THRRSERR RS 3:37-55, 2022
doi: 10.34445/00000294

#5
ey

% REVERR RN O 38 P € 12 B 1T B FEZ2 A A &

FHAE BRI DI

VAR R 7, A

FHREERLRSE A EER AR

HFTHIO T~ 7 ARHERAIE A 7 S ITH S 40 F£HE L, — Mkt ohTh LBl oihEs
HiIlTaZ etz ca, Ztmfilal vwiid, 4T 2mAEREEI Mise LTR RSN T
VA, IREEEIIEAME L E MM AIE D o XS BIR T UL FET 27200y — L TH Y, KR
Z—AEDLETEOHRENIRE RN EZRITTETwE, 2L THRA AL, Zretisilifaositigs
IEREZHIEI L, HEYOMIE 2 @R T 5 20 OGRS ICRER Y HATE 2. o0 BE
LOERTEERICIE, EEWORO ) 2400 JeAEY e L, L OB TR EGBIR 2 La

Yo CHIlS A HEMEDRE RF 2 R L TE 72

AEECTIEERMAT 7 O 2 & 72 2 S A R 22 gE IS D

WTIRERINZ > THELL ©0, FPRBIE Rz L CE 2 HE ) ZETHAT L L L LB II5ERD

ZRNBZEIZOWTHST 5.

F—T7— N SrettEE, RIEA, AR, FAERE, A

iFL&IC

AW O P A RET) & #EALEY 7 B D & R <
& RIGR R B E HOEA DI TS
LI EFHONTL, RENRERE LT
TFNTRATINFELTH LD, TNHDE
WIZBE HOBMEY A7 4 2 AICHHE L,
KoMk T EHETELZ LB NT
WwWa'Y = THkA e O ECHEERIZS
BHROBER R ERENTH Y, KoMk x AL
TEHATELRNDIAELTBLT, FHAR

* EHEE
T607-8414  HUHRIFF HUABTIT LI} X8I v AT 5
FAREERNRE  MAERER

SAH 12022 4E2 B 1 H, SFEEH 2022452 B 25 H

PO TZLWAEYTHL LD, ZOHHE
2wk 5, A NI ELREE O
L FICAN, S 512050 b B
BDHEMEFICANL) ELTnD. Roffl
fhw B & A & TRl D FEERR O FEH )
ZImL B WRBRICEZ TETBY, ANENE
{LOBETFRLCL > - HOHAERIICE
1 % R 72 70 TGP N % PR RNC & o TS L
L)L LT, ZoBERIIIWETERLIIZE
)V — ADQFHM AR 5 ND A, I
LABARBREEZZFCEZ0IE, TNFET
k% LEEbNTE 72BN R OEE DD o722
EEENTIEWIT RV, FIZEEZYOESCD
WD FEEAW TR R OMRE LAY T
B 23EE, Fex 25l % BTEICHES

TURRSERL RS T 553 %% (2022) 37



2 ReVEEAII O B A g C BT B S & FFAEERANOFRE

LIz ODOFMReE 2 T OHME R ->TD, B
1E DR ZE 2SI G % i OR BRI S8 T &
TWVADIE, ZOLHE % BB Mk
BB oT,HTHY, ZNE THEDHEN
THFENTE 7L hR A EANT e8I & FFAE R I
DFEBUCANTTOHRCAT —VIZEAL TV A,

