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The Kinetics Alteration of Human Hematopoietic
Stem/Progenitor Cells Exposed to Ionizing Radiation
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ATF2: activating transcription factor 2

e

BFU-E: burst-forming unit-erythroids

CDKNI1A: cyclin-dependent kinase inhibitor 1 A

CFC: coliny-forming cells

CFU-GM: colony-forming unit-granulocyte/macrophages
CFU-Mix : colony-forming unit- granulocyte/erythroids/macrophages/megakaryocytes
DNA: deoxyribonucleic acid

EDTA: ethylenediamineteraacetic acid

EIF4G1: eukaryotic translocation initiation factor 4 gamma 1
EPO: erythropoietin

ERK: extracellular signal-regulated kinase

FITC: fluorescein isothiocyanate

G-CSF: granulocyte-colony stimulating factor

GM-CSF: granulocyte/macrophage-colony stimulating factor
HBSS: hanks’ balanced salt solutions

IL-3: interleukin-3

mAb : monoclonal antibodies

MAPK : mitogen-activayed protein kinase

MYC: v-myc avian myelocytomatosis viral oncogene homolog
mRNA : messenger ribo nucleic acid

PBS: phosphor-buffered saline

PC5: phycoerythin-cyanin-5-forochrome tandem

PE: phycoerythrin

PNO1: RNA-binding protein PNO1

ROS: reactive oxygen species

SCF: stem cell factor
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MR D% I, 1961 FTETHD. Till HIX, v~ A~ERERG A IR
KL, T0%, BHiBHEZRAIZECS 10 A BICE MR CHERENIan=—%
JELE - CPIRAICHE L D ol Eoan=—#ilaz B LZEZA, &5
(CZ AR IE MM A TERL LT 28D D, SO S HESLSNDIZE STz, BIFET
I3, E MRS Co MK MinZ PEA T 5% mkiel, Ro(EMEAHERLI-E %
HIET 28 CEREL AL, FEEROAJELEL CIRbNHmE A 358 TOEI
TR 2 PEAE R T DL E RSN TN, E7, 1 i S A0 3 B2 O N BR BE
(=T JITBWTHERRS I, B IEIRREDMET- Q0D 22 ZhETlii=y T ITTE
BV S HEAMEEL, [IZERESM, AR, ~2/a7r—, 8 N a7
EEEDELOMBN LI ESNEEWESN TS Y. i, Zhb=yF
ZRERL T DML D cell-cell interaction (ZHNZ T, =vF THEASNAIKIEE DV A
NIALT2E DT F ALY, ZOBREIEE ICHIESIL TS Y. 2ok, il
SRR AAE O, HIGE 7, Sk S N, Ho IO BEER - THH YA IA
YDOFERRF R THD. SHITEMBAIIL, 2R A AL &>
ORTERAEZ N U TR MER~ES3E 92 5 1O W S FEOREREHNIZEY, »1b
P i | A 25 T LA K0 R AT S b o1 Ao 72 4% 10 1219 (Figure 1) .
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FEBE IR L AN 2D —FETHY, Z ORI 72 EEE A AL FM72
BRI XY, WFLEMIRICEB VT DNA, 20378, IRE~OBEEFRINERD, &
OICIEMERER RO N RYUTIRIFIEEE A2 S 7251, MIRE IR 1L, 7HRM— %,
IR TRBOLEA, MIEEEE TRk AN AREEF &3 10 F7z, E
R~ E BRI, Bum e B SE R A B SR 7. R
N6, R AIVNEZOL e FRITRL T L2 (Table 1) . HEER B
[R5 T 2 BMERESBEBRE DY D, b I#R ik CAC DB AR5 138 BisE T
DV, T2 B R L3 M/ AR AR ORI FEL 70— U HEFERE D FE R 3B 5L TV D
EEZBND. —JF, ERO G RS IR BT T 22 MH TS
0, ZWBEHIET DR FITRTEAHTHS.

Table 1 VT4 5 #¢ & U AR X< EE Sl oD — ]

F ST =5

1987 75, BB & 72 o TR BRI B S 30T T2 E R A RS B D S AR
SAT =T RN R, T D%, BRMAERNO BCs BIEAEH L, A E 249
LRIEL. ZDI B AL L.

1999 A, 7T RENIN T OFBEREIC L BRI AR A L. K 20 BRI IS
RS BLER, EEB3ANREMREHIEIS. Z0IL 240K L.
2000 ¥ A, I REEIC 72 o T EIR R U s B N R B IR S -, “Co BRI

Pr— 7T BHL, (FEEBRCTOFRHERE 1041 EmBERIELS. 2055 34085
B— s L7~

2005 F U, FEMEE R A ORI e BRI, ThEEEENREL, EED
are7vAd F(PRIELS Ao, £0%, AR THRCHEERBMBERIC L VA
N WICE - 7=,

2006  ~ULF—, A BRI ) O IR % T, PCo BRI S TV W2 B IZ&AT

7Y a2UaAx NTICHREEANSNAE. 1 L0EREWRII Lz, 2o%, /g <o
YA FIA EREICEBDIBRRICEDIBERICEST-.

R B O BUR B IE BB xE T 21R M IEIE, TR ETIZELORHFIC
HBEMROIRSI, O, BNl REb-b Uk T C& 70 BIEETICH
EENTODIRBIEICIE, Bs TV A N A R B IREBER M A S
%. —J7, Shao BIE, AT A R, FWIRIZITRALBEIEELL 64—, &
BN TR E OB BEINHI 2 5 | S 2 AR L. Y. SBICRIETIE, Li 5
BRI ERICB I DRENIEAITHD G-CSF D523, BN F B %



BIERZF LA WAL Y. ZhbO R LI, i E/AiE RO &R B B
ke, BB 7e— BB O HEMZ AL T\ D, 2D X9, ERERIFRIZE
HANRE B A TN B D7 0121, BEBEACR BRI X238 e/ mir ik i o #E i
FEL DT — BEFERETE AT = R L E DN T HMERHS. UL, ZHUSIXERE
BB E D FED T 7 F v ) &) FEERANCIINS AV R 22 A S A I LD
(DT TV | OMEEBE T HUNERDHY), REIZEMETHD. E-T, Eing
M DTS L OIS D BERE ST SRO BT, RBRAITIMABND T DY
T BRINT DI, A RTA L DAEBERIE FE CTHED LIIFEL TR
WO T CHEEINDSRETHD. ZNEITX IV, BRI ER A Rl
BARIRE Y AN IIA L WGP UIAL IR DIER A TE T H7201E, VAN ANZED A
DT F NS EZD TRl BN HY, FEERANTH A NI A A FES TR
TTEESNDNETHD. TNOMEAHEIZE UM B i+ 22L7T,
ZDFEMIR AT =R LOFFREINRD HILD.

ABFFETIR, 1E M/ AT~ O B B B2 O NZ S D728, A NIA
UAFAE T B R OFEAFAE P 31T D u MR i FE I 56 if. 54/ A A 400 e A4 e oD A e 8
DEACITOWTHENT LTz, RFmSUEEE | BBLOE 2 B OS5,

(%5 1 =] B IE< @ e Mdmg/ oA B A L IEFETICE
453t « HIERE D ZAL

TEREBUR AR KX D IEMEBHIIEDOIED A T = X L EH LT H72DIC, b
N EFEEIL & 0 R IS A BERE BL L 72 CD34 I D 7 1 — U BEFERE L 69 B ik
B, A N A U IETFAE T Tl L7z, CD34 M~ 0-2 Gy @ X #i %
1%, 0-48 KFEIICIE Y ¥+ N A VIREIE FChREE L7z, £ D%, CD34'#ifa
DAEFR, 7 a—HHE, Mlakmiun, MRNI har P T RE, il
NI bz RYTHRA—=/N—FF VA REARITONT, KONDRRHAT
fENT L7z, X RIS D 12 BpfE1R, BREHE O A7 B0 3 IR R HE O M1 HE 2
L U TR 70-80% 128 L7y, —J7, MREHED 7 v — U HAGERR I3 50-60%



IZETHA L. 2612, BE 6 FFM#ZICB W THIRNO I b= FY 7 Hk

AR—X—=F X A ROFEREABMERD, RS 12-24 R IR K~
EEL. L LR s, ZHEOMBPIEMERFRREEAREDS L ITHIRA
Moy RU7RRED, FERRHE L R & O THERZRITRO b o
Tz, Fio, KARRREIURORBUII L2 72 B E R & T, AT O
RRACBAZE 72 B LIEGR O Do lz. ZRITIA T, cDNA vA 7 17 L A g
FreiX, X MBS 6 REf% O CD34 il CHRENLEE LimEis 1 HEX
CDKNIA 72 E DT R b= AR TR Z < 2 DT, 2 b ORER &
0, b MEMES/ETERIRIE, A N A IEAFAE T CIXERE B RS 1%, A
NAFEIT A7 o — HERE N R T2 Z 60 e D, ZHITIEE
BERSRRIC E D FE SN Fay R THERRA—N—FF 1 R p21 3B
B L TWD ATREME RIR S L7z

(252 %] BB BR b M &/ RiBMIg O YA b I A AHET & IHEAF
1E TICB T %8s 3B L O MEFERIfFAT

b b 3E R/ AR O O BRI S B 54 2 B+ OARE 2 52T
T 572D, 2 Gy O X #REBET CD34 a2, i {x 1-#i#2 2 4 & 1 Thrombopoietin
+ Interleukin 3 + Stem cell factor DAFE T & L < {ZFEAFLE T T 6 B {E V) M.
THERR L, SUBHIIRO cDNA ~A 7 a7 LAIC KD B OB E 3Bl LN
JZDWT, JREBBETOXRy NI =TT EITo7=. 2O, XHRREOH
HEARMH), IREO))BLOYA b A DEEE (Cyt(+), Cyt(-))IZEVLTFD
4 ODEMTHUILT2; IR (-)Cyt (-), IR (+) Cyt(-), IR (-) Cyt(+), IR (+) Cyt
(). £, R EZ 2 fba— b Lz, ZO8EE, IR(+) Cyt(-) & IR (5)
Cyt(-), IR (+) Cyt (-) & RAEHIAY, IR (+) Cyt(+) & IR (-) Cyt (+) D 3 DDk
e CHAE L Cue 17 O TEBEBCHBISEBE 11 &, IR (1) Cyt (+) & IR (-) Cyt
(), IR (+) Cyt (+) & KRBT 2 DD Ll THIE LTz 36 O TEBEHMST
BB RO A MU A VIREEEF) B SN, Zhnicdb@md 5 RikER



