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The role of ROS on hematopoietic stem cells damage
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Abstract: Ionizing radiation(IR) exposure may increase ROS level inHSC and lead to irreversible damage on HSC.
ROS damages cells, tissues and organs through several pathways. Mitochondria, NADPH oxidases (NOX),
cytochrome P450-based enzymes, xanthine oxidase and uncoupled NO synthases can induce cellular ROS
production. It has been suggested that ROS produced partly by NOX in HSC and could affect HSC s localization
in their niche and reduce the interaction between the HSC and microenvironment. P38MAPK-P16Ink4 signaling
pathway is activated by elevation of ROS, which might destroy the long—term maintenance of self-renewal and
induce myeloid differentiation skewing. ROS have also been known to activate PI3K-Akt-mTOR signaling
pathway. It canalso inhibit maintenance of HSC quiescent state. It is significant to elucidate the mechanisms
that ROS generated by NOX after HSC exposed to IR.

Key words: ionizing radiation; hematopoietic stemcells damage; reactive oxygen species (ROS) ; NADPH oxidases
(NOX)

&40 Y (hematopoietic stem cells,HSC) +&

. \ . . . Fs HER: 2008-10-20; &= HHER: 2008-11-11
G PRk iy, A AREmsaRE

HEWE: EHx ARBAIS (30828011, 30770645) ; K

gy, JFRENS S LB R o A VT AR (08 JCYBICOT00) 3T IS4 B0
s dndn i, EVHSC BA H I EHT 5 € [ 7L I RE HESEL (20070023102)

J1o HSC {E4r340F, BEATASG R A 22 5r 24, *BITIEE: ai-min-meng@126. com



296 ARl

21 %

W28, — 40 Sz B0 434 B 394 40 i,
M55 — AN YERR A 734k, HSC AEANWT A FSrH 40 it 1)
A A, AR A AR G ) B R R R B AR
HSC 48 K AFAE T BEL L, D BAFAE T4 H I
FEER . HSC B 2 T 8Os i Dh e A vEH S, ™
MR A T, BERfaklEa. ZRMEE
A EEHSC 45, WHREWEE N R (ks e
DRI 25 Chn g s Ay 80 Mvs 4) FiAE 4%
DR 25 CAn 4 & A998 25 55 P AR R Y) o AR E R
YRR R 2258 56 5 HS C 38455
8 A2 35 RS ] 3 Gt 32 B0k IR B 1)

FRhERAT,  KHAEESZ /N A T R 5 A
TR DR, AH R B R B 2 IR B OR T R S
A DB KB AL S UR 2% B B, e S o 4 e i
UL IR 4R 9 SECDNA 45, s Rk,
RAMMPIT R AR UK 2, R
WATLL S SCHSC 05, M B, fEi ]
DL SHSC & R4 (reactive oxygen species, ROS)
FRETh o AR SO S T 5 5 8 ROS R4t i
1 5 | A i A o A0 B O ML s B e 5t R A
— k.

1 ROS {ER#NHI B KR

1.1 ROSYERIMLEI i nl LU ROS P2 AR, 4
WS B ROS AT LLE DNA J WV, FEUDNA #
A RUBEWT RN S At mT DL 40 B I S N, 5
BB TR N, AN B A% i, AT | A 4
WP T SRAEECA 22 5y 2440 gk . ROS HAA &
27 NP ELAE D B DA SRRV 23 B AR
R RE P . ROS 4G 1 W8 S AL AR L 1) 1
3L, fAIEA WA, WH,0,. 5ROS HKMAE
WIZEAT N B = B, ESALIE SRR VAP
i GRUR D) IS N, KRR B BEE B4 38U
WAERFI R USRI DNA 51497, X 4f e 2l
RERINE e 31 5, ROS EE MUY HES
SN0 AHEAER, SENO MR HE TR, Jf
B AR G A A2 E R ) — R ) J—
— AR h: W=, XFROS 7RS35 R 2 B8
PTG A 2T AT PR RS S Sl A
Sk 2SPE R 40 R B S ROS I fil k2 Fh
E5%# 51845, W P21Ras. Smads/src i,
P38MAPK. ERK—-1/2MAPK, 2 sl g i 38 b o
SHEAE T AN [ e O

