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ECBHIC

sE I (hematopoietic stem cell : HSC) 1%, & COIMERR % A L&l 2 fidr L1545, BOEKGER
L% Laex AT A AMBRMETH 2. MBS A 748 L CEBEMRONSR L L CEE
Th o EFFFC, BRRICBWTH EMBEMEEMN L L CIEEOBEE L L THEZS N TS, KT
B MmEEE 2 d i & L&Y A7 A DFTF IV E &L OZF Ofl#E %2 O BT 5.

1. Sk

HOBEERE L L0 e A 5 aEmigiiie (HSC) OFEIEE CHEMIZE &% o Tw7zas, 1961 £ 0
Till & McCulloch 12 & 2~ AW BT 2EM I 0 = — OB L D IE Lo TEHI Y, #5130k
BHRIRGS ~ 7 ARG BRI £ ) M E MR e a0 == 2R E b 2 L2 FRA L, Y
BRREE2<— - L TR I =T/ 7 0—F VL THLH L, EHIHRITRETH L L 2R LT
N HOHEREREEE Za1biex A9 581X CFU-S (colony forming unit-spleen) & I-F5 X, HSC % %
BROGIZEE S 2 2 EAHREE e o 72, Z Dk, in vitro THREMEZ A FL )0 — AR ETHREL
KM A S a0 =2 —%25HliT 230 == 7 v LA EDFE SN, 2EIEM Y 2T 5 OWFFESHER L
7. LAL, INOOHFEIEET v /I12E EF ), HSC OFAKMIN LB OMAL - FEZFE-id
b7 do7z. FACS (fluorescence activated cell sorter) D Bi3E7% & DFMAGHEAIZ LD, REIZT< T A
D HSC O~ ==L, 4R Y, 1984 4£121F Visser HI2 & D MlasL 7 F » TS N5 L v 2k
ERITFZE A3 7 S 2, 1988 4E1C Weissman 512 & 1) Thyl°VScal "Lin ®#ifE 12 HSC 2SFEET 5 = & 254
HanzY. 1996 4121 Nakauchi 512 & ) CD347°%e-Kit"Scal "Lin @43 WiA HSC T 5 Z & A3
LY, 25128 MIBWTIE CD347CD38 Lin OflifaA HSC THh 5 Z EMHH L L 7o 72,

1 MM OFFEAEE, [RIRE I MR O G |2 sk il g il & L CRRRIGH ST b, 1957 4R121
BRI S~ 7 ADBAEIC X A B —HEROEMIZ L D RIET 5 2 LA FEEH S, 1959 4E121F Thomas
512 & o THMRFEAEICK 2 —IERUER 9 — 25 OB BB AHE S 2>, HLA #ato
R RIEIHIH OIEIC LD 1970 FRUIIEHIMMFEOHH T & LCER &, 1990 £ 5 13 & S
W2 TR RN, B MM FGE SN D L & DI, BNy 7 RNy 7 LB S
T MRS M B O E & L CRE. S/, I, S 512 HLA AT
BASE e &, FRBE & BRIRATHH A B L 2 28 S iG#E L LTSRN b Tn s,

2. EMmMBpHBEOMEET IV

—7, TEMEHIIEIC X 5 & MERR 5L O RS R B HERE | (X R MO <, BB X RO
PO HED SNT WS, &MY AT LB 5 MERLO RFIPEIZBWTIE, &L % Fik s
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HSC Q HSC " PU.1-low

LSK LSK
phenotype phenotype

AR

MEP GMP ProB ProT

MPP

1 <o AEMAbET v (CCk 13 X ) —EeeZ)
A R~ — 7 —I2 &0 FEE S &l X ORiEHRIC & 25 bE TV
B. ERY (PU. 1, GATAI) OFEBURHTI )R II~y TINnimbeT v
HSC : hematopoietic stem cell, MPP : multipotent progenitor, CLP : common
lymphoid progenitor, CMP : common myeloid progenitor, GMP : granulocyte/mono-
cyte progenitor, MEP : megakaryocyte/erythrocyte progenitor, LMPP : lym-
phoid-primed multipotent progenitors, LSK : Lin— Scal+c-Kit+

L TR MER DO FIERAIRL ST & AURMER ICE S & W) EFUAE SR E N T W28, EERINZEE
PO ENTORWIEIIET IV TH o7z, LDk, a0=—7 v LA % EORBERIENT £ 2412, &Ik
DRFNRENT ¥ ¥ LMEIREN D L9 Ogawa S OHEERET LY % Brown 5 ONEIC MLERASA B X
D LD BRIGPEETND 2 EAMRR ST & 7228, SIS & ULk o &\ 72 05 L BiE 0 %
HRIIAHTH - 72.

