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COMPOUNDS, COMPOSITIONS AND METHODS OF USE TO TREAT BONE
FRACTURES

PRIORITY
[0001] This patent application 1s related to and claims the priornity benefit of: (a) U.S. Provisional
Patent Application No. 63/105,669, filed October 26, 2020, and (b) U.S. Provisional Patent
Application No. 63/193,748, filed May 27, 2021. The contents of the aforementioned priorty

applications are hereby incorporated by reference i1n their entireties.

STATEMENT OF GOVERNMENT SUPPORT
[0002] This invention was made with government support under DE 028713 awarded by the

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

TECHNICAL FIELD

[0003] The present disclosure relates to osteotropic ligands, bone anabolic agents, conjugates

comprising both, compositions comprising the same, and methods of use to treat bone fractures.

BRIEF DESCRIPTION OF THE SEQUENCE LISTING

[0004] The sequences described herein are set forth 1n the Figures and also provided in computer-
readable form submitted herewith and incorporated herein by reference. The information recorded

in computer readable form 1s 1dentical to the written Sequence Listing provided herein, pursuant

to 37 C.F.R. § 1.821(h).

BACKGROUND

[0005] More than 18.3 million bone fractures occur each year in the United States. While some
fractures may lead to compromised physical activity, loss of productivity, and decreased quality
of life, nonunion fractures can amplity these morbidities by greatly prolonging the time to
recovery. Craniofacial fractures can be especially debilitating due to concomtant difficulties with
eating and speaking. Delayed hip fracture healing in the elderly can in many cases result in
premature mortality. Taken together, the total financial impact of broken bones on reparative
costs, convalescent expenses, and physical therapies 1s estimated at $45.8 billion, and these
expenses are anticipated to increase as our population continues to age.

[0006] Provided in some embodiments herein are compositions and methods for treating or

improving healing of bone fractures (e.g., through the combined use of osteotropic ligands and
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bone anabolic agents (e.g., conjugates)). This and other objects and advantages, as well as

inventive features, will be apparent from the description provided herein.

SUMMARY
[0007] In some embodiments, provided herein 1s a method for treating a bone-healing event (e.g..
bone fracture) of an individual (e.g., 1n need thereof) comprising administering (e.g., a
therapeutically effective amount of) a compound or pharmaceutically acceptable salt thereof
provided herein, such as, for example, a compound or pharmaceutically acceptable salt thereof
that comprises a bone targeting agent (e.g.. an osteotropic ligand) and/or an anabolic agent (e.g.,
a bone anabolic agent).
[0008] In some embodiments, provided herein 1s a compound having a structure of Formula
(I):

X-Y-Z.

[0009] In some embodiments, the compound having the structure of Formula (I) 1s a
pharmaceutically acceptable salt thereof. In some embodiments, X 1s a bone anabolic agent. In
some embodiments, X 1s a bone anabolic agent selected from the group consisting of a parathyroid
hormone (PTH) (e.g., or a denivative or fragment thereof (e.g., having bone anabolic activity)), a
PTH-related protein (PTHrP) (e.g., or a derivative or fragment thereof (e.g., having bone anabolic
activity)), and abaloparatide (e.g., or a denvative or fragment thereof (e.g., having bone anabolic
activity)). In some embodiments, Y 1s absent or a linker (e.g., a releasable linker or a non-
releasable linker). In some embodiments, Y 1s a releasable linker or a non-releasable linker. In
some embodiments, Z 1s an osteotropic ligand (e.g.., an acidic oligopeptide (AOP) (e.g..
comprising at least 4 amino acid residues (e.g., 4 to 20 amino acid residues))).
[0010] In some embodiments, X 1s a bone anabolic agent selected from the group consisting of a
PTH (e.g., or a denvative or fragment thereof (e.g., having bone anabolic activity)), a PTHrP (e.g..
or a denivative or fragment thereof (e.g., having bone anabolic activity)), and abaloparatide (e.g..
or a derivative or fragment thereof (e.g., having bone anabolic activity)).
[0011] In some embodiments, the bone anabolic agent 1s a PTH or a PTHrP or a dernivative or
fragment thereof (e.g.., (SEQ ID NO: 1 and/or having bone anabolic activity)). In some
embodiments, the bone anabolic agent 1s a parathyroid hormone (PTH) (e.g., or a denvative or
fragment thereof). In some embodiments, the bone anabolic agent 1s a PTHrP or a denivative or
fragment thereof). In some embodiments, the bone anabolic agent 1s a modified PTH or a
denivative or fragment thereof). For example, the modified PTH or denivative or fragment thereof

1s synthetically modified. In some embodiments, the bone anabolic agent 1s a modified PTHrP or
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a derivative or fragment thereof such as, for example, comprising SEQ ID NO: 1. In certain
embodiments, the modified PTHrP or a denvative or fragment thereof 1s synthetically modified.
In some embodiments, the bone anabolic agent 1s abaloparatide (e.g., or a derivative or fragment
thereof (e.g., having bone anabolic activity)). In some embodiments, the bone anabolic agent 1s
abaloparatide (SEQ ID NO: 2). In some embodiments, the bone anabolic agent 1s a (e.g..
synthetically) modified abaloparatide.

[0012] In some embodiments, X 1s a PTH or a denvative or fragment thereof (e.g.. having bone
anabolic activity).

[0013] In some embodiments, X 1s a PTHrP or a denvative or fragment thereof (e.g., having bone
anabolic activity).

[0014] In some embodiments, X 1s abaloparatide or a derivative or fragment thereof (e.g., having
bone anabolic activity).

[0015] In some embodiments, X 1s dasatinib.

[0016] In some embodiments, X 1s proinsulin-like growth factor II (pro-1GF-II).

[0017] In some embodiments, X 1s a cyclic peptide (e.g.. optionally substituted 101 or optionally
substituted 102). In some embodiments, X 1s optionally substituted 101. In some embodiments, X
1s optionally substituted 102. In some embodiments, X 1s 101. In some embodiments, X 1s 102.
[0018] In some embodiments, X modulates integrin alpha 5 beta 1 activity. In some embodiments,
X 1s a ligand of integrin alpha 5 beta 1. In some embodiments, 101 and 102 modulate integrin
alpha 5 beta 1 activity.

[0019] In some embodiments, Z 1s a tetracycline, a phosphonate (e.g., monobisphosphonate,
tribisphosphonate, or a polybisphosphonate), or an AOP. In some embodiments, Z 1s a
tetracycline. In some embodiments, Z 1s a monobisphosphonate, a tnibisphosphonate, or a
polybisphosphonate. In some embodiments, Z 1s a monobisphosphonate. In some embodiments,
Z. 1s a tnbisphosphonate. In some embodiments, Z 1s a polybisphosphonate.

[0020] In some embodiments, Z 1s a linear chain of amino acid residues. In some embodiments,
Z.1s a branched chain of amino acid residues. In some embodiments, Z 1s an AOP (e.g., comprising
at least 4 glutamic acid amino acid residues or 4 aspartic acid amino acid residues).

[0021] In some embodiments, Z comprnses at least 4 amino acid residues (e.g.. 4 or more, 10 or
more, 20 or more, 30 or more, 50 or more, 75 or more, or 100 or more). In some embodiments, Z
comprises 4 to 75 acidic amino acid residues (e.g., D-glutamic acid amino acid residues). In some
embodiments, Z comprises at most 100 amino acid residues (e.g., 100 or less, 75 or less, 50 or
less, 30 or less, 20 or less, 10 or less, or 4 or less). In some embodiments, Z comprises not less

than 4 and not more than 35 amino acids. In some embodiments, Z comprises not less than 4 and
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not more than 20 amino acids. In some embodiments, Z comprises not less than 6 and not more
than 30 amino acids. In some embodiments, Z comprises not less than 8 and not more than 30
amino acids. In some embodiments, Z comprises not less than 8 and not more than 20 amino acids.
In some embodiments, Z comprises glutamic acid amino acid residues. In some embodiments, Z
comprises D-glutamic acid amino acid residues.

[0022] In some embodiments, Z comprises 4 to 75 D-glutamic acid amino acid residues. In some
embodiments, Z comprises 8 to 30 D-glutamic acid amino acid residues. In some embodiments,
Z. comprises 8 to 20 D-glutamic acid amino acid residues.

[0023] In some embodiments, the AOP the comprnises from about 4 to about 20 amino acid
residues (such as 4 to about 20 or about 4 to 20) or more amino acid residues, such as 4. 5. 6, 7,
8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20. In various embodiments, the AOP comprises
about 20 amino acid residues, such as 20 amino acid residues.

[0024] In some embodiments, Z comprises at least 4 (e.g.. D-) glutamic acid amino acid residues
(e.g.., 4 to 20 D-glutamic acid amino acid residues) and/or at least 4 (e.g., D-) aspartic acid amino
acid residues (e.g., 4 to 20 D-aspartic acid amino acid residues).

[0025] In some embodiments, the amino acid 1s aspartic acid (represented by the letter D),
olutamic acid (represented by the letter E), or a mixture thereof. The amino acid residues can have
D chirality, L chirality, or a mixture thereof. In some embodiments, the amino acid residue has D
chirality. In some embodiments, the amino acid residue has L chirality. In some embodiments, Z
comprises at least 4 (e.g., acidic) amino acid residues (e.g., having the same chirality (e.g., D- or
L- amino acid residues)). In some embodiments, each of the at least 4 (e.g., acidic) amino acid
residue has D chirality. In some embodiments, the aspartic acid 1s D-aspartic acid or L-aspartic
acid. In some embodiments, the glutamic acid 1s D-glutamic acid or L-glutamic acid. In some
embodiments, Z comprises not less than 4 and not more than 20 D-glutamic acid residues or L-
olutamic acid residues. In some embodiments, Z comprises not less than 4 and not more than 20
D-aspartic acid residues or L-aspartic acid residues.

