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PARATHYROID HORMONE ~ ANTI-RANKL ANTIBODY
FUSION COMPOUNDS

The present invention is in the field of medicine. More particularly, the present
imvention relates to fusion compounds, and pharmaceutical compositions thereof, which
mclude an agonist of human parathyroid hormone receptors and an antibody directed
against human receptor activator of nuclear factor kappa-B ligand (RANKL}. The fusion
compounds of the present invention are expected to be useful in the treatment of bone
disorders, and more particularly in the treatment of low bone mass disorders, including
osteopenia, osteogenesis imperfecta, transplant-associated bone loss, antoinmmune-
induced bone loss, and/or disuse-induced bone loss, and/or in bone healing of disorders
such as degenerative lumbar spondylolisthesis or degenerative disk disease as well as
bone healing in spinal fusion and fracture patients.

Bone disordars affect millions of individusls, often causing painfol and
debilitating sympioms. Osteoporosis, a common metabolic bone disorder, is
characterized by progressive foss of bone mass resulting, at least in part, from exeessive
osteoclastic bone resorption relative (0 osieoblastic bone formation. The loss ofbone
wass gasociated with osteoporosis puls bones at a greater visk of fracture. Long-ierm
conseguences of osteoporosis-associaied loss of bone mass can result in severs physical
consequences melnding bone fractures, chronic pain, disability, and/or immebility, as
weldl as rendering the skeleton unable o provide adequate straciural support for the body.

Osteoporosis-relaied Frachures constitite a major health concern and scongmic
burden for health care systems.  Acoording to the National Osteoporosis Foundation, 9.9
million Americans have osteoporosis and an additional 43,1 million suffer from low bone
density. Annually, over two million bone fractures and more than four-hundred thousand
hospital admissions are atiributed 1o osteoporosis. The 1S, Surgeon Geoeral estimates
osteoporosis-related bone fractures resull in divect care expenditure of between twelve
and eightesn billion dollars annually. Thus, there remains a need for alternative therapies
which could lead to better outcomes for patients. Preferably such alternative therapy will
comprise an agent which both increases bone formation and reduces bone resorption.
Additionally, such alternative therapy will preferably be capable of demonsirating

efficacy in ireatment of low bone mass disorders such as osteopenia, osteogenesis
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imperfecta, transplant-associated bone loss, autoimmune-induced bone loss, and/or
disuse-induced bone loss and/or in bone healing of disorders such as degenerative lumbar
spondylolisthesis or degenerative disk disease. The fusion compounds of the present
invention provide an alternative therapy which is expected to meet at least one of the
above needs.

RANKL is a member of the TNF-superfamily of proteins and plays an important
role in bone remodeling. RANKL is expressed by osteoblasts and binds its cognate
receptor RANK on the surface of osteoclasts and osteoclast precursor cells. Binding of
RANKL to RANK induces the formation, activation, and survival of mature osteoclasts
and the stimulation of intraceilular signaling cascades leading fo increased bone
resorption. Neutralizing antibodies to RANKL are known in the art. For example, U.S.
Patent No. 6,740,522 discloses anti-RANKL antibodies including Denosumab, marketed
under the name Prolia®, which is the only approved anti-RANKL therapeutic antibody
{approved for the treatment of osteoporosis in postmenopansal women and men at high
risk for fracture).

Parathyroid hormone (PTH) is an eighty-four amino acid peptide which plays a
central role in bone remodeling. PTH binding to the PTH receptor 1 directly induces
bone formation through activation of cyclic AMP and canonical wnt-signaling pathways.
Therapeutic PTH peptides are known in the art. For example, International Patent
Publication No. W(/2000/010596 discloses teriparatide (thPTH(1-34)), a therapeutic
PTH peptide marketed as Forteo™. Forteo® is a thirty-four amino acid N-terminal
fragment of PTH that has been shown 1o increase bone formation activity in osteoporotic
patients and is the only bone anabolic agent approved in the United States to treat
OsteopoTosis.

Although neutralizing antibodies {0 RANKL and therapeutic PTH peptides are
known, there exists no combined therapy for inhibiting the activity of RANKL and
promoting the bone anabolic properties of PTH. Thus, there remains a need for an
alternative therapy that combines the bone anabolic properties of PTH with the anti-bone
resorptive properties of anti-RANKL for patients having low bone mass disorders such as
osteopenia, osteogenesis imperfecta, transplant-associated bone loss, autoinumune-
induced bone loss, and/or disuse-induced bone loss and/or to aide in bone healing of

disorders such as degenerative humbar spondylolisthesis or degenerative disk disease as
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well as bone healing for spinal fusion and fracture patients. One approach to such an
alternative therapy may include the co-administration of separate agents, either through
administration of separate formulations {each coniaining a separate active agent), or
administration of a single, co-formmulation containing each of the individual agenis. While
two injections permit flexibility of dose amounts and timing, it is inconvenient to patients
both for compliance and pain. On the other hand, although a single administration of a
co-formulation of multiple agents could provide convenience, it is often quite challenging
or impossible to find formulation conditions achieving the necessary chemical and
physical stability as well as biocavailability of cach agent. Additionally, both co-
administration and co-formulation involve the additive development, manufacturing, and
regulatory costs associated with each agent.

The present invention addresses the need for an alternative therapy for patients
having bone disorders, and more particularly having low bone mass disorders such as
osteoporosis. In further embodiments, the bone disorder is one or more of osteopenia,
osteogenesis imperfecta, transplant-associated bone loss, autoimnune-induced bone loss
disuse-induced bone loss, degenerative lumbar spondylolisthesis and/or degenerative disk
disease. More particularly, the present invention provides fusion compounds capable of
inhibiting the activity of RANKL aund promoting the bone anabolic properties of PTH.
The fusion compounds of the present invention provide a pharmaceutical agent suitable
for systemic administration and which may also be useful as agents for bone healing, for
example in treating fractures and other conditions associated with, or resolting from, bone
disorders, inchuding bone mass loss or degeneration.

The present invention provides compounds, more specifically fusion compounds,
having a first polypeptide and a second polypeptide. The first polypeptide has a
parathyroid hormone (PTH) peptide and a mAb 1gG heavy chain (HC), with the PTH
peptide having an amino acid sequence given by SEQ ID NO: 13, and the HC having a
heavy chain variable region (HCVR) comprising heavy chain complementary
determining regions (HCDBR) 1-3, where HCDRI has the amino acid sequence given by
SEQ ID NO: 7, HCDR2 has the amino acid sequence given by SEQ 1D NO: 8, and
HCDR3 has the amino acid sequence given by SEQ D NO: 9. The second polypeptide
has a mAb light chain (L) having a light chain variable region (LCVR) comprising light

chain complementary determining regions (LCDR) 1-3, where LCDR1 has the amino
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acid sequence given by SEQ ID NO: 10, LCDBR2 has the amino acid sequence given by
SEQ I3 NO: 11, and LCDR3 has the amino acid sequence given by SEQ ID NG: 12,
According to such compounds, the PTH peptide is linked to the HC via a polypeptide
Iinker (.1}, L1 being covalently attached to the N-terminus of HC and the C-terminus of
the PTH peptide.

In some particular embodiments, the present invention provides compounds in
which the HCVR has an aming acid sequence given by SEQ [D NG: 5 and the LCVR has
an amino acid sequence given by SEQ ID NO: 6. In some more specific embodiments,
the present invention provides compounds in which the first polypeptide has an amino
acid sequence given by SEQ 1D NO: 1 and the second polypeptide has an amino acid
sequence given by SEQ ID NO: 2. In further embodiments, the present invention
includes compounds in which L1 has an anuno acid sequence given by SEQ 1D NO: 14
In gven further embodiments, the compounds of the present invention comprise two first
polypeptides and two second polypeptides.

The present invention also relates to nucleic acid molecules and expression
vectors encoding the fusion compounds of the present invention. In an embodiment, the
present invention provides a DNA molecule comprising a polynucleotide sequence
encoding the first polypeptide chain, wherein the amino acid sequence of the first
polypeptide chain is SEQ ID NO: 1. According to some such embodiments, the DNA
molecule has a polynucleotide sequence given by the SEQ 11D NO: 3,

In an embodiment, the present invention also provides a DNA molecule
comprising a polynucleotide sequence encoding the second polypeptide chain, wherein
the amino acid sequence of the second polypeptide chain is SEQ 1D NO: 2. According to
some such embodiments, the DNA molecule has a polymucleotide sequence given by the
SEQID NO: 4.

