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To develop new therapeutic drugs for Fibrodyspalsia Ossificans Progressiva, we have engaged in

following two issues.

1. Investigation of molecular mechanism of the suppression of heterotopic ossification by mTOR
inhibitors

1) Investigation of molecular mechanism of the activation of mTOR by the signal via the mutant
ACVR1/ALK2
Based on the results of co-culture experiments, we have observed that via the mutant
ACVRI1/ALK2, Activin induced the production of soluble factors in FOP cells, which subsequently
enhanced the activity of mTOR. To identify the such factors, the comprehensive gene expression
analyses was performed, and genes encoding soluble factors were selected from the list of
up-regulated genes by Activin, among which the ENPP2 gene was identified as a strong candidate.
Inhibition of ENPP2 gene clearly inhibited the activation of mTOR by Activin, indicating that
ENPP2 is one of major factors involved in the process of mTOR activation by Activin.

2) Investigation of molecular mechanism of the enhancement of chondrogenesis by activated mTOR
To understand the molecular mechanism how the activation of mTOR enhanced chondrogenesis, we
have inhibited each signal pathway located in the downstream of mTOR. As a result, inhibition of
one particular pathway dramatically changed the effect of Activin on chondrogenesis. We also
found that the Activin regulated the expression of the major gene on that pathway, suggesting that
the identified pathway is strongly involved in the process of enhancement of chondrogenesis by
Activin.

2. Investigator initiated clinical trial of Sirolimus for FOP

1) Collection and analyses of historical data of FOP patients
To understand the natural course of FOP patients, we have designed a multi-institutional,
non-invasive observational study participated by not only the institutes to be registered in the
clinical trial, but also other institutes. After the approval by the IRB in Kyoto University, the
study was also approved in several other institutes. Total number of patients in these institutes
will be approximately 40, which is almost a half of total number in Japan. As a result, total of 13
patients have participated in this observational study.

2) Design and application of the clinical trial plan
After we started our observational study, the result of world-wide, large scale observational study
was published. Using the data described in that publication, we designed the clinical trial by the
collaboration with the institute for Advancement of Clinical Trial in Kyoto University Hospital and
the pharmaceutical company offering the investigational new drug. After the consultation with
PMDA, the final form of application was reviewed by researchers in the collaboration and prepared

for the submission to the IRB of Kyoto University.



III. ERRDIME~DFHEE
(1) 256 - HEEEFICRB D% (EWNEES fF, FEEGE 714F)

10.

11.

12.

Hayashi Y, Hsiao EC, Sami S, Lancero M, Schlieve CR, Nguyen T, Yano K, Nagahashi A, Ikeya M,
Matsumoto Y, Nishimura K, Fukuda A, Hisatake K, Tomoda K, Asaka I, Toguchida J, Conklin BR,
Yamanaka S. BMP-SMAD-ID promotes reprogramming to pluripotency by inhibiting
p16/INK4A-dependent senescence. Proc Natl Acad Sci U S A. 2016, 113, 13057-62.

AEA, ey B, FOEED. BFEHSK iPS M2 A 7o E T LR S BOE (FOP)
DOIFEMEN]. Y JIE fe%. 2016, 46, 55-8.

s B, BEISIT. AR fEE B S0 HEN. FEEREMIEKE L LT oETHE e
MRHESTERAE. FEHRIE . 2016, 17, 2913-9.

J7 0 S LT R B B (FOP)I 2 X3~ 2 BT BRI DO BR 3. 1 - 58541 RL. 2016,
59, 1525-31.

AR, ARSI, Wi B, FOHEEN.  iPS M & A 7o E T LR BT BOE O 9
BB, A AP AT AL A HANY —. 2016, 74, 324-6.

FOHEVED, BRI, WA B BRI IPS ML A TR U2 EERATZE R REARR > O A1
~~. Clinical Calcium. 2016, 26, 593-600.

Shibata A, Machida J, Yamaguchi S, Kimura M, Tatematsu T, Miyachi H, Matsushita M,
Kitoh H, Ishiguro N, Nakayama A, Higashi Y, Shimozato K, Tokita Y. Characterization of
novel Runx2 mutation with alanine tract expansion from Japanese cleidocranial dysplasia
patient. Mutagenesis 2016, 31(1):61-67.

Hasegawa S, Kitoh H, Ohkawara B, Mishima K, Matsushita M, Masuda A, Ishiguro N,
Ohno K. Tranilast stimulates endochondral ossification by upregulating SOX9 and RUNX2
promoters. Biochem Biophys Res Commun 2016, 470(2):356-361.

