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il RNA T£ Kl 3 B2 = BB IR 2 B R R (R R

eSS

(] PR 2F Rl 22 B IR R AT BT, AEECPMRINEE 4 e 3l 22 e , PO L 42 R H S SR 0 2=
VS FEYZE R, dEET 100005)

TEE RN 2o P HES AR SR S Y B T RIBT B 2 1 6 SR EY, INIMH AR T i 28 R G s R RB A 0 o
TRRINRGHT B2 K& B TE BRI MLERK BRI L sh ) T B A A BS AT AR S EE SERE , o & RGBT R K
M. ASCLAMMRNA (microRNAs, miRNAs) MX4, S5G 83 L0E TAE, SE5EFRIT A miRNAs 76 KW 22
UGS R R R SE kR BIETE M T AN P P Arig P . ST 2T SRR TR I . MU IR R, ARy
Mgt — A AriE R L A T TR R, A K 1 22 04 & B ML 5 B A A S i

XS KWHILR, BATMZIE, YU, BRNA, Dicer

hESFES  Q522, Q527, Q593+.4

LB K IGH 2 2 (neocortex) EIZE R 40
b AR IR L ZE R, WRIE T L AL EIR
15 B A M A A D BRI il e 1 R
wEUFIEIERY], KNk ZERE RS8R
ARG MBS, L [ FAE (autism) . & 7 RS
(intellectual disability, ID) . & #ff 4> 2 JF
(schizophrenia) &+, A, $RFE KM K Z 1
ALV AN G DR R BB A HEE L, W
I A BT BRAR AR ST 2 R0 RBNHT K 2 AR
PIEKEMEN . 20402k, E R K2 KB
5T TS T 2 R . A SR DL
RNA (microRNAs, miRNAs) FYJA &, 47T
AR it e IR HAE R K J2 )2 OB i, el 2
TER ST oe 2 A R iER S5 T AR
H, VAR R MHT B 2 2 0 B3R o4z pL )

1 KRR R BRI K & B IRERR

JEARGERZ IR K2 Jit (cerebral cortex) FYSCHHE
HAUFHIE, WA TR ST RER LRl . B2
HA MBI 6 2451, HABUE BARLUE S
FERFAE . AR B VE B P 2 T AR A A e HE AT
S 490 (projection neurons, PNs) XA
MRReXAstEph4on, BEHEER RENh Ik
B, 2915 70%~80% ' BB~V E (XFrly BEEL
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1% )2 upper/superficial layers, UL) FE22 K BN
Shwzon, HAPHIVIZE (Layer IV, fiFKL4, F
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(spiny stellate neurons) , 574452k H ik 4RF 7
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SRR 2, T SE BRI N IR R T 5 VI
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SR EE IR A, R R S B A
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TRRBHT R JZ 2R G RE G A, AR
RV R T Ak SR [ A A S R 28 T i T
AP AT R R ZOE Mt R . HETH )2
AR AERHEC 28 T eSS MR, Rl
Wi 5 2SS I KT K2 2R o LA/N ORI K 2=
KBRG, HEEMETEE EEEMEMN
(embryonic day, E) 11.5~17.5 #E47, g higi ¥ 0 %
J& X (ventricular zone, VZ) W # £ #H 40 i
(neural progenitor cells, NPCs), Lt J2 itk i
JRANME (radial glia cell, RGC), KUK 24 av bk
1B 5 M 2800, X 28 Bl 28 OT iE 1 ik B OIR G #S
(radial migration) FIKHT R ZHHMN A E, MITE
IR B J2 i o3 J2 45K ) (K 1a, b). NPCs g
A 2 T IE IR AR JZ  (preplate, PP), FRAKIK
“Hh HL B A (inside-out) " AR RUH VIE 112 Hf2
JG, JEA R 2 TR AR 2 93 IEAR (subplate,
SP) M 1)E. fEMG A SR, =W XY
RGC 7] LUAE SR TR 20 AL, Bb an v () i 44 240
il (intermediate progenitor cell, IPC), FiF—
AR E AT Y AW IPC R 24
JCIA BB UIA G 1, TEME T AE L Z S, NPCs
BN AN (B16.5447) ™ (B 1b). fEK
Z B L sh W B K B b — A A AR IX
(germinal zones), HJ RGC IrfEM =X (VZ) Fi
IPCFIEME T IX (SVZ). (HAEKE YRR,
TEZ Ml (gyrencephalic) i fF7E/b = T IX
(outer subventricular zone, oSVZ), HHAL&FH L
AR B ETIRANE, 41 oRG (outer RG), MIMARL
KR K B A e s B rh s 0T e AR B R TN £
FEpE 2 7

