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Normal: Normal human skin-derived fibroblasts, FOP: FOP skin-derived fibroblasts
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THERAPEUTIC DRUG FOR ECTOPIC
OSSIFICATION HAVING MECHANISM TO
INHIBIT PAR1

TECHNICAL FIELD

[0001] The present invention relates to a therapeutic drug
for ectopic ossification having a mechanism to inhibit PAR1.
The present invention more specifically relates to a drug for
treating or preventing ectopic ossification, which is a patho-
logical condition characteristically observed in FOP.

BACKGROUND ART

[0002] Fibrodysplasia ossificans progressiva (hereinafter,
“FOP”) is a disease in which soft tissues and/or muscles
throughout a body progressively ossify. Normally, soft tis-
sues do not ossify. FOP is characterized by a phenomenon
called ectopic ossification in which soft tissues ossify. Ecto-
pic ossification is caused by an inflammation due to an
injury, etc. In FOP, joint mobility in limbs can decrease and
a back deformity can be caused, due to progressive ossifi-
cation.

[0003] Recent studies have revealed that FOP is a disease
induced by a point mutation on gene in ALK2 (activin
receptor-like kinase 2).

[0004] That is, ALK2 is a kinase which functions as a
single-pass transmembrane receptor of BMP (bone morpho-
genetic protein). BMP is known as a bone inducing factor.
ALK2 is normally activated by binding to BMP in an
extracellular region. Activated ALK2 transmits an osteo-
genic signal to cells. In FOP patients, a point mutation
occurs in this ALK2 gene. Therefore, a mutated ALK2
protein called R206H or G356D is generated. These ALK2
mutants are activated without binding to BMP in an extra-
cellular region. Therefore, an osteogenic signal is continu-
ally transmitted. As a result, bone induction is abnormally
promoted, and thus it has been revealed that ossification of
soft tissues, muscles, etc. progresses.

[0005] As described above, the pathogenic mechanism of
FOP has been revealed. On the other hand, the mechanism
of ectopic ossification in FOP has been hardly revealed.
Moreover, an effective method for treating FOP has not been
established so far.

[0006] That is, a therapeutic drug for FOP has been
developed, with a focus on a kinase inhibitor targeting
ALK2, ALK2 being a pathogenic factor. However, a clini-
cally effective therapeutic drug has not been developed until
now.

[0007] Originally, osteogenic signal transduction by
ALK2 and BMP plays an important role for osteogenesis
during normal growth. Because of this, there is a risk that
administration of an ALK2 inhibitor to children during their
growth period has some adverse effect on normal skeletal
formation accompanied with growth. That is, development
of a drug having the mechanism to inhibit ALK2 is expected
to be effective; however, concern in terms of safety cannot
be dismissed.

[0008] As described above, a therapeutic drug for FOP
which is clinically used has not been developed yet. In
addition to this, since ossification is promoted by invasion
during a surgery, surgical treatment cannot be carried out.
Because of these reasons, an effective method for treating
FOP has not been established so far. Therefore, FOP devel-
ops from infancy to school age, and patients die by the age
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of approximately forty due to restrictive respiratory impair-
ment at a high rate. Because of this, FOP is designated as an
intractable disease.

CITATION LIST

Patent Literature

[0009] PATENT LITERATURE 1: WO 2013/039087
Non-Patent Literature
[0010] NON-PATENT LITERATURE 1: Hamasaki M,

EraT. et al. Stem Cells. 2012 November; 30(11): 2437-49.
doi: 10. 1002/stem. 1221.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0011] The inventors studied a method for treating FOP,
using iPS cells (induced pluripotent stem cells). As a result,
the inventors have revealed that it is difficult to establish iPS
cells from dermal fibroblasts from FOP patients (Patent
Literature 1, Non-patent Literature 1). From this finding, the
inventors have completed an invention relating to a method
for screening a substance. However, a fundamental cause of
difficulty in establishing iPS cells from dermal fibroblasts
from FOP patients has been unclear.

