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<Background and Objectives>
Fibrodysplasia Ossficicans Progressiva (FOP) is a very rare genetic disease characterized by progressive
general heterotopic ossification. The cause of this disease is a missense mutation of ACVR1/ALK2 gene
encoding one of type I BMP receptors. There are no effective therapeutic drugs to prevent disease
progression. To explore disease-mechanism and develop treatments, we have established 1PS cells from
FOP patients. We found that Activin-A erroneously transduces BMP signal through mutant ACVR1/ALK2
in FOP cells, which is transmitted via mTOR protein complex and induces heterotopic ossification in vivo.
We also found that sirolimus, one of mTOR inhibitors, effectively inhibits the Activin-A-induced phenotype
in vitro and also in vivo. The objectives of this project are to disclose the molecular pathway from the
activation of mutant ACVR1/ALK2 to heterotopic ossification and to plan and perform the investigator
initiated clinical trial of sirolimus for FOP.
<Results>
1) Molecular mechanism of the activation of mTOR by Activin-A via mutant ACVR1/ALK2
Comprehensive gene expression analyses identified ENPP2 (autotaxin) as one of down-stream factor of
Activin-A. ENPP2 produces LPA, which binds its receptor and activate mTOR via PI3K to AKT signal.
Inhibition of ENPP2 significantly inhibited Activin-A induced chondrogenic differentiation, suggesting
ENPP2 is one of important factors involving the mTOR activation by Activin-A in FOP cells.
2) Molecular mechanism of chondrogenesis by activated mTOR
We inhibited the function of each down-stream factor of mTOR and found that siRNA against gene X
effectively inhibited the chondrogenesis triggered by Activin-A. Inhibition of gene X was associated with
down-regulation of several genes related chondrogenesis, suggesting that the function of gene X plays an
important role in chondrogenesis by activated mTOR.
3) Data collection and analyses of natural history of FOP patients
Natural course of FOP patients are important information for planning clinical trial, but only few data
have been reported. Therefore we designed an observation study in which patients were checked once in
every three months for one year and physical activity was scored by health assessment questionnaire and
heterotopic ossification was measured by whole body CT scan. A total of 13 patients in four institutes
participated this study, and we are now analyzing the data.
4) Planning and application of investigator initiated clinical trial.
With the help of Institute for Advancement of Clinical and Translation Science, Kyoto University
Hospital, we have designed the clinical trial and negotiated with PMDA. The final version of protocol
consisted of two stages: the first stage is placebo-control randomized double-blind comparison test for 24
weeks and the second stage is open-label continuous administration stage until 52 weeks. The final form
of application was approved by the IRB for clinical trials in Kyoto University Hospital, and submitted to
PMDA and finally the clinical trial started in September 2017.
< Significance>
This is the first clinical trial of therapeutic drug that is identified by the basic research using
patient-derived 1IPSCs. It is also one of examples of drug repurposing approach for intractable rare diseases,
and therefore the process of this project provided important information for future similar studies.
Although precise mechanisms how Activin-A induces heterotopic ossification is still to be investigated, we
have found that mTOR plays a central role and our system using patient-derived iPSCs is useful for

further investigation.