In a further embodiment, the present invention provides a DNA molecule
comprising a polynucleotide sequence encoding the first polypeptide chain having the
amino acid sequence of SEQ 1D NO: 1, and comprising a polynucleotide sequence
encoding the second polypeptide chain having the amuno acid sequence of SEQ 1D NG: 2,
In a particular embodiment the polynucieotide sequence encoding the first polypeptide

chain having the amino acid sequence of SEQ 1D NO: 1 is given by SEQ ID NOG: 3 and
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the polynucleotide sequence encoding the second polypeptide chain having the amino
acid sequence of SEQ 1D NO: 2 is given by SEQ ID NO: 4,

The present invention also provides a mammalian cell transformed with BNA
molecole(s) which cell is capable of expressing a compound comprising the first
polypeptide and the second polypeptide of the present invention, wherein the first
polypeptide has an amino acid sequence given by SE(Q 1D NO: 1 and the second
polypeptide has an amino acid sequence given by SEQ [D NOG: 2. Also, the present
mvention provides a process for producing a compound comprising the first polypeptide
and the second polypeptide, comprising cultivating the mammalian cell under conditions
such that the compound of the present invention is expressed. The present invention also
provides a compound produced by said process.

The present invention also provides a pharmaceutical composition comprising a
compound of the present invention and one or more pharmacentically acceptable carriers,
diluents, or excipients. Pharmaceutical compositions of the present invention can be used
m the treatment of a bone disorder, whereby such freatment comprises administering to a
patient in need thereof a therapeutically effective amount of a pharmaceutical
composition of the present invention, In some embodiments, the bone disorder is one or
more of osteoporosis, osicopenia, ostcogencesis imperfecta, transplant-associated bone
loss, autoimmune-~-induced bone loss, and/or disuse-induced bone loss. In some
embodiments, the bone disorder is one or more of degenerative lumbar spondylolisthesis
and/or degenerative disk disease.

The present invention also provides a method of treating a bone disorder
comprising administering to a patient in need thereof a therapeutically effective amount
ot a compound of the present invention. In some such embodiments the bone disorder is
osteoporosis. In further embodiments, the bone disorder is one or more of osteopenia,
osteogenesis imperfecta, transplant-associated bone loss, autoimmune-induced bone loss,
and/or disuse-induced bone loss. In further embodiments, the bone disorder is one or
more of degenerative lumbar spondylolisthesis and/or degenerative disk disease. In even
further embodiments, the present invention provides a method of treating a spinal fusion
patient and/or a bone fracture patient.

The present invention also provides a compound of the present invention or

pharmacetical composition thereof for use in therapy. More particalarly, the present
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mvention provides a compound of the present invention or pharmaceutical composition
thereof for use in the treatment of a bone disorder and/or bone healing, wherein the bone
disorder is one or more of osieoporosis, osteopenia, osteogenesis imperfecta, transplant-
associated bone loss, autoimmune-induced bone loss, disuse-induced bone loss,
degencrative lumbar spondylolisthesis, and/or degenerative disk disease.

In an embodiment, the present invention also provides the use of a compound of
the present invention or a pharmaceuiical composition thereof in the manufacture of a
medicament for the treatment of a2 bone disorder and/or bone healing. According to
particular embodiments, the present invention provides a compound of the present
invention or pharmaceutical composition thereof in the manutacture of a medicament for
the treatment of at least one of or more of osicoporosis, osteopenia, osteogenesis
imperfecta, transplant-associated bone loss, avtoinumune-induced bone loss, disuse-
mduced bone loss, degenerative lnmbar spondylolisthesis, and/or degenerative disk
disease.

As referred to herein, when describing the instant invention the terms “compound”
and “fusion compound” are used interchangeably. The fusion compounds of the present
invention are bifunctional, meaning they are capable of interacting with, and modulating
the activity of, two distinct targets. Specifically, the fosion compounds of the present
invention are agonists of the human PTH receptor and also mnteract with and mhibit the
activity of human RANKL. In combining an agonist of the human PTH receptor and a
RANKL antibody into a single compound, it is believed the fusion compounds of the
present invention will demonsirate bone formation and/or anti-bone resorptive effects in
patients. Thus, the compounds of the present invention, or pharmaceutical compositions
thereot, may be useful in the treatment of bone healing and/or low bone mass disorders;
for example osteoporosis, osteopenia, osteogenesis imperfecta, transplant-associated bone
loss, autotmmune-induced bone loss, disuse-induced bone loss, degenerative lombar
spondylolisthesis, degenerative disk disease, bone fractures, and/or spinal fusion patients.

Also, compounds of the present invention comprise four polypeptide chains, two
first polypeptides and two second polypeptides. As represented in the following
schematic, each of the first polypeptides is engineered to comprise a parathyroid hormone
(PTH) peptide linked at the N-terminus of a mAb heavy chain (HC) by a polypeptide

Iinker (L1}, Linker L1 is typically of about 10 to 25 amino acids in length and rich in one
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or more of glycine, serine, or threoning aming acids.  Each of the second polypeptide
chains is engineered to comprise a mAb light chain (L.C) and form inter-chain disulfide
bonds with one of the first polypeptide, specifically within the HC of a first polypeptide.
Each first polypeptide is engineered to form inter-chain disulfide bonds with the other

first polypeptide, specifically between the HC of each of the first polypeptides.

mAb Light Chain

5
§8

H
H
3

mAb Light Chain

The polypeptide chains of the compounds of the present invention are depicted by
their sequence of amino acids from N-terminus to C-terminus, when read from lefi to
right, with each amino acid represented by either its single letter or three-letier amino acid
abbreviation. Unless otherwise stated herein, all amino acids used in the preparation of
the polypeptides of the present invention are L-amino acids. The “N-terminus” {or amino
terminus} of an amino acid, or a polypeptide chain, refers to the free amine group on the
amino acid, or the free amine group on the first amino acid residue of the polypeptide
chain. Likewise, the “C-terminus” (or carboxy terminus) of an amino acid, or 8
polypeptide chain, refers to the free carboxy group on the amino acid, or the free carboxy
group on the final amino acid residue of the polypeptide chain.

According to compounds of the present invention, the HC of each first
polypeptide is classified as gamma, which defines the 1sotype {e.g., as an IgG). The
isotype may be further divided into subclasses (e.g., IgGy, 1gGy, 1gGs, and 1gGy). In
particular embodiments, compounds of the present invention comprise mAb heavy chains
(HCs) of the 1gG4 type. Fach HC is comprised of an N-terminal heavy chain variable
region (HCVR) followed by a constant region (CH), comprised of three domains (Cyl,

Cy2, and Cy3) and a hinge region.
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Additionally, according to compounds of the present invention cach mAb light
chain (L) is classified as kappa or lambda and characterized by a particular constant
region as known in the art, In particular embodiments the compounds of the present
invention comprise kappa LCs. Each LC is comprised of an N-terminal light chain
variable region (LLCVR) followed by a light chain constant region (CL).

The HCVR and LCVR, of each HC and 1.C respectively, can be further
subdivided into regions of hypervariability, termed complementarity determining regions
(CDRs), mterspersed with regions that are more conserved, termed framework regions
(FR). Preferably, the framework regions of compounds of the present invention are of
human origin or substantially of human origin. Each HCVR and LCVR of compounds
according to the present invention are composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-~terminus in the following order: FRI1, CDRI, FR2,
CDR2, FR3, CDR3, FR4. Herein the 3 CDRs of each HCVR are referred to as “HCDRI,
HCEBR2, and HCDR3” and the 3 CDRs of each LCVR are referred to as “LCDRI,
LCDR2, and LCBR3” The CDRs contain most of the residues which form specific
mteractions with the antigen. The functional ability of a compound of the present
invention o bind a particular antigen, e.g., RANKL, is largely influenced by the CDRs.

As used interchangeably herein, “antigen-binding site” and “antigen-binding
region” refers to the portion(s) of compounds of the present invention which contain the
amino acid residues that interact with an antigen and confer to the compound specificity
and affinity for a respective antigen. According to compounds of the present invention,
antigen-binding sites are formed by a HCVR / LCVR pair (of a LC and HC bound by
mter-chain disulfide bonds). Additionally, according to compounds of the present
invention, antigen-binding sites formed by each HCVR / LCVR pair are the same {e.g.,
comprises affinity for a same antigen, RANKL).

