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“Ligands of B7h receptor in the treatment of osteopenia

and osteoporosis”
* * %

FIELD OF THE INVENTION

The present 1invention concerns a novel use of
ligands of B7h receptor in the treatment of osteopenia

and osteoporosis.

BACKGROUND OF THE INVENTION

Osteoclasts are giant cells formed by cell-cell

fusion of monocyte-macrophage precursors and
characterized by multiple nuclei, abundant vacuoles and
lysosomes; they play a key role in bone development and
remodelling, which involves also osteoblasts and
osteocytes. Osteoclasts differentiate from monocytes
under the influence of macrophage colony stimulating
factor (M-CSF) and receptor activator of nuclear factor
k-B ligand (RANKL).

Osteoclasts function is stimulated by triggering
of receptor activator of nuclear factor-kappa B (RANK)
expressed on the membrane of osteoclasts by RANKL. In
the healthy Dbone, the main source of RANKL are
osteoblasts expressing 1t as a surface receptor in
response to bone-resorbing factors and 1t is cleaved
into a soluble molecule (sRANKL) by metalloproteinase
(MMPs) . Moreover, RANKL is expressed also by stromal
cells, lymphocytes, and macrophages which can support
osteoclasts function during inflammation.
Osteoprotegerin (OPG) 1is a soluble receptor of RANKL
and 1is secreted by osteoblasts and stromal cells to
inhibit RANK stimulation and osteoclastogenesis induced
by RANKL. The binding of M-CSF +to its <colony-
stimulating factor 1 receptor (c-fms) on osteoclasts

progenitors upregulates expression of RANK in these
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cells and promotes osteoclastogenesis. Osteoclasts
differentiation includes cell polarization with

formation of ruffled membrane and sealing of the
osteoclasts to the bone to form a sealing zone, or
clear zone, that separates the resorption lacunae from
the surround. This 1is the secretion site of acid,
tartrate resistant acid phophatase (TRAP), cathepsins,
and MMPs leading to demineralization of the inorganic
component of the bone and hydrolysis of 1its organic
components. Then, coupling mechanisms promote the
differentiation and recruitment of osteoblasts at the
resorption lacunae, where they secrete the organic
component of Dbone which is then mineralized by
hydroxyapatite. Some osteoblasts entrapped within the
matrix become osteocytes and secrete sclerostin
inhibiting osteoblasts function and terminating the
remodelling cycle. Sclerostin expression 1s inhibited
when osteocytes are exposed to mechanical forces, which
targets bone remodeling to areas of maximal strain.

An excess of osteoclasts activity 1leads to
pathological bone loss and can be detected in
conditions such as osteoporosis, rheumatoid arthritis
and other autoimmune diseases, in which a key role has
been ascribed to inflammatory cytokines and adaptive
immunitiy. Moreover, some neoplasia involving immune
cells, such as multiple myeloma, are characterized by
intense focal bone erosions ascribed to high expression
of RANKL by stromal cells and, possibly, myeloma cells.
Bone metastases of solid cancer, too, may be osteolytic
and prostatic cancer may promote bone resorption
through the expression of a soluble form of RANKL.

Several inflammatory cytokines, such as TNF-«,
Interleukin (IL)-1, 1IL-6, and M-CSF upregulate RANKL
expression and stimulate osteoclasts function. A key

role is played by type 17 T helper (Thl7) cells
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secreting IL-17 that induces the expression of RANKL in
osteoblasts and synovial cells. Moreover, IL-17
supports recruitment of several types of immune cells
which contribute to the Dbone damage and produce
cytokines and other proinflammatory molecules
supporting osteoclasts differentiation and activity.
B7h (CD275, also known as B7H2, B7-RP1, ICOSL,
GL50) belongs to the B7 family of surface receptors and
it binds ICOS (CD278), which belongs to the CD28
family®™®. ICOS is selectively expressed by activated T
cells, whereas B7h 1s expressed by a wide variety of
cell types, including B cells, macrophages, dendritic
cells, and a subset of T cells. However, B7h is also
expressed by cells of non haemopoietic origin such as
vascular endothelial cells, epithelial cells, and
fibroblasts, and in many primary tumors and tumor cell
lines. The main known function of B7h is triggering of
ICOS, which functions as a costimulatory molecule for
activated T cells by modulating their <c¢ytokine
secretion and, particularly, increasing secretion of
Interferon (IFN)-y (in humans), IL-4 (in mice), and IL-
10, IL-17, and IL-21 (in both species). However, recent
reports have shown that the B7h:ICOS interaction can
trigger bidirectional signals able to modulate also the
response of the B7h-expressing cells. In mouse
dendritic cells, this B7h-mediated “reverse signalling”
induces partial maturation with prominent augmentation
of IL-6 secretion. In human dendritic cells, 1t was
found that it modulates cytokine secretion, promotes
capacity to cross-present endocytosed antigens in class
I MHC molecules, and inhibits adhesiveness to
endothelial cells and migration. B7h stimulation also
inhibits adhesiveness and migration of endothelial
cells and tumor cell lines. These effects are

accompanied by decreased phosphorylation of ERK and p38
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in endothelial cells; decreased phosphorylation of FAK
and down-modulation of [(-Pix in endothelial cells and
tumor cells. Finally, B7h triggering inhibits
development of lung metastases upon injection of NOD-
SCID-IL2Rynull mice with CF-PACl1 cells, and C57BL/6
mice with B16-F10 cells.

OBJECT AND SUMMARY OF THE INVENTION

The present description concerns expression of B7h
receptor in osteoclasts and B7h receptor triggering to
reduce and/or 1inhibit osteoclasts differentiation,
maturation and/or activity.

The object of the present invention is to provide
new compounds for the treatment of osteoporosis or
osteopenia.

According to the invention, the above object 1is
achieved thanks to the method specified in the ensuing
claims, which are understood as forming an integral
part of the present description.

In an embodiment, the instant disclosure discloses
a novel use of ligands of B7h receptor in the treatment
of osteoporosis and osteopenia.

In a further embodiment, the present description
concerns use of B7h receptor as target for the
screening of pharmaceutical active agents useful in the
treatment of osteopenia and osteoporosis, wherein the
pharmaceutical active agent interferes with osteoclasts
differentiation, maturation and/or function, thus
inhibiting osteoclastogenesis.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention will now be described, by way of
example only, with reference to the enclosed figures of
drawing, wherein:

- Figure 1: Morphological analysis and CD14, B7h,

and Catepsin-K expression in monocytes-derived
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osteoclasts (MDOCs). A) Cells were photographed at day
0 (TO), day 14 (T1l4) and day 21 (T21) of culture in the
presence of M-CSF (25 ng/ml) and RANKL (30 ng/ml) by
phase-contrast microscopy. B) CD14, B7h, and Catepsin-K
expression were assessed by flow cytometry in MDOCs at
TO, T14 and T21. Numbers in each panel indicate the %
of positive <cells. Panels are representative of b5
experiments.

- Figure 2: Effect of ICOS-Fc on osteoclasts
differentiation. Monocytes were induced to
differentiate to MDOCs 1in the presence and absence of
ICOS-Fc (1 pg/ml), ICOS-msFc (1 pg/ml), or ®*%°1c0os-Fc
(1 pg/ml) added at day 0 (T°?" treatment). A) Cells
were photographed at T10 and T21 by phase-contrast
microscopy. B) CD14 and Catepsin-K expression were
assessed by flow cytometry in MDOCs at T10 and T21.
Numbers in each panel indicate the % of positive cells
VS the internal negative control. Panels are
representative of 5 experiments.

