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FLF, FRiNEZEBHE IBMD %%
THILICKD, TR TIb KL &REE
#MifE (HSC) &EZ 5N T3 CD34 HiFHERE M
(CD34°) KSL #fi Kz (Science, 1996) @
counterpart T & % CD34- SCID-repopulating
cell (SRC) Ak M7l (CB) HICTFIES % H
ZMATH D THS M LTS (Blood,
2003), T® CB H2k CD34" SRC (HSC) &, C
nNETRLEADLEEZALON TV
CD34+CD38CD90* SRC (HSC) (Science, 2011)
% invitro N U invivo THEAET BT &N TE
%o MA T, CD34 SRC O & W& #i 15 45 g
ICDWTRITS % & NOG Y7 AT 1R, 2 K,
3X B A HFE L B X T oAl oRE &
myeloid-biased long-term repopulating HSC T
HBTEMHEMNCIE>Te, TDT EIFE, CB
3k CD34 SRC A%, k& I HSC DB Hlic BV
THERICHIET S L ZRE L TWVW5, &l
F 4%, CD34 SRC(HSC) DRz / it~ —
J1— L LT CD133 §iJ (Leukemia, 2014) &
GPI-80 #ifit (Blood, 2016) DFIEICKINI L Tz,
AT, 2 DORE~ — 71— ZFFFC W
% T LT CD34 HSC ZiRiF7elicHifbd 5 C
SR THI & THE Y L 7z (Nat Commun,
2018), ZDH5H. CD34 HSC &, HCHE®AE
& B 56 r s SR eE 2 A X 7o R b7
HSC TH O, KD CD34-HSC L3 ¥x% 0
FJAIKEI %L b HSC &EZ 5NTz, AT,
CD34 HSC A, @ ARIMER « EAZER R A~
DOfLREZ A5 LEHEMC LTz, DLEK
D. & bk CBHKD CD34 HSC AV, [ il L
TIHAICAIE T 5Ktk b HSC TH % L1t
. #iTc s bR¥ES (Bypass route) %2739 H]
BEMEA$EME L 7z (Nat Commun, 2018)

1) IEC&IC

EimEEfig HSC) (&, HOHERREL 20 LhE
2ROl ERENTED ., B, I
il (CB). ARMMHICHE(ES B T ENIHS NI
TNTVB, PTEH, Hildt MrRARDERT
HH. 1 HTHIMER 2000 {EfH, FHifnER 700
BEZZE 1 JMEE oMMzt L Twv
%, HSC DE#lirh DATEHE . ARAMIIED
110 RN 1 RS & IER IRV 2T, %
DIFEE « 77Hk - MLEEVHERETH > 7z, A
HID K ST, HSC 13 —7c it cld <.
Kot Zre e S i et skl (HPC)
2R TN TORGAMERM Z i L T %,
Z LT, HSC & fkicfE-> TH O EMEY S
MEREZ K> T EEZENT VS,

A (Hematopoietic  stem — cell
transplantation, HSCT) (&, HIWELHERR
PR £ O M #HbR DG Z TREIC 3 2 ME—
DIEFLETH B, AFBTIE. FRL BT L
THEREHY 3,500 O [AIfEE AR R M T
NTWa, TOMN, #1,200061HIE i [
Wit (UCBT) Tdhb. TDOHSCTOMEZ
BTEDOMNHSCTH %, Eifi. CB. HB &
KMl E OBMFICE £NBHHSCsIC & - Ty
Btz L Y By b OBEMMNHEMREE NS,
DywEm bttt 220 z2 T, UCBTOEE I
ZEE>TWEDETRENTNS, LL
Eh5 . UCBTIC B 5 L5 ARG EIE D
PEIE 7S & DRFIRI A VEIIRZIC TR ENTWY
T IEWVEBR. KD LTI UCBTZ
BAFE - WENI T B Tbicid, & FCBHRHSCO
AARDIRADARAI R TH D, TDIHIck
FHSCOREMED T~ — /1 — DIFGE & Z D5eail
{LEDHFED Rz T e,