[0012] With the above circumstances as background, a
subject of the present invention is to clarify the cause of
difficulty in establishing iPS cells from dermal fibroblasts
from FOP patients, to further reveal a pathological mecha-
nism in FOP patients, and to develop a novel therapeutic
drug, therapeutic method, diagnostic method, etc. obtained
by using the acquired finding.

Solution to the Problems

[0013] As a result of diligent research, the inventors have
found that methylation of K4 and K27 of histone H3
decreases in induction of iPS cells of FOP patients.

[0014] In association with a reduction in methylation of
K27 of histone H3, the inventors have further analyzed a
molecular group of which expression specific to FOP
increases. As a result, the inventors have identified a novel
gene called F2r. F2r is a gene encoding a receptor called
protease-activated receptor 1 (PAR1). PARI1 is activated by
e.g. thrombin, a blood coagulation factor. Thrombin is a
protein which is secreted in large amounts in an injury site.
[0015] Based on an increase in F2r expression in FOP, the
inventors have thought that ectopic ossification caused by an
injury is possibly mediated by PAR1. The inventors have
revealed, by verification of the hypothesis, that this hypoth-
esis is confirmed. Accordingly, the inventors have completed
the present invention.

[0016] The present invention has the following configu-
rations.
[0017] The first configuration of the present invention is a

drug characterized by treating or preventing ectopic ossifi-
cation by inhibiting PARI.

[0018] The second configuration of the present invention
is the drug according to the first configuration, characterized
in that PAR1 is inhibited by an antagonist of PARI.
[0019] The third configuration of the present invention is
the drug according to the second configuration, character-
ized in that the antagonist of PAR1 is ethyl [(1R,3aR.4aR,
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6R,8aR,98,9a8)-9-{(1E)-2-[5-(3-fluorophenyl)pyridin-2-yl]
ethen-1-yl}-1-methyl-3-oxododecahydronaphtho[2,3-c]
furan-6-yl]carbamate or a salt thereof.

[0020] The fourth configuration of the present invention is
the drug according to the first to third configuration, char-
acterized in that ectopic ossification is a symptom caused by
fibrodysplasia ossificans progressiva.

[0021] The fitth configuration of the present invention is a
method for treating or preventing ectopic ossification by
using a drug according to the first to fourth configuration.

Advantageous Effects of the Invention

[0022] The present invention has revealed a cause of
difficulty in establishing iPS cells from dermal fibroblasts
from FOP patients. The present invention has revealed a
mechanism of ectopic ossification in FOP patients. Further-
more, the present invention has enabled development of a
drug, which can be expected to have an effect of suppressing
or preventing ectopic ossification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1 is a drawing showing methylation of histone
H3 in induction of iPS cells in a case of FOP patients.
[0024] FIG. 2 is an immunostaining image in which a
differentiation of FOP-derived fibroblasts to osteoblasts by
BMP6 stimulation in the presence of serum is compared and
investigated.

[0025] FIG. 3 is a graph in which an mRNA expression
level of PAR1 in FOP-derived fibroblasts by BMP6 stimu-
lation in the presence of serum is compared and investigated.
[0026] FIG. 4 is an immunostaining image in which a
differentiation of FOP-derived fibroblasts to osteoblasts by
BMP6 stimulation or TFLLR stimulation in the absence of
serum is compared and investigated.

[0027] FIG. 5 is a graph in which a differentiation of
FOP-derived fibroblasts to osteoblasts by BMP6 stimulation
or TFLLR stimulation in the absence of serum is compared
and investigated by measuring ALP activity.

[0028] FIG. 6 is an immunostaining image in which a
differentiation of FOP-derived fibroblasts to osteoblasts by a
PARI1 inhibitor or a PI3K inhibitor in the absence of serum
is compared and investigated.

[0029] FIG. 7 is a graph in which a differentiation of
FOP-derived fibroblasts to osteoblasts by a PAR1 inhibitor
or a PI3K inhibitor in the absence of serum is compared and
investigated by measuring ALP activity.

