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FIG. 1 suffering from a pathological bone condition such as osteoporosis in a sufficient
amount to reduce, delay onset of or prevent excessive bone resorption in which
HPRGA the rate of bone resorption exceed the rate of bone formation. Excessive bone

i

resorption is inhibited by preventing the formation or activity of osteoclasts.
Osteoporosis is linked to bone fracture, a debilitation condition often resulting in
the need for risky, invasive surgery, and the possible consequence of permanent
immobilization, especially in eldetly populations.
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METHOD AND COMPOSITION FOR REDUCING OR PREVENTING BONE
RESORPTION

{CROSS REFERENCE TO RELATED APPLICATION
{0001] Thas apphcation claims priority to U.S. Provisional Application No. 63/048,840,

filed July 7, 2020, which 1s hereby incorporated by reference in its entivety.

FIELD OF THE INVENTION
{0002] The present application relates to the field of osteoporosis and particularty relates
to compositions containing recombinant proteins encoded by the proteoglycan 4 gene and

use of those compositions to reduce or prevent bone resorption,

BACKGROUND

(D003} Osteoporosis is a disease caused by low bone mass and stractural deficiencies in
bone. It develops when the rates of bone resorption, mediated by osteoclasts, exceed rates
of bone formation, mediated by osteoblasts. The most damaging consequence of
osteoporosis 15 bone fracture. An estimated 2-7 milhion hip fractures occurred 1n 2010
worldwide, of which 1,364,717 (51%) were calculated to be potentially preventable
(264,162 in men, and 1,100,555 in women), if osteoporosis (defined as a femoral neck T
score, as measured by dual energy absorptiometry, of —=2-5 5D or less) could be avoided.

{0004} Several therapies are currently available for the treatment of osteoporosis.
However, all have significant risks (1), Bisphosphonates and denosumab, are associated
with the adverse ountcomes of osteonecrosis of the jaw and atypical sabtrochanteric
fractures (2, 3). Although the exact etiology of these complications i1s unknown, there is
concern that they may result from coupled decreases i the rates of bone resorption and
bone formation. Safety concerns with teriparatide, a PTH analog, which stimulates bone
turmnover and a net gain of bone, lumit its use to 24 months (4). Odanacatib (5), a cathepsin

K inhibitor, decreases resorption without affecting formation. It was considered for
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development as a therapy for osieoporosis, bat was abandoned when 1t was found to
produce an mcreased risk of cerebral vascular accidents. Romosozumab, an anti-sclerostin
antibody, was recently approved for use in patients as an anabolic. However, it has been
associated with an increased nisk of cardiovascular events (6). Abaloparatide (7), a PTHrP
analog, i1s stmtlar to teriparatide in ifs actions and, hike teriparatide, its administration is
himited to a maxamam of 24 months because of safety concerns.

{0003} The nisks and benefits of the approved therapies for osteoporosis have been
documented by numerous rigorous chinical trials {1). However, because of concerns by
patients about side effects, their use has not been as widespread as they might be (1), Hence,
there 15 a great need to identify additional therapies for treating mflammatory bone discases
that have strong efficacy and a reduced likelithood of untoward effects compared to existing
therapies.

[0006] Current drugs used to treat enhanced osteoclast activity and bone loss of cancer,
mflammatory arthritis and osteoporosis are effective, but have significant adverse effects,
which limit their acceptance by the patients who could most benefit from them.

{0007] Therefore, compositions are needed for the treatment and prevention of
osteoporosis that are easily produced and, when administered to humans and animals who
exhibit excessive bone resorption or to whom will be admistered other drugs that could
cause excessive bone resorption, result in reduced or normal bone resorption, thereby

avoiding or reversing osteopenia and/or 0steoporosis,

SUMMARY
{0008] Described herein are anti~osteoclastic compositions and methods for reducing or
preventing bone resorption. Excessive bone resorption 15 a cause of osteopenta and
osteoporosis when the rate of bone resorption exceed the rate of bone formation. The anfi-
osteoclastic compositions include recombinant human proteoglycan 4 (thPRG4), which
unexpectedly mhibits osteoclast formation and function when sufficient amounts are
administered. In accordance with the method, the anti-osteoclastic compositions described

heremn, containing thPRG4, are admimstered to an imdividual i a sufficient amount to

|
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reduce or prevent excessive bone resorption, thereby mimmizing or delaymg onset or
reducing osteopenia or, W more severe cases of bone resorption, minumizing onset or
reducing osteoporosis. The method i3 useful for preventing or slowing the onset of bone
loss 10 a namber of pathological conditions, or simply through the natural aging process.
{6009} The method described heremn also includes admunistration before, after or
combination with a second anti-osteoclastic composition. The compositions are
administered via any of several routes of admmistration, ncluding orally, parenterally,
miravenously, infraperitoneally, infracranially, miraspinally, mirathecally,
mtraventricularty, wtramuscularly, subcutaneously, ntracavity, transdermally, or locally
either directly or via delivery (potentially delayed) of a hydrogel or appropriate biomatenal,
such as a DNA-~mspired nanomaterial. Pharmaceutical compositions can also be delivered
locally to the arca i need of treatment, for example by topical application or local injection.
Effective doses for any of the administration methods described herein can be extrapolated
from dose-response curves dertved from in vitro or animal model test systems.

{0010} The terms “mvention,” “the mvention,” “this mvention” and “the present
mvention,” as used in this document, are tntended to refer broadly to all of the subject
matter of this patent application and the claims below. Statements containing these terms
should be understood not to himit the subject matter described heremn or to fumit the meaning
or scope of the patent claims below. Covered embodiments of the invention are defined
by the claims, not this summary. This summary 15 a high-level overview of various aspects
of the mvention and mtroduces some of the concepts that are described and llustrated n
the present document and the accompanying figures. This summary is not intended to
identify key or essential features of the claimed subject matter, nor 1s it intended to be used
n tsolation to determine the scope of the claimed subject matter. The subject matter should
be understood by reference to appropriate portions of the entire specification, any or all
figures and each claim. The present document deseribes and refers to varnous embodiments
of the invention. No particular embodiment is intended to define the scope of the mvention.
Rather, the embodiments merely provide non-limiting examples of various methods, that

are at least included withm the scope of the invention. Some embodiments of the present
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mvention are summarnzed below, while others are described and shown elsewhere i the

present document.

BRIEF BESCRIPTION OF THE DRAWINGS

{0011} Feamres and advantages of the methods of the present invention will be more fully
appreciated by reference to the followimng detailed description of presently preferred but
nonetheless ilustrative embodiments m accordance with the present ivention when taken
n conjunction with the accompanying drawings in which:

{0012]  FIG, 118 a visual reproduction of an SDS-PAGE gel showing thPRG4 visualized
as bands at and above ~460kDa.

{6013} FIG. 2 15 a visual reproduction of an SDS-PAGE gel stained with Coomassie blue
showing that CTSK is capable of enzymatic digestion of thPRG4.

{ I FIEG. 3 1s a graph showing mlubition of CTSK activity by rhPRGA4.

{ | FIEG. 415 a bar graph showing inhibition of mn vitro osteoclastogenesis by rhPRG4.
{0016] FIG. 515 a bar graph showing inhibition of in vitro osteoclastogenesis by thPRG4.
{ | FIGS. 6A and 6B are bar graphs showing inhibition of in vitro osteoclast activity
{ 1 FIGS. 7A and 7B show the binding interaction of RANK with 300 ng/ml thPRG4
showing that rhPRG4 does not bind RANK.

{0019] FIGS. 8A and 8B show the m vitro effect of thPRG4 on RANK and RANKL
binding showing that thPRG4 inhibits the binding interaction of RANK and RANKIL.
{0020] FIGS. 9A and 9B show the n vitro effect of thPRG4 on RANK and RANKL
binding showing that thPRG4 may possibly whibit the binding interaction of RANK and
RANKL.