TEAK (in vivo) Birthdating FR1c 7~ i S92 56 1151
FERR Ginvitro) TS T LS5 202 3
T R T 22 R DL AR B LT R T
JERL), e “H BB AR, NPCsTE
AN[E] R[] AR [ R IR R S AR 20T TRl 25
SHT T AN A S0 22 8RB R R R
5 (lineage-tracing) J/NEIsHE#00 P7, DLK
IRAME IR BRAS P28 T A0S T oAb S e 2 A5 K
AR R, B JZ AR R RIS 2T fivia
P SE T A A NPCs I 4 . NPCs HA — & AR
AIAILTN, 28 i A EAN [F] i B IR A i AN ] 2 78
AIRRZETC. LAk, XEEEIRIARY], FIH NPCs
BAHEEMOERE, K EA TN T E D
Z R (progressive restriction) , M IAfHFR 13X Loph

ZeuMk R AR B B i, NGB 2R R B R
(E11.5) BYNPCs g M I~VIZMAIT, 15
() NPCs /L REA: BJG A LY )2 e o 20 2700 8%
IMi, XF NPCs b g a2, Hiimr
AL, AWSINA B2 JZ NPCs AT B M SR IR 2%
Heirny, HHANS b 3Rk s B
Gb, FA R oo G R, s i i
— 4k (specification) , M T ARAS 55 09 41 At R
P, AR AR L AR PR DL R A
BN, 55V IE 5 KM B R 2T R BRIRIA S
PMLITCMRNA IR 2T, Hetimis i e T 278 7 2
Az B2 5 AN [ R P R (AR A, 1 9

PRI B S22 O A is P 1 40T o 4%
PR 2B R BRI OCHE, fEid Ak T2
], BE i ARA e RE, BhSLY e i
WAk H M5 F, E 4N Fezf2, Ctip2. Satb2,
Sox5. Tbrl &5 PN U M i % S F 0, DL &
Wnt P37 Notch % ZE 41 g N ANE) et 5 5. B
SRS, HEOH 28 2o aris Rk o3
T4 DL SRR AT R A B, T i —
HRARR .

2 mRNAMKIREEEXRFERELERN:
>k EDicermi B /NREI B R

miRNAs J&—FfH 0 18~25 A% 4 R 19 3K S
il /INRNA 8 3 8 4 R R R 1) 32 58 0K R H5 A0 1
YEH . miRNA £t 7T 1993 4E4 Lee 2 0 7675 i [
FFE&HL (C. elegans) AR, HIUJGEH 2 IHIEL
HRERB . BERS 10 4R, £1%F miRNAs )
AR, YERIBLET . BB SR RE S TR T K
HEBEGE 2 A SCEREHT, K29 70% /Y miRNAs
FEMFLsh Y R i 261k, HLiFZ miRNAs HA 41
RIS H KB BARFEIGERE ¥, BT
miRNAs FJ RETERH &2 RG AR B H N2 Bl 82
EH. 24 K1k, KEWFSRiR’IE T miRNAs 2 5%
MARGINEZAN K E IR, AR RS, T Xt
JE BRI, XS Y B TP AR T A Y
AT Ao AL JEEE TR, B miR-124 | miR-137 %,
miR-9 % | miR-214 " | miR-15b ** | miR-17-92
cluster ' 4& | ml R S A o] S, He
miR-132 ¥ miR-134 **/,

X T miRNAs 7E K 2 )2 Z B e, &5
(REHE K F Dicer 25 F iR/, Dicer &)L r
miRNAs 2E BT &6 75 BB, H R F miRNA i /&
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(precursor-miRNA, i FR pre-miRNA ) Jii T i il 24
[ miRNAs ' 7 PRl 0 R AT Bk 2 7T LA Ji) 422
Bt miRNAs 7E )2 R BT EZEU LS5 T Hh
WFLE)T T . Dicer i/ SSFEES.SFET: BV, It
2S5 % 43 B A R A Cre T2 B EAT Dicer %
HHERIBR (cKO) SEHFJRIRE . ARM R T HR
Cre AN 25 RIKEF, RECT A —FERYRA
(£ 1), banfd H Emxl-cre ™' 5 Emx1™*-cre '
JIr -5 1 Dicer w5 | S KB K2 J2 & 8 R 1Y)
RKAE, HA%A2—E. HP Emxl-cre /1) Dicer
SR 2 R B e I NPCs KREMT:, %
O )2 T2 2 e B p /b DA S % S

