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In the developing mammalian neocortex, neurons born in or near the
ventricular zone migrate to just beneath the Marginal Zone below the brain surface, and then they
subsequently accumulate with each other. In this study, we aimed to elucidate the molecular
mechanism of this neuronal accumulation.

We identified cellular adhesion-related molecules that function downstream of the secreted protein
Reelin, and found that their translocation into lipid rafts leads to N-cadherin-dependent cellular
adhesion. We also examined a Reelin point mutant found in a pachygyria patient in terms of the
extracellular secretory ability, receptor binding affinity, and effects on Reelin-induced neuronal
aggregate formation, and clarified the cause of the dysfunction.

Reelin N-



B X C—19, F—19—1. Z—19 (G®)

1. WFERHME S YO 5

LB RN B ORI AR 1, FEAE T MR CRitZE L, BN & X2 1 (2 11 0> - TR
FiZBEN TS, ZORE, SRS ERNCEE LT, MaE L omiEiE R sy, Ll
N5 BENRGIE SO N E T LBEI A& 2 5 & AR oOfE UMIRE L2 Bk
ETHORBEIND, TDO%, 2 H OMBHHIZITH% ) HHEAE L 7- gl B Vil S U g
GRS 3 203, B L7 RSIRm HIx—F o AR L, KE&EIZ 6 Eits L7t b,
[l &8 PN O AR ZFEAE FRF A 23 [F]) U Cy A1t K OEHE R —8RTH 0 | BHER RO O
ERISTE A SIS D DIC SR EIZ R L TWD, L LR, JEREER A B = X M3k
7EIEE A EZo TR,

Reelin (X, EIZHAMAKRMELEIDZENRET D=/ « LF 7 Z[fan 53w S i 5 b
B2 RTE T D, Reelin K~ U A TIHUIZAE N COBEIIRIC L 2 MAEEN R S
W, F7o. BEOFTET HMEETIL, LIENZRER ~ 7 2O KIMHT R E H1Z Reel in % BATHY
WCHRBLSED EMRMREEENFEINDIZEEZRH LTS, 26D E LD UHERET
TR Z DR IAREESE 1L, Reelin IZL > THERIND AIREMENRR SNz, S HITER LI,
Reelin (2 X V) M AMAR R E O N-1 R~V ARLFH 088 IR 5 2 &0 BRUN N4 B
U2 aRBNHIT 5 &, Reelin ICL VFE SN D MIEEERRICEFEZAELIEDL T L2HA
L% LTV 5 (Matsunaga et al., 2017, PNAS),

2. e EM

FEROMER LD | DFEE T CBEMRESHIIN Reelin Z2 &%+ 25 Z LIk v, MEERO
N=H RV ARTEMERERSE D A3 T0HE S v, FRHIIREEEE N B S D LR &7z, £ 72, Reelin
RIE~ T A TIIKRMHT R E OREEGE DR SN2 LD, 2 OMIIEESE D &R O
LD EAGER AN T,

AW TR, (1) RFLERICHT BE O fRar e [ CRE) 2/ X 72130 D OMRSHIiu 23 G tE
HHBIZHEH L, Reelin 12 A LD FAD=ALEHRTLZE2AMET D, (2)
F 72, Pachygyria FBFE TR D0 > 72 Reelin S BAK 2 3AE BARAMHT BB I RATAOIC BBl & &
Bl BHE SN DMBGMIEEESL N BRIERIC 72 D Z L Ao, T OE K Reelin OFRERE
A= ALEYERTDHZ E12L 0, Reelin \Z &k DHIMOEEE A B = X L OfFAZ B8,

