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Nephronophthisis (NPH) is an autosomal recessive
inherited cystic kidney disorder. It represents the most
frequent genetic cause of end-stage renal disease in the
first three decades of life. NPH is characterized by the
dysfunction of sensory cilia which explains the complex-
ity of the NPH phenotype. It can be associated with reti-
nitis pigmentosa (Senior-Løken syndrome), mental
retardation and ataxia (Joubert syndrome), skeletal
anomalies (Jeune syndrome), or situs inversus.
To date, recessive mutations causing NPH have been

identified in more than eighteen different genes (NPHP1-
NPHP18). Their gene products localize at the primary
cilia-centrosome complex, along the cilium as intraflagel-
lar transport proteins and are important in signaling
pathways downstream of cilia including Wnt signaling,
Shh signaling and the DNA damaged response pathway.
Using whole and targeted exome sequencing, we iden-

tified novel protein altering mutations in TRAF3IP1 in
patients presenting with NPH, retinitis pigmentosa,
skeletal defects of the pelvis, hexadactyly and hepatic
fibrosis. TRAF3IP1 encodes IFT54 which is involved in
the anterograde transport along the primary cilia.
Besides its known function in cilia we demonstrate that

TRAF3IP1 act as a key regulator of cytoplasmic microtu-
bule organization. Mass spectrometry analyses as well as
pull-down experiments demonstrated that mutations in
TRAF3IP1 lead to an altered binding to actin and micro-
tubule associated proteins. Immunofluorescence stainings
using patient fibroblasts as wells as mIMCD3 TRAF3IP1

knock-down cells confirmed the observed defects in
microtubule organization. Furthermore, sphere formation
assays as well as the pronephros of elipsa zebrafish
embryos showed defects in epithelialization.
Altogether our findings demonstrate that NPH causing

mutations of TRAF3IP1 affect both ciliary and non-ciliary
functions of TRAF3IP1 which can provide an explanation
for kidney tubules morphogenesis defects as well as the
other disease phenotypes e.g. retinal, skeletal and hepatic
defects.
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