing CD44,
such as a mammalian cell. In another embodiment, the surface is in a surface plasmon

resonance detector. In yet another embodiment, the surface of the cell is in a human.

[0091] According to one embodiment, a cell expressing CD44 includes white blood
cells (i.e., leukocytes) such as lymphocytes (e.g., T-cells, B-cells, NK-cells), neutrophils,
eosinophils, basophils, and monocytes, macrophages, and dendritic cells; epithelial cells,
endothelial cells, fibroblasts, synoviocytes, chondrocytes, osteoclasts, osteoblasts, cardiac cells,
mast cells, muscle cells, lung cells, renal cells, hepatic cells, brain cells, spleen cells, urethral
cells, vascular cells, nerve cells, pancreatic cells, gastric cells, intestinal cells, colon cells, rectal

cells, ocular or ophthalmic cells, gall bladder cells, and stem cells.

[0092] In another embodiment, a cell expressing CD44 is a neoplastic or cancer cell. In
one embodiment, a cancer cell includes breast cancer cells, colon cancer cells, endometrial
cancer cells, ovarian cancer cells, skin cancer cells, bladder cancer cells, liver cancer cells,
renal cancer cells, cervical cancer cells, lung cancer cells, tongue cancer cells, pancreatic cancer
cells, non-small cell lung carcinoma cells, head and neck cancer cells, prostate cancer cells,
uterine cancer cells, hepatocellular carcinoma cells, gastric cancer cells, nasopharyngeal
carcinoma cells, gall bladder cancer cells, anal cancer cells, osteosarcoma cells, liposarcoma
cells, leiomyosarcoma cells, rhabdomyosarcoma cells, neurofibrosarcoma cells, gastrointestinal
stromal tumor cells, blood vessel tumor cells, fibrosarcoma cells, lymphoma cells, and brain

cancer cells.

[0093] In one embodiment of the method, the ligand inhibited by the PRG4 binding to

CD44 present on a surface may be hyaluronan (HA), a hyaluronan serum-derived hyaluronan
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associated protein complex (HA-SHAP), matrix-metalloproteinase-9, a cytokine, a chemokine,
a interferon, an interleukin, a lymphokine, a tumor necrosis factor, a growth factor, or a

hormone.

[0094] In one embodiment of this method, lubricin is provided in an amount that is
insufficient to provide boundary lubrication. Applicants have determined that the effects of
lubricin on CD44 binding can be achieved at concentrations much lower than what is necessary
to achieve boundary lubrication. Accordingly, in one embodiment, lubricin is administered in
an amount ranging from 0.1 pg/kg to 4,000 ug/kg. Lubricin, in one embodiment, is
administered systemically, i.e., intravenous, subcutaneous, or intramuscular injection although

it may be administered locally.

[0095] In one embodiment, the cell expressing CD44 is a mammalian cell and in
another embodiment, the cell is a human cell. This invention may be applied in a number of
contexts to treat disease and pathologic conditions where CD44 binding and/or activation by a

ligand is involved.

[0096] Evidence suggests that CD44 signaling is involved in the progression of cancer
and may also interfere with the effectiveness of certain chemotherapeutic medications. For
example, it has been shown that resistance of multiple myeloma to treatment by
dexamethasone, a chemotherapeutic, can be caused by CD44 engagement with HA. (Ohwada
et al., Eur J Heamatol 2008; 80:245). Accordingly, in one embodiment, lubricin can be used to
bind to CD44 on a cancer cell surface to inhibit CD44 signaling involved in cancer cell growth,
survivability, progression or metastatic activity. In another embodiment, lubricin is
administered to a patient having cancer or a patient at risk of developing cancer to treat the
cancer or slow the growth or progression of a tumor. According to another embodiment,
lubricin may be administered concurrently with a chemotherapeutic or radiologic treatment for
cancer. Accordingly, in one embodiment, lubricin is administered to a patient having cancer
wherein the lubricin is administered to treat the cancer, or wherein the lubricin is administered
in connection with another cancer drug or treatment in order to treat the cancer. In one

embodiment, the cancer is in a human subject.

[0097] In another embodiment, the cancer is adrenal cancer, anal cancer, bile duct

cancer, bladder cancer, bone cancer, brain/CNS cancer, basal cell skin cancer, breast cancer,
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Castleman disease, cervical cancer, colorectal cancer, endometrial cancer, esophagus cancer,
dermatofibrosarcoma protuberans, Ewing family of tumors, eye cancer, gall bladder cancer,
gastrointestinal carcinoid tumors, gastrointestinal stromal tumor (GIST), gastric cancer,
gestational trophoblastic disease, glioma, glioblastoma, head and neck cancer, hodgkin disease,
kaposi sarcoma, kidney cancer, laryngeal and hypopharyngeal cancer, leukemia, lung cancer,
liver cancer, lymphoma, malignant mesothelioma, Merkel cell carcinoma, melanoma, multiple
myeloma, myeloma, myelodysplastic syndrome, nasal cavity and paranasal sinus cancer,
nasopharyngeal cancer, neuroendocrine cancer, neuroblastoma, Non-Hodgkin lymphoma, oral
cavity and oropharyngeal cancer, osteosarcoma, ovarian cancer, pancreatic cancer, penile
cancer, pituitary Tumors, prostate cancer, renal cancer, retinoblastoma, rhabdomyosarcoma,
salivary gland cancer, sarcoma, squamous cell skin cancer, small intestine cancer, stomach
cancer, testicular cancer, thymus cancer, thyroid cancer, uterine cancer, uterine sarcoma,

vaginal cancer, vulvar cancer, Waldenstrom macroglobulinemia, or Wilms tumor.

[0098] CD44 is also involved in the progression of diabetes and evidence suggests that
blocking CD44 can provide an antidiabetic effect. HA is found in the islet cells of the pancreas
and binding of HA to CD44 on islet cells leads to inflammation and destruction of islet cells
leading to insulin dependent diabetes. Accordingly, in one embodiment, the invention provides
a method of preventing or treating diabetes by administering lubricin to a patient having or at
risk of developing diabetes. In another embodiment, lubricin is contacted with pancreatic cells
in a concentration sufficient to bind CD44, thereby inhibiting or reducing the interaction

between CD44 and HA in the pancreas.

[0099] In another embodiment the PRG4 may be used to treat inflammatory bowel
disease such as Crohn’s disease or colitis. In such instances, a concentrated solution of PRG4
will be introduced into the gastrointestinal tract by simple ingestion, enema, a feeding tube, G-
tube, J-tube or a colostomy. In the case of ingestion the PRG4 may be encapsulated within an a
tablet, enclosure or capsule, preferably biodegradable, wherein the tablet, enclosure or capsule
is made of a substance that degrades or otherwise dissociates when exposed to conditions
present in the gastro-intestinal tract of a patient. Such oral formulations may be present in a
polymer as a slow release delivery system. Oral formulations are well known in drug delivery
technology and one of skill could select such a tablet, enclosure or capsule as appropriate for

ingestable delivery of PRG-4.



10

15

20

25

30

WO 2016/123123 PCT/US2016/014952

-30 -

[00100] In another embodiment the PRG4 may be used to treat brain injury caused by
stroke, embolism, or trauma. For treatment of brain injury, a concentrated solution of PRG4
will be injected IV following stroke, embolism or trauma within a limited time period
following brain injury. Alternatively, the PRG4 may be placed during brain surgery at a
location in the brain during said surgery. This administration of such a composition to the brain
is designed to stabilize blood vessels, limit vascular permeability and also confer an anti-

inflammatory effect.

[00101] In another embodiment the PRG4 may be used to reduce the symptoms
associated with allergies and/or respiratory infections. Such symptoms include congestion,
post-nasal drip, coughing, sneezing, runny nose, itchy throat, itchy skin, and itchy watery eyes,
to name a few. In an embodiment of the invention, a method is provided for treating a patient
exhibiting such symptoms or at risk of developing such symptoms including the step of
administering to a surface of the patient’s body suffering or at risk of developing allergy
symptoms, e.g., skin, or respiratory tract, e.g., upper respiratory tract, an amount of a PRG4-
containing composition sufficient to ameliorate the symptoms. The method of this embodiment
may comprise depositing intranasally onto the mucosal surface of the nose and sinuses of a
patient an amount of a nasal composition comprising PRG4 in an amount sufficient to
ameliorate at least one allergy and/or upper respiratory infection symptom. In one

embodiment, the PRG4-containing nasal composition is administered as a nasal spray.

[00102] Allergy is a species of inflammation, an adaptive immune reaction that includes
such maladies as allergic asthma, atopic dermatitis, allergic rhinitis and several ocular allergic
diseases. It is characterized by a Th2 mediated humoral response to antigenic challenge. In a
typical Type I hypersensitivity allergic reaction, initial exposure to an allergen causes B cells to
produce IgE antibodies that bind to the surface of mast cells/basophils, sensitizing those cells to
the allergen. Subsequent exposure to the same antigen results in an immediate degranulation of
the mast cell and subsequent release of histamine, prostaglandins, leukotrienes (LTC4, LTD4,
LTE4), chemokines (CXCLS, CXCL10, CCL2, CCL4, CCL5), proteases (tryptase, chymase)
and cytokines such as IL-4, IL-5, and IL-13 (Janeway et a/., Immunobiology: The Immune
System in Health and Disease. 5th edition. New York: Garland Science 2001; Larché ef a/., Nat
Rev Immunol. 2006; 6(10):761-71). These effector molecules cause dilation of small blood

vessels, increased vascular permeability, bulk mucus production, and local contraction of
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smooth muscles resulting in the familiar symptoms associated with allergic reactions. After
several hours, the late phase of the allergic reaction sees the recruitment of eosinophils,
basophils and Th2 lymphocytes to the site of the reaction. Eosinophils release a series of
granule proteins such as eosinophil cationic protein, major basic protein, eosinophil peroxidase
and eosinophil-derived neurotoxin, as well as a series of reactive oxygen species (peroxides)
that act to clean out the area through oxidative stress and ribonuclease activity. While toxic to
invading organisms, eosinophil responses also disrupt host cells in the vicinity of the allergic

reaction.