ZHREME R DR L

Zhetimiiialx, 5w aMicsity 5%
Grfbig & MAIBRICHHC & 2 H O A5
LA T 5. MR TRIO T S 7L RElE
FElEiE, ~ 7 2 OSAEIN O WEHHLSE A & 18
SN IEEEME (embryonic stem cells : ES
M) THH, InooMiBE B TEET S
Betlr S g (2 ffe sz S 7z ES MO B3 <
NFETEHIND ) & THRIHEA TV FEA
Wt D 5B RGN & 20 W RS AR SRS B
PRI SN2 TR, TORNIZEN LT
& EF Mg DT RS O I ORE =
FWTE 2, 7 R ESHIBEAE L S 7z 240
DOfFVEIX, ZOmVE X TIERBEER G2 L7z
BAFUE~ T ADERTH ), BAEOMBIET
WY A% HCTIRFES— IS 5 7z
OICEEREE AR L&Y FBMT
Ko tile 2 H 78T & 2 L) 12k o 72
Zlid, ERFEEEED 7SV DRERR
ZOVEHETOMIIIRE CEKL TB Y, Al
232 ek % HEFE S DAL AR RIS BT
% B THERE 2 MR O sy e O 53 TR O 1%
MR STV 5, FRIZERBIEOHMERICER
Y TP VR ZALEM ORI X > TABR
WIS 5 kS, 2T B ), mitogen-
activated protein kinase [HZ%]Cd % PD0325901
& glycogen synthase kinase 3p @ [HE#] TdH 5
CHIR99021 O 2 FFDOALAW) % ~ 7 A ES iz
R T LA Lo EAT IS R v 7 F

38 | LUARSERLRSEALE 453 % (2022)

VRS 5 2 & T, MERT R R LHERRIC
EH K Td 5 leukemia inhibitory factor DR
M7 LT, MEEREEOIREY LRREICHED
CENTEY, SHITEF AT YT AR
FOM IR LA LR FFT05,
Z D%, ES #M O  HA O B 5 1T B A
Bz CERBEICHEKL, 7H 7N (Macaca
Mulatta)®, <~ — F -+t v b (Callithrix Jacchus)”
@ ES M A3 37 & 41, 1998 4F 12 1d University
of Wisconsin @ Thomson 52 & - T, RNIHEIGE
BT BN NTIAEDO BRI A S & - ES Al
Faasiiar &7z 2ok, HATIE 2003 4F
WCHERFOKES 2L o Tk b ES Mg AvH
MERTWSY LaLe bESHIfZE, &b
DEMOEHF T b 2RIz R L THIZLT 5
b, HARTIIMEN 2 IR L <, &
EIFFEIC VB IZ RN — FUid o7z 2
DL RREROL LELGLI-ONNTELHE
PEEEHIAY (induced pluripotent stem cells : iPS A,
TdH 5. 2006 4, FHRFOEESE~ Y A
ORI 4 D OBIETF 2 TREIFEH S & 5
T LT, iPSHIE ALY 5T LI L7
SHIZHEEIIT e b iPS MBI S, A
o 72 R ZE OB IS IR & i &
DFBHZ Lo,

E b iPS #ifaOBIIAEDOWR

© b iPS A OB I & o THARREIA
DOES—5IEmE ) % 728, B shs:
L iPS N IE VL OO EE R TWw»
72, FF =2 HOFEEL iPS ML 7 12
TLEETOMAEDLETH L. iPS ML Z B
ST BICIE, RHIIEIC 4 O OE(ET % 5B
SHDWEDH B, BIIZHWD 4 ODER
T B 1DH -Myc &\ ) JEEE R 1T
HolrbwnHTETHE., ZOHIZOVTIE,



Myc D7 7 ) —#{nFCTHEMEEZFL 2w
L-Myc |Zi& & ¥ 2 C & iPS M3y c& 5 2
EARENTWEY, ZOHDMEE LT, iPS
FMREOBIIZIZ L a4 IV ART & = H»
5NTEY, 7 A DNA ICHHFEEZETSAS
Z L5 ) L DNA OREENDZEDS KRS
ENTWz, ZomHiZ2nwTlE, LhooA
AN Z—=DRbDICTEY =<y 7=k
W) 7 5 DNA NOBRFIRA Z D v
75— VB TESHL S Tn2Y. F72
BB/ E LT, BB 7% 528 Ak
w2 AE ) ARMESFMIAL 721 T2 <, BRIMCRAEICIN
BT E D ARMIMEREER S TOBITT 52 &
AUEETH Y, BAEOB T Z OFIY I
RHERZFMBE LT, Y-y ¥ —
i NAVAL: VAV e/ 3 | =% A QAR