- Figure 3: Effect of ICOS-Fc on osteoclasts
differentiation. Monocytes were induced to
differentiate to MDOCs 1in the presence and absence of
ICOS-Fc (1 pg/ml), ICOS-msFc (1 pg/ml), or ®*%°1c0os-Fc
(1 pg/ml) added from day 14 (T'*?' treatment). A) Cells
were photographed at T21 by phase-contrast microscopy.
B) CD14 and Catepsin-K expression were assessed by flow
cytometry 1in MDOCs at T21. Numbers 1in each panel
indicate the % of positive <cells vs the internal
negative control. Panels are representative of 3
experiments. C) The bar graphs show the number of
nuclei counted in each field at day 21 (mean from b5
fields); data are expressed as the mean * standard
error of the mean (SEM) from 3 independent experiments
(*: p<0.01 versus the control).

- Figure 4: Effect of ICOS-Fc on osteoclasts
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differentiation. Monocytes were induced to
differentiate to MDOCs 1in the presence and absence of
ICOS-Fc (1 ng/ml), ICOS-msFc (1 ug/ml), or "°°Icos-Fc
(1 pg/ml) added from day 7 (T %' and T ' treatments).
A) Cells were photographed at T21 by phase-contrast
microscopy. B) CD14 and Catepsin-K expression were
assessed by flow cytometry in MDOCs at T21. Numbers in
each panel indicate the % of positive cells vs the
internal negative control. Panels are representative of
3 experiments.

- Figure 5: Effect of ICOS-Fc on differentiated
osteoclasts. After 21 days of differentiating culture,
MDOCs were cultured 1in the presence and absence of
ICOS-Fc (1 pg/ml), ICOS-msFc (1 pg/ml), or ®*%°1c0os-Fc
(1 pg/ml) for 3 other days (T2
then cultured for other 4 days (T25-T28). A) Cells were

photographed at T24, T25 and, T28 by phase-contrast

treatment), washed and

microscopy. B) CD14 and Catepsin-K expression were
assessed by flow cytometry in MDOCs at T24, T25 and,
T28. Numbers in each panel indicate the % of positive
cells vs the internal negative control. Panels are
representative of 3 experiments.

- Figure 6: Effect of ICOS-Fc on TRAP staining.
MDOCs differentiating from monocytes were treated with
or without ICOS-Fc¢ (1 ng/ml), ICOS-msFc (1 ng/ml), or
F119%51c08-Fc (1 ng/ml) as described in Figure 2 (T2
treatment). At day 21, the cell layer was stained with
the Fast Garnet GBC Base Solution assessing TRAP
activity. A) Microphotographs of the staining area were
taken to monitor the TRAP positive cells (n=3). B) The
bar graphs show the % of the TRAP' cells; data are
expressed as the meantSEM of the percentage of
inhibition versus the control from 3 independent
experiments (*: p<0.01 versus the control).

- Figure 7: Effect of B7h triggering on actin
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remodelling. MDOCs differentiating from monocytes were
treated with or without ICOS-Fc (1 pg/ml), ICOS-msFc (1
ng/ml), or ¥1°9IC0S-Fc (1 pug/ml) as described in Figure
2 (T**?'  treatment). A) Cells were stained with
fluorescein isothiocyanate (FITC)-phalloidin marking
actin and were photographed by a fluorescent microscope
at Day 21. B) The Dbar graphs show the % of the
perinuclear F actin ring positive cells; data are
expressed as the meantSEM of the percentage of increase
versus the control from 3 independent experiments (*:
p<0.05 versus the control).

- Figure 8: Effect of B7h triggering on the
osteoclasts osteolytic activity. Monocytes were plated
on Osteo Surface plates and were induced to
differentiate towards osteoclasts in the presence and
absence of ICOS-Fc (1 pg/ml), ICOS-msFc (1 npg/ml), or
F119%51c08-Fc (1 ng/ml) as described in Figure 2 (T2
treatment). At Day 21, culture supernatants were
harvested and examined for <calcium release. Data
represent the meantSEM of the percentage of inhibition
versus the control from 4 1independent experiments
performed in duplicate. (*: p<0.05 vs the control).

- Figure 9: Effects of treatment with ICOS-Fc in a
mouse model of osteoporosis. Seven-week-old female
C57BL/6 mice were injected with sRANKL 1 mg/Kg intra-
peritoneally (i.p.) at 24-hours (hrs) intervals for 3
days together with either mouse ICOS-Fc (msICOS-hufFc)
(n=3) 100 pg/ml, or human FL951008-Fc  (n=3) 100 ng/ml
or phosphate buffered saline (PBS, control group, n=3).
Mice were sacrificed 4 hrs after the last injection. A)
Staining of undecalcified sections of tibia and femurs
in the different-injected groups. B) Histogram showing
the % meantSEM of calcified bone in the cortical
region(**: p<0.0l1 or ***: p<0.001 wversus control mice

receiving no treatments).
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- Figure 10: Amino acid sequence of ICOS-Fc
construct (SEQ ID No.: 1).

- Figure 11: Amino acid sequence of human ICOS
(SEQ ID No.: 29); the underlined amino acids correspond
to the extracellular portion of ICOS (SEQ ID No.:2).

- Figure 12: Amino acid sequence of human B7h
receptor (SEQ ID No.: 27).

- Figure 13: Effect of anti-B7h antibodies on TRAP
staining. MDOCs were treated with or without ICOS-Fc
(1 pg/ml) or o-B7h/eBioscience(l pg/ml) or o-B7h/Ré&D
Systems (1 pg/ml) added at day 14 (T**?? treatment)or
at day 21 (T?*?* treatment). At day 21, the cell layer
was stained with the Fast Garnet GRC Base Solution
assessing TRAP activity. A) Microphotographs of the
staining area were taken to assess TRAP positive cells.
B) Data are expressed as meantSEM of the percentage of
the TRAP' cells from four different fields (*: p<0.05,
**:p<0.01 versus the control).

- Figure 14: Effect of ICOS reagents and anti-B7h
antibodies on B7h signaling in MDOCs. Differentiated
MDOCs were treated or not with A) either ICOS-Fc or
ICOS-msFc or "°°IC0OS-Fc or B) «a-B7h/eBioscience or a-
B7h/R&D Systems antibodies (5 ng/ml) for 30 min at day
21. Then, expression of phospho-p38 was assessed by
western blot. The same blots were also probed with
anti-p38 antibody as a control. Data are expressed as
the meantzSEM of the percentage of the phospho-p38
expression from 3 independent experiments (*: p<0.05
versus the control).

- Figure 15: Effects of treatment with ICOS-Fc in
mouse osteoporosis induced by OVX. Mice were subjected
to OVX and, 24 hours later, treated with ICOS-FC
(msICOS-msFc) (n=3) or PBS (control group, n=3) for 4
weeks. A) Representative images of cortical bone from
mice treated with PBS or IC0OS-Fc. B) Bar graphs of
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proportion of calcified bone in the cortical region
evaluated in 6 sections from each mouse (3
sections/leg). Data are expressed as meanzSEM (**:

p<0.01 versus the control).

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in detail, by
way of non limiting example, with reference to a novel
use of ICO0S, natural ligand of B7h receptor, for the
treatment of osteoporosis and osteopenia.

It is clear that the scope of this description is
in no way limited to the use of IC0OS only; other
ligands of B7h receptor (like for example antibodies,
either monoclonal antibodies, and genetically
engineered/humanized antibodies and fragments thereof)
may be used 1in the treatment of osteoporosis and
osteopenia, wherein such ligands are able to
reduce/inhibit osteoclasts differentiation, maturation
and/or function thus inhibiting bone loss induced by
osteoclasts being able to trigger B7h receptor activity
in osteoclasts.