[0026] In some embodiments, Z comprises at least 4 (e.g., D-) glutamic acid amino acid residues
(e.g., 4 to 20 D-glutamic acid amino acid residues) and/or at least 4 (e.g., D-) aspartic acid amino
acid residues (e.g., 4 to 20 D-aspartic acid amino acid residues).

[0027] In some embodiments, Z comprises a mixture of (e.g.., D-) glutamic acid amino acid
residues and (e.g.., D-) aspartic acid amino acid residues.

[0028] In some embodiments, Z comprnses at least 4 repeating D-glutamic acid amino acid
residues (e.g., 4 repeating D-glutamic acid amino acid residues (DE4) or more, 6 repeating D-

olutamic acid amino acid residues (DE6) or more, 8 repeating D-glutamic acid amino acid residues
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(DES8) or more, 10 repeating D-glutamic acid amino acid residues (DE10) or more, 15 repeating
D-glutamic acid amino acid residues (DE15) or more, 20 repeating D-glutamic acid amino acid
residues (DE20) or more, 25 repeating D-glutamic acid amino acid residues (DE25) or more, 30
repeating D-glutamic acid amino acid residues (DE30) or more, or 35 repeating D-glutamic acid
amino acid residues (DE35) or more). In some embodiments, Z comprises at least DE10 or more,
DE]15 or more, or DE20 or more). In some embodiments, Z 1s DE10 or DE20.

[0029] In at least some embodiments, Z comprises at least DE15 or at least DE20.

[0030] In some embodiments, X 1s abaloparatide or a denvative or fragment thereof (e.g., having
bone anabolic activity) and Z 1s DE20.

[0031] In some embodiments, Y 1s a non-releasable linker. In some embodiments, Y 1s a non-
releasable linker containing at least one carbon-carbon bond. In some embodiments, Y 1s a non-
releasable linker containing at least one amide bond. In some embodiments, Y 1s a non-releasable
linker containing at least one carbon-carbon bond and at least one amide bond.

[0032] In some embodiments, Y 1s a non-releasable linker and comprises one or more amide
bond(s). In some embodiments, Y 1s a non-releasable linker and comprises 1-20 amide bond(s).
In some embodiments, Y 1s a non-releasable linker and comprses 1-10 amide bond(s). In some
embodiments, Y 1s a non-releasable linker and comprises 10-20 amude bond(s). In some
embodiments, Y 1s a non-releasable linker and comprises 1-5 amide bond(s).

[0033] In some embodiments, Y 1s a non-releasable linker and comprises one or more anuno acid
linker group(s). In some embodiments, Y 1s a polypeptide. In some embodiments, the polypeptide
comprises 1-20 amino acid residue(s). In some embodiments, the polypeptide compnses 1-10
amino acid residue(s). In some embodiments, the polypeptide comprises 10-20 anmno acid
residue(s). In some embodiments, the polypeptide comprnses 1-5 amino acid residue(s).

[0034] In some embodiments, Y 1s a non-releasable linker and comprises one or more ether
bond(s) (C-0O). In some embodiments, Y 1s a non-releasable linker and comprises 1-20 ether
bond(s) (C-0O). In some embodiments, Y 1s a non-releasable linker and comprises 1-10 ether
bond(s) (C-0O). In some embodiments, Y 1s a non-releasable linker and comprises 10-20 ether
bond(s) (C-0O). In some embodiments, Y 1s anon-releasable linker and comprises 1-5 ether bond(s)
(C-0).

[0035] In some embodiments, Y 1s a non-releasable linker and comprises one or more
polyethylene glycol (PEG) linker group(s). In some embodiments, Y 1s a PEG.

[0036] In some embodiments, Y 1s a non-releasable linker and comprises one or more thioether
bond(s) (C-S). In some embodiments, Y 1s a non-releasable linker and comprises 1-20 thioether

bond(s) (C-S). In some embodiments, Y 1s a non-releasable linker and comprises 1-10 thioether



WO 2022/093373 PCT/US2021/047824

bond(s) (C-S). In some embodiments, Y 1s a non-releasable linker and comprises 10-20 thioether
bond(s) (C-S). In some embodiments, Y 1s a non-releasable linker and comprises 1-5 thioether
bond(s) (C-S).

[0037] In some embodiments. Y 1s a releasable linker. In some embodiments, Y 1s a releasable
linker containing at least one disulfide (S-S). In some embodiments, Y 1s a releasable linker
containing at least one ester (e.g., O(C=0)). In some embodiments, Y 1s a releasable linker
containing at least one (e.g., protease-specific) amide bond.

[0038] In some embodiments, Y 1s a releasable linker and comprises one or more amide bond(s).
In some embodiments, Y 1s a releasable linker and comprises 1-20 amide bond(s). In some
embodiments, Y 1s a releasable linker and comprises 1-10 amide bond(s). In some embodiments,
Y 1s a releasable linker and comprises 10-20 amide bond(s). In some embodiments, Y 1s a
releasable linker and comprises 1-5 amide bond(s).

[0039] In some embodiments, Y 1s a releasable linker and comprises one or more amino acid
linker group(s). In some embodiments, Y 1s a polypeptide. In some embodiments, the polypeptide
comprises 1-20 amino acid residue(s). In some embodiments, the polypeptide compnses 1-10
amino acid residue(s). In some embodiments, the polypeptide comprises 10-20 amino acid
residue(s). In some embodiments, the polypeptide comprses 1-5 amino acid residue(s).

[0040] In some embodiments, Y 1s a releasable linker and comprises one or more ether bond(s)
(C-0O). In some embodiments, Y 1s a releasable linker and comprises 1-20 ether bond(s) (C-0O). In
some embodiments, Y 1s a releasable linker and comprises 1-10 ether bond(s) (C-O). In some
embodiments, Y 1s a releasable linker and compnses 10-20 ether bond(s) (C-O). In some
embodiments, Y 1s a releasable linker and comprises 1-5 ether bond(s) (C-O).

[0041] In some embodiments, Y 1s a releasable linker and comprises one or more PEG linker
agroup(s).

[0042] In some embodiments, X 1s abaloparatide (e.g., or a denvative or fragment thereof (e.g.,
having bone anabolic activity)), Y 1s a releasable oligopeptide linker compnsing at least one
protease-specific amide bond, and Z 1s 20 repeating DE20.

[0043] In some embodiments, X 1s abaloparatide (e.g., or a denvative or fragment thereof (e.g.,
having bone anabolic activity)), Y 1s a non-releasable oligopeptide linker, and Z 1s DE10. In some
embodiments, the compound 1s SEQ ID NO: 3. In some embodiments, the compound 1s SEQ ID
NO: 14.

[0044] In some embodiments, X 1s abaloparatide or a denivative or fragment thereof (e.g., having

bone anabolic activity), Y 1s a non-releasable oligopeptide linker, and Z 1s DE20. In some

embodiments, the compound 1s SEQ ID NO: 4.
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[0045] In some embodiments, X 1s abaloparatide or a dennvative or fragment thereof (e.g., having
bone anabolic activity), Y 1s a non-releasable oligopeptide linker, and Z 1s DE20. In some
embodiments, the compound 1s SEQ ID NO: 11.

[0046] In some embodiments, X 1s a (poly)peptide. In some embodiments, a compound having
the structure of Formula (I) 1s a (poly)peptide.

[0047] In some embodiments, provided herein 1s a (poly)peptide having bone anabolic activity
(e.g., abaloparatide (SEQ ID NO: 2)). In some embodiments, provided herein 1s a substantially
pure (poly)peptide having bone anabolic activity (e.g., abaloparatide), wherein the (poly)peptide
comprises an amino acid sequence having at least 75%, at least 85%, at least 95% amino acid
sequence 1dentity with an amino acid sequence set forth in SEQ ID NO: 1, SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 4, or SEQ ID NO: 14. In some embodiments, SEQ ID NO: 3 and/or SEQ
ID NO: 14 have bone anabolic activity (e.g., and bone targeting activity). In some embodiments,
SEQ ID NO: 4 has bone anabolic activity (e.g., and bone targeting activity). In other embodiments,
the (poly)peptide comprises an amino acid sequence having at least 75% sequence 1dentity (e.g.,
at least 75% sequence 1dentity or more, at least 85% sequence 1dentity or more, at least 90%
sequence 1dentity or more, or at least 95% sequence 1dentity or more) with the (e.g., PTH, PTHrP
(SEQ ID NO: 1), or abaloparatide (Abalo) (SEQ ID NO: 2)). or the amino acid sequence set forth
in SEQ ID NO: 3. In other embodiments, the (poly)peptide comprises an amino acid sequence
having at least 75% sequence 1dentity (e.g.. at least 75% sequence 1dentity or more, at least 85%
sequence 1dentity or more, at least 90% sequence 1dentity or more, or at least 95% sequence
1dentity or more) with PTH or PTHrP (SEQ ID NO: 1), or Abalo (SEQ ID NO: 2)), or the amino
acid sequence set forth in SEQ ID NO: 4.