{0021] FIGS, 10A and 10B are graphs showmg rhPRG4's mbibition of in vive
osteoclastogenesis and potential osteoclast activity in an inflammatory bone loss model.
{0022] FIGS. 11A-11F show several bar graphs showing femurs of PRG4 deficient mice
have 1s several graphs showmg femurs of PRG4 deficient mice have dimimished
mechanical properties compared to PRG4 deficient mice who've had global expression of

PRG4 turned back via imjection of tamoxifen.
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{06023] FIG, 12 shows the strength of binding between RANKL and vthPRG4.
{6024] FIG. 13 shows the strength of binding between TNFR1 and thPRGA4.
{BO25] FIGK. 14A and 14B show the in vitro effect of thPRG4 on RANK and RANKL
binding showing that thPRG4 mhbibats the binding interaction of RANK and RANKL.
[6026] FIEG. 15A 15 a graph showing the effect of PR(G4 on RANK/RANKL binding,
{00271 FIG. 138 1s a graph showing the effect of fibronectin on RANK/RANKL bmding.
[0028] FIGS. 16A and 168 show the i vitro effect of thPRG4 on TNFa/TNFR1 binding
showmg that thPRG4 mhibits the binding interaction of TNFa and TNFR1.
{0029] FIGS. 17A and 17B 15 a graph showmg the effect of PRG4 on RANK/RANKL
binding.
{6030] FEGS. 184, 18B and 18C 15 a graph showing the effect of PRG4 on TNFa binding.
DETAILED DESCRIPTION
{0031} Compositions and methods for reducing or preventing bone resorption are
provided. Excessive bone resorption is a cause of osteopenia and osteoporosis when the
rate of bone resorption exceed the rate of bone formation. Osteoporosis 1s hnked to bone
fracture, a debilitation condition often resultmg m the need for nsky, invasive surgery, and
the possible consequence of permanent immobilization, especially m elderly populations.
{0032] The anti-osteoclastic compositions described heren inclade recombinant human
proteoglycan 4 (thPRG4). Applicants unexpectedly discovered that PRG4 (Lubnicin)
represents a new class of anti-~osteoclastic compounds, which mhibit osteoclast formation
and function. Using a variety of assays, apphcants have demonstrated both in vifre and in
vive that osteoclastogenesis and osteoclast activity (bone resorption) 1s inhibited by
administration of sufficient amounts of PRG4. The role that endogenous PRG4 expression
plays i bone microstructure and mechanical properties was also demonstrated and 1s
described below.
{6033} In accordance with the method, the antfi-osteoclastic compositions described
herem, contamning rhPRG4, are admimstered to an mdividual in a sufficient amount to
reduce or prevent excessive bone resorption, thereby minunizing or delaying onset or

reducing osteopema or, i more severe cases of bone resorption, mimizing onset or
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reducing osteoporosis. The method 1s aseful for preventing or slowing the onset of bone
loss 1 a number of pathological conditions, or sumply through the natural aging process.
{0434} The method described herein also inchudes administration before, after or in
combmation with a second anti-osteoclastic composttion. Such a combination therapy may
increase the bioactivity of the second anti-osteoclastic composition so that the second anti-
osteociastic composition can be administered less frequently or at a lower concentration.
[0035] It was surprisingly discovered that admumstration of PRG4 acts on osteoclasts and
prevents their formation or activity.

{8036] The proteoglycan 4 gene (PRG4) encodes megakaryocyte stimulating factor
(MSF}) as well as highly glycosylated differently splice vanant and glycoforms of a
"superficial zone protein” also known as lubricin. Superficial zone protein was first
localized at the surface of explant cartilage from the superficial zone and dentified m
conditioned medium. Lubricin was first isolated from synovial fluid and exhibited
habricating ability in vifro similar to synovial fluid at a cartilage-glass mterface and in a
latex-glass mterface. It was later identificd as a product of synovial fibroblasts, and its
tubricating ability was discovered to be dependent on O-linked B (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 occurning splice
variants have been reported. They are collectively referred to herein as PRG4. PRG4 has
been shown to be present nside the body at the surface of synovium, tendon, articular
cartilage such as mentscus, and i the protective film of the eve, among other sites, and
plays an tmportant role in joint lubrication and synovial homeostasts,

{6037} Prior to the discovery described herein, PRG4 had been appreciated as a protemn
with only mechanical properties, providing mechanical functionalities such as lubricating
joints, tendons, cartilage, and acting as a mechanical barrier to inhibit ntercellular
mteractions.

{6038} Recently, lubricin has been shown to possess properties that extend beyond its
ability to provide boundary lubrication and anti-adhesion. (WQOZ016123123A1) In

particular, PRG4 has been shown to possess anti-inflammatory properties due to 1ts abihity

&
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to act as a hgand or signaling molecule, participating m ligand receptor interactions to
modulate, for example, CDM44 activation, NF-«B translocation, and cytokine-mediated
wilammation. However, prior to the discoveries described herein, administration of PRG4
for the treatment or prevention of bone resorption was not previously contemplated.
{6039] Cathepsim K {CTSK) is a papain-like cysteine protease member of the cathepsin
family of lysosomal proteases and is the only cathepsin expressed at high levels in
osteoclasts. CTSK 1s the primary enzyme responsible for degradation of type 1 collagen,
which composes ~90% of the bone organize matrix. CTSK inhibitors have been m
development as treatment for osteoporosis, however clinical trials have been terminated
due to unforeseen side effects.

{6040} [t 1s shown in the examples provide below that PRG4 uself 1s also degraded by
CTSK, potentially serving as an alfernative substrate in bone and, therefore, plays a role in
regulating bone resorption.

{6041} When combined with a pharmaceutically acceptable carrier, including diluents
and the like, the thPRG4 protein provides the anti-osteoclastic composition described
herem, which 1s useful, when admimistered {0 a human or animal in an effective amount,
for reducing or preventing excessive bone resorption, thus providing an anti-osteoclastic
composition for the treatment, reduction, mhibition, delay or prevention of osteopenia,
osteoporosis, and/or bone resorption associated with cancer or adverse effects of cancer
treatment, such as, but not hmited to breast cancer metastasis to bone.

{0042] A variety of diseases or conditions can ncrease bone loss such as rheumatoid
arthritis and other rheumatological conditions, malabsorption syndromes, sex hormone
deficiency (hypogonadism), primary hyperparathyroidism, chronic kidney disease, chrounic
hiver discase, diabetes, chromic obstructive pulmonary disease (COPD), untreated
hyperthyroidism, and neurological disorders.

{0043] An mflammatory disease of the jomnts, rheumatoid arthritis 1s often treated with
glucocorticoids, usually prednisone. Pain and loss of jomt function can lead to mactivity,
which can further confribute to bone loss. Research suggests that osteoclast {a bone

removing cell) activity and bone resorption 1s increased at the affected sites. In addition to
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rheumatoid arthritis, ankylosing spondylitis has been associated with bone loss. Several
other rheumatological conditions may affect the joints, resulting m poor balance and
mereased risk of falls, mcluding hupus, psoriatic arthritis and severe osteoarthritis of the
hip or koee.

{6044} Malabsorption can result from bowel diseases such as Crohn’s disease, ulcerative
colitis and celiac disease, and other conditions that affect the bowel such as weight loss
surgery. These conditions reduce the absorption of nutrients from the mtestine meluding
dietary calcium and vitamin D, The result 1s lower levels of calcium and vitamin D, which
can mcrease bone loss and falls risk, leading to fractores.