In the following description, numerous specific
details are given to provide a thorough understanding
of embodiments. The embodiments can be practiced
without one or more of the specific details, or with
other methods, components, materials, etc. In other
instances, well-known structures, materials, or
operations are not shown or described 1in detail to
avold obscuring aspects of the embodiments.

w

Reference throughout this specification to one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in
connection with the embodiment is included in at least
one embodiment. Thus, the appearances of the phrases

“in one embodiment” or Y“in an embodiment” in wvarious
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places throughout this specification are not
necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner
in one or more embodiments.

The headings provided herein are for convenience
only and do not interpret the scope or meaning of the
embodiments.

The present description concerns a novel use of
ligands of B7h receptor in the Lreatment of
osteoporosis and osteopenia, such ligands being able to
trigger/stimulate B7h receptor activity, preferably in
osteoclasts.

In an embodiment, the ligand of B7h receptor
useful in the treatment of osteoporosis and osteopenia
is selected from:

a) a human ICOS protein having the amino acid
sequence set forth in SEQ ID No.: 29;

b) a homologue of human ICOS protein having at
least 80%, preferably at least 90% sequence homology to
the amino acid sequence set forth in SEQ ID No.: 29;

c) a human ICOS portion of the amino acid sequence
set forth in SEQ ID No.: 29 having the ability of
binding to B7h receptor and inhibiting osteoclasts
differentiation, maturation and/or function of native
ICOS protein;

d) a human ICOS extracellular domain having the
amino acid sequence set forth in SEQ ID No.: 2;

e) a human ICOS extracellular domain portion of
the amino acid sequence set forth in SEQ ID No.: 2
having the ability of binding to B7h receptor and
inhibiting osteoclasts differentiation, maturation
and/or function of the amino acid sequence set forth in
SEQ ID No.: 2; or

f) a homologue of human ICOS extracellular domain
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having at least 80%, preferably at least 90% sequence
homology to the amino acid sequence set forth in SEQ ID
No.: 2 and having the ability of binding to B7h
receptor and 1inhibiting osteoclasts differentiation,
maturation and/or function of the amino acid sequence
set forth in SEQ ID No.: 2.

In an embodiment, the present description concerns
use of B7h receptor as target for the screening of
pharmaceutical active agents useful in the treatment of
osteopenia and osteoporosis, wherein the pharmaceutical
active agent interferes with osteoclasts
differentiation, maturation and/or function, binds to
B7h receptor and triggers B7h receptor activity.

In a further embodiment, the present description
provides a pharmaceutical composition for use in the
treatment of osteoporosis and osteopenia comprising at
least one ligand of B7h receptor and a pharmaceutical
acceptable vehicle.

In an embodiment, the pharmaceutical composition
comprises at least one ligand of B7h receptor selected
from:

a) a human ICOS protein having the amino acid
sequence set forth in SEQ ID No.: 29;

b) a homologue of human ICOS protein having at
least 80%, preferably at least 90% sequence homology to
the amino acid sequence set forth in SEQ ID No.: 29;

c) a human ICOS portion of the amino acid sequence
set forth in SEQ ID No.: 29 having the ability of
binding to B7h receptor and inhibiting osteoclasts
differentiation, maturation and/or function of native
ICOS protein;

d) a human ICOS extracellular domain having the
amino acid sequence set forth in SEQ ID No.: 2;

e) a human ICOS extracellular domain portion of

the amino acid sequence set forth in SEQ ID No.: 2
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having the ability of binding to B7h receptor and
inhibiting osteoclasts differentiation, maturation
and/or function of the amino acid sequence set forth in
SEQ ID No.: 2; or

f) a homologue of human ICOS extracellular domain
having at least 80%, preferably at least 90% sequence
homology to the amino acid sequence set forth in SEQ ID
No.: 2 and having the ability of binding to B7h
receptor and 1inhibiting osteoclasts differentiation,
maturation and/or function of the amino acid sequence
set forth in SEQ ID No.: 2.

In a still further embodiment, the present
description provides a method of identifying a
pharmaceutical active agent suitable for use 1in the
treatment of osteopenia and osteoporosis, comprising
the steps of: a) providing a test agent, b) putting in
contact the test agent with osteoclasts expressing BR7h
receptor, c¢) testing the ability of the test agent to
reduce osteoclasts maturation, differentiation and/or
function, d) selecting the test agent that reduces
osteoclasts maturation, differentiation and/or function
as the active agent wuseful 1in the treatment of
osteopenia and osteoporosis, wherein the active agent
binds to B7h receptor and triggers B7h receptor
activity. Preferably, the method provides for measuring
secretion of tartrate-resistant acid phosphatase (TRAP)
by osteoclasts, cell actin cytoskeleton organization in
osteoclasts, and/or calcium release by osteoclasts.

In a different embodiment, the present description
concerns a method of treating osteoporosis or
osteopenia comprising the steps of: providing a patient
suffering from osteoporosis or osteopenia,
administering to the patient a medicament comprising a
ligand of B7h receptor, thereby reducing osteoporosis

or osteopenia in the patient.
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Bone remodelling is a complex process managed by
osteoblasts and osteoclasts, and the immune system is
involved 1in regulating the function of these cells
through the activity of cytokines and surface
receptors.

The present description discloses a novel pathway
involved in the lymphocyte/bone cell interactions by
showing that binding of IC0OS, expressed by activated T
cells, to 1ts 1ligand B7h, expressed by osteoclasts,
inhibits osteoclasts maturation and function. These
effects were detected using ICOS-Fc, a recombinant
soluble form of ICOS, and were specific since they were
not displayed by *°°IC0OS-Fc, a mutated form of ICOS-Fc
incapable of binding B7h.

The effect on osteoclasts differentiation was
detected by treating cells with ICOS-Fc during the in
vitro differentiation of monocytes to osteoclasts
driven by M-CSF and RANKL. ICOS-Fc almost completely
blocked the differentiation when treatment was started
at the beginning of the three weeks differentiating
culture, but it arrested the differentiation also when
the treatment was started in the last week, as shown by
the decreased cell multinuclearity and the arrest of
acquirement of the osteoclasts morphologic and
phenotypic features induced by treatment with ICOS-Fc.
This effect was not due to cell toxicity since cell
survival was normal even when cultures were prolonged
for a fourth week.

Moreover, the effect was reversible since
interruption of the treatment in the last week of
culture allowed <cells to restart the osteoclasts
differentiation path. The arrest of differentiation was
accompanied by an altered organization of the actin
cytoskeleton which, in ICOS-Fc treated cells, displayed

a perinuclear distribution in a F-acting ring without
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the signs of polarization typical of the sealing zone
delimiting the erosive lacuna detected on osteoclasts.
In line with these data, cells treated with ICOS-Fc
displayed decreased expression of TRAP and decreased
osteolytic activity in vitro.

A second key point was the effect of ICOS-Fc on
already differentiated osteoclasts, in which treatment
with ICOS-Fc induced a striking decrease of the cell
and nucleil sizes without substantial effects on cell
viability. Again, the effect was reversible since cells
reenlarged and reassumed the osteoclasts phenotype upon
interruption of the treatment.

These effects on in vitro osteoclasts
differentiation and function were supported by the in
vivo results showing that treatment with TICOS-Fc
strikingly inhibits the systemic bone resorption
induced in mice by treatment with high doses of soluble
RANKL, which is a mouse model of osteoporosis
comparable to the ovariectomy model 1in terms of
decrease in bone density.

The immune system 1is capable to modulate bone
formation, and bone loss is a common feature of several
chronic inflammatory and autoimmune diseases. Indeed,
the risk of osteoporosis i1s increased in patients with
rheumatoid arthritis, inflammatory bowel disease or
systemic lupus erythematosus, and aggressive localized
bone destruction can be a feature of certain autoimmune
diseases, cancers, and infections.

