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Aging process of hematopoietic stem cells induced by transplantation
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The purposes of this study were to establish the method of evaluating aging
process in human hematopoietic stem cells (HSC) and to detect biological variations of HSC induced by HSC
transplantation. We analyzed aging process of HSC with the use of CD34—ﬁositive cell population as a
substitute for a single HSC. As a result, the ratio of lkaros/CEPBPa, which are transcription factors of
lymphoid and myeloid respectively of primitive HSC, can be used as an evaluation method for HSC variation
at the age of between 15 and 45. Although the precision of this method should be improved with some
modifications, aging process by HSC transplantation can be shown with this method.



1. WFFEBRAA S DTS 5t

LR LA REA 72 & ok
AR B DRARERE & L TN
ST E M AR AE IR 1. B R
JE AT MABAE ., 35 & OVRAH M e fa e A
DB TH Y, B COEREE
(Self-renewal capacity) 7 51
A 2 BRE L TR A 5 515 T
HD, BAFLET, B L ERmNTND
HLA —Z R B =7 b Ot 251
TWZh, ZO®REH N7 2 LT
DIEMAKF B FREIZ 72 0 | [k
DA & RIBIRBOILR & & HIZIE
ME BB OEEMAERTH 5,

NRBFIIBE S LY @o K —H
fazBHIns Z ENE B LVIE
FEERE WV K — o miiaix, JEA
CHERk & WV O T LWEREE CH & DMl
Fiiz EOXHIZHRTE20THS
D D3, i I AT D B Bl B RO (5
PSP 1 P 1 3 e i oD N s (A b)
BED—oLEZLNTWD, NELBE
BB S AU 7 168 I 5 e 203 R A 1 254
NOEHEOMICEMEEZ R Y Z &
o, flix DA N LA T (1) 2
TRME S AUV L DBEEN @< 72D 2 &0
&I 5D, Btk OEMAGTH OB
EEE L THEAESNLIREMETH D
DUBEE TR R TIREI S TR0,

1S MR O NI BT 2781~
UATITON T E o, v U A& MLl
T~ —H—IZ72 0 5 D4ERIET 1
AT, Ta AT —BiEME, G R
(ROS) DAL FEFE, p16™" mRNA D
M, e En@E s &R, Y vo R
Tl serial transplantation & VY9 3E
BRTFVEDN AT HE L BRI & 2 3 i e i
D hnts (EAL) BIG D HERE S AU TV D 23,

b NTIEARATRER FIETh D, Fix itk
b 3 if R HI I & CD34 B <> CD133
PrtEfie & UCRifb L, & M & mAmiars
FEARTIC X % B b i e i oo s (£ 4k)
BGOfHZ B L C& 7, —#HOZE
T, b MO T 2 A7 EIL 10 AR
TIIRRF B L/ & < BTl

M OfFEICHA LIS Wz &
b L N IC SR S B ROS 1

B L > CEMMICIIEH L2

EEMER LT, £, v U ATHREI SN
72 p16™** mRNA [T & b IE 1 M s fE <
DR BT THRES TR 2 R T H

ST, TNHDFERNG, v 7 A Mg
AR CREB ST 2 i (B{k) ~—
—iT b MEf e TSR &

RN E VI LT,

2. WZEDRK

b b AL O N Bl G & Al &l L
TRl d 2 HiEaird 5 2 &, Eilfia
RERT%IC & DM Z(bE: L 5252
LxEME Lz, BARRVICIE, Sk
oA E LT E B XS BN O
hni (Efb) Bl 2 Blei+ 5 k% FEh Lz,
18 % OB %2 Bl22 92 O TiE7R <, il
HEO U BRI & BEERCR MR o0 FE R T
AN S o Nl & FEAL 32 7 TH .

3. WD

(1) BFFERfEs NMiRa, NERABE~D
ARG, B BRI & 5 g8 IR
Ce O LI O R/R SN 11 v P Al = N 1 )
(CD34/CD133) BE M I ZFE B3~ 5 431k B E s
B[R+ D mRNA Z Bl 2 I E L7z,

< fa wiifb. >



AutoMACS cell separator CHEJUALER L #d
L7,

<#&BEF>

DU kRS E : Tkaros

2) BRERR 3k : C/PBP o

3) F CAERIAELRFT  HOXB4, GATA-2 (44 BERE
FRA)

VL k% real time PCR{EZ AW TEE/IZ
HE LTz,

< FRAf 5 ¥ >

KN OB BIE s+ GAPDH NS HIZ Y v
NERGRE AR+ TKARS & B i EK R & s+
C/EBP o MFEHL &% Real-time PCR {ETH
9%, BRI G 5 Tefl 2 Ol OB
CD34 PHtEMIfZ X5 L L TWD DT,
fl OS2 IET 2 BT, —2OHIfD
FBETEE 1 & XIRMIOEBE 15
Bl & O TR L. FFAM TG e o
TKAROS/CEPBPA o bt A& BLHL L 7=,

