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Summary

Primary cilium is a microtubule-based, hair-like antenna structure developed at the apical
membranous surface in GO-phase quiescent cells. Germline mutations of primary cilia-
related genes cause ciliopathies characterized by a range of clinical features including
polycystic kidney, obesity, postaxial polydactyly, neuronal and other developmental
abnormalities. Previous studies have demonstrated that ciliary membrane contains a variety
of cell signaling receptors for the control of embryogenesis and tissue maintenance. However,

little is known about the physiological role of lipids in the membrane of primary cilia.

The goal of this study is to elucidate the unique physiological roles of cholesterol
accumulated at the ciliary membrane in the context of cell signaling. To clarify the molecular
basis of cholesterol-mediated cilia functions, we focus on the three biological steps; 1)
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cholesterol synthesis at ER, 2) intracellular transport of cholesterol to primary cilia, and 3)

physical interaction between cholesterol and signaling receptors.

In the financial year 2016, we evaluated the structure and function of primary cilia in the
skin fibroblasts from patients with Smith-Lemli-Opitz (SLO) syndrome caused by germline
mutations of DHCR7 gene, which encodes 7-dehydrocholresterol reductase at the final step
of cholesterol synthesis. Immunofluorescent staining with anti-acetylated tubulin antibody
revealed that primary cilia formation in the patient cells is not impaired. In addition, normal
cells treated with methyl-B-cyclodextrin also form primary cilia normally. These findings
suggest that cholesterol is dispensable for ciliogeneis. Next, we measured the cellular
competence for a cilia-related sonic hedgehog (Shh) signaling in the patient cells. In normal
cells, a Shh agonist (SAG) treatment induces the accumulation of Shh activation receptor
Smoothened (Smo) into the ciliary membrane, thereby transducing the signal to up-regulate
the downstream genes. In contrast, the patient cells did not show the SAG-dependent Smo
accumulation into the ciliary membrane and activate the expression of Shh-target genes.
Importantly, exogenous cholesterol restored the Shh signal competence in SLO syndrome
patient cells. Taken together, our data demonstrate that cholesterol in primary cilia is
necessary for the proper signal competence, implying that the complementation of cholesterol
1s useful for the development of prevention and therapy in ciliopathy-like features of SLO

syndrome.

Moreover, we used a high-efficient gene-targeting method in human cultured cells
“CRISPR-ObLiGaRe” developed in the last year to disrupt 135 genes associated with
cholesterol metabolism and primary cilia formation. Of this cell library, we identified 11
genes involved in intracellular transport of cholesterol to primary cilia. We are going to
analyze these genes to verify the molecular mechanism of cholesterol targeting to primary

cilia.
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