[0030] FIG. 8 is an image in which an effect of a PAR1
inhibitor (Vorapaxar) on ectopic ossification is compared
and investigated with CT by using an in vivo model.
[0031] FIG. 9 is a graph in which an effect of a PAR1
inhibitor (Vorapaxar) on ectopic ossification is compared
and investigated with graphs by using an in vivo model.
[0032] FIG. 10 is an image in which CT images of an in
vivo model are compared and investigated, each siRNA
having been administered to the in vivo model.

[0033] FIG. 11 is a graph in which teratoma volume and
bone volume in teratomas calculated from CT images are
compared and investigated.

DESCRIPTION OF EMBODIMENTS

[0034] A drug of the present invention will now be
described.
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[0035] The inventors have found a novel finding by
revealing experimental facts described below. According to
this finding, in FOP, ectopic ossification, which occurs by an
inflammation due to an injury, etc., is mediated by PAR1 to
occur.

[0036] (1) In FOP-derived fibroblasts, a differentiation to
osteoblasts largely progresses and PAR1 expression level
largely increases, by BMP6 stimulation in the presence of
serum, as compared to those in normal subject-derived
fibroblasts.

[0037] (2) When a similar experiment as in the above (1)
is carried out without serum to remove an effect of e.g.
thrombin, which enhances PAR1 signal, existing in serum,
an effect of inducing osteoblasts by BMP6 stimulation is
dramatically reduced. On the other hand, when stimulation
by BMP6 and stimulation by an agonist of PAR1 are
provided together, a differentiation to osteoblasts returns to
a level equal to that of a case where serum is added.
[0038] (3) Furthermore, osteoblast induction by adding
BMP6 and TFLLR is strongly suppressed by a PARI1
inhibitor or a PI3K inhibitor, PI3K being activated down-
stream of PAR1.

[0039] (4) In a model mouse which forms a teratoma with
use of fibroblasts derived from FOP patients, an increase in
bone volume in teratomas is suppressed by a PAR1 inhibitor.
In addition, an increase in bone volume in teratomas is
suppressed by suppression of PAR1 expression with use of
siRNA as in a case of suppression of ALK2 expression.
[0040] A drug according to the present invention is based
on such finding. The drug of the present invention is
characterized by treating or preventing ectopic ossification
by inhibiting PAR1. That is, according to the present inven-
tion, ectopic ossification is treated, suppressed or prevented
by administration of a drug having a mechanism to inhibit
PAR1 based on such finding.

[0041] In the present invention, ectopic ossification is
defined as a phenomenon in which soft tissues ossify by an
inflammation due to an injury, etc while the soft tissues
normally do not ossify. Ectopic ossification is a clinical state
typically observed in FOP. FOP is provided as an example
for a purpose of illustration also in the present invention.
However, target diseases of the present invention are not
limited to FOP. The target diseases of the present invention
include, as the target, all diseases having ectopic ossification
based on the mechanism led from the above-described
finding found by the inventors.

[0042] Inhibiting PAR1 is defined as a concept including
directly inhibiting PAR1 for example by binding of an
antagonist to PAR1, and moreover indirectly inhibiting
PAR1 by inhibiting or suppressing an upstream molecule of
PARI.

[0043] The drug of the present invention can be used in
various dosage forms. The drug of the present invention is
preferably in the form of oral preparation such as tablets,
capsules or powder. Furthermore, the drug of the present
invention can be also in the form of, for example, injectable
preparation or transdermal absorption preparation. In addi-
tion, a period for which the drug of the present invention can
be administered is not particularly limited as long as effec-
tiveness as a drug can be sufficiently exhibited considering
for example age, symptoms and dosage forms. The drug of
the present invention can be desirably administered for a
long period of time. The drug of the present invention can be
administered for example continuously for two days or
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more, preferably continuously for a few months or more,
and more preferably continuously for several years or more.
[0044] An antagonist of PAR1 is defined as a molecule
which blocks or suppresses signal transduction by binding to
a receptor of PAR1. The present invention is not limited to
a case where an antagonist molecule of PAR1 is included in
drug components themselves. That is, in view of a purpose
of the present invention, the present invention includes a
case where a so-called DDS molecule is one of the compo-
nents. The DDS molecule exhibits a medicinal effect by a
change, in the body, into an antagonist of PAR1, the change
caused by e.g. a drug metabolism.