MY AT LOGAREEPH S 2L %o 7-01%, FEOMIERMOTERAMIL & L T Akashi, Weissman
HIZED, ) NEGRIZBIT S ) V3 EGRILEFTERMAL (common lymphoid progenitor : CLP) B & V5 ##
A BT 5B HECRI@E i BT (common myeloid progenitor : CMP), TERLER/ HLERFT BRI (gra-
nulocyte/monocyte progenitor : GMP) FA%Ek/ZR3FERARTEXMAZ (megakaryocyte/erythrocyte progeni-
tor: MEP) 2%l - FAsE & 729 &2k % (M1A). &512, CMP O FWICIET 5 iFMeEk, SR sEEk,
AR & A9 A BRI & L C, AFERERATERAIAG (eosinophil progenitor : EoP), f-+E ZEEk /Al i #i Az 3%
1@ HTEEAIAY (basophil/mast-cell progenitor : BMCP), #f-Hi 3Bk BKHIE (basophil progenitor : BaP), AL
HRRTBRMIRE (mast—cell progenitor : MCP) #2852 S VO | i1 2 7 24 ORHIZIZITRE S NG 2 &
Lo,

ML, SN % H 4 5 HSC (long term-hematopoietic stem cell : LT-HSC) & %45
1LRBIE A 2 DS &I SR RE DS — 814 Td % HSC (short term-hematopoietic stem cell : ST-HSC) & (2551}
S, TOTRICERERIANMIE T 5 & ST E A%, FT4FETld HSC OB T bRy 25 —EB g S
TWLZEHHLENIENTE TS, ST-HSC (2x$59 % CD34 LSK 43l MPP (multipotent prog-
enitor) & IS NS, 2 OFIEsH O FI3 L CTIXERER/ FRFERAND M LEES b TE Y, )
YONERRB L OHRIER/HERGRICT I v b L2z aiBRMIE LMPP  (lymphoid-primed multipotent progeni-
tor) HIESE XN, Bk OB R FENFIZHB VTS, MPP 4B PU. 1 B i Ak sk / HEk %/ U
v SECABTERAIIA (granulocyte/monocyte/lymphoid progenitor : GMLP) & L, (213 LMPP t &7 %
Mg smE L CloO B, EIMETIVIERE~Y—H — 026 LD FEICEER S b & &bz, Bk
&5 AbHIEHEE Y K32 LX) ICHERE L TETws, 512, LT-HSCs FHIZB VT H HOEHAEZ
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b OEHEERRIZIRGE S 72 R BRI MyRP (myeloid-restricted repopulating progenitor) 2 & A & #EEK R
INARAREEAHS I SN TE YW, S%OBBEASHHEINS.

—F, B FOEMY AT AI1I2BWTH, CD34"CD38 4 & L Tl 2siift - MEsh/iz2 ki
&, < ATRE &N/ CLP, CMP, GMP, MEP (Zx}t L 7z i ERMIEAY CD34 " CD38™ 43 Wi I - E$ %
ZENWSAIIENLIO . L, CD3 ZEORMPUEDOREB Y — i3y AL IZRE->THY,
SALZH] B 21 EoP ORREEDSGMP L LT3 e b, fBIC K o CEIMY AT AIERNH L 2
EHIBHLCETWA, b MTIET v A RICHIRDY S 225, FETIIRERE~ T A2 L 2 EFERAE
FVORBEIHED SNTED, L hOEMY AT 20FHMHSLNICENTWL EBbNRS.

3. Em#EifaO ML s TR

1 MEHE O LHIEIC BV THOLE 2 5 DIFEERFTH Y, @l A7 HICBWTE, PU I, C/
EBPa, GATAI, GATA2 7z DX A% —BIZTFIZ X B HIHDHE ST Twasaki 513, B8
HARD 4 KMOMIETH 2 U h Bk /HER, WFERER, FAEAEER, MM~ OMIEs1b2s, 2 D DGR T 0
BB A IS THEBESNTWE I ERHL2IILTB DY, CEBPan 5B L Tws CMP 2BV CIH
2 GATAZ2 %3 A§ % L EoP ~NOEPFEENL D, —F T C/EBPARTHIZ GATAZ2 " LR %
£ BMCP ~NE4MEL, ZDHD C/EBPa%sBIZ £ 1) BaP & %\ & MCP ~ &M REA 5 2 LS
RENTZ.