[00103] Once the positive feedback loop of tissue damage and inflammatory cell
recruitment has been established, a chronic inflammatory state may persist, even without
sustained exposure to the original allergen (Murdoch JR, Lloyd CM. Chronic Inflammation and
Asthma. Mutat Res. 2010; Aug 7,690(1-2):24-39. doi: 10.1016/j. mrfmmm.2009.09.005. Epub
2009 Sep 19). In particular, chronic inflammation is accompanied by remodeling of the tissues
that result in compromised epithelial barrier function, matrix metalloproteinase expression and
mucus gland hyperplasia, as well as TGF-B mediated fibrosis (Murdoch ef a/.). For instance, in
chronic asthma, repeated cycles of eosinophil mediated damage and subsequent matrix
synthesis by fibroblasts leads to thickened, constricted, less elastic airways, with airway
remodeling being linked directly to the chronicity of the disorder (Murdoch e al.). Itis
noteworthy that the dominant asthma therapies aimed at reducing inflammation
(corticosteroids), exhibit limited efficacy in ameliorating remodeling (Murdoch ef al.; Ward C,
Walters H., Curr Opin Allergy Clin Immunol. 2006; Feb;5(1):43-8). Such abnormal tissue
remodeling and TGF- B mediated fibrosis may also be found to be associated with repeated

surgeries at a site within a patient.

[00104] Accordingly, in an embodiment of the invention, the application of PRG4-
containing compositions to tissues undergoing a chronic allergic response will benefit from
improved allergen clearance as well as reduced inflammation by the inhalation of aerosolized
PRG4. The boundary lubricating ability of such compositions will also prevent mucus
particulate adhesion to the epithelium, as well as improved hydration, as the highly charged
PRG4 molecule is hygroscopic and will retain water along the interface of the epithelia. Due to
the improved tissue surface lubrication following the application of PRG4-containing

compositions, mechanical clearance of allergens will require less force as the friction between
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particulates (comprising bulk mucin, debris and allergens) and the epithelium is reduced. With
lower friction, mechanical clearance through, e.g. air flow and mucociliary clearance
(respiratory system), will require less force and result in less tissue damage and inflammation.
Administration of PRG4-containing compositions to patients suffering from chronic allergy
will also result in mitigation of fibrosis through prevention of fibroblast adhesion and migration

which will reduce the overall fibrotic response.

[00105] Without wishing to be bound by theory, this aspect of the current invention is
based in part on the recognition that the sequelae associated with an immune dysregulation or
chronic exposure to allergens may result in impaired mechanical clearance of antigens, PAMPs
and DAMPs, as well as compromised tissue function associated with repeated remodeling.
Lubricin can facilitate mechanical clearance of allergens or cellular debris. Not only do these
processes potentiate inflammation, but also result in long-term damage to the tissues, whether

respiratory, ocular, or skin, and it is believed the positive feedback loop conditions are similar.

[00106] Further evidence suggests that the CD44-HA interaction may lead to swollen
spleen, a condition often associated with diabetes. Accordingly, one aspect of the invention
provides a method of contacting the spleen with lubricin to prevent inflammation and swelling
of the spleen. In another embodiment, lubricin is contacted with spleen cells in a concentration

sufficient to bind CD44, thereby reducing swelling and inflammation in the spleen.

[00107] CD44 is also present in synovial tissues and is up-regulated in patients with
rheumatoid arthritis. It has been shown that CD44 expressing synoviocytes bind to HA-SHAP
in synovial fluid obtained from human rheumatoid arthritis patients. The amount of complex
formed correlates positively with the degree of inflammation. This is demonstrated by data
shown in Example 4. Accordingly, systemically administered lubricin is indicated as a
treatment for decreasing inflammation in patients suffering from rheumatoid arthritis. In one
embodiment, lubricin is administered systemically to a patient having rheumatoid arthritis to
block the effect of CD44 upregulation and to reduce inflammation. In a one embodiment,
lubricin is periodically administered via an intravenous route. In another embodiment, lubricin

is delivered via an external, portable pump through an indwelling subcutaneous catheter.

[00108] CD44-HA interactions may also play a key role in the deleterious leukocyte

trafficking at the blood-retinal barrier and anterior segment immunopathologies (Xu H, et al.
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Journal of Leukocyte Biology 2002; 72(6):1133-41), as well as in glaucoma where a significant
correlation was found between levels of soluble CD44 severity of visual field loss (Mokbel TH
et al., Clin Experiment Ophthalmol. 2010 Aug;38(6):560-5). In one aspect, thPRG4 is
administered to the eye to antagonize CD44 and interrupt HA interactions. In one embodiment,
injected thPRG4 reduces inflammation and allows improved blood flow and survivability of
retinal cells. In another embodiment, thPRG4 injected into the eye prevents CD44 mediated
clogging of the trabecular meshwork in primary open angle glaucoma, resulting in a lowered
intra-ocular pressure. In another embodiment thPRG4 inactivates soluble CD44 within the
humor, preventing cytotoxicity of the soluble CD44. In another embodiment, rhPRG4
antagonizes transmembrane CD44, interrupts metalloproteinase cleavage of the extracellular
domain, and prevents an increase in soluble CD44. In another embodiment, lubricin injected
into the eye reduces visual sequelae such as floaters, blurred vision and photopsia associated
with posterior uveitis. In another embodiment, lubricin injected into the eye interrupts CD44
and RHAMM mediated angiogenesis and endothelial cell migration by preventing association
of low molecular weight HA degradation products from interacting. Other embodiments
include the injection or topical application of lubricin into the eye to prevent CD44 mediated
progression of macular degeneration, retinitis, retinal vasculitis, chorioretinitis,
neovascularization and diabetic retinopathy. For example, given the localized ophthalmic
environment, the lubricin is administered in an amount of 0.1 pug/mL to 30 mg/mL in small

volumes (1-100 pL) per dose.

[00109] In yet another embodiment of the invention thPRG4 may be utilized to treat
non-CD44 mediated eye disorders, using the methods and compositions as described above. In
such instances, the injection or topical application of lubricin into the eye may be used to
prevent non-CD44 mediated progression of macular degeneration, retinitis, retinal vasculitis,

chorioretinitis, neovascularization and diabetic retinopathy.

[00110] In another aspect, the invention provides a method of reducing or inhibiting the
level of pro-inflammatory cytokines in the body, the method comprising systemically,
inhalationally or topically administering PRG4 in an amount sufficient to inhibit or reduce pro-
inflammatory cytokine levels. In one embodiment, the method reduces or inhibits the level of
one pro-inflammatory cytokine, while in another, the method reduces or inhibits the level of

more than one pro-inflammatory cytokine. Exemplary inflammatory conditions, injuries, and
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autoimmune conditions causing an inflammatory response that leads to increased levels of pro-
inflammatory cytokines in the blood and from which a patient being treated according to the

invention may suffer have been are disclosed throughout this application.

[00111] According to one embodiment, cytokines whose production may be inhibited or
reduced by administration of lubricin include IL-1a, IL-1f, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-9, IL-10, IL-11, IL-12, IL-12p70, IL-13, IL-14, IL-15, IL-16, IL-17, IL-170, IL-18,
IL-19, IL-20, TL-21, TL-22, TL-23, TL-24, TL-25, TL-26, IL-27, TL-28, TL-29, IL-30, IL-31, IL-
32, 1L-33, IL-34, IL-35, IL-36, TNF-0¢, TNF-B (lymphotoxin-a), lymphotoxin-f§, CXC31L
(Fractalkine), CXCL-8, CCL2, CCL3, CCL4, CCL5, CCL11, CXCL10, IFN-a, IFN-B, IFN-¢,
IFN-x, IFN-, IFN-y, VEGF, MCP-1, MCP-3, EGF, GMCSF, CD40L, CD27L, CD30L,
FASL, 4-1BBL, OX40L, TRAIL, FGF-2, GRO, MDC, Rantes, G-CSF, M-CSF, FGF-2, EPO,
MCSF, MIP3a, MG-CSF, or GCSF.

[00112] In one embodiment, the blood is human blood. In a further embodiment, the
blood is that of a human patient experiencing an inflammatory response or condition. In one
embodiment, the inflammatory response or condition is the result of an injury to a tissue, while
in another, the inflammatory response is the result of an autoimmune condition, while in
another embodiment, the inflammatory response is the result of a bacterial or viral infection or
the presence of a toxin. In yet another embodiment, the patient is suffering from or at risk of

sepsis.

[00113] In a further embodiment, the human cell is an immune cell such as a mast cell,
dendritic cell, lymphocyte, leukocyte or macrophage; an epithelial cell; endothelial cell;
fibroblast; synoviocyte; chondrocyte; osteoclast; osteoblast; cardiac cell; mast cell; lung cell;
renal cell; hepatic cell; brain cell; spleen cell; bladder or urethral cell; vascular cell; nerve cell;
pancreatic cell; gastric cell; intestinal cell; colon cell; rectal cell; retinal cell; limbal cell;
trabecular meshwork cell; comeal cell; conjunctival cell; ocular or ophthalmic cell; gall bladder

cell; or cancer cell.

[00114] In one embodiment, lubricin is administered in amount insufficient to provide
boundary lubrication, i.e., it is administered in the range of 0.1 pg/kg to 4,000 pg/kg. In
another embodiment, lubricin is administered in an amount of 0.1 pg/mL to 30 mg/mL and is

administered in small volumes of 1 to 100 uL per dose. In another embodiment, lubricin is
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administered in volumes of 100 uL to 4 L per dose. In one embodiment, lubricin is provided to

a human patient by systemic administration.

[00115] In a particular embodiment, the cell is in a patient suffering or at risk of
developing sepsis, for example, caused by exposure to viral or bacterial toxins such as LPS,

flagellin, or the like. Accordingly, in one aspect, lubricin is indicated as a treatment for sepsis.

[00116] In a further aspect, the invention provides a method for inhibiting NF-xB
translocation in a cell by contacting the cell with PRG4, wherein PRG4 inhibits activation of
the NF-«xB signaling pathway. In one embodiment, PRG4 inhibits NF-kB translocation
indirectly by binding to CD44 or reducing or inhibiting CD44 signaling or interacting with
other cell-surface bound receptors. The PRG4 may be administered according to the
embodiments of the invention described herein above, including by systemic administration.
The cell may be a human cell and in particular may be any of the exemplary human cells

described herein with respect to the invention.

[00117] In a further embodiment, the result of PRG4 mediated reduction or inhibition of
NF-«B translocation results in reduction of proinflammatory cytokine levels in the blood and
thereby may be used to treat an inflammatory condition. Exemplary inflammatory conditions

have been described throughout this application.

Example 1: Experimental Evidence that PRG4 Antagonizes CD44 and Inhibits CD44
Mediated Inflammatory Pathways

[00118] To evaluate the interaction between human proteoglycan 4 and the CD44
receptor and the consequence of this interaction on pro-inflammatory cytokine induced

synoviocyte proliferation, the following experiments were performed.