[0048] In another embodiment, the (poly)peptide 1s an amino acid sequence having at least 75%
sequence 1dentity or more, at least 85% sequence 1dentity or more, at least 90% sequence 1dentity
or more, or at least 95% sequence 1dentity or more to an amino acid sequence shown in FIG. 1A.
In another embodiment, the (poly )peptide 1s an amino acid sequence shown in FIG. 1A. In another
embodiment, the (poly)peptide 1s an amino acid sequence having at least 75% sequence 1dentity
or more, at least 85% sequence 1dentity or more, at least 90% sequence 1dentity or more, or at least
95% sequence 1dentity or more to an amino acid sequence shown in FIG. 1B. In another
embodiment, the (poly)peptide 1s an amino acid sequence shown in FIG. 1B. In some
embodiments, the (poly)peptide 1s an amino acid sequence having at least 75% sequence 1dentity
or more, at least 85% sequence 1dentity or more, at least 90% sequence 1dentity or more, or at least
95% sequence 1dentity or more to 101 (e.g., see SEQ ID NO: 7 1n Fig. 1A). In some embodiments,
the (poly)peptide 1s 101 (e.g., see SEQ ID NO: 7 in Fig. 1A). In some embodiments, the
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(poly)peptide 1s an amino acid sequence having at least 75% sequence 1dentity or more, at least
85% sequence 1dentity or more, at least 90% sequence 1dentity or more, or at least 95% sequence
identity or more to 102 (e.g., see SEQ ID NO: 8 in Fig. 1B). In some embodiments, the
(poly)peptide 1s 102 (e.g., see SEQ ID NO: 8 in Fig. 1B).

[0049] In some embodiments, a compound provided herein comprises a payload. In some
embodiments, the payload comprises Abalo or a denvative or fragment thereof (e.g.. having bone
anabolic activity)) (e.g.., SEQ ID NO: 2). In some embodiments, the payload comprises a linker
provided herein (e.g., SEQ ID NO: 12). In some embodiments, the payload comprises Abalo or a
derivative or fragment thereof (e.g.. having bone anabolic activity)) (e.g.. SEQ. ID. NO.: 2) and a
linker provided herein (e.g., SEQ ID NO: 12).

[0050] In some embodiments, the linker 1s or comprises SEQ ID NO: 12. In some embodiments,
the linker 1s or comprises a polypeptide consisting essentially of SEQ ID NO: 12. In some
embodiments, the linker comprises one or more amino acid(s) of SEQ ID NO: 12. In some
embodiments, the linker comprises each amino acid of SEQ ID NO: 12. In some embodiments,
the linker 1s SEQ ID NO: 12.

[0051] In some embodiments, the (poly)peptide 1s a pharmaceutically acceptable salt of any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3,
or SEQ ID NO: 4).

[0052] In some embodiments, provided herein 1s a pharmaceutical composition comprising any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3,
or SEQ ID NO: 4), or a pharmaceutically acceptable salt thereof. In certain embodiments, the
pharmaceutical composition comprises any compound provided herein and at least one
pharmaceutically acceptable carrier or excipient.

[0053] In some embodiments, the compound provided herein (e.g., the compound having the
structure of Formula (I), SEQ ID NO: 3 or SEQ ID NO: 4) 1s administered (e.g., subcutaneously)
to an individual (e.g., a patient or an individual in need thereof).

[0054] Provided 1in some embodiments herein 1s a conjugate of formula X-Y-Z.

[0055] In some embodiments, X 1s a bone anabolic agent selected from the group consisting of a
PTH, a PTHrP (SEQ ID NO: 1), abaloparatide (SEQ ID NO: 2), a denvative of any of the
foregoing having bone anabolic activity, and a fragment of any of the foregoing having bone
anabolic activity.

[0056] In some embodiments, Y, when present, 1s a linker, which can be either releasable or non-

releasable.
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[0057] In another embodiment, the linker 1s an amino acid sequence having at least 75% sequence
1dentity or more, at least 85% sequence 1dentity or more, at least 90% sequence 1dentity or more,
or at least 95% sequence 1dentity or more to an amino acid sequence shown in FIG. 1A. In another
embodiment, the linker 1s an amino acid sequence shown in FIG. 1A. In another embodiment, the
linker 1s an amino acid sequence having at least 75% sequence 1dentity or more, at least 85%
sequence 1dentity or more, at least 90% sequence 1dentity or more, or at least 95% sequence
1dentity or more to an amino acid sequence shown in FIG. 1B (e.g., SEQ ID NO: 12). In another
embodiment, linker 1s an amino acid sequence shown 1n FIG. 1B (e.g., SEQ ID NO: 12).

[00S8] In some embodiments, Z 1s an osteotropic ligand, which 1s an AOP comprising at least 11
to 100 amino acid residues.

[0059] The amino acid residues can be glutamic acid, aspartic acid, or a mixture thereof. The
amino acid residues can have D chirality. The AOP can be a linear chain of amino acid residues.
When Y 1s present, Y can be a non-releasable linker containing at least one carbon-carbon bond
and/or at least one amide bond. Altematively, when Y 1s present, Y can be a releasable linker
containing at least one disulfide, ester, and/or protease-specific amide bond.

[0060] In some embodiments, provided herein 1s a pharmaceutical composition comprising any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3 or
SEQ ID NO: 4), or a pharmaceutically acceptable salt thereof (e.g., and at least one
pharmaceutically acceptable carrner or excipient).

[0061] Further provided in some embodiments herein 1s a pharmaceutical composition
comprising an effective amount of an above-descnibed conjugate and a pharmaceutically
acceptable carrier.

[0062] In some embodiments, the compound provided herein (e.g., the compound having the
structure of Formula (I), SEQ ID NO: 3 or SEQ ID NO: 4) 1s administered (e.g., subcutaneously)
to an individual (e.g., a patient or an individual in need thereof).

[0063] In some embodiments, provided herein 1s a method of treating a bone fracture (e.g.. of an
individual (e.g., a patient or an individual 1in need thereof)). In some embodiments, the method
comprises administering (e.g.., subcutaneously) a therapeutically effective amount of any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3 or
SEQ ID NO: 4) to the individual (e.g., a patient or an individual 1n need thereof). In some
embodiments, administering (e.g., subcutaneously) the therapeutically effective amount of any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3 or
SEQ ID NO: 4) to the individual (e.g.. a patient or an individual in need thereof) treats the bone
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fracture or improves the healing of the bone fracture of the individual (e.g., a patient or an
individual 1n need thereof).

[0064] Provided in some embodiments herein 1s a method of treating a bone fracture in a patient
(e.g., 1n need thereof), the method comprising administering (e.g.. subcutaneously) to the patient
(e.g., 1n need thereof) a therapeutically effective amount of any compound (e.g.. having a structure
of Formula (I), SEQ ID NO: 3 or SEQ ID NO: 4) or pharmaceutical composition provided herein,
thereby treating the bone fracture in the patient (e.g., 1n need thereof).

[0065] In some embodiments, the patient (e.g., in need thereof) 1s susceptible to a bone fracture.
In some embodiments, the patient (e.g., in need thereof) has diabetes mellitus. In some
embodiments, the patient (e.g., 1n need thereof) has osteoporosis. In some embodiments, the
patient (e.g., 1n need thereof) has a maxillofacial deficiency, defect, or injury (e.g., a maxillofacial
fracture. In some embodiments, the maxillofacial fracture 1s a mandibular osteotomy stabilized
with a microplate. In some embodiments, the patient (e.g., 1n need thereof) has diabetes mellitus,
osteoporosis, and/or a maxillofacial deficiency, a maxillofacial defect, or a maxillofacial injury
(e.g., a maxillofacial fracture). In some embodiments, the patient has one or more comorbidities
selected from the group consisting of diabetes mellitus, osteoporosis, a maxillofacial injury, and
a maxillofacial deficiency.

[0066] In some embodiments, administering (e.g., subcutaneously) the therapeutically effective
amount of any compound (e.g., having a structure of Formula (I)) or pharmaceutical composition
provided herein 1s by injection. In some embodiments, administering (e.g., subcutaneously) the
therapeutically effective amount of any compound (e.g.. having a structure of Formula (I)) or
pharmaceutical composition provided herein 1s by subcutaneous injection. In some embodiments,
the therapeutically effective amount of any compound or pharmaceutical composition provided
herein 1s administered by parenterally administration or enterally administration.

[0067] In some embodiments, provided herein 1s a method of treating a bone fracture (e.g.. of an
individual (e.g., a patient or an individual in need thereof)). In some embodiments, the method
comprises administering (e.g., subcutaneously) a therapeutically effective amount of any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3 or
SEQ ID NO: 4) to the individual (e.g., a patient or an individual in need thereof). In some
embodiments, administering (e.g., subcutaneously) the therapeutically effective amount of any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3 or
SEQ ID NO: 4) to the individual (e.g.. a patient or an individual 1n need thereof) treats the bone
fracture or improves the healing of the bone fracture of the individual (e.g., a patient or an

individual 1n need thereof). In some embodiments, administering the therapeutically effective
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amount of any compound or pharmaceutical composition provided herein 1s by parenteral
administration or enteral administration.

[0068] In some embodiments, administering results in a reduction of pain in the patient within
three weeks (e.g., between 2-3 weeks) following administration of the therapeutically effective
amount of the compound or pharmaceutical composition provided herein.