1.2 ROSKU  —IGHLT, ROS HIfA A IE H %
R =Y, I BAE S 5 R AR R 4

YER . BT, XUEROS 705 K44 41
WY, SECEHSESRPREEEEN, 42
(1) ROS T4 44 P —SE47 4800 1 g R0 LAt — S8 il
BN FYR R AL BRI, EAN RIS R,
ROS FIZIE N FE414L. 24 B A fifi. K
ZHAMMAIROS SRYH EEAFE: Zkifk, NADPH
AL (NOX) « A {425 P450 . BME A4 AL |
JAHBENO &l . b, NOX ZEEALIE A S 1%
R R AR AR . AR TR ) 45
BT LUK NOX KM 4 =25 (1)NOX1T —NOX4 5
60% [T RIS PE I FLE T 8 5 6 AN E5 MY o MR e
1 C- Ui ff) NADPH &5 & X ¥k (2)NOX5 5L |4 F
AR A G K, H A N- S A — M I R
M85 3 455 Xk (3)DUOXT MDUOX2 i L
NOX5 &k FEAARRL, AR A7 T N- I H 3 )
i [A]YR X 350 . HSC A ROS KIET HSC K
NOX, JFFHEHSC WKL . Piccoli 550 S50 KN,
CD34 it 140 i R IEAH R AP NOX T, NOX2.,
NOX4 #e g r= P f—E B NOX2s, /D ER
NOX5, R IFARKIMNOKX3. DUOXL FMIDUOX2 .,
HSC R NOX PRI ROS , ik AH N A 5
Mg g HSC it

2 ROS Xi&EM{MIRE F HSC 20

2.1 JEMGEAEE i A R 4R AR 2R

HSC & Ji B dbAT B PR B I 8™ A2 K #H 40 M
SEFT, LR RF HSC 4505 ThRE R 41 i S 15
Danm i< 2 AN AT i = g ) e A g e B2
I P9 R A0 MRS, BT SR s 37 i o B
B R ¥ T EBAR Y, B B iR HSC ATk
OB SAER,  BEAME Sk LAl ik & b )
FHOCOT 45 s SLAT RE e S I HSC MRS E 5 44k,
PR T 4EE HSC H BRI B 5 58 ) 434k Ty Rt 2141
AR RE DY IR RS DU, I8 il 40 B R Sy
i B AT R R A IR BT T, AR AR B o)
T ROS [ A, I A A 3 AT 41 i B % e 52 K YT )
FALAE B, deRfiE s fisse, AREIE
IR I D RE 1

2.2 ROS XMHAETH I HSC B Bieih 40 g A2 it
MR B B B 4, 5 HSC Z A7 AE A R 4l
IR . HSC 7B 40 M & o I Ry s G A
TR, SRR B 4 (calcium—sensing
receptor, CaR). N-#5%#K [ (NCAD) . Notchl. M
=M aE A IE R B e rp o BRI B Sk il
(telomerase reverse transcriptase, TERT) FlIP21,



o5 2 3] SRARMS, S5: ROS 553t il 140 i 40 0 it ¢ 3t Jig 297

CaR 7F HSC 75 P R T E 7 ok F v k3% T 2E4E
s NCAD 7 HSC L5 BRES B oAb B 1t i 42 i i 1
s Notchl il it 5 s 4 U EAEE 1) Notch Be A4 AH
TAE 4R HSC b T3 Berp REBS LR HSC
052 WAMNIE R I BEPERR 7 ; TERT B3G5 HSC A
THCH W REAI OIS, P21 S A M), fig
BEANEI HS C HENA0 M I, PRI HS C %52 41 o J&]
RIS B RS R T A 1 . 2 HSC P4 ROS 7K
SETFE N, X B IAAE HSC e 1h H ARS8 4E 4% HSC 1F
WIREMIE T 0 T HEARRRENRIA TR, F3%
HSC 1538 A S5 AH TLAE sk 35 M T 5% i HSC Dfig
3 ROSMEMFHMBEFKEHSEBNLTER
=AU

