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Roles of actin cytoskeleton-regulating factors on neuronal development and
pathogenesis of Alzheimer’s disease

Daiju Tsuchiya

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), Racl (E) and actin (F), and then the protein bands of N-WASP,
WISH, WAVE, Cdc42, Racl 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,
1P <0.01, 1P < 0.001 vs. the membranous fraction of 0-day-old rats.
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Fig. 3. Laminar structure of rat right hippocampal CA1l-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), Racl (D), WAVE (E), MAP2 (F), GAP43 (G), synaptophysin
(H) and NMDART1 (I) in hippocampal areas of 2-week-old rat brain are shown at high magnification.
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 pm.
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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), Racl (D), WAVE (E), MAP2 (F), GAP43 (G), synaptophysin
(H) and NMDARTI (I) in hippocampal areas of 16-week-old rat brain are shown at high magnification.
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 pm.
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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 magnification. Scale bars =20 pm
in low magnification images, 10 um in high magnification images.
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Fig. 7. AD brain section with silver staining. Silver staining method visualizes cytoskeletal
abnormalities of AD brain, such as neurofibrillary tangles, dystrophic neurites and neuropil threads.
These pathologies can not be observed in non-demented control brains.
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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 quantified 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.

,11,



2. ADBHICE(F S N-WASP, WISH & KU WAVE DFTE

AD i§IZ 3BT 5 WASP BYEE 8 O Ja 1E 2 S Ak L A 1M U 72 (Fig. 9). et BRI IC
BT 5 N-WASP, WISH, WAVE D Ktk = 2 — 0 )L 3 I OMRHIES 7 1) 7 i o
HIHARIC DT NITERD 532, AD BENIZ BT D N-WASP D555 SOGHE S ke B 2L bk
Wil 289 2 HRIIR IR <Y 5Nz, £z, EABIZITEET % dystrophic neurites KA
HEIZHE <D 5N, WISH ® N-WASP & [FIEkD /NS — > TEDORIERINENGRD 517z,
WAVE O 625 i3 dystrophic neurites £k 1235 W TRIZER < R0 53172,

A. N-WASP ___B.wisH C. WAVE

Control

AD ¥
Plaque

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 um.
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ERREINTVDS P, A TIX. ADIMNIZHB W T N-WASP, WISH B LN WAVE 1250
LTHBO, ZDORSE RIS AR AR 2 LB IS 2 9 2 M i 2 ABLICE 29
% dystrophic neurites 258 < J1EL Tz, T, U (L I #17z collapsin response mediator
protein-2 (CRMP-2) 7% AD i CHIINL . ##EE#HMEZLA> dystrophic neurites, —#fD =2 —
OB ALy RICEET 2 Z EMNHE I/ Y. CRMP-2 I3RS ALK T T, sk
Jebi O ke P8 ORI R L EERC 1T I T D 2%, s &nn . N-WASP,
WISH B XU WAVE |3 CRMP-2 E[RIERIZ, AD SR8 T TIZEML ., it B0 FE IOk e
BRI 5T 52 ENRBINS,

ADBMINTIES T T R 74 D00 F T N TV E RESF T ZBEEEAENHI L Tnd
ZENHLMERSTNDE Y, ARRICT LI F T AEHAETHO. FERMUY—N—THdH
% GAP43 13, AD NN THEEERENHAD L TS — T, HREEHEZ LRSS > dystrophic
neurites, —a2—OEJL AL v RITEMFEINTWVS Z EARENTND D0 Kigh Tig,
ML 72 N-WASP, WISH 3 X U WAVE AV AR AEZ LB 35 5 W13 dystrophic neurites
WRTEL Tz, F/2. AD BEINO Y EF)L 3V AEBIPERMRICIB N T AR A3 B8 7625
ERETDZEAMEINL Y, ADBFEHEZ - HHEHRTSAPP I AV T2y I TA
Ty MERMREMIEZ WIS K D, TV I DS AR NIl R R I DI RE R
HWRIERMN S ODREFRF R I T I EATREI NS O, I SITEE, MRS IL—TI1TX D,
B OMREFF 2T 5 Z ENVH S5 41TV 5 high mobility group box protein-1 (HMGB1) 73
AD HNTHEIL . ZEABEREICEAE L. S SIC AR OMREEZH(ET 22 ENHSNICE
NTW3 Y, ZhsQHIRN S, wkHEE - EEEZ2E T 2R TFIMNICERT 2 2
EMEANBLOMRRIEARMERL, RREE RS ED AD FMIER Z 5 EkE 29 nlgEENH 5
Z &, T HITN-WASP, WISH B LU WAVE 72 E D AD PN TEIIN L 7= R T2 e 2w F6 45
WZBE L. 2 F 7 ZHEEE L MR BE DB E O — K L 72 D W REED RIS 15,