b b ES/iPS ffiEEiED—AR1LIC
I |F F=$2 i 5

bk iPS ML OB AN X, FNF TRATL
TH#D LN TE7- b ESHIFL R & Ik
L TWDREGDE L, B e —ifb s
5 ETIEEBN YRS ERONTE. £
T b ES AL MR R T A BRICEH AN E
7oDlk, H—HMIRIZAET 5 2 & LT
T THLIETHDH., T LrbLitRE:
I2&2e FESHBOMROEIZITan=—%
H—llg oo s s, »H5REORE S OM
T % HEFF T 2 £ 9 10T 2 LESH Y,
REA79 72N DO EEZRH A 51213
WEAT AR S, RE L7oMERRE R A T 50
N—EFTThotz. TOMERHILI-ON
Rho kinase [ & # T & % Y-27632 T & 5.
Y-27632 IZMB G EA D & SV ZEL L TR -
ANz X B HIAE & BRI IIHI L, MERRRE 2 0%
RKEMBEIZH EEEL IR LY. £7-
MEFREE R 2 B LS B F SR KT R o

PRy R, Al

AR EATEBY, Oy NEISRERKT DM
EONEE S RFEFPFEROAN— DS HRELE 2o
TW7zhs, BUHETIIBERI OB 3 & ORI A S
% HEEHAHEE S, L L 7o RE 2 & SEER
HREPEONDL LI >TwDY. Ttk
vk ES/PS filfd i, BiHkD 7 1 — & —l
Ju L CRifEL Tz, BAETET I =
511, IV 52l BEE-A FAY U lD
BRI TR T B C LSRR L T o 222,
BIfE v~ BSAPS ML, & TEBEMORS B &
USHHEE & 72 B85 H, JRE, i = w724
FECEET 2 2 LAREE 20 D), FIFEAS RO
Bkom EIZRE CHIL T 5.

MREED7OL R LEHEAHD SD
wRgE

72> C Spemann & Mangold 7347 > 721 £ V)
HEOBMIEERIZ L D L, [ F)ROKIIEES
2O EYRICRAEE $ 5 L, BALZED
HEIIEA OB LEBZ AT 5 K
BEREET 2 L& /HLTWY. Zhid
Spemann D % — 7 F A HF—Wf5g L L TREE4
TH Y, FHIOEFEIIITMEE % & ORI %
FET LMY F—HF A=) BEEIhTw
LI EMNEESNS, Lo L, UBREONFEAM
TEZOFFEEEZWPSPIZTHITIIEST,
ZNONRHS P % o 720X PR DL E % T
& o7z 1992 475 1994 412207 T, noggin,
chordin B X U follistatin 7%, JE I EHICE T
N2 M) 7o RN T & L CllE S 72,
INSOGT O ZITy 2L, 2o
OREFIFER, MM EFHET 20 TIdZ%R<
bone morphogenetic protein-4 (BMP-4) X° activin
DOREx HET 2 2 & THIREDB L UHNIREA
DAL EIHIL, ZORER, M EREE I
FENRENFEINL L) T L L
Hofs, TIEAEV ISR R TERCH

TURRSERL RS T 553 %% (2022) 39



2 RPN O T iy P 7E |

HEW THEL THALNLIEET TS T LTDH
0, BIFE T ES/iPS Ml 2 FHT > 72 1 e 5 S5
FOWKE BT EZ T L B> T D™, FEEE
ES/iPS Ml 13 R - ALIRTE % MEFF 5 5 7200 | 21l
HFRIME R % O HF %% &
By THIE T 575, AMNAR R BIE T3 e wik
RECHIET % &, BREMISHEIMEZEANMES
52 ENHHNTBY, ES/PS Mg oML
DT 7 4N M DHHRERETH D 2 EATRENT
VBN LT 5 S L BRI, BS/
iPS Al D T E B AMEINEETH L L &
FH L7-HEESIER R TETH Y, BRI
FFEIMRZEANSME S 2 @A ISR R T 2 i
s 2 MEEF RS — kI Th o 72, BAETIE
noggin, chordin 3 & O follistatin D FEFEIZ /L&
WicE &z 5N TBH, BMP-4 HEXTH
% dorsomorphin & lefty/activin/transforming
growth factor-p [HEH]TdH % SB431542 DD D
L&MW % FER RT3 2 L THIRES LU
WIREEAD b2 i BE L, s a2 i
PRFEAFEST L LB WREL 2o T,
Z DJj S dual-SMAD FE S L IHETHB Y,
BAEOMRFEEOBEN L TEL o Tw
%M,