T Saurat % 17 F| F Emx 1™-cre 4 5 Dicer fi 1% 5
RILNPCs F5877 4255 VIZ IR 28, Ik
B JE I~V 24T, FESR BRI, oA
H TR B R T RE SR AR ZPERY, AN Foxgl-Cre,
1% Cre RiAFE RGC A L2 T, HAE S JL-T- A7 i
LA P I FGE, ATRES I RGC A A Y,
AR, 320 B SR M 2 ] Cre #5545 T Foxgl HY—
SRAENIIEN, R A7AE Foxgl BAREIR I AE A 4= BF
PR T T R AL 2 BN, Nestin-cre
FELIY 2 A0 2T A0 B A S A TS A S5 )
e R AE E15.5 38 B A T 21 55 A4 Dicer DL &
miRNAs &35

Table 1 Comparison of the phenotypes of six strains of Dicer conditional knockout mice

x1 AMARDicerFHRBR/NRRENRE LR
TR B B
Emx1-Cre Nestin-Cre Foxgl-Cre CamKII-Cre D6-cre hGFAP-cre
CreRIEMN E9.STFUAFRETENK  E10.5JFIRFIETE  ERSHFURRIETENG EISSIHARRIATER EI05~EIJFIGERE  E12.50FRRE
5L M40 RGC DN 7 i) T 158 =y e 2= T i ETS H 3 o TETS HHT K S5 AN
R EVH i
KMmiRNA  E10.5KEkD; E15.5 K& EILSCRIAS]  PISHP2IRIYAI W, E13.581 %> EI13.5AT Wisd;
FRRAFOS E12SEEARRMAS]  E18. 5K il A2 kb E16.5JLFRNASE]  E16.5)L-FH il
I 1] 5 AH
a5 /N, P3ORIAET: E18.5F WALT:; fH AR K P2r] WAET:; fHIE P28/ FET P18~207¢ A 46T
H A HEAFIPO AFEP21
Wik/NS R AN, K ZEW BI8.SITT M4SN W48/, E13.50 & S, s SWids. REE s, 2
2R EEANG WA, WY R, MK LI R AR T PN WL R AR s
| (SN K. dED
B
NEAEAE EI45K AT WK EISSKTMIARMIAET.  E1LSKIUEIZNME  PORTA I EIWI R4 E14.5. E16.58K W El14.5. E16.5%
W& ERRET, R MR, FEEER T M, FEE=E O HEMMRET R RN
AR IX X, fECPH A JA X P
NPCs#i & . E14.5HF HiA4NAYE RGCsHEHLK; IPsk RGCsHIPsHIH B ES/ ZE16.5HRGCsH . £ E16.51RGCs
HATE Bk, Horp TLH B R B, IPsiif RILHIERA, 1Ps B ok WH S
SVZ>VZ [N B 2 k> b, 1PsHA s/
MZIiMia  WEGmsR R JENTA date- EERERIRL ENTe SR E . R & Ta iRl
BES W, FERE LEM born) M LEMGIE WEREMZEILHE RIEZ b S8 S
EAYTH A g S R
MZERE MAEBRREY  LEMZUERRE  OFAE I fi ESiY\e WEHREEE, M I-~VERE T
S fruidBat  FEWERITE
s
KW SR JRIREERBEIR, M KRB E R, R CREIE AR IS JFIREHNRTL. W& K RBRKR E
WREBE R A RZMETTRERNE A TCH AT S W, REHKRE
JRHAL JRTEL
SR [59-60, 64-66] [64] [67] [68] [65-66] [65-66]