Sugiura K, Ohno A, Kono M, Kitoh H, Itomi K, Akiyama M. Hyperpigmentation over the
metacarpophalangeal joints the malleoli in a case of hyaline fibromatosis syndrome with
ANTXR2 mutations. J Eur Acad Dermatol Venereol 2016, 30(10):e44-e46.

Matsushita M, Kitoh H, Mishima K, Kadono I, Sugiura H, Hasegawa S, Nishida Y, Ishiguro
N. Low bone mineral density in achondroplasia and hypochondroplasia. Pediatr Int 2016,
58(8):705-708.

Hasegawa S, Victoria T, Kayserili H, Zackai E, Nishimura G, Haga N, Nakashima Y,
Miyazaki O, Kitoh H. Characteristic calcaneal ossification: an additional early radiographic
finding in infants with fibrodysplasia ossificans progressiva. Ped Radiol 2016,
46(11):1568-1572.

Matsushita M, Mishima K, Esaki R, Ishiguro N, Ohno K, Kitoh H. Maternal administration
of meclozine for the treatment of foramen magnum stenosis in transgenic mice with

achondroplasia. J Neurosurg Pediatr 2016, 19(1):91-95



(2) %

10.

11.

12.

13.

14.

E e VURT T LAEITBIT D OEE - RAX —RE

Evaluation of genetic factors of OPLL using patient-specific iPSCs, 7~ A % —, Kawai S, Hada M,
Koyama Y, lkeya M, Alev C, Hotta A, lkegawa S, Nakamura M, Yoshitomi H, Matsuda S, Toguchida J.
ISSCR 2016 Annual Meeting, 2016/6/22-25, [E4}.

ZIEME OPLL B sk o iPS il % FAV 7= OPLL =AY ER Ofat, DFE, JIFHES, PHEX,
INLEEF, A B, Cantas Alev, i FIEKEE, i)IZEES, AR, IaARsyrE, SEE2, MHEFE—,
SO, 5 31 A A ARIEAN R R 2 AN R S, f@0, 2016/10/13-14, [EI.

iPS HHfE 28 U 72 EAT VB AL PR AME SR BORE O REMFAT, D BR, B P And, B B9 A%, sy I,
SO, 5 27 /NS R IR R, 2016/12/1-2, [EA.

PEBRFRA iPS MU 2 W2 RIBRIC T 72 RN A 7 ) — = 7 ROMEE, HEH, IAEA, tha
B, BT, & Ha, KRR, 50 miEh, 589 [l A AREAR AR IR 2, 2016/5/12-15, [
M.

Neofunction of ACVRL1 in Fibrodysplasia Ossificans Progressiva, Toguchida, J, Hino K, lkeya M,
Horigome K, Matsumoto Y, Ebise H, Nishio M, Sekiguchi K, Shibata M, Nagata S, Matsuda S. 7~ A %
—, ISSCR 2016 Annual Meeting, 2016/6/22-25, [E4}.

PR S IPS A 2 5 L 72 B R B O REARIA - B, MBH, & 0 Wi, BB, e &,
B A, @okiR, MA &, SEEZ, mEE—, B 31 B A AR LS AR E S
2016/10/13-14, [EA.

Application of disease-specific iPS cells for FOP research, M§H, Toguchida J, 2016 Drug Development
Forum of FOP, 2016/10/13-14, [El4}.

Treatment strategies for short stature in achondroplasia, M58, Kitoh H, Mishima K,
Matsushita M. 13th International Congress of Human Genetics (Kyoto) 2016/4/3-6, [EN.

Genu varum in achondroplasia and hypochondroplasia, 7~ 2 % —, Kitoh H, Mishima K,
Matsushita M, Sugiura H, Hasegawa S, Ishiguro N. Annual meeting of Pediatric Orthopedic
Society of North America (Indianapolis) , 2016/4/27-30, [E4}.

Clinically attainable concentration of meclozine promotes bone growth in transgenic mice
with achondroplasia. A58 Matsushita M, Kitoh H, Mishima K, Nishida Y, Ishiguro N,
Ohno K. Gordon Research Conference (Hong Kong), 2016/6/5-10, [E4}.

WOE BT BE DR S RT3 D100, DEE, BEARS, =B —, I THES, 25 34 (8] B ACH IR
FR W 3T T RHEF @R CRBR) |, 2016/7/20-23, [EN.

Meclozine |2 X 2 #kE MEEEUE ORARBTER O Rtk & RS, NBH, fa TR, JREAES, =5
fE—, RZIVE, U HEESL, ARER, REFERE], 5 34 [M A AEREFS - & 3 |7 U7 KEHE
fREFa (KK |, 2016/7/20-23, EA.