T & LT, MYC ODFEREELEZ R Lz, MYC IR AEEFTHY, Zh
F CITYL R DR EESH e B ] O Bl As I B A e Bl A Ref= 9~ 2 L G s
TW5. I HIHES L MYC TR F D 95 b EIF4G] 3 X O PNOI DB5-
PRSI, TIEN, EIF4GL ITFIERBIARIA T & L TH 37 G RO Bba}
2, PNOI 127077 V=50 RY—2OHAECHEGT 28 THDHI L
MHESINTEBY, b 2 2OBEFIEWTiILh RNA ORRRIZEE L T
5. ARBFFEIL, MYC 733 M/ Rk o BUR SRS MEIZ B W TR E 2 5% %
Ri-d 2k, &5 MYC FHGET O EIF4GI & PNOI %S, IR O H
PRI W TEEREREL A L TV D ARt 2 mg L7z,

AWFFEN D, BN ML/ ATBEARIR I, A BB A 2 FEAFAE T CIL R B R PR
B, MIRSEIZ IR Ty — U B RE DS BIIAR T 9 2283 EleoTz. 20
1 I 83/ AR AR O BB BRI VELZ MYC S AR - ORI G-RE 2 b=, A KER
2 A1 5/ AT B L D S BRI ME A L 2R AR E L, BEERUH ROV A2
WroF 7228 ~DJS HIFE BTSN,
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BEEHRSHBIZ<BL FEMLS/BiEEMED
YA M A UIBEETICBIT 01 - HEAEREDOEL

E g

BHERRC X D& MEMIROED X I = XL EH LT 57291, B
NS I 2 0 R L oy BERE L S v 7- CD34 M o 7 v — U BEFERE IS KT 5 ik
S B, A N A CIE(FAE T Tl L7z, CD34 flifd~ 0-2 Gy ® X ##%
TS,  0-48 BERNCHED VA RhA VIETFET CTHE L. £ D%, CD34'
MDA, 7 o— U HERE, MlRERmius, MR b= N TR,
AN R RU THRA—/S—=FF A REAREIZONT, KON DKFH
SUCHRAT U, XIS & 12 WEfE#E, HRSTRE O A AR 250 IR FRATRE D 4144
I HE# L TR 70-80%I2 I8 L7228, —J7, MREHEED 7 v —  HEFHEE 13K
50-60%\ZHAICETHAD Lz, & 512, BE 6 BEZICBW TN G 2 k=
Y RUTHRA—=/N=FFH A ROFGEREAERINZGE D, KA 12-24 B
BRI KA~ EFE LT, L LR D, ZFEEOMIBNIEERRMEEERS L
SUITMIREWN I by RY TREES, JERRGTIE L FSTRE & O CH B e 22 51338
Do Molz. £, HMRETPUROFIUINA OB b ST, AAF
HIRAE [ ORE R BRE R B ITRD b o 7o, FAUTIMA T, ¢cDNA ¥ A
7 a7 LA FENTCIE, X BRIRGE 6 RfH]#£ O CD34 Mifah CHRELN L) L 72 E s
FHEX CDKNIA 72 E DT R b=V AFEELEFRL < 2 50Tz, 2hb o
FERLY, b MEMB/RIBEAIE, A NI A IEAFAE T I B B R
%, MISEIZHAN 7 v — AR SIIR T T2 2 R 6nE R, £h
IXBHERE R IC L B E SN b ar RY THEA = R—FFH A KR
p21 23B85- L TV 5 AIREME DS R S 4 7e.
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15 IR A L C O MMz EAE T 5% r ke s, R (bMEZHERF LT E
FHTETHH CERELZ AL, [MAEOAELZEL RN FHma AT 58 TOE
I A AR 2 PE AR LRG3 5. & MmO EFRREZ A L TV OIS, —fi
I BRSO R A b LS O S 2 MR A R (L A R L Rk L C v Vel PR A
ATHIEBENLNTND D, ZHUTZ T, dEigiian £, #5870, 45
b ¥ N2L, 22 IO A BEIER - CTHH YA NI AL DIFERA A K THD.

W LR A Lok D BB AU AR IE <R 1L, DNA RoF 378, JEE ~D1EE
JRIR 72D, SOITTEMERRFEFEOIN L RUTRAFIEEAEZ S T2 L, Al & 45 1k
TRV A, R T RAOE L G Tk 2 AN A RS Z 5 [ &4 1 ). il
AN BEE I RRICEDEND E, A RIA T BRI RIC L5 5E R 2 0%
IS KOV e O TS DO T= 0 DR - LU TERI 92 27D — 5 con o
PARIANL, RIERCT A= AZFHETHIEBHONTND & 2 1T, i
AR L6 T D U R R B A B 2 DRI, ERERUT RS LT AR A1
[FEDL 7T v &, EBRHNTIRINES B B2 AN A R E D DY 7T
IV DT %% 2 DHBNRGY, EEMNSEHETHS . LinLiens, &tk
BRI XD IE M A 3B E SN D RIARIE D A = X W IIRTIZAREIR SR Z . Ho
EEOE, MHEMZEMICE O CTERNO A NIABEE, EBRICENnEns
AT AL OPRFEIZLLELL, L TEWL UL THERFS L TR, 6> C, 1L
R R D FE ds L OV kIT TEHE ST O BT, FEBRAITINZ HILH A
YWDTEDY 7T IV ) Z BRI DI, FANIA L EFRRRE CHAEL LULTE
TEL TRV IR T TEEESNHRETHD.

AWFFETIE, BEHEBG AR LFEIE S 1E Rl O ML FEA T =X L% B
SN DT, FANIA L IEAFAE FIZIUT D MPR i 1 >R 0D 355 i w4/ Fif S7E A e A
R D534k BEFHRELZ 5T D HUR R B DWW IR L 72

)



ke F

HHE R 7 B X OV A R L

Recombinant human interleukin-3 (IL-3) 33X T Recombinant human stem cell
factor (SCF) !X Biosourse (Tokyo, Japan) LY A L72. Recombinant human
granulocyte-colony stimulating factor (G-CSF) 3 X T° Erythropoietin (EPO) (%
Sankyo Co. Ltd. (Tokyo, Japan) & » W A L 72 . Recombinant human
granulocyte/macrophage-colony stimulating factor (GM-CSF) ¥ PeproTech (New
Jersey, USA) LV BE AL 7z, a8 6 k S #U 72 Fluorescein isothiocyanate
(FITC)-conjugated anti-human CD34 monoclonal antibodies (mAb) , Phycoerythrin
(PE)-conjugated anti-human CD34 mAb, PE-conjugated anti-human CD38 mAb,
Phycoerythin-cyanin-5-forochrome tandem (PC5)-conjugated anti-human CD45 mAb
IZ Beckman Coulter Immunotech (Marseille, France) JWH§ AL 7=. PC5-conjugated
anti-human CD45RA 33X O CD123 mAb, PE-conjugated anti-human CD110 mAb X
Becton Dickinson Biosciences (California, USA) XY i A L 7=. PE-conjugated
anti-human Tie-2 /X R&D System Inc. (Minnesota, USA) LY AL 7-. Mouse
IgG;-FITC, -PC5, -PE (Beckman Coulter Immunotech) (£7 1Y Z A7 a2 ta—/L &
LCERLE. &M EMR St 0 —7Chs 5-(and-6)-chloromethyl-2”,
7’-dichlorodihydro-fluorescein diacetase, acetyl ester (CM-H,DCFDA) ¥ L O
MitoSOX " Red mitochondrial superoxide indicator (MitoSOX) &, Ih= RU 7 84R
#) 7 1 —7 Cé% MitoTracker Green FM special (MitoTracker) |& Molecular Probes,

Invitrogen Corporation (California, USA) SV ALT=.

b M A A/ 5 i R S CD34 R M O BB X ONE g

ARG, SLRTRF R B E RN B SN T DR E 2 OAGEA 15
AT, BE X, SRERDITmNDA L T —LRa BN BLNIZ0b,
FORE A5 ML/ 32 7 DI AR T AN ISP E R & & Tl oL 7 ar Ry s
2 AT, IEH 2 153 8 1% o fa g IR L0 ERER U 72 ABFSE TR, Zhb o
TN BN BBEL, S5 FEBRICH W B OIS 24 K LINIZ,
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Limphosepar I (1.077 g/ml; Immuno-Biological Laboratories, Takasaki, Japan) %z F V>
THERLECIVAGREOEZEKMBEZ2BL, RIZ 5 mM
Ethylenediamineteraacetic acid (EDTA) & 4 Phosphor-buffered saline (PBS) % F\>
T 3 [\PEH L=, &5IC The Indirect CD34 McroBeads Kit and autoMACS™ Pro
Separator (Miltenyl Biotec, Tokyo, Japan) Z i\, #LEE OFERIZEDWTER T T ¢
7L 7y ailih CD34 RO RMEATT 72,

B RE O R D B

CD34" i il ~ D FEBIE T SRR ST 1E, X SR8 %5 (MBR-1520R; Hitachi
Medical Co., Tokyo, Japan) &\ TITo7c. B SRIRITE E)E: 150 kVp, & Eit:
20 mA, FRETEERE: 45 cm ([ZEREL, 7417 —IZ 0.5 mm Al & T 0.3 mm Cu & FV,
HREFR1T 80 cGy/min, FMBHHFREIL0-2 Gy L LT-. 72¥, M hoRBEMREIL, &
BER R B HC KV ES L 7. CD34 a3 M iy 85 TR B S, 1.5 ml F=—
T CHREENT.

