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Van der Woude syndrome (VWS) is an autosomal dominant peridermopathy characterized by orofacial 
clefts (OFCs) and lip pits. VWS and other peridermopathies occur due to disruption of the periderm, a 
single epithelial cell layer preventing pathologic adhesions during embryogenesis. A majority of VWS is 
attributed to genetic variants in IRF6 (~70%) or GRHL3 (~5%), both of which function within the periderm. 
As ~25% of VWS cases lack a molecular diagnosis, we hypothesized other genes within the periderm 
regulatory network would be good candidates for both VWS and more severe peridermopathies. Starting 
with unsolved VWS case-parent trios, we identified significant enrichment (p=8.56x10-8) of de novo 

variants (DNs) in PRKCI (atypical protein kinase C iota, PKC), driven by two identical DNs (N383S). We 
then investigated OFC and clinical genetics databases, yielding 4 additional DNs and 11 rare, inherited 
variants in 15 individuals with OFCs with and without other clinical features. Remarkably, we identified 4 
N383S DNs in unrelated individuals with features spanning from VWS to developmental delays and 
autism. Multiple in silico algorithms predict N383S as deleterious, and structural modeling predicts 
alterations in both repulsive and attractive forces. Thus, we experimentally tested the effect of N383S 

and 7 additional variants on PKC function in the zebrafish enveloping layer, a structure analogous to the 
periderm. Using an overexpression assay, we confirmed 3 patient-specific alleles, including N383S, are 



indeed loss-of-function. Altogether, these data show variants in PRKCI can cause VWS and other 
phenotypes, and that N383 appears to be a hotspot for such mutations. 