FRI2E I bIc B TEBRIE VO, MO IE2FHE S b X 7 =X L THY), “lineage prim-
ing” £V EFAPIRBENTVS2Y. CMP 1, GMP & %\ MEP & 2#t0 %7z - 7= B BRI 12 451
T50, TOCMP TIiEPU 1 & GATAI O FDEFSHBLTEBY, &5 50R2H 510 L1 % H i
WD 275, MO2OBERTHEISENT 285 /T OV ESIC R ) M bl kE s h s,

—, EIMY AT LADYAY =BT OFEBENY — V2T TA5Z L1280, BBOBER TP EL S
M ORERE, TNETOREB~Y—H — T & 1dE -7z, b A D = X8 %23 L7oH7-
RIEIM Y AT A DRI O %H 5 Z LIRS TS, Arinobu 513, PU. 1+ GATAI #hZFhoL
R—=F =T AZ(ER L, &MY AT AZBT5WEBER OB/ Y — B X OERGRFEHEICHED X
KA L 72 M B 53 10 D FEAT &2 4T\, v 7 ADELRNOEI Y AT AI2BWT 2208 E R (PU 1 -
GATAI) 5L 7aB)VIZSBIL, FEBIZZOHEICE ) MREGITRE SN TWDE Z & % FEBRIIZH
S22 LAY . 8512, EROER~—» — T2 L ) FE SN v 38R B X OB/
HECRREAMNE LMPP & 131ZE 2 5Mla%, MPP 4o PU. 1 Fgth GATAT F#lg GMLP & L Ciix
BRTFENT 26 R L2 i, BV AT ANOF LW 7a—F L LTCEETHLEEDNSL (K
1B).

4. EMFHMEOSMEHEE & Notch BIZF

LG K FIEFERY) (intrinsic) AL ER T L2 5 2 AT E S A, FRICHIB1LI2iE 1 b
NA YT TFNVEIZLOE L DA (extrinsic) ZERDPHET L. V7 FURKBIIOLRELEL LT
7 — DL RS SHIRY OPEIS D B B FEEA S 1), Z 2 TIE4FIZ Notch ¥ 7 VR IC
B BT 2R

Notch ¥ 7 F V& 1Tk 4 AR IS BT A isfilafiliflic B W CEZEREEZR-LTBY, 41HEHO
Notch 2B X 5 WMD) 77> F (Jaggedl, 238 XU Deltal, 3, 4) BEET 525 ) L SERRIC
BT, Notchl 13 T M - B MO MMEEROPSEIZIZ 725 &2 Notch2 13 marginal zone B cell FEH 12
EETH LA, Il (HSC) OB CHE L SLIzB I 2 &EIZ >V TIz—H L RRIEs T
W\ Notch ¥ 7 V23 HSC O HCHEBICEHE TH S Z & Znd#ids & LTI, Notchl MilaN B X A
> O HSC#EAALT Oy 7k HEEBOWME FE S 5 2 L2920 Notch IGAEFIZ & 0 i Sz
GFP L R— % —< ™ A Cl##ifa= v 5 ® immature cell T Notch ¥ 7 FIUiGHALABE S h o 2 228
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2 EIMAMIBC B B Notchl 385 X O° NotchI-3UTR ORHE STk 32 L W 51H)
A. Quantitative PCR |2 & % Notchl #1538
B. Western blot |2 & % Notchl # > 7% 33 : HSC |28\ C Notchl-full length
form (e E9, TM (trans—-membrane) form (555881,
C,D. EIMAMILIZBIF S Notchl-3UTR ORFE : HSC T NotchI-3UTR D#EE-1%
PRI RS AR LD BN D,

DNs : double negative cells in thymus
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GFP
3 NotchI-3UTR OEAT-FEI B & OHIHRIZ B0 2 B R oM ok 32 X B1H)
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C. MMRIBRBIIZ BT B Notchl-3UTR ORE - A 512 & b, HSC 12 BT 5
Notch1-3UTR OIHIENEAHIR S NS,
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Bone marrow Perlpheral Thymus
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4 N
Py Notch1
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MEP GMP ProB (CLP2) (CLP2)
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4 EIMEEREA 5O T MigsbET IV (KRCER)
ETP : early thymocyte progenitor, DN : double negative cell

Notchl U 4> FIZ& B & b CD34 Mo i& MEAL T3 M AT A ORI 35 & OFEHE £ 0 5 I T I 5 0> B i
BROSNLY 2L Wb, —75, Notch BT HSC IZHE L 2\ e W)L H Y, Notchl 3~
F4vatri sy rT7yh (cKO) v AT, TS LIZHE S L5 A HSC O 3P #s 12 281k
E7 <P RIS Jagged] cKO = 7 250 % Notch2 cKO = 7 2% |2 3\ CT b HSC OMERZ BT A5
N\, X512 Notch &% $_C70v 735 RBP] RiEH DV IEFIF > M4 #F 1 7-MAMLI #
AR ZZBWT S HSC i3 s sy,