BT, HARANOBFIER AD BHF OB A THSEMITICRID, Y1 - O ERYE
(dynamin-binding protein; DNMBP) &= T2} % iR (SNP) 7Y AD FIEICREET 5
e ans ", FRRKBEEBEEITICE D, Y —T 1 U B2 AR SORL] E LT
1BV 5 SNP H AD FHEICBIH T 5 2 EAURS /- "), DNMBP B& U SORLL i34kicy 7
ZEBPLICEFITREL, > F T Z/NNAOERRED ST 7 ABHEEAE Ok 592 2 &0
MESNTWE—HT, ADRNTIZHA L TWD Z EMREEINTNS ™, £/~ DNMBP
X2 OMEEN S N-WASP 72 ELFEAT 2 EFHITN TS ™ 3 5ITHRH G AN OfiliZig %
R ;T 2ANAEEICE G T A0 TE—Y —EHEF R D 1 OMRY T 12y MBS
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SNP & AD FIEICEIEH T 2 7, KE MR MIAZIC 3T WAVEL |3 CRMP-2 < Sra-1 S &K%
B L., 322 LKEMICHRBE SN THMROMESCKRACEETS ™, b2V
ZyIRURABREEMNEZETIE. F32 2 1 OBEARICK DRSS REEI N, 2
FUTPEN RN T OMAL B R B KO OBIE R T OARRZEL - B - FE, BPEma TR
DI N2 BEBREIIER S B MREROIR, S 5132+ 7 2z ER/CHiT 2 AB
PEAAMEE - BRI SR I IND ZEMREINSL 0. £z ABITX D EREE R E X .
RN TOT 7 F 2 BEROBRB I UHROBERE L BREREPERIND LT,
AR BRI K DR O ETT Hw LR AR i O FEREFL R . dystrophic neurites £ 72 & ¢
B FEIETM O RAEHEIR EMFL Z 2 T EAVRIN TN D O, Bk O i N AR EY
BORBMEAOHBZEBZS L, > F 7 AMESHRESR v N T — 7 OFECHEER2, 35
IIZ AR DEREHEZBIER I T LENIRFHH 2 7, HhFREZE LML E KR DR H DN
WEIEN AR ZFH7 & AD BIEIZB W T EDBRM RIRITHLE T 2 NI ARIZITR R O % H /s
WS, A< & B IR ERE MR ORE, 5 IO BRERER K- MR R
N AD JRREETTICEHE TH O . HWHBROMEN S5 L 525 ZENHEIN D,