The terms “Kabat mumbering” or “Kabat labeling” are used interchangeably
herein. These terms, which are recognized in the art, refer to a system of numbering
amino acid residues which are more variable (i.e., hypervariable} than other amino acid
residues in the heavy chain and light chain variable regions of an antibody (Kabat, et al.,
Ann. NY Acad. Sci. 190:382-93 (1971}; Kabat et al., Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242 {19911},
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The terms “North numbering” or “North labeling” are used interchangeably
herein. These terms, which are recognized in the art, refer to a system of numbering
aming acid residues which are more variable (i.¢., hypervariable} than other amine acid
residues in the heavy and light chains variable regions of an antibody and is based, at
least in part, on affinity propagation clustering with a large number of crystal structures,
as described in North et al., 4 New Clustering of Antibody CDR Loop Conformations,
Journal of Molecular Biology, 406:228-256 (2011).

Fusion Compound Fugineering

Significant issues were encountered when attemipting to construct a fusion
compound of the present invention. Problems encountered inchuded engineering a
single agent which possesses compatible and/or optimal bioactivity for both an increase in
bone formation and a decrease in bone resorption. For example, a fusion compound
comprising a PTH peptide (e.g., such as is described in International Patent Publication
No. WO/2000/010596) linked with a known RANKL antibody (¢.g., Denosamab, such as
described in U.S. Patent No. 6,740,522) does not provide an agent having compatible
and/or acceptable bioactivity. It is known that Denosumab possesses a half life (for
decreasing bone resorption) of approximately greater than 25 days when injected
subcutaneously, whereas the half hife of teriparatide {(for increasing bone formation) i3
approximately | hour when injected subcutaneously. Such disparate biclogical activity
profiles create an issue for dosing, in which delivering a therapeutic effective amount
must be balanced with risks of both acute hypercalecemia and longer-term hypocalcemia,
Additionally, sustained exposure to PTH can lead to undesirable catabolic bone loss and
thus dosing of PTH with known RANKL antibodies is an issue. As such, in order to
arrive at a fusion compound enabling dosing of therapeutically effective amounts of a
PTH peptide and a RANKL autibody which also balances the potential side effects (e.g.,
acute hypercalcemia, longer-term hypocalcemia, and catabolic bone loss),
pharmacological intervention is needed.

As a result of the significant issues detailed above relating to engineering a fusion
compound of the present invention, in order fo arrive at a therapeutic fusion compound
possessing a bioactivity profile acceptable for use in the treatment of low bone mass

disorders and bone healing, a novel RANKL antibody was developed and engineered. As
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such, a fusion compound comprising a PTH portion (teriparatide) linked with a novel
RANKL mAb portion {described in further detail herein) was engineered. The
engineered fusion compounds of the present invention comprise therapeutically
acceptable and compatible bioactivity profiles for bone resorption {decrease) and bone
formation (increase) for use in the treatment of low bone mass disorders and bone
healing.

Additional problems encountered when atiempting 1o construct a fusion
compound of the present invention included compound aggregation in sohution,
clipping of the PTH peptide portion from the RANKL mAb portion, and reduced binding
of the RANKL mAb portion. For example, initial aftempts in constructing a fusion
compound according to the present invention included constructs utilizing a PTH peptide
having the native 84 amino acid sequence given by SEQ ID NO: 15, and fragments of
varying lengths {of the N-terminus region thereof) linked to various RANKL antibodies
(e.g., known RANKL antibodies such as Denosumab and novel RANKL antibody
construcis). Inttial constructs also included the PTH peptide linked to the RANKL mAb
portion in various configurations inchuding at the N-terminus or the C-terminus for both
the heavy and light chains, respectively. Some constructs included the PTH peptide
portion being linked to the RANKL. antibody portion with no linker as well as amino acid
linkers of varying structore and size. Tnitial atiempted fusion compound construets
exhibited one or more of the chemical and/or physical issues described above. However,
the engineered fusion compounds of the present invention surprisingly and unexpectedly
resulted in a compound possessing therapeutically acceptable expression, stability, and
affinity. None of the modifications resulting i the fusion compounds of the present

invention are routine or common genecral knowledge suggested or taught in the art.

Expression vectors capable of directing expression of genes to which they are
operably linked are well known in the art. Hxpression vectors can encode a signal peptide
that facilitates secretion of the polypeptide(s) from a host cell. The signal peptide can be
an immunoglobulin signal peptide or a heterologous signal peptide. Each of the first
polypeptides and the second polypeptides may be expressed independently from different

promoters to which they are operably linked in one vector or, alternatively, the first and
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second polypeptides may be expressed independently from different promoters to which
they are operably linked in two vectors — one expressing the first polypeptide and one
expressing the second polypeptide. Exemplary suitable vectors for use in preparing
fusion compounds of the present invention include vectors available from Lonza
Biologics such as pEE 6.4 (for expressing the first polynucleotide sequence for example)
and pEE 12.4 (for expressing the second polynucleotide sequence for example).

A particolar DNA polynucleotide sequence encoding an exemplified first
polypeptide (comprising a PTH peptide linked at the N-terminus of a HC vis g flexible
glycine serine linker) of a fusion compound of the present invention having the amino
acid sequence of SEQ [D NO: 1 is provided by SEQ 1D NO: 3 (the DNA polynucleotide
sequence provided by SE( [D NO: 3 also encodes a signal peptide). A particular DNA
polynucleotide sequence encoding an exemplified second polypeptide (comprising a L.C)
of a fusion compound of the present invention having the amino acid sequence of SE(Q [D
NQO: 2 is provided by SEQ ID NO: 4 (the DNA polynuclestide sequence provided by
SEQ 1D NQO: 4 also encodes a signal peptide).

A host cell includes cells stably or transiently transfected, transformed,
transduced, or infected with one or more expression vectors expressing a first
polypeptide, a second polypeptide or both a first and a second polypeptide of the present
invention. Creation and isolation of host cell lines producing a fusion compound of the
present invention can be accomplished using standard techniques known in the art.
Mammalian cells are preferred host cells for expression of fusion compounds of the
present invention. Particolar mammalian cells are CHO, NS0, and DG-44. Preferably,
the fusion compounds are secreted into the medm in which the host cells are cultured,
from which the fusion compounds can be recovered or purified by conventional
technigues. For exampie, the medium may be applied to and eluted from a Protein A or
G affimty chromatography cohumn and size exclusion or Capto multimodal
chromatography using conventional methods. Additionally, soluble aggregate and
multimers may be effectively removed by common technigues, including size exclusion,
hydrophobic interaction, ton exchange, or hydroxyapatite chromatography. The produoct

may be imunediately frozen, for example at -70°C, or may be lyophilized.
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Therapeutic Uses

As used herein, “treatment” and/or “treating” are intended 1o refer to all processes
wherein there may be a slowing, interrupting, arresting, controlling, or stopping of the
progression of the disorders described herein (for example, bone mass loss sach as
associated with osteoporosis, or a disorder impeding bone healing), but does not
necessarily indicate a total elimination of all disorder symptoms. Treatment includes
administration of 2 compound of the present invention, or pharmaceutical composition
thereof, for ireatment of a disease or condition in a patient that would benefit from the
bone anabolic properties of PTH and a decreased level of RANKL or decreased
bicactivity of RANKL. Treatment includes: (a) inhibiting further progression of the
disgase, i.e., arresting bong mass loss and/or a barrier to bone healing; and (b) relieving
the disease, 1.¢., causing regression of the disease or disorder or alleviating symptoms or
complications thereof causing bone mass loss and/or inhibiting bone healing.
Compounds of the present invention are expected {o be useful in the treatment of one or
more of bone discase, for example in bone mass loss disease such as osteoporosis,
osteopenia, osteogenesis imperfecta, transplant-associated bone loss, autoimmune-
induced bone loss, and/or disuse-induced bone loss, and/or in bone healing of disorders
such as degenerative lumbar spondylolisthesis and/or degenerative disk disease as well as
in bone healing for bone fracture and spinal fusion patients.

3% o8

The terms “patient,” “subject,” and “individual,” used interchangeably herein,
refer t0 a human. In some embodiments, a patient is a human that has been diagnosed as
“tu need of” or being “at risk of” needing or in need of treatment for a bone disorder,
bone healing, for example fracture repair, prevention of bone loss or degeneration, and /
or as being at risk of developing or in need of ireatment for osteoporosis, osteopenia,
osteogenesis imperfecta, transplant-associated bone loss, antoimmune-induced bone loss,

and/or disuse-induced bone loss.