[0045] Examples of antagonists of PAR1 include
SCH79797 (N3-cyclopropyl-7-[[4-(1-methylethyl)phenyl]
methyl]-7H-pyrrolo[3,2-f]quinazoline-1,3-diamine), Vora-
paxar (ethyl [(1R,3aR,4aR,6R,8aR.9S,9a8)-9-{(1E)-2[5-(3-
fluorophenyl)pyridin-2-yl]ethen-1-y1}-1-methyl-3-
oxododecahydronaphtho[2,3-c]furan-6-yl|carbamate),  or
salts thereof.

[0046] As salts of the antagonists of PAR1, various salt
forms can be adopted considering availability, as a medicinal
component, such as an improvement of solubility and sta-
bility as a drug. In a case of the above-described SCH79797,
a salt form which can be adopted is preferably a dihydro-
chloride (SCH79797 dihydrochloride). In a case of Vora-
paxar, a salt form which can be adopted is preferably a
sulfate (Vorapaxar sulfate).

[0047] When Vorapaxar is used as an example, it can be
expected that ectopic ossification in FOP can be suppressed
or prevented for example by oral intake in a predetermined
amount thereof at a predetermined feeling. The administra-
tion method is not limited to methods described above.

EXAMPLES

[0048] The present invention will now be described in
detail by way of examples thereof.

<<]. Experimental Material and Experimental Method>>

<1. Formation of Skin-Derived Fibroblasts>

[0049] (1) Fibroblasts were created from skin biopsy
explants from FOP patients and normal subjects under
informed consent by a protocol approved by Ethics com-
mittee.

[0050] (2) Skin samples from patients and from normal
subjects were finely cut and cultured in DMEM medium
supplemented with 10% fetal bovine serum (FBS).

[0051] (3) After emergence of fibroblasts was observed,
the fibroblasts were grown to introduce a reprogramming
gene. The grown fibroblasts were then put in a solution for
freezing containing 10% DMSO+90% FBS and cryopre-
served.

<2. Maintaining and Forming iPS Cells>

[0052] (1) Human iPS cells were maintained, on MEF
supporting cells treated with mitomycin C (MMC), in a
human iPS medium containing DMEM/F12 (SIGMA-AL-
DRICH) supplemented with 20% KNOCKOUT (registered
trademark) Serum Replacement (KSR, Invitrogen), 2 mM
L-glutamine, 1x10~* M nonessential amino acid (NEAA,
SIGMA-ALDRICH), 1x10™* M 2-mercaptoethanol
(SIGMA-ALDRICH), 0.5% penicillin and streptomycin
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(NACALAI TESQUE, INC., Japan) and 5 ng/ml basic
fibroblast growth factor (bFGF, Wako Pure Chemical Indus-
tries, Ltd., Japan).

[0053] (2) iPS cells were formed from human-derived
fibroblasts in a method described in N. Fusaki, H. Ban, A.
Nishiyama, K. Saeki, M. Hasegawa, Proc. Jpn. Acad. Ser.,
B. Phys. Biol. Eci., 85, 348 (2009).

[0054] (3) One day before infection, 5x10° human fibro-
blasts per well were seeded into a 6-well plate. Sendai virus
(SeV) vector described below was then infected to the cells
at a multiplicity of infection (MOI) of 3. That is, SeV vector
including Oct3/4 gene, Sox2 gene, K14 gene, and c-Myc
gene was created in accordance with a method described in
N. Fusaki, H. Ban, A. Nishiyama, K. Saeki, M. Hasegawa,
Proc. Jpn. Acad. Ser., B. Phys. Biol. Eci., 85, 348 (2009).
[0055] (4) Seven days after the infection, the infected
fibroblasts were collected using trypsin. 5.4x10* cells per 60
mm petri dish or 1 to 2x10° cells per 100 mm petri dish were
seeded onto the MEF supporting cells treated with MMC.
On the next day, the medium was replaced with the human
iPS cell medium. Culturing was continued, and colonies
were observed until 30 days after infection.