[0043] In women, sex hormone deficiency generally results o the carly stoppage of
menstrual periods (amenorrhea). Common causes mnclude premature menopause {before
the age of 45), eating disorders such as anorexia nervosa, exercise~-induced amenorrhes
{(typically seen in high performance athletes and dancers), pituitary disease, chemotherapy
and chronic illness. Some of these conditions can be treated with hormone therapy.

{0046] In men, low levels of testosterone can be cansed by a number of conditions
mcluding hiver disease, pituitary disease, chemotherapy, chronic illness and aging. Some
of these conditions can be treated with testosterone.

{0047] The parathyroid glands produce parathyroid hormone, which controls blood
calcium levels. In primary hyperparathyroidism a tumor (generally benign) in one or more
of these glands causes the production of more parathyroid hormone than 1s needed. This
causes an merease in bone turnover, which results i excess calcium release from bone and
arise m the level of calcium 1n the blood. As a result, the risk of osteoporosis and fractures
also mcreases.

{0048] Many patients with chromic kidney discase are treated with glacocorticoids such
as prednisone, which puts them at risk for developing osteoporosis. In addition, chronic
kidney discase may cause several different metabolic bone diseases (called renal
osteodystrophy) that are associated with reduced bone formation, hyperparathyroidism,

and vitamin D deficiency. In renal osteodystrophy, bone quality is poor.
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{0049] Chronic hver disease s associated with reduced bone formation, vitamin D
deficiency and low sex hormones, all of which may result in bone loss. In addition, some
forms of liver disease may be freated with glucocorticoids such as prednisone, which may
cause even greater bone loss. Up to 50% of patients with chronie hver disease develop
0SteOpOoTosis.

{0050] There 15 evidence to suggest that both men and women with type 1 diabetes are at
higher risk for low bone density and for osteoporotic fractures. Poorly controlled type 1 and
type II diabetes are often associated with hypoglycemic episodes (low blood sugar) and/or
neuropathy (poor sensation) in the feet. Both of these complications of diabetes can
merease the risk of falls and fractures.

{6051} COPD 1s a type of chronic lung disease that usually results after prolonged
smoking but can also occur due to other canses. COPD can consist of chronic bronchitis or
emphysema or both, and is often associated with a chronic cough, phlegm production,
shortness of breath on exertion or at rest (depending on the severity) and frequent chest
mfections. There 1s a strong association between COPD and low bone mass or osteoporosis,
usually from a combination of factors such as smoking history, low body weight, poor
nutrition and treatment with oral glucocorticoids.

{0052] Normal thyroid hormone levels mamtamn good bone health. Too much thyroid
hormone mterferes with the body’s ability to absorb calcrum tnto the bones and ncreases
bone turnover, which can cause bone loss over time.

{00531 Scveral newrological disorders are associated with an mcreased risk of bone loss,
particularty conditions or mjuries resulting i mmobility. This mcludes stroke, multiple
sclerosis and spinal cord mynry.

{0054] Other conditions or diseases that may increase bone loss nclude Cushing’s

syndrome, Pituttary disease, Multiple myeloma, Thalassemia major, and AIDS/HIV. (14}

Dosages, formulations and administration
(D055 The term effective amount, as used throughout, is defined as any amount, for

example, an amount of composition, necessary to produce one or more desired effect, such
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as treatment, reduction, delay or prevention of bone resorption. For example, the dosage
1s optionally less than about 10 mg/kg and can be less than about 9.5, 9, 85,8, 7.5, 7, 6.5,
6,55, 5 45,4,3 2.5,2,15,1.25 10,09, 08,07,0.6,05,04, 03,02, 0.1, 0.01,

5 o ‘...“,‘.,

0.001, 0.0001 mg/kg or any dosage m between these amounts. The terms “about” or
“approximately” are used herein to mdicate that a value 1ncludes the inherent variation of
error for the device, the method being employed to determine the value, or simply error-
tolerance of a value. For example, the terms “about” or “approximately” may mean =1%,
+3%, +10%, £15% or £20% variation from a predetermined value. The dosage can range
from about 0.1 mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 9 mg/kg, from
about 0.1 mg/kg to about 8 mg/kg, from about 0.1 mp/kg to about 7 mg/kg, from about 0.1
mg/kg to about 6 mg/kg, from about 0.1 mg/kg to about 5 mg/kg, from about 0.1 mg/kg to
about 4 mg/kg, from about 0.1 mg/kg to about 3 mg/kg, from about 0.1 mg/kg to about 2.5
mg. kg, from about 0.1 mg/kg to about 2 mg/kg, from about 0.1 mg/kg to about 1.5 mg/kg,
from about 0.1 mg/kg to about 1 mg/kg, or from about 0.1 mg/kg to about 0.5 mg/kg. The
dosages can be adjusted based on specific characteristics of the anti-osteoclastic
composition and the subject receiving it

{0056} Effective amounts and schedules for admumistering the anti-osteoclastic
composition provided heremn can be deternimed empirically.  The dosage ranges for
administration are those large enough to produce the deswred effect m which one or more
symptoms of the disease or condition are affected (for example, mhibited, reduced or
delayed or prevented). The dosage should not be so large as to cause substantial adverse
side effects, such as unwanted cross-reactions, unwanted cell death, and the like.
Generally, the dosage will vary with the age, body weight, general health, sex and diet of
the subject, the mode and time of admmistration, rate of excretion, drug combination, and
severity of the particular condition. The dosage can be adjusted by the individual physician
i the event of any contramdications. Dosages can vary, and can be administered in one or
more dose admunistrations datly.

{BO57] The anti-osteoclastic composition used in the methods according to the

embodiments of the present mvention can be provided i a pharmaceutical composttion.

10
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These inchade, for example, a pharmaceutical composition contaming a therapeutically
effective amount of one or more of the anti-osteoclastic compositions and a pharmaceutical
carrier. The term carrier means a compound, composition, substance, or structure that,
when 1 combination with a compound or composition, aids or facilitates preparation,
stability, storage, administration, delivery, effectiveness, selectivity, or any other feature
of the compound or composition for its mtended use or purpose. For example, a carrier can
be sclected to minimize any degradation of the active mgredient and to minmmize any
adverse side effects i the subject. Such pharmaceutically acceptable carriers include sterile
biocompatible pharmaceutical carriers or excipients, mcluding, but not himuted to, saline,
buffered saline, dextrose, and water.

{0058} Depending on the intended mode of administration, the pharmaceutical
composttion can be wn the form of solid, semi-solid or hiquid dosage forms, such as, for
example, tablets, suppositories, pills, capsules, powders, liquids, or suspensions, preferably
i unit dosage form suitable for single admmistration of a precise dosage. The
composttions will include a therapeutically effective amount of the agent described herein
or derivatives thereof in combination with a pharmaceutically acceptable camrier and,
addition, may include other medicinal agents, pharmaceutical agents, carriers, or diluents.
By pharmaceutically acceptable 1s meant a material that 1s not biologically or otherwise
undesirable, which can be admmustered to an wdividual along with the selected agent
without cansing unacceptable biological effects or interacting in a deleterious manner with
the other components of the pharmaceutical composition m which 1t 15 contained.

{0059] As used herein, the term carrier encompasses any excipient, diluent, filler, salt,
butfer, stabilizer, solubilizer, lipid, stabilizer, or other material known in the art for use
pharmaceutical formulations. The choice of a carmrier for use n a composition will depend
upon the intended route of administration for the composition. The preparation of
pharmaceutically acceptable carmers and formulations contaimning these materials s
described i vartous sources and manuals. Examples of physiologically acceptable carriers
mclude buffers such as phosphate buffers, citrate buffer, and buffers with other organic

acids; antioxidants mchuading ascorbic acid; low molecular weight (less than about 10

it
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residues) polypeptides; protemns, such as serum albumm, gelatin, or mmmumoglobulins;
hydrophtlic polvmers such as polyvmylpyirolidone; amino acids such as glycine,
glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and other
carbohydrates includimg glucose, mannose, or dextrins; chelating agents such as EDTA;
sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium;
and/or nonionic surfactants such as TWEEN®Y (ICL Inc.; Bridgewater, New lJersey),
polyethylene glycol (PEG), and PLURONICS™ (BASF, Flotham Park, NI).

