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DESCRIPTION

Background

[0001] Osteoporosis is a bone disease characterized by thinning of bone tissue and loss of bone density over time. It is widely
prevalent in the elderly. The National Osteoporosis Foundation estimates that by 2020 nearly 14 million Americans will suffer from
osteoporosis. An additional 18 million may have low bone mass, or osteopenia. Osteoporosis can occur either because the body
fails to make enough new bone or reabsorbs too much old bone, or both.

[0002] Osteoporosis often progresses painlessly until a bone breaks. Any bone can be affected, but one of principal concern is
the hip. A hip fracture impairs a person's ability to walk and causes prolonged and sometimes permanent disability.

[0003] Osteoporosis can be treated with anabolic therapies or antiresorptive therapies. Anabolic therapies build new bone. But
antiresporptive therapies do not. Instead they slow the resorption of exsting bone. A major factor in the control of bone
remodeling is parathyroid hormone (PTH). PTH and its analogs are the only class of anabolic therapeutics with proven clinical
efficacy. Teriparatide is an approved therapeutic that is a shortened version of PTH. It consists of the N-terminal 34 amino acid
residues of mature PTH (PTH(1-34)). Teriparatide is administered by once daily subcutaneous injection.

[0004] PTHis an 84-amino acid peptide. It is involved in mineral ion homeostasis. Increased PTH mobilizes calcium from bone in
response to calcium deficient diets or vitamin D insufficiency. PTH also affects osteoblasts and stromal cells. Although
hyperparathyroidism is associated with bone loss, PTH administration causes bone gain. PTH binds to receptors on osteoblasts,
specialized bone cells that synthesize bone, and this appears to prolong osteoblast life and increase osteoblast activity, causing
bone gain.

[0005] PTHrelated peptide (PTHrP) is a 141-amino acid protein that is homologous to PTH over its first 13 amino acids but
diverges thereafter (1-3). PTH and PTHrP act through a common PTH/PTHrP receptor.

[0006] New treatments for osteoporosis are needed. Improved methods to deliver PTH, teriparatide, or other PTH/PTHP
receptor agonist agents are needed.

Summary

[0007] In a first aspect, the invention relates to compositions comprising a collagen-binding polypeptide segment linked to a
PTH/PTHrP receptor modulator;

wherein the PTH / PTHrP receptor modulator is an agonist of the PTH / PTHrP receptor and comprises residues 1-33 of SEQ ID
NO: 1, or PTH(SEQ ID NO: 7), or residues 1-14 of SEQ ID NO: 1, or residues 1-34 of SEQ ID NO: 7; or

wherein the PTH/ PTHrP receptor modulator is an antagonist of the PTH / PTHrP receptor and comprises residues 7-34 of SEQ
ID NO: 7, or comprises residues 7-14 of SEQ ID NO: 7; and

wherein the collagen-binding polypeptide segment comprises residues 38-158 of SEQ ID NO: 1, or is at least 90% identical to
residues 38-158 of SEQ ID NO:1.

[0008] The inventors have constructed fusion proteins containing residues 1-33 of PTH, an active agonist fragment of PTH,
fused to a collagen-binding domain (CBD) of ColH, a collagenase from Clostridium histolyticum. The inventors have found that the
fusion protein is more active than PTH(1-34) in promoting bone growth in vivo in mice, even when administered systemically. With
local administration to, for instance, a fracture site, the difference in efficacy is expected to be even greater. Peptides that are
antagonists of the PTH/PTHrP receptor can also be coupled to a CBD for targeted and enhanced bioactivity.

[0009] Compositions or bioactive agents containing a collagen-binding polypeptide segment coupled to a non-peptidyl agonist or
antagonist of the PTH/PTHrP receptor are also presented.

[0010] Collagen is the most abundant protein in mammals. It is the major protein component of bone and cartilage. A CBD-
bioactive agent fusion protein thus targets the bioactive agent to collagen, and generally to bone and cartilage. The CBD-PTH
fusion proteins have longer half-lives than PTH because of their stable binding to collagen, which tends to remove them from
circulation. They can be administered locally, for instance, at a fracture site, and will tend to remain at the site of administration
through binding to collagen at or near the site of administration. In support of this longer half-life, a fusion protein containing
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epidermal growth factor (EGF) with a CBD was shown to have much longer half life than EGF alone (8). Data is also presented in
Examples 4 and 5 herein showing that a PTH-CBD fusion protein administered weekly or monthly is as effective or more effective
than PTH(1-34) administered daily.

[0011] A composition comprising: a collagen-binding polypeptide segment linked to a PTHPTHrP receptor agonist; wherein the
collagen-binding polypeptide segment is a bacterial collagen-binding polypeptide segment is described.

[0012] A composition comprising: a collagen-binding polypeptide segment linked to a PTHPTHrP receptor agonist; wherein the
collagen-binding polypeptide segment is a segment of a collagenase is described.

[0013] One embodiment of the first aspect of the invention provides a composition comprising a collagen-binding polypeptide
segment linked to a PTH/PTHrP receptor modulator, wherein the PTH / PTHrP receptor modulator is an agonist and wherein the
composition has at least 50% greater activity than PTH(1-34) as measured by increased bone mineral density after eight weeks of
weekly administration of the composition to a subject in need thereof at equal molar doses of the PTH.

[0014] Also described is a composition comprising: a collagen-binding polypeptide segment linked to a PTH/PTHrP receptor
agonist; wherein, over an 8-week period, the increase in bone mineral density of the composition injected with a vehicle
intraperitoneally weekly in a mouse relative to the vehicle alone is at least 50% larger than the increase in bone mineral density of
an equimolar amount of a composition consisting of the PTH/PTHrP agonist relative to the vehicle alone.

[0015] That is, the bioactive agent (composition) causes an increase in bone mineral density in mice when administered at an
appropriate dose in a vehicle, such as an aqueous buffer solution. A control treatment with the vehicle alone may also result in
some change in bone mineral density, for example because the mice are juveniles that are still growing or elderly mice whose
bone mineral density is otherwise declining. The appropriate way to measure the effect of the bioactive agent is to measure
increase in bone mineral density in experimental mice treated with the agent minus increase (or decrease) in bone mineral density
in control mice treated with vehicle alone. This increase in bone mineral density with administration of the agent after correction
for change in bone mineral density in control mice receiving vehicle alone is at least 50% larger than the increase in bone mineral
density in mice treated with an agent containing only the PTH/PTHrP receptor agonist (not coupled to a collagen-binding
polypeptide segment), again after correcting for any changes in bone mineral density in control mice treated with vehicle alone.
For instance, in FIG. 3 herein, described in Example 4, the vehicle control mice have an increase in bone mineral density during
an 8-week treatment period of 5%, mice treated with PTH(1-34) (a PTHPTHrP agonist) have an increase in BMD of about 7.5%,
and mice treated with a PTH-CBD fusion protein containing PTH(1-33) coupled to a collagen-binding domain have an increase in
BMD of over 15%. The mice treated with the PTH-CBD fusion protein thus have an increase in BMD after correcting for the
change with vehicle alone of over 10% (over 15% minus 5%), and the mice treated with PTH(1-34) have an increase in BMD after
correcting for the change with vehicle alone of about 2.5% (about 7.5% minus 5%). Thus, intraperitoneal weekly injection of the
fusion protein causes over 300% more (over 4-times as much, over 10% versus about 2.5%) increase in BMD as injection of the
PTH(1-34).

[0016] A further embodiment of the first aspect of the invention provides a composition comprising a collagen-binding
polypeptide segment liked to a PTH/PTHrP receptor modulator according to the first aspect of the invention, wherein the collagen-
binding polypeptide segment and the PTH/ PTHrP receptor agonist or antagonist are chemically cross-linked to each other or are
polypeptide portions of a fusion protein.

[0017] A fusion protein comprising: a bacterial collagen-binding polypeptide segment; linked to a PTH/PTHrP receptor agonist
polypeptide segment is described.

[0018] A fusion protein comprising: a collagen-binding polypeptide segment of a collagenase; linked to a PTH/PTHrP receptor
agonist polypeptide segment is described.

[0019] A fusion protein comprising: a collagen-binding polypeptide segment; linked to a PTH/PTHrP receptor antagonist
polypeptide segment is described.

[0020] A composition comprising: a collagen-binding polypeptide segment; linked to a non-peptidyl PTH/PTHrP receptor agonist
is described.

[0021] A composition comprising: a collagen-binding polypeptide segment; linked to a non-peptidyl PTH/PTHrP receptor
antagonist is described.
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[0022] A composition comprising: a collagen-binding polypeptide segment; linked to a PTHPTHrP receptor antagonist is
described.

[0023] One embodiment of the first aspect of the invention provides a composition comprising a collagen-binding polypeptide
segment liked to a PTH/PTHrP receptor modulator according to the first aspect of the invention, wherein the composition
comprises SEQ ID NO:1.

[0024] One embodiment of the first aspect of the invention provides a composition comprising a collagen-binding polypeptide
segment liked to a PTH/PTHrP receptor modulator according to the first aspect of the invention, wherein the composition
comprises SEQ ID NO:2.

[0025] A further embodiment of the first aspect of the invention provides a composition comprising a collagen-binding
polypeptide segment liked to a PTH/PTHrP receptor modulator according to the first aspect of the invention, wherein the collagen-
binding polypeptide segment includes residues 37-251 of SEQ ID NO:2.

[0026] Another embodiment of the first aspect of the invention provides a composition comprising a collagen-binding polypeptide
segment liked to a PTH/PTHrP receptor modulator according to the first aspect of the invention, wherein the N-terminus of the
collagen-binding polypeptide segment is linked directly or through a linker polypeptide segment to the C-terminus of the PTH /
PTHrP receptor agonist or antagonist polypeptide.

[0027] In a second aspect, the invention relates to a composition according to the first aspect of the invention for use in medical
treatment.

[0028] A method of promoting bone growth in a mammal comprising: administering to the mammal a composition comprising: (a)
a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor agonist is described.

[0029] A method of promoting bone growth in a mammal comprising: administering to the mammal a composition comprising (a) a
collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor agonist is described.

[0030] A method of promoting hair growth in a mammal comprising: administering to the mammal a composition comprising: (i) a
collagen-binding polypeptide segment; linked to (ii) a PTH/PTHrP receptor agonist polypeptide segment is described.

[0031] A method of promoting hair growth in a mammal comprising: administering to the mammal a composition comprising: (i) a
collagen-binding polypeptide segment; linked to (ii) a PTH/PTHrP receptor antagonist is described.

[0032] In an embodiment of the second aspect of the invention, the PTH / PTHrP receptor modulator is an agonist, for use in a
method for promoting bone growth, tissue growth around an implant, immune reconstitution for said mammal receiving an
administration of bone marrow stem cells, bone marrow stem cell mobilization, or for treating myocardial infarction, chemotherapy-
induced alopecia, or genetic hair loss.

[0033] Herein described is a method of promoting tissue growth around an implant in a mammal comprising: administering to the
mammal a composition comprising (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor agonist;
wherein before, during, or after the step of administering the composition, the mammal receives an implant placed in contact with
tissue in the mammal; and wherein the step of administering the composition is effective to promote tissue growth around the
implant.

[0034] A method of promoting immune reconstitution in a mammal comprising: administering to the mammal a composition
comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTHPTHrP receptor agonist; wherein before, during, or
after the step of administering the composition, the mammal receives an administration of bone marrow stem cells is also
described. The composition enhances immune reconstitution by enhancing grafting, multiplication, and/or differentiation of the
bone marrow stem cells.

[0035] A method of promoting bone marrow stem cell mobilization in a mammal comprising: administering to the mammal a
composition comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor agonist; wherein
administering the composition increases the number of stem cells in circulating blood of the mammal (e.g., 7, 14, or 30 days after
administering the fusion protein) is further described.
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[0036] In an embodiment of the second aspect of the invention, the PTH / PTHrP receptor modulator is an antagonist, for use in
the treatment of renal osteodystrophy, to reduce incidence of bone metastases of cancer, to slow the growth of metastatic cancer
in bone, or to treat chemotherapy-induced alopecia or genetic hair loss.

[0037] A method of treating or preventing renal osteodystrophy in a mammal comprising: administering to the mammal a
composition comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor antagonist; wherein the
mammal is afflicted with renal osteodystrophy or renal disease and the composition is effective to reduce bone loss in the mammal
is described.

[0038] A method of treating or preventing (i.e., reducing incidence of) bone metastasis of cancer in a mammal comprising:
administering to the mammal a composition comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHP
receptor antagonist; wherein the composition is administered at a dosage effective to reduce incidence of bone metastasis of
cancer or slow the growth of metastatic cancer in bone is also described.

[0039] A third aspect of the invention relates to a pharmaceutical composition comprising a composition according to the first
aspect of the invention.

[0040] A fourth aspect of the invention relates to an orthopedic implant comprising composition comprising a collagen binding
polypeptide segment linked to a PTH/ PTHrP receptor agonist according to the first aspect of the invention.

[0041] A fifth aspect of the invention relates to the use of a composition of the first aspect of the invention for promoting hair
growth, wherein the use is not a method of medical treatment.

Brief Description of the Drawings

[0042]
FIG. 1 is an SDS-PAGE gel showing the results of an experiment showing that two PTH-CBD fusion proteins bind to collagen.
FIG. 2 is a graph showing in vitro cAMP accumulation in cells stimulated with PTH(1-34) or PTH-CBD fusion proteins.

FIG. 3 is a bar graph showing increase in spinal bone mineral density in mice treated with weekly intraperitoneal injection for 8
weeks of buffer (vehicle), PTH(1-34), PTH-PKD-CBD fusion protein, or PTH-CBD fusion protein.