[00119] rhPRG4 binding to CD44 and competition with high molecular weight
hyaluronic acid (HMW HA) was evaluated using a direct enzyme linked immunosorbent assay
(ELISA) and surface plasmon resonance. Sialidase-A and O-glycosidase digestion of rhPRG4
was performed and CD44 binding was evaluated using ELISA. Rheumatoid arthritis
fibroblast-like synoviocytes (RA-FLS) were stimulated with interleukin-1 beta (IL-13) or tumor
necrosis factor alpha (TNF-a) for 48 hours in the presence or absence of thPRG4 or HMW HA

at 20, 40 and 80 pg/mL and cell proliferation was measured. CD44 contribution was assessed
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by co-incubation with an anti-CD44 antibody (IM7). The anti-proliferative effect of hPRG4
was investigated following treatment of Prg4-/- synoviocytes with IL-13 or TNF-a in the

presence or absence of IM7.

[00120] Variables were initially tested for normality and equal variances. Variables that
satisfied both assumptions were tested for statistical significance using Student’s #-test or
analysis of variance (ANOV A) with Tukey’s post-hoc test for two group and more than two
group comparisons, respectively. Variables that did not satisfy the normality assumption were
tested using Mann-Whitney U test or ANOV A on the ranks. The level of statistical
significance was set at ¢=0.05. Data is graphically represented as the average = standard

deviation.

1A. Binding of rhPRG4, high-molecular weight HA, medium-molecular weight HA
and vitronectin to CD44 using a direct ELISA

[00121] High-binding microtiter plates (Corning, Sigma Aldrich, USA) were coated with
rthPRG4 (M=240 KDa), high molecular weight HA (HMW HA: M,=1,500 KDa) (R & D
System, USA), medium molecular weight HA (MMW HA; M,=300KDa) (R & D System) and
vitronectin (M,=75 KDa) (Sigma Aldrich) at 400 pg/mL in PBS buffer (100 puL per well)
overnight at 4°C. thPRG4 is a full-length product produced by CHO-M cells (Lubris,
Framingham, MA, USA). Following washing with PBS+0.1% Tween 20, wells were blocked
with 2% bovine serum albumin (BSA; 300 uL per well) for at least 2 hours at room
temperature. CD44-IgG Fc (R & D systems) or IgG Fc (R & D systems), each at 1 ug/mL
(100 pl per well), were added to the plate and incubated for 60 min at room temperature.
Following washing with PBS+0.1% tween 20, anti-IgG;Fc-HRP (Sigma Aldrich) was added at
1:10,000 dilution (100 uL per well) and incubated for 60 min at room temp. Following
washing with PBS+0.1% tween 20, the assay was developed using 1-step Turbo TMB ELISA
reagent (ThermoScientific, USA) and absorbance was measured at 450 nm. The data

represents an average of 4 independent assays, each with triplicate wells per group.

[00122] Binding of thPRG4, HMW HA, MMW HA and vitronectin to CD44-IgG,Fc
fusion protein and IgG;Fc is presented in FIG. 1A. The 450 nm absorbance in the CD44-
IgGiFc group was significantly higher (p<0.001) than the absorbance in the IgG;Fc group for
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rhPRG4, HMW HA and MMW HA-coated wells. In contrast, there was no significant
difference between CD44-IgG;Fc and IgG)Fc in the vitronectin-coated wells.

[00123] These data show that hPRG4 binds CD44 and interferes with HMW HA CD44
binding. thPRG4, HMW HA and MMW HA specifically bind to chimeric CD44 with
extremely low non-specific binding. In contrast, vitronectin that shares significant sequence
homology with lubricin does not show any specificity towards CD44 binding. Because
rhPRG4 binds CD44, it may function as an antagonist of CD44, thereby interfering with CD44

pro-inflammatory signaling.

1B. Concentration-dependent binding of rhPRG4, HMW HA, MMW HA to CD44
and competition between rhPRG4 and HA on binding to CD44 using a direct ELISA

[00124] The concentration-dependent binding of thPRG4, HMW HA and MMW HA to
CD44 was performed by coating microtiter plates with 400, 200, 100, 20, 4, 2 and 0.1 pg/mL of
the macromolecules. The assay was performed as described above. The absorbance values in
the IgGFc wells were subtracted from the absorbance values in the CD44 IgG,Fc wells and the
corrected CD44 1gG,Fc absorbance values were normalized to those of the 400 pug/mL thPRG4
group and data was expressed as percentage binding to CD44. The concentration-dependent
binding of thPRG4, HMW HA and MMW HA to recombinant CD44 is depicted in FIG. 1B.
The percentage recombinant CD44 binding was significantly higher (p<0.001) in the thPRG4-
coated wells compared to the HMW HA or MMW HA-coated wells for the 400, 100, 20, 4 and
2 ug/mL concentrations. Additionally, the percentage recombinant CD44 binding was
significantly higher (p<0.001) in the thPRG4-coated wells compared to the MMW HA coated
wells for the 200 ug/mL concentration. There were no significant differences in percentage
CD44 binding between the thPRG4, HMW HA and MMW HA-coated wells at the 0.1 ug/mL
concentration. The data represents an average of 4 independent assays, each with triplicate

wells per group.

[00125] To evaluate the competition between thPRG4 and either HMW HA or MMW
HA on binding to CD44, microtiter plates were coated with either CD44 IgG,Fc or IgG,Fc at 1
ug/mL (100 pL per well) overnight at 4 °C. Subsequently, wells were washed with PBS+0.1%
tween 20 and wells were blocked using 2% BSA (300 uL per well) for at least 2 hours at room
temperature. Either thPRG4 at 5 ug/mL or a combination of thPRG4 (5 pg/mL) and HMW
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HA or MMW HA at 0.01, 0.05, 0.25, 1, 5 or 50 ug/mL were added to the wells (100 uL per
well) and incubated at room temperature for 60 min. Following washing with PBS+0.1%
tween 20, lubricin-specific monoclonal antibody (Mab 9G3) was added at 1:1,000 (100 uL per
well) and incubated for 60 min at room temp. Following washing with PBS+0.1% tween 20,
goat anti-mouse [gG-HRP (Thermo Scientific) at 1:1,000 dilution was added (100 pL per well)
and incubated for 60 min at room temp. The assay was developed as described above. The
absorbance values in the IgGFc wells were subtracted from the absorbance values in the
CD44-1gGFc wells and the corrected absorbance values in the thPRG4+HA groups were
normalized to the absorbance values of the thPRG4 group and data was expressed as
percentage binding to CD44. The data represents an average of 4 independent assays, each

with triplicate wells per group.

[00126] The competition between thPRG4 and HMW HA or MMW HA in binding to
recombinant CD44 is presented in FIG. 1C. HMW HA or MMW HA at 0.05, 0.25, 1, 5 and 25
ug/mL significantly reduced thPRG4’s binding to CD44 (p<0.05).

[00127] These data demonstrate that hPRG4 binds to CD44 in a concentration-
dependent manner with comparable affinity to HMW HA. Furthermore, thPRG4 competes
with HMW HA in binding to CD44. The presence of an excess of HMW or MMW HA
reduced thPRG4 binding to CD44 only by approximately 50%. These data suggest that
rhPRG4 is an antagonist of CD44; accordingly, it has the potential to interfere with CD44 pro-

inflammatory signaling.

1C. Concentration-dependent binding of rhPRG4 to CD44 and competition between
rhPRG4 and HMW HA using surface plasmon resonance

[00128] Binding of thPRG4 to CD44-1gG1Fc¢ was investigated using surface plasmon
resonance (Biacore T100, GE Healthcare Lifesciences, NJ, USA). See Figure 1C. Series S
chips were functionalized using the human antibody capture kit (GE Life Sciences) and either
CD44-1gG/Fc or IgGFC was allowed to bind to the surface of the functionalized chips in flow
cell 1 (Fcy) and flow cell 2 (Fc¢y), respectively. ThPRG4 was injected at 30 uL/min for 8 min at
concentrations of 300, 250, 200, 150, 100 and 50 ug/mL followed by a 10 min dissociation
using 0.1M HEPES, 1.5M NaCl, 30mM EDTA, and 0.5% P20 (GE Life Sciences). The surface
of the chip was regenerated at the end of each cycle with 1 min pulse of 3M MgCl,. Each
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analyte concentration was injected in duplicate. The resulting curves were double referenced
(i.e. Fcy-Fcy, followed by subtraction of the 0 pg/mL curve). The binding kinetics and binding
affinity were determined by BiaEvaluation software, using 1:1 binding/conformational change
model or by steady-state equilibrium, respectively. To study the competition between rhPRG4
and HMW HA in binding to CD44, thPRG4 was injected at concentrations ranging between 0
and 300 ug/mL as described above. Following the end of dissociation phase, HMW HA was
injected at 50 pg/mL (30 uL per min) for 1 min. The double-referenced binding signals of
rthPRG4 (at various concentrations) to CD44 were then plotted against the binding signals
generated by HMW HA binding to CD44 following thPRG4 injections.

[00129] The binding of thPRG4 to recombinant CD44 was confirmed using surface
plasmon resonance. thPRG4 displayed a concentration-dependent association with, and
dissociation from immobilized CD44-IgGFc (FIG. 2A), with an apparent K4 = 38 nM based
on a thPRG4 molecular weight of 240 KDa. rthPRG4 interfered with binding of HMW HA to
recombinant CD44 as shown by an inverse relationship between the HMW HA binding signal
intensity (x-axis) and the thPRG4 binding signal intensity (y-axis) (FIG. 2B).

[00130] These data demonstrate that hPRG4 binds to CD44 in a concentration-
dependent manner with comparable affinity to HMW HA. Further, as demonstrated in
Example 1B and 1C, the presence of thPRG4 bound to CD44 prevented HMW HA from
binding to CD44 in a concentration-dependent manner and may indicate that thPRG4 and
HMW HA share a common binding site on the receptor. In the joint environment where HA
SF concentration is roughly 10 times higher than that of lubricin, and based on the competitive
binding data shown herein, it is expected that lubricin will be able to bind to CD44 on surface
of synoviocytes and chondrocytes and exert a CD44-mediated biological function in the
presence of HA, thereby providing a joint homeostatic role by interfering with mediators that

otherwise promote inflammation.