(2) =~ AThiis LB 2 Z LAEE S
A7z Wntba ([T 2WT, HBLEZ (1) &[EER
\ZEL R O HETRET LTz,

1) JEE i, /N2 s i A oD B g o0 B
N U 72 BN B D f R

2) AutoMACS % FIV>"T CD34 B Iz flifk
3) CD34 BEEMMAEA D Total RNA Z i

4) RNA DFEFR

5) cDNA D1ERE

6) Wnt5a, GAPDH @ U 7" /L& A I PCR

4. BFZERR

(1) e o g LB BT 5
HRG KD mRNA FEHL/ & — o % E S\
A5 2 LT —E DML ol (k)
BRGEHETE LB 2, flx OEGRTH

5 U RER%R T Tkaros,
IR L7 (K1),
(1]

R S
£ S s
[ikaros] PU.1 E2A

E 65K C CEBPA #

Notcht, Fit3
E2A EBF1 Foxol
—- | -

¢ T
% EBF1 Pax{ karos]

Rag172, TdT, IgH, Fit3,
. CD19, Tct4, IRF4,
IRF8, CDSS,

IL7r, Notcht,
EBF1

25, Vpres1, mb1,
B29, 0CAB,
Paxs

ME S =

I Rk

N

mikse > R >

Z DR, b MEMEHNT (CD34/CD133 ik
HR) N OEREK A Tkaros ¢ mRNA FEHLE &
i AER & L C oy (E{k) & DB
REHEP TE 2 Z ERNbinodz, FRHZHRE
FROFEET DV OMALFEMIE Tkaros T
TN GRAREESE) 23 LI2< vz & bH)
L7,
BEAMIECIX 8 L oMieE 2 fa—
& LT, 156~45 5 DJEFI D Tkaros/CEPBPA kb
Z XM G & LT GAPPDH Z W T L

.

[ 2]

Ikaros/CEB (GA)
3.5 .
3.0 R
25 &
2.0 g

: 4
1.5 . * ‘3
1.0 rY
2 2
0.5 s
0.0 T T T 1
15 25 35 45 55

FOFRR, M2ITRLEX 21T, 156~45 %D



BAKTIL, Milis & & BIZZ DR T 50
B &R T2, 18 ML O N 52 2 B e
(RIS H720I120F, WM 8E L7
LB ORAR, EIFERE L LT A0 mANDL
DIETIEIAR T, FHHFMITITV EEE
DRETORFRMLELEZ T, 2T, K
2 D 45 LA T ORBRIKIZIN 2 T 50~86 %k DR
KEMATHRFI LIz, LHL, £2FEEHTOM
B4R % 0. 048,p=0. 71 T s & Tkaros/CEBPA
e CHIBRMGRIIA bR o7 (K3) .
(3]

Ika/CEB
1.20
1.00 °
3
0.80
< -
¢
& *
S
= 0.60
§ * o 8 “ * N r
I * L)
040 *
*e .0 L 8 °®
»e o * o ®y
020 +* e $
. * .
000 ¢ @
0 10 20 30 40 50 60 70 80 90 100
age

(2) Wntba TG & & bz EH-$5 &8s
ENTWADT, Tkaros/CEBPa iz Wntba %
Mz THEER E OBRERET LT,

(4]
IKAROS/CEBPA&Wnt5a
250.0
-
200.0
*
150.0
© *
3 -
< -
= 1000 *
. .
*
50.0 : s *
*® *
e »
0.0 - PN
00 05 10 15 20 25 30 35
IKAROS/CEBPA

ZOFER. CD34 BEMIE ClxE O A L 5
N, MaoZ e, ARICHETLE
2D VLTI o7z,

¥ 7= Tkaros/CEBPA kb & Wntba (Zi##HBI L C
WD A NI BLGE BEALIC JE A & AR T S
H D LS %2 T, Tkaros/CEBPa LEAYE < |
Wntba AMEVHIIGIE, AR ICB D & 95
EMERER RN A TV WK &z B W]
REMER D 5 LBz, ZOHIETIE, Wntba
DFEBLELT CD34 B TIxss < | fER O
BUMEIZRRED R - T,

fifam e LT, kRO R & A bE, i@
W~ — A —IEH S ST v AT ETIX
i 1 e oD S 4 ] C D IR B B I K RERH © &
72N, CD34 BEtERAR o Tkaros/CEPBPa b C
13 15~45 KD b & iilfd o 28 1k 2 1 H
T& 2, LOLRRE, T OREICRREN %
Do, EHICEVEE TR GIEDBREN
PEND, Fo, AHIRE 50 EOE Mk
KTOFMITZ OHFIETITEL <. HAER,
b 80 MR E TEM L THRINT D HIENR
FAUE, S ORBAEIC X DA LA L

PERLSRTZENRETH D,

5. B

H
=111

[;FLE:ID

!