FIG. 4 is a bar graph showing absolute spinal bone mineral density of excised spine segments from mice sacrificed after treatment
for 8 weeks with weekly intraperitoneal injection of buffer (vehicle), PTH(1-34), PTH-PKD-CBD fusion protein, or PTH-CBD fusion
protein.

FIG. 5 is a bar graph showing serum calcium levels of mice after 8 weeks of weekly injections of buffer (vehicle), PTH(1-34), PTH-
PKD-CBD fusion protein, or PTH-CBD fusion protein.

FIG. 6 is a bar graph showing serum alkaline phosphatase concentration of mice after 8 weeks of weekly injections of buffer
(vehicle), PTH(1-34), PTH-PKD-CBD fusion protein, or PTH-CBD fusion protein.

FIG. 7 is a micrograph of sections of tibia bone from a vehicle-treated control mouse and a mouse receiving 8 weeks of weekly
injection of PTH-CBD fusion protein. The sections were stained with hematoxylin and eosin stain. The micrograph shows
increased cortical and trabecular bone mass in the bone of the mouse treated with PTH-CBD.

FIG. 8 is line graph of bone mineral density over time for mice treated monthly with PTH-CBD, PTH(1-34), or vehicle control for 6
months. At 6 months, the group receiving PTH(1-34) was treated daily for two weeks (indicated by the arrow on the X axis). Then
all groups were untreated for the rest of the study.

FIG. 9 is a line graph of bone mineral density over time for mice treated with PTH(1-34) daily for 14 days (PTH), with the PTH-CBD
fusion protein once at the initiation of the study (CBD-PTH-6), with PTH-CBD fusion protein at time 0 and a second time at 3
months (CBD-PTH-3), and with vehicle control.

FIG. 10 is a bar graph showing serum alkaline phosphatase concentration of mice after 8 weeks of weekly injections of buffer
(vehicle), PTH(1-34), PTH-PKD-CBD fusion protein, or PTH-CBD fusion protein.

FIG. 11 is a bar graph of bone mineral density in mice receiving a single dose of a range of dosage amounts of PTH-CBD by
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subcutaneous injection. Bone mineral density was followed for 32 weeks. Each dosage was given to two mice.

FIG. 12 shows photographs of mice described in Example 8 having chemotherapy-induce alopecia and a shaved spot on their
backs, treated with the PTH-CBD fusion protein by subcutaneous injection at the hairless spot, or untreated controls. There are 3
mice in each group, and photos are taken at 0 days, 14 days, and 21 days after the injection of PTH-CBD. The photos show
greater hair growth in the subjects treated with the PTH-CBD fusion protein.

Detailed Description

[0043] This disclosure involves compositions, including bioactive agents and fusion proteins, comprising a collagen-binding
polypeptide segment linked to a PTH/PTHrP modulator, wherein the receptor modulator is a receptor agonist or antagonist.
Preferably, the compositions are fusion proteins where the PTH/PTHrP agonist or antagonist is a polypeptide segment, where the
collagen-binding polypeptide segment and PTH/PTHrP polypeptide segment are linked together in a fusion protein. But the
PTH/PTHrP agonist or antagonist portion can also be a non-peptidyl agonist or antagonist.

[0044] The terms "fusion protein" and "fusion polypeptide" may be used to refer to a single polypeptide comprising two functional
segments, e.g., a collagen-binding polypeptide segment and a PTH/PTHrP receptor agonist polypeptide segment. The fusion
proteins may be any size, and the single polypeptide of the fusion protein may exist in a multimeric form in its functional state,
e.g., by cysteine disulfide connection of two monomers of the single polypeptide. A polypeptide segment may be a synthetic
polypeptide or a naturally occurring polypeptide. Such polypeptides may be a portion of a polypeptide or may comprise a
mutation.

[0045] The collagen-binding polypeptide segment is a polypeptide that binds collagen and may be part of a larger fusion protein,
bioactive agent, or pharmaceutical agent. Determination of whether a composition, polypeptide segment, fusion protein, or
pharmaceutical or bioactive agent binds collagen can be made as described in Example 2 below. Briefly, it is incubated with
collagen in binding buffer, and the mixture is then filtered through a filter that would otherwise allow it to pass through but that
blocks the collagen and therefore holds back materials that bind to the collagen. The filtrate is then assayed for the presence of
the composition, polypeptide segment, fusion protein, or pharmaceutical or bioactive agent. Preferably, at least 90%, more
preferably at least 99% of the collagen-binding composition, polypeptide segment, fusion protein, or pharmaceutical or bioactive
agent is retained by the filter in this assay, as compared to when the filtration is performed without collagen.

[0046] One embodiment disclosed herein involves fusion proteins comprising a collagen-binding polypeptide segment linked to a
PTH/PTHrP receptor agonist polypeptide segment.

[0047] The PTHPTHrP receptor agonist polypeptide segment may be a synthetic polypeptide or a naturally occurring
polypeptide. Such polypeptides may be a portion of a polypeptide or may comprise a mutation. Agonist activity with the
PTH/PTHrP receptor can be assayed as described in Example 3 below by a cAMP stimulation assay. An agonist will stimulate
cAMP synthesis. Preferably, an agonist can activate receptor activity at least 10% as much as PTH(1-34).

[0048] When injected intraperitoneally weekly in mice the agonist fusion protein causes at least 50% more increase in bone
mineral density (as compared to vehicle control) than an equimolar amount of a polypeptide consisting of the PTH/PTHrP receptor
agonist polypeptide segment when injected intraperitoneally weekly (as compared to vehicle control) over an 8-week period (as in
Example 4 below). Likewise, in other specific embodiments, the fusion protein causes a statistically significantly (p<0.05) greater
increase in BMD, or at least twice as much increase in BMD, than an equimolar amount of a polypeptide consisting of the
PTH/PTHrP receptor agonist polypeptide segment or than PTH(1-34).

[0049] The collagen-binding polypeptide segment may be a bacterial collagen-binding polypeptide segment. Suitably, the
collagen-binding polypeptide segment is a Clostridium collagen-binding polypeptide segment.

[0050] The collagen-binding polypeptide segment may be a segment of a collagenase, or a bacterial collagenase, or a
Clostridium collagenase. Preferably the segment is only a portion of the collagenase and the collagen-binding polypeptide

segment does not have collagenase activity.

[0051] Suitably, the collagenase is ColH, SEQ ID NO:6.
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[0052] Alternatively, the collagen-binding polypeptide segment is or includes residues 901-1021 of SEQ ID NO:6 (residues 38-
158 of SEQ ID NO:1).

[0053] In some embodiments, the collagen-binding polypeptide segment is at least 90%, at least 95%, at least 96%, at least 98%,
or at least 99% identical to residues 38-158 of SEQ ID NO:1.

[0054] The collagen-binding polypeptide segment may be or include residues 807-1021 of SEQ ID NO:6 (residues 37-251 of
SEQ ID NO:2).

[0055] Among other proteins the collagen-binding segment can be derived from are ColG (5), a class | collagenase from
Clostridium histolyticum. ColH is a class Il collagenase (6).

[0056] The collagen-binding polypeptide segment may also be a polypeptide segment from bone sialoprotein, fibronectin, or von
Willebrand factor, as described in references (30-33), or may be polyglutamic acid (34).

[0057] In specific embodiments, the PTHPTHrP receptor agonist polypeptide segment is a PTH or PTHrP polypeptide segment.
One human isoform of PTHis SEQ ID NO:7. One human isoform of PTHrP is SEQ ID NO:8.

[0058] In specific embodiments, the PTHPTHrP receptor agonist polypeptide segment is or includes residues 1-33 of SEQ ID
NO:1 (residues 1-33 of PTH (SEQ ID NO:7)).

[0059] In specific embodiments, the PTH/PTHrP receptor agonist polypeptide segment is or includes residues 1-34 of PTH (SEQ
ID NO:7). In other embodiments, it is a fragment of residues 1-34 of PTH (SEQ ID NO:7).

[0060] Suitably, the PTH/PTHrP receptor agonist polypeptide segment is or includes residues 1-84 of PTH (SEQ ID NO:7).
[0061] Alternatively, the PTH/PTHrP receptor agonist polypeptide segment is or includes residues 1-14 of PTH (SEQ ID NO:7).
[0062] The PTH/PTHrP receptor agonist may be a PTH or PTHrP polypeptide segment.

[0063] The PTH/PTHrP receptor agonist polypeptide segment may be N terminal to the collagen-binding polypeptide segment in
the fusion protein. That is, the two polypeptide segments each have an N-terminal and a C-terminal, and the N-terminal of the
collagen-binding polypeptide segment is linked directly or through a linker polypeptide segment to the C-terminal of the
PTH/PTHrP agonist polypeptide segment.

[0064] The two polypeptide segments of the fusion proteins can be linked directly or indirectly. For instance, the two segments
may be linked directly through, e.g., a peptide bond or chemical cross-linking, or indirectly, through, e.g., a linker segment or
linker polypeptide.

[0065] This disclosure also provides a fusion protein comprising a collagen-binding polypeptide segment linked to a PTH/PTHrP
receptor antagonist polypeptide segment.

[0066] The PTH/PTHrP receptor antagonist polypeptide segment may be a synthetic polypeptide or a naturally occurring
polypeptide. Such polypeptides may be a portion of a polypeptide or may comprise a mutation. Antagonist activity with the
PTH/PTHrP receptor can be assayed as described in Example 3 below by a cAMP stimulation assay. An antagonist will inhibit
stimulation of cAMP synthesis by PTH(1-34). Preferably, when mixed with PTH(1-34), the antagonist can inhibit activation of the
receptor by PTH(1-34) by at least 50%. In contrast, when not mixed with PTH, the antagonist activates the receptor by less than
5% of the receptor's maximal activation by PTH(1-34).

[0067] In the fusion proteins containing a PTH/PTHrP receptor antagonist, the collagen-binding polypeptide segment can be the
same segments as found in the fusions containing a PTH/PTHrP receptor agonist.

[0068] Suitably, the PTH/PTHrP receptor antagonist is a PTH or PTHrP polypeptide segment.

[0069] The PTHPTHrP receptor antagonist can include in one embodiment PTH(7-34), i.e., residues 7-34 of PTH (SEQ ID
NO:7). Alternatively, it is or includes residues 7-33 of PTH (SEQ ID NO:7).

[0070] In another embodiment, the PTH/PTHrP receptor antagonist includes PTH(7-14), i.e., residues 7-14 of PTH (SEQ ID
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NO:7).

[0071] Alternatively, the PTH/PTHrP receptor antagonists may include residues 1-14 of PTH with an N-terminal extension. Adding
an N-terminal extension to PTH or active N-terminal fragments of PTH converts the PTH peptides to antagonists. The N-terminal
extension can be 1, 2, 3, 4, 5, or more amino acids in length. The identity of the amino acids in the N-terminal extension is
typically not important. Suitably, the PTH/PTHrP receptor antagonist includes residues 1-33 of PTH with a Gly-Ser extension at the
N-terminus (SEQ ID NO:11).

[0072] The PTH/PTHrP receptor antagonist may include PTHrP(7-34), i.e., residues 7-34 of SEQ ID NO:8.

[0073] The PTH/PTHrP receptor antagonist may include mouse TIP(7-39) (reference 18). Other PTH/PTHrP receptor antagonists
that may be used in the fusion proteins are described in reference (18).

[0074] The PTHPTHrP receptor antagonist polypeptide segment may be N terminal to the collagen-binding polypeptide segment
in the antagonist fusion protein. That is, the two polypeptide segments each have an N-terminal and a C-terminal, and the N-
terminal of the collagen-binding polypeptide segment is linked directly or through a linker polypeptide segment to the C-terminal
of the PTH/PTHrP antagonist polypeptide segment.

[0075] As with the agonist, the two polypeptide segments of the antagonist fusion proteins can be linked directly or indirectly.

[0076] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used in medicine for the promotion of bone growth in a mammal wherein said use involves administering to the
mammal a fusion protein comprising a collagen-binding polypeptide segment linked to a PTH/PTHrP agonist polypeptide segment.

[0077] Administering the fusion protein to the mammal increases trabecular bone mineral volume and/or trabecular bone mineral
density or slows loss of trabecular bone mineral volume and/or trabecular bone mineral density.

[0078] Administering the fusion protein to the mammal increases cortical bone mineral volume and/or cortical bone mineral
density or slows loss of cortical bone mineral volume and/or cortical bone mineral density.

[0079] Bone mineral volume is visible from histologic staining of slides. The term "bone mineral volume" as used herein refers to
the volume occupied by mineralized bone. "Bone mineral density" as used herein refers to areal bone density, i.e., the amount of
bone mineral per unit 2-dimensional area of bone. It can be measured by x-rays, or DEXA (Example 4 below).

[0080] The inventors have found that the PTH-CBD fusion protein increases both the bone mineral volume and density of both
trabecular and cortical bone. The effect on cortical bone is surprising, because PTH(1-34) has been shown to have little effect on
cortical bone mineral density or even decrease cortical bone mineral density, even as it increases trabecular bone mineral density
(25-27).

[0081] The fusion protein can be administered systemically, e.g., by intravenous injection. The inventors have found that when
administering the fusion protein subcutaneously it binds locally at the site of injection if the fusion protein is dissolved in neutral
pH buffer. But if the fusion protein is dissolved in pH 4.5 or below buffer, the collagen-binding domain does not bind collagen, and
the fusion protein has time to disperse systemically before it binds collagen elsewhere in the body at neutral pH. Thus, in one
embodiment, systemic administration of the fusion proteins involves administering the fusion protein dissolved in buffer or
aqueous solution at a pH lower than about 5.0 or at pH 4.5 or below. Typically, systemic administration of the fusion proteins
involves administering the fusion proteins dissolved in aqueous solution at pH lower than about 6.0.