1D. Impact of removal of mucin-domain glycosylations on binding of rhPRG4 to
CD44

[00131] Lubricin’s boundary lubricating ability is mediated by the O-linked (B1-3) Gal-
GalNAc oligosaccharides (Jay et al., Glucoconj J 2001; 18(10):807-15). A combination of

neuraminidase and beta 1,3, 6 galactosidase digestions reduced lubricin’s boundary lubricating
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ability by 50% (Jay et al., Glucoconj J 2001; 18(10):807-15). Lubricin isolated from RA SF
samples contains increased core 1 glycosylation structures and displays the sulfated epitope that
is proposed to be part of the L-selectin ligand (Estrella ef al., Biochem J 2010; 429(2):359-67).
Additionally, lubricin from RA SF binds L-selectin in a glycosylation-dependent manner and
coats polymorphonuclear granulocytes recruited to inflamed synovia and SF of patients with

RA (Jin et al. J Biol Chem 2012; 287(43):35922-33).

[00132] rhPRG4 was digested using sialidase A (Prozyme, USA), O-glycosidase (New
England Biolabs, USA) or a combination of sialidase A and O-glycosidase for 16 hours at
37°C. In the sialidase A digestion, 12 pL of the enzyme (1U/200 uL) was added to rhPRG4 in
a total reaction volume of 180 pL and a rhPRG4 final concentration of 300 ug/mL. In the O-
glycosidase digestion, 4.8 uL of the enzyme (40million units/mL) was added to thPRG4 in a
total reaction volume of 180 pL and a rhPRGH4 final concentration of 300 pg/mL under non-
denaturing conditions. In the sialidase-A and O-glycosidase digestion, the enzymes were used
in volumes identical to the ones stated above and incubated with rhPRG4 in a total reaction
volume and final thPRG4 concentration as stated above. The effect of sialidase-A and O-
glycosidase digestions on thPRG4 apparent molecular weight was determined by SDS-PAGE
using 4-12% Bis-Tris gel (NuPage, life technologies, USA). A total of 20 uL. of thPRG4 or
enzyme-digested thPRG4 was run under reducing conditions (200 mV for 60 min) followed by
staining using Gelcode Blue Stain (Thermo Scientific, USA). Binding of enzymatically
digested thPRG4 to CD44 was compared to undigested thPRG4 using the direct ELISA
approach described above and using an thPRG4 coating concentration of 30 ug/mL. Data

represents the average of 4 independent experiments, each with triplicate wells per group.

[00133] Sialidase-A digestion resulted in a significant increase (p<0.001) in the
percentage binding of rhPRG4 to CD44 compared to untreated control as shown in FIG. 3A.
Similarly, O-glycosidase digestion resulted in a significant increase (p=0.008) in the percentage
binding of thPRG4 to CD44 compared to untreated control. There was no significant
difference in percentage CD44 binding between the sialidase-A digested and the O-glycosidase
codigested thPRG4 (p=0.105). The percentage binding to CD44 in the sialidase-A and O-
glycosidase-digested rhPRG4 was significantly higher than sialidase-A digested thPRG4
(p=0.007), O-glycosidase digested rhPRG4 (p<0.001) and untreated control (p<0.001).
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Digestion of thPRG4 with sialidase-A and O-glycosidase resulted in reducing the apparent
molecular weight of thPRG4 to approximately 200 KDa (FIG. 3B).

[00134] Removal of sialic acid and O-glycosylations significantly increased CD44
binding by thPRG4 (p<0.001). Sialidase-A and O-glycosidase treatments individually resulted
in enhancing thPRG4’s binding to CD44 receptor. Cumulative sialidase-A and O-glycosidase
digestions resulted in even more significant binding to CD44 by thPRG4 compared to
individual enzyme digestions. Sialidase-A cleaves branched and unbranched terminal sialic
acid residues from glycoproteins, while O-glycosidase catalyzes the removal of cores 1 and 2
from glycoproteins. The enhancement in CD44 binding indicates that neither the core 1
glycosylation nor the sialic acid terminal residues are required in thPRG4 binding to CD44.
Accordingly, the level of sialylation and core 1 glycosylations on thPRG4 protein core are not
essential to the PRG4’s ability to bind CD44. In contrast, removal of these residues may lead
to a conformational change in the thPRG4 semi-rigid rod shaped structure that results in

enhanced interaction with CD44.

1E. Pro-inflammatory cytokine-induced rheumatoid arthritis fibroblast-like
synoviocyte proliferation and impact of rhPRG4 or HMW HA treatment.

[00135] The synovia of patients with RA contain considerable amounts of various CD44
isoforms and are generally present to a higher degree compared to OA or normal synovia (Naor
et al., Arthritis Res Ther 2003;5(3):105-15; . Grisar et al., Clin Exp Rheumatol 2012; 30(1):64-
72). Rheumatoid arthritis fibroblast-like synoviocytes (RA-FLS) play an important role in the
invasiveness of the synovia of patients with RA. The expression of a unique CD44 variant
(CD44v7/8) contributes to the proliferation of RA-FLS in vitro (Wibulswas et al., Am J Patho!l
2000;157(6):2037-2044) and pharmacological agents that bind cell surface CD44 with
subsequent receptor shedding have shown efficacy in experimental arthritis models (Runnels ef
al. Adv Ther 2010; 27(3):168-80).

[00136] Rheumatoid arthritis fibroblast-like synoviocytes (RA-FLS; Cell Applications,
USA) between 3™ and 6™ passages were used to conduct these experiments. In sterile 96 well
plates, RA-FLS (5,000 cells per well in 80 uL.) were cultured in DMEM supplemented with 1%
FBS and 1 mM pyruvate and stimulated with recombinant human interleukin-1 beta (IL-1B; R
& D systems) at 20 ng/mL or tumor necrosis factor alpha (TNF-a; R & D systems) at 5 ng/mL
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for 48 hours at 37°C in the absence or presence of hPRG4 or HMW HA at a final
concentration of 20, 40 or 80 pg/mL. The total volume in each well was 200 uL. Cell
proliferation, an indication of inflammation, was determined using the CellTiter 96 AQueous
one solution cell proliferation assay (MTS; Promega, USA) and the 490 nm absorbance was
determined. Data is presented as the number of fold change in 490 nm absorbance compared to
untreated control RA-FLS. The data represents the average of 3 independent experiments with
at least triplicate wells per treatment. To evaluate the contribution of CD44 to the effect of
rhPRG4 or HMW HA, RA-FLS were stimulated with IL-1B or TNF-a as described above.
Treatment with thPRG4 or HMW HA was conducted to a final concentration of 80 pg/mL in
the absence or presence of IM7 (Abcam, USA), a CD44 neutralizing antibody that recognizes a
conserved epitope across all CD44 isoforms (Samson et al., Exp Eye Res, 2014; 127C:14-19),
at a final dilution of 1:200. The total volume in each well was 200 ul. Cell proliferation across
the experimental groups was determined as described above and data is presented as the
number of fold change in 490 nm absorbance compared to untreated control RA-FLS. The data

represents the average of 3 independent experiments with at least triplicate wells per treatment.

[00137] IL-1PB and TNF-a induced RA-FLS proliferation over a 48 hour period is shown
in FIG. 4A. Treatment with 40 and 80 ug/mL thPRG4 or HMW HA significantly suppressed
RA-FLS proliferation with IL-1f stimulation (p<0.05). Treatment with 20, 40 and 80 pug/mL
rhPRG4 significantly suppressed RA-FLS proliferation with TNF-a stimulation (p<0.05).
Treatment with HMW HA did not result in suppressing RA-FLS proliferation with TNF-a. Co-
treatment with the IM7 anti-CD44 antibody reversed the effect of rhPRG4 and HMW HA on
IL-1pB stimulated RA-FLS as shown by the lack of significant difference in the change of
absorbance between the IL-1p stimulated RA-FLS treated with thPRG4+IM7 or HMW
HA+IM7 and IL-1f stimulated RA-FLS as shown in FIG. 4B. Similarly, co-treatment with
IM7 antibody reversed the effect of thPRG4 on TNF-a induced RA-FLS proliferation.

[00138] rthPRG4 and HMW HA at 40 and 80 ug/mL significantly suppressed IL-13
induced RA-FLS proliferation (p<0.05). thPRG4 at 20, 40 and 80 ug/mL significantly
suppressed TNF-a induced RA-FLS proliferation (p<0.05). CD44 neutralization reversed the
effect of thPRG4 on IL-1p and TNF-o stimulated RA-FLS and the effect of HMW HA on IL-
1B stimulated RA-FLS.
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[00139] IL-1PB and TNF-a induced RA-FLS proliferation with higher cell proliferation
observed with TNF-a stimulation, which is in agreement with other published reports (e.g.,
Lacey et al. Arthritis Rheum 2003;48(1):103-109). thPRG4 inhibited the IL-13 and TNF-a
induced RA-FLS proliferation in a mechanism that involves CD44 binding. The downstream
effect of thPRG4 and CD44 interaction is the inhibition of nuclear translocation of NF-xB. In
this cell proliferation assay, HMW HA inhibited IL-1f induced proliferation of RA-FLS but did
not inhibit TNF-a induced proliferation. As with thPRG4 treatment, the effect of HMW HA
was reversed with a CD44 antibody, indicating the role of CD44 in mediating this effect.

[00140] These data show that thPRG4 exerts an anti-proliferative, anti-inflammatory
effect on RA-FLS subsequent to IL-13 or TNF-a stimulation. Interestingly, rhPRG4
concentrations that demonstrate this anti-proliferative effect are generally lower than the
optimal thPRG4 concentrations required to provide boundary lubrication. This anti-
proliferative effect of thPRG4 is mediated by CD44 interaction with a downstream inhibition
of NF-kB nuclear translocation, suggesting that therapeutically applied lubricin may mitigate
the effects of pro-inflammatory cytokines on the proliferation of deleterious cell types via a

CD44 dependent mechanism.