Rheumatoid arthritis patients display three types
of bone involvement: osteoporosis, periarticular bone
loss, and joint erosions. Periarticular bone loss and
joint erosions are specific of rheumatoid arthritis and
involve the sites hit by the autoimmune response.
Inflammatory cytokines such as IL-1, IL-6 and TNF-o are

abundant in the synovial fluid and synovium and can
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induce RANKL on synovial fibroblasts and stromal cells.
Moreover, RANKL is expressed by T and B cells in the
synovial tissue and fluid of rheumatoid arthritis
patients and can be involved in osteoclasts activation,
and antibodies against citrullinated proteins, which
are a rheumatoid arthritis marker, may have a
stimulating effect on osteoclasts. By contrast,
osteoporosis 1is not specific of rheumatoid arthritis
but 1s a common finding 1in chronic inflammatory
diseases such as psoriasis, ankylosing spondylitis,
systemic lupus erythematosus, multiple sclerosis,
inflammatory bowel diseases, pemphigus vulgaris, and
others. It 1s also typical 1in chronic inflammation
associated with transplantation and aging. In chronic
inflammation, osteoporosis 1s ascribed to multiple
factors including high levels of inflammatory cytokines
in the blood and, often, steroid therapy.

Menopausal estrogen deficiency may involve
increased osteoclasts activity due to removal of an
inhibitory effect of estrogens on osteoclasts
differentiation and function, but also increased
production of inflammatory cytokines such as TNF-a and
IL-17 and increased RANKL expression of B and T cells.

In the immune control of bone formation, a key
role has been ascribed to T helper cells. Thl and Th2
cells secrete IFN-y and IL-4, respectively, which are
anti-osteoclastogenic cytokines. By contrast, Thl7
cells express high levels of RANKL and secrete IL-17
inducing expression of RANKL on mesenchymal cells and
recruitment of inflammatory cells. Moreover, Thl7 cells
secrete also IL-22 that may induce osteoblast
differentiation enhancing bone formation at sites of
inflammation. The cells may act also by use of surface
receptors since their CD40L can stimulate CD40 on

stromal cells inducing these cells to express RANKL and
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suppressing expression of OPG downregulating the
activity of the RANKL/RANK axis. Moreover,
osteoclastogenesis can be inhibited also by regulatory
T cells (Treg) through release of transforming growth
factor B (TGFR) and surface expression of cytotoxic T
lymphocyte antigen 4 (CTLA4) that is capable to inhibit
osteoclasts formation by binding its ligands B7.1 and
B7.2 expressed on monocytes and preventing their
differentiation to osteoclasts. This finding is
intriguing since both CTLA4 and ICOS belong to the CD28
family of costimulatory receptors and bind surface
receptors belonging to the B7 family. Moreover, ICOS
too is involved in Treg function since, in appropriate
conditions, ICOS triggering can induce Treg
differentiation and TGFB secretion from naive Th cells,
and subsets of Treg cells express high levels of ICOS.
The effect displayed by B7h triggering on osteoclasts
seems to be wider than that displayed by B7.1/B7.2
triggering since it also reversibly inhibits the
function of differentiated osteoclasts.

Human B7h receptor has the amino acid sequence set
forth in SEQ ID No.: 27.

Human ICOS protein, the natural 1ligand of BR7h
receptor, has the amino acid sequence set forth in SEQ
ID No.: 29.

The ligands of B7h receptor useful for the
treatment of osteoporosis and osteopenia can Dbe
selected from the ligands of B7h receptor of natural,
synthetic, or recombinant origin, like for example ICOS
or portions thereof, small molecule compounds,
aptamers, antibodies, peptides, B7h receptor dominant
positive, wherein such ligands bind to B7h receptor and
are able to trigger B7h receptor activity.

The ligands of B7h receptor may be fused or

conjugated to one or more stabilizing molecules in



WO 2016/189428 PCT/IB2016/052903

10

15

20

25

30

35

17

order to reduce or prevent degradation, to increase
half-life and/or solubility, to reduce toxicity, and/or
immunogenicity.

Use of molecules able to stabilize a protein for
its administration to a mammal is a technique widely
known in the art.

The B7h receptor ligand may be conjugated to an
antibody or an antibody fragment in order to increase
specificity, pharmacokinetics, and/or biodistribution,
exploiting the antibody properties of specifically
binding to an osteoclast or another bone component.

Stabilizing molecules that can be conjugated to a
B7h receptor ligand can be selected i.a. from:

- Polyethylene glycols (PEGs) or derivatives
thereof. PEG derivatives able to 1link amino groups
present on the B7h receptor ligands are i.a. epoxide
PEG, aldehyde PEG, nitrophenyl carbonate PEG and
succinimidyl ester PEG; PEG derivatives able to 1link
thiol groups present on the B7h receptor ligands are
i.a. orthopyridyl disulfide PEGs; PEG derivatives able
to link hydroxyl groups present on the B7h receptor
ligands are i.a. PEG-COOH activated with N-
hydroxysuccinimide or hydroxybenzotriazole. Other PEG
derivatives are represented by PEG-polyacetal with pH-
dependent hydrolysis, and PEG-dextrin (polymer-masking-
unmasking-protein therapy, PUMPT).

- poly-L-lysine citramide (via a lysine or an
ethylcarbamate spacer), styrenemaleic acid anhydride
and poly-hydroxypropylmetacrylamide.

- human Fc antibody domain.

In order to increase the delivery of the BR"7h
receptor ligand to the site of treatment, namely
osteoclasts expressing B7h receptor, the B7h receptor
ligands may also be hyperglycosylated or conjugated to

mannose residues.
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Hyperglycosylation may be performed by either in
situ chemical reactions or site-directed mutagenesis
resulting in either N-linked or ©O-linked protein
glycosylation. In N-linked glycosylation, the
saccharide chain is attached to asparagine of
tripeptide sequence Asn-X-Ser/Thr, where X represents
an amino acid other than proline. Polysialic acid (PSA)
is often used for hyperglycosylation. Large-molecular-
welght PSAs are suitable for the delivery of low-
molecular-weight drugs and peptides, while lower
molecular weight PSAs could be used for large proteins
as well as particulate drug-delivery systems.

The conjugation to mannose residues exploits
binding of the conjugate to mannose receptors, which
are reported to be expressed on Kupffer cells,
macrophages, alveolar, monocyte-derived dendritic cells
and subsets of vascular and lymphatic endothelial
cells. Mannosylated proteins can be recognized by
mannose-specific lectins, namely, mannose receptors and
MBPs.

The delivery of B7h receptor ligand may also be
increased exploiting colloidal drug delivery systems
known in the art, wherein the colloidal carriers can be
selected 1i.a. from microparticles, nanoparticles and
liposomes. Microparticles are generally made of
biodegradable polymers like for example starch,
alginate, collagen, poly(lactide-co-glycolide) (PLGA),
polycaprolactones (PCL) . Nanoparticles are usually
manufactured from natural or synthetic polymers, such
as chitosan, alginate, PCL, polylactic acid (PLA),
poly(glycolide), PLGA. Liposomes may also be surface
modified with PEG in order to interfere with
recognition and uptake by reticulo endothelial system

and to extend circulation time. Moreover, 1n situ
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thermosensitive hydrogels undergo sol-gel phase

transition in response to changes in temperature.