[0082] Suitably, the fusion protein is administered by injection, e.g., intravenous or subcutaneous or intraperitoneal injection.
Administration by injection may be systemic administration or local administration.

[0083] The fusion protein may be administered in an orthopedic implant. Examples of orthopedic implants in which the fusion
protein may be administered include an orthopedic bone void filler, an adjunct to bone fracture stabilization, an intramedullary
fixation device, a joint augmentation/replacement device, a bone fixation plate, a screw, a tack, a clip, a staple, a nail, a pin, a rod,
an anchor, a screw augmentation device, or a cranial reconstruction device. Another example of an orthopedic implant is a dental
implant. Examples of dental implants include an artificial tooth root replacement, implant-supported bridges and dentures. Other
examples will be known to those of skill in the art.
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[0084] To be administered in an implant, as used herein, means that the fusion protein may be associated with the implant, by
for instance, adhesion, covalent or non-covalent bonding to the surface of the implant, entrapment in pores of a polymer coating
of an implant, or mixing with a component of the implant, such as ceramic particles. If the ceramic particles are porous, the fusion
protein can be entrapped in the pores. By "entrapped in the pores" it is meant that diffusion of the fusion protein out of the
material is slowed due to the pore structure, not necessarily that the fusion protein cannot diffuse out of the material until the
material breaks down.

[0085] For instance, the fusion protein can be entrapped in a biodegradable polymer as described in U.S. Patent No. 7,060,299.
It may be formed into particles with a polysaccharide gum, and then the particles entrapped in a matrix of a polymer as described
in U.S. Patent No. 7,060,299. The polymer can be formed as a coating on the surface of an implant.

[0086] The fusion protein can also be bonded to a surface such as gold on an implant through sulfhydryls of the protein, as
described in U.S. Patent No. 6,428,579.

[0087] The fusion protein can be mixed with a ceramic or with ceramic particles, including for example hydroxyapatite or
tricalcium phosphate, both of which are often used as fillers for bone remodeling (U.S. Published Patent Application No.
20030091609).

[0088] A porous polymer can be formed by forming the polymer in an organic solvent with particles of a material that is not
soluble in the organic solvent, such as salt or sugar crystals. After the polymer is cured, the particles can be removed to expose
the open pores by washing the polymer matrix in an aqueous solution that solubilizes the salt or sugar particles. Incubating the
polymer matrix with a solution of the fusion protein can allow the fusion protein to diffuse into the pores of the polymer and
become entrapped therein (U.S. Published Patent Application No. 20030091609).

[0089] Other methods of adhering proteins to a surface of a material are disclosed in U.S. Patent No. 6,617,142. Still other
methods are available to those of skill in the art.

[0090] The fusion protein can be mixed with demineralized bone matrix (DBM). Demineralized bone matrices are prepared by
acid extraction of allograft bone, resulting in loss of most of the mineralized component but retention of collagen and
noncollagenous proteins, including growth factors. DBM is used as a bone-graft substitute or extender. Since DBM contains
extensive amounts of collagen, the fusion proteins will bind to the collagen of DBM if mixed with DBM in binding buffer.

[0091] Suitably, the orthopedic implant includes hydroxyapatite, tricalcium phosphate, or demineralized bone matrix. The
orthopedic implant can include a polymer. Many natural and synthetic polymers may be included in an orthopedic implant (e.g., as
a coating). Examples of natural porous polymers include gelatin, fibrin, collagen, elastin, hyaluronic acid, chondroitin sulfate,
dermatan sulfate, heparin sulfate, heparin, cellulose, chitin, chitosan, mixtures or copolymers thereof, or a wide variety of others
typically disclosed as being useful in implantable medical devices. Examples of synthetic porous polymers include silicone,
polyurethane, polysulfone, polyethylene, polypropylene, polyamide, polyester, polycarboxylic acids, polyvinylpyrrolidone (PVP),
maleic anhydride polymers, polyamides, polyvinyl alcohols (PVA), polyethylene oxides, polyacrylic acid polymers,
polytetrafluoroethylene, polyhydroxyethylmethacrylic acid (pHEMA), polyaminopropylmethacrylamide (pAPMA), polyacrylamido-2-
methylpropanesulf- onic acid (pAMPS), polyacrylamide, polyacrylic acid, mixtures or copolymers thereof, or a wide variety of
others typically disclosed as being useful in implantable medical devices. Additional examples of synthetic porous polymers
include biodegradable synthetic porous polymers, such as polyglycolic acid, polylactic acid, polydiaxonone, poly(,-caprolactone),
polyanhydrides, poly(3-hydroxybutyrate), poly(ortho esters), poly(amino acids), polyiminocarbonates, and mixtures or copolymers
thereof.

[0092] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used for the promotion of tissue growth around an implant in a mammal comprising: administering to the
mammal a fusion protein comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor agonist
polypeptide segment. Before, during, or after the step of administering the fusion protein, the mammal receives an implant placed
in contact with tissue in the mammal; and the step of administering the fusion protein is effective to promote tissue growth around
the implant. The tissue growth promoted around the implant may be bone, cartilage, or other tissue. Suitably, it may be skin.

[0093] The step of administering the fusion protein may comprise placing an implant in contact with tissue in the mammal,
wherein the implant comprises the fusion protein.

[0094] Suitably, the implant may be a dental implant.
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[0095] Alternatively, the implant may be a bone graft.

[0096] In other embodiments, the implant is an orthopedic bone void filler, an adjunct to bone fracture stabilization, an
intramedullary fixation device, a joint augmentation/replacement device, a bone fixation plate, a screw, a tack, a clip, a staple, a
nail, a pin, a rod, an anchor, a screw augmentation device, or a cranial reconstruction device.

[0097] In specific embodiments, the implant comprises intact bone. Here, in one embodiment, the implant is incubated with the
fusion protein for a time sufficient to allow the fusion protein to bind to collagen in the intact bone before implanting the implant in
the mammal.

[0098] In specific embodiments, the implant comprises bone cement, hydroxyapatite, or demineralized bone.
[0099] In specific embodiments, the implant comprises osteoblasts.

[0100] In specific embodiments, the implant is predominantly plastic, metal, or ceramic (i.e., the majority of its mass is plastic,
metal, or ceramic material).

[0101] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used for the promotion of hair growth in a mammal comprising: administering to the mammal a fusion protein
comprising: a collagen-binding polypeptide segment; linked to a PTH/PTHrP receptor agonist polypeptide segment.

[0102] We have found that fusion proteins containing the receptor agonists were more effective than those containing receptor
antagonists in promoting hair growth in mice treated with cyclophosphamide to induce chemotherapy-induced alopecia (Example
8 below). A fusion protein containing a PTH/PTHrP receptor antagonist was also tested and also induced some hair growth, but
the hair that grew appeared less thick (data not shown). Thus, fusion proteins containing either a PTH/PTHrP receptor agonist or
antagonist can be used to promote hair growth, but fusion proteins containing a receptor agonist are preferred for chemotherapy-
induced alopecia.

[0103] To promote hair growth, the fusion proteins may be administered locally at a desired site of hair growth, e.g., by
subcutaneous or intradermal injection. The fusion proteins will bind to collagen in the skin near the site of subcutaneous or
intradermal injection and remain bound at the site for long-lasting effect. The fusion proteins can also be administered
systemically to promote hair growth. This is preferred to treat chemotherapy-induced alopecia.

[0104] The mammal may be afflicted with chemotherapy-induced alopecia.

[0105] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used for the promotion of immune reconstitution in a mammal comprising: administering to the mammal a fusion
protein comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor agonist polypeptide segment;
wherein before, during, or after administering the fusion protein, the mammal receives an administration of bone marrow stem
cells. As used here, the term "bone marrow stem cells" may refer to any stem cells that can implant in bone marrow and
differentiate into a variety of types of lymphocytes. Thus, the stem cells may be obtained, for instance, from umbilical cord blood,
embryos, the mammal's own blood or bone marrow, or another mammal's blood or bone marrow. Administration of the fusion
protein is expected to show an increase in survival following bone marrow ablation and a stem cell transplant in mice. It is also
expected to increase the rate of neutrophil number increase - i.e., neutrophil numbers are greater at specific time points (e.g., 7,
14, 21, or 30 days) after transplant in patients or experimental animals receiving the fusion protein in conjunction with the stem
cell transplant than in a comparison group not receiving the fusion protein.

[0106] Suitably, the stem cells will be umbilical cord blood stem cells. Umbilical cord blood is an especially useful alternative for
patients in need of a stem cell transplant who do not have an MHC-matched related or unrelated donor. But the number of stem
cells in a single unit of umbilical cord blood is often insufficient for successful engraftment after a bone marrow stem cell
transplant (10). Administration of the fusion protein disclosed herein containing a PTH/PTHrP receptor agonist is expected to
improve grafting of the stem cells and increase the odds of a successful graft with one or two units of umbilical cord blood.

[0107] The stem cells may be be autologous blood stem cells. Often too few stem cells are mobilized from a patient to support
autologous stem cell transplant. Administering the fusion protein is expected to enhance the chance of successful engraftment
when the number of stem cells transplanted is less than optimal. It also is expected to enhance the chance of successful
engraftment when the number of stem cells transplanted is considered adequate.
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[0108] Preferably the fusion protein would be administered before or together with administration of the stem cells to promote
engraftment of stem cells in the bone marrow. But it may also be administered after administration of the stem cells.

[0109] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used for the promotion of bone marrow stem cell mobilization in a mammal comprising: administering to the
mammal a fusion protein comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor agonist
polypeptide segment. Administering the fusion protein is expected to increase the number of stem cells in circulating blood of the
mammal (e.g., 7, 14, or 30 days after administering the fusion protein). This method may further comprise collecting stem cells
from blood of the mammal after the step of administering the fusion protein to the mammal.

[0110] Autologous stem cell transplantation cures lymphomas in many patients and improves survival in multiple myeloma. But
approximately 20% of patients do not mobilize sufficient stem cells to safely support autologous stem cell transplantation (11). The
fusion protein described herein containing a PTH/PTHrP receptor agonist is expected to promote stem cell mobilization.

[0111] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used for the treatment of myocardial infarction in a mammal comprising: administering to a mammal after the
mammal suffers a myocardial infarction a fusion protein comprising: (a) a collagen-binding polypeptide segment; linked to (b) a
PTH/PTHrP receptor agonist polypeptide segment.

[0112] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used for the treatment or prevention of renal osteodystrophy in @ mammal comprising: administering to the
mammal a fusion protein comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor antagonist
polypeptide segment; wherein the mammal is afflicted with renal osteodystrophy or renal disease. The fusion protein is expected
to be effective to reduce bone loss in the mammal.

[0113] Compositions comprising a collagen-binding polypeptide segment linked to a PTHPTHrP agonist according to the
invention may be used for the treatment or reduction in incidence of bone metastasis of cancer in a mammal comprising:
administering to the mammal a fusion protein comprising: (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHP
receptor antagonist polypeptide segment.

[0114] PTHrP is positively associated with bone metastasis (15, 16, 17). Breast carcinoma metastatic to bone expresses PTHP
in more than 90% of cases, compared with 17% in metastases to nonbone sites (15). In a mouse model, human tumor cells
transfected with a cDNA to overexpress human PTHrP had increased metastasis to bone (15). Conversely, administration of an
anti-PTHrP antibody decreased bone metastases (15, 17).

[0115] Binding of PTHrP to its receptor alters the microenvironment of bone favorably to promote metastasis. A, fusion protein
containing a CBD segment and a PTH/PTHrP receptor antagonist will likely occupy the receptor in bone and thus decrease the
occurrence of metastasis. It is expected to slow the growth of metastic tumors in bone.

[0116] Suitably, fusion proteins comprising (a) a collagen-binding polypeptide segment linked to (b) a PTHPTHrP receptor
agonist polypeptide segment can be replaced by pharmaceutical agents comprising (a) a collagen-binding polypeptide segment
linked to (b) a PTH/PTHrP receptor agonist or a non-peptidyl PTHPTHrP receptor agonist. An example of a non-peptidyl
PTH/PTHrP receptor agonist is compound AH3960 (19).

0 NH,

AN N TN,

/()_/r\l o
AH3960

[0117] AH3960 contains two amino groups. These can be used to cross-link the compound to amino groups on the collagen-
binding polypeptide segment through a crosslinker such as DSG (disuccinimidyl glutarate) or through the combination of SANH
(succinimidyl-4-hydrazinonicotinate acetone hydrazone) and SFB (succinimidyl-4-formyl benzoate). AH3960 can be cross-linked
through its amino group to a carboxyl group of the collagen-binding polypeptide segment by EDC (1-ethyl-3-[3-
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dimethylaminopropyl]carbodiimide hydrochloride). These products are available from Pierce (piercenet.com, Thermo Fisher
Scientific Inc., Rockford, IL). Protocols and reaction conditions are also available in the product literature from Pierce
(piercenet.com).

[0118] Likewise, receptor antagonist fusion proteins, fusion proteins comprising (a) a collagen-binding polypeptide segment
linked to (b) a PTHPTHrP receptor antagonist polypeptide segment can be suitably replaced by pharmaceutical agents
comprising (a) a collagen-binding polypeptide segment linked to (b) a PTH/PTHrP receptor antagonist or a non-peptidyl
PTH/PTHrP receptor antagonist.

[0119] Thus, described herein is a pharmaceutical agent comprising: (a) a collagen-binding polypeptide segment linked to (b) a
PTH/PTHrP receptor antagonist, where the antagonist may be non-peptidyl. Non-peptidyl antagonists of the PTH/PTHrP receptor

include compounds disclosed in (20), including compound 2 below:
HoN

o}

o

N
/
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[0120] Compound 2 can be coupled through its amino group to amino or carboxyl groups of the collagen-binding polypeptide
segment as described above for compound AH3960. In compound 3 of reference (20), the amino group of compound 2 is
replaced with a carboxyl group. This can be coupled to amino groups of the collagen-binding polypeptide segment with EDC.

