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Kabuki Syndrome: Novel Genes and Molecular Mechanisms

Background

Kabuki syndrome (KS; OMIM 147920, 300867) is a classic, clinically well investigated malformation syndrome with characteris-
tic craniofacial features: long palpebral fissures; eversion of the lateral third of the lower eyelids; broad, arched and (in the
lateral third) sparse or interrupted eyebrows; short columella and depressed nasal tip; large, prominent or posteriorly rotated
ears. These features can occur in combination with intellectual disability of a varying degree, postnatal growth retardation,
persisting finger pads and urogenital anomalies. Genetically, mutations in KMT2D account for Kabuki syndrome in about 50%
of patients, while about 13% of the patients who are negative for KMT2D mutations carry causative changes in KDMG6A.

Novel Kabuki genes: RAP1A, RAP1B

Apart from the known KS genes KMT2D and KDM6A, we found mutations in the genes RAP1A and RAP1B in individual patients
with Kabuki syndrome; further in vitro and in vivo investigations in cell systems and in a zebrafish model demonstrated that
these mutations play a causative role in the pathogenesis of Kabuki syndrome.

Unravelling the molecular mechanisms

KMT2D and KDMG6A are components of a multiprotein complex that effects transcriptional gene activation by epigenetic modi-
fication [1,2,3]. Within this complex, KMT2D places activating methylation signals on histone 3 lysine 4 (H3K4), whereas
KDMG6A catalyzes demethylation, thus removing repressive signals on H3K27 [4]. Together with our collaboration partners, we
performed extensive functional studies in patient fibroblasts, embryonic fibroblasts of a Kmt2d knockout mouse and a
zebrafish morpholino knockout. They showed that RAP1A and RAP1B play a causative part in the development of Kabuki syn-
drome and that mutations in those two genes and in the previously known KS genes bring about alterations of the MEK-ERK
signaling pathway. Furthermore, morpholino knockdown of RAP1A, KMT2D and KDMG6A in zebrafish resulted in defects in early
embryonic development, morphological changes in the cranioskeletal architecture and disturbed cell interaction. This cellular
effect may explain not only the skeletal anomalies, but also some of the other organ involvement as for example heart defects
and neurological issues.
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