{6060] Compositions containing the agent(s) described herein suitable for parenteral
mjection may mclude physiologically acceptable sterile aqueous or nonaqueous sohations,
dispersions, suspensions or emulsions, and sterile powders for reconstitution nto stenile
mjectable solutions or dispersions. Examples of suitable aqueous and nonaqueous carriers,
diluents, solvents or wvehicles include water, ethanol, polyols (propyleneglycol,
polyethyleneglveol, glycerol, and the like), suitable muxtures thereof, vegetable oils (such
as olive oil} and injectable organic esters such as ethyl oleate. Proper fluidity can be
maintamned, for example, by the use of a coating such as lecithin, by the mamtenance of
the required particle size in the case of dispersions and by the use of surfactants.

{0061} These compositions may also contain agents such as preserving, wetting,
emulsifying, and dispensing agents. Prevention of the action of microorganisms can be
promoted by varicus antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, and the hike. Isotonic agents, for example, sugars,
sodium chloride, and the like may also be mcladed.

{0062] Sohid dosage forms for oral administration of the anti-osteoclastic composition
melude capsules, tablets, pills, powders, and granules. In such sohid dosage forms, the
active mgredient described heren or denvatives thereot are admixed with at least one mert
customary excipient {or carrier) such as sodium citrate or dicalcium phosphate or (a) fillers
or extenders, as for example, starches, lactose, sucrose, glucose, mannitol, and silicic acid,
(by bmders, as for example, carboxymethylcellulose, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and acacia, (¢) humectants, as for example, glycerol, {d}

disintegrating agents, as for example, agar-agar, calcium carbonate, potato or tapioca
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starch, alginic acid, certain complex silicates, and sodium carbonate, () solution retarders,
as for example, paraffin, () absorption accelerators, as for example, quaternary amumonium
compounds, (g} wetting agents, as for example, cetvl alcohol, and glycerol monostearate,
(h) adsorbents, as for example, kaolm and bentonite, and (1) lubricants, as for example, talc,
calcium stearate, magnestum stearate, solid polyethylene glycols, sodium lauryl sulfate, or
mixtures thereof. In the case of capsules, tablets, and pills, the dosage forms may also
mclude buffermg agents.

{6063] Solid compositions of a similar type may also be employed as fillers 1 soft and
hard-filled gelatin capsules using such excipients as lactose or mulk sugar as well as high
molecular weight polyethyleneglyeols, and the ke, Solid dosage forms such as tablets,
dragees, capsules, pills, and granules can be prepared with coatings and shells, such as
enteric coatings and others known m the art. They may contain opacifying agents and can
also be of such composifion that they release the active compound or compounds w a
certain part of the intestinal fract in a delayed manner. Examples of embedding
composttions that can be used are polymeric substances and waxes. The active compounds
can also be m micro-encapsulated form, if appropriate, with one or more of the above-
mentioned excipients. For example, local sustained or delayed delivery of the composition
can be accomplished by administering, applying divectly or even wrapping the area
experiencing or suscepiible to bone resorption, such as a bone, with a hydrogel containing
the composition.

{0064] Liqud dosage forms for oral admmmstration of the anti-osteoclastic composition
mclude pharmaceutically acceptable emulsions, solutions, suspensions, syrups, and eloxrs,
In addition to the active compounds, the liquid dosage forms may contamn mert diluents
commonly used m the art, such as water or other solvents, solubthzing agents, and
emulsifiers, such as for example, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benxyl benroate, propyleneglycol, 1,3-butyleneglycol,
dimethylformamide, oils, 1n particular, cottonseed oil, groundnut o1l, corn germ oil, olive
oil, castor oil, sesame oil, glycerol, tetrahydrofurfuryl alcohol, polyethyleneglycols, and

fatty acid esters of sorbitan, or mixtures of these substances, and the like. Besides such
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mert diluents, the composition can also mclude additional agents, such as wetting,
emulsifying, suspending, sweetening, flavoring, or perfuming agents,

{B065] When used i the methods according to the embodunents of the present invention,
the anti-osteoclastic composition can be admstered m a number of ways depending on
whether local or systemic treatment is desired, and on the area to be treated. The
composttions are administered via any of several routes of admimstration, including orally,
parenterally, mtravenously, mtraperitoneally, mtracranmally, mtraspmally, mitrathecally,
ntraventricularly, intramuscularty, subcutanecusly, mtracavity, transdermally, or locally
etther directly or via delivery (potentially delayed) of a hydrogel or appropriate biomaterial,
such as a DNA-mspired nanomaterial as described in published US patent application No.
US 2017/0362238 Al. Pharmaceutical compositions can also be delivered locally to the
ar¢a m need of treatment, for example by topical apphication or Tocal injection. Effective
doses for any of the adminstration methods described herein can be extrapolated from
dose~response curves derived from i virro or animal model test systems.

{8066] Throughout, treat, treating, and treatment refer to a method of reducing, ihibiting,
preventing or delaying bone resorption or one or more effects or symptoms of excessive
bone resorption. The effect of the admmistration to the subject can have the effect of butis
not limited to reducing one or more symptoms associated with excessive bone resorption.
The effect of the administration to the subject can have the effect of but 1s not himited to
reducing the speed or amount of bone resorption. For example, a disclosed method 1s
considered to be a treatment if there 1s about a 3% reduction m bone resorption when
compared to the subject prior to treatment or when compared to a control subject or control
value. Thus, the reduction can be about a 5, 10, 20, 30, 40, 30, 60, 70, 80, 90, 1060%, or
any amount of reduction m between,

{8067] As utilized heren, by prevent, preventing, or prevention is meant a method of
precluding, delaymg, averting, obviating, forestalling, stopping, or hindering the onset,
incidence, severity, or recurrence of excessive bone resorption. For example, the disclosed
method 1s considered to be a prevention if there s a reduction or delay i onset, mcidence,

severity, or recurrence of excessive bone resorption or associated conditions in a subject
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susceptible to osteopenia or osteoporoesis as compared to control subjects susceptible to

osteopenia or osteoporosis that did not receive the anti-osteoclastic composition.

rhPRG4 Production
[6068] PRG4 s described and methods of isolating, purifying or recombinantly
expressing PRG4 are described m US Patent Applicaton Pablication No. US
2018/0015141 A1, the entire contents of which 15 mcorporated by reference herem.
Methods of producing rhPRG4, are described 1n US Patent Application Publication No.

US 2019/0270783 Al, the entire contents of which 1s incorporated by reference herein.

{6069] The following non-luniting examples will serve to further dlustrate the present
mvention without, at the same time, however, constituting any limitation thereof. On the
contrary, if 1s to be clearly understood that resort may be had o vanious embodiments,
modifications and equivalents thereof which, after reading the description herein, may
suggest themselves to those skifled m the art without departing from the spinit of the

mvention.

EXAMPLES

Example 1: Degradation of PRG4 by C'TSK
{0070} Cathepsin K (CTSK) 1s secreted by osteoclasts to degrade collagen and other
matrix proteins during bone resorption. CTSK is a papain-like cysteine protease member
of the cathepsin family of lysosomal proteases and 1s the only cathepsin expressed at high
levels 1 osteoclasts. CTSK 1s the primary enzyme respounsible for degradation of type |
collagen, which composes approximately 90% of the bone organize matrix. CTSK
nhibitors have been in development as a potential treatment for osteoporosis, however

clintcal trials were terminated due to adverse side effects.
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{0071} The results of this experiment demonsirate that PRG4 useltf 1s also degraded by
CTSK, potentially serving as an alternative substrate i bone and therefore plays a role

regulating bone resorption.

