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Molecular and cellular analyses of hematopoietic stem cell damage induced by low
dose-rate irradiation
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Hematopoietic tissues are highly sensitive to radiation and prone to
radiation injury. It is feared that hematopoietic failure develops and, as a result of the later
effects, hematopoietic abnormalities such as leukemia could be induced. We have analyzed effects of
low dose-rate radiation exposure on hematopoietic tissues, that have largely remained elusive, and
aimed to contribute for establishing a basic theory for preventing the adverse effects of low
dose-rate exposure. We found that low dose-rate radiation exposure specifically decreased the number

and activity of immature hematopoietic cells including hematopoietic stem cells. We then detailed
the mechanism underlying the decrease at the molecular and cellular levels, further at the single
cell level. Not only DNA repair responses against the genome damage but also apoptosis and cellular
differentiation were induced in immature hematopoietic cells, which may give rise to specific
reduction of immature hematopoietic cells.



26

@
(2) 100 mey/

®

(4) 100 mGy/

KusabiraOrange KuO
®)
1

(©)

100 mGy/

100 mey/

1

20

KuO



A

v bak, bax,
bid, bim, noxa, puma bcl2, bel-xI, mcll, bcl2ala
B)
H2AX vy H2AX Trp53
p53 (Serl5) DNA
Rad51  53BP1
9)
Biomark HD Fluidigm Gatal Pu.l CEBPa
Pax5 Gata2 Myb Myc Geminin p57
D)
Brdu
in vivo
(€Y) (900mey/ 103 mG);IEI
28H
2 - 8Gy) (x109 Progenitor KSL &
c-Kit"  Sca-1’ BRI
Lineagemarker-(KSL) 28 wi g
(100 mGy/ 2.86y) °
(109 (x109
( ) @ Z 1.6
(CD150* CD48- CD34~ KSL ) - £ -
7 (100 mGy/ 0.7 < i:I]_LL g H
Gy) 56 (100 mGy/ e e 7 wm o e
5 ; 6 Gy) n=15 n=3 =15 n=15 n=3 n=15n=5
. « ) BN EREERS WS OENMRIN T SRS
@) 20mGy/ 5 ( 2.86y)
« 2
3) 20mGy/
%
(x10%) @ -
400, g ’7 ’7
@ 300 T % +
. e
6 I g T
il m
% ‘ E%. o js—a* 140 H
0 ¢ control 28 56 140 & E:ﬁgytn:s()ﬁﬂj(nﬂ) Pt

20 mGy / B (140 B) (n=3)

n=3

#&H (20 mGy / B)

H2. EMPRATAICHLTREEZRET ERERHFEIOBED | K3, EmEMEEHEIc S HE T SRIEDRHT

(R¥ B BETT M SEAEARAT)

®

( 45

KuO



(x108)

- %, P<0.01 P
" =
g - g i+
g 16 \ﬁ Sh
§ I ©Q0.8—
o f T o ¢ || _—
& 8| ﬁ
v (x109 0
i 1.6
& | = oH .
: = i
B 28 4R E2 0
O 6 (n=8) 2
100 mGy / H (28H) (n=8) we
100 mGy / A (568) (n=5) o

Bk 248 45A

4. SRR ERSREISOENHHEEICNTIER
(R A IEEEE RN

(X103 ul)

Ter119* cells e B220* cells [0 Gr1* or Mact* cells
30)

1

o] I ::oj ® :
N 1 —= Hrid

CD41* cells CD3* cells ‘

I T ‘ ] kM5t (n=5)

20 [ 100 mGy / B (28E) (n=8)
I 100 mGy / B (56H) (n=5)

100 | —I—
10 T -
0 0

**, P<0.01

Ter119*cells : Frsk
CD41*cells : /M
B220*cells : B #fif
CD3*cells : T i
Gr1*or Mac*cells : HIER
1 BEER

BE5, BHSh/-HRICi->-TEHBEL-FHMrEESNT:
R M BRAAA

100 mGy/

4
1 1

®)

(x 109 (> 10%
12 5
g [f
g 2 5
& o] % r
LU 2 i ' i
o o -
(x10?)
02 30
T
g0 M Q!s
=1 g%
WiE o g
ot 0
mate - 0 14 28 56 112 B mae - 0 14 28 56 112 A