BHOHEBILICKBMANLE /A1 FD
B3 C

b b ES/iPS Mg 20 & ML FHE 24T 9 W
RELGI T OFENETONDL, —D
13, Mg E RE RIS HEAE S8 5 “OTA R
Thab. ZHSENIZTRINT 58V T 47>
RALEM R —ITNETEZ L2 s, MMilao
LB E H L RERMIEL I ENTES.
b9 —2l, IEEEME (embryonic body: EB) &
VO M A #R D R TH LY. ZolEIES
ITCHEART R L 3R L), =R "B %F
L QW B G R & VR LAERE I 24T ) Tk ©

40 | GURSEERIRERE 5535 (2022)

BT B EF R & PR OFE R

o, BAEOF VI A FHF%EIE, T @ EB
EEAELTB) EBBRNTOMBEMK I I 2=
F—rvarve, FEETICEINLMRL RET
DING 2 AD b &ETRHEICBEITER S
% Z L TR SR SN D EEZE 2 5N T
V5™,

2008 4F (2 BALZABEJE AT DK 4 512 & > THi
& 72 serum-free floating culture of embryoid
body-like aggregates with quick reaggregation %
(SEEBq i) &, FEHANEORTE Y 2 )V IZH—
AR L2 23 L 72 BS/iPS Ml il 2t I - 72l £
PETHRET 5 2 & CRHMICEHEN RN 5
BECHr. ZOKEEHCDL I L THRERE
MY Ml —EICTE&, SEHRORE S
DIF—PEH Rz, FBUEOE W FHEFEERA ]
REE o/, TCONETHRFELZIT)
& THSE R & B L 72 B CAHLERALIC & 5 KK
DEHEDOEH O RSN TVE (K1), &
512 2013 412 Institute of Molecular Biotechnology
of the Austrian Academy of Sciences ¢ Lancaster
DIZL o THE SNIZHETIE, EVT 47>
RHEER T 2RI 2R Y 7

(2Ot > T S M7 MIR S O Ml L %
INAF )T 75— THRIPEET 2 2 L TH
BEATIWELE, L) BRRCHMEL S KEED
TR & TRELC LT 2™

tt&YERWEYIFraryiro—n
IC & Z2HEEBEN L HESE

t |~ ES/iPS #i i i s iE M & A v 72 R
BRSO AN —Ty VAT ) —= v IR A
TN OEHEIFZEA D S5 TV B A7,
ﬁﬂ%@ﬁET%ﬁﬁ@%ﬁVlof%ﬁﬁﬂ
oTHY, SHITITMREAEZ L ICEELZ
H%Wﬁ%%@ﬁﬁ%ﬁ&é_a#ﬂ%ﬂfm
. Bl N=F v mEThHIUL, Ko K

I UMEAEIRICEE T AL, Ty



PRy R, Al

CTIP2/FOXG1/Nuclei

Pre plate

Subventricular zone

Ventricular zone

X1 SFEBq#:% VTl hiPSHIa SEE LA RMA V7 4 K (F# 20 0 H). FOXGL M GR) 12
& % ventricular zone 3 & U subventricular zone |24 3 % J& & CTIP2 B Al (k) 12 & % pre plate (A3 4 =
WEPN TR ENT WS, A —)b3— 1200um (£), 50 um (F).

A B

\ B WNT
SR ///

& - 20

SHH

wm::;7

B BB AP

N
oo
=
i
oo
=g

K2 ZEBRICBIT S MNOHEEBILICED S > 7T, (A) ISEESRICBIT 2 EEHE0 58 (B) T
FEHEMARIZ BT B L & /84 — = > 7K. SHH: Sonic Hedgehog, DKK1: Dickkopfl.

INA R —IHTH USRI E RIS 70 & IR #H 2
A B THEEISE S R S5 B ko T
iPS MiE HI SR AREMINE 2 T W 72 WF 98121, R
T EATH R & 7 B AL OFFEMIIE & FVTET
VBN D 5.