KRR &

CD34" il e o itk A 5 28 13, M 1f 3 5% 5% 1 o0 i 7% RO 4 Tdb % BIT9500
(StemCell Technologies Inc., Vancouver, Canada) % ¥/ 7= #Ef1 i @ Iscove’s
modified Dulbecco’s medium (IMDM; Gibco®, Invitrogen) % VN T1T-7=. CD34 #l
Bl 5 x 10* cells/ml DT, #8500 pl/well % 24-well cell culture plates
(Falcon, Becton Dickinson Biosciences) FIZFEFEL, 37°C, 5% CO, f77E£ F T 0, 12,
24, 48 WFIZIED Y AU AL IEAFAE T TR LIz, BRI, AR OREE%ICH
FEoOSMlazBEINL, N ST —aRPEREZ IV, BEMEE N TRl 7z, 447
FIL, FERNEED A AFMIREU 6T 545 U BE O Al B o EI & L U CEEL,
FEHE TR L.

AF N m— AR
Ja— PR REZ A T 572912, MethoCult (StemCell Technologies Inc.) %

11



Ay, RifLEkRare=— kMg (BFU-E), H Il EK R =20 = —JF ik Al ja
(CFU-GM), IRA&Ran=—E Ml (CFU-Mix) &, ZNHOMREThirEan=—
TG (CFC) ZRFlL7=. 37, AR FIET X AL, CD34 Mz 45
MR ETH AN AL IEGIE T CliAE 2 L7z, W&IZ, IL-3 (100 ng/ml) , SCF (100
ng/ml) , G-CSF (10 ng/ml) , EPO (4 U/ml) , GM-CSF (10 ng/ml) , penicillin (100
U/ml) , streptomycin (100 pg/ml) Z & A L7IATF VLo — B NS, FERURTEIS
375 cells/ml , 0.5 Gy FREHEEIL 375 cells/ml, 2 Gy FRETEEIT 1500 cells/ml DIEFE T,
85 300 ul/well % 24-well plate EIZHEFEL, 37°C, 5% COL f77E FC 14 H &L
fz. an=—0FHE, 50 MlaLl EoFMEZan=—LERL, BIRBEME (<4;
Olympus, Tokyo, Japan) % N CTITo7-.

il B 2K T PR oD B BLARAT

CD34 i 31T 2 R B i i M fe |2 B ) 22 5 S O R BRI BLO A
bz, 7a—H A AN =RV L=, £7°, AR O FIET X #ERE %I
CD34 il A5 Rl SR ETH AN AL IAFAE T IR R L. RIS, Khilk%
SRR E CURINL, BEATIC CRUGSHETZ (30 43, 4°C) . B4 IZ PBS Tk, 7o
—H A hA—H— (Cytomics  FC500; Beckman Coulter Immunotech) % JH\ g%
Tol=. 2B, HFEBRICBW TR T4 T arba— L e LT, TA/IAT DAL=
BhEME DR b — LR A .

i B B 53 A0 D R

CD34" #fl e O A J& 1 43 Afi 1%, 7@ —H AR A—%— (Cell Lab Quanta~ SC
MPL; Beckman Coulter Immunotech) Z VN CHENTL7=. £37, Bl 55T X fjE
PRI 1T CD34 M2 A R R ETH A M AL IEAFAE F TR R L. I,
0.1% Triton X-100 (Wako, Osaka, Japan) 7 A PBS (2L fu G LB A1 T -7 7%
(5 47, 4°C), 50 ng/ml O FE T propidium iodide (Sigma-Aldrich, Missouri, USA) %
FWTYL, 20 DNA &4 HIELT-.

12



MR Ib= U RY T R E O fEHT

CD34 M N DOIb=a L RU T I, MitoTracker & FWCHEMT L=, £37, Al
TR D LT X A B 212 CD34 M 2 4 R il /R E T A M AV FE(FAE T CIRIR
Ke# L7=. WRIZ, PE-conjugated anti-human CD34 mAb Z¥RANL, KIS CRUGEH
72 (5 4y, 4°C) . 5|2 PBS TULH#, 5 nM MitoTracker Z¥WsHNL, 37°C, 5% CO, 1%
E T TIS OGS, % IZPBS THlllaz iidE L, 7 —H A hA—Z—Z
THRATLT=.

HFIN ROS &4 B O AT

CD34" filaN > ROS FEAE&BIE, BMEOIEMEREFELZ KT 5K THD
CM-H,DCFDA BXOIha RUT HRA—/ S =A% A N A2 HE S THD
MitoSOX Z FH\WTHENTL7=. £7°, BB GFIET X #A R4 1C CD34 Hliaz 4
RFEL A E T AP A L IEAFLE T CiiRE#& L7z, IRIZ, PE-conjugated anti-human
CD34 mAb % L<I% FITC-conjugated anti-human CD34 mAb Z¥RINL, BFATIZ TG
¥ (5 4y, 4°C) . IBIT, FnEh PBS HLLIX HBSS THEHE#, 5 uM
CM-H,DCFDA AL, 37°C, 5% COx f#4E F T 20 776 L<IF 2.5 uM MitoSOX %
#IL, 37°C, 5% CO, fFE T T 10 mnS ¥z, KEIZZENLTH PBS HLLIZ
HBSS T2 [FEEEH L& ICMiaz fHE L, 7 —H A A—F—Z W T LT,

£ RNA OHhHH

5 SOY 7LD CD34 #ifdhH4 RNA ZHH 357291, i SCHERTH
HENFIEZEEEL 7~ . 4 RNA 1% RNeasy® Micro Kit (Qiagen, Bothell,
Washington, USA) Z H\, #EZ O RICHEWVRIH L, 25 3 O EE X
Bioanalyzer 2100 (Agilent Technologies, Santa Clara, California, USA) % N CHIE
L.

<A 7a TV ADFEIELT —HEN
DNA ~A 77 L ABIONT —XENTIE, @EO LTl S FIEZ I

13



1172 3 P B RBURITI, SUEH OFERICHEV, GeneChip® system with
Human Genome U133-plus 2.0 array (Affymetrix, Santa Clara, California, USA) % ]
WTAT o7, EHIZ, Bia BRI T 07 7 AL DOFEIRIL, GeneSpring GX (Agilent
Technologies) , Ingenuity Pathways Analysis (Qiagen) &M\ TiT\Y, DB D
FEBD 2 5L EIZHPING LT 2 LL IS LIE B, REKE(BLIZZEE L
RTHDOEE T

HE R ARAT

2 HEOZERIX, RISOHD t IERBL T4 var ) 5 BALIREZ VT
FRNT U7, #EEHEMTIZ Excel 2007 (Microsoft, Washington, USA) D7 KAV 7K T
&% Statcel 3 (OMS, Saitama, Japan) & FV 7=, ARWFFETIL pED 0.05 K D5 %,
Wt FHN A B ERPAAET DEER L.

14



TS

X HRIE<E CD3RRICBITHEFROE(

BRI LD AEFROEALE LN T 5728, CD34 Mg~ 02 Gy @
X Mz AT, 48 WEEIZIED A NI A FRAFAE T CHIARRE#E LT (Figure 2) . FEMR
FREOEFIR IS, RS 24 FE% TIZAIHMEDK) 70-80% 2 ETHA L. [A)
BRI, WIS AP, §9 40-60%IZE T Lz, LLRAD, RIRE:
BEATolC 48 WifilZ L T, FEMUNBEL MU RS ORI B 2RI
OB DT,

— 144 ival

.
s 1.2

o

(&)

g 1.0 1

=

2 08+

2

§ 0.6

2 04-

0]

=

= 0.2

> 0070 0Gy @ 05Gy @ 2Gy

0 24 48
Time after X-irradiation (h)

Figure 2. V' AMIALIEFAE PO ER LTI B L O X #R ST CD34"
MO AT, MBI TIEICRRELIZX912, FERERER L O B D
CD34 e 2 M fn 5 55 M P SR FRL, YA NI AL FETFAE T C48 BRI )E
DIRIEEE R AT -T2, ARSI W T, R EICfazEIL,
7 — R PEbRIEAE O TS A U7, JEBRI 2 EIC 3 [HILL
ARSI U TYTVY, fHl Mean + Standard Deviation (S.D.) T/RL7Z. *p <
0.05.

X R IE<E CD34 M IC BT B /e — HIEREDEL

BB BRC LD 7 v — U HAERE D LA B BN T 572, CD34" il g~
0-2 Gy D X #ra 514, 0-48 RFFIZIEV AN A FEAEE T CHRIREE &L, 4 5F
HARICRBWNT, AF v n— 255 A VW oan=—7 A %4T-57. Figure 3 (2
R~L72E9IZ CFU-GM, BFU-E, CFU-Mix O#8FH T2 CFC 1L, FEHRGTHE, MRSt
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BECH SRR AT LT, FRET 24-48 BRI OFEIRETRETIE, WIHIEOK
50-60%0D 7 1 — L HHFERE A PR T2, T RRSTHE TIR 20% A0 I E TRV LT
T2, EBICATORER RITIBNT, FERAFEL M AR L ORI H A B2
FERARO T, FFIZ BFU-E & CFU-Mix Ti, JVBEE e/ m— HISHAEO IR N 258
Wi,

[A] [B]
= 144/ CFC 144/ CFU-GM
£ ,]-0-0Gy @ 05Gy ®2Gy 12]-0O—0Gy —@—05Gy ®2Gy
£l

] 1.0

:g:: 1.0
2 0.8+ 0.8
2
§ 0.6 0.6 -
2 04 0.4
s
= 0.2 0.2 *
> *

0.0 0.0 ,

0 24 48

[C] [D]
= 18] BEU-E 1.44] CFU-Mix
% 161-O-0Gy ~@05Gy B 2Gy 1] -0 0Gy @ 05Gy —m2Gy
[&]
2 4 1.0
S 12
= 0.8-
‘q; 1.0 1 D)
g 0.8 1 0.6
) 0.6 0.4
g 04
§ 0.2 * 0.2+

ok
0.0l — e 0.01—, o
0 24 48 0 24 48
Time after X-irradiation (h) Time after X-irradiation (h)

Figure 3. VAU ALFEMFAE PO R LI IERE B L OV X #rR ST CD34”
MO o —HEGEEE.  MPEFE FIEICRE#EIL7-491Z, CFU-GM, BFU-E,
CFU-Mix %% 1e CFC I, AF /LB o—AE4 W CEHMEL7-. 50 {ELL
EofnEMEan=—LU T, BNSRBAREE A VTR L. FEBRIT2
(23 LA EAEMSL L TITVY, Bl Mean + Standard Deviation (S.D.) T/
L7z. *p <0.05.
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X HRIE<E CD3 I BT A MR E R O£