[0121] The pharmaceutical agents comprising (a) a collagen-binding polypeptide segment; linked to (b) a PTH/PTHrP receptor
agonist polypeptide segment or antagonist polypeptide segment, segment (a) and segment (b) may be separate polypeptides,
and the two polypeptides may be linked by chemical cross-linking. The two polypeptides can be cross-linked through amino
groups by reagents including DSG (disuccinimidyl glutarate) or glutaraldehyde. They can also be cross-linked through amino
groups by derivatizing one polypeptide with SANH (succinimidyl-4-hydrazinonicotinate acetone hydrazone) and the other with SFB
(succinimidyl-4-formyl benzoate), and then mixing the two derivatized polypeptides to cross-link. The two polypeptides can be
cross-linked between an amino group of one polypeptide and a carboxyl of the other by reaction with EDC (1-ethyl-3-[3-
dimethylaminopropyl]carbodiimide hydrochloride). The polypeptides can also be cross-linked (e.g., covalently coupled) by any
other suitable method known to a person of ordinary skill in the art. These cross-linking reagents are available from Pierce
(piercenet.com, Thermo Fisher Scientific Inc., Rockford, IL). Protocols and reaction conditions are also available in the product
literature from Pierce (piercenet.com). These and other applicable cross-linking methods are described in U.S. published patent
applications 20060258569 and 20070224119.

[0122] Based on the data herein, the individual doses of pharmaceutical agents comprising a collagen-binding polypeptide
segment linked to a PTH/PTHrP receptor agonist polypeptide segment can be approximately the same on a molar basis as doses
used for PTH(1-34). But the pharmaceutical agents comprising a collagen-binding polypeptide segment linked to a PTH/PTHrP
receptor agonist polypeptide segment can be administered less frequently, because linking the agonist to the collagen-binding

polypeptide segment gives it much more prolonged activity in vivo.

[0123] The following examples are presented to illustrate various aspects of the disclosure without limiting the scope thereof.

Examples
Example 1

Expression of PTH-collage n-binding domain fusion proteins

11
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[0124] A plasmid expressing a PTH-CBD fusion protein was constructed by inserting the PTH-CBD coding sequence into pGEX-
5X-1 (GE Lifesciences). The sequence of the resulting plasmid is SEQ ID NO:3. Nucleotides 258 to 1409 of SEQ ID NO:3 encode
a fusion protein containing glutathione-S-transferase (GST) fused at its C terminus to a PTH-CBD fusion protein. SEQ ID NO:4 is
the full encoded GST-PTH-CBD fusion protein. Residues 222-225 are IEGR (SEQ ID NO:5), a factor Xa protease recognition site.
Residues 226-383 of SEQ ID NO:4 correspond to SEQ ID NO:1 and are the PTH-CBD fusion protein. Factor Xa cleaves after the
Arg that is amino acid residue 225 of SEQ ID NO:4 to release SEQ ID NO:1, the PTH-CBD fusion protein. Residues 1-33 of SEQ
ID NO:1 are the N-terminal 33 residues of PTH. Residues 38-158 are a collagen-binding domain (CBD) of the ColH collagenase of
Clostridium histolyticurn. The CBD of the fusion protein corresponds to residues 901-1021 of ColH (SEQ ID NO:6). Residues 34-
37 of SEQ ID NO:1 are a linker segment.

[0125] A second PTH-CBD fusion protein, PTH-PKD-CBD (SEQ ID NO:2), was expressed from the a plasmid otherwise identical
to SEQ ID NO:3 with a longer insert segment from the colH gene to express. Like SEQ ID NO:1, it was expressed as part of a GST
fusion protein and cleaved from GST by Factor Xa. Residues 1-33 of SEQ ID NO:2 are the N-terminal 33 residues of PTH.
Residues 34-36 are a linker segment. And residues 37-251 are residues 807-1021 of ColH. This fusion protein includes a
polycystic kidney disease (PKD) domain of ColH (residues 807-900 of ColH), in addition to the collagen binding domain of
residues 901-1021 of ColH found in both SEQ ID NO:1 and SEQ ID NO:2. It was thought that including the PKD domain might
minimize domain-domain interferences or other steric hindrances between the PTH domain and CBD domain.

[0126] Furification of CBD fusion proteins - E. coli BL21 was transformed with the recombinant plasmids. Each clone was grown
in one liter of 2YT-G medium to an optical density at 600 nm of 0.7. Isopropyl-1-thio-beta-D-galactopyranoside was added to a
final concentration of 0.1 mM, and cells were grown for a further 2 hours. In order to prevent proteolyis during the purification
procedures, phenylmethylsulfonylfluoride was added to the culture to a final concentration of 1 mM. Cells were harvested by
centrifugation, and disrupted in a French pressure cell. Cell debris was removed by centrifugation, and the cleared lysate was
used for the purification of the fusion protein by a batch method using glutathione-SEPHAROSE 4B beads (volume, 4-ml; GE
Lifesciences) as described by the manufacturer. The GST-tag of each fusion protein was cleaved by incubation with Factor Xa
(New England Biolabs, 0.2 pg/mg of fusion protein) for 20 h at room temperature. The cleaved protein fractions were dialyzed
three times against 1 liter of 50mM Tris-HCI (pH7.5), 100 mM NaCl at 4°C to remove glutathione. The N-terminal GST fragment
was removed by applying the fraction to a glutathione-SEPHAROSE 4B column (bed volume, 2 ml). Ten amino acid residues from
the N terminus were confirmed for each fragment on an automatic protein sequencer (Model 492, Perkin-Elmer). The molecular
mass of the purified C-terminal fragment was confirmed by matrix-assisted laser desorption time-of flight mass spectrometry
(MALDI-TOF MS).

Example 2

Demonstration of Collagen Binding by the PTH-CBD Fusion Proteins

[0127] Five mg insoluble collagen type |, (C-9879; Sigma) was added to an ULTRA FREE micro centrifugal device, 0.22
micrometer low-binding DURAPORE membrane (Millipore, Bedford, MA) and placed in a micro centrifuge tube (Catalogue
No:UFC30GV00-Millipore). All steps were carried at room temperature unless otherwise specified. Collagen binding buffer (200
microliters) (50 mM Tris-HCI, pH 7.5, 5 mM CaClp) was added to swell the collagen fibers. After incubation for 30 minutes, the tube
was centrifuged at 15,000 g for 15 minutes. Centrifugation was repeated after changing the direction of the tube in the rotor. The
collagen precipitate was resuspended in 60 mcl of collagen binding buffer containing 100 pmole of fusion protein and incubated
for 30 minutes. The mixture was then centrifuged through the device at 15,000 x g for 15 minutes. Proteins bound to the collagen
would be retained by the filter along with the collagen. Proteins that do not bind to collagen would pass through in the filtrate. The
filtrate was analyzed by SDS-PAGE.

[0128] FIG. 1 shows a photograph of the SDS-PAGE gel. Lane 1 on the left is molecular weight markers. Lane 2 is the filtrate of
a mixture containing PTH-PKD-CBD fusion protein filtered without collagen. Lane 3 shows the filtrate of a mixture of PTH-PKD-
CBD fusion protein with collagen. Lanes 4 and 5 show the filtrate of the PTH-CBD fusion protein incubuted without and with
collagen, respectively. The result shows that both fusion proteins failed to pass through the filter when incubated with collagen,
but did pass through when incubated without collagen. This shows both fusion proteins bound to collagen.

Example 3
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In vitro Biological Activity of PTH-CBD Fusion Proteins

[0129] HKrK-B7 cells, which are LLCPK cells stably transfected with the human PTH1R ,were kindly provided by Tom Gardella,
Endocrine Unit, Massachusetts General Hospital. The cells are described in reference (7). HKrK-B7 cells were grown in 24 well
plates to 90 percent confluence, which was typically achieved 2-3 days after initial seeding. The culture media was DMEM (with L-
glutamine) + 10% fetal bovine serum (FBS).

[0130] When the cells reached 90% confluence, the cells were rinsed once with 0.5 ml binding buffer (50 mM Tris-HCI, pH 7.8,
100 mM NaCl, 2 mM CaCly, 5 mM KCI, 0.25% horse serum, 0.0025% fetal bovine serum). The plate was placed on ice, and 200

microliters IBMX buffer (DMEM without antibiotic and FBS, 35 mM HEPES, pH 7.4, 3-isobutyl-1-methylxanthine (IBMX), 1 mg/ml
bovine serum albumin) was added per well. IBMX is a phosphodiesterase inhibitor. Peptide or PTH was added at the indicated
concentrations in 100 mico liters binding buffer. The cells were then incubated with the peptide, PTH, or no addition (control) for 1
hour at room temperature. The media was then removed and the plates were placed on dry ice to freeze the cells for 3 minutes.
500 microliters 50 mM HCI was next added to each well. The plates were kept frozen until the immunoassay.

[0131] cAMP concentration was measured by immunoassay (Biomedical Technologies, Inc., Stoughton, MA, USA; cAMP EIA kit,
#BT-730).

[0132] The results of the cAMP concentration from the lysed cells in the wells is shown in FIG. 2 for cells incubated with from 1 x

1012 M to 1 x 107 M fusion peptide or PTH(1-34). PTH(1-34), PTH-CBD (SEQ ID NO:1), and PTH-PKD-CBD (SEQ ID NO:2) all
stimulated cAMP synthesis to a similar extent.

Example 4

In vivo activity of PTH-CBD Fusion Proteins

[0133] Healthy female C57BL/6J mice, 5-8 weeks age and 13-18 grams, were purchased from the Jackson laboratory (Bar
Harbor, ME, USA) and they were housed in cages at the Animal facility in Ochsner Clinic Foundation under standard conditions.
Animals were maintained for a 2-week acclimation period prior to experiments.

[0134] Baseline whole body DEXA (dual emission x-ray absorptiometry) measurements were obtained in duplicate for each
animal using a Hologic QDR -1000plus instrument adapted for application in the mouse as follows. An ultrahigh resolution mode
(line spacing 0.03950 cm and resolution 0.03749 cm) was used. The animals were anesthetized with pentobarbital and positioned
in the prone position for DEXA scanning. Bone mineral density (BMD) was determined within an 8 x 16 pixel box covering the
region of the lumbar spine. BMD for each single pixel vertical stripe was measured, and the peak values were determined. Validity
for this technique was ascertained by comparing the duplicate measurements in each mouse.

[0135] Animals were injected intraperitoneally weekly for eight weeks with either vehicle alone (collagen binding buffer, pH 7.5,
50 mM Tris HCI, 5 mM CaCls) or vehicle containing PTH analogs as follows:

Group A (8 animals): vehicle
Group B (6 animals): 80 pg/kg/dose of human PTH(1-34)
Group C (6 animals): 546 pg/kg/dose of PTH-PKD-CBD (SEQ ID NO:2)

Group D (6 animals): 344 pg/kg/dose of PTH-CBD (SEQ ID NO:1)

[0136] The doses of the three PTH compounds were adjusted based on their molecular weights, such that each was given at the
same molar equivalent (0.02 micromoles/kg/dose).
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[0137] One week after the gh injection, animals were sacrificed with a lethal dose of pentobarbital. Duplicate BMD measurements
were obtained for each mouse by the technique described above. Percent increase in BMD for each mouse was calculated, and
the results (average +/- standard error) are shown in FIG. 3. Statistical significance was determined using a one-tailed paired T
test. Statistically significant differences from vehicle control are shown by * (p<0.05) and ** (p<0.01) in FIGS. 3 and 4.

[0138] At the conclusion of the study, lumbar spine segments of the mice were also excised from the soft tissue and BMD
measurements of the excised spine segments were taken. The BMD results of the excised spine segments are the average for
the entire bone segment, not peak BMD measurements like those that were obtained from the whole animal scans.

[0139] The statistical comparisons used were ANOVA across groups (p<0.05), and Bonferroni comparisons of each group vs.
control.

[0140] The PTH-CBD fusion protein (SEQ ID NO:1) produced an average 17% increase in BMD over the 8-week treatment
period. Both PTH(1-34) and the PTH-PKD-CBD fusion protein (SEQ ID NO:2) produced approximately a 7.5% increase in bone
mineral density. The mice in the vehicle control group had a 5% increase in BMD over the 8-week treatment period. (FIG. 3.) Both
PTH-CBD (p<0.01) and PTH-PKD-CBD (p<0.05) fusion proteins produced BMD increases that were statistically significantly
greater than vehicle controls, while PTH(1-34) did not. But the PTH-CBD fusion gave approximately twice the BMD increase of
both PTH(1-34) and the PTH-PKD-CBD fusion protein. (FIG. 3).

[0141] The BMD of excised lumbar spine segments of the four groups of mice at the conclusion of the 8-week treatment period
are shown in FIG. 4. Again, the PTH-CBD group was statistically significantly different from the vehicle control (p<0.05).
Differences between other groups with vehicle control and with each other did not reach statistical significance.

[0142] Serum calcium levels were also measured in the mice before, during, and after the study. PTH with daily injection is known
to carry a risk of hypercalcemia. There was no difference in serum calcium levels between any of the groups, indicating that the
PTH-CBD fusion proteins did not cause hypercalcemia (FIG. 5).

[0143] Serum alkaline phosphatase levels were also measured. Serum alkaline phosphatase was increased in the PTH(1-34),
PTH-PKD-CBD, and PTH-CBD groups (FIG. 6). Elevated alkaline phosphatase is correlated with hyperparathyroidism and periods
of bone growth. Thus, this is evidence of increased bone turnover with all three agents.