Ee. ERERBMRBEEKDTIRITHEITHEMS R T LOEN

PCA Score Plot Violin Plot of Gene Expression By the Order of PCA Gene Scores

: U dati il Lt

= bl e

. ERUTUSURIBUTITIS

I — ‘EE%A;,; ;;;,;
UL mamw L

100 mGy / B (28H)

H7. E—#HiE L R TOBGFRERT
FERSHE M M. s (EIRER X < EMEHER

. ENAEEAA V.S, SR
a®

&
.
%

D

40 —

T LT

20

lineage* &
AERHERD

CD34*KSL CD34KSL i m#8e
[ kE& (n=3)
M 100 mGy/B (17 8) (n=3)
o P<0,01

THRF=Y 2%

B8, EREBARBI L DT RIF—LRDOFER

YH2AX 538P1 Rads1 PDNA-PKcs

DNA-PKcs:

DNA-dependent protein
Kinase, catalytic subunit
PDNA-PKes:
KsLi@f Phoshorylated DNA-
Pies.
EREE
SRR
i
ATERAER
KsL#fa
avka—yY
pidul
HIEEHIRE
PTYPRY i35 (100 mGy/E)
iy <26 B R50

El9. KSL#fika & ABRMERaI=d5 1 HIER B RBUIRD
7/ LEBEMEEDEL




5

Sumide K, Matsuoka Y, Kawamura H, Nakatsuka R, Fujioka T, Asano H, Takihara Y, Sonoda
Y. A revised map for the commitment of human CD34-negative hematopoietic stem cells. Nat
Commun 2018 Jun 6;9(1):2202.

Spaapen F, Eijssen L, Welting T, Prickaerts P, Salvaing J, Dahlmans V, Surtel D A
M, Kruitz F, Kuijer R, Takihara Y, Wouters B G, Vidal M, Voncken J.W. BMI1 controls
transit amplification in chondrogenesis by preventing replication and transcription fork
collision. Epigenomes, in press.

Mihara K, Yoshida T, Takei Y, Sasaki N, Takihara Y, Kuroda J, Ichinohe T. T cells
bearing anti-CD19 and/or anti-CD38 chimeric antigen receptors effectively abrogate
primary double-hit Iymphoma cells. J Hematol Oncol. 2017 Jun 8;10(1):116.

(
) , 2017, 52(4) 336-349.

Yoshida T, Mihara K, Takei Y, Yanagihara K, Kubo T, Bhattacharyya J, Imai C, Mino
T, Takihara Y, Ichinohe T. All-trans retinoic acid enhances cytotoxic effect of T cells
with an anti-CD38 chimeric antigen receptor in acute myeloid leukemia. Clin Transl
Immunology. 2016 Dec 9;5(12):el116.

19

, 41
2018 11 28 H—~—30

- 61
2018 11 7 H~9
, Effect of low dose-rate irradiation on the hematopoietic stem cells.
80 2018 10 12-14
2018
7 3
Geminin 22 2018 1 26
40 2017 12 6 H~
9
40 2017 12 6H~9
Geminin 21
2017 12 2
Geminin 21 2017 12
2
- o0

2017 10 25 H~28

Molecular responses for low dose-rate irradiation in the hematopoietic stem cells.
79 2017 10 20 22



58

2017 6 4
Molecular response for low dose-rate irradiation in the hematopoietic system
15 2017 5 26 27
39
2016 11 30 2016 12 2
59
2016 10 26 10 28
59

2016 10 26 10 28

_ Low dose-rate irradiation specifically affects hematopoietic stem cells.
78 2016 10 13 2016 10 15
Takihara Y, Ohno Y, Suzuki-Takedachi K, Santo M, Yasunaga S, Ohtsubo M, Naka
K. Low dose-rate irradiation specifically affects hematopoietic stem cells. 45th
Annual Scientific Meeting of the International. Society of Experimental Hematology 2016
8 25 28  San Diego, USA

Effect of low dose-rate irradiation on the hematopoietic system. 14
2016 5 26 27

¢y

Yasunaga Shin’ ichiro

8 50336111

Ohno Yoshinori

8 10548986