2024; 51 (10D

ATHETE, %F: WRNATERRH K ERRT M FHEEER

2395

AR T Emx1™5-Cre, D6-Cre, hGFAP-
Cre =it & Cre T.H BX 2 & B AR B0
Dicer #1725 M R R 15, = Fh Cre 275 it i 15
MR Z AR A B ik, (A& R D6-Cre
Fl hGFAP-Cre £ 5 Y Dicer 4% 741k i B A 2 Hh 2R
Emx1™*-Cre Jif tH B B¢ )22 % & HH I 9 NPCs R i
T2, ARMISEN K 2R B g ), il b =
Cre rift 541 +F Dicer Bl 2K J5 X FN 2 2 % & 15200
WESE T miRNAs 758 R 2 A R 28B4 2 oo i A
JP A R R B . RS D6-cre /-5 114 Dicer it
RIZJRFERIAT =AMHHE: a. WEMAITHK
ERZ TR b B aris iR, R
LI RIRZAZR ARG EER (Mg Itarizii
AiL), VAR R bR s B R KGR 2k (9114 ROR-
B+AYEE IV JZ# 28 G ERSI+AYSE V 2 #2200 5
c. TEMLITE R AT LIS, miRNAs Bk AR TE
M) RGCs (45 i A AE , DL S A liph 22 o0 1y fig
(Lt i Birthdating 5% 5 ' A5 10 40 i 1Y & d )
UL AR, miRNAs 7 R MiH 2 & & i i
REfRE 45 2 AN A 2 T G AR

3 miRNAE i3 8 2 5 SR B B 48 B B e ik

IEkFMERLE

AR IET Dicer il 55/ BB BF 58 $2 75 miRNAs
XEZRRBER, WfERIZZRMER, H2EE
PASEWEFD miRNA FE IR B2 2 2R RIS HE
JUEA — S & I miRNA e 2R T,
H LA AR AH B miRNAs X 4125 T 20 L 88 5 45k
A5, Zhang 25 ' & P miR-128 1 [n] PCM1 A
2 NPCs 11 14 58 F 53 A6 00 - 5 Let-7 K5 1Y let-
7a '™ let-7b Y DL K let-7d ' HIA R AT LA S R
PRZET- ALY oAb B, Hrp 7b A1 7d 2407 DL [
TLX RS ph & T4 e sk 775 miR-9 B fiRi& ]
DL ) 5% S 7 FoxG1, Hes1 Fl Tlx & ##% NPCs
IBEFEIRAS 0 o —SEF 5T W 5C T miRNA X 22
JLiE B R EEEAE R L 7, il Franzoni 45 7 &
PH, miR-128 7] LI 5] Phf6 JE5 M2 eyt #% . il
ZIUHIEAR DS PE . (HX miRNAs J2 )22 IKE
AL R A5 A0 22 T Zo R A A TR VR — B
FRAFIFRE

Shu &5 7 FEF0 5 B P, XTI 300 1N
INEHT R ZE R B BRI F R S A e A
) miRNAs #F 17 J5 A7 4% 52 43 Fr . DA RS T 3 4
miRNAs 7E K % 75 A [l i} 18] 55 A s 23 ek BRAE

M R T 1R 2 A R 5 R IABA miRNAs,
AR RIL T 154 BA B )22 DO X e 5 5l 258
) miRNAs 7, DIKFEMZHANE T RE, HEM
FisF e P 1) W A B AR AE ) miRNAs.  7E X miRNAs
FER KT A 743 B 1 R Bsp s X gk A7 T D Re ik
UE B miIRNAS 7 R R B il frh A H 2
YEM .

QETETIR, LS R B R R e R A
BT b2 M2 T 4 M i )F 4w iz JH 2 (temporal
patterning) FYEFE, BRI i 00 A9 B 25 T 20 e
o PUAE R AT AR AT 3 A R G B 2R AN ] JZ2 R ) 4
SHREETT, IR IoA rHEA T IR BB K JZ= 1
SRR . TR KRR E it R b, miR-128,
miR-9 Fl let-7 e 28 & A= i B 1 T PRSI TR
i H A PR AR BB, miR-128 Fl miR-9 1
PR T AR 2R IA R R EIMIE, T let-7 ZE7% miRNAs
EHE EEE . AlE, fEEZEROERGTE
Firp, XL miRNAs# B A TR K 122 fb R 4
P2 28 1 2 AR R A B TR BTN (] J2 UK 1) 22
JG, I HFABERE LA B miRNAs 75 D) RE L AH E.
5P, miR-128, miR-9 il let-7 757 J )2 AN [l 2 ik
iz Rt B b ] LLap sl (e 656 VIR | SR VR
A IV~ ZE oA ) (B 1d) o ek
i F s W b A7 fE B ) (temporal) A9
“Opposing Gradients”, #1. | — K2 LE TR
SO PR AR B miRINA [ R A
P A AT L) 1 i DR ) B A G 43 [l
ZMFSR IR, miRNAs X B2 #0268 4 i 0 o Ak v
it (competence) HAJIEAER, miRNAs A DATE
— R I M e 2 T A Y A e, IR
7 miRNAs X T4 il firiz vl 88 IRV E e, i
FEAE—E BYBFE] B 1) X eF IR 45 R 5 2 Hii Y
TR R0 77, RIS T 40 2 Bt o o) [) A e
BB ReIE 2 IR, B Ly A5 5 1
fe 1, MMICHE A R W7~ 4: (early-born) Y
ZUIEZ:S