CD34, CD38, CD45RA, CD110, CD123, CD202b X572 41> 3 ifn |2 BH 8
T ORI HUR DI BLZ, EDOHFRIZESETa— A AN —IEIZ IO L
7= 1239 CD34 MINIE, AR BTBEHIIL-C R ANSE ay AH T SV RITBRAEAR Y, &

(CHEVE MR VD LD7ekE 2 Fe B REME A & Lo R E) — 7o B CTH D, IEH 2k
N CD34 ML, Mlaf O AN—=212% 5L, x 72 B D& a7 20K
IR A, VALY, FE]EIAERWT D O Z0LZ, CD34HINIZEL D
BHZ R L TS,

CD38 HURIE, M PRI IA<HEBIL TWD23, FRIC A M ER TEAEIZHBIL
TWDLARREMERIINAMEESE CTdhD *). CD4SRA HiFIE, CD45 FLR T 7V — AL
—C, BERIERE BBk A FR< A ToEMMIICREIL TD > . cD110 HFIT,
Thrombopoietin D3z 2K T, 1 i #/ATBRAIE, EAZERCM/ MRIZIEHL TV Y.
CD123 HUJ51E, Interleukin 3 receptor alpha &L CanHiL, TR MMNEEERHIR A IE & 4f
WRBRKIZOAHEFEEL TRV, HEK, (AR, B Rishiig, ZaetEaisimi, &

BE BT BE A B IR IR R BLL T\ 5. CD202b HT 1L, Tyrosine kinase with
immunoglobulin and the epidermal growth factor homology domain 2 (Tie-2) &L T4H
535 Angiopoietin-1 DS FRT, MBI FEEL THD * . KHHOREE
1%, RCORTHLNRELARLTEOLT, AfFHIR0LE ORI B 222 (k)3
ADHNIRNZEZFEL/RL TS (Data not shown) . SHIZ, R M IR &
L CELHBHITS CD34'/CD38 fiEd, KUk L 7= mibififin s L TR B
CD34"/CD38 B, HIL-T-ZAITFRD BN h -7 (Figure 4) . 2D X, KA
FCTHELEMBEROZL, FEALEEILZRI ST, —F,
CD347/CD202b BED Z 73, FEFRHHEL Ll L CHRGS 24 BEMIBL ICHERH A IICH B
HINUT=723, 48 BRHRIZITA B AERITRED bR -T2,
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[A] [B]

g CD34'/CD38 CD34'/CD38"
g 391-0-0Gy -@-0.5Gy —®-2Gy 100+
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a ol ; | (-0 0Cy @ 05Gy ® 26y .
0 24 48 0 24 48
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[oe]
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[oe] N\

0 24 48
Time after X-irradiation (h) Time after X-irradiation (h)

Figure 4. AN ALFELFAE PO ER LI IERE B L OV X MRS CD347
A T DMl mPUROZ . MEFE FIEICRREL 72 ID1T, R
IR m PR ORBUL, EHEERE LT — Y A RAN —EZ W T
L7z, FEERIE 2 BT 3 [FILL EANZL TYTYY, fEIE Mean + Standard
Deviation (S.D.) T/RL7z. *p <0.05.
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RIZ,

Ta—H A MAN—1EEZ W T,
W54 O EAZFHA L, Table 2
G1;20.8+2.2%, GO/G1;73.2+3.6%, S/G2/M;5.7+3.8% T -7-.

BREET R IC LD CD34 o
IZFEEO T, FERFREOFHIEIL, £ ZE4 Sub

e JE

Z D 12 K

#BlZlX, TNFNOHMINE S IE Sub G1; 34.7 £ 12.5%, GO0/G1; 54.1 + 7.7%,

S/G2/M;11.2 £5.0%~& 24k L, Sub Gl £ 1.7 {512 %
BT 5 Sub Gl EHOEE
(ZE THIINL, Sub G ££HI23JERRSTHIIAREIZ el LA E
, 12 BFH OIERIS TR L OMRGTRED

BRI

FESE I 41.0 £ 1.0%
WZHEIIM L T,

XHlTZ

o OERIX

THML Tz, |

1%, 0.5 Gy BERETIZ 455+0.7%~&, 2Gy

W7 &l LT, 24 Refilfg 36 O848 IR £ CTRERMEAFAIICVD L Tuvyz.

FIE IR RRAY
RERMAF I N L Tz,
mu&) %7}1727?0 7L\_.

A2

12, GO/Gl1 £M1%, & TORET 12 B0 5 24 BFrffi#% £ Tl
L7286, FRETEE O fMA0E #1540 12

st

Table 2 ¥ MUA L IELFE FCTHEE L IERET B LN X SRR ST CD34

D ARAEE I o3 A DZEAE.

Time Phase 0 Gy 0.5 Gy 2 Gy
Sub G1 20.76 +2.22%
Oh G0/G1 73.22 + 3.64%
S/G2/M 5.67+3.76%
Sub G1 34.67 £ 12.49% 45.51 £0.73%* 41.00 £ 1.00%*
12h G0/G1 54.13 + 7.68% 46.90 £ 2.06%* 49.47 £ 1.89%
S/G2/M 11.20 + 4.98% 7.49 £2.10% 9.53 £1.80%
Sub G1 25.17 + 8.18% 25.90 +9.16% 25.38 £4.70%
24 h G0/G1 63.94 £ 16.23% 67.65 £ 13.25% 66.66 £ 8.50%
S/G2/M 10.91 + 8.43% 6.45+4.18% 7.97 £ 4.48%
Sub G1 17.81 £ 11.06% 10.14 + 5.56% 10.96 + 3.13%
48 h G0/G1 78.88 £11.05% 86.93 + 7.52% 86.11 +3.93%
S/G2/M 329+227% 2.93 +1.96% 2.93+0.81%

BRI 2 I3 [P EAEHSILTITVY, fElX Mean + Standard Deviation

(S.D.) T/RLT=. *p <0.05.
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X BIE<E CD3MIICBITHMBANINVRYTIRE, EHEBRER, b
aVRYTHRRA—IR—FFHAREOEL

CD34" fifl 3T DMl NTE MR FE BB LOMIENI = R T sk A—]
— AP AR EIX, TNEH CM-H,DCFDA 5L MitoSOX Z W CHETLT-. &
7=, CD34 a3 DM NI b= RY T I & X, MitoTracker % FVNTREHTL7Z
(Figure 5) . flRPNDOINa L RYT HRA—S—4 5V A RPEEA BT, 2 Gy REHEET
I 6 RF[EI#212, 0.5 Gy FRETRECIT IS 24 FfIZ 12, 2 A EIZHML T
WL EREIEBRIZ, MIINI R R U7 B d6 JOVE M i 35 R B oo I i1 X
FE RS R L T RN L O CHREE T RIICH B2 22 B TR bR o T, FREeN
5, TARIALIEAFAE F T, BB ICEV AN KREKRDNDTZ0, S
> 48 REfE 4 TIE, ZNHOMBHTIXINEE Ch o7,

[A]
A MitoSOXl
2
= 4]
3
54
é’ *
g * ;
L 3
-
S 1
§ 07O 0Gy @ 05Gy B 2Gy
(I) é 12 18 24
[B] [C]

3.5 2 3.5

O 0Gy —#2Gy

S
2
£ 3.0 3.0
[&]
0 2.5 251
<
S
2 2.0 2.0
o
2154 1.5
4]
<
S 1.0 1.0+
0]
T:; 0.5 0.5
—O—0Gy B-2Gy A—4G
YR e i Al : 0.01— : : : .
0 6 12 18 24 0 6 12 18 24
Time after X-irradiation (h) Time after X-irradiation (h)

Figure 5. AN ALFEMFAE PO R LI FERRE B L OV X #rR ST CD34”
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AR AN INa R T EERS I OE R EfEE A &, MEE
JFECEE#ELIZE00, MmN oIbar R TR E, JEMERRREEA R,
ha RUT H A= N—FF P ARELERIL, 7a—FARAN —{EZ A
TR U7z, S28k1% 2 E(2 3 1L EAARSI L CTITW, fEIX Mean + Standard
Deviation (S.D.) T/RL7Z. *p <0.05.

X #RIE<E CD3MHRIC BT BETHRBEOEA

CD34 HilalZ 3515 %5 mRNA FE BT D EREHEH RO AR T 572012
0-2 Gy O X #EIREHZIZ cDNA ~ A7/ a T VAN &1T -T2, 7a— BEAHRE S WGt
12 FffER ETICRERBA AR LTI, IRERRE B RRE 2D 12 FEF LI
FLETWDHEHERIL, BT 6 IRl 12 123817 DM fa st B B s FEE O FE B DUV Tl
HLC. BB EOLBITIFRGTEL A% 6 FFRORETITW, 2 520 E¥IH D0
o/ A e = s s 3] s 1 Ol

FRRSEIZ B 25 L L TR SBT3 7 R h— 2 R 2B
LB ThY, otz E Thirrrm— RCEELIZEE 70, 4 —h
77 BRI E A IE, REH SR ol S e T AR — T R
BT AR 375 THY, CD34 NI BT DT R h— A OB MES 2R Lo
LCWa. RIZ, 2 375 Oiffs 1%, ZDRTEICEESW T 4 SOfEE (e,
MR EE, MR, %) [T 5L, BEBICR D ZOBEFRDEINT
(Figure 6, Table 3) . BSEHIKIC D FESNIZBIE 102D, b FBUIINEZ RLUIZBR
1%, Cyclin-dependent kinase inhibitor Té% p21 2=2—K9% Cyclin-dependent
kinase inhibitor I (CDKNI1A) T, 5.04 fZIHIML TV, — 7, b BEBIK Ta R0
723815713, DNA fG2 0 0uls Py =T 7 — A N\ —ThHHiln G [N
& —R92% Activation transcription factor 2 (ATF2) C, 8.29 52 LT 7=,
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Number of altered gene
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[&] - 4
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o0 50 50
b
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4~ 304 30+
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E
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Figure 6. /AL FEMFAE PO R LIRS B L OV X #RR ST CD34”
D cDNA ~A27a7 L ADENT#E R, Ingenuity Pathway Analysis
knowledge & VY, FEELEDS 2 5L RIZE L2 T R h— AB @B+
B, ZORMEZ LI,
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Table 3 CD34 MIfEOIZREL, EREKRIIICIDRIANEE L= 851
(A) FEHLDE U718 s 1B