Materials and Methods

{B072] In a first experunent, 1.5 ug rhPRG4 was co-ncubated with 30 ag CTSK for 2, 6,
or 24 hours. SDS-PAGE was used to assess enzymatic digestion by CTSK and performed
as previously described (PMID 23257245 (13} Brefly, samples were loaded onto a
Novex 3-8% Tris-Acetate gel m NuPAGE Tris-Acetate SDN rumnmg buffer and
electrophoresed at 150V for 735 munutes. After, the geol was stamed using Coomassie G-
250 (Stmplyblue SafeStaim) to visnalize proteins per manufactures’s msfructions.

{B073] In a second experiment, 1.5 pg thPRG4 was co~-mncubated with 7.5 (0.5%), 15
{(1.0%), or 30 ng (2.0%) CTSK for 0, 1, 2, or & hows. SDS-PAGE to assess enzymatic
digestion by CTSK was performed as described above.

{0074] In a third experiment, ProCTSK was purchased from Enzo Life Sciences (#BML-
SE367-0010) and activated using 32.5 mM, pH 3.5 sodium acetate through co-mcubation
for 30 minutes at room temperature. 50 ng, 20 ng, and 3 ng of activated CTSK were each
incubated with 1 ng, 10 ng, and 100 ng of thPRG4, in addition to CTSK substrate Ac-LR-AFC
provided in the activity assay kit (200 uM). Samples were incubated in a 96 well half area opaque
plate for 2 hours, with reads at 400 nm excitation and 505 nm emission wavelengths at T = 0, 1,
and 2 hours. When CTSK cleaves the Ac-LR-AFC substrate, it results in signal detection using
the excitation/emission wavelengths above.

Results/Analysis

{0073] The results set forth m Figure 1 show thPRG4 visualized as the monomeric band
at ~460kDa and the dimenic band above, m a 3-8% SDS-PAGE gel stammed with Simply
Blue Coomassie total protein stain, in the absence of CTSK. When incubated with CTSK
at 2, 6, or 24 hours, thPRG4 1s detected at <40 kDa. This indicates enzymatic digestion of
thPRG4 by CTSK. Band mtensity of rthPRG4 + CTSK decreases with time, mdicating

continued enzymatic digestion over longer time periods.
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{0076] A sccond 3-8% SDS-PAGE gel stamned with Simply Blue Coomassie total protemn
stan 1s set forth i Figure 2, which provided additional evidence that CTSK is capable of
enzymatic digestion of thPRG4. A greater amount of CTSK enzyime results i increased
enzymatic digestion, indicated by the changes m band ntenstties.

{60771 Motivated by the results presented m Figures 1 and 2, Figure 3 shows thPRG4
mhibits CTSK digestion of a preferred substrate, by acting as a substrate itself. Using a
commercially available Cathepsimn-K Activity Assay kit, which 1s a fluorescence-based
assay that utilizes the preferred cathepsin-K substrate seguence LR labeled with AFC
(ammo-4-trifluoromethyl coamarin), samples CTSK will cleave the synthetic substrate
LR-AFC to release free AFC. The released AFC can easily be quantified using a
fluorometer or fluorescence plate reader. Figure 3 shows that a greater amount of UTSK
mereases the amount of substrate cleaved, resulting 1 an ncrease in signal, Addition of
rthPRG4 resulted in decreased signal, indicating that thPRG4 may be acting as a

competitive substrate for CTSEL

Example 2: Inhibition of in vifro Osteoclastogenesis and Osteoclast Activity by
PRGY

{6078] In this experiment, the ability of PRG4 to mhubit in vitro osteoclastogenesis and
osteoclast activity was examined.

Materials and Methods

[6079] In a first study, wild type (WT) murine bone marrow macrophages were cultured
with M-CSF, RANKL, and thPRG4 or vehicle for 5 days. A stock sample of thPRG4 (1.33
mg/ml stock) was ditated to 1/10, 1/30, or 1/100 concentration.

{6080} In a second study, WT murine bone marrow macrophages were allowed to attach
to the plate for 3 days before adding M-CSF, RANKL, and thPRG4. Cells were then
meubated for an additional 3 days.

{6081} In a third study, WT myarine bone marrow macrophages were cultured on pieces

of bone with M-CS¥F and RANKL for 14 days. Group 1 received vehicle control (PBS).
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Group 2 received PRG4 at 133 ug/ml on day 7 through day 14, Group 3 received thPRG4
at 133 ug/ml on day O through day 14.

{B082] In each of the above experunents, osteoclast differentiation and activity were
evaluated as previously described (8). Briefly, at the end of the expeniment {as described
above) cells were fixed in 2.5% glutaraldehyde, followed by stamning with tartrate resistant
acid phosphatase (TRAP). TRAP-positive cells with three or more nuclet were considered
osteoclasts. Area of tracts resorbed on the pieces of bone by motile cells and area of the
pits formed by non-motile cells were imaged, and used as measures of in vifro osteoclast
activity.

Results/Analysis

{G083] The results of the first study are shown in Figure 4 in which increased
concentrations of rhPRG4 resulied in a dose dependent decrease in osteoclast
differentiation. As the PRG4 was added at the same time as the cells (day 0 of calture), M-
CSF, and RANKL, it 1s possible that the thPRG4 wifluenced differentiation by inhibiting
adherence of the bone marrow macrophages to the plate.

{0084] The results of the second study are shown 1 Figure 5. As mdicated, thPRG4 stil
inhibited osteoclast differentiation when introduced after the cells had adhered to the plate,
though to a slightly lesser extent than the previous experiment.

[0083] The results of the third study, to assess 1 vitre osteoclast activity, are shown
Figure 6. Both groups that recetved rhPRG4 had a decrease in bone resorption, with the
effect approaching statistical sigmficance i Group 2 (which received the rhPRG4 on day
7 of a 14 day culture) and statistically significant my Group 3 (which recetved the tThPRG4

on day 0 of a 14 day culture.
Example 3: Binding of PRG4 to RANK

{B086]  In this experiment, the ability of PRG4 to bind RANK was examined. The binding

of RANK to RANKL 1s a critical step i osteoclast precarsor mataration. PRG4’s ability
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to mhibit osteoclastogenesis and activity may be due to its ability to mterfere with this
inferaction.

Materials and Methods

[0087] In a first study, to test the ability of PRG4 to RANK, biotinylated thPRG4
(bPRG4) was bound to a streptavidin-conpugated donor bead, using the AlphallSA
platform beads. His-tagged RANK (Sino Biological, 16078-HO08H) was bound to a Ni-
conjugated acceptor bead. If bPRG4 and his-RANK bind, the donor and acceptor beads
will be come m close proximity of one another, generating an ncrease n signal. thPRG4
was added at 300 ng/ml, and RANK was added in combination at 0.3, 1, 3, 10, and 30
ng/ml. All sample proteins and beads were diluted m PBS + 0.1% BSA. Both the
streptavidin donor beads and the nickel chelate acceptor beads were included m each
sample at 20,000 ng/ml. bPRG4 and hisRANK were added to wells 1 a 96 well half area
opaque plate and allowed to mnteract for 2 hours with shaking at 130 rpm. The acceptor
beads were then added for an hour with shaking, followed by the donor beads for another
hour with shalang. Samples were read using a Spectramax 13x plate reader with an
excitation wavelength of 680 nm and emission of 370 nm.