Pharmaceutical Composition

Compounds of the present invention can be incorporated into a pharmaceutical
compaosition suitable for administration to a patient. The compounds of the present
invention are intended for administration via parental routes including, intravenous,

intramuscular, subcutaneous, or intraperitoneal. Additionally, compounds of the present
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mvention may be administered to a patient alone or with a pharmaceutically acceptable
carrier and/or diluent in single or nultiple doses. Such pharmaceutical compositions are
designed to be appropriate for the selected mode of administration, and pharmaceutically
acceptable diluents, carriers, and/or excipients such as dispersing agents, buffers,
surfactants, preservatives, solubilizing agents, isotonicity agents, stabilizing agents and
the like arc used as appropriate. Said compositions can be designed in accordance with
conventional techniques disclosed in, e.g., Remington, The Science and Practice of
Pharmacy, 1ot Edition, Gennaro, Ed., Mack Publishing Co., Easton, PA 1995 which
provides a compendium of formulation technigues as are generally known to
practitioners. Suitable carriers for pharmaceutical compositions include any material
which, when combined with a compound of the present invention, retains the molecule’s
activity and is non-reactive with the patient’s imumune systera, A pharmaceutical
composition of the present invention comprises a compound and one or more
pharmaceutically acceptable carriers, diluents, or excipients.

An effective amount of a compound of the present invention refers to an amount
necessary (at dosages and for periods of time and for the means of administration) to
achieve the desired therapeutic result. An effective amount of the compound or
pharmaceutical composttion thercof may vary according to factors such as the disease
state, age, sex, and weight of the individual, and the ability of the compound or portion(s)
thereof 1o elicit a desired response in the individual. An effective amount is also one in
which any toxic or detrimental effect of the compound is outweighed by the

therapeutically beneficial effects.

Examples

Fusion Compound Expressiop and Purification

An exemplified fusion compound of the present invention is expressed and
purified essentially as follows. A glutamine synthetase (GS) expression vecior containing
the polvnucleotide sequences given by SEQ ID NG: 3 (encoding an exempiified first
polypeptide of SEQ 1D NO: 1 and a posttranslationally cleaved signal peptide) and SE(Q
1D NO: 4 (encoding an exemplified second polypeptide of SEQ 1D NO: 2 and a post-
translationally cleaved signal peptide) is used to franstfect a Chinese hamster cell line

{CHO, S knockout}, by electroporation. The expression vector encodes a SV BEarly
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{Stmian Virgs 40F) promoter and the gene for GS. Expression of GS allows for the
biochemical synthesis of glutamine, an amino acid required by the CHO cells. Post-
transfection, cells undergo bulk selection with S0uM L-methionine sulfoximine (MSX).
The inhibition of GS by MSX is utilized to increase the stringency of selection. Cells
with integration of the expression vector cDNA into transcriptionally active regions of the
host cell genome can be selected against CHO wild type cells. Transfected pools are
plated at low density to allow for close-to-clonal outgrowth of siable expressing cells.
The master-wells are screened for fusion compound expression and then sealed up in
serumi-free, suspension cultures to be used for production.

Clarified medium, into which the exemplified compound has been secreted, is
applied to a Protein A affinity column that has been equilibrated with a compatible buffer
such as phosphate buffered saline (pH 7.4). The column is washed to remove nonspecific
binding components. The bound fusion compound is eluted, for example, by pH gradient
and neutralized for example with Tris, pH 8 buffer. Fusion compound fractions are
detected, such as by SDS-PAGE or analytical size-exclusion, and then are pooled.
Soluble aggregate and multimers may be effectively removed by common fechniques
including size exclusion, hydrophobic interaction, Capto multimodal chromatography, ion
exchange, or hydroxyapatite chromatography. The fusion compound is concentrated
and/or sterile filiered using common techuiques. The purity of the exemplified fusion
compound after these chromatography steps is greater than 98% {(monomer). The fusion
compound may be immediately frozen at -70°C or stored at 4°C for several months.

The relationship of the various regions and linkers comprising an exemplified
fusion compound of the present invention, expressed and purified following procedures
gssentially as described above, is presented in Table 1 {(numbering of amino acids applies
linear numbering; assignment of amino acids to variable domains is based on the
International Immunogenetics Information System® available at www.imgt.org;
assignment of amino acids to CDR domains is based on the well-known Kabat and North

numbering conventions as reflected at the end of Table 1)
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Table 1: Amino acid regions of an exemplhified fusion compound of the present invention.

SEQ ID NG:1 SEQ ID RO:2
Portion Region ALA, Pos. Portion Region ALA. Pos.
Exemplified )
PYH PTH Peptide 1-34
Peptide
E lified
FempHe L1 35-49
Linker
FRH!I 50-74 FRL1-1 1-23
HCDRI1 75-84 LCDR1 24-34
FRH2 85-98 FRLI-2 35-49
Exemplified Exempilified
RANKL HCDR2 89.115 RANKL LCDR2 50-56
HCVR 4 LCVR 4
FRH3 116-147 FRLI-3 57-88
HCDR3 14%-159 LCDBR3 89-97
FRH4 160-170 FRLI-4 98-147
HC LC
Constant CH 171-496 Constant CL 108-214
Region Region
Starting Amino Acid Ending Amine Acid
CBR Hesidue Defined By: Residue Defined By:
HCDR1 North Kabat
HCDR2 Kabat Kabat
HCDR3 North Kabat
LCDRI Kabat Kabat
LCDR2 North Kabat
LCDR3 Kabat Kabat

The exemplified compound presented in Table 1 comprises two first polypeptides
having amino acid sequences of SEQ [D NO: 1 and two second polypeptides having
aming acid sequences of SEQ 1D NO: 2. According to the exemplified fusion compound,
each of the first polypeptides forms an inter-chain disulfide bond with each of the second
polypeptides between cysicine residue 184 of SEQ {3 NO: 1 and cystemne residue 214 of
SEQ 1D NO: 2; at least two inter-chain disulfide bonds with the other first polypeptide,
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the first inter-chain disutfide bond forming between cysteine residue 276 {(of SEQ ID NO;
1) of the first polypeptide and cysteine residue 276 (of SEQ 1D NO: 1) of the other first
polypeptide, the second inter-chain disulfide bond forming between cysteine residue 279
(of SEQ ID NQ: 1} of the first polypeptide and cysieine residue 279 (of SEQ ID NG: 1)
of the other first polypeptide. Further, the exemplified compound presented in Table 1 is
glycosylated at asparagine residue 347 of SEQ 1D NQG: 1 of both first polypeptides.
Except as noted otherwise herein, the exemplified fusion compound referred (o
throughout the Examples refers to the exemplified compound of the present invention

presented in Table 1.

Fusion Compound Bindine Affinitv to RANKIE,

Binding affinity and binding stoichiometry of the exemplified fusion compound to
human and murine RANKL is determined using a surface plasmon resonance assay on g
Biacore 2000 instrument primed with HBS-EP+ {(10mM Hepes, pH7.4 + 150mM Na(l +
ImM EDTA + 0.05% (w/v) surfactant P20) running buffer and analysis temperature set at
25°C, A CMS chip (Biacore, p/n.BR-100530) containing immobilized protein A
(gencrated using standard NHS-EDC amine coupling) on all four flow cells (Fc) is used
to employ a capture methodology. Fusion compound samples are prepared at 2ug/ml by
dilution into ronning buffer. Human and murine RANKL samples, respectively, are
prepared at final concentrations starting at 5nM and using two-fold serial dilutions (in
running buffer) for each cycle.

Each analysis cycle consists of {1} capturing antibody samples on scparate flow
celis (Fe2 and Fe3); (2) injection of each human and murine RANKL concentration,
respectively, over all Fe at 100uLl/min for 150 seconds followed by return to buffer flow
for 1800 seconds to monitor dissociation phase; (3) regeneration of chip sarfaces with
injection of 10mM glycine, pH 1.5, for 120 seconds at § uL/min over all cells; and (8)
equilibration of chip surfaces with a 10 yi. (60-sec) injection of HBS-EP+, [Data are
processed using standard double-referencing and fit fo a 1:1 binding model using Biacore
2000 Evaloation software, version 2.0.3, to determine the association rate (Ko, Mgt
units), dissociation rate (kog, s units), and Rex (RU units). The equilibrium dissociation
constant (Kp} is calculated from the relationship Kp = kop/kon, and is in molar units,

Results are provided in Table 2.
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Table 2: Binding affinitv to human and murine RANKL by the exemplified fusion

compound.
kon ko,ﬁ‘” Kp
Antigen Avg, Avg. Avg. 7
(10" M'sh 510 oM
Homan RANKL 0.35 1.69 4.82 4
Murine RANKL 1.16 9.69 8.37 1

The resulis provided in Table 2 demonstrate that the exemplified fusion
compound of the present invention binds human and murine RANKL with high affinity at

25°C.,

Meutralization of BANKL-Induced NF-kB-Driven Luciferase Activity in Vitre
HEK293 cells, which stably co-express human RANK and a NF-KB driven

huciferase reporter, are used 1o assess the ability of the exemplified fusion compound
presented in Table 1 to neutralize RANKL activity. In the above-described HEK293 cell
model, RANK, when bound by human RANKL, induces NF-kB signaling resulting in
luciferase luminescence. Neutralization of RANKL binding to RANK, by the
exemplified fusion compound, is measured by a reduction of luciferase luminescence.