Symbol Entrez gene name cll::lll(;e
CDKNIA Cyclin-dependent kinase inhibitor 1 5.04
CCND1 Cyclin D1 4.27
RPS6KAS5 Ribosomal protein S8 kinase, 90kDa, polypeptide 5 4.26
MDM?2 MDM2 oncogene, E3 ubiquitin protein ligase 4.04
PLK2 Polo-like kinase 2 3.72
PLK3 Polo-like kinase 3 3.58
NR4AI Nuclear receptor subfamily 4, group A, member 1 3.52
PPARD Peroxisome proliferator-activated receptor delta 3.44
PIAS2 Protein inhibitor of activated STAT, 2 3.32
GLI2 GLI family zinc finger 2 3.25
GLI3 GLI family zinc finger 3 3.22
HIPK3 Homeodomain interacting protein kinase 3 3.18
YAPI Yes-associated protein 1 3.08
GADD454  Growth arrest and DNA-damage-inducible, alpha 3.02
ARNT?2 Aryl-hydrocarbon receptor nuclear translocator 2 2.97
DDB?2 Damage-specific DNA binding protein 2, 48kDa 2.93
HIPK? Homeodomain interacting protein kinase 2 2.78
POLH Polymerase (DNA directed), eta 2.76
FOSLI FOS-like antigen 1 2.70
ZMAT3 Zinc finger, matrin-type 3 2.70
VDR Vitamin D (1,25-dihydroxyvitamin D3) receptor 2.57
GATA4 GATA binding protein 4 2.57
LATS2 Large tumor suppressor, homolog 2 2.55
EGR4 Early growth response 4 2.51
EPASI Endothelial PAS domain protein 1 2.50
POLR24 Polymerase (RNA) II (DNA directed) polypeptide A, 220kDa 2.49
RPS27L Ribosomal protein S27-like 2.46
STK17A4 Serine/threonine kinase 17a 2.46
PCNA Proliferating cell nuclear antigen 2.45
AIRE Autoimmune regulator 2.44
UBR4 Ubiquitin protein ligase E3 component n-recognin 4 243
BCL3 B-cell CLL/lymphoma 3 243
ZICI Zic family member 1 2.39
LATSI Large tumor suppressor, homolog 1 2.38
FOXCI Forkhead box C1 2.38
ATF3 Activating transcription factor 3 2.36

Continued
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GATAD24  GATA zinc finger domain containing 2A 2.35
E2F1 E2F transcription factor 1 2.32
EGRI Early growth response 1 231
XPC Xeroderma pigmentosum, complementation group C 2.29
ETSI V-ets erythroblastosis virus E26 oncogene homolog 1 2.29
KCNIP3 Kv channel interacting protein 3, calsenilin 2.27
NCOA3 Nuclear receptor coactivator 3 2.25
SRSF1 Serine/arginine-rich splicing factor 1 2.24
DLX2 Distal-less homeobox 2 2.21
IKZF3 IKAROS family zinc finger 3 2.21
IRF4 Interferon regulatory factor 4 2.14
PML Promyelocytic leukemia 2.14
SPO11 SPO11 meiotic protein covalently bound to DSB homolog 2.12
HUWEI HECT, UBA and WWE domain contaiing 1, E3 ubiquitin protein ligase 2.08
PGR Progesterone receptor 2.06
RBLI Retinoblastoma-like 1 2.05
BCL6 B-cell CLL/lymphoma 6 2.04
SRF Serum response factor (c-fos serum response element-binding transcription 2.03
factor)
SUZi?2 Suppressor of zeste 12 homolog 2.03
RUNXI Runt-related transcription factor 1 2.03
LMNA Lanin A/C 2.02
NCOA46 Nuclear receptor coactivator 6 2.00
(B) RSLAHD L= 7
Symbol Entrez gene name cll:;):;e
ATF2 Activating transcription factor 2 8.29
ATF3 Activating transcription factor 3 5.10
ZNF423 Zinc finger protein 423 4.80
MLL Myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog, 4.34
Drosophila)
MKI67 Antigen identified by monoclonal antibody Ki-67 4.23
PAWR PRKC, apoptosis, WT1, regulator 4.20
CDC25C Cell division cycle 25C 3.52
SYCP2 Synaptonemal complex protein 2 3.26
HLF Hepatic leukemia factor 3.20
LEF1 Lymphoid enhancer-binding factor 1 3.17
CDK6 Cyclin-dependent kinase 6 3.12
TNP2 Transition protein 2 (during histone to protamine replacement) 2.95
SMAD6 SMAD family member 6 2.93
Continued
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CAMKH4
ZNF622
GSK3B
SMARCBI
FLII
TSC22D1
SOX5
ARHGAP35
SATBI
PPP5C

SMAD3
NFKBID

SOX6
RUNXITI
TYMS
SOX17
RASSF1
RAGI
HEY]
ZEB?
RGN
MSRB2
EBF1
NKX2-5
RELA
ESRI
NCOA2
TEX1]
IRX1
NRII3
CSRNP3
NOVAI
ING5
TALI
HMGA2

Calcium/calmodulin-dependent protein kinase IV

Zinc finger protein 622

Glycogen synthase kinase 3 beta

SWI/SNF related, matrix associated, actin dependent regulator of chromatin
Friend leukemia virus integration 1

TSC22 domain family, member 1

SRY (sex determining region Y)-box 5

Rho GTPase activating protein 35

SATB homeobox 1

Protein phosphatase 5, catalytic subunit
SMAD family member 3 SMAD3

Nuclear factor of kappa light polypeptide gene enhancer in B-cells
inhibitor, delta

SRY (sex determining region Y)-box 6

Runt-related transcription factor 1; translocated to, 1 (cyclin D-related)
Thymidylate synthetase

SRY (sex determining region Y)-box 17

Ras association (RalGDS/AF-6) domain family member 1
Recombinant activating gene 1

Hairy/enhancer-of-split related with YRPW motif 1

Zinc finger E-box binding homeobox 2

Regucalcin (senescence marker protein-30)

Methionine sulfoxide reductase B2

Early B-cell factor 1

NK2 homeobox 5

V-rel reticuloendothellosis viral oncogene homolog A (avian)
Estrogen receptor 1

Nuclear receptor coactivator 2

Testis expressed 11

Iroquois homeobox 1

Nuclear receptor subfamily 1, group I, member 3
Cysteine-serine-rich nuclear protein 3

Neuro-oncological ventral antigen 1

Inhibitor of growth family, member 5

T-cell acute lymphocytic leukemia 1

High mobility group AT-hook 2

2.87
2.87
2.80
2.71
2.64
2.62
2.61
2.50
2.49
2.45

2.44
2.43

2.40
2.39
231
2.29
2.28
2.26
2.25
2.23
2.17
2.16
2.16
2.14
2.14
2.13
2.12
2.10
2.09
2.08
2.05
2.05
2.04
2.03
2.01
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z £

AWFEOFER T X #UIFE LT CD34 HIfa D A FERIT, ReHRAARIICIR 2 1T
W LTy, — 05 Crm— U BRI, YA NI A IEIFAE FIZB W CRBIIC I
BUT= (Figure 2 BLON3) . X AR 12 R 1% 2B 24 lada X, JERRETIED
MBI HEER L THY 70%-80%1 2k LT eds, —F CHRETEED 7 m— Bl e
IXFERRFBEO WM I IR L TR 50%-60% 2 E TR L Cue., ZoRE, FER
RED R TRROOLNI BN RITK 22% THY (data not shown) , CD34 Fllfimd 7
B BAFERE L LV OB AL, X BUEKBENE R FRTHLIEEELR
LW, ZHUIINAT, 0.5 Gy BREEEE 2 Gy IRIBELDORIC, EFRLLLT/m
—UHAERE ISR R IS B R E BRI N oTo. SNz g, oo7
0.5 Gy D X #IFFE TH, VA MIALIEFAE FIZEBWT CD34 A7 m— 2 HiFH
REIIREIE L.

YA NI AL FIRNEE, IO £ O, 23k 7, B S DBV CRER 7

T2 RIZL WD, Fox O EOWEIE, RONFEFEOT AN AL D3, 1EMLATER
B D BRI AL Z 8 AR L TG 49, RRIFSEDORE BIZ, 7282 0.5 Gy T
ol LLTh, BREAMGT A CD34 Ml L CRE R AR FRL, 7n—
JHAEZ IR TS AT e BT L.

M /AR T, ORI <SER I > TREA SN DTE HEER I L T
% M CTd 5. Hayashi 1%, CD34'/CD38 @ gl ja 4 M 2%, Loy fbL -
CD34"/CD38" #LUNCD34 /CD38 DML FIZ i L, HURBRFEFEMET R h— 2
RPN A= S —=F YA RPEEALITK LT, IVEZMEThHHLE R/ . £,
Wang 513, HLEFEREZ 28 RN LIz~ 208 Mz T, Hit7ag
PEBERRREE A ORISR BN DI EE WAL . ABFFETIL, 2 Gy FRETHECH
B 6 REIRICINa L RUT SR A— N—F XV A RPEA BEOF B2 INETRD, S5

(T RS EC S BRI 12 IR 20~ 24 R[] 1% OO [ Tl RMEIC L 7- (Figure 5A) . L
IPUIe NG, MR E LR O DL (Figure 4) , #IALJE G104 (Table 2) , ZREHDTE
PR FEA 572D IV 2 CM-H,DCFDA L~ (Figure 5B) (24 B 72281k,