3.1 ROS JhEkd HSC A BB S € 17 Ak HSC
W ROS 7K FHIRIAE 5 7 T % LA A HSC £
JSCE AN B N S A RS AT HSC KA B BT S
) AL L R R IR 120, SESE HSC B ML VR
HSC 2 e 1 17 BB RE ) I T SE ) ik, g iy
AT/ R (CD45. 2) AR #IE A (c—Kit'Sca-1°
Lineage, KSL)FELA 23S HEHR 5 71 & HE A 11 /N B
(CD45. 1) FfE, {EfEX HSC B4 5 ROS 7K1
BBEEERE Bk s, JF B e T2 ean i
W ROS 7K, fEREAE ML N ROS KT,
LT KSL 4 M P A= 68 k5, nT LLUE B 40 g 4 ROS
KT JE HSC B H BT RE I 9855 1% ROS IR7K
ST RIHSCREAAR S [0 43 77 A5 21 40 it 2 o o FR 40 i/
CLAN M/ PR/ R A A VR O AL (CFU-
GEMM) , 4 HSC WROS /KFThwif, HSC &
) 707 A T 22 (R 2R e B T AN A 21 4 R e
3.2 ROS Tt sem HSC A IR BB 5 5 [ AL {5 5
s S ROS FHERE I HSC BT B 5 @
) ARG 5 e R IR AR AT, NSRRI
fRAE HSC P ROS A FFmr . A LR 7k LU Lif
3 HSC N ROS 7K Ft 1, AFE M H BSO (buthionine
sulfoximine) 719 /MiRAtm (ataxia telangiectasia
mutated) FEREFEFRIENS, PLA /N B Foxo3amiiRikl ™,
X LA T AT LR AT HSC P ROS THr, A seis
5T A 3 4 F -

FHRIE B ox, P38MAPK-P16!™ {5 54 3k 1%
TEAA R 155 S T HSCH A rh R FE B LA F e 1718
ROS T FE P3SMAPK ik, Mifn 5| ik i 141
i B R FEH 0 R M. BSO aJLLF SR HSC W
ROS FF7&, HSC ik P161ka P19t [, P16!
ST MAPK 42 W #19, CU$% ERK F1 P38MAPK

S - HoAth ) Inkd KIEALFE P15 > FIP18ke 4,
2 LA P38MAPK i i) 77 AN ik E0s . Atm B2
N ST AR AL R 7 R HS C T fE 13 B A
A, Atm B FECROS AKCFHIBE I, i S8 HSC
AT ae 1 R RENST . fEfkAk, P38 MAPK [
A LAS AT WL A tm B 4D ot AL 40 A B A
I H PR R R . [, 7E 24 & Atm
/INEKSL AR ITnk4 S0 % 03 A dF P16 nkte
P19MT, P15 kb 1 p18inkic Y08 i, p38 MAPK
B U1 MAPK F (MKK3 F1MKK6) 1 MAPK Fig i ity
(P15 570 1 (ASK1), ¥ MAP3KS 4wfid ] s,
Foxo3a #i% /)N i HSC P9 ROS 7K-~F- T i Rl RE 7] LA |
i P3SMAPK #3, HSC HIRHFAE S RO, Xt
F HSC AT HELL IR AT AR ] 3B ROS AT (38 T
EELLERHSC B M5, ROS 55 ASK1 ik MM 1
P38 MAPK #3412 130, JoA5 55 % 5 A JE i ml W45
H: ROS AKPH RS ASKT B0, B s 5
R MAPK fig5[i2 P38 MAPK 34k, P38 MAPK
WA HSC i P1etke Sk B, LAl Ink4 5K
WA I LR, IS HS C Bl .

AN, A AN PUAE M FIN-acetyl-L-cysteine
(NAC) . P38 #1455 SB203580 E{4& mTOR #1147
rapamycin #SHELRAE ROS 17K HSC 40 A A4 1 40
MoyE P, K578 P3SMAPK AImTOR MGG #AE S ROS
7K1 AR T 4 R D BE R A . LA ROS
L RE IS PI3K-Akt—mTOR JH %, Jf Hizim i al LL
W rapamycin $HI2 . %30 BRI SRR T
Foxo Kif, W RESEHSC A ROS KPR w7l
4 ROS 35 I T2 R £ At /& HA BY 52 M

20 6 SR B0 o S WL Gy ML G, IR M
W IEEAEDLT HSC AL T IR, BEFRN Gy s
AEDRF & 1308 HSC B BRF M, X T IRy B il a2
B Bk A A R T 4 AT O 4 it Y
0 M B A R O E Y . ROS KT e, Ak
TGy WIHSC gLt N F%E, S AL G, AT M 40
J P A5 TG AR A X S 4 T IXFIOW A ROS 7K1
I, HSC A+ 1L, ROS KFTHwmE, BE
K] HSC s 213, HSC NI ROS KV TF s E B
SR 0% P38 MAPK-P16INK4a 448 M4 HSC B9
TF Gy BIREN 41 M 1, FECHSC #fab sk i, 8
3 HSC By EL 100