[0144] Staining of tibial sections with hematoxylin and eosin showed increased trabecular and cortical bone in mice treated with 8
weeks of PTH-CBD versus vehicle control (FIG. 7).

[0145] No evidence of bone tumors in mice in any of the groups was found by DEXA or post-mortem examination.

[0146] We conclude that the PTH-CBD fusion protein is more active than PTH(1-34) in promoting bone mineral density increase
in vivo.

Example 5

Monthly Administration of PTH-CBD in Vivo

[0147] With the encouraging results showing efficacy of PTH-CBD to increase bone mineral density after weekly administration,
we next tested the efficacy of this fusion protein with monthly administration. Mice received intraperitoneal injection of PTH-CBD
(344 pg/kg/dose), PTH (80 ug/kg/dose), or vehicle alone monthly in buffer as described in Example 4. There were 10 mice in each
group. Bone mineral density (BMD) was measured by DEXA as described in Example 4 every 2 months. DEXA measurements
were correlated to absolute bone mineral density by correlation between DEXA measurements and measurements from excised
tissue in the weekly study of Example 4.

[0148] Serial measurements of BMD every 2 months showed that monthly administration of PTH-CBD resulted in significant
increases in BMD after 4 months of therapy, which were sustained for 6 months of therapy (FIG. 8) (p<0.01, shown by ** in FIG.
8). Not surprisingly, monthly administration of PTH(1-34) had no effect on bone mineral density. After 6 months (as indicated by
the arrow in FIG. 8), we discontinued administration of PTH-CBD, and subjected the animals in the PTH(1-34) group to 2 weeks of
daily therapy. Measurement of BMD 2 months later showed that the gains in bone mineral density after PTH-CBD administration
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were sustained (despite the decline in BMD in the vehicle control group, expected for age), and that the daily administration of
PTH(1-34) resulted in increases in BMD which approached but did not reach those of the PTH-CBD group.

[0149] The mice were then followed for another 6 months, and the data showed that the BMD of the PTH(1-34) and PTH-CBD
groups declined in parallel and remained higher than the untreated vehicle control mice.

[0150] Serum concentration of alkalaline phosphatase was also measured in these groups of mice at the 48-week time point.
The results are shown in FIG. 10. Even at 48 weeks, 22 weeks after the last administration of the PTH-CBD fusion protein,
alkaline phosphatase concentration was elevated in the group receiving the PTH-CBD fusion protein compared to the vehicle
control mice and mice that received PTH(1-34).

Conclusion:

[0151] Together with the data in Example 4, these data indicate that monthly administration of PTH-CBD showed at least equal
efficacy to daily injection of PTH in promoting an increase in bone mineral density. Importantly, the dose of PTH-CBD given in
each injection is the molar equivalent of the daily dose of PTH(1-34); thus, the total administered dose is actually 1/30 of the dose
with PTH(1-34). The data suggests that even longer dosing intervals than monthly may be effective, and that the effects on BMD
are sustained for a longer time after cessation of therapy with PTH-CBD than with PTH(1-34).

Example 6

3- and 6-Monthly Administration of PTH-CBD in Vivo

[0152] With the encouraging results showing efficacy of PTH-CBD to increase bone mineral density after monthy administration,
we next tested the efficacy of this fusion protein with administration every 3 or every 6 months. Mice received intraperitoneal
injection of PTH-CBD (344 pg/kg/dose x 1) (CBD-PTH-6 of FIG. 9), PTH-CBD (344 pg/kg/dose at 0 and 3 months) (CBD-PTH-6 of
FIG. 9), PTH(1-34) (80 pg/kg/dose daily for 2 weeks), or vehicle alone (x1) in buffer as described in Example 4. There were
eleven mice in each group. Bone mineral density (BMD) was measured by DEXA at 3 month and monthly thereafter. The study is
ongoing, and data are available up to the 5 month time point.

[0153] Serial measurements of BMD showed that a single dose of PTH-CBD resulted in significant increases in BMD after 4
months of therapy (FIG. 9). Administration of the second dose of PTH-CBD at the 3 month time point did not cause further
increases in BMD at the 4 and 5 month time points. Daily administration of PTH(1-34) for 2 weeks caused the expected increase
in BMD at 3 months, but by 5 months the BMD had declined back to control levels. The mice in this study will be followed for an
additional 7 months.

Conclusion:

[0154] Together with the data in Examples 4 and 5, these data suggest that a single dose of PTH-CBD is sufficient to promote
sustained increases in bone mineral density. Importantly, the dose of PTH-CBD given in each injection is the molar equivalent of
the daily dose of PTH(1-34); thus, the total administered dose is actually 1/14 of the dose of PTH(1-34) over the 5 month interval
for which we have data at this time. We will continue to collect data on this study for another 7 months. The data also indicate that
the effects on BMD are sustained for a longer time after cessation of therapy with PTH-CBD than with PTH(1-34).

Example 7

Preliminary Dose and Time Response Study

[0155] To determine roughly the optimal dose of PTH-CBD, a single dose of the fusion protein was given by subcutaneous

15



DK/EP 2155874 T3

administration to mice at a range of doses from 2 to 8,000 micrograms/kg and the BMD of the mice was tested by DEXA every 4
weeks for 20 weeks. At the highest dose, the BMD decreased between 4 weeks and 12 weeks and then increased. It thus
appeared to have a transient catabolic effect and then a possible anabolic effect. Intermediate doses of 40-400 micrograms/kg,
which spans the dose of 344 micrograms/kg used in Example 4 and 5, appeared to have the greatest anabolic effect over the first
8 weeks. The lowest dose tested, 2 micrograms/kg appeared to have less anabolic effect over the first 16 weeks. (FIG. 11)

Example 8

Use of PHT-CBD to Promote Hair Growth

[0156] There are reports that PTH agonists and antagonists can modulate hair growth in animal models of genetic hair loss and
after administration of chemotherapy (8,9). We tested whether PTH-CBD could, after subcutaneous administration, alter the
pattern of hair growth after chemotherapy-induced hair loss with cyclophosphamide.

Materials and Methods:

[0157] Healthy female C57BL/6J mice (as in Example 4) were treated with 150 mg/kg cyclophosphamide every month for 3
months. The chemotherapeutic agent caused hair thinning and color change from black to white. We additionally shaved a spot
on the back. At the spot of hair removal, we injected PTH-CBD subcutaneously at a dose of 320 mg/kg. We also tested injection
of a CBD fusion protein containing a PTH/PTHrP receptor antagonist (SEQ ID NO:9). This fusion protein was made by inserting a
thrombin cleavage sequence (Leu-Val-Pro-Arg-Gly-Ser, SEQ ID NO: 12) between the GST and PTH(1-33) segments of the fusion
protein of SEQ ID NO:1. The resultant GST-PTH-CBD fusion protein is cleaved by thrombin between the Arg and Gly residues of
the thrombin cleavage sequence to release the Gly-Ser-PTH-CBD fusion protein of SEQ ID NO:9.

Results:

[0158] The PTH-CBD treated animals showed more rapid regrowth of hair at the spot of removal, and the chemotherapy-induced
thinning and color change of the hair were both reversed, even at sites distant from the PTH-CBD injection site (FIG. 12). ACBD
fusion protein containing a PTH/PTHrP receptor antagonist was also tested in pilot studies. But the antagonist fusion protein
produced only peach fuzz hair at the site of injection and did not work as well as the PTH-CBD agonist fusion protein (results not
shown). The antagonist fusion protein produced more hair than vehicle control treatment (results not shown).

[0159] Conclusion: PTH-CBD can reverse chemotherapy-induced alopecia, and the effects are not restricted to the site of
injection.

Example 9

Use of PHT-CBD to Promote Immune Reconstitution

[0160] Female C57B1/6 mice are irradiated with 10 Gy of radiation (137Cs source). 24 hours later, mice are injected with 2 x 10°
bone marrow mononuclear cells (BMMNC) from a donor B6.SJL mouse. Immediately before receiving the BMMNC, the recipient
mice are also injected with saline (vehicle control), 344 :g/kg PTH-CBD (SEQ ID NO:1), or 80 :g/kg PTH(1-34).

[0161] A portion or all of the mice receiving BMMNC alone are expected to die. A greater percentage of mice receiving PTH(1-
34) are expected to survive. A still greater percentage of mice receiving PTH-CBD are expected to survive.

[0162] It is also expected that neutrophil count will increase faster in mice receiving the PTH-CBD fusion than in mice receiving
an equimolar amount of PTH or receiving vehicle control.

Example 10
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Use of PTH-CBD to Promote Bone Marrow Stem Cell Mobilization

[0163] Six- to 8-week old male C57BL/6 mice are injected subcutaneously with a single dose of 80 mcg/kg PTH(1-34) or 344
mcg/kg PTH-CBD (SEQ ID NO:1) or saline (vehicle control). Fourteen days later, peripheral blood is collected from the mice, and
c-KIT/Sca-1 cells are determined by fluorescence activated cell sorting (FACS) (21). It is determined that PTH-CBD causes a
greater increase in c-KIT/Sca-1 double positive cells than a single dose of PTH(1-34).

[0164] To test the ability of stem cells mobilized with PTH-CBD to repopulate, blood is collected 14 days after treatment with PTH,
PTH-CBD, or vehicle control as described above. Red cells are lysed as described in (22). Total collected cells from 900 mcl of
blood is transfused into a mouse that was subjected to a lethal dose of radiation (900 cGy) 24 hours before. A larger percentage
of recipient mice are expected to survive when given blood cells from a donor mouse treated with PTH-CBD than from a mouse
treated with PTH(1-34) or vehicle control. Further, it is expected that administering the fusion protein will increase the number of
stem cells in circulating blood of the mammal (e.g., 7, 14, or 30 days after administering the fusion protein)

Example 11

Use of a CBD-PTH/PTHrP Receptor Antagonist Fusion Protein for the Prevention and Treatment of Bone Metastasis
of Breast Cancer

[0165] When administered as a daily injection, PTH(1-34) stimulates bone growth in various species and in osteoporotic women.
However, continuous administration of PTH as an infusion (i.e. parathyroid adenoma) results in bone loss.

[0166] Breast cancer metastasizes to bone by producing a factor, PTHrelated peptide (PTHrP), which activates the PTH/PTHrP
receptor, increasing bone turnover in the local region. The removal of bone tissues which results from this cascade creates a void
in the bone where cancer cells can grow and causes release of growth factors from the remodeled collagen matrix which promote
tumor growth. In this study, we show that a PTH-CBD antagonist peptide has the ability to treat or prevent (reduce incidence of)
bone metastasis of breast cancer. The model used is the immunodeficient nude mouse.

[0167] Animals receive a single injection of MCF-7 human breast cancer cells tagged with a phosphorescent probe. Animals are
imaged weekly using a whole body imager to assess for bone metastatic lesions. Once 2 or more lesion are present in each
animal, the animals receive a single injection of PTH(7-33)-CBD or vehicle control. Weekly imaging is continued for an additional
2 months to monitor growth of existing metastases and appearance of new metastases.

Experimental Methods:

[0168] 22 Nude mice, aged 3-5 weeks and 13-18 grams are obtained. Initial weight of the animals is recorded along with their
general health condition. Animals are maintained for a 2 week acclimation period prior to experiments. (final age 5-8 weeks).

[0169] Baseline images are obtained from each animal using the Bioluminescent/Fluorescent Imager (Xenogen Biosciences,
Cranbury, NJ) whole body imager after isoflourane anesthesia. Animals then receive a single injection of MCF-7 cells stably
transfected with a plasmid expressing firefly luciferase (23, 24). Animals are re-imaged following the injection and on a weekly
basis thereafter to monitor for bone metastasis.

[0170] When 2 or more metastatic lesions are presenting the bones of each mouse, the animals will be divided randomly into 2
groups:

Group 1: 11 animals - is administered with vehicle intraperitoneally once.

Group 2: 11 animals - is administered with 344 mcg/kg of PTH(7-33)-CBD (SEQ ID NO:10) intraperitoneally once.
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[0171] Animals are sedated with isoflourane and whole body images are obtained on a weekly basis for a 2 month period.

Data Analysis:

[0172] During the experimental period, animals are weighed and examined weekly to detect any signs of illness. Whole body
images are analyzed to determine the number of metastatic lesions and intensity of the luminescent light emmission from each
lesion.

[0173] At the end of the experimental period the animals will be sacrificed by injecting a lethal dose of pentobarbital (100 mg/kg).
Regions of the bone which contain(ed) metastatic lesions at any point during the study are prepared for histological examination.

Results:

[0174] Mice injected with PTH(7-33)-CBD are expected to develop fewer metastatic bone lesions and have slower growth of
metastatic bone lesions than mice receiving vehicle control.

Example 12

Use of a CBD-PTH/PTHrP Receptor Antagonist Fusion Protein for the Prevention and Treatment of Renal
Osteodystrophy

[0175] Renal osteodystrophy is a bone disease that occurs when kidneys fail to maintain the proper levels of calcium and
phosphorus in the blood. It's a common problem in people with kidney disease and affects 90 percent of dialysis patients. Renal
osteodystrophy is a key cause of fractures in patients with chronic kidney disease. In this study, we show that PTH-CBD
antagonist peptide has the ability to treat or prevent osteodystrophy. The model used is normal female mice fed with a high
phosphorus diet to induce renal osteodystrophy.

[0176] Animals then receive a single injection of PTH(7-33)-CBD or vehicle control. Animals are maintained for 6 months after
the initial dosing period to assess the duration of the therapeutic effects. Bone mineral density and alkaline phosphatase levels
are measured on a monthly basis.