[0056] (5) Using media in which BMP-4 (10 ng/ml),
BMP-6 (50 ng/ml) and BMP-7 (10 ng/ml) respectively were
added to the above human iPS cell medium replaced on the
8th day after the infection, the cells were cultured until the
30th day, and thus an effect of bone morphogenetic proteins
(BMP-4, 6 and 7) on iPS cell formation was confirmed. In
addition, in a part of experiment, LDN-193189 (Stemgent,
Inc.), an ALK2 kinase inhibitor, was added to the above
human iPS cell medium in a concentration of 200 nM.

<3. Analyses by Immunoblotting and Immunoprecipitation>

[0057] (1) In immunoblotting, cells were lysed in a lysis
buffer (62.5 mM Tris-HCI, pH 7.4, 2% SDS, 0.05% 2ME,
10% glycerol, 0.00125% bromine). Obtained lysates were
subjected to ultrasonic waves, and centrifuged for 10 min-
utes under conditions of 4° C. and 15000 rpm.

[0058] (2) Obtained supernatants were subjected to SDS-
PAGE, and target proteins were separated on a PVDF
membrane.

[0059] (3) The membrane was incubated with antiserum.
Immune response bands were visualized by Enhanced
Chemiluminescence detection (Perkin Elmer Co., L[td.).
Intensity of bands was evaluated by Image J software (NIH,
USA).

[0060] (4) In immunoprecipitation, 293T cells in which
Smads were overexpressed, and KDM6B or LSD1 were
lysed in RIPA buffer (50 mM Tris-HCL, pH 7.4, 1 mM
EDTA, 150 mM NaCl, 1% NP-40, protease/phosphatase
inhibitor cocktail). Obtained lysates were incubated with a
required antibody at 4° C. overnight on a turntable. Protein
G Resin was then added to the obtained lysate and this lysate
was incubated at 4° C. for 2 hours on a turntable. The resin
was washed with PMS three times and lysed in a buffer for
Western blotting.

<4. Chromatin Immunoprecipitation and ChIP-ChIP
Analysis>

[0061] (1) Proteins were fixed (cross-linked) to DNA by
an action of 1% formaldehyde on cells. Obtained lysates
were incubated with an anti-histone methyl antibody. Puri-
fied DNA fragments were amplified by PCR.
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[0062] (2) In ChIP-ChIP analysis, FOP-derived fibroblasts
were lysed in RIPA buffer. Obtained lysates were incubated
with anti-FLAG affinity gel (A2220, SIGMA-ALDRICH) at
4° C. overnight on a turntable. The obtained gel was washed
with TBS 5 times. To this gel, RIPA buffer containing 100
ng/ml FLAG peptide (F3290, SIGMA-ALDRICH) was
added. The obtained gel was incubated at 4° C. for 2 hours
on the turntable. Obtained mixtures were washed with TBS
three times. To the mixtures, TBS buffer containing 500
ng/ml 3xFLAG peptide (F4799, SIGMA-ALDRICH) was
added. The obtained mixtures were incubated at 4° C. for 2
hours on a turntable. This operation was repeated three
times.

<<]II. Experimental Results>>

Experiment 1. Investigations of Methylation of
Histone H3 in FOP-Derived Fibroblasts

[0063] (1) FOP-derived fibroblasts were induced into iPS
cells, and methylation of histone H3 was examined. As an
object for comparison, normal fibroblasts were used.
[0064] (2) Results are shown in FIG. 1. In the normal
fibroblasts (N3), intensity of bands of K4 and K27 of histone
H3 increased as induction into iPS cells progressed.
[0065] (3) On the other hand, in the FOP-derived fibro-
blasts (F1, F2), changes in the bands of K4 and K27 of
histone H3 were not observed.

[0066] (4) In addition, differences in K9, K36 and K79

were not observed between the bands of normal fibroblasts
and the bands of FOP-derived fibroblasts.