HEK?293 cells are routinely cultured under selective pressure of 700ug/mL
Geneticin (HyClone, p/m.SV30069.01). 25,000 cells/well are added to the wells of 96
well fissue culture plates (Benton Dickinson, p/n.354620) in assay media (50ulL
DMEM/F12 (1:3) media {Gibco, p/n.930152BK) contaming 8.5% FBS (Gibeo,
p/m. 10082-147), 20nM Hepes (HyClone, p/n.SH30237.01), IxGlutaMax (Gibeo,
p/n.35050-61) and 1x penicillin/streptomycin (Hyclone, p/m.SV300103). Cells are
mcubated at 37°C {(with 5% O, and 95% humidity) overnight.

Assay media including InM and 10nM concentrations of human RANKL are used
o prepare dose ranges of 10nM to 0.005nM (with 1:3 serial dilutions) for each oft a.) the
exemplified fusion compound; and b.} a RANKL neutralizing antibody (an 1gG4 RANKL
mAb having the same HC and L.C amino acid sequences as the mADb portion of the
exemplified fusion compound). Assay medium is used for a “media only” control. All

treatment groups are incubated for 15 minutes at room temperature. Thereatier, 50 pl of
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each treatment group is added 1o 50ul of media containing cultured cells. The mixture of
treatment group and cultured cells are incubated overnight at 37°C.

Following overnight incubation existing growth media is removed and cells are
suspended in SOpL of BugLite {2.296g DTT (Sigma, p/n.D0632), 1.152g Coenzyme A
(Sigma, p/n. C-3019), 0.248g ATP (Sigma, p/n.A7699) in 1L 19 Trition X-100 Lysis
Buffer (30 mL Triton X-100 (Fisher, p/n.BP151-500), 3 mL Mgl (Sigma, p/m.M9272),
108.15 mL 1M Trizma HCL (Sigma, p/n.T-3253), 41.85 mi. 1M Trizma Base (Sigma,
p/m.T-1503) and 817 mL H20)). Cells are then lysed with gentle agitation on a plate
shaker for between 5 to 10 minutes. Following cell lysis, luminescence is measured on a
plate reader (Envision Plate Reader). 1Cs values for all treatment groups are calenlated
using a three-parameter logistic regression model with GraphPad Prism 6 and are

presented in Table 3.

Table 3: Neutralization of human RANKL by the exemplified fusion compound.

. ICS0 (nh}
Molecule RRANKL B
Exemplified -
Fusion 0.067 il
Compound
RANKL mAb 0.065 3

The results presented in Table 3 demonstrate that the exemplified fusion
compound of the present invention neutralizes human RANKI induced NF-kB driven
luciferase huminescence. The inhibition was comparable 1o that observed with the
positive control RANKL antibody. Media controls did not neutralize human RANKL
induced NF-kB driven luciferase luminescence in the HEK293 cell model at any
concentration tested. These results demonstrate the exemplified fusion compound of the

present invention effectively neutralizes RANKL.
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Activation of PTHRI Receptor-Induced Luciferase Activity in Vitrs
Rat osteosarcoma UMR-106 cells (ATCC, p/m.CRL-1661) which endogenously

express FTH receptor and which have been stably co-transfected (using Roche Fugencé
reagent) with a pTranslucent CRE(1) Luciferase Reporter Vector {Panomics, p/n.
L.R0O093) and pEGFP-N1 (Clontech), are used to assess the ability of the exemplified
fusion compound presented in Table 1 to activate the PTHRI receptor. PTH binding of
the PTH receptor {expressed by the UMR-106 cells) induces CRE-regulated luciferase
luminescence. Activation of the PTHRI recepior by the exemplified fusion compound is
measured through quantification of luciferase luminescence.

The co-transfected UMR-106 cells are grown at 37°C and 10% CO, in DMEM
/HEPES, 18% FBS, I1x Penicillin, Streptomycin, and Glutamine, and 2mg/mi G418,
UMR-106 cells {at a concentration of 50,000 cells/well) are added fo an opaque white
plate and incubated overnight at 37°C (under 10% CO,). Following incubation, a dose
range of 0 nM to 1250 nM of one of a.} the exemplified fusion compound; b.) a RANKL
neutralizing antibody (an [gG4 RANKL mAbD having the same HC and LC amino acid
sequences as the mAb portion of the exemplified fusion compound) and ¢.) a PTH
peptide (3 38 amino acid parathyroid hormone peptide) is added to the seeded plates and
plates are mncubated at 37°C (under 10% C0;) for four to six hours., Thereafter, S0ul of
Buglite is added to each plate and luminescence is measured on a plate reader (Envision
Plate Reader). ECs values for all treatment groups are calculated using a three-parameter

logistic regression model with GraphPad Prism or JMP and are presented in Table 4.

Table 4. PTHR1 Activation by the exemnlified fusion compound.

Molecule EC50 (aM) 7
Exemplified
Fusion 6.6 10
Compound
RANKL mAb 0.0 10
PTH Peptide 5.6 3
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The results presented in Table 4 demonstrate that the exemplified fusion
compound of the present invention both binds PTHR1 receptor and activates the
downstream PTHR1 signaling cascade in vitro. As the results demonsirate, the ability of
the exemplified fusion compound to activate PTHR signaling compares favorably with

the PTH peptide alone,

In Vive Efficacy Analysis in Intact Murine Model

Effects on bone mass density, in vivo, are assessed using an intact female murine
model. C57/B6 intact female mice, aged twenty to twenty-two weeks {Charles River) are
maintained on a 12 hour light/dark cyele at 22°C with ad 1ib access to food (TD 2014
with §.72%Ca and 0.61%P, Vit. D (.99 1U/g, Teklad, Madison, WI) and water.

The mice are divided into treatment groups or a PBS vehicle control group. Each
treatment group of mice receives a weekly subcutaneous injection of one of: a.} 3 mg/kg
or 10 mg/kg exemplified fusion compound; b.} 10mg/kg RANKL neutralizing antibody
(an IgG4 RANKL mAb having the same HC and LC amino acid sequences as the mAb
portion of the exemplified fusion compound}; or ¢.) co-adminmstration of 10mg/kg of the
RANKL neutralizing antibody and 3mg/kg PTH peptide (a 38 amino acid parathyroid
hormone peptide). Mice are sacrificed at four weeks.

Bone mass density (BMD) of distal and mid-fermur is monitored by quantitative
computed tomography (qCT) using Aloka LaTheta LTC-100 model CT scanner. Results
are provided in Table 5 (data presented as mean % difference compared to vehicle control

using Dunnett’s Method with a significance level of P<0.05}.

Table 5: Skeletal BMD Analysis,

%% BMD Increase Over
Vehicle Control Mice 7
Distal-Femur Middle-Femur
Exemplified fusion compound 11 12 6
{3 mg/kg) )
Exemplified fusion compound 55 14 6
{10 mg/kg) ’
Rank mAb Alone 73 4 6
(16 mp/kg)
Rank mAb (10 mg/kg) + PTH 17 9 6
peptide (3 pg/kg)
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The results presented in Table 5 demonstrate that, dosed weekly, the exemplified
fusion compound of the present invention demonsirates a dose-dependent increase of
BMD at both the distal and middie femur over RANKL antibody only treated mice and
co-administration of RANKL antibody and PTH peptide treated mice.

in Vive Efficacy Analvsis in Ovariectomized Murine Model

Effects on bone mass density, in vivo, are assessed using an ovariectomized
murine model. Twenty week old female C57/B6 miice (Harlan, Indianapolis, IN} are
ovariectomized {or sham operated control group) and maintained on g 12 hour light/dark
cycle at 22°C with ad lib access to food (TD 2014 with 0.72%Ca and 0.61%P, Vit, D 0.99
{U/g, Teklad, Madison, W1} and water. Osteopenia is established i the mice by allowing
ovaricctomized mice to lose bone mass for a six-week period.

Following a six-week osteopenia-establishing period, mice are divided into
{freatment groups or a vehicle PBS control group. Fach treatment group of mice receives
a weekly subcutaneous injection of one of! a.) Img/kg or 3mg/kg exemplified fusion
compound; b.) 3mg'kg or 10mg/kg RANKL neutralizing antibody (an IgG4 RANKL
mAb having the same HC and L.C amino acid sequences as the mAb portion of the
exemplified fusion compound); or ¢.} co-administration of 10mg/kg of the RANKL
neuiralizing antibody and 10mg/kg PTH peptide (a 38 amuno acid parathyroid hormone
peptide). Mice are sacrificed at four weeks.