Experimental Plan:

[0177] Healthy female normal C57BL/6J mouse, aged 3-5 weeks and 13-18 grams are obtained. Initial weight of the animals is
recorded along with their general health condition. Animals are maintained for a 2 week acclimation period prior to experiments
(final age 5-8 weeks).

[0178] Animals are fed with high phosphorus diet to induce renal osteodystrophy (ROD). The animals are checked periodically
for their health status. The blood samples are collected to assess the calcium, phosphorus, PTH and Vitamin D levels. Renal
osteodystrophy results from an abnormally elevated serum phosphate (hyperphosphatemia) and low serum calcium
(hypocalcemia), both of which are due to decreased excretion of phosphate by the damaged kidney, low vitamin D levels or
tertiary hyperparathyroidism (dysfunction of the parathyroid gland due to constant stimulation).

[0179] Baseline bone mineral density measurements are also be made.

[0180] The animals are divided into the following groups:
Group 1: 11 animals - are administered vehicle intraperitoneally once.

Group 2: 11 animals - are administered with 344 mcg/kg of PTH(7-33)-CBD (SEQ ID NO: 10) intraperitoneally once.
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[0181] Animals are sedated with pentobarbital and bone mineral density (BMD) is measured at the start of the study and monthly
for the duration of the study (6 months). Blood samples are obtained from tail clipping at the start of the study and every month
(under sedation as above).

Data Analysis:

[0182] During the experimental period, animals are weighed and examined weekly to detect any signs of illness. Bone mineral
density measurements are analyzed by ANOVA at each time point. Alkaline phosphatase and calcium values are measured from
each blood sample and analyzed by ANOVA at each time point.

[0183] At the end of the experimental period the animals are sacrificed by injecting a lethal dose of pentobarbital (100 mg/kg).
Blood samples are collected to perform biochemical assays (intact PTH, calcium, phosphorus, alkaline phosphatase, osteocalcin).
Quantitative bone assays include histomorphometry, BMC and BMD of the total body and excised spine, and assessment of
biomechanical properties. Data is analyzed by ANOVA.

Results:

[0184] The animals injected with PTH(7-33)-CBD are expected to respond with increases or slower decreases in all measures of
bone mineral density as compared to mice receiving vehicle control. Mice injected with PTH(7-33)-CBD are expected also to show
trabecular bone growth or slower loss of trabecular bone than mice receiving vehicle control.

Sequence listing summary

[0185]

SEQ ID NO:1 PTH-CBD fusion protein

SEQ ID NO:2 PTH-PKD-CBD fusion protein

SEQ ID NO:3 vector expressing PTH-CBD fusion protein precursor.
SEQ ID NO:4 GST-PTH-CBD fusion protein expressed by vector.
SEQ ID NO:5 Factor Xa recognition sequence.

SEQ ID NO:6 ColH collagenase.

SEQ ID NO:7 PTH.

SEQ ID NO:8 PTHrP.

SEQ ID NO:9 CBD fusion protein with PTH receptor antagonist.
SEQ ID NO:10 PTH(7-33)-CBD fusion protein

SEQ ID NO:11 PTH/PTHrP antagonist Gly-Ser-PTH(1-33)

SEQ ID NO:12 Thrombin recognition sequence.
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SEQUENCE LISTING

[0187]

<110> The Board of Trustees of the University of Arkansas Techno Net work Shi koku, Co., Ltd. Ochsner Clinic Foundation
Matsushita, Osamu Gensure, Robert C. Sakon, Joshua

<120> Fusion protein of collagen-binding domain and parathyroid hourmone

<130> 110-020-PCT

<150> US 60/ 922, 433
<151> 2007-04-09

<160> 12

<170> Patent In version 3.3

<210>1

<211> 158
<212> PRT
<213> Artificial

<220>

<223> Fusion protein containing parathyroid hormone segment and collagen-bi ndi ng domain

<400> 1
Val Ser Gu lle Gn Leu Met Hs
5

Ser
i

Ser

Val
65
Tyr
Ser
Asp

Tyr
145

Mt QG u
Ay lle
35
Asn Ser
50
Ser Ay
Val lle
Ay Gy
Tyr Al
1
Lys Pro
130

Met Pro

<210>2
<211> 251
<212> PRT
<213> Artificial

<220>

Arg
20
Asn
Lys
Thr
Thr
Al a
100
Thr

Gy

Val Gu Trp

Ser

Gu

Pro
85

Thr
Asp

Arg

Arg

Pro

Thr

Au

Ay

Trp

Asp

Val

A a

55

Asn

Gu

Val

Ay

Tyr

135

Asn

Leu

Tyr

40

Thr

Val

Val

Arg
25
Pro

Ay

Ser

Lys
90

Hs

Au

Asn Leu . @y Lys Hs
10

Lys

Pro

Asp

Asp

Leu

Leu

dy

Lys

Ay

Asp

Gu

Ser

Tyr

Ser
155

Leu
Thr
Val
60

Asp

Asn
Gy
Met

140

Vai

Gn

Gu

45

Tyr

Asn

Asn

Lys

125

Phe

Qy

Asp

30

Lys

Gy

Phe

Lys

Phe

Asn

Leu Asn
15

Val His
Gu Pro
Ile Pro
Tyr Phe

80

Leu Gy
g5
Ala Vval

Lys Ala

Gy Ser
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<223> Fusi on protein containing par at hyr oi d hormone fragment and collagen-binding domain and polycystic kidney di sease
domain of Col H.

<400> 2
Ser Val Ser Gu |
1 5

e Gn Leu Mot His Asn Leu Gy Lys H s Leu Asn

Ser Met Qu Arg Val Gu Trp Leu Arg Lys Lys Leu G n Asp Val Hs
20 25 30

Asn Gy [le Pro Gu lie Lys Asp Leu Ser G u Asn Lys Leu Pro Val
35 40 45

Ille Tyr Met His Val Pro Lys Ser Gy Ala Leu Asn G n Lys Val Val
50 55 60

Phe Tyr Gy Lys Gy Thr Tyr Asp Pro Asp Gy Ser {le Ala Gy Tyr
65 70 75 80

dn Trp Asp Phe Gy Asp Ay Ser Asp Phe Ser Ser Gu Gn Asn Pro
85 30 95

Ser His Val Tyr Thr Lys Lys Gy Gu Tyr Thr Val Thr Leu Arg Val
100 105 110

Mot Asp Ser Ser Gy Gin Met Ser Qu Lys Thr Mot Lys Ile Lys Ile
115 120 125

Thr Asp Pro Val Tyr Pro Ile Gy Thr Gu Lys Gu Pro Asn Asn Ser
. 135

Lys Gu Thr Ala Ser Gy Pro lle Val Pro Gy Ile Pro Val Ser G

Thr Ile Gu Asn Thr Ser Asp G n Asp Tyr Phe Tyr Phe Asp Val Ile
165 170 175

Thr Pro Gy Qu Val Lys |le Asp Ile Asn Lys Leu Gy Tyr Gy Gy
180 185 190

Ala Thr Trp Val Val Tyr Asp Gu Asn Asn Asn Ala Val Ser Tyr Ala
195

200 205

Thr Asp Asp Gy Gn Asn Leu Ser Gy Lys Phe Lys Ala Asp Lys Pro
210 215 220

Gy Arg Tyr Tyr Ile Hs Leu Tyr Met Phe Asn Gy Ser Tyr Mst Pro
22% 230 235 240

Tyr Arg Ite Asn lie Gu Gy Ser Val Gy Arg
245 250

<210>3
<211> 5464
<212> DNA
<213> Artificial

<220>
<223> Expr essi on vector

<400> 3
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agcttatcga
gt at ggect gt
t ct ggat aat
t gtt gacaat
cacaggaaac
aacccact ¢g
gcgat gaagg
ttccttatta
t agct gacaa
tt gaaggagce
ttgaaact ct
atcgtttatg
t gt at gacge
aattagtttg
ccagcaagt a
at cctccaaa
acctgggaaa
at gt gcacaa
acagt aaaga
aaaat acaag
t agat at aaa
atgcagtatc
aaccaggt ag
ttaatataga
ttggtcgact
at gacggt ga

ctgcacgotg
gcaggtcgt a
gttttttgeg
t aat cat cgg
agtattcatg
acttettttg
tgat aaatgg
tattgat ggt
gcacaacatg
ggttttggat
caaagtt gat
tcat aaaaca
tcttgatgtt
ttttaaaaaa
tatagcat gg
atcggatctg
acatctgaac
tggaat t aat
aact gcaagt
t gat caagat
taaat t aggg
ttatgccact
atattacate
aggttcagta
cgageggceceg
aaacctctga

caccaat gct
aat cactgea
ccgacat cat
ctcot at aat
tccectatac
gaatatcttg
cgaaacaaaa
gat gt t aaat
ttgggtggtt
attagatacg
tttcttagea
tatttaaatg
gttttataca
cgt at t gaag
cctttgcagg
at cgaaggtc
t cgat ggaga
tccecggot at
ggt ccaat ag
tatttctatt
tacggaggag
gat gat gggc
catctttaca
ggaagat aat
cat cgt gact

cacat gcage

tctggegtca
taattcgtgt
aacggttctg
gt gt ggaatt
taggttattg
aagaaaaat a
agtttgaatt
t aacacagtc
gt ccaaaaga
gtgtttcgag
agct acctga
gtgatcat gt
t ggacccaat
ctat cccaca
gctggcaage
gttctgtgag
gagt agaat g
atccaat agg
taccaggt at
ttgatgttat
ctact t gggt
agaatttaag
tgtttaatgg
attttattag
gact gacgat

t cccggagac

ggcagcecat ¢ ggaagetgtg
cgct caagge gceact ceccgt
gcaaatattc tgaaatgagc
gt gagcggat aacaatttca
gaaaattaag ggcecttgtgce
t gaagagcat ttgtatgagc
gggtttggag tttcccaate
tatggccatc atacgttata
gegt gcagag atttcaat gb
aattgcatat agtaaagact
aatgctgaaa atgttcgaag
aacccatcct gacttcatgt
gtgcct ggat gcgttcccaa
aattgataag tacttgaaat
cacgtttggt ggtggcgacc
tgaaatacag cttatgcata
gct gegt aag aagct geagg
cact gaaaaa gaaccaaata
acctgttagt ggaaccatag
aacaccagga gaagtaaaaa
agtatat gat gaaaataata
tggaaagttt aaggcagata
tagttatatg ccatatagaa
ttgaggtaac tccactcgaa
ctgectcgeg cgttteggtyg
got cacaget tgtctgtaag

23

60
120
180
240
300

420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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cggatgcegg
gcgeagcecat
gect cgt gat
caggtggcac
attcaaat at
aaaggaagag
tttgcettee
agt tgggt gc
gttttcgece
cggtattatc
agaatgactt
t aagagaat t
tgacaacgat
t aact cgccet
acaccacgat
ttactctage
cacttctgeg
agcgtgggtc
tagttatcta
agat aggt gc
tttagattga
at aat ct cat
t agaaaagat
aaacaaaaaa
tttttccgaa
agccgt agtt
taatcctgtt
caagacgata
agcccagett
aaagcgccac
gaacaggaga
tcggatttceg
gcct at ggaa

ttgct cacat

gagcagacaa
gacccagtca
acgcctat tt
ttttcgggga
gtat cegete
tatgagtatt
tgtttttget
acgagt gggt
cgaagaacgt
ccgtgttgac
ggt t gagt ac
at gcagt gct
cggaggaccyg
tgatcgttgg
gectgeagea
ttccecggeaa
ctcggecctt
tcgeggt ate
cacgacgggg
ctcactgatt
tttaaaactt
gaccaaaatc
caaaggat ct
accaccgcta
ggt aact ggc
aggccaccac
accagt ggct
gttaccggat
ggagcgaacg
gcttccegaa
gcgcacgagg
ccacctctga
aaacgccage

gttetttcet

gceegt cagg
cgtagcgata
ttataggtta
aat gt gcgeg
at gagacaat
caacatttcc
cacccagaaa
t acat cgaac
tttccaatga
gccgggeaag
t caccagt ca
gccat aacca
aaggagct aa
gaaccggagce
at ggcaacaa
caatt aat ag
ccgget gget
at t gcagcac
agt caggcaa
aagcattggt
catttttaat
ccttaacgtg
tettgagate
ccageggt gg
tt cagcagag
tt caagaact
gctgecagtg
aaggcgcage
acctacaccg
gggagaaagg
gagcttccag
ct tgagegtce
aacgcggect

gcgttatcce

gcgegt cage
gecggagt gt a
at gt cat gat
gaacccct at
aaccctgata
gtgtcgeect
cget ggt gaa
tggat ct caa
tgagcacttt
agcaact cgg
cagaaaagca
t gagt gat aa
(;.cgct ttett
t gaat gaagc
cgt tgcgcaa
act ggat gga
ggtttattge
tggggecaga
ctatggatga
aactgtcaga
t t aaaaggat
agttttcgtt
ctttttttct
tttgtttgee
cgcagat acc
ctgtagcacce
gcgat aagt ¢
ggt cggget g
aactgagata
cggacaggt a
ggggaaacgc
gatttttgtg
ttttacggtt
ctgattctgt

gogt gt tggc
taattcttga
aat aatggtt
ttotttattt
aatgcttcaa
tattcecttt
agt aaaagat
cagcggt aag
taaagttctg
tcgeegeata
tcttacggat
cact geggece
gcacaacatg
cat accaaac
act attaact
ggcggat aaa
t gat aaat ct
t ggt aagcce
acgaaat aga
ccaagtttac
ct aggt gaag
ccact gageg
gegegtaatc
ggat caagag
aaat actgtc
gccet acat ac
gtgtecttace
aacggggggt
cctacagegt
t ccggt aage
ctggtatctt
atgctegtca
cctggecttt
ggat aaccgt

gggt gt cagg
agacgaaagg
tcttagacgt
ttctaaatac
taatattgaa
tttgeggeat
gctgaagat ¢
atccttgaga
ct at gt ggcg
cactattctc
ggcat gacag
aacttacttc
ggggat catg
gacgagcegtg
ggcgaact ac
gttgcaggac
ggagecegatg
tccegtatceg
cagatcgctg
tcatatatac
atcectttttg
tcagaccceg
tgctgcttge
ctaccaactc
cttctagtgt
ctegetctge
gggt t ggact
t cgt gcacac
gagct atgag
ggcagggt cg
tatagtcctg
ggggggcgga
tget ggeett

attaccgect

24

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600

DK/EP 2155874 T3



tt gagt gage
aggaagcgga
accgcat aaa
gceccggaaga
cagagt at gc
tttctgegaa
accgegt gge
gt ct ggecct
tgggt gccag
cggt gcacaa
accaggat gc
tctctgacca
gcgt ggagea
gttctgtete
ttcagccgat
tgcaaat gct
cgct gggege
tagtgggat a
aacaggattt
gccaggeggt
tggcgccecaa
cacgacaggt
ctcactcatt
attgtgagcg
ggecegt cgtt
tgcagcacat
ttcccaacag
ageggt gceg
ct caaact gg
tacggt caat
taat gtt gat

aatt
<210>4

<211> 383
<212> PRT

t gat accget
agagecgectg
ttcegacace
gagtcaattc
cggtgtctet
aacgcgggaa
acaacaactg
gecacgecgecyg
cgtggtagtg
tcttctegeg
cattgetgtg
gacacccatc
t ctggtcgea
ggcgegt et g
agcggaacgg
gaat gagggce
aat gcgecgece
cgacgat ace
tcgeetgetg
gaagggcaat
tacgcaaacc
ttcccgactg
aggcacccca
gat aacaatt
ttacaacgtc
cceecttteg
t tgcgeagee
gaaagct gge
cagat gcacg
ccgeegtttg
gaaagct gge