ARERIE, %) miR-9 (/)N g A4 27 25 ok
A JTHIUERH T 1% miRNA X |2 2 )2 R K B BI52 0
Shibata %5 ' #4 & T /)N Bl mir-9-2 F1 mir-9-3 (] —
A miRNA 7] DL 2N [R] 5 miRNA JE R £z
RO, TE/ANRE A A = AR DL A
miR-9, X =AM FR A mir-9-1~3) ALGEAZE /N
W, DRI R RO B G, A 2
F1 T miR-9 X NPCs } 58 A1l [1] it 28 70 19 oAb ad #2 v
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AL PR 5 T TR, miR-9 A R 23 B4 S NPCs
(IBETERE T, RIS AEZE A A AR RS, DA T S0
FREVIE . (BRI I N RRAR A S R 0
R PUERAEIZ R /N B 45 2 R B U A AT
FERESS VIE R 20 iy S B b A2 o™
A TV )2 AL IEASIA s, PRI 2 177 B 5749 miR-9
YREJZRE B REZAE-HMMW S . b, Han
& 2RI, Noteh i ZHERIZERINEE, £
S LEMZITOMA R, 2 Rl let-7, miR-99a/
100 1 miR-125b iX /> miRNA # (clusters) 52 F(
(), ki sE—ER T let-7 % 2 MZICK T K
EHS

PRSP A58 52 4 T miRNAs X T4
W s R VR . R R — A~ EA 2
REEMII PR 2 R G AL, HA AR 28R b 22
JU B R PE = A 0 . Torre % ™ & B, Dicer fiY
S A DR S e 5 A A A T AR R, IE R
let-7. miR-125 F1 miR-9 %50 W 5 v J5 1 1 40 i =5
FEIR B miRNA X5 I 2800 (1 A B T 1), 2
NI RE A RSB R F BRI
miR-9 " FImiR-125 CREFREI) 1ERMEIEK
B P E R ERAE AL B I AN AR TR, T let-7 2 5
ST Bz J2 B bk 22 TT 1) i R X — a5 5 PR
KB VA SOZF NN BIAELR R SR e & &
YERBERL, R TR DIRE L R 5

4 miRNA i i3 8 4% o (8 B 4 40 B ) im 12 2R
ERTZMERRE

% T miRNAs X RGCs I} & Vi iz il P 5 41
miRNAs i (838 & P84 i B AR i (IPCs) M
s, Mg EARZRNEE. Biifd 24
miRNAs #5182 5 5] IPC Y fris i E, 455 miR-
17-92 %% 5% %) miR-34/449 ¢ miR-7 ¥ & H
U BF ST d PR 42 miR-17-92 5%, BianZg ) &
M, miR-17-92 & FERIIEZRFIX, HEREETH
B 2 P RS miR-17-92 K H:5% 2 [ YE 4 ml 4 il
RGCs ¥ 1, FA{EL 3 RGCs [i] IPCs FUFE7E , #k—4
FIRFFE I, miR-17-92 %% 238 1 11 1 Pten A1 Tbr2
(1) 335k 45 il RGCs A F 4k +5 LA K 7] IPCs [H6 7% .
LAY, Nowakowski 55 ' 7€ [f] — if W 4t i T
miR-17-92 %% 1 A miRNA-92b i 5= 4 ] Tbr2 41 i
IPCs (4 %, Ak, Feis ™ %P, miR-92 f] L)
YEHF Tis21 14 3'JEBHIF X (UTR) R 4% Tis21 1)k
ik, PR Tis21 () 3'UTR & S 8UL 2 FEM&ou/k