1F. Effect of rhPRG4 treatment on nuclear translocation of NFxB following TNF-
o stimulation of RA-FLS

[00141] RA-FLS (400,000 cells/well) were cultured and stimulated with TNF-a (5
ng/mL) and treated with thPRG4 (200 pug/mL) or a commercially available NFxB translocation
inhibitor MG 132 (3 uM; Tocris Bioscience) for 24 hours in serum free media. Cells were
harvested and nuclear extraction was performed using a commercially available kit (Thermo
scientific). Total protein was measured using a micro bicinchonic acid (BCA) kit (Thermo
scientific) and 3 ug of nuclear extract of each experimental group were used. The p50 subunit
of NFxB was detected in the nuclear extract using a commercially available NFkB DNA
binding assay kit (Abcam). Data is presented as the number of fold change in NFkB nuclear
levels compared to untreated control. To evaluate whether inhibition of NFxB translocation by
rthPRG4 is CD44 dependent, the above experiment was repeated in the presence or absence of
IM7 CD44 antibody (1:1,000 dilution). Data represents the average of 3 independent

experiments with at least triplicate wells per treatment.
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[00142] TNF-a treatment resulted in significant NFkB nuclear translocation compared to
untreated controls (p<0.001) (FIG. 4C). Treatment with thPRG4 or NF«B translocation
inhibitor MG132 significantly reduced NF«xB nuclear translocation compared to TNF-o-treated
RA-FLS (p<0.001). NF«xB nuclear translocation in the TNF-a+thPRG4+IM7 group was
significantly higher than NF«xB translocation in the TNF-o+rhPRG4 group (p<0.001) and was
not significantly different from the TNF-a group. Accordingly, the anti-proliferative, anti-
inflammatory effect of thPRG4 is mediated by CD44 interaction, with a downstream inhibition
of NFxB nuclear translocation, suggesting that hPRG4 has the ability to directly reduce the

pro-inflammatory effects of NF-kB nuclear translocation via a CD44 dependent mechanism.
1G. Isolation of Prg4-/- and Prg4+/+ synoviocytes and CD44 immunocytochemistry

[00143] Synovial tissue was harvested from Prg4-/- and Prg4+/+ male mice (8-10 weeks
old; 5-8 animals per genotype) and digested with pronase enzyme (2 mg/mL; Sigma Aldrich) in
sterile HBSS buffer for 30 min at 37°C with shaking. This was followed by digestion with type
I collagenase (1 mg/mL; Sigma Aldrich) for 4 hours at 37°C with shaking. The enzymatic
reaction was stopped using DMEM+10% FBS. Cells were grown in DMEM+10%FBS and
Prgd-/- synoviocytes were used between 2" and 4™ passages while Prgd—+/+ synoviocytes were

used in their second passage.

[00144] Prgd-/- and Prgd-+/+ synoviocytes were grown in chamber slides (Thermo
Scientific). Cells were fixed in 4% formaldehyde for 15 min and washed twice with PBS
buffer. Cells were permeabilized with 0.2% Triton X-100 for 10 min and washed 3 times with
PBS buffer. Cells were blocked with 2% BSA for 30 min. Synoviocytes were incubated with
IM7 anti-CD44 antibody (1:200) at 4°C overight. Following washing three times with PBS,
synoviocytes were incubated with Alexa Fluor 488 goat anti-rat IgG (Life Technologies) at
1:400 dilution for 1 hour in the dark. All incubations were performed at room temperature
unless otherwise specified. Following washing with PBS for 5 min, Vectashield mounting
medium containing DAPI (Vector Labs, Burlingame, CA, USA) was added. Cells were
imaged with the Nikon Eclipse 90i Fluorescence Microscope using NIS Elements imaging

software.

[00145] CD44 immunocytochemistry of Prgd-/- and Prg4+/+ synoviocytes is shown in

FIG. SA. Intense green fluorescence, indicative of CD44 localization and unoccupied CD44
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epitopes, was observed for Prg4-/- synoviocytes. Alternatively, no or faint green fluorescence
was observed for Prgd+/+ synoviocytes, indicating that most CD44 receptors (epitopes) were
occupied or antagonized by native Prg4 expression. IL-1p and TNF-a treatment resulted in a
significant increase in Prg4-/- synoviocytes proliferation compared to untreated Prg4-/-
synoviocytes (p<0.001) (FIG. 5B). In contrast, only IL-1p stimulation resulted in a significant
increase in Prgd+/+ synoviocyte proliferation compared to untreated Prgd+/+ synoviocytes
(p<0.001). Additionally, the fold increase in IL-1f3 and TNF-a induced proliferation of Prg4-/-
synoviocytes was significantly higher than the fold increase in cytokine induced proliferation of

Prg4+/+ synoviocytes (p<0.001).

[00146] Treatment with thPRG4 significantly inhibited IL-1p and TNF-a induced
proliferation of Prg4-/- synoviocytes (p<0.001) (FIG. SC). Co-treatment with IM7 reversed the
effect of thPRG4. This is illustrated by the significant increase (p<0.001) in Prg4-/-
synoviocyte proliferation in the IL-1f+rhPRG4+IM7 and TNF-a+rthPRG4+IM7 groups
compared to IL-1p+rhPRG4 and TNF-a+rthPRG4 groups, respectively. There was no
significant difference in Prg4-/- synoviocyte proliferation between TNF-a+rthPRG4+IM7 and
TNF-a groups. In contrast, Prgd-/- synoviocyte proliferation was significantly higher in the IL-
1B group than the IL-1B+rhPRG4+IM7 group (p<0.001).

[00147] Prg4 -/- mice exhibit early signs of cartilage degeneration, demonstrated by
surface fibrillations and increased joint coefficient of friction compared to Prgd-+/- and Prgd+/+
mice (Jay et al., Arthritis Rheum, 2007; 56(11):3662-9). Additionally, Prg4-/- mice exhibit
increased activated caspase-3 chondrocyte staining in articular cartilage compared to age-
matched Prgd4+/+ cartilage (Waller ef al., Proc. Natl. Acad. Sci. USA, 2013; 110(15): 5852-7)
and synovial hyperplasia and overgrowth is evident in Prg4 -/- mice, with no obvious synovial
hyperplasia in Prg4 +/- or Prg4 +/+ mice (Rhee et al., J. Clin. Invest, 2005; 115(3):622-31).
Prg4-/- synoviocytes display enhanced CD44 staining compared to Prgd-+/+ synoviocytes.
Additionally, pro-inflammatory cytokines induced significant proliferation of Prg4-/-
synoviocytes with no appreciable effect on Prgd+/+ synoviocytes. Combined, these
observations indicate an ongoing inflammation in Prg4-/- joints with a proliferating
synoviocyte phenotype resembling that of RA-FLS. thPRG4 inhibited cytokine-induced Prg4-
/- synoviocyte proliferation and this effect was mediated by thPRG4-CD44 interaction.
Neutralizing CD44 completely reversed the anti-proliferative effect of thPRG4 following TNF-
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o stimulation and partially reversed the anti-proliferative effect of thPRG4 following IL-1[3
stimulation. This difference related to rhPRG4-CD44 interaction in the setting of TNF-o, and
IL-1P stimulation of Prg4-/- synoviocytes may potentially be due to thPRG4’s ability to
modulate other signaling pathways independent of its ability to interact with CD44.
Accordingly, thPRG4 inhibits IL-1p and TNF-a induced proliferation of Prg4-/- synoviocytes
in a mechanism that involves CD44, and therefore is an antagonist of CD44 capable of down-

regulating the pro-inflammatory activity of CD44 signaling.

Example 2. Lubricin modulates production of inflammatory cytokines in human whole

blood systems.

[00148] Lipopolysaccharides (LPS) are found in the outer membrane of Gram-negative
bacteria and elicit strong immune inflammatory responses in animals. The effect of LPS
challenge on the production of inflammatory cytokines was studied in citrated whole human
blood using Biochip Array technology to profile the generation of various cytokines and the
modulation of their production. The generation of IL2, IL4, IL6, IL8, IL10, VEGF, IFNg,
TNFa, IL1a, IL1b, MCP1 and EGF was studied in citrated whole blood samples supplemented
with saline (1-10 ratio) and LPS at 10 ug/mL in samples incubated for 60 minutes at 37 °C.
These mixtures were centrifuged and the supernatant plasma was analyzed for the 14
inflammatory biomarkers using a high sensitivity cytokine array on a Randox Invesitigator
Biochip reader. These studies were run in duplicate and tabulated in the form of a table and a
figure. As shown in FIGS. 8A-B, supplementation of lipopolysaccharide in a 1:10 dilution in
whole blood results in an increase in production of the inflammatory cytokines IL-4, IL-6, IL-8,
IL-10, VEGF, TNF-q, IL1-, and MCP-1 under the specified conditions. No changes in L2,
IFNg, and IL1b were noted. Figure 8B shows the percent changes in the various parameters

clearly demonstrating a pronounced increase in IL6, ILS, VEGF and TNFa.

[00149] Utilizing the same approach the effect of lubricin on the generation of
inflammatory cytokines in whole blood was also studied using similar experimental settings. In
these studies the effect of lubricin (.57 mg/mL) was studied by supplementing it to the whole
citrated blood drawn from the normal healthy volunteers. The samples were profiled for
inflammatory cytokine levels along with a saline control in samples incubated for 60 minutes.

Whole blood was centrifuged to obtain plasma which was profiled for various inflammatory
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cytokines using high sensitivity cytokine assay. As shown in FIGS. 9A-B, supplementation
with lubricin at 0.57 mg/mL in whole blood resulted in a decrease in production of I1L-4, 1L-6,
IL-8, IL-10, VEGF, TNF-q, IL-13, MCP-1, and EGF. The most prominent decrease was seen
in VEGF, IL8, IL6 and IL10.

[00150] The effect of lubricin on LPS-mediated inflammatory cytokine generation was
studied using Biochip Array technology. In these studies LPS alone at 10 ng/mL and LPS pre-
supplementation at 10 ng/mL followed by lubricin supplementation at 0.57 mg/mL were
compared in the whole citrated blood for the generation of various inflammatory cytokines. All
samples were incubated for 60 minutes and centrifuged to obtain plasma. This plasma was
subsequently analyzed using the biochip array for inflammatory cytokines. LPS was
supplemented to whole blood in a 1:10 dilution. As shown in FIGS. 10A-B, the presence of
lubricin resulted in a decrease in IL-4, IL-6, IL-8, IL-10, VEGF, TNF-q, IL-1, MCP-1 and
EGF, even though, as discussed above, presence of LPS alone resulted in an increase in
production for each of these cytokines. As shown in Figure 10B lubricin resulted in a marked
decrease in the EGF, IL10, VEGF, MCP1, IL1b and TNF levels. These data suggest that
supplementation of lubricin interferes with LPS-mediated inflammatory cytokine generation in

a significant way, indicating that lubricin has anti-inflammatory properties.