3. WFEED Ik
(1) Reelin T & ZAP#SHIREEE A T = X A O

Reelin 545 LT~ BT, Reelin 7 F DT H 78 L LTEI Dabl 257238
BT 7 NMIERBTDHIZ 2R T 57— 2R E67z, £ 2T, Dabl cDNAIZHRE T 7 M ATV
TFNEMIMUTREL T 7 A RE/ER L CTHEHIRICEALIZEZ A, IO ORI T
N-F R~Y X R BICKRT D85 TIOEMMPED bil-, ORI G, Reelin 12X 55
bz IR T A — RIX BT 7 "IV T TN RIEDS L 725 2 L DR ST it T
Reelin HIMZICHERAIIE EONRE 7 7 MIRET 22 NIV EORIEEIT -T2, sk
IZ Reelin WsINtZ IR 2 ¥ U IR 7 7 Nl % 53 L CRTET D50 1 OREEIFNT 2170
Reelin BMOEETIEE T 7 MalEICEDAE L L5 FH#IFAE Lz, & BIZEES FOH NG,
AIREEE ICEED & 50 T 2R Lz, F7=, BEAID Reelin Fiftsr 1 CHRllREEEICREO & 5
5318 Reelin BIRIZ L VIRE 7 7 MIRET 20 E0bRG Lz, £OREE, PI3-Kinase,
Girdin, Rabepl ZEDON7-MWMEMiE L CTHE-T-, FilWV T, SMEMD TITT D, v o2 Xy
2 —ZAERLL | Reelin | XV &8 S B RAHIREEE~ DR EBE T ~T-, ZDFER, PI13-Kinase
/o7 X0 LTZIRFIZ Reelin 12 1Y 58 S 0 B i EREE B S BB REIC 70 B Z E XD |
PI3-Kinase 73 Reelin @ Fifit TN-H R~V Uil @ < Z & BNbooiz,
(2) Pachygyria BRE L B2 Reelin AT K AMERER T A B = X L DFENT
Pachygyria 3 CRIE SN 7= Reelin OEERIC L AMAERE I OWTHNT 21T o 72, FIOIT.
Reelin |2 & o TR S N D #RAMIEEESL ~ D EIZ DWW THREE L7z, BDRD KL 9o, B4R
Reelin ZF&AER~ 7 A KB EIC RATMERBL S5 EEESZ KT 5, T ONEESEILE
MMER D D | AT 2 BRI O IR 2 0k AL L, SeE 2k 2SR o HLf i O
TW5b, —F, BHEA Reelin ZFAEM~ U A KM EICRATHERILSE 5 &, BEH A A
TERL S D DSHRAN P E TIRAL T, BROMEFANT VX LA THLRIFREICRD Z
LB RO, BT, 2B Reelin ORI ~DOSWEE L RITT D720 2B Reelin b L < 1T
Hp A7 Reelin % HEK293T BEZMIMIZE A L, BRI PIZ W S 4L D Reelin ¥ /37 HE%Z
B L7=& A, B4R Reelin & Ebife L T KA Reelin TIXABISHIIAM W ENBAD L TH
D, WIZHIRENIR G ESEINL TWD Z L2 BIE LT, &I, Z ¥ Reelin @ Reelin LK &
DFEE T ZWEE LT-. Reelin S2%¥{&1% ApoER2, VLDLR, NRP1 @ 3 FHIHHE SN TS, KR
A2 LRI S, FOBRICE AR Reelin b L < I FHAI Reelin ZEERE I L.
Reelin OMIFE~DHEE L~ % LLEHRET L 70, & OFE R VLDLR (2% 3 256 J11%. B A Reelin



LB Reelin ORICAHERZEITRD SNRM > 7228, NRP1 x5k L CIREFAM Reelin & b
L CZ& B Reelin T ift/\i?)ff&—l\—ﬁ‘%) EEFR LT,

4. WF7EEk R

50 AL ERIIC B ARFESE Reelin K~ 7 ADFEAL SV TLNK, %< OAFFEEIZL Y Reelin @
WD SN TEY , Reelin ZAMRL Dabl R ED TS FNEAEINTET-, TOMRELEX
WEINTEY, BRKT & L TOWBEDOHRENH D —F, BEHIRZ U 7Hka 5 olEEE s 7 )
JLX° terminal translocation & REIZILAMIKENIT— R~D AL v F 7L L TORE L HE
SNTWD, LLARs, BEFEOREZMEAEHOETH Reelin K~ A TH L2 KEGHT
R EHEEDOWAL AT T X 2, A El. ZE 13 Reelin OF - RHEEE Th AN EE i %
H L7z, Reelin (334 KAGHT B OB IZREL TR Y | ARG 81h O (& Be B ¢
Reelin % KRTHZ ENTZXH, 4 @@ﬂnf\Wﬁ%@ﬁR%hn%%ﬁ?éi&Ki@le
DREEZ 7 MZBEI L, N0 RV ARG OMalEE D nEmT s Z L2/ L=, IFE T
7bi:VXTH~wﬁ Blr~A 70 RAA LT, AN E ORI L TlEx DZ N

BNIBET 7 MIES L, V7 TIURENIR LS EN D, Reelin 7Ty, ZDRAT
%XA%%wTLﬁGNﬁFA)/Wﬁ%@ﬁ@ﬁ@%ﬁ%ﬁﬁéﬁfwé&%Z%hé %
V‘ T, AR TN Reelin &2 95 Z L2 XV, Dabl ISMZ b EE O 52 EHE 7

WCBAITTAZLERHE L, ZOXAHD=XATLEDY, @@W%&fﬁﬂ@ﬁ) Reelin (ZBIFEL }iﬂfb
f’ﬂﬁm@ﬁ?f@@%%iL/%%ﬁﬁﬂtﬂﬂw BEEE T DA AT 22 > T D ATREME D
2D, ZOBGNEBFEICKIHT R E ORISR EN 5008 90, S%MREEL TV E T2
AN

