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1) Roles of Cdc42-Pak2 signaling pathway in the control of cell-division axis:  T. 

MITSUSHIMA, F. TOYOSHIMA and E. NISHIDA. 
 

The spindle orientation is regulated by the interaction of astral microtubules with the cell 
cortex.  We have previously shown that spindles in nonpolarized adherent cells are oriented 
parallel to the substratum by an actin cytoskeleton- and phosphatidylinositol-3,4,5-triphosphate 
(PtdIns(3,4,5)P3)-dependent mechanism.  Here we show that Cdc42, a Rho family of small 
GTPases, has an essential role in this mechanism of spindle orientation by regulating both actin 
cytoskeleton and PtdIns(3,4,5)P3.  In metaphase cells, Cdc42 is localized and activated in the 
midcortex.  Knockdown of Cdc42 by RNAi suppresses PI(3) kinase activity at M phase, reduces 
the accumulation of PtdIns(3,4,5)P3 in the midcortex, and induces spindle misorientation.  
Moreover, knockdown of Cdc42 disrupts the cortical actin structures in metaphase cells.  Our 
results show that p21-activated kinase (PAK) 2, a target protein of Cdc42 and/or Rac1, plays a key 
role in regulating actin reorganization and spindle orientation downstream of Cdc42.  Surprisingly, 
PAK2 regulates spindle orientation in a kinase activity-independent manner.  βPix, a guanine 
nucleotide exchange factor (GEF) for Rac1 and Cdc42, is shown to mediate this kinase-independent 
function of PAK2.  This study thus demonstrates that spindle orientation in adherent cells is 
regulated by two distinct pathways downstream of Cdc42, and uncovers a novel role of the 
Cdc42-PAK2-βPix-actin pathway for this mechanism. 
 
2) Genome-wide screening of the kinases required for the control of cell division axis:  S. 

MATSUMURA, M. HAMASAKI, M. EBISUYA, T. YAMAMOTO, E. NISHIDA and 
F. TOYOSHIMA 

 
       Proper spindle orientation, which is crucial for the determination of cell division axis, is 
essential for morphogenesis and embryogenesis.  Despite proposal that it has an important 
function in tissue organization in mammals, the mechanisms regulating spindle orientation have 
been little studied outside of the invertebrates S. cerevisiae, C. elegens and Drosophila.  We have 
done a genome-wide screening of the kinases required for the spindle orientation in HeLa cells and 
identified five genes essential for this mechanism.  Inhibition of one of the kinases with the 
specific chemical inhibitors results in the spindle misorientation in both HeLa cells and in the 
epithelium cells in the mouse skin, suggesting that this kinase plays an essential role in the spindle 
orientation not only in the cultured cells but also in the mouse epithelium. 
 



3) Regulatory mechanisms for the integrin traffic during mitosis:  A. ANRAKU, S. 
MATSUMURA and F. TOYOSHIMA 

 
       Integirins are the major cell surface adhesion receptors for ligands in the extracellular 
matrix and play essential roles for cell adhesion, migration and the maintenance of cell polarity.  
The importance of the endo/exocytic cycle of integrins as a key regulator of these functions is 
increasingly recognized.  We have studied on the integrin traffic during mitosis, and identified the 
kinase that is required for the correct targeting of integrins to the adhesion sites and the cleavage 
furrow.  This kinase has shown to be required for the integring traffic during not only M phase but 
also in interphase.  We are now trying to identify the substrates of this kinase during integrin 
traffic. 
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