[0067] (5) These results have suggested that one of the
reasons why it is difficult to establish induction of FOP-
derived fibroblasts into iPS cells is abnormal methylation of
K4 and K27 of histone H3.

Experiment 2. Comparison of Differentiation to
Osteoblasts by BMP6 Stimulation in the Presence
of Serum

[0068] (1) Differentiation of FOP-derived fibroblasts to
osteoblasts in the presence of serum depending on the
presence or absence of BMP6 was investigated by compari-
son with differentiation of normal subject-derived fibro-
blasts to osteoblasts.

[0069] (2) Results of immunostaining by alkali phos-
phatase (ALP), an osteoblast marker, are shown in FIG. 2.
[0070] (3) In the normal subject-derived fibroblasts (Nor-
mal), almost all cells were not stained. Accordingly, it has
been found that induction of differentiation to osteoblasts
does not proceed (FIG. 2a). On the other hand, in the
FOP-derived fibroblasts (FOP), cells were significantly
stained compared to those in the normal subject-derived
fibroblasts. Accordingly, it has been found that osteoblast
induction easily proceeds (FIG. 2b6).

Experiment 3. Comparison of PAR1 Expression by
BMP6 Stimulation in the Presence of Serum

[0071] (1) This experiment was performed to investigate
whether a change in PAR1 expression level in FOP-derived
fibroblasts in the presence of serum was observed depending
on the presence or absence of BMP6 by comparison with
PAR1 expression level in normal subject-derived fibroblasts.
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[0072] (2) Results are shown in FIG. 3. FIG. 3 is a graph
showing results that mRNA expression levels in respective
fibroblasts treated with BMP6 (50 ng/ml.) at each time was
analyzed by qPCR.

[0073] (3) Increase in expression of PAR1 in the normal
subject-derived fibroblasts (Normal) significantly increased
by BMP6 stimulation over time. However, the increase was
mild. On the other hand, in the FOP-derived fibroblasts
(FOP), a remarkable increase was observed compared to that
in the normal subject-derived fibroblasts.

Experiment 4. Comparison of Differentiation to
Osteoblasts by BMP Stimulation and Stimulation of
an Agonist of PAR1 in the Absence of Serum

[0074] (1) Differentiation of FOP-derived fibroblasts to
osteoblasts in the absence of serum depending on the
presence or absence of BMP6 was investigated by compari-
son with differentiation of normal subject-derived fibro-
blasts to osteoblasts. In addition, a similar investigation was
carried out in the presence or absence of TFLLR, an agonist
of PARI.

[0075] (2) Results of immunostaining by ALP are shown
in FIG. 4. In addition, the results obtained by comparing
ALP activity of samples with ALP activity of control are
shown in FIG. 5.

[0076] (3) In the FOP-derived fibroblasts cultured in the
absence of serum, ALP expression was hardly observed
(FIG. 4c¢). Accordingly, it has been found that the differen-
tiation of FOP-derived fibroblasts to osteoblasts is hardly
observed in the absence of serum.

[0077] (4) In the presence of BMP6, the ALP expression
was observed, and the ALP activity also significantly
increased compared to the ALP activity of control (FIGS. 44
and 5). Accordingly, it has been found that differentiation to
osteoblasts proceeds by BMP6 stimulation in the absence of
serum. However, when this result is compared to the result
in the investigations in the presence of serum (FIG. 24), it
can be said that differentiation to osteoblasts is weak.

[0078] (5) In the presence of TFLLR, an agonist of PAR1,
the ALP expression was hardly observed, and the ALP
activity was also low (FIG. 4e and FIG. 5). Accordingly, it
has been found that differentiation to osteoblasts hardly
proceeds by TFLLR stimulation in the absence of serum.

[0079] (6) In the presence of both BMP6 and TFLLR, the
ALP expression increased, and the ALP activity largely
increased (FIG. 4f and FIG. 5). Accordingly, it has been
found that differentiation to osteoblasts largely proceeds by
stimulation of two molecules, BMP6 and TFLLR, in the
absence of serum.