N-WASP %> WAVE O AL o0 M i OIS D W T HIR A I 5 0IT/2 0 D
DH D, NEHEN-WASP |35 FRHEERICK OO Ll EN/lzATE it xs &> T
W25, Cded2 ° WISH 72 ENHEET 5 Lo FINMHANERNER S 1. Arp2/3 EEIRE DG
& EEN LT 7 F o EAEHIET S Y, /2, Fyn®v-Sre R EDFF—HITkD
U DEAEINTH N-WASP IZiEH LI s ™, 3512, (5L N-WASP IR LETT 0T 7
V= ARIZE DRI NDLT NN, HF 2 v RO VEHE TH D HSPIO 23iE (L N-WASP @
DREMEIL Y 7 F D EATER T D ENHS N ER 2 ARITTIE. AD WA
TN-WASP I3 IIL Tz, EFE, 4557 )L — 713 AD AT HSPOO 2ME/INL TH D, &
ABHEICEHENTVDS ZEE2RNHLTWS ™, N-WASP OFHHIHEBIIRATSH
M, MRy N7 — 7 OFE (REROERCMHE) 1P N-WASP 238INd 2 Z &L &%
&9 % &, AD N Tl N-WASP BELE DO INB KO EOMBIATE Z D N-WASP I
TLEL TWAAREMNZE A 5N D, —F . WAVE IEMECHREIZ RIS S WY, RS MR
WAVE [ 3B THOEHE EEEEREBRT 2 ZETY 7 F >0 Arp2/3 BEKREDREEMN
HHEN TS EEZ SN TWS, WAVEL D4, Abil % Sra-1/PIR121, Napl25 5 8%E
FEE SR WAVELTETEZMHI L TH O, G Racl B3G9 5 2 & TIOEABEEGK
MAEHEL . 7 —E72o /e WAVELIZ A2 3 EEREREGL Ty 7/ F P EHAZHEHT 2 &%
A6NTNWS ", F/-. WAVEl EHEHEESIKIZ CRMP-2 24 L TF R > LITHESL. il
RIFEIND P, I5ICWAVELIZY A 7 U kEEFF—1E 5 (Cdks) itk Ekz
ZVF, ENESFES SIS ZEbRanz ), CdkS 1 AD N TIHEMEDTHEL TBD, Y&
FIE > CRMP-2 O Yk 5 &E 29 %, U VEb I Nz U EHE S CRMP-2 3/
EOMOEHEESRNDM AR EDAROEEZL > TNDHEEZSNTHD, AD K
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IZBWTHINL ., AR ERRAEZ L T B I ER L T 5 Y & 512 CdkS 13
RIEL > F 7 ZNAEREICHEATH D EHRINTND P9, 26 OHRB K UAMR
HrOFER KD SREE O 7R E12 X 0O M0 £ PR EE M AZL L, Cde5S OIETETT
LY UEME - CRMP-2 72 EQRE Y e, THUTHED SHEENE OBAERFNEZ D,
% T O WAVE 28 BFTAICIE L S ., iR RE 2 ICB G T S e E 2 5 b,
LU, LFED N-WASP % WAVE OE AL J8 S 13 F ISl Ic B 2 MR TH
D, FLZOMOHRITEAL THERIITART Y MIBIT2bDTHS0H. b skl
FAL KRR DO b MXN T ORI - FHEHERE ORI ROEZ Hisn, 5HBOBEE LT, AD
HENIZ 31 % N-WASP > WAVE D V) > (LIRRE D fiFtr, HSP90 <> CRMP-2, Sra-1 73 & i
FEHEODWIY VEAER EMOERE EOHEEROEN., 70T —5 —DMHIcL 3
FHMH O, BRERELZFLETIRTOC EFEA DA LORBRENET SN, Zhb
DRFFEIT K D R B T 72 & AD WEERLN 5 AD FEIEICE D A Z XL N-WASP 72 &
SHEFERRIC B 2 7 D & ORIEMEN K D EEICEH S N5, H LR,