ECAYOLSY AVAVISY il

26



— XA, SRR T BA—=N—=FF AR DO ERB AP THHI LTINS
NTHD P ZETIE, %O0 ORI M R T Sk TE M RR FE R L i 5
EM AR AL L D BRI AR L TE T2, Motoori 51, EMTRAMIERE THS HLE (2
BT, ThaRY7T D Manganese superoxide dismutase (Mn-SOD) D&l 5 573,
ORGP SIS LRIV E A 32 2 & & EHI LT . 2z <,
Epperly 5iE, =7 A& ML THD 32D cl 3 OF 7 r/a— 1280\, ER
Mn-SOD DIBARFEAN, B RFHEMET Rh— A2 WD ST 2FE LT
D &512, Thompson HiF, HHLLAY7: Mn-SOD Tdbh5 M40403 73, Flifk~m Z&HFE
HI72 2 RE DL Z e A FEA L 2. 2R BIBEOWEIX, Iha R 7
OIGEVEREFRFED, — 5 IR A B OMIRSEICR 5L CWAIEEARL TV,
—05, Bz 35T, PANIAAFE T T2 Gy Sz CD34 fliaicis ¢, #
Bt 24 BRI AR NTE ME R SRR PE A B O BRI ZRO IR ELE 2. Zh
DOFNIE, T ANIA L %5 o MK F- 23R PN O 1% M 56 il pE A2 B A BN
HEME LI EOMIEE —HL T D 5 P ZEiTs IS, Iba R T H K
A= /R=FF P AROMPANL~UiZ, BE 7 B HE TR >7 AROFFRIC
BT, 2 Gy BHL7- CD34 ez A N IA U FAE F TR LIZRRZAE A SN
72 CFC O $u%, Bat 1 B HBEU3 A BIZBWT, ZAEHHMED 0.6 {53 &
V016 {5 L7poTz. FLDHDHE, ZIHOFIRLIT CD34 Ml 7 v — HFHREHE KT,

X BUZEDINT R T HRA— R —FF YA READBE G L WD A REMZRL T
W5,

HIRSEIZIE, TAHRR— A, A —bT 70—, B2 E T8O DB RENF
TE92 %% %% 3D YA NI A L IEAFAE T DB HRIZ<EE CD34 M #if
FEAT) = A LD — % SN T 57212, CD34 i n 38 B b2 W5
(ZHEATL 7= (Figure 6) . EEBEMURARIZSEZ ORBBLED, 2 5L EICE#Z R LT
TR —V ABHEE R ICHIBRT A&, 375 OB TS, ZeO8EE T
%, RTEZ L2 4 SORE RS, MR, MIE, ) (IS0 5L, TR
$©2%<, 109 O 1Al S 417z (Figure 6, Table 3) .

Belt, 18 M/ AT ERAI R DY A N A L FEAFAE FITHITHEEE D, ple BIW
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p21 Z o’y DREBUNNZE - T2 BEIH 2L 7= b 3 2 EavRaniz 7. &b, Bk
RS p21 OFFE L BB EE L - ZAVSEILR D5 & L7205 TNDHTENRS
Nz Y. 2SO I, EEEREHRIZSED p21 OB E N LIS E
BIFRL CWD ATREME A /R L TN, ARBFFEIZE W T, RIS N8B IR 709
B, X BRI R BN RO INLIZBE 71, p21 22—R 3% CDKNIA Th-
7o PESTARMFEORE FLE, ZALIE D p21 OFEBUHENINZEEFRL TEY, I
MR ENED 70— U HFRERE R D B[R LTe > TWD ATREMEZ R L TV 5. fil, BN
B UL/ SIEERAIIE THD IM-9 12BWW T, X MIBFHZ IR EARFHIIZ CDKNIA
O mRNA FEHIL LN ZEITHINL =2 EpRangz . —J7, MAPK signaling 13,
& M AL O FF IR AR DOMERFIC BB B2 2 L QD ZEASFE S L CE R 9,
¥#1Z ERK MAPK % FIZE T, p38 MAPK signaling %, ROS /- :fg{b AR A
OIS BW T MM OVHFE - A BT 57 5.

[FIREI IR0, TEERC S BT B T ATF2 RELDIR F ARSI TR0 ©,
ZIVUIARIFZEDFE L —F L TS (Table 2) . SBHITBEDREIL, ATF2 D7
U NIEANFTHEMED ATF3 BBLAERI T 228, SHICHAA phospho-p38
MAPK, INK, ERK L~V ORIINZ BN Z LA L 72 . Zb ks Rix, ATF2
FEHLAY p38 MAPK, INK, ERK AKAFHERREEIZ LD S TWAZ L2 RIEL T,
o T, ZNHLORIRIE, BN LIEHARBISEICISITS CD34 Ml /b - HEARIZ &
PR E S TNDDNE LAV, LINLZRD G, RIFFEOBAR I BT IX
X BREES 6 KFfER DA TITOILTWAT=D, 2D RIREEZIREET AIZIT 2D
FERMELEIND. Bl OBAG 1% 5 D 7= EHE FIZ VA L7285 B
BB ZBADNCT DT 0, IO TEMARRFZED, BUE, H#ITL T,

AWFFEE, S L 7 D555 CD34 I D e Tedic, G
HREDY 0.5 Gy BEO2 Gy DA THD, T ANIA L IEF/E FTORERIT 24 BEREH
FREETHDEDROIVIZ SR N TIThic. AFEAGFTET DR, 2 DOMRILIZI
SEMEHREE 2 Gy IR ELT-. 1 DU, DBAATKHT DS BRI EICB T, — K
A7y BRSO 1 [BIREA 2 Gy THHZETHD. ©I 12l 2 Gy A HMET
IX, CFU-Mix Oan=—JEHE SRR LI T LD, X #UE<EEL7Z CD34
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Nz IE\ZFH CEXARWTed Th S, 4%, JVESOIIT 21757201213, Zhbo
it M Z R DB N5,

FEame LT, ARRFFEIE, BhE M/ ArE AL o 7 m— B HERE A R B i AR
FUESEMECTH D FTREMEZ R LT, Mt B BT R o BRI, i i s/ AT
AR D 7 — HEFERE DD 2 [F1EE 3 572012, AIREZR IRV BN AT A0
MR A G ZDIEHR A TR T IR B0,

29



- =
BEEHRSHBIZ<BL FEMLS/BiEEMED
YA MIAVEETLHREETICBIT 2BEFRERELLOEBRENT

E g
b & L/ AR e O B SRS R I B 5 2 BAR F O ARE & B 5 2T

T 572 ﬂh@xﬁﬁﬁcmfﬁ%% Efnf-#H#a % v Thrombopoietin
+ Interleukin 3 + Stem cell factor DAFE T & L < IZFEFLE T T 6 B {E V) HEifn.
EEEE L, FAUEHIIO cDNA ~A 7 87 LAIC L VBN &85 TR LR
JZHDNWT, JREBEBE Oy N — I i &iTo7-. 2Ok, XREHOH
HEAIRMH), IREO))BLOYA b A DEEE (Cyt(+), Cyt(-))IZEVLITFD
4 ODEMTHUILT2; IR (-)Cyt (-), IR (+)Cyt(-), IR (-) Cyt (+), IR (+) Cyt
(). T2, ROUEMEZ 2 br—E Lz, ZORER, IR (+) Cyt (-) & IR (-)
cwe%IRmemqk%ﬂ@w%,m&ﬂmﬁg&mfaquﬂ@3o@m
WCTHA LTV 17 D [ %m%ﬁfﬁLh%JklR&KMHﬁkR(ﬂwt
(), IR (+) Cyt (+) & RAEHMAILD 2 SO Ll THAm LTz 36 O TEEEE
BB RO A A VIREEEF) B SN, ZhnicdbET 5 RiER
T & LT, MYC ODFEREMELEZ R Lz, MYC IR AEETFTHY, Zh
F CITYL R OER RS e B O Bl As I B A e Bl & Ref= 9~ 2 L G s
TW5%. SHIZHEE SN MYC TiRBIa T D 9 B EIF4G] 38 X O PNOI DE5-
PRSI, TIEN, EIF4GL ITFIERBARIKR T & L TH 37 GO B bR
2, PNOI 127077 V=210 RY—2OHAECHEGT 28 THHI L
MHRESNTEBY, Zhb 2 DOBEGFIENTILS RNA OREIZEE L T
. ARBFIEIE, MYC 33 e/ misRalin o B f&s MEIC B C R E R R H &
Ri-F 2 &, EBHITMYC FHEIE 1D EIF4G] & PNOI 73, & MR O flck #r
PRIV THEREREEZ A L TV D ATREME 2 e L7z,
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i}
FRDSHBH L TRV AT 2013, ZO @V REENEIR T
HLZEDR, ZNETIORBRINTE @ 9 £ CoRMmEKZ, &mesfaoE 2
BRIREE 2 LREIC L VHERFS LT D, Fox OB EOBFITIE, & i s Hi i o § 1k
(ZBE5E# 32 M 3R i R BLHUF T D Tyrosine kinase with immunoglobulin and the
epidermal growth factor homology domain 2 (Tie-2 £7-1% CD202b) 73 *¥, b5 ifi.
Hi3k CD34 HiIED ARSI B 5§ 5 2 L2 R L Qe 90 S012, B2
IZHEEL TS Tie-2 D& MEMILIEH L L TBY, L7 Rb— AP THHZEN
WS TS P 2SO L, & MO T SRSz M L 2 2R L O[]
(ZIEDOFIBANFAE T D AT REMEZ RIB L CUD A8, #f kL QA1 M i O H1 7 R
= AN E B BRI C LD BES LT E NSNS TR,
ZAUTINA T, BEEAN I EICIDE AL, LDV A7 A4
5. JFRIEBAEAFE TR T DM EBEME A s OFRIERIL, #IE<HE 3-5 TR KEE
M2 D EFIESE L R0, KO RWREIC R KAz 5 . Fie, Bt
OIEMAIRIE, BHEAFRIE<SERINEICB W TERRERE A UL LTIV FIT AR
— VAN E R REME DD, AR MO ZEIRA T, IEF IR SN2
ST EBEREMED DNA HBIENGAET CQODHS, i/ aiBHE i o B R bk
FHSE I D DNAMEE AT =X A, RIZARPILENZ. =0 A% M
(23T, DNA BTSSRI L, M & B 2NE P b S - R s TR O
NSNS D, Desai HId, Exonuclease 1 723, i L L7-3& sl
172 DNA HHERFRIZR AT K ThHHIEAARIBL TED °Y, E5IZ Chen B, Gadd45a
3T I HIARL 3\ TR A B O DNA RS A ARSI L TWOD LM L7z 70,
LU 3D, ZHDBE T MU OBE 7L VNI THEFERAL TOL00, S5H
(2, ZNHBAR T O LFICHHTEIR T B FAE T DO BTG/ TR,
[FIRRIC, b i /A B L O BEBE AU BB B8 T D8 s 73 BlL ~ LB
HEFIL, REARRLTWS.
AMFZETIE, BEHEACBRICRT T DB MEI S AT ADOUYRE IR0 S 2 BfE 95
72012, FERERSTRRIE<ER LI MBS L S CD34 ifiaic BT 2B s 7387 1