[0080] (7) These results have showed that the differentia-
tion of FOP-derived fibroblasts to osteoblasts is induced in
association with two molecules, BMP6 and PARI1.

Experiment 5. Comparison of Differentiation to
Osteoblasts in the Absence of Serum when Using
Each Inhibitor

[0081] (1) In order to examine how PARI1 inhibitors
(SCH79797, Vorapaxar) and a PI3K inhibitor (LY294002)
affect the differentiation of FOP-derived fibroblasts to osteo-
blasts, investigations were carried out using these inhibitors.
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[0082] (2) Results of immunostaining by ALP are shown
in FIG. 6. In addition, the results of comparison of the ALP
activity of samples and the ALP activity of control are
shown in FIG. 7.

[0083] (3) As with the results in Example 4, in the absence
of serum, the differentiation of FOP-derived fibroblasts to
osteoblasts hardly proceeded without stimulation of either
BMP6 or TFLLR (FIG. 6g), whereas differentiation to
osteoblasts largely proceeded with stimulation by these
molecules (FIGS. 6/ and 6k).

[0084] (4) On the other hand, both the ALP expression and
the ALP activity largely decreased in the presence of
SCH79797 (200 nM) or Vorapaxar (1 uM), either of which
is a PAR1 inhibitor (FIGS. 6i and 6/, FIG. 7). Similarly, both
the ALP expression and the ALP activity also largely
decreased in the presence of LY294002 (10 uM), a PI3K
inhibitor (FIG. 6f, FIG. 7). These results have showed that
an inhibition of PAR1 leads to suppression of differentiation
of FOP-derived fibroblasts to osteoblasts, and that suppres-
sion of signal transduction of PI3K downstream of PAR1
leads to the suppression of differentiation of FOP-derived
fibroblasts to osteoblasts.

[0085] (5) These results have showed that a PAR1 inhibi-
tor can be expected to treat ectopic ossification in FOP.

Experiment 6. Verification of PAR1 Inhibitors by
an Animal Test

[0086] (1) Investigations were carried out to examine how
a PAR1 inhibitor (Vorapaxar) affects suppression of ectopic
ossification in mice.

[0087] (2) NOG mice were used as an in vivo model. iPS
cells created from fibroblasts derived from FOP patients
were implanted into a testicle. Accordingly, teratomas were
formed. In the in vivo model, the teratomas grow after
implantation, and ossification proceeds in the teratomas after
9 weeks, and bone volume increases. Because of this,
Vorapaxar (0.2 mg/kg/day) was intraperitoneally adminis-
tered once daily from 9 weeks after implantation. A solution
not containing Vorapaxar as an active ingredient (vehicle)
was intraperitoneally administered as an object for compari-
son in a similar manner.

[0088] (3) Results are shown in FIG. 8 and FIG. 9. FIG. 8
shows CT images of the in vivo model. FIG. 9 is a graph
showing the teratoma volume and the bone volume in the
teratomas calculated from CT images.

[0089] (4) Inindividuals to which vehicle had been admin-
istered, bones were found everywhere in the teratomas
formed in testicle after 2 weeks of Vorapaxar administration
(FIG. 8, upper). On the other hand, it was verified that bones
found everywhere in individuals to which Vorapaxar had
been administered were notably less than the bones found
everywhere in the individuals to which vehicle had been
administered (FIG. 8, lower).

[0090] (5) In addition, when the volume of the teratomas
artificially formed was calculated from CT images, a sig-
nificant difference in the teratoma volume was not observed
between the individuals to which vehicle had been admin-
istered and the individuals to which Vorapaxar had been
administered (FIG. 9, left). On the other hand, when the
bone volume was calculated, the bone volume in the indi-
viduals to which Vorapaxar had been administered was
about one third of the bone volume in the individuals to
which vehicle had been administered, which largely and
significantly decreased (FIG. 9, right).
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[0091] (6) These results have showed that a bone obser-
vation and a decrease in bone volume in the individuals to
which Vorapaxar have been administered are caused not by
a difference in the growth degree of teratoma but by exhib-
iting a medicinal effect of Vorapaxar, a PAR1 inhibitor.
These results have also showed by an animal test that a
PAR1 inhibitor can be expected to treat ectopic ossification
in FOP.