{0088} In a second study, biotinylated RANKL (bRANKL ) was bound to a streptavidin-
conjugated donor bead. His-tagged RANK was bound to a Ni-conjugated acceptor bead.
When RANK binds RANKIL, the donor and acceptor beads are brought mto close
proxumntty of one another and signal 1s generated. PRG4 was wtroduced to assess its ability
to mhbit this mteraction. thPRG4 was added at 30, 300, 3000, and 10000 ng/ml, while
hisRANK and BRANKL were added at 30 and 300 ng/ml m combination with the thPRG4.
All sample protemns and beads were diluted i PBS + 0.1% BSA. Both the streptavidin
donor beads and the mickel chelate acceptor beads were included m each sample at 20,000
ng/mi. thPRG4 and bBRANKL were added to wells in a 96 well half area opaque plate and
allowed to interact for 2 hours with shaking at 150 rpm. HisRANK was then added for an
hour with shalang. After that, the acceptor beads were added for an hour with shaking,

followed by the donor beads for another hour with shaking. Samples were read using a
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Spectramax 13x plate reader with an excitation wavelength of 680 nm and emission of 570
nm.

{B0839] In a third study, biotinylated RANKL (bRANKL) was bound to a streptavidin-
conjugated donor bead. His-tagged RANK was bound to a Ni-conjugated acceptor bead.
When RANK binds RANKIL, the donor and acceptor beads are brought into close
proximity of one another and signal 18 gencrated. PRG4 was mtroduced, along with a non-
specific ghycoprotein control (Fibronecting to assess thewr ability to mhibit this mteraction.
thPRG4 {or fibronectin} was added at 30, 300, 3000, and 10000 ng/ml, while hisRANK
and bRANKL were added at 30 ng/ml each in combimation with the thPRG4. All sample
proteins and beads were diluted m PBS + 0.1% BSA. Both the streptavidin donor beads
and the nickel chelate acceptor beads were mcluded i each sample at 20,000 ng/ml.
thPRG4 (or fibronecting and bRANKL were added to wells i a 96 well half area opaque
plate and allowed to nteract for 2 hours with shaking at 150 rpm. HisRANK was then
added for an hour with shaking. After that, the acceptor beads were added for an hour with
shalang, followed by the donor beads for another hour with shaking. Samples were read
using a Spectramax 13x plate reader with an excitation wavelength of 680 nim and emission
of 570 nm.

Results/Analysis

{0090} As shown m Figure 7, signal did not increase over the negative control. Thas
suggests PRG4 does NOT bind to RANK.

{80911 As shown m Figure 8, addition of thPRG4 to RANKL, prior to the addition of
RANK, dose-dependently decreased the signal. One plausible mechanism for this
disraption would be thPRG4 bindmg to RANKL, preventing RANKL from bmding
RANK. As noted previously, PRG4 did not bind RANK.

{0092] As shown in Figure 9, addition of bPRG4, as m Figure 8 with RANKL prior to
addition of RANK, again resulted in decreased signal at the two highest concentrations. To
establish that the ihibitory effect of thPRG4 was not due to non-specific mteractions,
fibronectin, a glycoprotein simular in molecular weight to PRG4, was tested as well.

Addition of fibronectin did not lead to a decrease m signal at the two highest

20



WO 2022/010996 PCT/US2021/040661

concenirations. This demonstrates PRG47s inhibition of the RANKL-RANK is not due to

non-specific mmteractions.

Example 4: Effect of PRG4 on TNEFg

{0093] In this experiment, the calvarial TNFo mflammatory model of Jastrzebsk: S ef ol
{8) was used to quickly mduce sigmficant osteoclast differentiation n the calvana of mice
and the effect of PRG4 on the osteoclast differentiation was studied.

Materials and Methods

{6094] 2 ug TNFa (approximately 100 ug/kg) was injected over the calvaria for 4 days w
7 10 8 week old C57BL/6 male mice (IN=3 per group). Mice also received datly IP mjections
(.25 ml} of either thPRG4 at 1.33 mg/ml IP or vehicle control (PBS+0.01% Tween20),
After § days mice were sacrificed and calvaria were embedded n parathin. After, calvaria
were sectioned (8 um shices) and TRAP stamed mm order to stamn for osteoclasts.
Osteomeasure software was used to perform histomorpometric analysis as described
previously (8},

Results/Analysis

{0095] As shown in Figure 10, m a prelimmary analysis with a small sample size, there
13 mdication that PRG4 may reduce osteoclast differentiation and osteoclast surface/bone
surface in vivo. This 1s demonstrated by a shght reduction i nuwmber of osteoclasts
(p=0.063, 1 tailed t test) and a potential reduction in osteoclast surface to bone surface

(p=0.21, 1 taled t test).

Example 5: Mechanical Properties of PRG4 GT mice +/- tmx
{6096] In this experiment, the mechanical properties of PRG4 GT mice with and without
tamoxifen (tmx} were studied. PRG4 GT mice lack global expression of the PRG4 gene
{(essentially, they are PRG4 KO mnice)(9). However, endogenous expression can be “turned

ory” with injections of tamoxifen (tmx).
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Materials and Methods

{00971 The data described below was based on N=5 PRG4 GT mice 1 each group, all
female, those that received tmx at 3 weeks of age (TMX+, 0. 1mg/gm body weight for 10
consecutive days) to re-express PRG4 and those that did not (TMX-). Mice were sacrificed
at 2 months of age and the famurs were tsolated, cleaned and subjected to 3-pomt bone
testing using a Mach~1 Mechanical Tester Model v500c¢sst. The opposite femur was
prepared for pCT and evaluated using histomorphometric analysis as described previously
(8}

{B098] Data was analyzed in combination with the geometry obtained from uCT (see
Table 2 below) to calculate the mechanical properties of the bone (data 1s mean +/~ SD).
Resulis/Analysis

{0099] Re-expression of PRGY resulted via tmx injections resulted in stiffer femurs
{p=0.013), along with mereased Young s modulus and ultimate stress (p=0.039 and 0.054
respectively, approaching significance) compared to bones deficient in PRG4.

{0100} As shown m Table 1 and Figure 11, these results demonstrate that lack of PRG4
expression results in dimimished mechanical properties of bone, consistent with the notion

of mereased bone resorption i the absence of PRG4.

Table 1. Mechanical Properties of PRG4 GT mice +/~ tmx

fechanical Stiffness Young's Ultimate Yieid Post Yield Energy to
Properties {kN/m} Modulus Strass Stress Displacement Fracture
{GPa} {pMiPa) {MPa)} {mm} fmi}

GT-TM¥{-} 394+27 7.36¢+ 163.3 % 12244 0.605+ 0661 3.8%232
0.85 12.1 14.4

GT-TMX{+} 52.7+3.2 934 ¢ 204.2 & 1385437 0.382+0.186 42+2.2
0.29 13.6

£ value 0.013 g.05%8 G054 0.208 0488 0.750

{0101} Table 2 demonstrates mice deficient i endogenous PRG4 expression have altered
bone micro architecture. After mechanical testing, femurs were prepared for uCT scanning.

The trabecular and cortical bone properties are shown n Table 2.
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{0102] The TMX-treated group had 37% more trabecular bone volume (p=0.029) and
32% more BV/TV (bone volume / total volume, approaching significance p=0.071). TMX
treatment also resulted tmcreased cortical bone area (p=0.039), 34% thicker cortical bone
{(p<0.001), along with decreased pertosteal and endosteal perimeters (p<0.001). While tmix
treatment itself can result in 1ncreased bone mass(10), these prehimunary results suggest
endogenous PRG4A (re)expression results in improved bone microarchitecture compared to

bones deficient in PRG4.
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Table 2: uCT Parameters m PRG4 GT Mice +/- tmx mjection.