)
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77 AVERENT LT, BRI S CD34 A O B B2 72% ex vivo K5 #ITIX, %
DINDYANIA L DFEEBRHILIRMBSLEEEZINDD, ZIHO 53 F 1 i/ wifE
MR L, €OBEFRBUCELEZELSED. 5T, RFFETIIVARIA
VIE T EIFEE TOM S 2B ETHIET, OB AT

kL F
HA5E R ¥
Recombinant human interleukin-3 (IL-3) 33X T Recombinant human stem cell
factor (SCF) !X Biosourse (Tokyo, Japan) Vi A L 7=. Recombinant human
thrombopoietin (TPO) & PeproTech (New Jersey, USA) LA L7,

b IR A/ 45 I R SR CD347 i fl D BRI L ONR A

ABFZER, SARTRFRFEEE P FERHIRE S T DM B S DK &1
TATOIz. BHAMIE, XfRERDIIFINOA L T 4 —LRa B GO0,
R IEART M3 7 DI ARTA AN EEDN TG E R 2 TR E L 7o a3y
ZNT, IR i 0 % O Mg/ I KO BRI 7. AAFETIE, Zhbn¥d
TN EBNCHBEL, 45 FZBRICH W, IR M ORRNS 24 BHLIAIS,
Limphosepar I (1.077 g/ml; Immuno-Biological Laboratories, Takasaki, Japan) %z F\>
HEEELECIVSGREEOHZKRMBZSEL, RIZ 5 mM
Ethylenediamineteraacetic acid (EDTA) & 4 Phosphor-buffered saline (PBS) % F\>
T 3 [EPEH L=, &5IC The Indirect CD34 McroBeads Kit and autoMACS™ Pro
Separator (Miltenyl Biotec, Tokyo, Japan) & HV>, B&EH OFERICHEDWTERT T4

T L7 a0k CD34 O EKE A T T

BB RE BN R D FRS
CD34 Hfa~DEHE RS L, X #RFE4EZEE (MBR-1520R; Hitachi Medical
Co., Tokyo, Japan) Z FHVNTAT o7z, MU SARITAE I 150 kVp, B EET: 20 mA,
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FRETEERE: 45 cm (SRR EL, 7444 —12 0.5 mm Al 3500 0.3 mm Cu &V, &
(1 80 cGy/min, MMHHREIL2 Gy L LT-. 7ok, BEHHORFEREIL, B
MREFHCIVEMRL7Z. CD34 AIIIX M M i B i TSN, 1.5 ml F=—7H T
RS sz,

KRR &

CD34" il e o it A 5 2 13, M 1f {5 5% 5% 1 o0 i 1 RO Tdb % BIT9500
(StemCell Technologies Inc., Vancouver, Canada) % ¥/ 7= #Ef1 i @ Iscove’s
modified Dulbecco’s medium (IMDM; Gibco®™, Invitrogen) & VN T{To7=. 2 Gy &
5 LIZIERRES O CD34 /I, 30 x 10* cells/ml DFEEEICT, #4500 pliwell &
24-well cell culture plates (Falcon, Becton Dickinson Biosciences) _EIZ#&FEL, 37°C,
5% COL 1L N T 6 RFRIZIED, AT A AFE FHLITIE A F TR L. 2
NHDEEFIZBEL, YA MIA L ERETIX TPO (50 ng/ml) , IL-3 (100 ng/ml) , SCF
(100 ng/ml) ZWINLTz. FARIAIEAFAE T T, & MESHREOYEIHEE I TIE )
IR P DO ANIA L DAL, i/ BRI £ FE IS
WY CloH LN BESI TG 27,

£ RNA OHhHH

5 SOH 7LD CD34 #ifdhH4 RNA ZHH 357212, O ST T
HENFIEZEEEL 7~ . 4 RNA 1% RNeasy® Micro Kit (Qiagen, Bothell,
Washington, USA) Z H\, #EZ O RICHE WV L, 25 3 O EE 13
Bioanalyzer 2100 (Agilent Technologies, Santa Clara, California, USA) % N CHIE
L.

v AT VADFIRET — ZfEHT
DNA ~A27a7 L ABLNT —ZfENTIX, EO TGS FIEEZ 5
11072 3 9 BaFRBURITI, SUEH OFERICHE, GeneChip® system with

Human Genome U133-plus 2.0 array (Affymetrix, Santa Clara, California, USA) % H
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WTAT o7, EHIZ, Bia BRI T 07 7 AL DOfEIRIL, GeneSpring GX (Agilent
Technologies) , Ingenuity Pathways Analysis (Qiagen) & H\\CTIT\VY, ZDi&E/&FD
FEHL 2 R5 L BITHIINS LL 2 RF LA RIS LTe Bl RESEILIZZE xRl
RTHOEBZ T BB IOV A A B G ORBY, 22 e bRt
DFE LB B LTI E L.

R

X #RIE<E CD3M MR BT BETHRBEOEA

CD34 HilalZ 3515 %5 mRNA Bk § D EREHH RO B AT T 57201
0-2 Gy @ X #FREHZIZ cDNA ~A 277 L AT To7. 8 1 ETIL, Z7e—r
HIPHRE DS RS 12 BfRH) 3% £ CICRIBZRIRAD AR LT T2, DRTERIIRSC D IR D
12 RFE APNICHEE Z TOD EHERIL, PR 6 IR B R T RBLO LA MR L7z,

AN, FEMRIBEL IR BEL OB TR TR BT 7 7 A VA 52 8T,
BRI K A LB AR T O 23 272 (Figure 7) . BERERS TS
BT DB AT 572012, ENENTANIAL OFE, B Cyt (+) HLL
X Cyt (), FEEEASRISEDOHEE, BIHIR (H) HLULIR (-), (ST T D3
DD EIT>7; IR (+) Cyt (-) BEE IR () Cyt (-) &f, IR (+) Cyt () BEE 0 h B,
IR (+) Cyt (+) BE& IR (—) Cyt (+) #E. 245 3 DO EIZIB W T S v TEEBE L
FHRSE BT 1, 1R p Z/RLTE 20,108 DEET D5, # 1% TH 7=, 3
DO EETERO LAV [EBHE N BRICE B AR 11 OEUX, ZAVE VIR (+) Cyt () BE
E IR (-) Cyt (-) BETIL 237, IR (+) Cyt (-) #£E 0 h BETIX 237, IR (+) Cyt (+) FEL
IR (—) Cyt (+) BETIL 243 Tho7o. ZNHOBIET DB, 17 DER T3 3 DDk
(2 A L CRRO BT (Table 4A) .

[FERLS, [EERER RIS IO AN AV RIS T 1%, IR (+) Cyt (+) FEL IR
() Cyt (4) B¥, IR (+) Cyt (+) BEL O h BE T 2 DD LB IR L=, ZD ik T
RO O VBB IRB L OV A S AV ISE BT 1IE, THEIVIR (1) Cyt (+)
BEE IR (-) Cyt (&) BETIE 231, IR (+) Cyt (+) BEE O h BETIX 215 THoT=. ZhbHD
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BIZ T D5, 36 DEILF78 2 DO B HEL TEROBHILT- (Table 4B) .
KWFEIZBNT, Bl PR T 07 7 AV OERSITOTDITHWSLZ
Ingenuity Pathways Analysis software (%, FEERIY72 2 BERI O ZREZRTZET, &5
DDA F RIS A TR 2283 TED. IS, ZAHDOERE ITE S
BB C ZD RS VT BRI E 3 5K - [ Upstream regulator | 24t
HiL7= (Table 5) . 22T 2 BERFLEERIZEBW T, 3@ L T MYC @ z-score 28 2.0 DL 1
EIRDIEMAL ST, KRS, IR (+) Cyt (-) BEE IR () Cyt (-) BEB IS
MYC DZEAVIE, DR TO ERICALE T HHER 7095, Hb &\ z-score (4.81)
ZeRLTz. BDR D 5-DD T I81T 2 MYC 3Bl 22t % Table 6A ICEAI LT, MYC
DIEBLL ~UEFFHEHINCH B TR ->72b DD, MYC OB 5 1-FHEIFEHE
IR (-) #E& IR (+) BEEDLLEG T, BREMN RIS EONHZE RSN,
SN MYC 73, EERIC TIROBR FITEL TODNENE LN
HI2IZ, 17 OB IS EBAS T (Figure 7A) 33X 36 O I ERERH R
KOV AR A V& & 1) (Figure 7B) & MYC LDOEAfRMEZFHA L 7= (Table 6B) .
Table 6B (Z/RLT28DIT, 3 DO I EBEEAUH IS EBAS T (EIF4G1, GART, PNOI)
&5 OONEHEIH BB IOV AN AV IRE - 1) (EIF4G1, HLA-E, MDM2,
PNOI, TIMP2) 73, MYC O FHtlIfiE 358 s LTz, S5, ZmH
b EIF4G1 & PNOI V%, BB EEE 1) LT EHEBIR RS L O A M1
ISE BRI E T AE R - Thd o7z (Figure 7C) .
[A] FEREA BN EBIS 5

RE)Cyt(+H)vsIR() Cyt(+) IR (H) Cyt () vs IR (5) Cyt ()

<243 genes > <237 genes >

A

IR(H+)Cyt(-)vsOh
<237 genes >
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[B] BHEERST RIS L OV A M A VISEBIR T

IR*)Cyt(+)vsOh IR (+) Cyt(+) vs IR () Cyt (-)