AFE Tk, HSCTOMR #2759 & MHSCIZFEs
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2D . DNONHHFTHID TREIS K L
7zCD344uUsREE (CD34) HSC(1) DAEYI Y7
RIS DWW TR O ERZ /TS %0

2) HSC/HPC DRIE EDRIF

b hgmEsie /2 aisH#R (HSC/HPC) I
B9 2078, ZDOREEORFE L AAT L THE
JE LT &7z, 1960 FRELREIC in vitro A1 = —
JEREDBIFREE N, SN2V T D. Metcalf
M. Ogawa HIC KD, HPC DI « /MLAREKIC
B9 % Al A bge DN ER S Nz, —HDRZEIC
X0, anw = — gk #H # A7 (Colony
stimulating factor, CSF) & L T% < Ditiifi
FOFER - WEEN TV, 1970 FHRICE,
Dexter 5IC& D A Fu—<ififld & DHE=ESR
DRI Nz, CoOHEREREH VWS & an
ZERGEK D & RYIOREMNATRETH D, K
b & 7 1k 7% long-term culture-initiating cell
(LTC-IC) DMEMAIREIC IR > T LINLED S,
INH5DOWERLTIE, HPC OWEIXTE S E
DD, T A5t HSC DRIEIFRITRETH >
7zo 1980 FFARLIRRIC R B L. H1F XD . Dick
Slc kb, HEEMREA%E (NOD-scid) ¥ A
W2 RERBASR IS N, IR
{t7% HSC A SCID-repopulating cell (SRC) & L
THIEREE o Tz (2) TO XS XMHIED
HERICIE, Mz #n] - TEY 2y —2—
(Fluorescence activated cell sorting, FACS) %
oz - R L, 2<OE/ 7 a—F )ik
DFHFENERAIR TH > T AT, HEE
@ SRC HIEFRDAFEICIE. KD &R Mtk
MDA 2 AT RE & 5 AT BRIE e~
TAMNEE LIRS, 1990 ~ 2000 FRITHEF
T. NOD/SCID/ B2 microglobin™ < w7 X
NOD/Shi-scid IL2R y null (NOG) ¥~ =7 X,
NOD/LtSz-scid IL2R y null (NSG) <7 X7z EH
RN TRFEE N, & b HSC OEFEEZMNIE
WAREL 72572 (3),

3) b F& 9t CD34+-SRC (HSC) DHEBBE
HM{LEDR - & ¢ CB BAEFR4St CD34+-
SRC (HSC) DL Htft

AR L7k 91, & bRk HSC &, FhE
RIERRER T X7 V2 SRR N T
SRC & LTHIEEN S, & F A7k CD34+
HSC DA MEMERS, B95E - 2 (L BEAE 72 fi A
4 % 7= 8ICIx. CD34* SRC (HSC) D524Hi{L
WRBETH B, T T, FlzIicBFE LR 18
lineage HifhZz WV 2 @ EAMI{LIE (4) ZHVWT,
Wt 7~—h—TH% CDI33 P (5) &
GPI-80 HiF (6) ZMIE LTz, DL DI ERRER
ICHEDWWT, CD133 & GPI-80 I 2 Fiik7%z
[EHFIC W% 3 laser 7 color FACS i# (X 1)
EHFE LTz, AEIC I NI, CB Hisk CD34+
SRC (HSC) =84S 1/5 U 1/8 ickifbn]
RECH D, AT H—MlfEHIC X O srfiio
I DOWTINI T 52 T DAl ko Tz
(Do

£bh38
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1 : CD133#RE & GPI-80R I T B fEaEREICAWLS
CD34*"HSCOEBEEMILE (3 laser 7 color FACSE)