Materials and Methods

Cells

Peripheral Blood Mononuclear Cells (PBMCs) were
obtained by density gradient centrifugation from human
blood samples obtained from healthy donors who signed
their written informed consent. Osteoclasts were
prepared from CD14" monocytes, isolated from PBMCs with
the EasySep'™ Human CDl14 Negative Selection Kit (cod.
12059, StemCells Techologies, Vancouver, BC, Canada).
In particular, 0.5x10° monocytes were plated in a 24
wells plate (cod. 662160, Greiner Bio-One, Capital
DriveMonroe, NC, USA) and cultured for 21 days in
differentiation medium, composed of DMEM (cod. 41966-
029 Invitrogen, Burlington, ON, Canada, USA), and 10%
Fetal Bovine Serum (FBS; cod. 10270, Invitrogen),
supplemented with recombinant human M-CSF (25 ng/ml,
cod. 216-MC, R&D Systems, Minneapolis, MN, USA), and
RANKL (30 ng/ml, cod. 390-TN, R&D Systems). The
differentiation medium was changed every 3 days. At
different times, cells were treated with 1 wpg/ml of
either IC0OS-Fc (SEQ ID No.: 1 - a fusion protein
containing the extracellular portion of the human ICOS
(SEQ ID No.: 2)) fused to the human IgGl Fc (SEQ ID
No.: 3)) or ICOS-msFc (SEQ ID No.: 4 - a chimeric
molecule containing the extracellular portion of the
human ICOS (SEQ ID No.: 2) fused to the mouse IgGl Fc
(SEQ ID No.: b)). Controls were performed using
FI1951COS-Fc (SEQ ID No.: 6 - wherein the mutated form
of the extracellular portion of the human IC0OS (SEQ ID
No.: 7) carrying the F119S substitution is fused to the
human IgGl Fc (SEQ ID No.: 3)) and msICOShuFc (SEQ ID

No.: 24 - a fusion protein containing the extracellular
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portion of the mouse ICOS (SEQ ID No.: 28)) fused to
the human IgGl Fc (SEQ ID No.: 3)).

ICOS cloning and production

The extracellular portion of the human or mouse
ICOS was cloned into a modified eukaryotic expression
vector derived from pCDNA3.l1/Hygro(+) plasmid (cod.
vV870-20, Invitrogen) and reported as p-Minibody (pMB-
SVv5) by Di Niro R. et al.6, PubMed ID: 17678525. This
vector differs from the original one by: the Kozak
sequence (b5’ CCACATGG 3' - SEQ ID No.: 8) which is
required for the initiation of the translation in
eukaryotic cells; the secretory 1leader sequence (b'
GCTGGAGCCTGATCCTCCTGTTCCTCGTCGCTGTGGCTACA 37 —

SEQ ID No.: 9) which was introduced to allow the
release of the protein in the culture supernatants; the
mini intron sequence
(5" GTAAGGGGCTCACAGTAGCAGGCTTGAGGTCTGGACATATATATG
GGTGACAATGACATCCACTTTGCCTTTCTCTCCACAG 3'- SEQ ID No.:
10) to increase the level of the protein expression. A
tag sequence to target the produced-protein was
introduced and it 1s derived from Simian Virus-5 (SV5
tag) (5’ GGCAAACCAATCCCAAACCCACTGCTGGGCCTGGATAGTACT 3’ -
SEQ ID ©No.: 11) and it is wuseful for monoclonal
antibody recognition of the protein. This wvector
allowed to clone the fragments of interest in frame
with the coding sequence of the human or mouse constant
fragment of the immunoglobulin IgGl (Fc) domain, having
nucleotide sequences set forth in SEQ ID No.: 30 and
31, respectively.

To generate the ICOS-Fc construct (SEQ ID No.: 1),
the nucleotide sequence encoding the extracellular
portion of the human ICOS (SEQ ID No.: 12) was
amplified with specific primers: ICOS forward BsshII
primer (5’ GGCGCGCATGCCGAAATCAATGGTTCTGCC 3’ - SEQ 1ID
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No.: 13, Sigma-Genosys, The Woodlands, TX, USA) and
ICOS reverse Nhel primer (57
GCTAGCAAGTTGTGATTCATAAATATGC 37 - SEQ ID No.: 14,
Sigma-Genosys). The amplified fragments were digested

with BssHII (cod. R0199S, New England Biolabs inc,
Ipswich, MA, USA) and NhelI (cod. RO0131S, New England
Biolabs inc) enzymes. The double digested fragments
were cloned into the previously described pMB-SVb
plasmid. The nucleotide sequence was determined by
sequencing.

The nucleotide sequence of the expression vector
coding for ICOS-Fc is set forth in SEQ ID No.:21.

In the case of ICOS-msFc (SEQ ID No.: 4) cloning,
the same protocol described above was followed, except
that the pMB-SV5 vector contained the coding sequence
of the mouse Fc domain (SEQ ID No.: 31).

The nucleotide sequence of the expression vector
coding for ICOS-msFc is set forth in SEQ ID No.: 22.

To  generate the  human mutated ***Icos-Fc
construct (SEQ ID No.: 6), the mutation F119S in the
extracellular portion of human ICOS was introduced with
a forward primer (57
TCAATTTTTGATCCTCCTCCTTCTAAAGTAACTCTTACAGG 3'- SEQ 1ID
No.: 15, Sigma-Genosys) annealing at BseRI digestion
site and ICOS human reverse Nhel primer (57
GCTAGCAAGTTGTGATTCATAAATATGC 3’- SEQ ID No.: 14, Sigma-
Genosys) . The nucleotide sequence of the extracellular
portion of human mutated ****°ICO0S is set forth in SEQ
ID No.: 26. The mutated fragments were cloned into the
PMB-SV5 plasmid with the coding sequence of the human
Fc domain, after digestion with BseRI (cod. R0581, New
England Biolabs inc) and Nhel enzymes.

The nucleotide sequence of the expression vector
coding for ***°%IC0S-Fc is set forth in SEQ ID No.:23.

To generate the mouse ICOS fused with the human Fc
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(msICOS-hufc) construct (SEQ ID No.: 249, the
nucleotide sequence encoding the extracellular portion
of mouse ICOS (SEQ ID No.: 16) was amplified with

specific primers: ICOS mouse forward BsshII primer (5/
TTGGCGCGCATGCCGAAATCAATGGCTCGGCCGATC 3" - SEQ ID No.:
17, Sigma-Genosys) and ICOS mouse reverse Nhel primer
(57 CTAGCTAGCTAGCCAGAGCTTCAGCTGGC 3’ - SEQ ID No.: 18,
Sigma-Genosys). The vector used in this cloning was the
PMB-SV5 with the coding sequence of the mouse Fc
domain.

The nucleotide sequence of the expression vector
coding for msICOS-huFc is set forth in SEQ ID No.:25.

The plasmid DNA was transformed into One Shot®
TOP10 Chemically Competent Escherichia Coli bacterial
cells (E. coli; cod. C4040-03, Life Technologies,
Carlsbad, CA, USA) . The resulting colonies were
screened using specific primers: P-Hygro sense (5'
CTGCTTACTGGCTTATCG 3’ - SEQ ID No.: 19, Sigma-Genosys)
and P-Hygro antisense (5’ CAGATGGCTGGCAACTAG 3' - SEQ
ID No.: 20, Sigma-Genosys)and the construct was

confirmed by sequencing. Finally, the plasmid DNA was

transfected using FreeStyle™ MAX Reagent (cod.
16447100, Life technologies) into Chinese Hamster
Ovarian-suspension c¢ell 1line (CHO-s) (cod. R8/00-07,
Invitrogen). The stable clones were obtained thanks to

the presence of Hygromycin resistence in the vector; to
this end the clones were grown under selection with
Hygromycin-B (cod. 10687-010, Invitrogen) at the
concentration of 0.2 mg/ml that allow full selection of
transfected cells. The cells were grown in serum free
IMDM medium (cod. BE12-915F01, Lonza, Basel,
Switzerland) and the serum free culture supernatants
were purified using Protein G Sepharose™ 4 Fast Flow
columns (cod. 17-0618-01, GE Healthcare, Piscataway
Township, NJ, USA).
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Immunofluorescence

The osteoclasts phenotype was assessed by
immunofluorescence and flow cytometry (BD, Bioscience,
San Diego, CA, USA) using the appropriate FITC-, PE-,
and APC-conjugated monoclonal antibodies (mAb) to CD14
(cod. 21270146, Immunotools, Friesoythe, Germany) ,
Catepsin-K (cod. BS1611R-FITC, Bioss Inc., Woburn, MA,
USA), and B7h (cod.FAB165P, R&D Systems). Levels of
Catepsin-K were evaluated after cell permeabilization
using the FIX and PERM kit (cod. GAS003, Invitrogen)
following the manufacturer’s instructions.