A Al Pachygyria BBRE O 5HL72 Reelin OEEFIZ LV | Reelin T X B ARG 7584
RE. SWEE. AR E OBFIME L Reelin DB OMMEENEEINDH Z L E RD1F 7=, Reelin %
IAROBEREMATIZ, VLDLR & ApoER2 A 3@ L7- 5 A/ — ROBFENR T Th 5 3. mm% L=
°+wﬁpi 3o TR, AR OFEEI1L, Reelin @ NRP1 Z 41 U 7= BEREIRTE DN IR DI

WCEHEREZ B2 L AR LT, 5%, Reelin @ NRP1 %4 L 7= TG MAEHE O FERI 2 R L
TU‘< FTETHD, £, BEOWFEE D, Reelin BT DOERIZ X 2 FEHEEORERSE
DI ZITVDN, ZFDOFIE A T =X LT 430> TWeLy, Pachygyria (AR O E)
FEENRK EZ X LTS, SEIOMZERE RS Reel in BAn 1O B 2 LK & 3 D MHEE D
FI%% CENDHHREELHD 9 B,



4 4 1 1

Kanadome Takashi, Hayashi Kanehiro, Seto Yusuke, Eiraku Mototsugu, Nakajima Kazunori, Nagai 7
Takeharu, Matsuda Tomoki
Development of intensiometric indicators for visualizing N-cadherin interaction across cells. 2022
Communications biology 1065
DOl
10.1038/s42003-022-04023-2
Minkyung Shin, Ayako Kitazawa, Satoshi Yoshinaga, Kanehiro Hayashi, Yukio Hirata, Colette 527
Dehay, Ken- ichiro Kubo, Kazunori Nakajima
Both excitatory and inhibitory neurons transiently form clusters at the outermost region of the 2019
developing mammalian cerebral neocortex.
The Journal of Comparative Neurology 1577-1597
DOl
10.1002/cne.24634
Inoue Seika Hayashi Kanehiro Fujita Kyota Tagawa Kazuhiko Okazawa Hitoshi Kubo Ken- 39
ichiro Nakajima Kazunori
Drebrin-like (Dbnl) Controls Neuronal Migration via Regulating N-Cadherin Expression in the 2018
Developing Cerebral Cortex
The Journal of Neuroscience 678 691
DOl
10.1523/JINEUROSCI .1634-18.2018
Shin Minkyung Kitazawa Ayako Yoshinaga Satoshi Hayashi Kanehiro Hirata Yukio Dehay 527
Colette Kubo Ken- ichiro Nakajima Kazunori
Both excitatory and inhibitory neurons transiently form clusters at the outermost region of the 2019
developing mammalian cerebral neocortex
Journal of Comparative Neurology 1577 1597

DOl
10.1002/cne. 24634




13 1 2

N_
45 64 32 (Neuro2022)
2022
Nadia Bahi-Buisson Alessandra Pierani
45 64 32 (Neuro2022)
2022

Kotaro Hayashi, Kanehiro Hayashi, Takao Honda, Nadia Bahi-Buisson, Alessandra Pierani, and Kazunori Nakajima

How do neurons stop migration just beneath the marginal zone in the developing neocortex?

International Symposium: Development and Plasticity of the Brain

2022

Reelin N-cadherin

94

2021




CAl

44

2021

Reelin N-cadherin

42 62 Neuro2019

2019

CAl

42 62 Neuro2019

2019

124

2019




CAl

124

2019

Seika Inoue, Kanehiro Hayashi, Kyota Fujita, Kazuhiko Tagawa, Hitoshi Okazawa, Ken-ichiro Kubo, and Kazunori Nakajima

Drebrin-like (Dbnl) controls neuronal migration via regulating N-cadherin expression in the developing mouse cerebral
neocortex

2018 The American Society for Cell Biology (ASCB) Annual Meeting

2018

Kanehiro Hayashi, Nobuhiko Nakao, Seika Inoue, Taiji Adachi, Ken-ichiro Kubo, and Kazunori Nakajima

Reelin controls N-cadherin-dependent neuronal adhesion by a couple of mechanisms in the developing mouse cortex

40 61

2018

Seika Inoue, Kanehiro Hayashi, Kyota Fujita, Kazuhiko Tagawa, Hitoshi Okazawa, Ken-ichiro Kubo, and Kazunori Nakajima

Reelin-DBNL signaling regulates neuronal migration via N-cadherin/a -N-catenin complex in the intermediate zone and
multipolar cell accumulation zone of the developing mouse cerebral neocortex

40 61

2018




37

2018