M 2 i . A % T Mt L &
18Lin"CD34-CD133*GPI-80*Hfifid (A) &
18LinCD34*CD38 CD133*GPI-80-#ffi@ (B)
e, mAIEIICIE R 10 p mAl#E TRl
ICZ UL, ki & DR IMA 2 Fr D3
EREEIIE TH %, FifL L7z —HSCEHWS T
LIk, BRATRER BEOHSCIC B %85 1
FEHRZ—VHLEMC AR, BOERR R
{EVEMERRIC B R ) FRDMRIH S N2 T &
HfFE N5,

10 pm

®2:CBHSHHLLIE k HSC SUHRESIR

(A) 18Lin"CD34:CD133+GPI-80* #fif3
(B) 18Lin"CD34+CD38-CD133*GPI-80* #{ifa

4) B—HpBIERORFE - FiL

4 id. ACDU I & b fHHl A 2 60well
MiniTray i< 70—V — bk U, BIZ8EMEE
ISz 1 E DB L, B P I B R
(IBMD) % (1) © NSG =% R el NIc EHk
SRS 2 7L 2B LTze X 2A T/R LT
k. CD34 il 1 {7 IBMI 3£ T NSG ¥ A /2
BEEMICEAE L. 20 #8#%IC FACS fiiz r-
7z (K 3), ZO#EHE. CD34+ MilazEZL il
ﬂi;ﬁ‘fllf\@ e E Nz, AT, 6 #1H

DR, ZRBHICBN T E ZIMERRFEAND
ﬁkﬁ%b‘%’g&bgﬂ\ flift L7z CD34HSC ' 1
FRICE D IS ARERREZ (RRFS 5 T LAVRE
Nz, TDT &I, CD34HSC A, HVWHEH
BRE L ZoLRERFE S TR ke b HSC TH
5T LERLTNS (T),

CD34
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5) BE—RERICEITS NSG YTRAD
BAEICOWNT

Y CB i3k CD34+HSCs Diflfaks 2]
HMICT B TzoIcid, H—HluBRIC BN T,
H A BIRE-OHE5E - 73 (LREZ SERIC RT3 % s
BENbH%, TOT LIFEmERETHRLL 7z
CD34*"HSCs DEEFFB/NN X — I, 5%
heterogeneity Wi 5N % T & (R ik,
456 ) MHOEIEFICEBERI L EEZD
nz (M.

BifE., & P ARIMEHSCIE., HEIEGEART Y
Z (NSGH B WIINOGY T R) 7z v % F A
BHRICBONTSRCE LTHIEEN TS, K
R IVBHFE U T2CD34+ HSCO M & i #ifki (3
laser 7 color FACS#)  (X1) ZHWT/HLL
#-18Lin CD34 CD133GPI-80-Hifld ((K2-A) &
18LinCD34+CD38 CD133-GPI-80+lid (XI2-B)
2% 2005 DNSGH % W IENOGY 7 i

IBMIZETHAL 26, ZIETRNTORT A
THAET B LT, AR, MeREicHEGE
BaRd oot (1) o —7/T. ZD
R TH 5 H—HlBEIC BV TR, KUK
T K HICCD34HSCOWT NDOBEBNTE
NSCX U ADFT W EEMEN @ -7z (1)
LALLM 5E, b FCDASHImDEE RN
REICHI S a2 3R b s o 7z,

TN FE TITDOHSCE BT 25811,
NSG= ™ ZADJHMNOCR T A XD &L EmKICL b
Wiz F 5 Ml Tnsd, Ll
TS, FAOERBRZF DI NSEDI T AT
DL DAEMNTIEER T 2 DI S HiC
ENTWVWIE, A D TR TlE, AR
TPERIC K % & FHSCOFEERANOG, NSGX w7
AILBT 2 b MEMAEOAL S IC BRG] 2
RIZLTOBAREENREENT NS (8) o

®1.

