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(A1) : RAS/MAPK JEMEREIZ. (DR E - RO - FZEOEN R 2R L, DI
B BT B REEIE TH D, FAED RASIMAPK JEMERE Tl 5 = AT 11« CFC JEfERED
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(EX) : The Rass/MAPK syndromes are congenital anomaly syndromes characterized by a
distinctive face, heart defects, mental retardation and predisposition to tumors. Mutations in genes in
the RAS-MAPK signaling pathway have been identified. However, mutations have not been
identified in approximately 40% of patients and pathogenetic mechanisms of those disorders have
not been elucidated. The puepose of the study is to identify new causative genes and pathogenetic
mechanisms of the Ras/MAPK syndromes and related disorders. Using whole exome sequencing, we
have identified a total of nine missense, nonsynonymous mutations in RIT1 GTPase in 17 of 180

individuals (9%) with Noonan syndrome and related conditions, who had no detectable mutations in
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known Noonan-related genes. RIT1 shows the highest homology with RIT2/RIN, which is another
member of GTPase without the CAAX prenylation motif. The downstream effectors of RIT1 have
not been fully elucidated. Luciferase assays in NIH3T3 cells showed that five RIT1 mutations
identified in children with Noonan syndrome enhanced ELK1 transactivation. The introduction of
MRNAs of mutant RIT1 into one cell-stage zebrafish embryos was found to result in a significant
increase of embryos with craniofacial abnormalities, heart defects and an elongated yolk sac. These
results demonstrated that gain-of-function mutations in RIT1 cause Noonan syndrome, showing a
similar biological effect to mutations in other RASopathy genes. We also generated analyzed disease

model organisms to explore the pathogenetic mechanisms for these disorders.
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