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Roles of IP; signaling in Wnt-regulated asymmetric divisions

of C. elegans epithelial stem cells
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Summary of thesis contents

During development, asymmetric cell division is an important mechanism to
generate cellular diversity and to maintain self-renewing stem cells. In C. elegans
development, most somatic cells are polarized and divide asymmetrically to produce
daughter cells with distinct fates. These asymmetric cell divisions are regulated by the
Wnt/b-catenin asymmetry pathway that utilizes components similar to those of the
canonical Wnt pathway. These components localize asymmetrically in the cell. For
example, APR-1/APC localizes to the anterior cell cortex and regulates asymmetric
nuclear localization of POP-1/TCF that localizes to the anterior daughter nucleus.
Most somatic cells show the same POP-1 asymmetry and, hence, have the same
polarity orientation. However, the mechanism to orient cell polarity is a mystery.

To reveal the mechanism that orients cell polarity, I focused on inositol
1,4,5-trisphoshate (IP3) signaling that plays roles in regulating cell polarity. In this
signaling, phosphatidylinositol-4-phosphate 5-kinase (PIP5K) produces
phosphatidylinositol 4,5-bisphosphate (PIP,), PIP; is hydrolyzed by phospholipase C
(PLC) to produce IPs. IP3binds to IP; receptor (IPsR) causing to release of Ca?* from
endoplasmic reticulum (ER). This increased cytoplasmic Ca®* in turn activate several
cellular processes, resulting in regulation of cell polarity that is required for the
direction of cell migration, the formation of cellular protrusions, and cell-cell
adhesion. However, the relationship between asymmetric cell division and IP3
signaling has not been studied directly.

I examined the ppk-1/PIP5K functions in seam cells which are epithelial stem
cells that repeatedly undergo self-renewing asymmetric cell divisions. Each seam cell
is polarized and divides asymmetrically giving rise to an anterior daughter that is
terminally differentiated to the hypodermal cell and a posterior one that remains in the
seam cell fate. | found that ppk-1(ok1411) mutants had a defect in asymmetric cell

divisions of seam cells by observing fates of daughter cells using elt-3::GFP (a
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hypodermal cell marker). Their daughter cell fates were swapped with each other
compare to those in wild type (reversal phenotype). Furthermore | found that the
orientation of POP-1 asymmetry is also reversed in ppk-1 mutants. These results
indicate that that ppk-1 regulates the polarity orientation of the seam cells. The
reversal phenotype in ppk-1 mutants was fully rescued by expression of PPK-1 under a
seam cell specific promoter, suggesting that PPK-1 functions cell autonomously to
regulate the cell polarity. I found that mCherry-tagged PPK-1 localizes symmetrically
to the cell cortex and regulates the asymmetric localization of cortical APR-1/APC,
judged by GFP tagged APR-1. | revealed that IP3; signaling components (PLC-4/PLC
and ITR-1/IP3R) act downstream of PPK-1 by analyzing genetic interactions among
these components. Based on these results, | conclude PPK-1 regulates the APR-1
polarity as a component of the IP3 signaling pathway.

To further understand ppk-1 function, | analyzed the genetic interactions
between ppk-1 and three Wnts genes. | found that the reversal phenotype in the ppk-1
mutants is suppressed by loss-of-function mutations of cwn-2/Wnt. Furthermore, the
reversal phenotype in ppk-1 mutants was enhanced by the overexpression of CWN-2.
These results suggest that the reversed polarity in ppk-1 mutants is caused by cwn-2.
In contrast, in wild type, cwn-2 promotes the normal orientation of cell polarity,
suggesting that cwn-2 has two functions promoting both the normal polarity
orientation and the reversed polarity orientation. How does cwn-2 have the two
opposite functions? To answer this question, | analyzed the genetic interactions
between ppk-1 and six Wnt receptor genes. The reversal phenotype in ppk-1 mutants
was suppressed by each of lin-18/Ryk and mom-5/Frizzled mutations, suggesting that
each of 1in-18 and mom-5 is necessary to promote the reversal phenotype in ppk-1
mutants. From these results, | conclude that cwn-2 has two functions promoting both
the reversed polarity orientation through the Wnt receptors (LIN-18 and MOM-5) and
the normal polarity orientation depending on PPK-1 activities. Based on these results,

| propose ppk-1 is a switch that determines the CWN-2 function. Since IP3 signaling
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and Wnt signaling are highly conserved among metazoans, similar mechanisms may

also regulate proper cell polarity in other organisms.
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Summary of the results of the doctoral thesis screening
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EHIAOTHER SR F el (Epithelial stemcell, V) IZ&FH L.
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FERICEH S AEV MROIERIFRSRICEDLDL Z ENMmoN TS Wint &2
F VR D WRM-1/B-4 7 = > . ARP-1/APC, POP-1/TCF @ #i N JR1EDS ppk—1 Kk
TITBRFICRDZEEBRA Lz, X ppk—1 7 Wnt > 7 F IV 20 LA
k2B SHETNDEZ EERLTWD, & BITIE, ppk-1 & OBEFHIFEAAE
FFRNT 225 . anterior Wnt T 25 CWN2 DREBERBIZ LV ppk—1 D3R LM
INHZT &, ECW2EBREIEBICLY RPN RBEINDIZEZRH L, &
BICEBMIBENTIC L D CWN2 OZ R E LT < MOM=5, LIN-18 23387 7= & il i i
PEDOWRRIZMNETH D Z & BIER Lo, TiE CWN2 2 & il Ja ik~ & B8 2 %
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