PR = Primary Recipient mice,

CD34+"HSC DE—iHfafsiERER

Primary transplantation
Type of cells Strain and| Incidence of % of t‘fm°“.fb45; 1‘;‘2"7,;“ the
transplanted into number of| engraftment in Mouse ID respeciive Siies of The “F mice
the PR mice PR mice | the PR mice (%) LT oB PB |[Spleen
NOG003 | 170 | 1563 | 21 | 116
N5O76 35/537 34" NoG024 | 39 | 41 | 14 | 106
(®:3) NOG041 | 1.0 | 08 | 03 | 15
- + - NSG001 | 38.2 | 643 | 2.3 | 519
18Lin"CD34°CD38 NS6009 | 11 | nd. | nd. | nd.
+CPT-80" NSG010 | 45.1 | 160 | 02 | 10
CD133°6P1-80 '\?ZG 71/1632 34" [ [NSG016 | 195 | 224 | 2.2 | 155
(11.3) NSG017 | 0.8 | nd. | nd. | nd.
NSG019 | 106 | 130 | 07 | 107
NSG046 | 427 | 05 | 183 | 138
NOG 2/78 34- | NOG020 [ 25 T 11 [ 02 T 39
78 (2.6) NoG033 | 86 | 48 | 206 | 595
- - NSGO12 | 10 | nd. | nd. | nd.
18Lin CD34 NSG027 | 30.1 | 58.3 | 4.3 | 214
CD133*GPI-80" NSG 6/100 34- | NSG028 | 09 | nd. | nd [ nd
100 (6.0) NSG058 | 254 | 99 | 3.1 | 427
NSG076 | 46 | 336 | 01 | 1.0
NSG079 [ 238 | 03 | 05 | 05
(7) & VB3|

LT = Left Tibia (injected site), OB = Other Bone (including right tibia and both femurs), PB = Peripheral Blood, SP = Spleen

n.d. = Not detected

Human cell reconstitutions in PR mice were analyzed 20 to 24 weeks after transplantation.




6) BE—HIREL NIV DEEFHIRENR

2 ORYLHIfEZER & LT HSC O H
GONI 0 i e S i ) i N U B = e
HER 80 HDBEIETFHIIZ— DT,
576 f#l O H —Hifd %z AT BioMark HD ¥ X
7 LTt L7z X 4 1T Principal component
analysis (PCA) fi##TIC & %8s F B/ S Z—>
D2 E =B ONBEZRIT,
18LinCD34 CD133*GPI-80* 7 it (A) 1.
18LinCD34*CD38CD133*GPI-80+ 47 M #l Hd
(@) K U CD34*CD38CD45RACDO(+) 47
AR & XGRS R AN K I E Nz, DL
&b, HAMEE L CD34HSC &, ik
Aok TN Tz CD34+CD38CDI90HSC &
B RE] 2% 75 A0 HSC ThHBHT &
mmBEN (1),

ACD34 HSC @ CD34' HSC + CDY0" HSC
1 A
‘,\‘ i
s a A &
B Awh A
* Alar o2 A
8 L] . +~:’". - A >
ﬂ-. + s, “..ﬂ.
o i * gy 8 = A
. .
« ™ S
. pe A
- ‘ R
+ ~
PCI
(7) KVRE5IA

[ 4 : PCA plot fi##f

R, TN DBIEFHBVIZ—ICDNT
heatmap fi#fiZzZ{7->7z& 2 A, CD347HSC O
BAR B2 — VI IZHRE VDR BN
BT EMHALMENT (K5) (T,

ILGST
Foxos
LR

CD34~ HSC (RrS)

i | R P P SR R el | M cgakaryocytes

CD34" HSC (r6) P2

HSC/HPC
maintenance

Myeloid cells
. ﬁl Lymphocytes

Epigenetics

HSC

(7) KVRE5IA

(R5) H—@paL /LD Heatmap f#tf
CD34: 18Lin"CD34-CD133+GPI-80* #Hifz

CD34+: 18Lin"CD34*CD38CD133*GPI-80+ #fifa
CDD90*: 12Lin"CD34+*CD38 CD45RACD90* fH Az

High

Lo
= MNot detected

*BEFROAZ—FRR (ATA— EVY, TIb—) F. B6 EH/ELTWVS,
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AT, TNEDBIEFHBVIZ—IZD0
Cviolin plot fiffiz17-7 & T A, CD34HSC
DG THB X — N IBREV RS 5
nNaceMELMIcENTE (K6) (1) .