[0069] Methods for promoting bone growth 1n a patient (e.g., in need thereof) are also provided.
In certain embodiments, the method comprises administering to the patient a therapeutically
effecive amount of a compound or pharmaceutical composition provided herein, thereby
increasing a bone mineral density in a bone of the patient as compared to pre-treatment (e.g., bone
density prior to administration of the compound or pharmaceutical composition provided herein).
[0070] In some embodiments, the increased bone mineral density in the bone occurs at a fracture
site or 1n one or more resorption pits present on the bone (e.g., in a patient experiencing
osteoporosis). In some embodiments of the methods provided herein, a compound provided herein
1s administered (e.g., to an individual in need thereof) subcutaneously.

[0071] In some embodiments of the methods, a therapeutically effective amount of any compound
or pharmaceutical composition provided herein 1s administered daily, weekly, bi-weekly, or
monthly (e.g., for a penod of time, such as, for example, one week, one month, one vear, or
longer). In some embodiments, a therapeutically effective amount of any compound or
pharmaceutical composition provided herein 1s administered once or twice weekly. In some
embodiments, the therapeutically effective amount of any compound or pharmaceutical
composition provided herein 1s administered imn 1 to 800 independent doses. In certain
embodiments, the therapeutically effective amount of the compound or pharmaceutical
composition has a concentration of compound of at or between 0.01 mg/kg of patient body weight
to 1 mg/kg of patient body weight.

[0072] In some embodiments, the bone anabolic agent1s a PTH or a PTHrP (SEQ ID NO: 1) or a
derivative or fragment thereof (e.g., having bone anabolic activity)). In some embodiments, the
bone anabolic agent 1s a PTH or a derivative or fragment thereof. In some embodiments, the bone
anabolic agent 1s a PTHrP (SEQ ID NO: 1) or a denvative or fragment thereof. In some
embodiments, the bone anabolic agent 1s a (e.g., synthetically) modified PTH or a denvative or
fragment thereof. In some embodiments, the bone anabolic agentis a (e.g., synthetically) modified
PTHrP (SEQ ID NO: 1) or a denvative or fragment thereof. In some embodiments, the bone
anabolic agent 1s abaloparatide or a denvative or fragment thereof (e.g., having bone anabolic
activity). In some embodiments, the bone anabolic agent 1s abaloparatide (SEQ ID NO: 2). In

some embodiments, the bone anabolic agent 1s a (e.g.. synthetically) modified abaloparatide.
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[0073] In some embodiments, Z 1s a linear chain of amino acid residues. In some embodiments,
Z.1s an AOP (e.g., comprising at least 4 glutamic acid amino acid residues or 4 aspartic acid amino
acid residues).

[0074] In some embodiments, Z comprnses at least 4 amino acid residues (e.g.. 4 or more, 10 or
more, 20 or more, 30 or more, 50 or more, 75 or more, or 100 or more). In some embodiments, Z
comprises at most 100 amino acid residues (e.g., 100 or less, 75 or less, 50 or less, 30 or less, 20
or less, 10 or less, or 4 or less). In some embodiments, Z comprises not less than 4 and not more
than 35 amino acids. In some embodiments, Z comprises not less than 4 and not more than 20
amino acids. In some embodiments, Z comprises not less than 6 and not more than 30 amino acids.
In some embodiments, Z comprises not less than 8 and not more than 30 amino acids. In some
embodiments, Z comprises not less than 8 and not more than 20 amino acids.

[0075] In some embodiments, the AOP the compnises from about 4 to about 20 amino acid
residues (such as 4 to about 20 or about 4 to 20) or more amino acid residues, such as 4. 5. 6. 7,
8.9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20. In various embodiments, the AOP comprises
about 20 amino acid residues, such as 20 amino acid residues.

[0076] In some embodiments, the amino acids 1s aspartic acid (represented by the letter D),
olutamic acid (represented by the letter E), or a mixture thereof. The amino acid residues can
have D chirality, L chirality, or a mixture thereof. In some embodiments, the amino acid residue
has D chirality. In some embodiments, the amino acid residue has L chirality. In some
embodiments, Z comprises at least 4 (e.g., acidic) amino acid residues (e.g., having the same
chirality (e.g.. D- or L- amino acid residues)). In some embodiments, each of the at least 4 (e.g.,
acidic) amino acid residue has D chirality. In some embodiments, the aspartic acid 1s D-aspartic
acid or L-aspartic acid. In some embodiments, the glutamic acid 1s D-glutamic acid or L-glutamic
acid. In some embodiments, Z comprises not less than 4 and not more than 20 D-glutamic acid
residues or L-glutamic acid residues. In some embodiments, Z comprises not less than 4 and not
more than 20 D-aspartic acid residues or L-aspartic acid residues.

[0077] In some embodiments, Z comprises at least 4 (e.g., D-) glutamic acid amino acid residues
(e.g.., 4 to 20 D-glutamic acid amino acid residues) and/or at least 4 (e.g., D-) aspartic acid amino
acid residues (e.g., 4 to 20 D-aspartic acid amino acid residues).

[0078] In some embodiments, Z comprises a mixture of (e.g., D-) glutamic acid amino acid
residues and (e.g., D-) aspartic acid amino acid residues.

[0079] In some embodiments, Z comprises at least 4 repeating D-glutamic acid amino acid
residues (e.g., DE4 or more, DE6 or more, DE8 or more, DE10 or more, DE15 or more, or DE20

or more, DE25 or more, DE30 or more, or DE35 or more). In some embodiments, Z comprises at
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least 10 repeating D-glutamic acid amino acid residues (e.g.., DE4 or more, DE6 or more, DES or
more, DE10 or more, DE15 or more, or DE20 or more, DE25 or more, DE30 or more, or DE35
or more). In some embodiments, X 1s abaloparatide or a denvative or fragment thereof (e.g..
having bone anabolic activity) and Z 1s DE20.

[0080] In some embodiments, Y 1s a non-releasable linker. In some embodiments, Y 1s a non-
releasable linker containing at least one carbon-carbon bond. In some embodiments, Y 1s a non-
releasable linker containing at least one amide bond. In some embodiments, Y 1s a non-releasable
linker containing at least one carbon-carbon bond and at least one amide bond.

[0081] In some embodiments. Y 1s a releasable linker. In some embodiments, Y 1s a releasable
linker containing at least one disulfide (S-S). In some embodiments, Y 1s a releasable linker
containing at least one ester (e.g., O(C=0)). In some embodiments, Y 1s a releasable linker
containing at least one (e.g., protease-specific) amide bond.

[0082] In some embodiments, Y 1s a linker described elsewhere herein (e.g., hereinabove).
[0083] In some embodiments, Z 1s an osteotropic ligand described elsewhere herein (e.g.,
heremabove).

[0084] In some embodiments, X 1s abaloparatide or a denvative or fragment thereof (e.g., having
bone anabolic activity), Y 1s a non-releasable oligopeptide linker, and Z 1s DE20. In some
embodiments, the compound 1s SEQ ID NO: 11.

[0085] In some embodiments, X 1s abaloparatide or a dennvative or fragment thereof (e.g., having
bone anabolic activity), Y 1s a releasable oligopeptide linker comprising at least one protease-
specific amide bond, and Z 1s DE20.

[0086] In some embodiments, the compound 1s an 1maging agent (e.g., a dye).

[0087] In some embodiments, the compound 1s a single-photon emission computer
tomography/computed tomography (SPEC/CT) imaging agent.

[0088] In some embodiments, the compound 1s described elsewhere herein (e.g., hereinabove).
[0089] In some embodiments, the compound 1s SEQ ID NO: 3. In some embodiments, the
compound 1s SEQ ID NO: 4.

[0090] In some embodiments, provided herein 1s a pharmaceutical composition comprising any
compound provided herein (e.g., a compound having a structure of Formula (I), SEQ ID NO: 3 or
SEQ ID NO: 4), or a pharmaceutically acceptable salt thereof (e.g.., and at least one
pharmaceutically acceptable carrier or excipient).

[0091] Still further provided in some embodiments herein 1s a method of treating a bone fracture.
In some embodiments, the method comprises administering (e.g., subcutaneously) to a patient

with a bone fracture an effective amount of a conjugate of formula X-Y-Z or a pharmaceutical
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composition comprising same, whereupon the bone fracture in the patient 1s treated. The patient
can have diabetes mellitus, osteoporosis, or a maxillofacial fracture, such as a mandibular
osteotomy stabilized with a microplate. The effective amount of the conjugate or the effective
amount of the pharmaceutical composition can be administered by injection, such as subcutaneous
Injection.

[0092] Further embodiments and the full scope of applicability of the present disclosure will
become apparent from the Detailled Description. However, 1t should be understood that the
Detailed Description and specific examples are given by way of 1llustration only. Various changes
and modifications within the spirit and scope of the present disclosure will become apparent to

those skilled 1n the art.