BHEBI ORI, I, Hl, Rz &
DB L OO ENT D (X 24).
MOFEAEBBICBNT, ZoHELETEL T
\» % @ fibroblast growth factor (FGF), WNT,
Sonic Hedgehog (SHH) 7% &EDENT + 7 » T
HY, Wix s s P RAEER ORI TH 5 MiEE
&, COENT ATV OREARIC L7255 T
B D AL AHE ATV (Y (B 2B). Z D%
S BT B HIBALO 5T Hf§ 1L, & b ES/PS
HMilE A S MR & FET HEICbInH ST

Wh Thbh, WRFLERICB W CLER
ENT ATV EBED RS A IV T CHEY LR
THEST B2 212X >, BIHREMIEZ S
720 T KOS AR A 1ED 5317 5 2 & AT
E50N FLEINLDELT AT D) BN
LOPIMEEM L > TEFDOBEFEERZ D
CENRETH Y, LEREEICHED RSSO
AR & B SN > CIEMlCa Y bo— L3 5
Z & T, MFEAORREY - 2200 2 BB bR
EoTwh, I TIIEBOILE Y & HAE
b¥DZET, 1TEAEDRHEB ORI
FESHENURRE o> TWBEYY (%),
RrlzzoFHmare s McEOE, LAWIC
237 FNVay ha—VEBEICTD 2k
T, b MiPS Ml 5 RGN X ) MS

TR REAE 553 % (2022) 41



ZREPERANNE O AP (2 B U B 3FRYHIE & FAERN O R

1t bEREERAL A © O JM IR S0 2 e RR R

Jip s I V5 R B D FEIRALIC VB - SRk
N A SB431542 IWEle Kadoshima et al., 2013"

LDN193189 + SB431542
LDN193189 + SB431542

ES TSI Dorsomorphine + SB431542
LDN193189 + dorsomorphine

+ SB431542
LDN193189 + A83-01
LDN193189 + A83-01

XAV939
IWEle, FGF8, sFGFR3
SHH + DKK1

Activin A

XAV939 + SAG
XAV939 + purmorphamine

Qietal, 20177
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SB431542 IWRIle + CHIR99021 + BMP4 Sakaguchi et al., 2015™
LDN193189 + SB431542 Cyclopamine + XAV939 Pomeshchik et al., 2020°"
PN A SHH + BMP9 Yue et al., 2015™
SHH + purmorphamine Hu et al, 2016™
LDN193189 + SB431542 XAV939 + purmorphamine Krajka et al., 2021°"
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Pharmaceutical approaches in controlling cell fate deter-
mination of pluripotent stem cells toward future innova-
tion of regenerative medicine

Kaneyasu Nishimura, Kazuyuki Takata

Division of Integrated Pharmaceutical Sciences, Kyoto Pharmaceutical University

Pluripotent stem cells (PSCs) including embryonic stem cells and induced pluripotent stem cells are
promising source for cell transplantation therapy and disease modeling, since PSCs give rise to
specific cell types at necessary quantities and scalabilities as we want. Recent advantage of stem cell
technology is supporting to precisely control the cell fate into specific cell types from PSCs. This
outstanding progress are innovated by interdisciplinary fusion of stem cell biology with the
fundamental knowledge of developmental biology and pharmaceutical sciences. The knowledge of the
molecular and cellular mechanisms of brain development might help to consider how to control the
cell fate into specific cell types from PSCs in vitro. Additionally, small compounds are useful for
mimicking the function of morphogens worked in morphogenesis with high specificity and quality.
These research fields strongly contribute to obtain the amenable and reproducible outcomes for
generation of specific cell types in stem cell research field. In this review, we focus on recent progress
of stem cell research towards the establishment of regenerative therapies by understating molecular
and cellular mechanisms of brain development. Furthermore, we also describe the significant role of
small compounds as a pharmacological approach for controlling the cell fate of PSCs and discuss
future prospects of combination strategies of regenerative medicine and pharmacotherapy for

neurodegenerative disorders.

Keywords: pluripotent stem cells, brain development, neuronal differentiation, regenerative

medicine, pharmacological approach
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