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Abstract

Developmental defects in motile cilia, arising from genetic abnormalities in one or more ciliary
genes, can lead to a common ciliopathy known as primary ciliary dyskinesia (PCD). Functional
studies in model organisms undertaken to understand PCD or cilia biogenesis have identified
hundreds of genes regulated by FOXJ1, the master regulator of motile ciliogenesis. However,
limited systems based studies have been performed to elucidate proteins or network/s crucial
to the motile ciliary interactome, although this approach holds promise for identification of
multiple cilia-associated genes, which, in turn, could be utilized for screening and early
diagnosis of the disease. Here, based on the assumption that FOXJ1-mediated regulatory and
signalling networks are representative of the motile cilia interactome, we have constructed and
analysed the gene regulatory and protein-protein interaction network (PPIN) mediated by
FOXJ1. The predicted FOXJ1 regulatory network comprises of 424 directly and 148 indirectly
regulated genes. Additionally, based on gene ontology analysis, we have associated 17
directly and 6 indirectly regulated genes with possible ciliary roles. Topological and
perturbation analyses of the PPIN (6927 proteins, 40,608 interactions) identified 121 proteins
expressed in ciliated cells, which interact with multiple proteins encoded by FOXJ1 induced
genes (FIG) as important interacting proteins (lIP). However, it is plausible that I[IP
transcriptionally regulated by FOXJ1 and/or differentially expressed in PCD are likely to have
crucial roles in motile cilia. We have found 20 de-regulated topologically important effector
proteins in the FOXJ1 regulatory network, among which some (PLSCR1, SSX2IP, ACTN2,
CDC42, HSP90AA1, PIAS4) have previously reported ciliary roles. Furthermore, based on
pathway enrichment of these proteins and their primary interactors, we have rationalized their
possible roles in the ciliary interactome. For instance, 5 among these novel proteins that are
involved in cilia associated signalling pathways (like Notch, Wnt, Hedgehog, Toll-like receptor
etc.) could be ‘topologically important signalling proteins’. Therefore, based on this FOXJ1
network study we have predicted important effectors in the motile cilia interactome, which are
possibly associated with ciliary biology and/or function and are likely to further our
understanding of the pathophysiology in ciliopathies like PCD.


https://doi.org/10.3389/fgene.2019.00023

Figure:

Directly regulated gene @ - g @
. iogenesis
TGene with predicted i?:l lia)
A ciliary association Gene participating in Gene participating in
possible cilia biology cilia biogenesis pathway
assoclated GO categories (Reactome database)

Directly regulated

@ in Pcc(::::em:mw @ OEI

biogenesis

Gene directly pathway Gene participating in Cilia biology associated
regulated by FOXJ1 {Reactome known ciliary process{es) process/pathway (known/predicted)
database) (CCR data) passibly regulated by FOXJ1

FIGURE 1 | Directly regulated genes in the predicted FOXJ1 gene regulatory network and possible ciliary processes mediated by them. FOXJ1 directly regulates
genes that are involved in ciliary structure assembly and motility, as depicted here. Known ciliary associations were derived from the collated ciliary resource.
Additionally, the probable roles of some genes pradicted based on gene ontology analysis have also been included here. The genes and edges are color coded to
indicate the processes the genes regulate or are involved in [genes associated with more than one process are not colored).




