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ABSTRACT

   The actin cytoskeleton plays a critical role in the cellular 

morphological changes. Its organization is essential for neurite 

extension and synaptogenesis under the processes of neuronal 

development. Recently, N-WASP and WAVE have been identified 

as key molecules, which specifically participate in regulation of 

actin cytoskeleton through small GTPases. The functions of these 

factors have been investigated using cultured cells; however, in 

vivo developmental changes in these factors and roles of those in 

neuropathologies are not fully understood. In this article, we show the 

results of our studies on these factors in developing and Alzheimer’s 

brains, and discuss the roles of those on neuronal development and 

neuropathogenesis.
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Fig.1. Putative mechanism of actin cytoskeleton regulation by Rho and WASP families.
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Fig. 2.  Developmental changes in protein expression of actin-related factors in the rat cerebral 

cortex.  The cytosolic and membranous fractions of cerebral cortices (age: 0 and 3 days, 1, 2, 3, 4 and 

16 weeks) were subjected to immunoblot analysis (upper panels) of antibodies against N-WASP (A), 

WISH (B), WAVE (C), Cdc42 (D), Rac1 (E) and actin (F), and then the protein bands of  N-WASP, 

WISH, WAVE, Cdc42, Rac1 and actin were assessed (lower panels).  Each value is the mean ± S.E.M. 

of four rats.  *P < 0.05, **P <0.01, ***P <0.001 vs. the cytosolic fraction of 0-day-old rats.  †P < 0.05, 

††P < 0.01, †††P < 0.001 vs. the membranous fraction of 0-day-old rats.
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Fig. 3.  Laminar structure of rat right hippocampal CA1-dentate gyrus (DG) areas.
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Fig. 4.  Immunohistochemical localization of actin-related factors and synaptic proteins in 

2-week-old rat hippocampal laminar structures in CA1 and DG areas.  Immunoreactivities for 

Cdc42 (A), WISH (B), N-WASP (C), Rac1 (D), WAVE (E), MAP2 (F), GAP43 (G), synaptophysin 

(H) and NMDAR1 (I) in hippocampal areas of 2-week-old rat brain are shown at high magniÞ cation.  

Abbreviations: strata alveus (A), oriens (O), pyramidale (P), radiatum (R), lacunosum-moleculare (LM) 

of CA1, and molecular layer (M), granule cell layer (G), hilus (H) of DG.  Scale bar = 400 m.



CA1

CA1

Fig. 5.  Immunohistochemical localization of actin-related factors and synaptic proteins in 

16-week-old rat hippocampal laminar structures in CA1 and DG areas.  Immunoreactivities for 

Cdc42 (A), WISH (B), N-WASP (C), Rac1 (D), WAVE (E), MAP2 (F), GAP43 (G), synaptophysin 

(H) and NMDAR1 (I) in hippocampal areas of 16-week-old rat brain are shown at high magniÞ cation.  

Abbreviations: strata alveus (A), oriens (O), pyramidale (P), radiatum (R), lacunosum-moleculare (LM) 

of CA1, and molecular layer (M), granule cell layer (G), hilus (H) of DG.  Scale bar = 400 m.
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Fig. 6.  Distributions of N-WASP, WISH and WAVE in rat cultured neurons.  Neurons were 

immunocytochemically analyzed using an antibody against N-WASP (A), WISH (B) or WAVE (C).  

Fluorescence for F-actin labeled by phalloidin and MAP2 labeled by the antibody was also observed 

simultaneously.  Filopodial structures of a neuron are shown at high magniÞ cation.  Scale bars = 20 m 

in low magniÞ cation images, 10 m in high magniÞ cation images.
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Fig. 7.  AD brain section with silver staining.  Silver staining method visualizes cytoskeletal 

abnormalities of AD brain, such as neuroÞ brillary tangles, dystrophic neurites and neuropil threads.  

These pathologies can not be observed in non-demented control brains.

Fig. 8.  Protein levels of N-WASP, WISH and WAVE in control and AD brains.  Samples were 

subjected to immunoblot analysis for N-WASP (A), WISH (B) and WAVE (C).  The immunoblot of six 

control (open column) and six AD cases (hatched column) was quantiÞ ed by scanning densitometry 

(lower panels).  Each value is the mean ± S.E.M. of six samples.  The density in individual control (open 

circle) and AD (closed circle) cases is also shown in B.  *P<0.05 vs. the value in the controls.
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Fig. 9.  Immunohistochemical localization of N-WASP, WISH and WAVE in temporal cortices of 

control and AD brains.  Brain sections from control and AD cases were immunostained with anti-N-

WASP, WISH or WAVE antibody.  Photomicrographs show N-WASP (A), WISH (B) and WAVE (C) 

immunoreactivity in control sections (upper panels), AD neurons (middle panels) and plaque neurites 

(lower panels).  Scale bar, 50 m.
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Fig. 10.  Cell shapes in PS1-overexpressing SH-SY5Y cells.  Native (5YWT, A), 5YOE (B), 5YAD (C), 

and 5YDN (D) cells were observed as phase-contrast images (upper panels).  Each cell line was Þ xed 

and then labeled with rhodamine-phalloidin.  Fluorescence was observed as visualized F-actin (lower 

panels).  Scale bars, 50 m.

Fig. 11.  Changes in protein levels of morphology-regulating proteins.  Protein samples of 5YWT 

(WT), 5YOE (OE), 5YAD (AD), and 5YDN (DN) cells were subjected to immunoblot analysis of 

antibodies against Cdc42 (A), N-WASP (B), WISH (C), neuron-speciÞ c III-tubulin (D), actin (E) and 

vinculin (F).  The density of protein bands in 5YWT was taken as 100%. Each value is the mean ± S.E.M. 

of three determinations.  *P<0.05, **P<0.01, ***P<0.001 vs. 5YWT.  †P < 0.05, †††P < 0.001 vs. 

5YOE.
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