(3) HRFERERS LUCHBREERRICE T2 RIEN AD BBEEGF L= > 1 OFF
FEMEAD IZE AD DO B 5~ 10% 2 505 &S, MWW, FHEMEDIRE LW R ORE
MmO R e/ ET D, Ktk AD R OEBEMITIC LD, Fiktk AD BE#HE R RS
BEICRONDBIRTTHO, IHICERIZE DM AB(1-42) FEAB O KICED BT
ELTT L=y 21 (PSD MREESINE ™Y, PSIIZERIEEBER O#EZ L TWh 50
TEHREREHE CTH D, PS1ITy 7 LY —BEHEEKDIEEF LS FTHHEEASNT
BO., ZOEBEOBEREIZXL D APP > Notch R EDHENERE YOt > 72K I L. AB
DREEEDTAE - b, 2 < OHIIEN S 7 FIURZEOHIEICED > Tnwad Lan s ™, 7,
PSIEGNBHTZ NN RANY DR ELEEMEL, TOREZMAESTT LI EbWES
NTW5 ™, X512, PSI AIEHRMOFEE « FHEBIZITHB W THRRIMES > F 7 ATBRRIC
FETHO., RAMKICBNTHLF T ARMEBICEETH D LRI NDDOHZ ", Zh
5D EMM5. PSLIZMRERDIEREIEK L F T A BEICE G T 5HTTHDEEZAHN
27, AD N THEIER S5 (M D B8 T RE T R0 iR B FE 2R 1009 2 B 51 R T
HB, T T, SH-SYSY NI AT D 2 WITAREME b PS1 ZBEFHSEL LT, HM
fAGREN DB, 5 ITHERRICBED 2 M S EEN TFOEAEENDOZEITDONWTH
Lz

1. SH-SY5Y #ifa D AES L O BAREEER F ORI E

a2 hO—)b SH-SYSY #ifld (SYWT) HBRUEFAR D B WA PS1 Z@RFRB S E 7
DRz A A ME 2 W TSR Uiz, TORER. BAER PST ERFEHRMIL (5YOE)
BEROGNENE AD B P117L &5 PSTBRFEBMAL (SYAD) 13, 1 7 1 7 7afilie & 13
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ARk DRINIIERE S K ORHEIR Y 7 F > DJRfE 2" Lic—F. R+ > hxH 71 7R D385A
255 PS1 R EIFETIMIAE (SYDN) 1L O Iakk I Lb BRI E 2 (b 2R L 7= (Fig. 10), F 7z,
FRINEIC BT 2 B RETE AR B0 2 M- S B R T O R Bl 2 i@t L. bk L7z (Fig. 11),
ZORER, WS DONOETFIZBWT, TOMBNEREREICEENE Uk,

Phase |
contrast

Phalloidin
(F-actin)

Fig. 10. Cell shapes in PS1-overexpressing SH-SYSY cells. Native (SYWT, A), 5YOE (B), 5YAD (C),
and SYDN (D) cells were observed as phase-contrast images (upper panels). Each cell line was fixed
and then labeled with rhodamine-phalloidin. Fluorescence was observed as visualized F-actin (lower
panels). Scale bars, 50 um.
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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-specific fllI-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. SYWT. FP < 0.05, +7FP < 0.001 vs.
5YOE.
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2. ER:PS1 EREERRKS KU AD FAE & DRBIE M

SH-SYSY fMifliZ L F / A B OGEA T TR D BEAL = MRiEMia~ b3 2 Z &0vAl
5N TWSH. SYADMIUSH L F /1 VBBICK D IERITHET B I &EmmEasnTnsg ¥,
P117L-PS1 Z2FHTH LT > AP 22w 7 A3 < EBREICHRET 5 £ THEFTRE
THDHM™, PS1 /w777 b AZEW MR REEOEEL X OBEREZRT Y,
INBED T EMS PSLIZBIT S PITL A R7s E KM AD BEZA B 7L o i o 64 -
I IZEHEZRITIBNWI AR I NS, £/2 D38SA-PS1 Ty 7 LY —wiGkzE
RET PSS REZE—EREML TWD 2 &7 PS1 iR ATEMIIE O AFEL/MEICEETH
22&"EEERTDHE. RIF 2 MRUT 1 78 PS1 FBEMIIHREOTE - HMEZDHD
NI TWBE EBEZLEND, &EZAT, PIITL ZRIIEEMER XU FFEEN: AD &
B BNT AR THEEO H T HEM AR < EEHEN D AB(1-42) DFEEZRET D Z & 77,
X A BRI B B R AE 2 M T B 2 &Y RS S s, B R FE M AD B
PS1 ARIZ KO/ AEA ML X 7s EMIaGEE A b L AT Liilaz gk s 8% 2 &0
HINTNEY, ZN6DT EM5 PIITLERIZ. A b L RS EMila o 4 MHEE 2 4
LEE 570 E, HREFEAE « MESORRIEIEIZ L &35 ORFFIC & 0 Kk AD FEICB 59 %
ZENHEES NS,