Experiment 7. Verification of Suppression of PAR1
Function by an Animal Test

[0092] (1) Investigations were carried out to examine how
artificial suppression of PAR1 function affects suppression
of ectopic ossification in mice.
[0093] (2) An in vivo model was created in a similar
manner as in Experiment 6. In accordance with previous
reports, siRNA (siPAR1) which suppresses PAR1 expression
was created, and siPAR1 was intraperitoneally administered
once daily from 9 weeks after teratoma implantation. siRNA
of Luciferase (silLuciferase) and siRNA (siALK2-R206H)
were intraperitoneally administered as objects for compari-
son in a similar manner. sil.uciferase does not affect a living
body. siALK2-R206H suppresses expression of ALK2
already known as an ossification factor.
[0094] (3) Results are shown in FIG. 10 and FIG. 11. FIG.
10 shows CT images of the in vivo model. FIG. 11 is a graph
showing teratoma volume and bone volume in teratomas
calculated from CT images.
[0095] (4) In individuals to which siluciferase had been
administered, bones were found everywhere in the teratomas
formed in testicle after 2 weeks from administration. On the
other hand, it was verified that bones found everywhere in
individuals to which siPAR1 had been administered and in
individuals to which siALK2-R206H had been administered
were notably less than bones found everywhere in the
individuals to which siluciferase had been administered.
[0096] (5) In addition, when the volume of the teratoma
artificially formed was calculated from CT images, a sig-
nificant difference in the teratoma volume was not observed
between the individuals to which siluciferase had been
administered, the individuals to which siPAR1 had been
administered, and the individuals to which siALK2-R206H
had been administered. On the other hand, when the bone
volume was calculated, the bone volumes in the teratomas
significantly decreased in the individuals to which siPAR1
had been administered and in the individuals to which
siALK2-R206H had been administered, as compared to that
in the individuals to which siLuciferase had been adminis-
tered.
[0097] (6) These results have showed that a bone obser-
vation and a decrease in bone volume in the individuals to
which siPAR1 has been administered are caused not by a
difference in the growth degree of teratoma but by a result
of suppression of the expression of PAR1 function, the
suppression being carried out by siRNA. This has also
showed by an animal test that the inhibition of expression of
PAR1 function can be expected to treat ectopic ossification
in FOP.

1. A drug for ectopic ossification to treat or prevent
ectopic ossification by inhibiting PARI.

2. The drug for ectopic ossification according to claim 1,
wherein PAR1 is inhibited by an antagonist of PARI.

3. The drug for ectopic ossification according to claim 2,
wherein the antagonist of PAR1 is ethyl [(1R,3aR,4aR,6R,
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8aR,98,9a5)-9-{(1E)-2-[5-(3-fluorophenyl)pyridin-2-yl]
ethen-1-yl}-1-methyl-3-oxododecahydronaphtho[2,3-c]
furan-6-yl]carbamate or a salt thereof.

4. The drug for ectopic ossification according to claim 1,
wherein ectopic ossification is a symptom caused by fibro-
dysplasia ossificans progressiva.

5. A method for treating or preventing ectopic ossification
by using a drug for ectopic ossification according to claim 1.

6. The drug for ectopic ossification according to claim 2,
wherein ectopic ossification is a symptom caused by fibro-
dysplasia ossificans progressiva.

7. The drug for ectopic ossification according to claim 3,
wherein ectopic ossification is a symptom caused by fibro-
dysplasia ossificans progressiva.

8. A method for treating or preventing ectopic ossification
by using a drug for ectopic ossification according to claim 2.

9. A method for treating or preventing ectopic ossification
by using a drug for ectopic ossification according to claim 3.

10. A method for treating or preventing ectopic ossifica-
tion by using a drug for ectopic ossification according to
claim 4.