5 R4t
zg balik, ROS v DL I 2 Al 256 i i 2

Wi i, P ECEBE AN R, ™ E U



298

ALY

21 %

T AR LA R RE B T ROS KT
UESZHR S NOX P24/ ROS 5IR HSC s, %
SEFEROS FINOX WA, Jxuew] DLAE 4 5 TAE
AF 5 14 2

(1]

(2]

(3]

4]

(5]

(6]

(7]

(8]

(& % 3 #]
Fang SP, TagoF, TanakaT, etal. Repeated irradiationswith
y-rays at a dose of 0. 5 Gy may exacerbate asthma. J Radiat
Res, 2005, 46(2) : 151-6
Dainiak N. Hematologic consequences of exposure to ioniz—
ing radiation. ExpHematol, 2002, 30(6): 513-28
Rugo RE, Secretan MB, Schiestl RH. X radiation causes a
persistent induction of reactive oxygen species and a de—
layed reinduction of TP53 in normal human diploid
fibroblasts. Radiat Res, 2002, 158(2) : 210-9
Michael W, Epperly PhD, Anatoli N, et al. Ascorbate as a
“redox sensor”and protector against irradiation—induced
oxidative stress in 32d CL 3 hematopoietic cells and
subclones overexpressing huamn manganese superoxide
dismutase. Radiat Oncol Biol Phys, 2004, 58(3) :851-61
Dworakowski R, Anilkumar N, Zhang M, et al. Redox sig—
nalling involving NADPH oxidase—derived reactive oxygen
species. Biochem Soc Trans, 2006, 34 (pt5) : 960—4
Thannickal VJ, Fanburg BL. Reactive oxygen species in cell
signaling. AmJPhysiol LungCell Mol Physiol, 2000, 279 (6) :
L1005-28
PiccoliC, RiaR, ScrimaR, et al. Characterization of mito—
chondrial and extra—mitochondrial oxygen consuming reac—
tions in human hematopoietic stemcells. Biol Chem, 2005,
280 (28) : 2646776
Piccoli G, D’ Aprile A, RipoliM, et al. Bone-marrow derived
hematopoieticstem/progenitorcel Isexpressmul tipleisoforms
of NADPH oxidase and produce constitutively reactive oxy—

9]

[10]

(11]

(12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

gen species. Biochem Biophy Res Commun, 2007, 353 (4):
965-72

Kiel MJ, Yilmaz OH, Iwashita T, et al. SLAM family
receptorsdistinguishhematopoietic stemandprogenitorcells
andreveal endothelial niches forstemcells. Cell, 2005, 121
(7) :1109-21

Wu JY, Purton LE, RoddaS]J, et al. Osteoblastic regulation
of B lymphopoiesis is mediated by Gsordependent signaling
pathways. Proc Natl Acad Sci USA, 2008, 105(44) : 16976-81
Cancelas JA,Williams DA. Stem cell mobilization by 2-
agonists. Nat Med, 2006, 12: 278-9

JangYY, SharkisS]J. A low level of reactive oxygen species
selects for primitive hematopoietic stemcells that may re—
side in the low-oxygenicniche. Blood, 2007, 110(8) : 305663
TtoK, Hirao A, Arai F, et al. Reactive oxygen species act
through p38 MAPK to limit the 1ifespan of hematopoietic
stemcells. Nat Med, 2006, 12(4) :446-51

Cheng T, Rodrigues N, Shen H, et al. Hematopoietic stem
cell quiescencemaintained by p2lcipl/wafl. Science, 2000,
287 (5459) : 1804-8

Griffit OW. Depletion of glutathione by inhibition of
biosynthesis. Methods Enzymol, 1981, 77: 59-63

ItoK, Hirao A, AraiF, etal. Regulation of oxidative stress
by ATM i s required for sel f—renewal of haematopoietic stem
cells. Nature, 2004, 431(7011) : 997-1002

Miyamoto K, Araki KY, Naka K, et al. Foxo3a Is Essential
for maintenance of the hematopoietic stemcell pool. Cell
StemCell, 2007, 1(1): 101-12

Hosokawa K, AraiF, YoshiharaH, etal. Function of oxida—
tivestressintheregulationof hematopoietic stemcell-niche
interaction. Biochem Biophy Res Commun, 2007, 363(3) :
578-83

Tobiume K, Matsuzawa A, Takahashi T, et al. ASKI is
required for sustained activations of JNK/p38 MAP kinases
and apoptosis. EMBO Rep, 2001, 2(3): 222-8