BRIEF DESCRIPTION OF THE FIGURES
[0093] Fig. 1A shows SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID
NO: 5, SEQ ID NO: 6 (the structure for a targeted conjugate of dasatinib), and SEQ ID NO: 7.
[0094] Fig. 1B shows SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQID NO: 11, SEQ ID
NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, and SEQ ID NO: 15.
[0095] Fig. 2A shows chemical structures of a tetracycline, a mono-bisphosphonate, a
polyphosphate, and an acidic oligopeptide conjugated to a radiolabeled tyrosyl cysteine.
[0096] Fig. 2B shows a graph of conjugate vs. fractured/healthy femurs ratio for bone-targeting
ligands delivering '“’I tyrosyl cysteine payloads.
[0097] Fig. 3A shows a graph of tissue vs. percent injected dose/g of targeted SEQ ID NO: 1
compared to untargeted/free SEQ ID NO: 1.
[0098] Fig. 3B shows a graph of conjugate vs. percent injected dose/g of targeted SEQ ID NO: 1
and free SEQ ID NO: 1 1n the fracture femurs of a mammal 24 hours post-injection.
[0099] Fig. 3C shows a graph of conjugate vs. fractured/healthy femurs ratio of targeted with
SEQ ID NO: 1 as compared to untargeted/free SEQ ID NO: 1.
[0100] Fig. 4 shows a graph of tissue vs. percent injected dose/g of six different radio-1odinated
payloads coupled to (L)Aspio 24 hours post-injection.
[0101] Fig. 5 shows a graph of tissue vs. percent injected dose/g of radio-10dinated casein kinase
2.3 peptide (CK2.3) coupled to 10 (L) aspartic acids relative to untargeted CK2.3.
[0102] Fig. 6 shows a graph of tissue vs. percent injected dose/gram of radio-1odinated CK2.3
coupled to 10 (L) aspartic acids, 10 (L) glutamic acids, or 10 (L) aminoadipic acids relative to
untargeted CK2.3.
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[0103] Fig. 7 shows a graph of tissue vs. percent injected dose/g of radio-1odinated CK2.3 coupled
to 10 or 20 (L) glutamic acids relative to untargeted CK2.3.

[0104] Fig. 8 shows a graph of tissue vs. percent injected dose/g of radio-1odinated CK2.3 coupled
to 20 L- or D-glutamic acids relative to untargeted CK2.3.

[0105] Fig. 9 shows a graph of hours post-injection vs. ug dye/mg tissue of S0456 (near-infrared
(IR) fluorophore) coupled to 10 L- or D-aspartic acids in a mammal bearing midshaft femur
fractures 10 days post-fracture at different time points post-injection.

[0106] Fig. 10 shows a graph of targeting ligands vs. percent injected dose/gram of radio-
1odinated CK2.3 coupled to different acidic oligopeptides relative to untargeted CK2.3.

[0107] Fig. 11A shows a single-photon emission computer tomography/computed tomography
(SPEC/CT) image of the Tc chelator EC20 chelating 99Tc¢ linked to (D)Glujo acid.

[0108] Fig. 11B shows a SPEC/CT 1mage of the Tc chelator EC20 chelating 99T¢ linked to
(D)Gluzo acid.

[0109] Fig. 11C shows a graph of tissue vs. percent injected dose/g of the labeled (D)Gluio and
(D)Glu2o compounds in the different tissues.

[0110] Fig. 11D shows the structure of EC20(D)Gluio chelating 99T¢.

[0111] Fig. 12 shows the structure of a tri-bisphosphonate targeting ligand.

[0112] Fig. 13 shows a graph of agent tested vs. bone volume (BV) of targeted anabolic
conjugates on a mammal after four weeks.

[0113] Fig. 14 shows a graph of agent tested vs. bone volume/total volume (BV/TV) of targeted
anabolic conjugates on a mammal after four weeks.

[0114] Fig. 15 shows a graph of agent tested vs. maximum (max) load (N) of targeted anabolic
conjugates on a mammal after four weeks.

[0115] Fig. 16 shows a graph of agent tested vs. work to fracture (mJ) of targeted anabolic
conjugates on a mammal after four weeks.

[0116] Fig. 17 shows a graph of agent tested vs. post-yield displacement (mm) of targeted
anabolic conjugates on a mammal after four weeks.

[0117] Fig. 18 shows a graph of days vs. blood sugar (mg/dl) of a type I diabetic rodent during
the four-week treatment period using a compound provided herein.

[0118] Fig. 19 shows a graph of days vs. average % change in body mass for a type I diabetic
fracture mice treated groups throughout treatment.

[0119] Fig. 20A shows a graph of agent tested vs. bone volume of targeted anabolic conjugates

on a mammal after four weeks.
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[0120] Fig. 20B shows a graph of agent tested vs. bone volume/total volume of targeted anabolic
conjugates on a mammal after four weeks.

[0121] Fig. 21A shows a graph of agent tested with insulin vs. trabecular thickness of targeted
anabolic conjugates on a mammal after four weeks.

[0122] Fig. 21B shows a graph of agent tested with insulin vs. trabecular spacing of targeted
anabolic conjugates on a mammal after four weeks.

[0123] Fig. 22A shows a graph of agent tested with insulin vs. maximum force (N) of targeted
anabolic conjugate on a mammal after four weeks.

[0124] Fig. 22B shows a graph of agent tested with insulin vs. work to fracture (mJ) of targeted
anabolic conjugate on a mammal after four weeks.

[0125] Fig. 22C shows a graph of agent tested with insulin vs. modulus (MPa) of targeted anabolic
conjugate on a mammal after four weeks.

[0126] Fig. 23A shows a graph of agent tested vs. BV of targeted anabolic conjugate on a mammal
alter four weeks.

[0127] Fig. 23B shows a graph of agent tested vs. bone volume/total volume (BV/TV) of targeted
anabolic conjugate on a mammal after four weeks.

[0128] Fig. 24A shows a graph of agent tested vs. max load (N) of targeted anabolic conjugate on
a mammal after four weeks.

[0129] Fig. 24B shows a graph of agent tested vs. work to fracture (mJ) of targeted anabolic
conjugate on a mammal after four weeks.

[0130] Fig. 24C shows a graph of agent tested vs. stifiness (MPa) of targeted anabolic conjugate
on a mammal after four weeks.

[0131] Fig. 28 shows a graph of agent tested vs. serum calcium concentration (mg/dl) of treatment
on serum calcium in a mammal with a midshaft femur fracture model.

[0132] Fig. 26 shows a graph of days vs. distance traveled (cm) in locomotor open-field boxes for
different treatment groups.

[0133] Fig. 27 shows a graph of days vs. time spent moving 1in locomotor open-field boxes for
different treatment groups.

[0134] Fig. 28 shows a graph of days vs. mean velocity (cm/s) in locomotor open-field boxes for
different treatment groups.

[0135] Fig. 29 shows graphs of agent vs. non-calcified area (mm~®) for defect and graft and cranial
defect, agent vs. percent migrated (%) for screw, agent vs. gap diameter (mm) for mandibular

osteotomy, and agent vs. max load (N) for mandibular osteotomy.
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[0136] Fig. 30 shows a graph of hours vs. percent injected dose in blood (cpm/g) of compounds
provided herein.

[0137] Fig. 31 shows a graph of hours vs. percent injected dose in bone (cpm/g) of compounds
provided herein 1n fractured femurs and contralateral femurs.

[0138] Fig. 32 shows a graph of treatment of a compound provided herein vs. max load (N).
[0139] Fig. 33 shows a graph of treatment of a compound provided herein vs. work to fracture
(m)).

[0140] Fig. 34 shows a graph of treatment of a compound provided herein vs. max load (N).
[0141] Fig. 35 shows CT images of bone imaged three weeks after initiation of treatment with

non-targeted abaloparatide.

DETAILED DESCRIPTION
[0142] The present disclosure relates to the preparation and use of compounds and compositions
that treat bone fractures. In some embodiments, the compounds, compositions, and methods
leverage strategies to (e.g., selectively) localize the therapeutic agents to a bone fracture or other
bone injury of interest. For example, the compounds, compositions, and methods provided may
comprise an osteotropic ligand. In some embodiments, the compounds and compositions are
formulated to exhibit increased retention time (such as due to increased resistance to degradation,
for example) such that the frequency at which the compound or composition 1s readministered to
maintain a therapeutically effective concentration at the targeted site (e.g.. a fracture site) 1s
reduced. The compounds, compositions, and methods hereof allow for significant advantages over
conventional therapies used to treat bone fractures. For example, targeted therapies allow for a
noninvasive way to maintain longer duration of therapeutic concentrations of drug relative to the
traditional bolus adminmistration used 1n local application of a therapeutic like 1n bone
morphogenetic protein-2 (BMP2). This can result in more robust stimulation of healing and faster
repair. The noninvasive nature can further allow physicians to control when and how long a drug
1s administered such that they can affect different phases of fracture healing and adjust treatment
strategies to meet variability in patient healing times. It also can reduce systemic exposure and
side effects and can avoid leakage 1in to neighboring tissue like the local application of anabolics.
[0143] Bone fractures can present in patients with osteoporosis. Osteoporosis can be a co-
morbidity that individuals have later in hife (e.g., > 65 years old) and can be the result of a
misbalance between the osteoblasts and the osteoclasts. In women, the misbalance can be

triggered by the loss of estrogen during menopause. The loss in bone density due to the misbalance
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can lead to fragile bones that break with a relatively reduced force (compared to earlier in life).
The misbalance 1n the bone basic unit can also slow the healing of fractures.

[0144] At least one in three women and one 1n five men over the age of 50 will suffer an
osteoporotic fracture. Osteoporotic patients are at least twice as likely to get a fracture (e.g.. due
to sarcopenia and weakened bone) and, as such, osteoporotic fractures can be a challenge to the
at-risk population. This population would benefit from a noninvasive strategy to accelerate bone
fracture healing.

[0145] Similarly, diabetic patients have six times as many fractures as patients without diabetes.
Diabetic patients may have twice as many nonunion fractures as healthy patients. The increase in
fractures, 1n some 1nstances, occurs from microstructural changes (e.g., 1n the extracellular matrix
of the bone). Hyperglycemia can lead to non-enzymatic crosslinks between collagen strands. In
addition, 1n type I diabetes mellitus, the loss of insulin production from the beta cells 1n the 1slets
of Langerhans can lead to a reduction 1n bone mineral density (e.g., because insulin 1s anabolic
for osteoblasts). Moreover, bone healing can be 1mpaired from poor vasculanzation and
neuropathy. Accelerating fracture repair in these patients may be important, since, for example,
they may be more prone to co-morbidities when immobilized. Diabetic patients can be
challenging orthopedic patients to treat with current bone healing treatment options.