Skeletal bone mass density (BMD) of vertebrae 5 is assessed by quantitative
computed tomography (gCT), using Aloka LaTheta LTC-100 model CT scanner,
following sacrifice. Results are provided in Table 6 (data presented as mean % difference
compared 1o sham-operated control group using Dunnett’s Method with a significance

level of P<0.05}.

Table 6: Skeletal BMD Analvsis.

Molecule %% BWMD Increase Over "
‘ ' VX vehicle control Mice

Fxemplified fusion
compound 11 &
(1 mg/kg)

Fxemplified fusion
compound

19 6
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Rank mAb Alone 3 G
(3 mg/kg)
Rank mAb Along 11 6
{10 mg/kg)
Rank mAb (10 mg/kg) + 13 6
PTH peptide (16 pg/kg) ’

The results presented in Table 6 demonstrate that, dosed weekly, the exemplified
fusion compound of the present invention demonstrates a dose-dependent increase of
bone mass density of vertebrae over RANKIL antibody only treated mice and co-

administration of RANKL aniibody and PTH peptide treated mice.

In Yive Efficacy Analysis in Orchideciomized Murine Model

Effects on bone mass density and bone mineral content, in vivo, are assessed
using an orchidectomized murine model. Sixteen week old female C57/B6 mice (Harlan,
indianapolis, IN} are orchidectomized (or vehicle control group, n=6) and maintained on
a 12 hour light/dark cycle at 22°C with ad lib access to food (TP 2014 with ¢.72%Ca and
$.61%P, Vit. D .99 1U/g, Teklad, Madison, W) and water. Osteopenia is established in
the orchidectomized mice by allowing mice to lose bone mass for a six-week period.

Following a six-week osteopenia-establishing period, mice are divided into
treatment groups and a vehicle PBS control group. Fach treatment group of mice
receives, either weekly or twice-per week {as outlined in Table 7 below), a subcutansous
mjection of one of: a.) 0.5mg/kg or 2.0mg/ke exemplified fusion compound per week; b.)
0.5mg/kg or 2.0mg/kg exemplified fusion compound twice-per week; ¢.) 2mg/kg
RANKL neutralizing antibody (an IgG4 RANKL mAb having the same HC and LC
amine acid sequences as the mAb portion of the exemplified fusion compound) twice-per
week; d.) Sug/kg PTH peptide (a 38 amino acid parathyroid hormone peptide) daily; or
.} co-administration of 2mg/kg of the RANKL neutralizing antibody twice-per week and
Smg/kg PTH peptide daily. Mice are sacrificed at two weeks.

Bone mass density (BMD) of distal femur and bone mineral content (BMC) of
tambar vertebra are assessed by guantitative computed tfomography (gCT) using Aloka

LaTheta LTC-106 model CT scanner. Results are provided in Table 7 (data presented as
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mean 9% difference compared to vehicle control mice using Dunneit’s Method with a

significance level of P<0.05}.

Table 7: Skeletal BMD and BMC Analvsis (resulis presented as percent change from

vehicle control mice).

Molecule

]

Posing
Regimen

Dictal-Femur

(% BMD
change)

Lumbar Vertebra
{% BMC change)

Exemplified
fusion
compound
{6.5 meg/ke)

weekly

Exemplified
fusion
compound
(2 mg/kg)

10

weekly

24

26

Exemplified
fusion
compound
(8.5 mg/kg)

twice/week

17

Exemplified
fusion
compound
{2 mg/kg)

10

twice/week

46

38

Rank mAb
Alone
{2 mg/kg)

twice/week

19

13

PTH peptide
{5 pg/kg)

daily

16

Rapk mAb (2
mg/kg) +
PTH peptide

(8 pe/kg)

twice/week +
daily

24

The results presented in Table 7 demonstrate that the exemplified fusion

compound of the present invention demonstrates a dose-dependent increase of both BMD

(of distal femur) and BMC (of lumbar vertebra) over RANKL antibody only and PTH

peptide only treated mice, and compares favorably to co-administration of RANKL

antibody and PTH peptide ireated mice.
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Pharmacodyvnamic Effects, In Vive, in Cynomolpus Monkev Maodel

In vivo pharmacodynamic effects on serum calcium, bone formation biomarker
PINP, bone resorption biomarker CTx, and arterial pressure are assessed using
cynomolgus monkey model as set forth in detail below. The data presented below
demonstrates the exemplified fusion compound, unlike RANKL mAb-only freated
animals, stimmilates an increase (relative to baseline) in serum bone formation biomarker
PINP; stimulates a decrease (relative 1o baseline) of bone resorption biomarker CTx at a
level similar to that seen in RANKL mAb-only treated animals; does not impact serum
calcium concenirations relative to control-ireated groups; and does not stimmlate a mean
difference in arterial pressure between treated and untreated groups of greater than 10mm

Hg for at least the first 8 hours post-freatment.

Serum Calcium Effects in Cynomolous Monkey Model

Effect on serum calcium is assessed using a cynomolgus monkey model. Female
cynomolgus monkeys aged five to six years receive a single subcutaneous injection of
either 0. 1mg/kg of the exemplified fusion compound or a PBS vehicle control, or 1.0
mg/kg of the exemplified fusion compound or a PBS vehicle control. Additionally, male
cynomolgus monkeys aged two to three years receive g single subcutanegous injection of
either 0. 1mg/kg or 1.0mg/kg of the exemplified fusion compound or PBS vehicle control.

Blood samples are collected from the femoral vein of each monkey prior to dosing
and at twenty-four hour intervals thereafter for one week. Serum calciam concentrations
of each collected sample are analyzed using a Roche P800 Modular Chemistry Analyzer

(Roche Diagnostics Corp., Indianapolis IN). Results are presented in Table &,
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The results presented in Table 8 demonstrate the exemplified fusion compound
has no impact, relative to control dosed animals, on serum calcium levels in female
cynomolgus monkeys at either dose concentration. The results presented in Table 8 also
demonstrate the exemplified fusion compound has no impact, relative to control dosed
animals, on serum calcium levels in male cynomolgus monkeys at 0.Img/kg. Monkeys
dosed at a concentration of exemplified fusion compound at 1.0mg/keg show a decrease,
relative to control dosed animals, in serum calcinm only at day 7 {on day &, however,

serum calcium levels had returned to levels equivalent that of control dosed animals).

Bone Formation Biomarker PINP Effects in Cvnomolous Meonkey Model

Effects on serum bone formation biomarker PINP are assessed using a
cynomolgus monkey model. Female cynomolgus monkeys aged five to six years recetve
a single subcutancous injection of either: (.1mg/kg of the exemplified fusion compound
or a PBS vehicle control; or 1.0 mg/kg of the exemplified fusion compound or 2 PBS
vehicle control. Additionally, male cynomolgus monkeys aged two o three years receive
a single subcutaneous injection of either 0. lmg/kg or 1.0mg/kg of the exemplified fusion
compound; 0.1mg/ke or 1.0mg/kg of RANKL neutralizing antibody (an 1gG4 RANKL
wAb having the same HC and LC amino acid sequences as the mADb portion of the
exemplified fusion compound); or a PBS vehicle control.

Blood samples are collected from the femoral vein of each monkey prior to dosing
and at twenty-four hour intervals thereafier for one week. Serum PINP concentrations of
each collected sample are analyzed using a Uni(Q PINP RIA assay {Orion Diagnostica,
Espoo, Finland). Results are presented in Table 9 as a mean % change from baseline

PINP concentrations (g.g., PINP concentration at day ).
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The results presented in Table 9 demonstrate that, after a single dose of either 0.1
or 1.0mg/kg, the exeroplified fusion cormpound (unlike RANKE mAb-only treated
animals), stimulates a dose-dependent increase in serum PINP levels in both male and
female monkeys relative to control treated animals. RANKL mAb-only treated animals
demonsiraie a decrease in serum PINP levels in both male and female monkeys relative

to control treated animals.

Bane Resorption Biomarker CTx Effects in Cyvnomolous Monkev Model

Effects on serum bone resorption biomarker CTx are assessed using a cynomolgus
monkey model. Male cynomolgus monkeys aged two to three years receive a single
subcutaneous injection of either: (.1mg/kg or 1mg/kg of the exemplified fusion
compound; 0.1mg/kg or 1.0mg/kg of RANKL neutralizing antibody (an [gG4 RANKL
mADb having the same HC and LC amino acid sequences as the mAb portion of the
exemplified fusion compound}; or a PBS vehicle conirol. Additionally, female
cynomolgus monkeys aged five to six years receive a single subcutancous injection of
either 0. 1mg/kg or 1.0mg’kg of the exemplified fusion compound.