<213> Artificial

<220>

cgcegeagec
at gcggt at t
at cgaat ggt
agogt ggt ga
tat cagaccg
aaagt ggaag
gegggeaaac
tcgcaaattg
t cgat ggt ag
caacgcegt ca
gaagct gect
aacagtatta
ttgggtcacc
cgtctggetg
gaaggcgact
atcgttccca
attaccgagt
gaagacagct
gggcaaacca
cagetgttge
gcctctecce
gaaagcgggc
ggctttacac
tcacacagga
gt gact ggga
ccaget ggeg
t gaat ggcga
t ggagt gcga
gttacgat gc
ttcccacgga

t acaggaagg

gaacgaccga
ttctecttac
gcaaaacctt
at gt gaaacce
tttcccgegt
cggcgat ggce
agtcgttget
t cgcggegat
aacgaagcgg
gt gggcet gat
gcact aat gt
ttttctecca
agcaaat cgc
gct ggecataa
ggagt gccat
ctgcgat got
ccggget geg
catgttatat
gcgtggaccg
cegtctcact
gcgegtt gge
agt gagegea
tttatgettc
aacagctatg
aaaccct gge
taat agcgaa
atggegettt
tcttectgag
gcccatct ac
gaat ccgacg

ccagacgcga

<223> GST-PTH-CBD f usi on protein

<400> 4

gcgcagegag
gcatct gt gc
tcgeggtatg
agtaacgtta
ggt gaaccag
ggagct gaat
gattggegtt
taaatctege
cgt cgaagcee
cat t aact at
tceggegtta
tgaagacggf
gct gttageg
at at ct cact
gtceggtttt
ggt t gccaac
cgttggtgeg
ccegeegtta
cttgctgeaa
ggt gaaaaga
cgattcatta
acgcaattaa
cggcet cgt at
accatgatta
gttacccaac
gaggeccgea
gecetggttte
gccgat actg
accaacgt aa
gottgttact
attatttttg

t cagt gageg
ggtatttcac
gcatgat age
tacgatgtcg
gccagecacg
tacattccca
gecacctcca
gccgat caac
t gt aaagcgg
ccgetggat g
tttcttgatg

acgegact gg

ggcecattaa
cgcaat caaa
caacaaacca
gat cagat gg
gat at ctcgg
accaccatca
ctctctcagg
aaaaccaccc
at gcagct gg
tgtgagttag
gttgtgtgga
cggat t cact
ttaatcgect
ccgat cgcee
cggcaccaga
tcgt cgtcce
cctatcccat
cgctcacat t

at ggcgttgg

25

3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5464
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Thr

Tyr

Leu
65

Val

Val

Leu

Thr

His

Pro

Phe

305

Val

Al a

Ser

Ser

Arg

Gu

Leu

50

Thr

Leu

Al a

Asp

Leu

130

Asp

Val

Cys

Lys

Phe

210

Ser

Ser

Asn

Asn

Val

280

Asp

Tyr

Ser

Asp

Tyr
370

<210>5
<211>4
<212> PRT
<213> Artificial

<220>
<223> Factor Xa recognition sequence

Pro

Leu

Arg

35

Gu

Gn

Ay

Val

Lys

Hs

Leu

Phe

Ser

195

Ay

Val

Met

Ay
2

Asn

275

Ser

Val

Gy

Tyr

355

Met

Leu

20

Asp

Phe

Ser

Ay

Leu

100

Gu

Mot

Val

Tyr

Lys

180

Ser

Gy

Ser

Gu

Ser

Ay

Pro

Pro

Leu
5

Leu
Gu

Pro

Thr
Phe
Thr
Vet
165
Lys
Lys
Gy
du
Arg
245
Asn
Lys
Thr
Thr
Al a
325

Gy

Tyr

Gy
Gu
Ay
Asn
Ala

70

Pro

Leu
Gu
His
150
Asp
Arg
Tyr
Asp
te
230
Val

Ser

Qu

Asp
Arg

Arg

Tyr
Tyr
Asp
Leu
55

Lys
Arg
Lys
Asp
Pro

Pro

e

Gu
Pro
Thr
du
Gy
Trp
Asp
Tyr

Ile
375

Trp

Leu

Lys

40

Pro

e

Gu

Tyr

Val

120

Arg

Asp

Met

Gu

Al a

200

Preo

Leu

Trp

Val

Al a

Asn

GQu

Val

Gy

Tyr

360

Asn

Lys
Gu
25

Trp

Tyr

Arg

Leu
Phe
Cys
Al a
1

Trp
Pro
et
Leu
Tyr
265
Ser
Thr

Val

Val

Arg

Tyr

Tyr
75

Al a

80

Val

Phe

Cys

Met

Leu

170

e

Pro

Lys

H s

Arg

Pro

ay

Ser

Lys

Tyr

330

Asn

His

Au

Lys

Lys

Asn

Gu

Ser

Leu

His

Leu

155

Asp

Pro

Leu

Ser

Asn

235

Lys

Ile

Pro

Leu

Leu

Ay

Ay

Tyr

Lys

Asp

60

Al a

Arg

Ser

Lys

140

Tyr

Ala

Gn

Gn

Asp

220

Leu

Lys

Ay

Gu

Ser

Tyr

Ser
380

Leu

Gu

Lys

Gy

Asp

Ser

Ile

Lys

125

Asp

Phe

Leu

ay

Leu

Thr

Val

285

Asp

Ile

Asn

Ay

Mat

365

Val

Val

Gdu

30

Phe

Asp

Lys

Met

Tyr

Ala

Pro

Lys

An

Tyr

Asn

Asn

Lys

350

Phe

Ay

Gu

Val

Hs

Leu

95

Tyr

Pro

Leu

Leu

Lys

p Lys

Gn

Gu

H s

Asp

255

Ay

Phe

Lys

Asn

335

Asn

Arg

26

Pro

Leu

Leu

Lys

Asn

80

Ser

Asn

Tyr

Al a

Gy

Leu

240

Val

Qu

e

Tyr

Leu

320

Ala

Lys

Qy
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<400> 5
l1|e Gu dy Arg

<210>6

<211> 1021

<212> PRT

<213> Clostridiumhistolyticum

<400>6

Met Lys Arg Lys 5013 Leu Ser Lys Arg Leu Met Leu Ala lie ]’gr Met
1 10

Ala Thr Ile Phe Thr Val Asn Ser Thr Leu Pro |le Tyr éloa Al a Val

20 25

Asp Lys Asn Asn Ala Thr Ala Ala Val G n Asn Glu Ser Lys Arg Tyr
35 40 45

Thr Val Ser Tyr Leu Lys Thr Leu Asn Tyr Tyr Asp Leu Val Asp Leu
50 55 60

Leu Val Lys Thr Qu Ile Gu Asn Leu Pro Asp Leu Phe G n Tyr Ser
65 70 75 80

Ser Asp Ala Lys Gu Phe Tyr Gy Asn Lys Thr Arg Met Ser Phe [le
90

85 95
Mot Asp GQu lle Gy Arg Arg Ala Pro Gn Tyr Thr Qu Ile Asp His
100 105 110
Lys Gy Ile Pro Thr Leu Val Gu Val Val Arg Ala Gy Phe Tyr Leu
115 120 125