[0146] While long bone fractures can require temporary immobilization and short-term, lifestyle
changes, maxillofacial bone fractures can consistently result in severe decrements in quality of
life (e.g., that often persists until the damaged bones are substantially repaired). This decline 1n
quality of life can be from pain arising from the high density of nerve endings in craniofacial
regions, the concentration of all five major senses 1n these areas, and the loss of crucial functions
of this area, such as, for example, communication and mastication.

[0147] Although the physical and financial burdens of fractures in the United States have been
frequently lamented, methods for treating these fractures have surprnisingly not improved.
Treatment methods, in some 1nstances, rely on stabilization with rods, plates, and/or casts.

[0148] In many 1nstances, osteogenic drugs approved to date are topically applied during surgery.
For example, because surgery 1s not indicated for most fractures, the opportunity to employ these
pharmacologic agents can be difficult.

[0149] In many 1nstances, the metabolic turnover of approved bone anabolic agents 1s relatively
fast which can restrict the duration of their therapeutic benefits to a brief window following topical
application.

[0150] Additionally, leakage of locally applied anabolic drugs into surrounding tissues can lead

to undesirable side effects including, for example, ectopic bone growth. In some instances,
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systemic administration of osteogenic agents stimulates unwanted anabolic processes 1n healthy
tissues, such as, for example, nerves, muscles, and the vasculature. In some 1nstances,
hypercalcemia, hypertension, immunosuppression, and even cancer are concerns surrounding
systemic administration of bone anabolic drugs.

[0151] A possible solution 1s bone targeting. To date, bone targeting has primarily focused on
delivering payloads to orthopedic pathologies not related to fractures, such as osteoporosis,
osteomyelitis, and bone metastases. Most of these treatments are bisphosphonates to deliver
compounds selectively to bone. However, when treating bone fractures, 1t 1s imperative to deliver
compounds selectively to the fracture site to avoid ectopic ossification that can occur when a drug
1s delivered nonspecifically to all bone. While tetracycline may be moderately selective for
fractured over healthy bone, tetracyclines can be toxic to bone, liver and kidney and are thus not
an 1deal solution.

[0152] Several limitations also exist with using bisphosphonates for fracture targeting, including
that they inhibit osteoclasts, which are essential for both normal skeletal remodeling and resolving
of fracture calluses from woven bone into laminar bone. Another problem with using
bisphosphonates as targeting ligands 1s that they have half-lives of up to 20 years in bone, which,
depending on the stability of their therapeutic cargoes, can potentially lead to an undesirably
prolonged stimulation of their molecular targets.

[0153] Stmular targeting can be observed with ranelates. These compounds can be used as
targeting molecules for many bone diseases and can be attached to anabolic agents to speed bone
orowth and healing. However, like bisphosphonates, they have a long bone half-life.

[0154] Given the 1ssues with bisphosphonates, ranelates, and polyphosphates, including
cumbersome synthesis and poor solubility, there remains a need for an osteotropic ligand that
doesn’t present such disadvantages. Desirably, the osteotropic ligand can deliver an attached
peptidic, therapeutic agent to a fracture, in particular a fracture callus.

[0155] Abaloparatide (SEQ ID NO: 2) 1s an anabolic, 34-amino acid, synthetic analog of
parathyroid hormone-related protein (PTHrP) (SEQ ID NO: 1). It can help promote bone growth
and conserve bone density and can be used to treat osteoporosis. Abaloparatide (SEQ ID NO: 2)
acts sitmilarly to PTHrP (SEQ ID NO: 1) and targets, binds to, and activates the parathyroid
hormone 1 (PTHI1) receptor (PTHIR).

[0156] PTHIR 1s a G protein-coupled receptor (GPCR) expressed in osteoblasts and bone stromal
cells. PTHIR, in turn, activates the cyclic adenosine monophosphate (cAMP) signaling pathway

and the bone anabolic signaling pathway, leading to bone growth and increased bone mineral
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density and volume. The increase in bone mass and strength helps prevent/treat osteoporosis and
decrease the nisk of fractures.

[0157] Management of broken bones may be improved by continuously applying bone anabolic
agents to a fracture over the entire course of the healing process. In some instances, hy droxyapatite
1s exposed on a broken bone. Molecules that bind with high affinity and specificity for
hydroxyapatite, in some instances, may provide a treatment for targeting a bone anabolic agent to
a fracture (e.g., and provide for continuous stimulation of fracture healing).

[0158] Patients with fractures can suffer a loss of function, for example, due to pain and lack of
stability of a fracture. Conventional treatments for skeletal loss of function include, for example,
improved stability by surgically implanting plates and rods, pain relief with nonsteroidal anti-
inflammatory drugs (NSAIDS) and opioids, and locally applied anabolics. Surgical implantation
of rods and plates 1s invasive and can be painful. For example, in some instance, patients use the
fractured part of their body too quickly and thus delay healing. Opioids, can, in some 1nstances,
elicit cognitive impairment and are, for example, 1) the most commonly abused drug class (e.g..
after orthopedic trauma in both young and aged populations) and 2) in some instances, responsible
for the continuation of some pain syndromes following healing of the injury. Additionally, 1n
some 1nstances, opioids can induce dizziness and vertigo, which can, for example, result 1n falls
that can further exacerbate existing bone injuries or cause new bone 1njuries. In some nstances,
NSAID use for fracture pain 1s discouraged as 1t can compromise the healing process. For
example, administration of NSAIDs to alleviate pain may result in reduced bone density,
decreased cartilage formation duning early fracture fixation and, ultimately, nonunion of the bone
defect. Mechanmisms for this compromised healing may include, for example, delays 1n
differentiation of stem cells and dimimished BMP2 production. In some instances, patients
continue to feel pain after treatment, resulting 1n a loss of function despite better radiographic
outcomes. BMP2 1s an approved therapy for treating bone fractures that can improve fracture
healing, but has also been reported to, in some 1nstances, increase pain after surgery, which may
delay the gain of function following a fracture.

[0159] Compounds

[0160] Provided 1in some embodiments herein are compounds comprising acidic oligopeptides
(AOPs) (e.g.. 10-mers and 20-mers of acidic amino acids, 10-mers and 20-mers of either aspartic
acid or glutamic acid, or various combinations of the foregoing). In some embodiments, AOPs
effectively target spinal fusions. In some embodiments, 20-mers are more effective than 10-mers.
In some embodiments, AOPs are highly selective compared to bisphosphonates and tetracyclines.

In some embodiments, glutamic acid polymers and aspartic acid polymers have similar retention
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times at the delivery site. In some embodiments, while oligo-aspartic acids have reduced
nonspecific retention in the kidneys, the slight increase 1n retention time observed with oligo-
olutamic acid 1s transient. In some embodiments, both aspartic acid oligopeptides and glutamic
acid oligopeptides (e.g., nearly quantitatively) clear from the kidneys after 18 hours. In some
embodiments, AOPs target peptides of all chemical classes (e.g., hydrophobic, neutral, cationic,
anionic, short oligopeptides, and long polypeptides). In some embodiments, this targeting 1s
particularly beneficial as it allows for the development and broad use of this platform to develop
other targeted therapeutics (e.g., many bone anabolic agents are peptidic, but their physical
properties can vary greatly).
[0161] Provided 1n some embodiments herein are compounds comprising non-natural D
enantiomers of AOPs, which can, 1n some instances, exhibit increased retention time on the
fracture surface compared to the respective L enantiomers. This can be due to an increased
resistance to degradation as compared to other compounds, for example. In some embodiments,
increased retention time impacts the frequency that a therapeutic agent requires re-administration
to maintain a therapeutically effective concentration at the targeted site of surgery (e.g.. bone
fracture). In some embodiments, increased retention time impacts the amount of a therapeutic
agent required to be administered to elicit a targeted response (e.g.. a therapeutic response). In
some embodiments, linear AOPs are superior to branched AOPs (e.g., due to a reduction 1n, or the
absence of, interference).
[0162] In some embodiments, targeted delivery of anabolic agents provides localization of
therapeutic agents to bone fracture (e.g., via injection, such as, for example, subcutaneous
injection, for example, at a distal site). In some embodiments, a compound provided herein 1s
administered repeatedly to a patient (e.g., in need thereof). In some embodiments, a compound
provided herein 1s administered at a relatively low dose to a patient (e. 2., 1n need thereof). In some
embodiments, a compound provided herein 1s administered at a safe dose to a patient (e.g., 1n need
thereof). In some embodiments, a compound provided herein 1s administered at a therapeutic dose
to a patient (e.g., in need thereof). In some embodiments, targeted delivery minimmzes (e.g., 1f not
eliminates) dnft of an anabolic agent (e.g.. into other tissues and unwanted mineralization). In
some embodiments, bone growth in the region 1s stimulated for a relatively long time (e.g., to
achieve relatively fast results (e.g.., so that patients can regain their post-surgery mobility more
quickly as compared to non-targeted delivery approaches)).
[0163] In some embodiments, provided herein 1s a compound having a structure of Formula (I):
X-Y-Z

or a pharmaceutically acceptable salt thereof, wherein:

21



WO 2022/093373 PCT/US2021/047824

X 1s a bone anabolic agent;

Y, when present, 1s a linker, which can be either releasable or non-releasable; and

Z. 1s an osteotropic ligand.

Z. can be any suitable osteotropic ligand. In some embodiments, the osteotropic ligand has
an atfinity for bone, e.g., hydroxyapatite. In some embodiments, the osteotropic ligand helps direct
the compound (or a denvative or fragment thereof) to (e.g., healing) bone. In some embodiments,
the osteotropic ligand has the potential to target the bone anabolic agent to a bone fracture or other
bone mjury. In some embodiments, the osteotropic ligand 1s a ligand with atfinity for
hydroxyapatite. In some embodiments, the osteotropic ligand 1s a ranelate, a bisphosphonate (e.g..
alendronate), a tetracycline, a polyphosphate, an acidic molecule (such as a molecule with two or
more carboxylic acids), a calcium chelator, a metal chelator, or an AOP. In some embodiments,
the osteotropic ligand 1s an AOP. In some embodiments, the osteotropic ligand 1s a bisphosphonate
selected from the group consisting of monobisphosphonate, tribisphosphonate, and
polybisphosphonate.