[00151] The effect of lubricin on TNF-a mediated inflammatory cytokine generation was
studied using Biochip Array technology. Recombinant TNF-a was used as a trigger to generate
inflammatory cytokines in whole blood. The effect of lubricin was studied on the TNF-a
mediated generation of various cytokines. TNF-q alone at a concentration of 100 mg/mL was
supplemented to the whole blood which was incubated for 60 minutes at 37°C. TNF-o was
supplemented to whole blood in a 1:10 dilution. The modulatory effects of lubricin on TNF-a-
mediated generation of various cytokines were studied by supplementing lubricin at 0.57
mg/mL in the whole blood immediately prior to addition of TNF-a. After 60 minutes plasma
was obtained from centrifugation and analyzed for inflammatory cytokine using Randox
Biochip arrays. As shown in FIGS. 11A-B, the presence of lubricin resulted in a decrease in
IL-6, IL-8, IL-10, VEGF, TNF-q, IL-1p, and EGF, even though challenge with TNF-o alone
resulted in the production of each these cytokines. Figure 11B shows that lubricin decreased
the levels of cytokines in a range of 10-100%. The most dramatic decrease in TNF-o

stimulated cytokine expression was found to be the reduction of stimulated IFN-y and TNF-a
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(as lubricin apparently interrupted a positive feedback loop of TNF-a production) as compared
to stimulation in the absence of lubricin. These data suggest that administration of lubricin
interferes with TNF-a-mediated inflammatory cytokine generation in a significant way,

indicating that lubricin has anti-inflammatory properties.

[00152] The effect of lubricin on recombinant tissue factor (TF) mediated inflammatory
cytokine generation was studied using Biochip Array technology. In these studies
recombiplastin brand (IL Laboratories) tissue factor was used to trigger the generation of
inflammatory cytokines in human whole blood. The effect of lubricin at 0.57 mg/mL was
studied by supplementing this agent prior to the addition of tissue factor to the whole blood.
Tissue factor alone served as a positive control. The blood samples were centrifuged and
plasma retrieved. This plasma was then profiled for the inflammatory cytokine profile on the
Randox Biochip arrays. TF was supplemented to whole blood in a 1:10 dilution. As shown in
FIGS. 12A-B, the presence of lubricin resulted in a decrease in IL-6, IL-8, VEGF, TNF-q, IL-
1a, IL-1p, MCP-1 and EGF, even though challenge with TF alone resulted in the production of
each these cytokines. As shown on Figure 12B, lubricin produced a pronounced decrease in
TNF-a and VEGF levels in tissue factor supplemented samples. These data suggest that
administration of lubricin interferes with TF-mediated inflammatory cytokine generation in a

significant way, indicating that lubricin has anti-inflammatory properties.

[00153] These studies show that lubricin is capable of inhibiting the generation of
various inflammatory cytokines in whole blood which was supplemented bacterial
lipopolysaccharide (LPS), TNF-a and tissue factor. All these agents are mediators of
inflammation. Thus lubricin is capable of down-regulating the generation of inflammatory

cytokines across a wide variety of mediators.
Example 3. Lubricin reduces levels of pro-inflammatory cytokines in vivo

[00154] In order to determine if lubricin could modulate pro-inflammatory cytokine
levels in vivo, arat model was used. Nine rats were subject to surgery to destabilize the medial
meniscus (DMM surgery). Seven days after surgery, each rat received a single intraarticular
dose of lubricin of 200 pg/kg. Control rats received an injection of an equal volume of saline.
Cytokine levels in serum samples taken from the test mice were compared with control mice

who received surgery but no dose of lubricin post-surgery. Samples were drawn 3 weeks after
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the dose of lubricin was administered and analyzed using the Luminex Multiplex platform.

The results are shown in FIG. 13 where the measured levels of EPO, 1L-13, IL-10, IL-18, IL-
la, IL-2, MCSF, IL-1B, IL-4, IFN-y, MIP-30a, GMCSF, IL-7, TNF-a, VEGF, MCP-1, IL-5, G-
CSF, RANTES, IL-6, GRO, IL-17¢, and IL-12p70 are shown. The levels of IL-18, MCSF,
MCP-1, RANTES, and GRO were all reduced in rats receiving lubricin as compared to rats that
were injected with saline alone. More specifically, this shows the broad anti-inflammatory
effects of lubricin, as this pattern of inflammatory cytokines was distinct from the TNF-o/IL-
6/IL-8 dominated profile of the LPS and TF mediators (which were generally not upregulated
in this model). Nevertheless, lubricin was able to significantly reduce pro-inflammatory

cytokine production in vivo.

Example 4. The effect of lubricin on cytokine levels secreted by human osteoarthritic

synoviocytes

[00155] Synovial fluid cells were obtained from normal and osteoarthritic (OA) patients
and purified with CD90+ following an immune cell depletion. The cells were plated at 10,000
per well and suspended in media containing DMEM, heat-inactivated Hyclone FBS (10%), and
Anti-Anti (1%). The assays contained the cell suspension (cells + media) at 180 uL and the
ligands at 20 pL for a total volume of 200 puL.. Recombinant lubricin (thPRG4) was then
introduced to the cells at a concentration of 90 pug/mL and the negative control was PBS. The
plate was then incubated at 37°C at 5% CO, for 24 hours, after which the supernatants were
collected for cytokine analysis via the Luminex multiplex platform. As shown in FIGS. 14A-
B, normal cells did not show any changes in cytokine response when comparing the lubricin vs.
PBS conditions. The OA cells, however, showed a down-regulation in FGF-2 and IL-1Ra
cytokines when exposed to lubricin. Accordingly, in cells already exhibiting an inflammatory
response, such as the osteoarthritic cells tested herein, administration of lubricin has the ability

to reduce the levels of pro-inflammatory cytokines expressed from these cells.
Example 5. Treatment of Brain Injury

[00156] During head trauma there are frequently contusions of brain tissue and
disruption of vascular integrity resulting in subarachnoid hemorrhage and/or subdural
hematomas. Consequently, neurons are lost leading to compromised brain function. In

addition, in CVA’s and TIA’s, one or more intra-vascular clots form, blocking oxygen and
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nutrient delivery to brain cells, including neurons, in a volume of the brain downstream of the
blockage. This also leads to destruction of neurons, thereby compromising brain function. The
brain immune response to injury involves an increased production of pro-inflammatory
mediators and the recruitment of leukocytes to the area of injury. This contributes to neuronal
damage in brain regions peripheral to the site of injury, termed the “penumbra,” and
exacerbates brain damage. Neuro-inflammation is one of the key mechanisms of secondary
injury, and it is well established that post-traumatic neuro-inflammation significantly
contributes to neuronal damage occurring after traumatic brain injury. One way to limit such
brain damage is by administration of agents during a short interval (hours) after injury thereby
reducing neuroinflammation and resulting neuronal damage. Accordingly, in an embodiment
of the present invention, rhPRG4, also known as lubricin, can be administered systemically
through the vasculature or during surgery to relieve pressure in the brain, as a means for

limiting brain damage, Support for such treatment is supported by the results presented below.

[00157] Approximately one hour after traumatic brain injury to rats, using an established
brain injury model involving a controlled cortical impact, thPRG4 was administered
intravenously to test rats at an approximate dose of 2.5 mg/Kg. Normal saline (0.9% NaCl) was
administered intravenously to control rats. One day later, brains were harvested and the
samples of the cerebral cortex surrounding the post-traumatic lesion were analyzed using
Western blotting. The analysis demonstrated that rhPRG4 reduced the post-traumatic

production of proinflammatory mediators when compared with controls.

[00158] Galectin 3, whose brain expression is rapidly increased and maintained at a high
level for an extended period of time after traumatic brain injury, was down regulated by

74%. A 60% reduction in the magnitude of post-traumatic influx of monocytes into the injured
brain parenchyma was also observed in thPRG4-treated rats, when compared with normal
saline-treated rats, and thPRG4 also substantially attenuated (by 94%) the post-traumatic
synthesis of matrix metalloproteinase 9 and inhibited (by 64%) the conversion of pro-matrix
metalloproteinase 2 to its enzymatically active form. In addition, thPRG4 reduced by 80% the
permeability of the blood-brain barrier, which was evaluated by assessing the level of albumin

in traumatized brain tissue.
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[00159] Injection of fluorescently labeled thPRG4 showed that it enters the brain
parenchyma in the injured areas of the brain, while being totally absent from the undamaged
areas of the brain. Together with the results of in vifro studies involving the monocytic cell line
THP-1, these observations indicate that thPRG4 limits the magnitude of post-traumatic neuro-
inflammation by both directly inhibiting the chemotactic activity of invading inflammatory

cells, and by curtailing the production and signaling of pro-inflammatory mediators.

[00160] Thus, thPRG4 selectively targets the injured areas of the brain, reducing the
likelihood of off-target pharmacological effects. Recombinant hPRG4 limits, with high
efficacy, the magnitude of neuro-inflammation caused by traumatic brain injury, by reducing
the post-traumatic production of proinflammatory mediators and the influx of inflammatory
cells. Also, ThPRG4 exhibits a unique ability to stabilize the blood-brain barrier. The discovery
of this novel thPRG4 property is of great significance for treatment of brain injury, as blood-
brain barrier dysfunction observed in brain injury not only contributes to neuronal death in the
acute stage of injury, but also leads to progressive neurodegenerative changes in the injured

brain and, consequently, poor neurological outcomes.
Example 6. Treatment of Inflammatory Bowel Disease

[00161] Inflammatory bowel disease is characterized by a cytokine mediated recruitment
of activated T cells that results in oxidative damage and a wearing of the intestinal epithelium.
It is estimated that 25%—40% of people with ulcerative colitis (UC) or Crohn’s disease may
progress to surgery, such as an ileal pouch anal anastomosis, or proctocolectomy that removes
portions of the colon and rectum. Common therapies include broad spectrum anti-inflammatory
medications such as corticosteroids, anti-TNF antibodies, or more targeted anti-integrin
antibodies that aim to prevent gut-homing T-cell mobility. None of these approaches are
suitable for long term therapy because of serious side effects such as infections and cancer that
accompany these approaches. By contrast, recombinant hPRG4 can be selectively applied to
the gut to both replenish the missing epithelial glycocalyx and reduce cytokine expression
locally. A recent characterization of the cytokine profile of predominantly colonic
inflammatory bowel disease revealed increased TNF-a, GRO, CCL11 (eotaxin) in UC, IL-6 in
Crohn’s, and IL-8 in both UC and Crohn’s versus controls (Korolkova et al., Clin Med Insights
Gastroenerol 2015 May 6;8: 29—44). Lubricin has been shown to significantly reduce
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expression of these cytokines. In one embodiment, rhPRG4 is administered via enema or orally,
whether through gavage, whole bowel irrigation, drinking a solution, or through encapsulated
pills (e.g., microparticle encapsulation, nanoparticle encapsulation, polymer encapsulation,
etc.). By way of example, an enema administration of 100 mL to 4 L thPRG4 in concentrations
ranging from 10 pg/mL to 200 pg/mL, more preferably volumes of 200 mL to 500 mL in
concentrations from 50 pg/mL to 150 pg/mL, suspended in an intestinally acceptable buffered
salt solution, replenishes the glycocalyx, prevents T cell homing and downregulates cytokine
expression in the locality of the administered lubricin. Administration of thPRG4 results in
improved epithelial barrier function, less vascular permeability, less susceptibility to protease
activity, and improved nutrient absorption. In certain embodiments, a magnesium citrate or
other laxative is administered up to 24 hours prior to lubricin administration, followed by

appropriate fasting.
Example 7. Treatment of Gout

[00162] Rats undergoing injection of sodium urate crystals were studied as a model of
gout. 24 hours following the sodium urate crystal administration, rats developed joint pain.
Two rats received saline while another two rats received rhPRG4 injection 24 hours after the
urate crystals were introduced. These rats were studied every 12 hours utilizing the Von Frey
method. This method determines afferent pain sensitization as a result of joint inflammation by
probing the paws of the affected limb with a thin filament wire. The data in FIG.15 shows that

the rats that received thPRG4 were in less pain than rats which received placebo.