B . Z )5, Shudg 7 & HL, i FRiK miR-92b
REPEZE T A0 404k, W80/ Tor2 (A B, DT 42
AR L2 20

TiA, BALIR KRBT 5 0SVZ K& H AR P Fh
miRNAs, miR-137 Al miR-122 "% 7525 50 A1 A i
H1, miR-137 fl miR-122 7¢ j7 |2 [ )2 & A4 1 6] 7
oSVZ Wik, (HAETCHK H1 /N BUHT B2 2 P B
P IX PP FRINFHE o AE /N BT R 2 i 33k 3 P Fb
miRNAs REMEHE R 2 PR AR, HREHPLE T
AAHF . miR-137 FEAEH T IPCs, {E#F IPCs 2k
BT SR AR AS , 38 ad IPCs B9 38 2F 1M 52 1
FEMZICH A . miR-122 NIRRT 58 Ak A Al
2200, Wi HEGSHTE M2 TR RS LA AL B
WA, R 2 LR ITT AR ™ [RIAE
B YRS S % 1038 A miR-3607, miR-3607 1 £
22 1 [R1 S0 K S A R X rh 3Rk, b= 3H LA
FALHE NBAEN R ZFh RS, A E/ R
KR A . 5 miR-137 il miR-122 A [&] (1) 2 ,
mir-3607 35 F ik 7E VZ FINZE K X (inner SVZ,
ISVZ), T A& oSVZ., miR-3607 f % i i 1 i
APC R IR 5m Wt {5536 Pk, 151 42 2F 22 i (s
Y NPCs ML P 3 . A RERIE, fE/NERTE
JZ i # 3k miR-3607 AN X REAE #F RGCs 9944,
RS 22T R T ™

5 miRNAXM K EERFHETIERH
s

TERH K 2R B AR, A B 207
FLl A RE A R AN H iy, Hor s ph
22 TT 2 30 1L TR R AE RS 1Y 7 BN IR R 1 2
7, HNBISNZEZAERARZR " BRETAH,
PR RS A IR R RS 7= Mook
Y% i (somal translocation) Al %% 3l
(locomotion) ", FIIE AR (PP) MfHZITIT
Bor SR MRS B Tt (CP) [RHR
35 St 26 o0 2 3 5 RGC AR I B 3 (radial
glia-guided locomotion) K#17iE# . 78 RGC i
R gt #E v, AT DU LA B B (]
Le) 10900 JHLr Zo 0 ] RUR e 488 (A 3 A S R XTI e
SR IO IE RS FE 7 B OCE 2 Y XA
TR SRR 2O M A AR R, ) 2 TR AR
F5] F%EH (leading process) , X ICiT 4 FlE
o BHAEZEEM, §m VZ FRh R RE R R
(trailing process) , Ff & M ZITRYRIZE o
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(b) 2 J AR S BRI AR A3 1)
JatkZ b giliove 2ol
\ miR-129
miR-22
miR-124

m%gézg_ miR-129-5p — 4 Fmrl
miR-5 i
R-132
T let-7 (a/b/c...) mlmiR-9: Foxp2

REMERE o= Y- miR369-3p
miR-379-4105% { miR-543 —— N-cadherin
miR-496 —
©
—» DMR < 3
DIkl Rtll Dio3
| snoRNAF% /=
I 1 | [ /)
. GV anti-Rill Rian Mirg
R > > 3
miRNAFE-A miRNA%-B
431 136 379 323 376c 544 409
411 382 541 Ry
(@ RN T
miR409-3p 1  miR-541 4
h ’ / \ l

e Lmo4¢ Cited2¢ Satb2¢

CPN CSMN

Satb2+ Ctip2+
Lmo4+
Cited2+

Fig. 1 miRNAs regulate the generation and migration of projection neurons in the mouse neocortex
E1l miRNASER/NRITEERRGFTHETHERSTER