HSC maintenance genes (highlighted by yellow)

Kir RUNXT

Aot

TGFBRT TGIBRZ |

RN

log, expression

log, expression

The genes highly expressed in CD34* SRCs
compared with CD34" SRCs (highlighted by pink)

log, expression

pression

tlﬂTé= ¢

log, ex

The genes highly expressed in CD34" SRCs
compared with CD34*SRCs (highlighted by blue)

log, expression

(7) & B3|
(K6) B—EEEL /LD Violin plot fi##R
CD34- 18Lin"CD34-CD133*GPI-80* A
CD34+ 18Lin'CD34°CD38CD133+GPI-80+ g MM CD347HSC
CD90*: 12LinCD34*CD38 CD4SRACDI0* 48 W CD34*HSC

Il CD90"HSC

PERDHEIC KD HSC DHEFFICEREE R
5N TW5#EsT (KIT, RUNXI, TAL1, BMII,
DNMT3A, TGFAR 7% &) &, CD34 HSC,
CD34+ HSC, CD90*HSC DWW HNICHB N TE &
WHBIMWER® b N fzo — /5. IFITMI1, MPL,
IKZF1, ETV6, ALDH1A1, IGFIR 7% & D s T
i, CD34 HSC IC Et X T CD34* HSC, CD90~
HSC IZ @ WIBIDRED 5Nz, KT, IFITMI
DFEBPLN)VDFEIZEHETH D, [FNo B
TFINVD FRnED TOFELN)VE CD34
HSC THREICMFLTW, COT kid. &
JiE SO R 75 & DR IFN e O F IS L T,
CD34 HSC A CD34* HSC, CD90* HSC {ZteXT
EHMETH B T LR LTS, BIKICBT
ZiEMARD A~ L ANk z2 5 2 % 1T
Bk e (7).

F7z. CD34*HSCTId. postembryonic adult
HSCOAMFIC AL IS (9) ENTWVEEIR
FETV6AY, CD34 HSCICHANTHEFEEHL TV
Teo —7TC. HSCOHAHEBEELDINT VA
filEc \EE &Y (10) T TV Spolycomb
repressive complex (PRC) 2D+ TH 5
EZH273CD34+HSCIC b XTCD34- HSCT=i%E
BL Tl IZBIRR,

PIEXD ., CD34+HSCTIX. ZDupifiat:
MRS O U Y = 17 1 7 HllEI RS
% ATREMED R E N7, i DPCAREHTHE R

(M4AZI) TERENX S, TD2DD
HSCIX[EE il L% % 7 5 ADHSCTH 5 &
Mg R E Nz,




7) FRIEK - ERERARENDDLEE

JxiC, 18Lin'CD34-CD133*GPI-80+~ #i Jia
(CD34HSC) & 18LinCD34*CD38CD133*
GPI-80* #ifld (CD34*HSC) D au=—JEikhE
WKDWTH—MEL)VTHEE L (X7),

Z DOREH, CD34°HSC A, @ ARIMER « FA%
Bk anm=—— (CFU-EM) JEkfEZR RS T &M
oM E Nz, TDOT LI, invivo BHEE
BicB iRz (1),

*

1
=

| (60%)

100{ (46%)

>

140

No. of colonies

GPI-80" GPI-80~ GPI-80* GPI-80"
R6 R7 R8 R9

€D34*CD38~ CD347CD133*
CcD133"*

w0

% of colonies

B CFU-Mix
O cFu-Em
[ cFu-meg
[l BFU-E
[ cFu-6m
GPI-80* GPI-80~ GPI-80* GPI-80"
R6 R7 R8 R9
€D34%CD38~ CD347CD133*
€D133*
(7) &Weazs|A