[0164] In some embodiments, Z comprnses at least 4 amino acid residues (e.g.. 4 or more, 10 or
more, 20 or more, 30 or more, 50 or more, 75 or more, or 100 or more). In some embodiments, Z
comprises at most 100 amino acid residues (e.g., 100 or less, 75 or less, 50 or less, 30 or less, 20
or less, 10 or less, or 4 or less). In some embodiments, Z comprises not less than 4 and not more
than 30 amino acids. In some embodiments, Z comprises not less than 4 and not more than 20
amino acids. In some embodiments, the AOP the comprises from about 4 to about 20 amino acid
residues (such as 4 to about 20 or about 4 to 20) or more amino acid residues, such as 4. 5. 6. 7,
8.9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20. In various embodiments, the AOP comprises
about 20 amino acid residues, such as 20 amino acid residues. In other embodiments, the AOP
can comprise more than 20 amino acid residues, such as 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95 or as many as 100 amino acid residues.

[0165] In some embodiments, the amino acids can be aspartic acid (represented by the letter D),
olutamic acid (represented by the letter E), or a mixture thereof. The amino acid residues can
have D chirality, L chirality, or a mixture thereof. In some embodiments, the amino acid residue
has D chirality. In some embodiments, the amino acid residue has L chirality. In some
embodiments, the aspartic acid 1s D-aspartic acid or L-aspartic acid. In some embodiments, the
glutamic acid 1s D-glutamic acid or L-glutamic acid. In some embodiments, Z comprises not less
than 4 and not more than 20 D-glutamic acid residues or L-glutamic acid residues. In some
embodiments, Z comprises not less than 4 and not more than 20 D-aspartic acid residues or L-

aspartic acid residues.
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[0166] In some embodiments, the AOP comprises one or more neutral or basic amino acids (e.g.,
provided that the AOP functions effectively as an osteotropic ligand). In some embodiments, the
AQOP comprises one or more synthetic amino acids (e.g., which can be acidic, neutral or basic).
[0167] In some embodiments, the AOP 1s linear (a linear chain) or branched (a branched chain).
A linear chain 1s used 1n various embodiments. In some embodiments, the AOP can be cyclized.
[0168] The osteotropic ligand (Z) can be a single unit, a polymer, a dendrimer, or multiple units.
In some embodiments, the osteotropic ligand 1s a polymer. In some embodiments, the anabolic
agent 1s cyclic. In some embodiments, the anabolic agent 1s a cyclic peptide. In some instances, a
cyclic peptide 1s a compound (or radical thereof) consisting of two or more amino acids linked in
a chain, wherein two portions of the compound combine to form a heterocyclic (e.g., peptide)
molecule. Examples of cyclic peptides include, but are not limited to, structures 101 and 102 (see,
e.g., Figs. 1A and 1B).

[0169] In some embodiments, X 1s any suitable bone anabolic agent. In some embodiments, the
bone anabolic agent 1s neutral, anionic, cationic, or hydrophobic. In some embodiments, the bone
anabolic agent 1s an oligopeptide (e.g., comprising less than or equal to about 10 (or less than 10)
amino acld residues, such as 10, 9, 8, 7, 6, 5 or 4 amuino acid residues). In some embodiments, the
bone anabolic agent comprises more than or equal to about 10 (or more than 10) amino acid
residues, such as 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31,32, 33, 34, 35, 36, 37, 38, 39, or 40 amino acid residues.

[0170] Examples of anabolic agents include, but are not limited to, abaloparatide (SEQ ID NO:
2), SEQ ID NO: 5 (e.g., a 34-residue peptide hormone that 1s secreted by the PB-cells of the
pancreatic 1slets; corresponds to Asp69-Leul02 of the E-peptide of proinsulin-like growth factor
II (pro-IGF-II)), SEQ ID NO: 7 (e.g., ITGA conjugated with 10 glutamic acid residues (ITGAYS)),
SEQ ID NO: 6 (a comugate with 10 glutamic acid residues), parathyroid hormone (PTH),
parathyroid hormone related protein (PTHrP) (SEQ ID NO: 1), or a derivative of any of the
foregoing (e.g., one or more amino acid mutations, such as insertions, deletions, and substitutions
with a naturally occurring amino acid or a non-naturally occurnng amino acid) having bone
anabolic activity, or a fragment of any of the foregoing having bone anabolic activity.

[0171] In some embodiments, a bone anabolic agent followed by the designation D#, such as,
e.g.. D20, indicates that the bone anabolic agent 1s attached (or joined or connected, such as at an
N-terminus or a C-terminus) to an osteotropic ligand (e.g.. such as an orthotropic ligand having
20 aspartic acid residues). In some embodiments, a bone anabolic agent followed by the

designation E#, e.g.., E20, indicates that the bone anabolic agent 1s attached (or joined or
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connected, such as at an N-terminus or a C-terminus) to an osteotropic ligand (e.g.. such as an
orthotropic ligand having 20 glutamic acid residues).

[0172] In some embodiments, SEQ ID  NO: 1 1S AVSEHQLLHD
KGKSIQDLRRRFFLHHLIAEIHTAEIRATSEVSPNSKPSPNTKNHPVRFGSDDEGRYLTQ
ETNKVETYKE QPLKTP.

[0173] In some embodiments, SEQ ID NO: 2 1S
AVSEHQLLHDKGKSIQDLRRRELLEKLLXKLHTA, wherein x 1s o-aminoisobutyric acid
(A1b). In some embodiments, the C-terminus of SEQ ID NO: 2 1s amidated. In some embodiments.
SEQ ID NO: 2 1s AVSEHQLLHDKGKSIQDLRRRELLEKLLxKLHTA, wherein x 1s Aib, and
the C-terminus 1s amidated.

[0174] In some embodiments, SEQ ID NO: 15 1S
AVSEHQLLHDKGKSIQDLRRRELLEKLLXKLHTAEIRATSEVSPNS, wherein x 1s Aib. In
some embodiments, SEQ ID NO: 3 further comprises “eeceeeeeeee” where “e” signifies D-
glutamic acid (e.g., SEQ ID NO: 3). In some embodiments, “EEEEEEEEEE” can be added to the
end of SEQ ID NO: 15 to obtain SEQ ID NO: 14, where “E’ indicates L-glutamic acid.

[0175] In some embodiments, SEQ ID NO: 4 1S
AVSEHQLLHDKGKSIQDLRRRELLEKLLXKLHTAEIRATSEVSPNSeceeeceeececeeeceeeeeee,
wherein x 15 Aib. In some embodiments, “e” signifies D-glutamic acid (e.g., “E” indicates L-
oglutamic acid, whereas “e” indicates D-glutamic acid). In some embodiments, SEQ ID NO: 4 1s
AVSEHQLLHDKGKSIQDLRRRELLEKLLXKLHTAEIRATSEVSPNSeeceeeceeeceeeeeeeeeee,
wherein x 1s Aib, and “e” signifies D-glutamic acid.

[0176] In some embodiments, the compound has at least 75% sequence 1dentity or more, at least
85% sequence 1dentity or more, at least 90% sequence 1dentity or more, or at least 95% sequence
1dentity or more to SEQ ID NO: 3. In some embodiments, the compound has at least 75% sequence
1dentity or more, at least 85% sequence 1dentity or more, at least 90% sequence 1dentity or more,
or at least 95% sequence 1dentity or more to SEQ ID NO: 4. In some embodiments, the compound
has at least 75% sequence 1dentity or more, at least 85% sequence 1dentity or more, at least 90%
sequence 1dentity or more, or at least 95% sequence 1dentity or more to SEQ ID NO: 14.

[0177] In some embodiments of Formula (I), Y 1s a non-releasable linker. In some embodiments,
Y 1s a non-releasable linker containing at least one carbon-carbon bond and/or at least one amide
bond. In some embodiments, Y 1s a releasable linker. In some embodiments, Y 1s a releasable
linker containing at least one disulfide (S-S), ester (e.g.., -O(C=0)-), and/or protease-specific

amide bond.
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[0178] In some embodiments, the targeting molecule (1.e., osteotropic ligand) does not cleave
from the drug/anabolic agent for the compound to be therapeutically effective in vivo. This can be
advantageous as it can allow for the use of osteotropic ligands and compositions comprising
anabolic agents because only a negligible amount (1f any) of the anabolic agent 1s released (e.g.,
systemically) prior to the targeted delivery of the compound to the bone fracture site or other
targeted site. In some embodiments, tuning the releasing properties of active components 1S a
difficult aspect of the preparation of effective pharmaceutical compositions. In some
embodiments, the compounds comprising the non-releasable linkers provided herein avoid the
difficulties of the preparation of effective pharmaceutical compositions (e.g.. by removing the
necessity of timing the release). In some embodiments, the anabolic agent of the compound
provided herein 1s active when bound (e.g., conjugated to the osteotropic ligand). Accordingly, in
some embodiments, the compounds comprising targeting molecules (e.g., Z) conjugated with a
non-releasable linker (e.g., Y) can reduce systemic exposure and/or systemic adverse effects of
the anabolic agents (X) linked therewith.