) (78 )

b=}

1. Hiroshi Moritake, Sachiyo Kamimura,
Hiroyuki Nunoi, Hideki Nakayama, Aiko
Suminoe, Hiroko Inada, Jiro Inagaki, Fumio
Yanai, Yasuhiro Okamoto, Yuichi Shinkoda,
Maiko Shimomura, Nobuyoshi Itonaga,
Noriko Hotta, Yasufumi Hidaka, Osamu
Ohara, Masakatsu Yanagimachi, Noriko
Nakajima, Jun Okamura, Yoshifumi
Kawano: Clinical characteristics and genetic
analysis of childhood acute lymphoblastic




leukemia with hemophagocytic
lymphohistiocytosis: a Japanese
retrospective study by the Kyushu—
Yamaguchi Children’s Cancer Study Group.
Int J Hematol, & Y, 2014, 100:70-78
Emiko Miyahara, Takuro Nishikawa, Toru
Takeuchi, Kaori Yasuda, Yasuhiro Okamoto,
Yoshifumi Kawano, Masahisa Horiuchi:
Effect of myeloperoxidase inhibition on
gene expression profiles in HL-60 cells
exposed to 1, 2, 4,-benzenetriol. Toxicology,
THEH Y, 2014, 317: 50-57.

Yasuhiro Okamoto, Yoshihisa Nagatoshi,
Yoshiyuki Kosaka, Akira Kikuchi, Shunichi
Kato, Hisato Kigasawa, Yasuo Horikoshi,
Megumi Oda, Makoto Kaneda, Tetsuya
Mori, Hideo Mugishima, Masahiro Tsuchida,
Shuichi Taniguchi and Yeshifumi Kawano:
Prospective pharmacokinetic study of
intravenous busulfan in hematopoietic stem
cell transplantation in 25 children. Pediatr
Transplantation, fcd ¥, 2014: 18: 294
301

Tomoko Iehara, Minoru Hamazaki, Tatsuro
Tajiri, Yoshifumi Kawano, Michio Kaneko,
Hitoshi Ikeda, Hajime Hosoi, Tohru
Sugimoto, Tadashi Sawada * Japanese
Infantile Neuroblastoma Cooperative Study
Group: Successful treatment of infants with
localized neuroblastoma based on their
MYCN status. Int J Clin Oncol, ##id v,
2013, 18(3):389-95.DO1
10.1007/s10147-012-0391-y

Takuro Nishikawa, Emiko Miyahara,
Masahisa Horiuchi, Kimiko Izumo,
Yasuhiro Okamoto, Yoshichika Kawai,
Yoshifumi Kawano and Toru Takeuchi:
Benzene Metabolite 1,2,4-Benzenetriol
Induces Halogenated DNA and Tyrosines
Representing Halogenative Stress in the
HL-60 Human Myeloid Cell Line, Environ
Health Perspect, atd ¥, 2012, 120:62—
67. http://dx.doi.org/10.1289/ehp.1103437
Kodama Y, Okamoto Y, Hashiguchi T,
Shinkoda Y, Nishikawa T, Tanabe T,
Kawano Y. Vascular endothelial growth
factor corrected by the platelet count and
hematocrit is associated with the clinical
course of aplastic anemia in children. Int J
Hematol, ##td> 1V, 2012, 95:494-499
Ueno K, Nomura Y, Masamoto I, Masuda K,
Morita Y, Eguchi T, Okamoto Y, Kawano
Y. Potential role of autoantibody in severe
neutropenia of a patient with Kawasaki

syndrome. Scand J Immunol. #FHidH Y,
2012, 75:120-126

8.  Nishikawa T, Inagaki J, Nagatoshi Y,
Fukano R, Nakashima K, Ito N, Sawa D,
Kawano Y, Okamura J. The second
therapeutic trial for children with
hematological malignancies who relapsed
after their first allogeneic SCT: Long-term
outcomes. Pediatr Transplant, s v,
2012, Nov;16(7):722-8

(Fx¥ER] G2

1. Nishikawa T, Okamoto Y, Tanabe T,
Kurauchi K, Nakagawa S, Abematsu T,
Kodama Y, Shinkoda Y, Kawano Y.
Validation of a test dose strategy for
administering intravenous busulfan in the
setting of pediatric myeloablative stem cell
transplantation: Clinical and
pharmacokinetic results. 40th Annual
Meeting of the EBMT (European Group for
Blood and Marrow Transplantation), Milan,
Italy, 2014.03.30-04.02

2. Nishikawa T, Kurauchi K, Miyahara E,

Okamoto Y, Kawano Y. Mechanisms and
prevention of fatal cardiotoxicity following
high-dose cyclophosphamide. 40th Annual
Meeting of the EBMT (European Group for
Blood and Marrow Transplantation), Milan,
Italy, 2014.03.30-04.02

() (GFo )

(PE 36 M PEAE )
OIREL (GO 1)

6. HFFTHELAE

(1) WFgefdes

T8y S (KAWANO YOSHTFUMI)
JEVL RS - IEH R AR - #%
WFoEE 35 20260680

(2) WFgt oAz
A Be# (OKAMOTO YASUHIRO)
JEVE R R S0 i b @ I e - Gl
e 25 : 30398002