Blood samples are collected from the femoral vein of each monkey prior to dosing
and at twenty-four howr intervals thereafter for one week. Serum CTx concentrations of
each collected sample are analyzed using BLISA method per manufactore’s instruction.
{Immunodiagnostic Systems Inc.). Resulis are presented in Table 10 as mean % change

from baseline in serum CTx concenirations {(e.g., CTx concentration at day 0}.
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The results presented in Table 10 demonstrate that after a single dose of either 0.1
or 1.0 mg/kg of the exemplified fusion compound, in both male and female monkeys,
serum CTx levels are reduced relative to control-treated monkeys (and reduced to levels

similar fo the RANKL mAb-only treated groups).

Arterial Pressure Effects in Cynomelous Monkey Model

Effects on arterial pressure are assessed using a female cynomolgus monkey
model. Female cynomolgus monkeys, aged five to six years, receive a single
subcutaneous injection of etther: 0.1mg/kg or 1.0mg/kg of the exemplified fusion
compound; or of PBS vehicle control. Mean arterial pressure is measured for each animal
at one-hour intervals for the first eight hours post-injection. A baseling arterial pressure
for each animal is measured at time point 0. Results are presented in Table 11, including
the mean difference in mmHg between treated and control groups (adjusted for baseline

correction}.

Table 11: Mean Arterial Pressure in Cvnomolgus Monkeys.

Mean Arterial Pressure (mm Hg) + SD from Baseline

i hours pest-dosing
Molecule | N

8 1 2 3 4 5 6 7 8

Exemp.

fusion 77.71 | 8515 | 6479 | 6508 | 6450 | 6242 | 6623 | 64.17 | 68.61

ampd 130 500 | (300) | (690) | (5.59) | (250) | (721 | (1075) | (3.96) | (1.74)

0.1

mg/kg

Vehicle | 4| 8472 | 8581 | 7998 | 7884 | 7540 | 7281 | 7410 | 7690 | 80.18
Control (6.06) | (928) | (7.83) | (3.74) | (2.43) | (439) | 3.84) | @.80) | (5.68)
[Mean +635 | <818 | -675 | -3.89 | 338 | 086 | -5.63 | -456 | +635
difference

Exemp.

ﬁ::;mg losam | 8213 [ 7734 7738 | 74731 7591 | 7404 | 7318 | 7359
¢ 1§ 21 6.06) | (11.92) | (6.68) | (6.18) | (279 | (10.27) | (10.13) | (827) | (12.58)
mglkg

Vehicle | g | 7771 | 7524 | 59.04 | 6154 | 6298 | 67.52 | 6671 | 6786 | 6644
Control (0.93) | (6.02) | (9.18) | (3.64) | (5.90) | (942 | (7.24) | (3.74) | (2.95)
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Mean . i3 . - g - , .
o +0,12 | +11.29 | +8.83 | +4.74 | +138 | +042 -1.69 +0.14 +0.12
difference

The results presented in Table 11 demonstrate that a single dose of 0.1 or
1.0mg/kg of the exemplified fusion compound does not stimulate a3 mean difference in
arferial pressure between treated and untreated groups of greater than 10mm Hg for the
first 8 hours post treatment {subsequent testing, data not shown, demonstrates the mean
arterial pressure between treated and untreated groups does not exceed 10mun Hg for at

least 69 hours post-dosing).

Fusion Compound Phvsical and Chemical Property Analvsis

Fusion Compound Solubility Apalvsis

Solubility of the exemplified fusion compound is analyzed at 4°C after a 4 week
incubation period. Solubility is assessed with fusion compound concentrated to between
100 and 150 mg/mL using a Millipore cenirifugal filter device (p/m. #UFCE03024).
Samples are formulated in three buffers: (a) 10mM ctirate at pH 6.0; (b) 10nM citrate at
pH6.0 plus 150mM NaCl; and (¢} PBS at pH 7.4, The exemplified fusion compound
exhibited a solubility of greater than 110mg/mL for all formulations. Formulation (b),
10nM citrate at pH6.0 plos 150mM NaCl, exhibited a solubility of greater than
150mg/mi.,

Additionally, formulated samples (a-c, as described above) are analyzed for
percent high molecular weight (%oHMW) soluble aggregate using size exchusion
chromatography (SEC) with a TSKgel Super SW3000 (Tosoh Bioscience product #
18675) colummn. Samples are assayed both at 100mg/mL and Img/mi.. Chromatograms
are analyzed using ChemStation and % high molecular weight (HMW) is calculated using
the ratio of AUC of'the peaks ehuted before the monomer peak to total AUC. Both
formulations (a) and (b}, at both 100 and 1mg/mL concentrations, exhibited less than a

5% increase in HMW soluble aggregate formation.

Low Conceniration Freeze/Thaw Analvsis

Low concentration frecze/thaw analysis of the exemplified fusion compound is
assessed with fusion compound concentrated at I mg/ml and formulated in 10 mM citrate,
pH 6.0, with and without 150 mM NaCl and with and without 8.02% Tween-80 (pH 5.5

and pH6.0, respectively). Three freeze/thaw cycles (a single cycle including incubation at
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~70°C for at least four hours, followed by thawing at ambieut temperature, then gentle
mixing) are performed and particle growth for each sample is assessed using a HIAC
Particle Counter (Pacific Scientific, p/n. 9703). Percent high molecular weight (%HMW)
sohible aggregate using SEC is also assessed. Particle counts for both formulations (with
and without 0.02% Tween-80) are less than 400. Formulations with 0.02% Tween-80
demonstrated a reduction in particle counts. Additionally, all formmulations exhibit less
than a 5% increase in HMW soluble aggregate formation. These results demonstrate the
exemplified fusion compound of the present invention, under low concentration

conditions, is stable following multiple freeze/thaw cycles.

High concentration freeze/thaw analysis of the exemplified bispecific antibody s
assessed with bispecific antibody concentrated at 50 mg/ml and formulated in either
10mM citrate, pH 6.0 with 150mM Nall or 10 mM citrate, pH 6.0, 6.02% Tween-30,
with 150 mM NaCl. Samples are either incubated for four weeks at 4°C, 25°C, or
subjected fo three freeze/thaw cycles (a single cycle including incubation at -70°C for at
least four hours, followed by thawing at ambient temperature, then gentle mixing).
Following the respective incubation or freeze thaw period, samples are analyzed for
particle growth using HIAC Particle Counter or %HMW soluble aggregate using SEC.
Particle counts for both formulations under all treatment conditions are less than 1000
Additionally, all formmlations exhibited less than a 6.5% increase in HMW soluble
aggregate formation. These results demonstrate the exemplified fusion compound of the
present invention, under high concentration conditions, is stable following incubation

under various conditions and multiple freeze/thaw cycles.
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Seguences
SEC I NO: § - Exemplified First Polypeptide (of exemplified fusion compound of
Table 1)

SVSEIQLMHNLGKHLNSMERVEWLRKKLODVHNFGGGGSGGGGSGGGGSQV(
LVQSGAEVKKPGSSVKVSCKASGYAFTNY YIEWVRQAPGQGLEWMGVINPGWG
DTNYNEKFKGRVTITADKSTSTAYMELSSLRSEDTAVYYCARRDTAHGYYALDP
WGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTK TY TCNVDHKPSNTK VDKRVE
SKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKG
LPSSIEK TISKAKGQPREPQVY TLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPYLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHBALHNHYT
QKSLSLSLG

SEC D NO: 2 — Exemplified Second Polvpentide {of the exemplified fusion

compound of Table 13
DIOMTQSPSSLSASVGDRVTITCKASONVOTNVAWYQOKPGKAPKLLIYSASYR
YSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQYWDYPLTFGGGTKVEIKRTY
AAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESYTE
ODSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGEC

SEGID NO: 3 -~ DNA Seqg. Encoding the Exemplified First Polvpeptide (SEO 1D

NO. 1) and a2 Sional Peptide
AGCETGTCCGAGATCCAGCTGATGCACAACCTCEGCAAGCACCTGAATAGCATGCGAGCGLGTCEA

GTGGCTGCGCAAGAAACTGCAGGACGTGCACARACTTCEGCEECEELEGLAGCGHEGETEECEECT
CCEETGECEGEGGAAGCCAGGTGCAGCTGETGLAGTCTGGEECTGAGGTGAAGRAGCCTGGETCC