[00163] While preferred embodiments of the present invention have been shown and
described herein, it will be apparent to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the scope
of the invention and that methods and structures within the scope of these claims and their

equivalents be covered thereby.

[00164] Other features and advantages of the invention will be apparent from the

following description of the preferred embodiments thereof and from the claims. These and
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many other variations and embodiments of the invention will be apparent to one of skill in the

art upon a review of the description and examples.
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What is claimed is:

1. A method of reducing or inhibiting an inflammatory response in a patient comprising
administering PRG4 to the patient in need thereof at a site that is non-cartilaginous, non-osteal,

non-osseous, and non-articular, and is not the cornea, urinary bladder, or tissue of the oral

cavity.
2. The method of claim 1, wherein the PRG4 is administered systemically to the patient.
3. The method of claim 2, wherein the administration is intravenous, intraperitoneal, by

inhalation, intramuscular, subcutaneous, oral, rectal, buccal, or sublingual.

4, The method of claim 1, wherein the PRG4 is administered locally to said site.

5. The method of claim 4 wherein the PRG4 is administered topically or by injection or
perfusion.

6. The method of any one of claims 1-5, wherein the PRG4 is recombinant exogenous
human PRG4.

7. The method of any one of claims 1-6, wherein the PRG4 is effective to interfere with

CD44 signaling.

8. The method of any one of claims 1-7, wherein the PRG4 has the sequence of SEQ ID

NO:1 less the signal sequence.

9. The method of claim 1 wherein PRG4 is administered locally to said patient at a
location selected from skin, kidney, lungs, liver, a wound or surgical incision, thyroid,
pancreas, spleen, thymus, ovary, testicle, ureter, uterus, adrenal gland, pituitary gland,
hypothalamus, urethra, prostate, heart, artery or vessel, brain, stomach, small intestine, large

intestine, colon, esophagus, pharynx, larynx, trachea, tongue, posterior eye, or tumor.
10. The method of claim 9 wherein the location is a site of inflammation in the patient.

11. The method of any preceding claim wherein the patient suffers from an inflammatory
condition selected from the group consisting of acne; acute organ failure; acute respiratory

distress syndrome (ARDS); Addison’s disease; allergic rhinitis; allograft rejection; alopecia
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areata; Alzheimer’s disease; anaphylaxis; Appendicitis; asthma; atherosclerosis; atopic
dermatitis; autoimmune alopecia; autoimmune disease; autoimmune hyperthyroidism;
autoimmune hypopituatarism; autoimmune polyglandular disease; Behcet’s disease; brain
injury; bronchitis; cancer; cardiopulmonary bypass syndrome; cardiorenal syndrome; Celiac
disease; chronic actinic dermatitis; chronic obstructive pulmonary disease (COPD); chronic
renal failure; colitis, contact dermatitis; Crohn’s disease; dermatomyositis; diabetes; eczema;
emphysema,; foreign body rejection; glaucoma; glomerulonephritis; gout; graft vs. host disease;
Graves’ Disease; Guillain-Barre syndrome; Hashimoto’s thyroiditis; hay fever; hepatorenal
syndrome; hypersensitivity or allergy; inclusion body myositis; infection due to viral, fungal,
parasitic or microbial infiltration; inflammatory bowel disease; inflammatory kidney disease;
injury due to thermal or chemical exposure or irradiation; irritable bowel syndrome; ischemia;
lung inflammation; morphea; multiple sclerosis; mycosis fungoides; myocardial infarction;
necrosis; non-infectious lung injury; pancreatitis; pernicious anemia;, pneumonia; polymy ositis;
prostatitis; pseudogout; psoriasis; Pustulosis palmoplanteris; Pyoderma gangrenum; respiratory
allergy; scleroderma; sepsis; serum sickness; Sezary’s syndrome; skin allergy; stroke; systemic
inflammatory response syndrome (SIRS); systemic lupus erythematosus; systemic sclerosis; T-
cell mediated hypersensitivity diseases; transplant rejection; trauma including from a gun
wound, knife wound, automobile accident, fall, or combat; tuberculosis; ulcerative colitis;

uticaria; pericarditis, and vitiligo.

12. The method of claim 2, wherein the patient suffers from an inflammatory condition
selected from the group consisting of arthritis, osteoarthritis, psoriatic arthritis, rheumatoid
arthritis, diabetic retinopathy, retinal inflammation, retinitis, Sjogren’s syndrome, macular

degeneration, gout, pseudogout, pericarditis, and uveitis.

13. The method of claims 11 or 12, wherein the inflammatory response in the patient is

associated with the inflammatory condition with which the patient suffers.

14, The method of any preceding claim wherein PRG4 is administered in an amount

insufficient to provide boundary lubrication in the patient.

15.  The method of any preceding claim wherein PRG4 is administered in an amount
ranging from 0.1 pg/kg - 4000 pg/kg, or is administered locally to provide a coating of PRG4
from a PRG4 solution.
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16.  The method of any preceding claim, wherein the reduction or inhibition of the
inflammatory response is measurable by level of production of a pro-inflammatory cytokine in

the patient.

17. The method of claim 1 comprising treatment of inflammatory bowel disease by
administering lubricin to the bowel of a patient systemically, rectally, orally, or through a

combination thereof.

18. The method of claim 1 comprising treatment of a brain injury by administering lubricin
to the brain of a patient systemically, topically during surgery, or through a combination

thereof.

19. The method of claim 1 comprising treatment of an allergy symptom in a patient
suffering from a symptom selected from the group consisting of congestion, post-nasal drip,
coughing, wheezing, sneezing, runny nose, itchy throat, itchy skin, itchy eyes, and watery eyes,
the method comprising the step of administering topically to a tissue surface exhibiting or at
risk of developing the symptoms an amount of a composition comprising PRG4 sufficient to

ameliorate the symptom.

20. The method of claim 19 wherein the composition is administered intranasally, orally, or

by inhalation.

21. A method of reducing or inhibiting an inflammatory response in a patient having an
inflammatory condition, the method comprising administering PRG4 to the patient, wherein the
inflammatory condition is selected from the group consisting of acne; acute organ failure; acute
respiratory distress syndrome (ARDS); Addison’s disease; allergic rhinitis; allograft rejection;
alopecia greata; Alzheimer’s disease; anaphylaxis; Appendicitis; asthma; atherosclerosis; atopic
dermatitis; autoimmune alopecia; autoimmune disease; autoimmune hyperthyroidism;
autoimmune hypopituatarism; autoimmune polyglandular disease; Behcet’s disease; brain
injury; bronchitis; cancer; cardiopulmonary bypass syndrome; cardiorenal syndrome; Celiac
disease; chronic actinic dermatitis; chronic obstructive pulmonary disease (COPD); chronic
renal failure; colitis, contact dermatitis; Crohn’s disease; dermatomyositis; diabetes; eczema;
emphysema; foreign body rejection; glaucoma; glomerulonephritis; gout; graft vs. host disease;

Graves’ Disease; Guillain-Barre syndrome; Hashimoto’s thyroiditis; hay fever; hepatorenal
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syndrome; hypersensitivity or allergy; inclusion body myositis; infection due to viral, fungal,
parasitic or microbial infiltration; inflammatory bowel disease; inflammatory kidney disease;
injury due to thermal or chemical exposure or irradiation; irritable bowel syndrome; ischemia;
lung inflammation; morphea; multiple sclerosis; mycosis fungoides; myocardial infarction;
necrosis; non-infectious lung injury; pancreatitis; pernicious anemia;, pneumonia; polymy ositis;
prostatitis; pseudogout; psoriasis; Pustulosis palmoplanteris; Pyoderma gangrenum; respiratory
allergy; scleroderma; sepsis; serum sickness; Sezary’s syndrome; skin allergy; stroke; systemic
inflammatory response syndrome (SIRS); systemic lupus erythematosus; systemic sclerosis; T-
cell mediated hypersensitivity diseases; transplant rejection; trauma including from a gun
wound, knife wound, automobile accident, fall, or combat; tuberculosis; ulcerative colitis;

uticaria; pericarditis; and vitiligo.
22. The method of claim 21, wherein the PRG4 is administered systemically to the patient.

23. The method of claim 22, wherein the administration is intravenous, by inhalation,

intramuscular, subcutaneous, oral, rectal, buccal, or sublingual.

24, The method of claim 21, wherein the PRG4 is administered locally to the patient.

25. The method of claim 24, wherein the PRG4 is administered topically or by injection.
26. The method of any one of claims 21-25, wherein the PRG4 is exogenous human PRG4.

27. The method of any one of claims 21-26, wherein the PRG4 is recombinant human

PRG4.

28. The method of any one of claims 21-27, wherein the PRG4 has the sequence of SEQ ID

NO:1 less the signal sequence.

29. The method of claim 24 or 25, wherein said PRG4 is administered to said patient at a
location selected from skin, kidney, lungs, liver, a wound or surgical incision, thyroid,
pancreas, spleen, thymus, ovary, testicle, uterus, adrenal gland, pituitary gland, hypothalamus,
urethra, prostate, heart, artery or vessel, brain, stomach, small intestine, large intestine, colon,

esophagus, pharynx, larynx, trachea, tongue, or tumor.
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30. The method of any of claims 21-29 claim wherein PRG4 is administered in an amount

insufficient to provide boundary lubrication in the patient.