Actin staining was performed on cells fixed on
glass coverslip with 4% paraformaldehyde (cod.
76240,Sigma-Aldrich, Saint Louis, MO, USA), washed and
then permeabilized with a solution containing 5% FBS,
1% bovine serum albumin (BSA, cod. 05479-250G, Sigma-
Aldrich) and 0.1% Triton X-100 (cod. T9284, Sigma-
Aldrich) for 1 hrs at room temperature. Then, the
coverslip were stained with FITC-conjugated phalloidin
(cod. F432, Invitrogen) in a solution of 0.1% Triton X-
100, 1% BSA, 2% FBS. After 2 hrs, cells were washed
with PBS plus 0.1% Triton X-100 for 10 minutes and
observed by a phase-contrast microscope Axiovert 40 CFL
(Carl Zeiss, Oberkochen, Germany), photographed with a
Retiga 200R digital camera (QImaging, Surrey, BC,
Canada), and analyzed with the Image Pro Plus Software
for micro-imaging (Media Cybernetics, versionb.0,
Bethesda, MD, USA).

Tartrate-resistant acid phosphatase (TRAP) assay

TRAP activity was assessed on cells fixed on glass
coverslips with a commercial kit (cod. 387A-1KT, Sigma-
Aldrich) composed of 25% Citrate Solution (citric acid

18 mmol/1l, sodium citrate 9 mmol/l, sodium chloride 12
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mmol/1l, pH 3.6), 65% acetone and 10% formaldehyde at
37%, for about 30 seconds. Then, the coverslips were
washed with deionized water, stained with Fast Garnet
GBC Base Solution (7 mg/ml, Sigma-Aldrich), and
observed by contrast phase microscopy. The  TRAP
positivity was analyzed with an imaging system (Image-
Pro Plus).

Calcium release assay

Monocytes (0.5x10°) were plated on 24 well Osteo
Assay Surface culture plates (cod. CLS3987, Corning
Inc., Corning, NY, USA), and differentiated to MDOCs as
described above adding the ICOS reagents at day 14. At
day 21 of culture, cells were washed and incubated for
other 24 hrs with fresh medium. Supernatants were then
collected and the calcium level was evaluated by a
calcium colorimetric assay Kit (cod. MAKO022-1KT, Sigma-
Aldrich).

In vivo analysis

Soluble RANKL (cod. GWB-P0945T, GenWay
Biotech.Inc, San Diego, CA, USA; 1 mg/kg) was injected
i.p. daily for 3 days into 7-week-old C57BL/6 female

mice (cod. 057, Harlan Laboratories, Indianapolis, IN,
USA), as reported by Tomimori Y. et al.’, alone or in
combination with 100 ug of msICOS-huFc (a fusion
protein containing the extracellular portion of the
mouse ICOS (SEQ ID No.: 28)) fused to the human IgGl Fc
(SEQ ID No.: 3), or f1%1C0s-Fc. Control mice were
injected with PBS or 100 ug ICOS-msFc, or ****9IC0os-Fc
but not with RANKL. The mice were sacrificed 4 hrs
after the last injection, and blood samples, tibias,
and femora were harvested for analysis. Mice were bred
under pathogen-free conditions in the animal facility

of the Department of Health Sciences and were treated
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in accordance with the University Ethical Committee.
Samples of the tibia and femora were fixed at room
temperature for 2 days in Concentrated neutral buffered
formalin diluted to 4% in PBS pH 6.9 (cod. F0033,
Diapth, Martinengo, BG Italy) and dehydrated in
ascending concentrations of ethanol (cod. 02860-2.5L,
Sigma-Aldrich) for one night before performing a three-
step impregnation in methylmethacrylate (MMA) monomer
(cod. 8005902500, Merck, Darmstadt, Germany) for at
least 3 days. For embedding, specimen blocks were
impregnated in 80% (vol/vol) stabilized MMA, 20%
(vol/vol) Plastoid N (cod. 5866, Rohm Pharma, Germany)
for 2 hrs in uncapped vials under vacuum and embedded
in capped 10mL glass vials (water bath, cod. BR778012,
Sigma-Aldrich) at 37 °C overnight. After
polymerization, the glass vials were removed and
moistened sections (50 mm) were cut on a Leica SP 1600
Saw Microtome with a rotating diamond saw blade for
high-quality sample preparation of hard materials for
microscopical analysis and mounted on polyethylene
slides. Cut was performed on the long axis of the bone
and the sections were stained using light-green (cod.
1159410025, Merck) and Dbasic fuchsine (cod. 47860,
Sigma-Aldrich) for histological evaluation. The
sections were then examined histomorphologically and
morphometrically by an investigator blinded to the
identity of the material. These measurements were
performed using a light microscope and analyzed with
Leica imaging software (DFC320 Leica digital camera and
software Leica QWin Plusv2.6). All measurements were
performed at a magnification of 20X. Cortical bone
morphology 1ncluded tissue volume, medullary volume
(Me.v) and bone volume (Bv = tissue volume - Me.v).
Endocortical and periosteal bone surface were also

measured.
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Western blot
MDOCs at T21 were treated with either IC0OS-Fc or ICOS-
msFc or  “1PICOS-Fc  or two different anti-B7h
antibodies: anti human B7h (cod. BMS16-5889-82,

eBioscience, Inc. San Diego, CA, USA; clone MIH12) and

anti human B7h (cod.
136716) .

MDOCs were lysed in 50 mM Tris-HC1l pH 7.4, 150 mM NacCl
(cod. S7653 Sigma-Aldrcih), 5 mM EDTA (cod. E6758 Sigma
Aldrich), 1% NP-40 (cod. 74385 Sigma-Aldrich) with
phosphatase and protease 1nhibitor cocktails (cod.
£ and cod. P8340, Sigma-Aldrich). Then, 30 ug of

1, R&D Systems; clone

proteins were run on 10% SDS PAGE gels and transferred
onto Hybond-C extra nitrocellulose membranes (cod.
10600016, Ge Healthcare, Piscataway, NJ, USA). The
membranes were then probed with antibodies to phospho-
p38-MAPK (cod. 9211, Cell Signaling Technology,
Danvers, MA, USA) and p38-MAPK (cod. 9212, Cell
Signaling Technology), followed by anti-rabbit HRP-
conjugated secondary antibody (cod. A0bL45, Sigma-
Aldrich). The bands were detected via chemiluminescence
using the VersaDoc Imaging System (Bio-Rad
Laboratories, Hercules, CA, TUSA) and densitometric
analysis was performed with the Multi-Analyst software

(version 1.1, Bio-Rad Laboratories).

Ovariectomy

Rilateral ovariectomy (OVX) was performed in 6/8-weeks-
old female C57BL/6 mice anesthetized with a mix of
Zoletil® (60mg/kg) and Xilazina® (20mg/kg) i.p. One day
after surgery, mice were treated with seven 1i.p.
injections (1 every 4 days for 4 weeks) of either PRS
or msICOS-msFc (400ug). They were sacrificed 4 days

after the 1last injection and organs and bones were
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collected for analysis.