Trabecular Bone Byftv {%) Trabecular Trabecular Trabecular Connectivity Structure
Bone Volume Thickness Number Spacing Density Model
{mm®} {um} {1/mm} {um} {1/mm?3} index
V GT-TMX{-) 02150048 11.7+38 35+3 520+ 052 188+ 21 254 530 2204
GT-TMX{+} 0295+ 0047 154113 48+ 18 53040922 1891+ 57 289175 21+0.1
£ valus 0.029 0.071 0.166 0.836 0.905 0.410 0.450
Cortical Cortical Bone Cortical Cortical Periosteal Endosteal
Bone Area {mm2} Porosity {%) Thickness Perimeter Perimeter
{mm]} {mm} {mm)

GT-TMX{-} (0,429 + 5.047 ¢85 +£0.35 .11+ 001 573+£0.09 3.14 £ 0.08
GT-TMX({+} | 0.498 +0.042 0.73+0.14 .15+ 0.01 49891027 261+0.13
P wvalue 0.039 0.114 3.000 0.000 (0.000

{0103} This data 1s 1 general consistent with previous data showing PRG4 KO mice have
decreased trabecular and cortical bone compared to WT (11}, a study motivated n part by
previous observations of osteopenia in PRG4 KO mice (12) and the fact PRGA 1s
endogenously expressed i bone (13).

Example 6: Measuring Strength of Binding between RANKL and rhPRG4
{8104] Surface plasmon resonance (SPR) was performed using a Biacore T200 (GE
Healthcare Life Sciences, Marlboroagh, MA). Biotinylated-RANKL (Acro Biosystems,
Newark, DE) was flowed at 2000 nM 1w 10 mM Sodium Acetate buffer (pH 4.5) with a
flow rate of 20 ul/mn for 20 minutes and 1mmobilized on a CMS5 Series S chip, producing
a signal of 2100 RU due to mmmobilization. Next, thPRG4 was flowed over the chip at 0,
100, 250, 500(x2), 730, 1000, and 1500 nM concentrations 1n 10 mM Sodium Hepes (pH
7.4, 175 mM NaCl, 0.05% Polysorbate 20} with a flow rate of 30 ul/min, contact time of

180s, and dissociation time of 180s. Bound thPRG4 was removed usmg 100 mM glycine
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pH 2.0 at a flow rate of 530 ul/mm with a contact time of 30s. The dissociation constant was
calculated using Biacore T200 Evaluation software and fitted using 1:1 binding.
Example 7: Measuring Strength of Binding between TNFR1 and rhPRG4

{0103} Suorface plasmon resonance (SPR) was performed using a Biacore T200 (GE
Healthcare Life Sciences, Marlborough, MA). His-tagged TNFRI1 (Acro Biosystems,
Newark, DE) was flowed at 2000 oM i 10 mM Sodiom Acetate buffer (pH 4.5) with a
flow rate of 15 ul/min for 18 minutes and immobilized on a CMS Senies S chip, producimg
a signal of 2641 RU due to immobilization. Next, thPRG4 was flowed over the chip at 0,
100, 250, 500(x2), 750, 1000, and 1500 nM concentrations in 10 mM Sodunm Hepes (pH
7.4, 175 mM NaCl, 0.05% Polysorbate 20) with a flow rate of 30 ul/min, contact time of
180s, and dissociation time of 180s. Bound thPRG4 was removed using 100 mM glycine
pH 2.0 at a flow rate of 50 ul/min with a contact time of 30s. The dissociation constant was
calculated using Biacore T200 Evaluation software and fitted using 1:1 binding.

{6106] All patents, publications and abstracts cited above are incorporated herein by
reference in thew entirety. It should be understood that the foregoing relates only to
preferred embodiments of the present mmvention and that numerous modifications or
alteration may be made therein without departing from the spirit and the scope of the

present mvention as defined m the following clamms.
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CLAIMS
i A method for reducing or inhibiting bone resorption comprising admmistering to a
human or animal an anti-osteoclastic composition comprising proteoglyean 4 and a

pharmaceutically acceptable camrer.

2. The method of claim 1, wherein the proteoglycan 4 15 recombinant homan
protecglycan 4.
3. The method of clavn 1, wherein the pharmaceutically acceptable camieris a

hydrogel or DNA-inspired nanomaterial.

4. The method of clann 3, wherein the anti-osteociastic composttion 1s administered
directly to the area of the human or animal that 1s experiencing or susceptible to bone

reSOrpton.

5. The method of claim 4, wherein the area of the human or animal that s

experiencing or susceptible to bone resorption 13 a bone.

6. The method of claim 1, wherein admunisivation of the anti~osteociastic
composition mhibits or delays onset of a pathological condition of the bone.

7. The method of claim 6, wherein the pathological condition of the bone s
osteopenta.

8. The method of claim 6, wherein the pathological condition of the bone s

OStEOPOTDSIS.

9. The method of claim 6, wherein the pathological condition of the bone is bone loss

or resorption assoctated with cancer.
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10, The method of claim 1 further comprising administration of a second anti-

osteoclastic composition,

11, An anti-osteoclastic composition comprising a proteoglycan 4 and a
pharmaceutically acceptable cammier, wherein the pharmaceutically acceptable carmier is a

hydrogel or DNA~nspired nanomatenal.
12, An anti-osteoclastic composition comprising a proteoglycan 4 and a
pharmaceutically acceptable carmier in combination with a second anti-osteoclastic

compostion,

13, The composition of claim 11, wheremn the proteoglycan 4 1s recombinant human

protecglycan 4.

14, The composition of claim 12, whereimn the proteoglycan 4 1s recombinant human

protecglycan 4.

30



WO 2022/010996 PCT/US2021/040661

1/20

FIG. 1

rhPRG4

DIGESTION TIME (hr)

2 4 2 6 24
CTSK - - + + +

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996 PCT/US2021/040661

2/20
% CTSK
DIGESTION TIME (hr) ¢ 6 1 2 6 1 2 6 1 2 6
- 0.5% 1.0% 2.0%

500 m—

290 m—
24() e

160 m—

116 m—
97—

66 m—
55

40

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996

100000000

320

FIG. 3

PCT/US2021/040661

90000000 |

80000000

70000000

260000000
-

& 50000000

S 40000000
30000000

20000000

10000000

0

0

20

40 60 80
PRG4 (ng)

SUBSTITUTE SHEET (RULE 26)

100

—-50 ng CTSK
—-20 ng CTSK
—-5 ng CTSK



WO 2022/010996 PCT/US2021/040661

4/20
WT
350.0
300.0
250.0
# of 200.0
osteoclasts 150.0
100.0 |
50.0
0.0 ; ' ' '
PBS 1110 1130 11100
[rhPRG4]
WT
300.0
250.0
-
1
200.0
# of
osteoclasts 150.0
T
100.0 !
50.0 *
0.0 — ' ' '
PBS 110 1/30 1100
[rhPRG4]

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996 PCT/US2021/040661

5/20

FIG. 6A

800,000
700,000
600,000
500,000
400,000
300,000 T
200,000

100,000 I—'—l
0

PBS PRG4 d7 PRG4 d0
p=0.07 p=0.02

FIG. 6B

18,000
16,000
14,000
12,000
10,000
8,000
6,000 ¥
4,000 T
2,000 —

PBS PRG4 d7 PRG4 d0
p=0.05 p=0.03

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/040661

WO 2022/010996
6/20
StrepDonor NiAcceptor
Bead Bead
bPRG4 His-RANK
140000 L
120000
—e— Increasing RANK
100000
2
5 80000 -
§ —o— Positive Control
a 60000
o
40000 _o— Beads Only
Control
20000
0 & - ® o Beads and RANK
0 5 10 15 20 25 30

[RANK] (ng/ml)