PSLIZy 7 Ly —EiEEHR LS T &L TOMRES PSI HENMUOERE EHMAETH I &
RECKD, BETRREZHET L ZEDMSNTNS ™, KEHICTBWT, ZRPS1 Of
FFBICEZD, MEEEBEENTFOEREOEENEIT DI L2 R, ERYHETIN—T
13 N-WASP 73 EEREE I B4 2 Ml B 4 B K7 ST I PE W EIN G % Z & 2B S T
L7, &3 F432aF /v o7 bR BREEZRWERRIZE D, PSIISMKTEE
WRICBWTHETH D, KIMEEOBHIERRREICHRATH S I ENHSMNITR> T
%70, BED & ZAMINEHEBIEK T OFHE AN Z XL OFMIAHTH D, I 5ITPSIN
CORBANZALIEDEDICLTHEEG L TWANEHSMTIE AW, Ll AEFTFO
MERCLCINETOARZE LD TERTZE, WROFRBE - /b, X 5 ITHRIBIET AR K
BREIZBNTPSTIIN/RD BRI ET 20HRTFTH S ZENEZ LN, HIKENT &
12, BN N-WASP AN TOD Y 7 F > ERZHETT 5 LK D RNAKRY AT —FIIkE
MERTESZHET 2 2 i ans Y RNARY AS VT REEEYICBNT
mRNA BRDIFEAEZHD EEZSNTNS ZENS, N-WASP [3E & T FHOHIHEIC 4
feE9IcBE G- L TH O, oM BE K T OREBE OFE L TW S0 H LR,

BbylIC

UED#EREO 77 F P BERE T2 STREIZRICED 2 R TN E R SRRy hT—
7 DREECHERFICE S L TWE—H T, MEREAEF O E Vo AD WEIERIZ BB 5
T LR SN ETR DTz, & HITHREFEFCMRIZEBIZRICLAR ERRTELTO
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PS1 /A SN E 785 T,

BIE. R TR B2 BT D580 5 B OB 23 S 2 WIE EDEZ2 R8T
WA, AD & & - MR B E ORI DREEEIT O A N Z X AFAHALENEZ <, W< Dy
DRHEFENFIET 55 O DRRBFEIEETH D, LOLEBNS, HARBEMSDT
TO—FIZXD AD iff5E & iED . TOHRERET ST L3, AD OJFKDHEETTORE %
ML, I SIRBRELEDORIANEDRDS, Z< DN ADFKE L THEIHEIN
TWD ABIZEHL TUTITON TV S, AFEIZK DIREETICHE T EE A 6N TNnS
R LR E MR RICE H U TRt 2Dz, £/, BERERICED 2 HFOMEE
FEATIZ T in vitro MIIEFEBR R IR I N H D TH > 7203 Fox OWFZE in vivo ifERB X
YR RERKIC B W TRERNICARIT L 7245 R 28R L T 5, 85T, 5% O AD JHREDMI - %
IR OB EEE ST OAR ST, TS QR TOER S EYHIEEE DR &
EYFEEBRITDIZ> T, AR EO E LB BARMNEHINS Z E2HfFL 2N, &
BT, BRI EEERRE, THARE, FRERKE, HREAKFE2EILD E L O
FERERE B L OVEAE S O T - IR IC K DiThbifz, ZOHEEO THEHWEZLET,
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