31.  The method of any of claims 21-30 wherein PRG4 is administered in an amount ranging
from 0.1 pg/kg - 4000 pg/kg, or is administered locally to provide a coating of PRG4 from a
PRG4 solution.

32. The method of any one of claims 21-31, wherein the reduction or inhibition of the
inflammatory response is measurable by level of production of a pro-inflammatory cytokine in

the patient.

33. A method of reducing or inhibiting an inflammatory response in a patient at a site that is
non-cartilaginous, non-osteal, non-osseous, and non-articular, and is not the cornea, urinary

bladder, or oral cavity, comprising administering PRG4 to said patient wherein said PRG4
a) binds a CD44 receptor on a cell in said patient;
b) reduces or inhibits the production of a pro-inflammatory cytokine in said patient;
and/or
d) reduces or inhibits the translocation of NF-«xB in a cell in said patient,

thereby reducing or inhibiting the inflammatory response in said patient.

34, The method of claim 33, wherein the patient is a human.

3s. The method of claim 33, wherein said PRG4 is recombinant human lubricin.

36. The method of claim 33, wherein said recombinant human lubricin has the sequence of

SEQ ID NO:1 less the signal sequence.
37. The method of claim 33, wherein said PRG4 is exogenous human lubricin.

38. The method of any one of claims 33-37 wherein PRG4 is administered systemically to

said patient.

39. The method of claim 38, wherein said systemic administration is parenteral or enteral.
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40. The method of claim 38, wherein said systemic administration is intramuscular,

intravenously, intraperitoneal, oral, rectal, sublingual, buccal, sublabial, nasal, or inhalational.

41. The method of any one of claims 33-35, wherein said PRG4 is administered locally to
said patient at a location that is a site of inflammation in said patient selected from skin, kidney,
lungs, liver, a wound or surgical incision, thyroid, pancreas, spleen, thymus, ovary, testicle,
uterus, adrenal gland, pituitary gland, hypothalamus, urethra, prostate, heart, pericardium,
artery or vessel, brain, stomach, small intestine, large intestine, colon, esophagus, pharynx,

larynx, trachea, tongue, or tumor .

42. The method of any one of the preceding claims wherein said patient suffers from an
inflammatory condition and the inflammatory response is associated with said inflammatory

condition.

43. The method of claim 33, wherein the inflammatory condition is selected from the group
consisting of: acne; acute organ failure; acute respiratory distress syndrome (ARDS);
Addison’s disease; allergic rhinitis; allograft rejection; alopecia areata; Alzheimer’s disease;
anaphylaxis; Appendicitis; arthritis; asthma; atherosclerosis; atopic dermatitis; autoimmune
alopecia; autoimmune disease; autoimmune hyperthyroidism; autoimmune hypopituatarism;
autoimmune polyglandular disease; Behcet’s disease; brain injury; bronchitis; cancer;
cardiopulmonary bypass syndrome; cardiorenal syndrome; Celiac disease; chronic actinic
dermatitis; chronic obstructive pulmonary disease (COPD); chronic renal failure; colitis,
contact dermatitis; Crohn’s disease; dermatomyositis; dermatomyositis; diabetes; diabetic
retinopathy; eczema; emphysema; foreign body rejection; glaucoma; glomerulonephritis; gout;
graft vs. host disease; Graves™ Disease; Guillain-Barre syndrome; Hashimoto’s thyroiditis; hay
fever; hepatorenal syndrome; hypersensitivity or allergy; inclusion body myositis; infection due
to viral, fungal, parasitic or microbial infiltration; inflammatory bowel disease; inflammatory
kidney disease; injury due to thermal or chemical exposure or irradiation; irritable bowel
syndrome; ischemia; lung inflammation; macular degeneration; morphea; multiple sclerosis;
mycosis fungoides; myocardial infarction; necrosis; non-infectious lung injury; osteoarthritis;
pancreatitis; pernicious anemia; pneumonia; polymyositis; prostatitis; pseudogout; psoriasis;
psoriatic arthritis; Pustulosis palmoplanteris; Pyoderma gangrenum; respiratory allergy; retinal

inflammation; retinitis; rheumatoid arthritis; scleroderma; sepsis; serum sickness; Sezary’s
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syndrome; Sjogren’s syndrome; skin allergy; stroke; systemic inflammatory response syndrome
(SIRS); systemic lupus erythematosus; systemic sclerosis; T-cell mediated hypersensitivity
diseases; transplant rejection; trauma including from a gun wound, knife wound, automobile
accident, fall, or combat; tuberculosis; ulcerative colitis; uticaria; uveitis; pericarditis, or

vitiligo.

44, The method of claim 31, wherein the cell is a mast cell, a spleen cell, a lung cell, a renal
cell, a brain cell, a cardiac cell, a hepatic cell, a cancer cell, a skin cell, an epithelial cell, an
endothelial cell, leukocyte, lymphocyte, neutrophil, eosinophil, basophil, monocyte,
macrophage, dendritic cell, fibroblast, muscle cell, urethral cell, vascular cell, nerve cell,
pancreatic cell, gastric cell, intestinal cell, colon cell, rectal cell, gall bladder cell, stem cell, or

thyroid cell.

45, The method of claim 31, wherein the cell is a synoviocyte, a chondrocyte, an osteocyte,
an osteoblast, an osteoclast, retinal cell, limbal cell, trabecular meshwork cell, corneal cell,
conjunctival cell, an ocular cell, or an ophthalmic cell and the PRG4 is administered to the

patient systemically.

46.  The method of any of claims 31-44 wherein the PRG4 is administered in amount

ranging from 0.1 pg/kg — 4000 pg/kg.

47. The method of any of claims 31-45 wherein the PRG4 is administered in an amount

insufficient to provide boundary lubrication.

48. The method of claim 31, wherein the pro-inflammatory cytokine is selected from the
group consisting of IL-1a, IL-1p, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11,
IL-12, IL-12p70, IL-13, IL-14, IL-15, IL-16, IL-17, IL-170, IL-18, IL-19, IL-20, IL-21, IL-22,
IL-23, IL-24, TL-25, TL-26, IL-27, TL-28, TL-29, TL-30, IL-31, TL-32, TL.-33, IL-34, IL-35, IL-
36, TNF-a, TNF-f (lymphotoxin-a), lymphotoxin-f, CXC31L (Fractalkine), CXCL-8, CCL2,
CCL3, CCL4, CCL5, CCL11, CXCL10, IFN-g, IFN-B, IFN-¢, IFN-, IFN-@, IFN-y, VEGF,
MCP-1, MCP-3, EGF, GMCSF, CD40L, CD27L, CD30L, FASL, 4-1BBL, OX40L, TRAIL,
FGF-2, GRO, MDC, Rantes, G-CSF, M-CSF, FGF-2, EPO, MCSF, MIP30, MG-CSF, and
GCSF.
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49. A method of inhibiting binding of a ligand to CD44 present on a surface at a site that is
non-cartilaginous, non-osteal, non-osseous, and non-articular, and is not the cornea, urinary
bladder, or oral cavity, the method comprising exposing the surface to PRG4, wherein PRG4
binds to CD44 and inhibits binding of the ligand.

50. The method of claim 48, wherein the PRG4 is recombinant human PRG4.

51. The method of claim 48 or 49, wherein the PRG4 is not present at the surface in an

amount sufficient to provide boundary lubrication.

52. The method of claim 50, wherein PRG4 is administered systemically to a human subject

in amount ranging from 0.1 pg/kg — 4000 pg/kg.

53. The method of any one of claims 49-52, wherein the surface is a mammalian cell

membrane.

54, The method of claim 53, wherein the PRG4 is administered systemically and the cell is
a synoviocyte of a subject with theumatoid arthritis, a mast cell of a subject with interstitial
cystitis, a spleen cell of a diabetic, a lung cell of an asthmatic, a renal cell, a brain cell, a cardiac

cell, a hepatic cell, a cancer cell, or an endothelial cell of subject with sepsis.
55. The method of claim 53, wherein the cell is a T cell.

56. The method of claim 53, wherein the cell is a lymphocyte, neutrophil, fibroblast, cancer

cell, macrophage, dendritic cell, monocyte, eosinophil, or endothelial cell.
57. The method of any of claims 49-56 wherein the surface is in a human subject.

58. The method of claim 57, wherein the surface is exposed to PRG4 via systemic

administration to the human.

59. The method of claim 58, wherein the ligand is hyaluronan (HA), hyaluronan serum-

derived hyaluronan-associated protein complex (HA-SHAP), or a matrix metalloproteinase-9.

60. A method of reducing or inhibiting pro-inflammatory cytokine levels in blood, the
method comprising systemically administering PRG4 in an amount sufficient to reduce or

inhibit pro-inflammatory cytokine levels.
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61. The method of claim 60, wherein the pro-inflammatory cytokine is selected from the
group consisting of IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y, TNF-a, IL-1a, IL-1B, MCP-1,
EGF, FGF-2, Fractalkine, IFN-02, GRO, MCP-3, MDC, EPO, IL-13, IL-18, MCSF, MIP-3q,
MG-CSF, IL-7, IL-5, G-CSF, Rantes, IL-170, or IL-12p70.

62. The method of claim 60 or 61, wherein the blood is of a subject with or at risk of sepsis.

63. The method of any one of claims 60-62, wherein PRG4 is administered in amount of

0.1 pg/kg — 4000 pg/kg to a human patient.

64. A method of inhibiting NF-kB translocation in a cell at a site that is non-cartilaginous,
non-osteal, non-osseous, and non-articular, and is not the cornea, urinary bladder, or oral
cavity, the method comprising contacting a cell containing NF-xB with PRG4, wherein PRG4
inhibits activation of the NF-kB signaling pathway.

65. The method of claim 64, wherein PRG4 inhibits a TNF-a receptor or an IL-1 receptor

on the cell surface.
66. The method of claim 64, wherein the cell is in a human when contacted with PRG4.

67. The method of any one of claims 64-66, wherein PRG4 is provided in an amount less

than is required to provide boundary lubrication.

68. The method of claim 67, wherein PRG4 is administered in the amount of 0.1 ug/kg —
4000 pg/kg.

69. The method of any one of claims 64-68, wherein PRG4 contacts the cell via systemic

administration to the human.
70. Use of PRG4 to treat an inflammatory condition.
71. Use of PRG4 as an anti-inflammatory.

72. Use of PRG4 in the manufacture of a medicament for reducing or inhibiting

inflammation or treating an inflammatory condition.