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996

StrepDonor

Bead

)N

PCT/US2021/040661

7120

FIG. 8A

PRGA NiAcceptor

\ Bead

A0

His-RANK

180,000

(L
160,000 Q=]

140,000

—~ —o— RANK (30

120,000

\ ng/ml), RANKL

S 100,000

N (30 ng/ml)

80,000
60,000

\ @ Beads Only, 0
PRG4

40,000

20,000

ol

10 100 1000 10000
[PRG4] (ng/ml)

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996 PCT/US2021/040661

820

FIG. 9A

StrepDonor PRG4/fibronectin NiAcceptor

Bead \_ Bead

O = A

bRANKL His-RANK
500,000
450,000 I
400,000 } T N PRG4, RANK (30
? . ~* ng/ml), RANKL
350,000 ‘y\ ) (30 ng/ml)
300,000 S~
a \ —O— Figronectin,
o 250,000 = \ RA}N:() (%%NKL
ng/ml),
200,000 'S (30 ng/ml)
150,000
100,000
50,000
0l
1 10 100 1000 10000

[PRG4] or [Fibronectin] (ng/mL)

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996

# of Osteoclasts

Oc.S/BS
© =~ D W ™ o N o ©

80
70
60
50
40
30
20
10

920

FIG. 10A

PCT/US2021/040661

= TNF+Vehicle []TNF+PRG4

FIG. 10B

= TNF+Vehicle [_JTNF+PRG4

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996 PCT/US2021/040661

10/20
FIG. 11A

60

50
£ 4 _
s
w 30
F
£ 20
»

10

0

GT-TMX(-) GT-TMX(+)
FIG. 11B

60
§ 50
&)
w 40 T
E
-
3 30
=
é : I E
-
S 10

0

GT-TMX(-) GT-TMX(+)

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996 PCT/US2021/040661

11/20
FIG. 11C
250
S 200
=
% 150
7]
2 100
2]
=
S 50
0
GT-TMX(-) GT-TMX(+)
FIG. 11D
150
S
= 100
w
o
&
E 50
5
0
GT-TMX(-) GT-TMX(+

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996 PCT/US2021/040661

12/20
FIG. 11E
15
1.2
E
S 0.9
2
K=
< 06
>
@
£ 03
0

GT-TMX(-) GT-TMX(+)

FIG. 11F

Energy to Fracture (ml)
S

GT-TMX() GT-TMX(+)

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/040661

13/20

WO 2022/010996

(S)ounyp
ove 082 022 091 001 oF 02

WUQ00GL ¥OUd —
AU000L ¥Oud ----
NU0S. yO¥dd ===
NU00S ¥Odd —
NUQSC ¥Odd ----
U001 ¥OUd =—

aMljeuy y9Yd ‘Puebi] INNYY :¥dS

¢l Ol

(o) (o]
(ny) esuodsay

(]
(Yo

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/040661

WO 2022/010996

14/20

WU00S | ¥Odd =
U000} ¥Odd —
WU0S. ¥OHd ----
INU00S ¥OHd -
AU00S ¥Odd —
NU0SC ¥Odd --—-
WU00L ¥Odd —

(S) InIL
00¢ 0S¢ 00¢ 0§61 001 0g 0

dhjeuy yOUd ‘PuebrT LYANL -¥dS
€L old

0¢

%

09

08

00}

0cl

ovl

091

081

(NY) ISNOdSIY

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996 PCT/US2021/040661

15/20

FIG. 14A

StrepDonor PRG4 NiAcceptor

Bead X Bead

O == A0

bRANKL His-RANK

FIG. 14B

PRG4 Inhibits RANK/RANKL Binding

2.0+
e Ratio to 0 PRG4
15 O O O Ratio to 0 Fibronectin
' a|
S L . H o % % Ei'
& 1.0- «» I e O ;— P a
5 vo g%
* 3
®
00— |

I I |
0 30 300 3000 10000
[PRG4/Fibronectin] (ng/ml)

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996

OD Ratio

1.5 5

OD Ratio

0.5

1.0 ..:-f-:_t_

—

0.0

1.5

1.0 e

0.5

1 1T 1T 1
S S S &S
RN\

[PRG4] (ng/ml)

FIG. 15B

0.0

SUBSTITUTE SHEET (RULE 26)

[Fibronectin] (ng/ml)

PCT/US2021/040661



WO 2022/010996 PCT/US2021/040661

17/20

FIG. 16A

StrepDonor PRG4 NiAcceptor

Bead \ Bead

O = A

bRANKL His-RANK

FIG. 16B

1.5 ® Ratio to 0 PRG4

O Ratio to 0 Fibronectin

1.0 @ m O m]
5 182 .E .0 1
S 054 ° i °

* 3

0.0 T T T T | T

0 1000 3000 10000 30000 100000
[PRG4/Fibronectin] (ng/ml)

SUBSTITUTE SHEET (RULE 26)



WO 2022/010996

18/20
FIG. 17A
%k %k
k% %k
| %k %k
|
%k %k %
-
%%
%
—*
1.2- *
1.0 eee | \
© 0.8+ ? .. e )
= o o0 3k
o2 0.6 o i o
S 0.4 . _1_
0.2
00 1 1 1 1 1 1
RN
[PRG4] (ng/ml)
FIG. 17B
1.2+
1.0 eee e © o
o 08 W » ¥ ? {'
= °
& 0.6-
o
O (.4-
0.2-
00 T 1 1 1 I I
SRS RSO
N

[Fibronectin] (ng/ml)

SUBSTITUTE SHEET (RULE 26)

PCT/US2021/040661



WO 2022/010996

19/20

FIG. 18A

60 — * *

40—

Y

20_ ®

FIG. 18B

60 — * % *
B!

N
=)
I

N.Oc/B.Pm
T
<
oot

SUBSTITUTE SHEET (RULE 26)

PCT/US2021/040661



WO 2022/010996 PCT/US2021/040661

20/20

FIG. 18C

Oc. S/BS
N
HE

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 21/40661

A. CLASSIFICATION OF SUBJECT MATTER
IPC -

A61K 38/17, A61K 38/17, A61P 19/00 (2021.01)
CPC - A61K 38/17, A61K 38/1709, A61P 19/00, GO1N 2800/108

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

col 2 para 3 - pg 2086 col 1 para 1

abstract, [0013), (0024], [0074]

especially pg 1 col 1 para 1

X Abubacker et al., "Absence of Proteoglycan 4 (Prg4) Leads to Increased Subchondral Bone
Porosity Which Can Be Mitigated Through Intra-Articular Injection of PRG4", October 2019
(10.2019), J Orthop Res. 2019 Oct;37(10):2077-2088 DO! 10.1002/jor.24378; entire document,
especially abstract, pg 2077 col 1 para 1, pg 2078 col 2 para 3 - pg 2079 col 1 para 1, pg 2085

X US 2018/0015141 A1 (Lubris LLC) 18 January 2018 (18.01.2018); entire document, especially

A Ramin et al., "Evaluation of osteopenia and osteoporosis in younger breast cancer survivors
compared with cancer-free women: a prospective cohort study" (2018), Ramin et al. Breast
Cancer Research (2018) 20:134, https://doi.org/10.1186/s13058-018-1061-4; entire document,
A US 2018/0135018 A1 (Bio Time, Inc.) 17 May 2018 (17.05.2018); entire document

A US 2010/0190750 A1 (Chu et al.) 29 July 2010 (29.07.2010); entire document

1-2,6-10

1,3-5,11-14

[—:] Further documents are listed in the continuation of Box C.

I:I See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the ﬁpubllcatlon date of another citation or other
special reason (as specified)

“O” documentreferringtoan oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

17 September 2021

Date of mailing of the international search report

NOV 08 2021

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - wo-search-report