Qy Phe His Asn Lys Gu Leu Asn Gu [le Asn Lys Arg Ser Phe Lys
130 135 140

Gu Arg Val lle Pro Ser Ile Leu Ala [ie Gn Lys Asn Pro Asn Phe
145 150 155 160

Lys Leu Ay Thr Gu Val Gn Asp Lys Val Ser Ala Thr Gy Leu
5

Leu Ala Gly Asn Gu Thr Ala Pro Pro G u Val Val Asn Asn Phe Thr
180 185 190

Pro 1le Leu Gn Asp Cys lle Lys Asn Ile Asp Arg Tyr Ala Leu Asp
195 200 205

Asp Leu Lys Ser Lys Ala Leu Phe Asn Val Leu Ala Ala Pro Thr Tyr
210 215 220

Asp Ile Thr Gu Tyr Leu Arg Ala Thr Lys Qu Lys Pro Gu Asn Thr
225 230 235 240

Pro Trp Tyr Gy Lys Ile Asp Ay Phe [le Asn GQu Leu Lys Lys Leu
245 250 255

Ala Leu Tyr Ay Lys 1le Asn Asp Asn Asn Ser Trp lle [l e Asp Asn
260 265 270

Gy Ite Tyr His Ille Ala Pro Leu Gy Lys Leu Hs Ser Asn Asn Lys
275 280 285

Ile Ay Ille Gu Thr Leu Thr Qu Val Met Lys Val Tyr Pro Tyr Leu
290 295 300

Ser Met Gn Hs Leu G

n Ser Ala Asp Gin
305 310

Lys Arg His Tyr Asp

Ser Lys Asp Ala Glu Gy Asn Lys lle Pro Leu Asp Lys Phe Lys Lys
325 330 335

27



Gu

Lys

Arg

Tyr

385

Thr

Leu

Leu
Tyr
485

Arg

Thr

Ser

Vet
545

Ay

Val

Leu

370

Ay

Mot

Tyr

Thr

Au

Al a

Leu

Arg

Asn

Lys

530

Asp

Leu

Leu

Gu

Asp

Lys
Ile
355

Tyr

Val
Ay
Phe
435
Gu
Val
Thr
Thr
Thr
515
Tyr
Tyr
A a
Ser

Arg

Tyr

Trp

Asp

Tyr

420

Phe

Leu

Pro

Trp

Ser

500

Thr

Ay

Met

Lys

Ser

580

Leu

Lys

Lys

Ala

Lys

Tyr

405

Asp

Thr

Phe

dy @

Tyr

485

Qy

Arg

Ala

Tyr

Asn

565

Asn

Asp

Val

Tyr

Ala

Ser

Pro

380

Asn

Thr

Tyr

Arg

Asn

Ser

Asn

550

Asn

Tyr

Asn

Arg

Cys

Ay

Lys

375

Leu

Ser

Asn

Gu

His

455

Trp

Gu

Leu

Asn

Phe

535

Lys

Asp

Ala

Tyr

H's

Pro
Ala
360
Gu
Gu
Pro
Asn
Arg
4
Gu
Gy
ay
Pro
Arg
Gu
Asp
Val
Leu

Gu

Al a

Lys
345
Ag
Val

GQu

Qu

Gu

Tyr

Arg

ay

Arg

505

Tyr

Phe

Met

Asp

Asn

585

Asn

Tyr

Thr

Val

Asn

Qy

Gy

Ala

Thr

Thr

Lys

Tyr

Ay

Gy

Asp

Leu

Lys

Tyr
Gu
Ser
Asn
395
Tyr
Mot
An
His
Lys
475
Ser
Leu
Asn
e
555
Tyr
Lys
Thr

Asn

Thr

Gu

an

Pro

Lys

Tyr

Gu

Tyr

480

Leu

Leu

Ser

Asp

Tyr

Val

Pro

Phe

Asp

Leu

Ser

445

Tyr

Phe

Val

Asp

Al a

Asn

Asn

An

Pro

605

Asn

Phe

Asp

Asn

Gn

Asp

Ala

Ser

510

Cys

Lys

Tyr

Asp

Phe

Gu

p Asp

Val

Arg
e
Ser
415
Pro
Tyr

Qy

Asn

Asn
Val

Met
Leu
Ile
575
H's
Val

Ile

Gy
Lys
Val

Leu
400
Val

Gu
Thr

Arg

Asp
480

y Ser

His

Phe

Asn

560

Arg

Al a

Tyr

28
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Ser
625

Lys

Phe

Tyr

Asn
705

Thr
785
Val

Pro

Val

Asn
865
Arg

Lys

Val

945

Tyr

Lys

Met

610

GQu

Lys

Qy

Asp

Ay

Pro

Lys

Tyr

Ser

Val

Val

Tyr

850

Pro

Val

Ile

Ser

Ay

Al a

Pro

Pro Tyr Arg lle Asn lle Gu Gy Ser Val Gy Arg
1010 1015 1020

<210>7

<211> 84
<212> PRT
<213> Homo sapi ens

Ser

Al a

Val

Ser

Thr

Thr

Thr

Phe

835

dn

Ser

Vet

Thr

Lys

915

Thr

Thr

Al a

Thr

Gy
995

Ser

Gn

Ser

660

Asp

Leu

Thr

Lys

Gu

Gy

Asn

Val

Thr

Tyr

820

Trp

Hs

Asp

90

Qu

Gu
Tyr
Lys
Ser
Thr
Tyr
Asn
725
Lys
Lys
Gu
Lys
Thr
805
Met
Ay

Asp

Val

Ser
885

Thr

Val

630

Phe

Ay

Leu

Al a

Asp

Ser

Gu

e

Gu

Leu

790

Ala

Hs

Lys

Phe

Tyr

Ser

Ala Ser Ay
920

Ile Gu Asn

Pro

Thr

Asp

Arg

ay
Trp
965

Asp

Tyr

Gu
950
Val

Gy

Tyr

615

Ser

Lys

Lys

Tyr

695

Val

Leu

Lys

Val

Asn

775

Lys

Qu

Val

Ay

Ay

Thr

Ay

Thr
935
Val

Val

Gn

Ile His Leu Tyr Met Phe Asn Qy Ser Tyr
1000 1005

Lys

Thr

Leu

Lys

680

Phe

Val

Pro

Ser
760

Pro

Val

Pro
Thr
840
Asp

Lys

Gn

Asp Pro Val Tyr Pro
0

Ser

Lys

Tyr

Asn

Leu

Phe

Gu

Leu

Thr

Phe

Tyr

Lys

745

Tyr

Qu

Thr

Lys

Lys

825

Tyr

Ay

Lys

Mot

Ile Gy Thr 'Gu Lys
905

Pro
Asp Gn
Ile
Asp

Leu

Lys

Thr

650

Asp

Asp

Asn

Hs

Gy

Phe

Gu

Hs

Asp

Asp

Ser

Asp

Ser

Asp

Leu

Gn

Thr

Ser

Trp

Ser

Asp

Leu

Ay

Pro

Asp

Ay Gu

Ser
890

985

Asp

du

Ser

875

Gu

620

Arg

Lys

Tyr

Lys
700

Ser

Asp

Tyr

780

Ser

Ala

Asp

Phe

860

Tyr

Lys

Asp Tyr
940

955

Ay Lys

Lys
Ay
Ala
Ser
685
Val

Leu
Asn
Au
Phe
765
Asp
dy
Gu
Leu
ay
845
Ser

Thr

Thr

Ile Asn Lys

Asn Asn Asn

Phe

Ser

Ser

Vet

670

Trp

Asp

Pro

ay

ay

Ay

Lys

Gu

Asn

Asn

830

Ser

Ser

Val

et

Gu
Tyr

655

Asn

Asn
Thr
735
Ser
Asp
Val

Ser
Lys
815

an

Gu

Thr

558

Val

640

Thr

Lys

Ay

Ser

Gu

Tyr

Phe

Gy

Qy

Ser

800

Leu

Lys

Ala

Leu
880

lle

Gu Pro Asn

910

lle Val Pro Gy lle Pro Val

925

Phe Tyr Phe Asp

Leu Gy Tyr
960»

Al a Val Ser

975

Lys Ala Asp
990

29
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<400>7
1Ser Val Ser Gutlle Gn Leu Met Hs Asn Leu Ay
5

Ser Met Gu Arg Val Gu Trp Leu Arg Lys Lys Leu
20 25

Asn Phe Val Ala Leu Gy Ala 4Proo Leu Ala Pro Arg
35

Gn Arg Pro Arg Lys Lys Gu Asp Asn Val Leu Val
50 55 60

Lys Ser Leu Gy Gu Ala Asp Lys Ala Asp Val Asn
65 70 75

Ala Lys Ser Gn

<210>8

<211> 141

<212> PRT

<213> Homo sapiens

<400> 8
Ala Val Ser Gu His Gn Leu Leu Hs Asp Lys Gy
1 5

Asp Leu Arg Arg Arg Phe Phe Leu Hs His Leu lle
20 25 .

Thr Ala Gu Ile Arg Ala Thr Ser Gu Val Ser Pro
35 40

Ser Pro Asn Thr Lys Asn His Pro Val Arg Phe Gy
50 55 60

Gy Arg Tyr Leu Thr dn Qu Thr Asn Lys Val Gu
65 70 75

Gn Pro Leu Lys Thr Pro Ay Lys Lys Ié%s Lys Gy
85

Arg Lys Gu An Gu Lys Lys Lys Arg Arg Thr Arg

Asp Ser Gy Val Thr Gy Ser Ay Leu Gu Gy Asp
115 120

Thr Ser Thr Thr Ser Leu Qu Leu Asp Ser Arg Arg
130 135 140

<210>9
<211> 160
<212> PRT
<213> Artificial

<220>
<223> Gly- Ser - PTH(1- 33) - CBD fusion protein

<400> 9
Gy Ser Ser Val Ser Gulle @n Leu?/gt Hi s Asn
1 5

Leu Asn Ser Met Gu Arg Val Qu ng Leu Arg Lys
20

Val His Asn Gy Ile Asn Ser Pro Val Tyr Pro lle
35 40

Qu Pro Asn Asn Ser Lys Gu Thr Ala Ser Gy Pro
50 55 60

lle Pro Val Ser Qy Thr Ile Qu Asn Thr Ser Asp
70 75

Lys

Gn

Asp

45

Gu

Val

Lys

Al a

Asn

45

Ser

Thr

Lys

Ser

Leu

Gn

Hi s
Asp
30

Al a

Ser

Leu

Ser

Gu

Ser

Asp

Tyr

Pro

Gy
Leu
30

Thr

Val

Asp

Leu
15
Val
Ay

H's

Thr

Lys

Asp

Lys

Ay

95

Trp

Ser

Qu

Pro

Tyr

30

Asn

Hi's

Ser

Au

Hs

Pro

Gu

Qu

80

Lys

Leu

Asp

His

Asp

Gy

Phe
80
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Tyr Phe Asp Val

e
85

Thr

Pro

Leu Gy Tyr Gy Gy Ala Thr
100

Ala Val Ser Tyr Ala Thr Asp
115

Gy Gu

Trp Val
P 105

Asp Gy
120

Lys Ala Asp Lys Pro Ay Arg Tyr Tyr
130 135

Gy
145
<210> 10
<211> 152
<212> PRT
<213> Artificial

<220>

Ser Tyr Met Pro Tyr Arg
150

Ile Asn

<223> PTH(7-33)-CBD fusion protein

<400> 10
I1_eu Met His Asn

Trp Leu Arg Lys
20

Val Tyr Pro lle
35

Ala Ser Ay Pro
50

Asn Thr Ser Asp
65

Val Val Tyr Asp
Ay Gn Asn Leu

Tyr His Leu

Ile
130
Asn lle Gu Qy
145

<210> 11
<211> 35
<212> PRT
<213> Artificial

<220>

Leu
5
Lys

Gy

Gn
Asp
85

Ser
Tyr

Ser

Ay

Leu

Thr

Val

Asp

70

Ile

Asn

Ay

Met

Val
150

Lys

dn

Gu

Pro

55

Tyr

Asn

Asn

Lys

Phe

135

Ay

H s Leu
Asp Val
25

Lys Qu
40

Ay lle
Phe Tyr
Lys Leu
Asn Al a
Phe Lys
120

Asn Gy

Arg

Val
90
val
dn

e

Ile

Asn
10

Pro
Pro
Phe
Gy
90
Val

Al a

Ser

Lys

Tyr

Asn

Hs

Ser

Asn

Asn

Val

Asp

75

Tyr

Ser

Asp

Tyr

Ile

Asp

Leu

Leu

140

Gy

Met

Gy

Asn

Ser

60

Val

ay

Tyr

Lys

Mot
140

Asp
Qu
Ser
125

Tyr

Ser

Gu

Ser
45

Gy

Ay

Al a

Pro

Pro

<223> PTH(1-33) with Gl-Seramino terminal ext ension

<400> 11

Met

Val

Arg

Asn

30

Thr

Thr

Al a

Tyr

Asn

95

Lys

Phe

Gy

Gu

e

Pro

Thr'

95

Asp

Arg

Arg

Lys

Asn

Phe

Asn

Au

Pro

Thr

Gu

Ay

80

Trp

Asp

Tyr

Ile

Gy Ser Ser Val ger GQu lle @n Leu qvgt H's Asn Leu Gy I{gs Hs
1

Leu Asn Ser Met Gu Arg Val Gu Trp Leu Arg Lys Lys Leu G n Asp
20 25 30

Val His Asn
35
<210> 12
<211>6
<212> PRT
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<213> Artificial

<220>
<223> Thrombin cleavage sequence

<400> 12
Leu Val Pro Arg (53y Ser
1
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Patentkrav
1. Sammensatning omfattende:

et collagenbindende polypeptidsegment, der er bundet til en PTH-/PTHrP-receptormodulator;

hvor PTH-/PTHrP-receptormodulatoren er en agonist af PTH-/PTHrP-receptoren og omfatter
aminosyresekvenserne 1-33 af SEQ ID NO: 1, eller PTH (SEQ ID NO: 7), eller aminosyresekvenserne
1-14 af SEQ ID NO: 1, eller aminosyresekvenserne 1-34 af SEQ ID NO: 7; eller

hvor PTH-/PTHrP-receptormodulatoren er en antagonist af PTH-/PTHrP-receptoren og omfatter
aminosyresekvenserne 7-34 af SEQ ID NO: 7, eller omfatter aminosyresekvenserne 7-14 af SEQ ID NO:
7; 0g

hvor det collagenbindende polypeptidsegment omfatter aminosyresekvenserne 38-158 af SEQ ID
NO: 1 eller er mindst 90 % identisk med aminosyresekvenserne 38-158 af SEQ ID NO: 1.

2. Sammensatning ifelge krav 1, hvor PTH-/PTHrP-receptormodulatoren er en agonist, og hvor
sammensatningen har mindst 50 % sterre aktivitet end PTH(1-34) malt ved eget knoglemineraldensitet
otte uger efter ugentlig administration af sammensatningen til et individ med behov derfor ved ens

moleare doser af PTH’et.

3. Sammensatning ifslge krav 1 eller krav 2, hvor det collagenbindende polypeptidsegment og
PTH-/PTHrP-receptoragonisten eller -antagonisten er kemisk tverbundne med hinanden eller er

polypeptiddele af et fusionsprotein.

4. Sammensatning ifolge et hvilket som helst af kravene 1 til 3, hvor sammensatningen omfatter

SEQ ID NO: 1.

5. Sammensztning ifalge et hvilket som helst af kravene 1 til 3, hvor sammensatningen omfatter

SEQ ID NO: 2.

6. Sammensatning ifelge et hvilket som helst af kravene 1 til 3, hvor det collagenbindende

polypeptidsegment indbefatter aminosyresekvenserne 37-251 af SEQ ID NO: 2.

7. Sammensatning ifelge et hvilket som helst af kravene 1 til 6, hvor N-terminus af det
collagenbindende polypeptidsegment er direkte eller via et linker-polypeptidsegment bundet til C-
terminus af PTH-/PTHrP-receptoragonisten eller antagonistpolypeptidet.

8. Sammensztning som beskrevet i et hvilket som helst af kravene 1 til 7 til anvendelse i medicinsk

behandling.
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9. Sammensatning til anvendelse ifelge krav 8, hvor PTH-/PTHrP-receptormodulatoren er en
agonist, til anvendelse i en fremgangsmaéde til fremme af knoglevaekst, veevsvaekst omkring et implantat,
immunrestituering for pattedyret, der modtager en administration af knoglemarvsstamceller,
knoglemarvsstamcellemobilisering, eller til behandling af myokardieinfarkt, kemoterapidinduceret

alopeci eller genetisk hartab.

10. Sammens@tning til anvendelse ifelge krav 8, hvor PTH-/PTHrP-receptormodulatoren er en
antagonist, til anvendelse i behandlingen af renal osteodystrofi, til at reducere forekomst af
knoglecancermetastaser, til at seenke vaksten af metastaserende cancer i knogler eller til at behandle

kemoterapiinduceret alopeci eller genetisk hartab.

11. Farmaceutisk sammensatning omfattende en sammensatning som beskrevet i et hvilket som

helst af kravene 1 til 7.

12. Ortopzedisk implantat omfattende en sammensatning, der omfatter et collagenbindende
polypeptidsegment, der er bundet til en PTH-/PTHrP-receptoragonist ifelge et hvilket som helst af
kravene 1 til 7.

13. Anvendelse af en sammensatning ifelge 1 - 7 til fremme af harvaekst, hvor anvendelsen ikke er

en medicinsk behandlingsfremgangsméde.
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Collagen Binding In-Vitro
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Lumbar BMD (whole mouse) after
Weekly Dosing (8 weeks)
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Fig. 3

Lumbar BMD (Excised) after
Weekly Dosing (8 weeks)
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Serum Calcium after Weekly Injection (8 weeks therapy)
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Proximal Tibia, H&E Staining (8 weeks)
Vehicle PTH-CBD

Fig. 7

Spinal BMD after Monthly Dosing in Mice
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Spinal BMD after PTH-CBD 3-monthly
Dosing in Mice
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Alkaline Phosphatase levels (monthly studies)
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Dose Response
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Chemotherapy-induced Alopecia

Vehicle PTH-CBD
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