5. EM#H#MKICE T D Notchl 554 RE

MBI T G5 HSC 1281 5 Notch #REE DR ENIEEM E LTEET > TWwiz, LaL, FEBE
|2 Notchl ¥ 7 F W& T a5 fbic 8 CTH Y, HSC D in vitro, in vivo BRI ERARSENE Z L0 5,
Notchl 1247 5 O FEHFE G L Tnwb 2 EDHER S, mRNA & ¥ U7 2t L7-& 2 A, HSC
\ZBWT Notchl BT LY 237 THREEICTREE S S 2 L2 A L7 (K2A, B). Notchl 73zE
BRI ZZTCOL RN D 5 2 L5, GFP-3UTR @& #5112 X 2 ¥ 21T (X 20),
NotchI-3UTR %% HSC THEIFRIIHNGEZ /R4 & & b1z, 2 oWHlEEE HSC 20 5 g~ o 51t £k
WK SN Z EDHL N E R o7 (M2D). & 512, Notchl-3UTR OGO FAT5EE AT AUnA Bt
iz ) (M3A, B), RNAFESY 237 12X DIl 221 TW b 2 EsHfEll S iz, BEREWC &
GFP-Notch1-3UTR @l &#E T %38 A L7z HSC 13 GFP #3883l L 2 WS, 20 HSC % Ml |\ o B3
% LA (12 H#F’%%) 2 GFP #HI78o b (K 3C), B #fisR#E T Notchl FEBIAMIH] S 41T % HSC £
PN BRSE 12 35\ CTUEE R A | IR B e HIRI 23R & L Notchl DFSHIASHE X N 5 W REMEASRIE & 7252

EmHMHROECSERS LU T HRMEDET IV

Notchl DEFHEFAHTOHFAEIIINT TORELZUET LI ENTE 2 LEEDLNSL. HSCIZBWT
Notchl OFEFIENFINH S 5729, Notchl ¥ /37 OFEFIIIENH L WIZTL A LWEBICEET D,
S HEYFIC Notchl & 7V &2{HZE L T HSC MEFFNDO BT A LN, & 512 HSC 225 D5 ki
#£v» Notchl % //\775‘57"?‘%‘?%%&]7 ORI O - 3 biix 725 0 LA L, #flAYIC Notchl &
TFIVHSEA SN E121%, Notch #REEANEMEAL S 1L HCS OMIEE L O T M0 5 basiFE s s,
—7, IhiE ffﬂ%m é’\hfb\% T MO LiE# TIE>, HSC 705 CLP %43 L, CLP &5\ i3 &
SI25 b L7z CLP2 2388 & KA M % & H UK RA~FEIT L, MBR3E 2B\ TETP (early thymocyte
progenitor, DN i) ~ b L T Mg~ E ST 5. Lo L, MWIRBREIC BT HSC O#zE- £ EIH] A3 H
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RDNERR E N Notchl FEDFEINEDL Z EH 5, RN EEFICHERER L T b A& HSC A3
WCHEHER— I V7 L ETP ~NGLT R HEN S S (X 4).

YIS

< AN K B FERENFSE & SRR L 7228, LY A T A OFIEBERE OB I IZERICBIT ST =8
FAE L LICEETH D, Nakao 5D 7V — 713 250 BlOFAEARNBEEINE & FHEILEIEETED
BHEIZBWTPIG-A R¥EE~Y— 7 — & LT EIT, —HoOMERVIOAZELAT S 70— 23kl
WHERR SN TV A Z L2 LML, b b oEMEMIEo 5t e O RiBIIE O E AR E S L5 1] HE
PERE LT3, §ido~y 205152 HOHEERES b OB HERRICIRE S N2RTERMIE MyRP @
A EW | IS AT JMIIREHPENDLREANSCHEEL TV D, EMEBHIZ dui & 3 5 &1
VAT AL, B X OERRDYERR I CEE T 2 BIRECGETH ), Hro eIy AT LD E &I
MR BIEENORIRISHIZ O 2o T EBbs.
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Mechanisms Determining the Fate of Hematopoietic Stem Cells

Shinichi Mizuno

Division of Medical Sciences and Technology, Department of Health Sciences,
Faculty of Medical Sciences, Kyushu University

Hematopoiesis is a precisely regulated process in which hematopoietic stem cells (HSCs) undergo
proliferation and differentiation to produce all types of blood cells, while maintaining self-renewal.
Based on prospective isolation of lineage-restricted progenitors, a hierarchical hematopoietic
development with myeloid and lymphoid bifurcation has been proposed. In this article, I will review the
current models of lineage commitment and self-renewal of hematopoiesis from the viewpoint of gene
regulation, especially by the regulations of transcriptional factors. In addition, I will show the data that
the expression of Notchl is suppressed at the post-transcriptional level in HSCs and is relieved in
thymic environment, which may control T lymphoid lineage commitment. Recent progress in the
regulations of self-renewal and differentiation of HSC will provide insights into an important aspect of
stem cell biology as well as hematopoiesis.
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