(R7) E—HRELN)VOI0=—FmAE

8) b MEFIMAR HSCs DFf-EPEEHIE
7 IV ODIRE

AR, YU A HSC DIMERERICBIL T, B
BERR~—H—TdH % CD41 Bptkd HSC A~
7 A HSC @ B & &l ETH &I H B
myeloid-biased long-term (LT)-HSC T&% 5% Z &
PHREENTWS (11,12), ZL T, Kok
7% HSC 1% & myeloid RANDIMEAES IV EWT
EEHLMICENT WS, MAT, fok. b
VARV Vtagging #EZ HWT XU R
HSC/HPC O EIc BT @ mmiiEz 7 a—F
JUIfigehfr U7eb SR, LT-HSC A EAZERR wif S
NAFEA DR 7RHEIRIC 7R 5 T EMIE TN T
% (13), 595 L. ERRMIENDE iy
REMARE HSC DFE L bRtER DA HEM:
WREENTEEA S, L LENL, Bk
IZHBWVTIEF T LT-HSC 2 MERREND b
REZ g, FREME. TOMFETIERED
subset, »3WEINTD LT-HSC T DK S

THEZRT ONMIHSMTETNTHERY, KL
L& 3Ic<Y R HSC DAKDEIHNZ D)
{EEREIC B 3 BRI 20RICHEAL TV B,
—Ji. HSCT O %7%d & b HSC DAL
IKBL T, 2O < — I — AT
HoTT ERWELEDIEAE H D T3S
IKENTWEDN STz AR LIz K D1,
CD34HSC D [F M / i~ —Hh—TdH 5
CD133 & GPI-80 JifsiZ [AIRFIC Fl W % i Al
fbikz L. e bCBHRICHEET S
CD34+HSCs %@ EIicfifbd 2 T LIl
72 (Do KEEHNB T ET, Bk CBHICE
f£9 % CD34*HSCs OH—HIlAL )L TORK
RE IR0 T HBIRNT NI RE L T o Tz 2D
fi, Hi— CD34HSC Z#HHE N7z NSG <7
AILBWT 3 AT AET 1 FHCED
ZMERREO & NS MEREEREN R S5 T
EWASMNE TR 5T, H— CD34HSC &, in
vitro Bt O in vivo I3\ T CD34*HSC e E L
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Tzo —J5. Hi— CD34*HSC &, invitro BT in
vivo 123\ T CD34HSC ZEEL AN > Tz,
2D &ld. CD34'HSC A CD34*HSC & v & [
JEf LT XD LA fiE S 2450k HSC Tdh
5zl m®L TV %, hnx T,
CD34HSC 1. invitro 2T invivo TEWIRIM
BR - ERERBMIEANDLEEZ RS T & &R
e (W7,
DLEDWEEREICHE DT, LI
CD34HSC MikmbAKnlb ENT VI

CD34+CD38CD90*CD45RACD49f*HSC (14)
AT, BEER EX D EAOAIME HSC T
B2V HFTRET IV ZFRB LI (X 8) (7).
AT, FEOERBREREK D, CD34HSC H
niche fliffd / KAy DOIEFE R GEZE ) T,
CFU-EM (#2579 % mIRENE (/XA 7 SAREES)
ARgENzC &id, mnd L7z~ A LT-HSC
Dt (13) LA TE2RMAHB T ENBIE
HICHRRO ERERESA KD,

a Current model (b Proposed model
N, CD34-  Cb1107
Cled 2. 8T
= Bypass /G B E
> ,w route $ e
' ‘CMR‘» ’ . . ' .s
A ELTT ' ' ,cmu&a ’

