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Coordination of cilia orientation in the mouse oviduct

In the mouse oviduct (Fallopian tube), eggs released from the ovaries are transported
to the uterus side by the movement of multi-cilia. In the infundibulum region of the
oviduct, about 80 % of epithelial cells are multiciliated cells (MCCs). Each cilium of
the MCCs shows polarity, and cilia bea;t effective and recovery strokes in a coordinated
orientation along the longitudinal axis of the oviduct to transport eggs in a directed
manner. I studied mechanisms of how cilia orientation is coordinated within and

between cells (rotational and tissue-level polarity, respectively) in the mouse oviduct.

I examined the ciliogenesis in the wild type oviduct epithelium and categorized cell
types into I to V based on the number and distribution of basal bodies (BBs) during
the maturation of MCCs. 1 also carried out time-lapse observation of ciliogenesis in
vitro, and .found cell type progression through type I to IV. Cilia orientation was

coordinated during late ciliogenesis stages through type IV- V.

It was reported that a planar cell polarity (PCP) factor, Celsrl (Cadherin EGF LAG
seven-pass G-type receptor 1), was asymmetrically localized to the cell-cell boundary
which is perpendicular to the longitudinal axis of the oviduct. The deficiency of
Celsrl gene results in multiscale cell polarity defects including cilia misorientation.
To study the mechanisms of how cilia orientation is coordinated, I focused on Celsrl

mutant and compared with the wild type MCCs. While Celsr] gene inactivation



exhibits defects in cilia orientation, the intracellular cilia polarity was not severely
affected but partially aligned. And I found that microtubules were asymmetrically
enriched at the cell boundary on the uterus side of each MCC in the wild type oviduct.
Most of Celsr] mutant MCCs maintained microtubule enrichment, but the direction of
microtubule enrichment to the cell boundaries was not coordinated between cells,
suggesting that intracellular polarities were established, but polarities between cells
were not aligned. I also found that cilia orientafion correlated with the direction of the
microtubule enrichment in Celsr! mutant MCCs. These results suggest that Celsr]
deficient MCCs retain the ability to self-organize the orientation of cilia and the

distribution of microtubule within individual cells.

In addition, I foﬁnd that microtubules also formed stripes that connected the BBs on
the apical surface and those stripes existed with a gradient, Furthermore, the
microtubules connected to the BBs run to the basal side of cells. I then focused on a
microtubule minus-end binding protein, CAMSAP3 (Calmodulin-regulated spectrin-
associated protein 3) in the oviduct multiciliated cells. I found that CAMSAP3
localized asymmetrically in BBs on the uterine side similar to ¥-tubulin, which is
reported to localize in basal foot. CAMSAP3 existed more apically, and stripe-shaped
micrqtubules on the apical surface present on the same plane as CAMSAf3 exists.
During MCC maturation, BB components (Centrin2, ¥v-tubulin, Centriolin) were
observed through type I- V, but CAMSAP3 localized to BBs only in type IV and V
cells. These results suggested that CAMSAP3 localized to BBs prior to the

coordination of cilia orientation.

I analyzed the MCCs deficient for Camsap3, and found that the orientation of BBs was
not aligned within each MCC, but the average cilia orientation in each cell was
coordinated along the longitudinal axis of the oviduct. In the Camsap3 mutant cells, the

microtubules on the apical surface no longer formed stripes and evenly distributed



around BBs. On the other hand, the microtubules running along apico-basally remained
normal, and connected to ¥-tubulin. These findings suggest that CAMSAP3 and x¥-
tubulin regulate the distribution of microtubules differently, and apical microtubules
are regulating BB orientation. PCP proteins, Celsrl and Vangll, and microtubule
enrichment at the cell-cell boundary were conserved in the Camsap3 mutants,
suggesting that cell polarity is unaffected in the Camsap3 deficient cells. On the other
hand, in Celsr1 mutants, the localization of CAMSAP3 to BBs and the distribution of
stripe-shaped microtubules on the apical sufface were not disturbed.

Altogether, it was suggested that CAMSAP3 and Celsrl are responsible for rotational
and tissue-level polarity respectively, and microtubules functionally link them, which

in turn establishes the tissue-wide coordination of cilia orientation.
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