[0179] In some embodiments, a conjugate comprising a non-releasable linker reduces or
eliminates toxicity of a component released from the conjugate 1n its free form (e.g., a free form
of a compound and/or ligand provided herein).

[0180] Both releasable and non-releasable linkers can be engineered to optimize biodistribution,
bioavailability, and PK/PD (e.g., of the compound) and/or to increase uptake (e.g., of the
compound) into the targeted tissue pursuant to methodologies commonly known 1n the art or
herenafter developed such as through PEGylation and the like. The linkers can further be
engineered 1n view of the molecular target (e.g.. whether the target 1s intracellular or extracellular)
pursuant to concepts known 1n the art. In some embodiments, the linker 1s configured to avoid
significant release of a pharmaceutically active amount of the anabolic agent 1n circulation prior
to capture by a cell (e.g.. a bone cell).

[0181] In some embodiments, linkers can comprise one or more spacers (e.g., to facilitate a
particular release time, facilitate an increase in uptake into a targeted tissue, and/or optimize
biodistribution, bioavailability, and/or PK/PD of a compound). A spacer can comprise one or more
of alkyl chains, polyethylene glycols (PEGs), peptides, sugars, peptidoglycans, clickable linkers
(e.g., tnazoles), rngid linkers such as poly-prolines and poly-piperidines, and the like.

[0182] In some embodiments, the one or more linkers of the compounds provided herein can
comprise PEG, a PEG denvative, or any other linker known 1n the art or hereinafter developed
that can achieve the purpose set forth herein. In some embodiments, the linker 1s repeated n times,

where n 1s a positive integer.
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[0183] Conjugates can be synthesized in accordance with methods known in the art and
exemplified herein, such as solid phase peptide synthesis.

[0184] Pharmaceutical Compositions

[0185] The compounds described herein can be administered alone or formulated as a
pharmaceutical composition comprising the compound or compounds and one or more
pharmaceutically acceptable excipients. As used herein, the terms "composition" generally refers
to any product comprising more than one ingredient, including the compounds described herein.
It 1s to be understood that the compositions described herein can be prepared from isolated
compounds or from salts, solutions, hydrates, solvates, and other forms of the compounds. Certain
functional groups, such as hydroxy, amino, and like groups, can form complexes with water and/or
various solvents, in the various physical forms of the compounds. It 1s also to be understood that
the compositions can be prepared from various amorphous, non-amorphous, partially crystalline,
crystalline, and/or other morphological forms of the compounds, and the compositions can be
prepared from various hydrates and/or solvates of the compounds. Accordingly, such
pharmaceutical compositions that recite compounds include each of, or any combination of, or
individual forms of, the varnous morphological forms and/or solvate or hydrate forms of the
compounds.

[0186] One embodiment provides a pharmaceutical composition comprising a compound of
Formula (I) or any compound covered by such formulae, or a pharmaceutically acceptable salt
thereof, and at least one pharmaceutically acceptable excipient.

[0187] One embodiment provides a pharmaceutical composition comprising an effective amount
of a therapeutically (or prophylactically) effective compound of Formula (I) or any compound
covered by such formulae, or a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable excipient.

[0188] In some embodiments, provided herein 1s a pharmaceutical composition comprising a
therapeutically effective amount of any compound provided herein that can be administered (e.g.,
subcutaneously) to a patient in need thereof. In various embodiments, the composition 1s an
injectable composition, such as a composition that 1s suitable for subcutaneous injection.

[0189] Compounds and/or compositions described herein may be administered in unit dosage
forms and/or compositions containing one or more pharmaceutically acceptable carners,
adjuvants, diluents, excipients, and/or vehicles, and combinations thereof.

[0190] As used herein, the term “admunistering” generally refers to any and all means of

introducing compounds described herein to the host subject including, but not limited to, by oral,
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intravenous, intramuscular, subcutaneous, transdermal, inhalation, buccal, ocular, sublingual,
vaginal, rectal, and like routes of administration.

[0191] Administration of the compounds as salts can be appropnate. Examples of acceptable salts
include, without limitation, alkali metal (for example, sodium, potassium or lithium) or alkaline
earth metals (for example, calcium) salts; however, any salt that 1s generally non-toxic and
effective when administered to the subject being treated 1s acceptable. In at least one embodiment,
the salt can be ammonium acetate salt. Stmilarly, “pharmaceutically acceptable salt™ refers to
those salts with counter 1ons which may be used in pharmaceuticals. Such salts may include,
without limitation: (1) acid addition salts, which can be obtained by reaction of the free base of
the parent compound with 1norganic acids, such as hydrochloric acid, hydrobromic acid, nitric
acid, phosphoric acid, sulfuric acid, perchloric acid, and the like, or with organic acids, such as
acetic acid, oxalic acid, (D) or (L) malic acid, maleic acid, methane sulfonic acid, ethanesulfonic
acid, p-toluenesulfonic acid, salicylic acid, tartaric acid, citric acid, succinic acid, malonic acid,
and the like; or (2) salts formed when an acidic proton present in the parent compound either 1s
replaced by a metal 1on, e.g.. an alkali metal 1on, an alkaline earth 1on, or an aluminum 10on, or
coordinates with an organic base, such as ethanolamine, diethanolamine, triethanolamine,
trimethamine, N-methylglucamine, and the like. Pharmaceutically acceptable salts are well-
known to those skilled in the art, and any such pharmaceutically acceptable salts are contemplated.
[0192] Acceptable salts can be obtained using standard procedures known 1n the art, including
(without limitation) reacting a sufficiently acidic compound with a suitable base, affording a
physiologically acceptable anion. Suitable acid addition salts are formed from acids that form non-
toxic salts. Illustrative, albeit nonlimiting, examples include the acetate, aspartate, benzoate,
besylate, bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, edisylate, esylate,
formate, fumarate, gluceptate, gluconate, glucuronate, hexafluorophosphate, hibenzate,
hydrochlonide/chlonde, hydrobromude/bromide, hydroiodide/iodide, 1sethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate,
oxalate, palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate, saccharate,
stearate, succinate, tartrate, tosylate and tnfluoroacetate salts. Suitable base salts of the
compounds described herein are formed from bases that form non-toxic salts. Illustrative, albeit
nonlimiting, examples include the arginine, benzathine, calcium, choline, diethylamine,
diolamine, glycine, lysine, magnesium, meglumine, olamine, potassium, sodium, tromethamine
and zinc salts. Hemi-salts of acids and bases, such as hemisulphate and hemicalcium salts, also

can be formed.
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[0193] The compounds can be formulated as pharmaceutical compositions and administered to a
mammalian host, such as a human patient, in a variety of forms adapted to the chosen route of
administration. For example, the pharmaceutical composition can be formulated for and
administered via 1ntraosseous, 1ntravenous, Intraarterial, intraperitoneal, intracranial,
intramuscular, topical, inhalation and/or subcutaneous routes. In at least one embodiment, a
compound and/or composition can be administered directly (via injection, placement or otherwise)
to a defect cavity in the impaired bone tissue and/or at a fracture site. In at least one embodiment,
the compounds can be systemically administered in combination with a pharmaceutically
acceptable vehicle, such as an 1nert diluent or an assimilable edible carner. For oral therapeutic
administration, the active compound can be combined with one or more excipients and used 1n
the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, walers,
and the like. The percentage of the compositions and preparations can vary and may be between
about 1 to about 99% weight of the active ingredient(s) and a binder, excipients, a disintegrating
agent, a lubricant, and/or a sweetening agent (as are known 1n the art). The amount of active
compound 1n such therapeutically useful compositions 1s such that an effective dosage level will
be obtained.

[0194] The preparation of parenteral compounds/compositions under sterile conditions, for
example, by Ilyophilization, can readily be accomplished using standard pharmaceutical
techniques well-known to those skilled 1n the art. In at least one embodiment, the solubility of a
compound used 1n the preparation of a parenteral composition can be increased by the use of
appropnate formulation techniques, such as the incorporation of solubility-enhancing agents.
[0195] As previously noted, the compounds/compositions can also be administered via infusion
or mnjection (e.g., using needle (including microneedle) injectors and/or needle-free injectors).
Solutions of the active composition can be aqueous, optionally mixed with a nontoxic surfactant
and/or contain carriers or excipients, such as salts, carbohydrates and buffering agents (preferably
at a pH of from 3 to 9), but, for some applications, they may be more suitably formulated as a
sterile non-aqueous solution or as a dried form to be used in conjunction with a suitable vehicle,
such as stenle, pyrogen-free water or phosphate-butfered saline. For example, dispersions can be
prepared 1in glycerol, liquid PEGs, tnacetin, and muxtures thereof and in oils. Under ordinary
conditions of storage and use, these preparations can further contain a preservative to prevent the
growth of microorganisms.

[0196] The pharmaceutical dosage forms suitable for injection or <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>