(E8) k& MEFMEAR HSCs DFTEIEBHIE T IV

D45RA" "
' ‘ ‘ B cell o34 cb3s* %‘ .
Erythrocyte EGranulocm l NK cell 2?1’.; £n3ar @ gc!:u
Megakaryocyte CD45RA" el
o s (e () [
onocyte ranulocyte
Macrophage Megakary sl
Dendritic cell l,
Monocyte
Macrophage
Dendritic cell
\_ 4 J
(7) FUKZES A




9) SHDEL LK WREOMEINR & RIZICZ < OBVENEENT

4 h IBMI 2V TREICHKI L b R s,
CB Hisk CD34SRC (HSC) (1) DAEWPHIEFIEIC EARRIEDNTEAS L SICHIIET L1,
DVT, TNETO—HDOWZERE (15,16) I CNETICHSMCENTREE E DX S Bkl
HASWTHEE U7, CD133 & GPI-80 HiE~ WERICISHT 2 TH B, BHfE. &k HSC #ll
W B E R LI DB FEIC & D, CD34+HSCs ERFy FPORFEZHELTED, $TIC
D B—H L)L T ORI TR 5> 72 T & UCBT ~OJSHICH L TRl & BRRBIEmT
3. B HSC ODRAEE/ MRS SO ) 22 B 5 JEF R OBEN Y (REHEPD ICBWTHTH
MICT D ETRERIEESAED (Do L Thb, £iz. #ifb L7z CD34HSCs ZHW\ 3
MLENS, b CBHICKRRAEE AL ex vivo 1Z 3BV B /MR EAEROBIFE (i E
CD34'HSC A, HH>RMIMAFICEFEST 5D EEADIHH) . T 5k k HSCs D ex vivo 1
. CD34HSC D (= FMWETILHBD m%%:@ﬁﬁ%éa UCBT ~®JsH (&~ HSC /3>
M. THIKZYFICEIT S CD34HSC D DK IR LB SHOEETHBEEWVWZ 5,
X K

1) Wang J et al.: SCID-repopulating cell activity of human cord blood-derived CD34- cells assured by intra-bone marrow injection.
Blood 101:2924-2931, 2003.
2) Larochelle A et al.: Identification of primitive human hematopoietic cells capable of repopulating NOD/SCID mouse bone
marrow:implication for gene therapy. Nat Med 2:1329-1337,1996.
3) Shultz LD, Ishikawa F, Greiner DL: Humanized mice in translational biomedical research. Nat Rev Immunol 7:118-130,2007.
4) TIshii M et al.: Development of a high resolution purification method for precise functional characterization of primitive
human cord blood-derived CD34-negative SCID-repopulating cells. Exp Hematol 39:203-213, 2011.
5) Takahashi M et al.: CD133 is a positive marker for a distinct class of primitive human cord blood-derived CD34-negative
hematopoietic stem cells. Leukemia 28:1308-1315,2014.
6) Matsuoka Y et al.: GPI-80 expression highly purifies human cord blood-derived primitive CD34-negative hematopoietic stem
cells. Blood 128:2258-2260,2016.
7) Sumide K et al.: A revised road map for the commitment of human CD34-negative hematopoietic stem cells. Nat Commun 9:2202,2018.
8) MM, EIESER RN Y AICHIT B b MEMEBMIOEEICKIE T HRGAEROMFITDWT, Cytometry Research 27 Suppl:63,2017.
9) Hock H et al.: Tel/Etv6 is an essential and selective regulator of adult hematopoietic stem cell survival. Genes & Devl 8:2336,2004.
10) De Haan G, Gerrits A: Epigenetic control of hematopoietic stem cell aging the case of Ezh2. Ann NY Acad Sci 1106:233,2007.
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12) Sanjuan-Pla A. et al. Platelet-biased stem cells reside at the apex of the haematopoietic stem-cell hierarchy. Nature 502: 232-236,2013.
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14) Notta F et al.: Isolation of single human hematopoietic stem cells capable of long-term multilineage engraftment. Science
333:218-221, 2011.
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