Data analysis

Statistical analysis were performed using ANOVA
with Dunnett’s test. o) < 0.05 was considered
significant. The statistical analysis were performed
with GraphPad Instat software (GraphPad Software, San
Diego, CA, USA).

Results

B7h expression in osteoclasts

Monocyte-derived osteoclasts (MDOCs) were obtained
by culturing CD14" monocytes for 21 days in
differentiation medium containing M-CSF and RANKL. In
order to assess the MDOCs differentiation and monitor
B7h expression, the present inventors evaluated the
cell morphology by optical microscopy and expression of
surface cbh1l4, marking monocytes, intracellular
Cathepsin K, marking osteoclasts, and B7h, by three-
color immunofluorescence and flow cytometry performed
at the beginning (day 0, TO) and the end (day 21, T21)
of the MDOCs differentiation culture and in the
intermediate day 14 (T14) (Figure 1).

Effects of B7h triggering on differentiating

osteoclasts

Since B7h is expressed during the MDOCs
differentiation culture, the present inventors
evaluated the effect of B7h triggering on
differentiating MDOCs wusing ICOS-Fc. To assess the
specificity of the ICOS effect, cells were also treated
with either "'°°1C0S-Fc, that is a mutated form of ICOS
incapable to bind B7h, or ICOS-msFc, in which the human
ICOS is fused with a mouse Fcy portion to minimize

interaction with the human Fcy receptors. Treatment of
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differentiating MDOCs was started at either TO or T14
of the culture by adding the IC0OS reagents to the
differentiating medium. The culture was continued up to
T21 to perform the T®?!' and T'*?' treatments.

Results showed that the T°?' treatment with ICOS-
Fc or ICOS-msFc potently inhibited MDOCs
differentiation. At day 10 (T10) cells displayed a
round shape and at T21 they acquired a spindle-like
morphology; moreover, they showed defective CD14
downregulation and catepsin K upregulation which mark
osteoclast differentiation. By contrast, cells treated
with “**°°IC0s-Fc did not display any difference from
untreated cells showing the typical progression toward
the MDOCs morphology and phenotype (Figure 2).

The T'*?' treatment with either ICOS-Fc or ICOS-
msFc showed a substantial slowing down of MDOCs
differentiation since, at T21, cells displayed
decreased cell size and nuclei pyknosis; decreased
ability to adhere to the <culture wells; increased
number of cells with one nucleus only and decreased
number of cells with >3 nuclei compared to untreated
cells; and defective catepsin K upregulation and,
especially, CD14 downregulation. Moreover, several
cells displayed a star-like morphology that was not
detected in untreated cells. By contrast, cells treated
with %9 IC0S-Fc were similar to untreated cells
(Figure 3).

To assess reversibility of the IC0OS-Fc effect,
cells were treated with ICOS-Fc, ICOS-msFc, or
F119%51C08-Fc at day 7 (T7) washed at T14 and then
incubated to T21 in the presence (T %' treatment) or
absence (T7'14 treatment) of IC0OS-Fc, ICOS-msFc, or
F11951CcO0S-Fc. Results showed that the T'?' treatment with
ICOS-Fc or ICOS-msFc induced a morphology and phenotype

similar to those described above for the izl
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treatment. The cells treated with f*°*IC0S-Fc did not
display any difference from untreated cells. By
contrast, the T’ *! treatment induced a morphology and
phenotype converging to that displayed by untreated
cells (Figure 4).

Effects of B7h triggering on differentiated

osteoclasts

Treatment of already differentiated MDOCs was
performed by ftreating cells at T21 with the ICOS
reagents and analyzing them after 3 days (T24) to
perform the T?'?' treatment. Results showed that the
T?121  treatment with ICOS-Fc or ICOS-msFc induced
striking decrease of the cell and nuclei sizes, and
decreased expression of catepsin K compared to
untreated cells. Analysis of cell viability by the
Trypan blue exclusion tTest showed that «cells were
viable. By contrast, the T?*?* treatment with ****°*ICos-
Fc did not display any effect (Figure 5).

To assess reversibility of the ICOS effect, T?* 2%~
treated cells were washed at T24 and incubated for 1
(T25) or 4 days (T28) in differentiation medium in the
absence of ICOS-Fc. Results showed that cells treated
with ICOS-Fc or ICOS-msFc and then grown in the absence
of ICOS-Fc started to enlarge and upregulated catepsin
K at T25, and displayed a MDOCs-like morphology,
converging to that displayed by untreated cells, at T28
(Figure 5). Analysis of cell wviability by the Trypan
blue exclusion test showed that cells were viable. By
contrast, cells that had been untreated or treated with
F11%51c0s-Fc maintained their morphology and phenotype
at T25 and T28.

Effect of B7h triggering on osteoclasts function

Since the bone 1lytic activity of osteoclasts 1is
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related to their ability to secrete the content of
intracytoplasmic granules containing several 1lytic
enzymes including TRAP, the present inventors assessed
the effect of the T'?' treatment with the ICOS
reagents on TRAP expression assessed by a TRAP enzyme
assay. Results showed that MDOCs treated with ICOS-Fc
or ICOS-msFc display lower TRAP activity in terms of
number of TRAP' cells and their staining intensity than
untreated cells and cells treated with “***Icos-Fc.
This result was mostly evident in the cells with >3
nuclei (Figure 6).

Since a key aspect of osteoclasts function 1is
cytoskeleton organization to form the ruffle border at
the erosion area delimited by the sealing zone, the
present inventors analyzed the effect of the ICOS
reagents on the cell actin organization by
intracellular staining of T'*?'-treated MDOCs cells
with FITC-phalloidin. Results showed that, in untreated
MDOCs, actin was polarized with a pattern typical of
the sealing zone delimiting the erosive lacuna of
osteoclasts. By contrast, in cells treated with ICOS-Fc
or ICOS-msFc, actin displayed a perinuclear
distribution in a typical F-acting ring without signs
of polarization. Cells treated with Ff***ICOsS-Fc
displayed a pattern similar to that of untreated cells
(Figure 7).

To assess the effect of ICOS on the osteolytic
activity of MDOCs, the present inventors evaluated
their ability to promote calcium release from
crystalline calcium phosphate in vitro. MDOCs
differentiation was induced in wells coated with a
synthetic surface made of an 1norganic crystalline
calcium phosphate mimicking living bone material in the
presence and absence of the ICOS reagents using a T2t

protocol. At T21, cells were washed and cultured for
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further 24 hrs in fresh medium, and release of calcium
was tThen assessed in the culture supernatants using a
colorimetric assay. Results showed that the T2
treatment with IC0OS-Fc or ICOS-msFc, significantly
decreased the calcium release compared with untreated
MDOCs, whereas "**°°IC0S-Fc did not display any effect
(Figure 8).

Finally, the present inventors assessed the effect
of B7h triggering in vivo using a model of osteoporosis
induced by treating mice with high doses of soluble
RANKL. Female CbH7BL/6 mice (7-week-0ld) were injected
i.p. daily for 3 days with RANKL (1 mg/kg) alone or in
combination with either msICOS-hufFc (formed by the
mouse ICOS and human Fc) or “**°°IC0S-Fc (100 ng/mouse) .
The mice were sacrificed 4 hrs after the last
injection. Histological analysis of tibias stained with
Fuchsine and light green showed a marked bone loss in
the RANKL-injected mice, which was significantly
inhibited by co-treatment with msICOS-huFc but not with
FI11951C0s-Fc (Figure 9).