Clinically attainable concentration of meclozine has a potent effect on promoting bone
growth in achondroplasia, H8H,Matsushita M, Kitoh H, Mishima K, Ishiguro N, Ohno K,
The annual scientific meeting of the endocrine society of Australia, the Society for
Reproductive Biology and the Australia and New Zealand Bone and Mineral Society (Gold
Coast) , 2016/8/21-24, [E4}.

Clinically attainable concentration of meclozine has a potent effect on promoting bone

5



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

growth in achondroplasia, H8H,Matsushita M, Kitoh H, Mishima K, Ishiguro N, Ohno K,
The annual scientific meeting of the endocrine society of Australia, the Society for
Reproductive Biology and the Australia and New Zealand Bone and Mineral Society (Gold
Coast) , 2016/8/21-24, [E4}.

FGFR3-targetted therapy for short stature in achondroplasia, HH, Kitoh H, Matsushita M,
Mishima K, Ishiguro N, 60th Korean Orthopaedic Association (Incheon), 2016/10/19-22,
[E4+.

Meclozine 133 VD ¥ 103 L U CORhRE % 4 2 FH EOMERR G (2 X 0 ieg B AUE I
B oEMEZREL > 5, REE, TR, RGN, =&E—, I, WHEEL, AR
B, REpgkw], 55 31 [0l B ARIEAR A2 i i dE 2 () |, 2016/10/13-14, ENA.
Treatment strategies for short stature in achondroplasia, M8, Kitoh H, % 50 [a] H A/NEHN
O B9 [T T R NEN I (D), 2016/11/16-20, [EN.

WO HETE R (2 X9~ DARARBTEIR OB FE, MEH, fa FHERs, RS, = &iE—, 2, BR
NE, ACRBET, ARER, 2 27 EA/NEERAR S (ih) |, 2016/12/1-2, [EN.
JEPEMIBSEME DR AR R 7 7 &2 — BRIk LAER 1 B XV BFEMRRIELITo72 1, R, &
Ve, WREESE, =R, RS, AokBET, PER, PEE5L, ARER, F28EIAA
B ERERRENER (i) , 2016/12/3, [EW.

G M AOE OFRAR AR VL %2 H 6 L72 meclozine DA G- &OMG, OUE, 2 THE, SR
BHYENE, = RbE—, RZITE AUABET, VOHEL, A RE, KREFERE], 5 30 (A1 B AHRE AT
o (KR, 2017/3/3-4, [EHN.

Clinically feasible dose of meclozine promotes bone growth in mouse model with
achondroplasia, M 88, Matsushita M, Kitoh H, Mishima K, Sugiura H, Hasegawa S,

Kitamura A, Ishiguro N, Ohno K. Annual meeting of Orthopaedic Research Society (San
Diego) , 2017/3/19-22, [E4}.

BRI B OPREMEIH LinR O, O8H, JFRIEZ, 5 13 BIE R/ NERTEARES, 2016/4/9,
[E .

AT PE B AL VERRHE SO AE 8B 1235 1T D B IRHRE O RERFROREA, HBH, hIRURHERE, @i+,
BHEGT, BEEE, 0350, =R, BOE—, MEaA, 5122, BRIEE, BH
Wi, FRIBE, #3EAARY ALY T —va VEFSFIES, 2016/6/9-11, EHWN.
BRI L EE, 08, FEEE, HBE3RIAARY ALY T —a VEFRPES, 2016/6/10,
[E .

BRUKEOEF L VAV T—v gy, A, KEEE, F39MEERFI ALY T— g A
g2, 2017/2/25, [EA.



(3) TEEREOFF « Hefrahittz ) (x4 20 #A

(4)

iPS #ifia 275 U 7= BEa MR B o RefE ] - AIZE, 7 0 HiEd, 55 13 [ IR EE iPS fliia - FA
S gE 4, 2016/1/28, [EN.
iPS FIR OB HUE R BA~OISH, B0 A, 2016 FEEE T 7 +— 7 A, 2016/2/24, [EH.

K% 2 58 OWKITHOWT, A0 HEM, 2016 45 H/A ER A AT AR S, 2016/7/16,
M.
iPS MR DE - #EEEA~OICH, PO HEEN, @R +—7 A 2016,2016/11/20, [EA.
FOP (2317 % ADL & QOL, HsLREHE, J5EIE 2, Ak 28 4 EEETTME B AL MR HE 22 T e (FOP)
eSS, 2016/11/26, [EN.

FERFHIRA

P