(a) TEMHZRICA TN, TSR IR I 5 A0 B AE Ao e 2 KL 40 0590 K o7 s T B AR U A S R S BB S i 2800 B B R Y B M miRNA
(temporal miRNA) 818 & fITAHXTACE AR AR R4/ N BRI IRHT K2 J2 ORI BT 40 M B 3 A g g . RGC: BUHPIRAZ B 40, (b) miRNAs
WML ICT RS o A2 A B SRR A A 5 3l (glia-independent somal translocation) , A5l Sk i 5 PR B o 4 i A S B9 4B RS 3 (radial
glia-guided locomotion) , & O~@D /R iz B PUABr B . OB B 2ot iy & IR IR B 40 i 10 SVZ RS ol ;. @J& £ 4 (multipolar)
BB, B e M BCRAR R B4 F RS, PR T 245, EMEMIEE; @R—RMATENEZHIEL LA BB (bipolar) JE
A, FURBIRGCEHMEH T s e B8 3h; @RITRAM 2ot iutds (13035 B, W 24 miRNAsYRIE S 5 20T
B i, FENETES B 2 g MRS, (¢, d) Mirgf& (cluster) HAYAS R miRNAsTE 7 #2850 BIE i) 845 55 VIZCPN
ACSMNMZITHYRRE . (¢) J&/IN B Mirg 2 (14 35 R 20 58 (V15 100 DA e H R mT 2 5 21565 V2l 2850 T AL iy iz D2 B9 miRNAs. Mirgf& (7 T

DIk1-Dio3 EICHEN X, - B B2 7 Sk AR S YRS B IRBE N (4 50415 B e 5% T7 100 . R I 77 HE R AR DR I miRNAsHY 73, 207 AR miRNA

#. (d) ECSMNHZIEH F ik miR-409-3pFImiR-541, 43 HIHI CPNATZE 4L T Lmo4 . Cited2. Satb2fFeik, MM ZIKTECSMNIY
firig. CPN: WEIRASESZo0; CSMN: K FEd6is s 4o,
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Abstract Laminar organization is a hallmark of the mammalian neocortex, where the orderly arrangement of

diverse neurons stereotypically forms into six distinct layers. The laminar structure provides a basis for the
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formation of precise neural circuits responsible for high-level cognitive functions. A deeper understanding of the
mechanisms underlying neocortical layer formation and cell assembly in the brain will provide a more
comprehensive insight into mammalian and even human physiology and behavior. It will also enable the
development of novel diagnostic and therapeutic strategies for neurological disorders. To achieve this, it is
imperative to elucidate the molecular regulatory networks that determine the fate of neurons in the neocortex.
MicroRNAs (miRNAs) are small non-coding RNAs of 18-25 nucleotides in length that play important roles in
the gene expression network. A large number of studies have reported that miRNAs are involved in various
developmental processes within the nervous system. This review summarizes the progress of research on miRNAs
that have been identified in recent years with regard to neocortical layer formation. We start with a comparative
analysis of different Cre-line mediated conditional knockout mice for Dicer, a gene indispensable for the synthesis
of almost all miRNAs. The results indicate that miRNAs are essential for the formation of neocortical layers,
including the determination of the fate of projection neurons and the migration of these cells. Next, we summarize
the regulatory roles of miRNAs in the coordinated execution of a series of developmental events that contribute to
neocortical layer formation. First, the temporal patterning of neocortical neural progenitors is regulated by
miRNAs. Two types of temporally opposite expression gradients and functionally antagonistic miRNAs modulate
the competence of neural progenitors by changing their relative expression levels during neurogenesis, thereby
shifting the progressive generation of neocortical neurons. Second, it is described that miRNAs influence
lamination by regulating the fate of intermediate progenitor cells (IPCs). In particular, several miRNAs that are
specifically expressed in multiple gyrencephalic species have been identified in recent years and are involved in
regulating the generation of IPCs as well as the generation of upper layer neurons. Third, the regulatory roles of
miRNAs in the migration of cortical projection neurons, including the multipolar to bipolar transition and other
processes, were presented. Fourth, we described miRNAs that are expressed in postmitotic neurons but play roles
in the further specification of different cortical projection neuron subtype identities, in particular the role of
several miRNAs in the Mirg cluster in establishing different subtype identities of projection neurons in layer V,
promoting corticospinal motor neuron (CSMN) identity but inhibiting callosal projection neuron (CPN) identity.
Finally, we discussed current challenges in the study of miRNAs in neocortical layer formation and looked
forward to future directions that deserve further exploration, such as the functions of a large number of newly
discovered miRNAs, or whether miRNAs regulate the layer-dependent pattern of other neuronal cells with layer
distribution features; the contribution of miRNAs in the rapid evolution of the neocortex, especially in the
formation of characteristic structures in the primate neocortex; and the use of miRNAs as an entry point to
explore finer regulatory networks.
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