Effects of B7h triggering by anti-B7h antibodies

on TRAP staining

The present inventors evaluated the effect of B7h
triggering using two different anti-B7h antibodies (o-
B7h/eBioscience and o-B7h/R&D Systems) on

(T**?? treatment) and already mature

differentiating
(T?12% treatment) MDOCs, which were stained for TRAP.
The T'"?' treatment showed that untreated MDOCs
appeared as gilant cells with a dense TRAP staining.
Treatment with «o-B7h/eBioscience showed a substantial
inhibition of MDOCs differentiation with decreased
formation of multinuclear TRAP positive cells,
comparable to the results obtained with IC0OS-Fc. By

contrast, treatment with o-B7h/R&D Systems displayed a
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minimal inhibitory effect. The T?'?!' treatment showed
that untreated MDOCs appeared as giant cells with a
dense TRAP staining. Treatment with o-B7h/eBioscience
showed a substantial inhibition of MDOCs size and a
decreased positivity of multinuclear TRAP positive
cells comparable to the results obtained with ICOS-Fc.
By contrast, treatment with «-B7h/R&D Systems displayed
no inhibitory effect. The results are shown in Figure
13.

Effect of B7h triggering on MDOCs signaling

To investigate whether the inhibitory effect of
B7h ligands on MDCOs differentiation and activity
correlated with their agonistic activity on B7h, the
present inventors assessed their effect on B7h
signaling evaluated as induction of phosphorylation of
p38 in MDOCs. MDOCs at T21 were treated in the absence
and presence of either IC0OS-Fc or ICOS-msFc or
F11%51c0s-Fc or o-B7h/eBioscience or o-B7h/Rs&D Systems
(5 pg/ml) for 30 minutes, and the expression level of
phospho-p38 MAPK was then assessed by western blot;
expression of total p38 MAPK was assessed as a control.
Results showed that, compared to untreated cells,
phospho-p38 was upregulated by treatment with ICOS-Fc
and ICOS-msFc but not with F*°°ICOS-Fc. The results
obtained with the anti-B7h antibodies showed that
phospho-p38 was upregulated by treatment with o-
B7h/eBioscience, at a level comparable to that obtained
with ICOS-Fc. By contrast, treatment with the o-B7h/R&D
displayed a minimal effect. The results are shown in

Figure 14.

Effects of treatment with ICOS-Fc 1n a chronic

mouse model of osteoporosis
6/8-weeks-o0ld female C57BL/6 mice received OVX
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and, after 24 hours, were injected i.p. every 4 days
for 4 weeks with either PBS or a total mouse ICOS-Fc
(formed by the mouse ICOS and the mouse Fc). The mice
were sacrificed 4 days after the 1last injection.
Morphometric measurements of mineralized bone tissue
showed a marked bone loss in the PBS-injected mice and
the bone loss was significantly inhibited by the
treatment with ICOS-Fc. The results are shown in Figure
15.

Naturally, while the principle of the invention
remains the same, the details of construction and the
embodiments may widely vary with respect to what has
been described and illustrated purely by way of
example, without departing from the scope of the

present invention.
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CLAIMS

1. Ligand of B7h receptor for use in treatment of

a subject suffering from osteopenia or osteoporosis.

2. Ligand of B7h receptor for use according to
claim 1, wherein the ligand is selected from:

a) a human ICOS protein having the amino acid
sequence set forth in SEQ ID No.: 29;

b) a homologue of human ICOS protein having at
least 80%, preferably at least 90% sequence homology to
the amino acid sequence set forth in SEQ ID No.: 29;

c) a human ICOS portion of the amino acid sequence
set forth in SEQ ID No.: 29 having the ability of
binding to B7h receptor and 1inhibiting osteoclasts
differentiation, maturation and/or function;

d) a human ICOS extracellular domain having the
amino acid sequence set forth in SEQ ID No.: 2;

e) a human ICOS extracellular domain portion of
the amino acid sequence set forth in SEQ ID No.: 2
having the ability of binding to B7h receptor and
inhibiting osteoclasts differentiation, maturation
and/or function of the amino acid sequence set forth in
SEQ ID No.: 2; or

f) a homologue of human ICOS extracellular domain
having at least 80%, preferably at least 90% sequence
homology to the amino acid sequence set forth in SEQ ID
No.: 2 and having the ability of binding to B7h
receptor and 1inhibiting osteoclasts differentiation,
maturation and/or function of the amino acid seqguence
set forth in SEQ ID No.: 2.

3. Ligand of B7h receptor for use according to

claim 1 or 2, wherein the ligand is in soluble form.
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4. Ligand of B7h receptor for use according to any
one of claims 1 to 3, wherein the ligand i1is to be

administered by injection, infusion.

5. Ligand of B7h receptor for use according to any
one of claims 1 to 4, wherein the ligand is fused or

conjugated to a stabilizing molecule.

6. Ligand of B7h receptor for use according to any
one of «c¢claims 1 to 4, wherein the ligand 1is

hyperglycosylated or conjugated to mannose residues.

7. Use of B7h receptor as target for the screening
of pharmaceutical active agents useful in the treatment

of osteopenia or osteoporosis.

8. Use according to c¢laim 7, wherein  the
pharmaceutically active agent interferes with
osteoclasts differentiation, maturation and/or
function.

9. Use according to claim 7 or claim 8, wherein
the pharmaceutically active agent binds to B7h

receptor.

10. Pharmaceutical composition comprising at least
one ligand of B7h receptor and a pharmaceutical
acceptable vehicle for use in the treatment of

osteoporosis and osteopenia.

11. Pharmaceutical composition according to claim
10, wherein the at least one ligand of B7h receptor is
selected from:

a) a human ICOS protein having the amino acid
sequence set forth in SEQ ID No.: 29;
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b) a homologue of human ICOS protein having at
least 80%, preferably at least 90% sequence homology to
the amino acid sequence set forth in SEQ ID No.: 29;

c) a human ICOS portion of the amino acid sequence
set forth in SEQ ID No.: 29 having the ability of
binding to B7h receptor and inhibiting osteoclasts
differentiation, maturation and/or function;

d) a human ICOS extracellular domain having the
amino acid sequence set forth in SEQ ID No.: 2; or

e) a human ICOS extracellular domain portion of
the amino acid sequence set forth in SEQ ID No.: 2
having the ability of binding to B7h receptor and
inhibiting osteoclasts differentiation, maturation
and/or function of the amino acid sequence set forth in
SEQ ID No.: 2; or

f) a homologue of human ICOS extracellular domain
having at least 80%, preferably at least 90% sequence
homology to the amino acid sequence set forth in SEQ ID
No.: 2 and having the ability of binding to B7h
receptor and 1inhibiting osteoclasts differentiation,
maturation and/or function of the amino acid seqguence
set forth in SEQ ID No.: 2.

12. Method of identifying a pharmaceutical active
agent suitable for use in the treatment of osteopenia
or osteoporosis, comprising the steps of:

a) providing a test agent,

b) putting 1n contact the test agent with
osteoclasts expressing B7h receptor,

c) testing the ability of the test agent to reduce
osteoclasts maturation, differentiation and/or
function,

d) selecting the test agent that reduces
osteoclasts maturation, differentiation and/or function

as the active agent wuseful 1in the treatment of
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osteopenia and osteoporosis, wherein the active agent

binds to B7h receptor.

13. Method according to claim 12, wherein the
testing step <) comprises measuring secretion of
tartrate-resistant acid phosphatase (TRAP) by
osteoclasts, cell actin organization in osteoclasts,

and/or calcium release by osteoclasts.

14. A  method of treating osteoporosis or
osteopenia, comprising the steps of: providing a
patient suffering from osteoporosis or osteopenia,
administering to the patient a medicament comprising a
ligand of B7h receptor, thereby reducing osteoporosis

or osteopenia in the patient.
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