TCAGTGAAGGTTTCCTGCAAGGCATCTGGCTACGCCTTCACCAACTACTATATCGAGTGGGTGCG
ACAGGCCCCTGEGACAAGGGCTTGAGTGGATGGGAGTGATCAACCCCGGUTGGEECHACACGAACT
ACAACGAGAAGTTCAAGGGCAGAGTCACCATTACCGCGGACARATCCACGAGCACAGCCTACATG
GAGCTGAGCAGCCTGAGATCTGAGGACACGGCCETGTATTACTGTGCGAGACGCGATACGECTCA
CGGCTACTACGCCCTTGATCCETGEGGCCAAGGAACCACGGTCACCETCTCCTCAGCCTCCACCA

AGGGCCCATCGETCTTCCCGUTAGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCOTG
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GGCTGCCTGETCAAGGACTACTTCCCCGAACCGGTGACGETETCEGTGGAACTCAGGCGCCCTGAC
CAGCGGCGTGCACACCTTCCCGECTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCETGE
TGACCGETGCCCTCCAGCAGCTTGGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGE
AACACCAAGGTCGACAAGAGAGTTGAGTCCAARATATGGTCCCCCATGCCCACCCTGCCCAGCACC
TGAGGCCGCCGEEGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATGATCT

SCCGGACCCCTGAGGETCACGETGCETGETEETGRACGTGAGCCAGGAAGACCCCEAGGTCCAGTTC
AACTGGTACGTGGATGGCETGGAGGTCCATAATGCCAAGACARAGCCGCGGGAGGAGCAGTTCAA
CAGCACGTACCGTGTGGETCAGCETCCTCACCETCCTGCACCAGGACTGGECTGAACGGCAAGGAGT
ACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCCTCCATCGAGARRACCATCTCCAAAGCCAAL
GGGCAGCCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCA

sGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCETGCGAGTGGGARAAGCA
ATGGGCAGCCGEERAGRACAACTACRAGACCACGCCTCCCGTGUTGGACTCCGACGGCTCCTTCTTC
CTCTACAGCAGECTAACCGTGGACAAGAGCAGETGGCAGGAGGGGAATGTCTTCTCATGCTCCGT

GATGCATGAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTETCTCTGGETTGA

SEG ID NO: 4 - DNA Seq. Encodine the Exemplified Second Polvpentide (SEQ ID
N, 2) and a Signal Peptide
GGCGGCECECGEHECAGCGGECEETGGECEGECTCCEETEELEGCGEEAAGCGACATCCAGATGACCCAGTC

TCCATCCTCTICTGICTGCATCTGTAGGAGACAGAGTCACCATCACTTGCAAGGCCAGCCAGAATG
TGGGCACCAACGTCGGCCTGGTATCAGCAGARACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGC
CCCAGCTACAGATACAGCGGGGTCCCATCAAGGTTCAGTGGCAGTGGATCTGCGACAGATTTCAL
TCTCACCATCAGCAGTCTGCRAACCTGAAGATTTTGCAACTTACTACTGTCAGCAGTACTGGGACT
ACCCCCTCGACCTTCGGCGGAGGGACCAAGETGGAGATCAAACGGACTETGGCTGCACCATCTGTIC
TTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGCGAACTGCCTCTGTTGETGTGCCTGCTGAA
TAACTTCTATCCCAGAGAGGCCAAAGTACAGTGCAAGETGEATAACGCCCTCCAATCGGGTAACT
CCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACS
CTGAGCARAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG

CTCGCCCGTCACRAAGAGCTTCAACAGGCGAGAGTGCTAA

SEQ 1D NO: 5~ Exemplified HCVR (of exemplified fusion compound of Table 1)
OVQLYVQSGAEVKKPGSSVEVESCKASGYAFTNY YIEWVROAPGOGLEWMGVINE
GWODTNYNEKFKGRVTITADKSTSTAYMELSSLRSEDTAVYYCARRDTAHGYY
ALDPWGOQGTTVTVSS
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SEGID NO: 6§ — Exemplified LCVR (of exemplified fusion compound of Table 1)
DIQMTOQSPSSLSASYVGDRVTITCKASONVGTNVAWYQQKPGRKAPKLLIYSASYR
Y SGYPSRESGSGSGTDFTLTISSLOPEDFATYYCQOYWDYPLTFGGGTKVEIK

SEO D NG: 7 — Exemplified HCDRI {of exemplified fusion compownd of Table 1)
GYAFTNYYIE

SEGID NO: 8 — Exemplified HODR2 (of exemplificd fusion compound of Table 1}
VINPGWGDTNYNEKFKG

SEO ID NO: 8 — Exemplified HCDR2 (of exemplified fusion compound of Table 1)
RDTAHGYYALDP

SEQ ID NO: 10 — Exemplified LCDRI (of exemplified fusion compound of Table 1)
KASQNVGTNVA

SECG I NO: 1 - Exemplified LCDR?2 (of exemplified fusion compound of Table 1)
SASYRYS

SEQ ID NO: 12 — Exemplified LCDRS (of exemplified fusion compound of Table 1)
QQYWDYPLT

SEGID NO: 13 — Exemplified PTH Peptide of exenuplified fusion compound of
Table 1
SYSEIQLMHNLGKHINSMERVEWLRKKLQDVHNE

SEQ ID NO: 14 — Exemplified Linker of exemplified fusion compound of Table 1
GGGGSGGGGSGGGES

SEGID NO: 15 — Full lencth Human Parathvroid Hormone
SVSEIQLMHN LGKHENSMER VEWLRKKLQD VHNFVALGAP LAPRDAGS(QR
PRKKEDNVLYV ESHEKSLGEA DKADVNVLTK AKS(Q
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WE CLAIM:

1. A compound comprising a first polypeptide and a second polypeptide, wherein

a) said first polypeptide comprises a parathyroid hormone (PTH) peptide and a mAb
IgG heavy chain (HC), the PTH peptide having an amino acid sequence given by
SEQ ID NO: 13, and the HC having a heavy chain variable region (HCVR)
comprising heavy chain complementary determining regions (HCDR) 1-3,
HCDRI1 having an amino acid sequence given by SEQ ID NO: 7, HCDR?2 having
an amino acid sequence given by SEQ ID NO: 8, and HCDR3 having an amino
acid sequence given by SEQ ID NO: 9; and

b) said second polypeptide comprises a mAb light chain (L.C) comprising a light
chain variable region (LCVR) comprising light chain complementary determining
regions (LCDR) 1-3, LCDR1 having an amino acid sequence given by SEQ ID
NO: 10, LCDR2 having an amino acid sequence given by SEQ ID NO: 11, and
LCDR3 having an amino acid sequence given by SEQ ID NO: 12,

wherein the PTH peptide is linked to the HC via a polypeptide linker (L1), L1 being

covalently attached to the N-terminus of HC and the C-terminus of the PTH peptide,

and wherein the compound binds to RANKL.

2. The compound of Claim 1, wherein the HCVR has an amino acid sequence given by

SEQ ID NO: 5 and the LCVR has an amino acid sequence given by SEQ ID NO: 6.

3. The compound of Claim 1 or 2, wherein L1 has an amino acid sequence given by

SEQ ID NO: 14.
4. The compound of any one of Claims 1-3, wherein the first polypeptide has an amino
acid sequence given by SEQ ID NO: 1 and the second polypeptide has an amino acid

sequence given by SEQ ID NO: 2.

5. The compound of any one of Claims 1-4 comprising two first polypeptides and two

second polypeptides.

Date Regue/Date Received 2020-09-11
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6. Use of a compound of any one of Claims 1-5 for the preparation of a medicament for

the treatment or prevention of osteoporosis in a subject in need thereof.

7. Use of a compound of any one of Claims 1-5 for the treatment or prevention of

osteoporosis in a subject in need thercof.

8. Use of a compound of any one of Claims 1-5 for the preparation of a medicament for
the treatment or prevention of osteoporosis, osteopenia, osteogenesis imperfecta,
transplant-associated bone loss, autoimmune-induced bone loss, disuse-induced bone
loss, degenerative lumbar spondylolisthesis, or degenerative disk disease in a subject

in need thereof.

9. A compound of any one of Claims 1-5 for use in the treatment or prevention of at
Ieast onc of osteoporosis, ostcopenia, osteogenesis imperfecta, transplant-associated
bone loss, autoimmune-induced bone loss, disuse-induced bone loss, degenerative

lumbar spondylolisthesis, or degenerative disk disease in a subject in need thereof.

10. A pharmaceutical composition comprising a compound of any one of Claims 1-5 and

one or more pharmaceutically acceptable carriers, diluents, or excipients.
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