<215 genes > <231 genes >

[C] 2 B fn 1L
Radiation-responsed genes IR and Cyt responsed genes

<17 genes > <36 genes >

Figure 7. 85 R B L~V O IRIC L 0 i Siv7e TEBEBUR RIS S
BInT) & TEBERIRE LY A N A VIREEE ) O X%
R OAFE (IR (+) BLIXIR () BEOY A b A DAL (Cyt (+)
HLLILCyt () ) ICE VLT D4 >DETULEL L 72; IR (-) Cyt (-), IR
(B Cyt(—), IRE)Cyt(+), IR(H) Cyt(+). F7=, RUEMLEZ =2 k
—b Le. A [EBEERSRSZEBIE T % 3 B (IR (+) Cyt () BEE
IR (-) Cyt (-) B¥, IR (+) Cyt () #£& 0 h £, IR (+) Cyt (+) BEE IR () Cyt
(+) #F) Thdg L7z, B: [EEEESN RIS KO A S A VISE & T
% 2 BER (IR (+) Cyt (+) BEL IR (—) Cyt (-) BE, IR (+) Cyt (+) #E& 0 h )
THHE L7z, C: 17 OEREBNSISEER T & 36 OEBBEHSE L O
P A NaA VISENEE IS ILET DB T
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Table 4 i 258/ DIEHZEAL
(A) BB RIS B s T

Symbol Gene Name Location
BNIP3L BCL2/adenovirus E1B 19kDa interacting protein 3-like Cytoplasm
DCAF13 DDB1 and CUL associated factor 13 Nucleus
EIF4G1 Eukaryotic translation initiation factor 4 gamma, 1 Cytoplasm
GAL Galanin/GMAP prepropeptide Extracellular Space
GART Phosphoribosylglycinamide formyltransferase, Cytoplasm
phosphoribosylglycinamide synthetase,
phosphoribosylglycinamidazple synthetase
MLLT4 Myeloid/lymphoid or mixed-lineage leukemia (trithorax Nucleus
homolog, Drosophila); translocated to, 4
NDFIPI Nedd4 family interacting protein 1 Cytoplasm
NSUN2 NOP2/Sun RNA methylansferase family, member 2 Nucleus
PMM?2 Phosphomannomutase 2 Cytoplasm
PNOI Partner of NOB1 homolog (S. cerevisiae) Nucleus
PSMA3 Proteasome (prosome, macropain) subunit, alpha type, 3 Cytoplasm
SEHIL SEH1-like (S. cerevisiae) Cytoplasm
TM4SF1 Transmembrane 4 L six family member 1 Plasma Membrane
wwc2 WW and C2 domain containing 2 Other
YPEL? Yippee-like 2 (Drosophila) Nucleus
YPELS Yippee-like 5 (Drosophila) Other
ANF277 Zinc finger protein 277 Nucleus
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(B) FEHEMT RIS LY A NI A S B BART-

Symbol Gene Name Location
BNIP3L BCL2/adenovirus E1B 19kDa interacting protein 3-like Cytoplasm
BTBDI10 BTB (POZ) domain containing 10 Other
CD70 CD70 molecule Extracellular Space
CERSS Ceramide synthase 5 Cytoplasm
CLEC2B C-type lectin domain family 2, member B Plasma Membrane
CREBRF CREB3 regulatory factor Other
CXCLI11 Chemokine (C-X-C motif) ligand 11 Other
EIF4G1 Eukaryotic translation initiation factor 4 gamma, 1 Cytoplasm
Gm6749 Predicted pseudone 6749 Nucleus
HLA-E Major histocompatibility complex, class I, E Other
LEPROT Leptin receptor overlapping transcript Plasma Membrane
LOC286052  Uncharacterized LOC286052 Other
MAKI16 MAK16 homolog (S. cerevisiae) Nucleus
MDM?2 MDM2 oncogene, E2 ubiquitin protein ligase Nucleus
MLLT4 Myeloid/lymphoid or mixed-lineage leukemia (trithorax Nucleus

homolog, Drosophila); translocated to, 4
NDFIP1 Nedd4 family interacting protein 1 Cytoplasm
NSUN2 NOP2/Sun RNA methylansferase family, member 2 Nucleus
OPA3 Optic atrophy 3 (autosomal recessive, with chorea and Other

spastic paraplegia)
PI4KB Phosphatidylinositol 4-kinase, catalytic, beta Cytoplasm
PIK3IP1 Phosphoinositide-3-kinase interacting protein 1 Other
PLXNDI Plexin D1 Plasma Membrane
PNOI Partner of NOB1 homolog (S. cerevisiae) Nucleus
PRKCB Protein kinase C, beta Cytoplasm
PSMA3 Proteasome (prosome, macropain) subunit, alpha type, 3 Cytoplasm
PWP2 PWP2 periodic tryptophan protein homolog (yeast) Nucleus
RBM?28 RNA binding motif protein 28 Nucleus
RIN3 Ras and Rab interact 3 Cytoplasm
SEHIL SEH1-like (S. cerevisiae) Cytoplasm
SNX3 Sorting nexin 3 Other
TIMP?2 TIMP metallopeptidase inhibitor 2 Extracellular Space
TM4SF1 Transmembrane 4 L six family member 1 Plasma Membrane
TMEM68 Transmembrane protein 68 Other
UBE2R2 Ubiquitin-conjugating enzyme E2R 2 Other
wwc2 WW and C2 domain containing 2 Other
YPELS Yippee-like 5 (Drosophila) Other
ZBTB11-AS1 ZBTBI11 antisense RNA 1 Other
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Table 5 X #RMANCIVA RIS ER LI LHERIS NS RO SN+

Upstream Predicted

Condition regulator activation State z-score’

0Oh IR (=) Cyt () No Data

0h IR (+) Cyt (—) MYC Activated 3.07
MYCN Activated 2.19
NFKBI Activated 2.19
MGEAS Inhibited —2.00

0h IR (+) Cyt () MYC Activated 2.74
MYCN Activated 2.23
OoSM Activated 2.04
STAT5B Inhibited —2.00
PGR Inhibited —2.00
STAT5A Inhibited —2.00

IR (=) Cyt () IR (+) Cyt (—) MYC Activated 4.81
CD28 Inhibited —2.00

IR (=) Cyt () IR (+) Cyt (%) MYcC Activated 2.81
TP53 Activated 2.50
IL3 Activated 2.24
FOS Activated 2.20
L2 Activated 2.17
TP73 Activated 2.00
TREM1 Activated 2.00

IR (—) Cyt (+) IR (+) Cyt () MYC Activated 3.54
IKBKB Activated 2.45
TGFBI Activated 2.35
IL13 Activated 2.17
BRD4 Activated 2.00
CD28 Inhibited -3.00

¢ z-score 1%, &% O FIICALE T HEE T OFRBLUTIEL D E, Ingenuity
Pathways Analysis @ z-score algorithm |Z&VH HSNZfE THS. 2.0 LD
BV, HLLIE2.0 KVIERVY z-score 28 L7- BIROFAEIR 1%, = F1
TEMEAL, HLITIHlS - L HERISND.
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Table 6 X #RIGTIZIV A BIZEHELZEHEHISND RO 1
(A) MYC BELUZHIT D X SRS B IO A A &5

By 98
=3 &El

Upstream regulator

Expression change

Group A Group B Fold
Predicted activation State  z-score’ N p-value
change

0h IR (+) Cyt () Activated 3.07 2.13 0.28
0h IR (+) Cyt (+) Activated 2.74 3.29 0.11
IR)Cyt(—) IRH)Cyt(—) Activated 4.81 1.48 0.62
IR(=)Cyt(—) IR ) Cyt(+H) Activated 2.81 1.18 0.69
IR (—) Cyt(+) IR (+)Cyt(+) Activated 3.54 1.32 0.85

¢ z-score 1L, 5% D FIHtIZNLE

HBAR T ORBUIE DX, Ingenuity

Pathways Analysis @ z-score algorlthm IZEVREHENTAETHD. 2.0 KV
=V, HLLIE2.0 KRV z-score A L7z L OFAHIN 1%, 1 F1
TEMEAL, bLTIHIS L HERIS D,

(B) MYC @ FiftiZhr

O A DA B BAR - ) LD B

B35 MEEE A RSB B s ) TR R X

Symbol Downstream of MYC Gene Name Group*
EIF4G1 Positive Eukaryotic translation initiation factor 4 A and B
GART Positive Phosphoribosylglycinamide A
formyltransferase,
phosphoribosylglycinamide synthetase,
phosphoribosylglycinamidazple synthetase
HLA-E Positive Major histocompatibility complex, class, E B
MDM?2 Positive MDM2 oncogene, E3 ubiquitin protein ligase B
PNOI Positive Partner of NOB1 homolog (S. cerevisiae) A and B
TIMP?2 Positive TIMP metallopeptidase inhibitor 2 B

“ Group A X EHEHBNFISZ BT HELZ, Group B I T ERERIN RIS X
OV ANIAVINEBEF IFHICEENOBF THOHI LR, ZNERE

LT,
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z £

AWFFETIL, BB LR EREE IS B RS, 2 Gy O X #Ra STz
CD34 M2 3B D5 R ELDRHSA X MRS 6 REEI&IZAFENTL7=. CD34'
fid, X BIBEOFE (IR (1) HLUZIR (-)) BEOYA A DAEEE (Cyt (+) b
LLIE Cyt (D)) ITEVEL T D 4 DRI 54 TUHRL 725 IR (—) Cyt (—) , IR (+) Cyt
(), IRE)Cyt(+), IR(H)Cyt(+). /=, RUOEMIEEZa Fa—LELT .

5 OO R DIRIL T THAARE; RS2 CD34 A DAL B B 73BT 1
T 7 AN D EIZIBNT, 2 TO 2 BEM HLE T MYC DI BLDZEOH AT (Table 5) .
MYC ZWAEBAETTHY, MYC FEELOH NG EAARERBIZ AR L TWDHZEDAL
HHENTND TV ZHUTINZ T, MYC TSRS H 0 BIAR IR L C il a1 2 51
7zL, [FRRIC GU/S HIFR LT GO WINTHEAEL, 722 <O NEMEES T T MYC D
FEBLL UL BTN TD 7279, Table 6A IXIEMREIBELIRESEEL O Ll L
D, MYC OEA=T-MEHERE S BRER IS IVRIES N 22 A7 RL TV 5. Lin
1%, c-Myc DOIEHBINNN, EFEMEEEIC B W THEICEL TRY, SOICEEDR
BRI D E LT, AL+ C@mAEELL TVD c-Mye AVaFE72 -5 1
B IIETREICOWTUIMENMTLO BRI TOR P Lin SIZFRERIC,
c-Myc D473 RNA polymerase IHZEDHR B R L, M 4720 DG L~ LHE TN
LI LR LTS, L LR i3n, RBFSEIE, BN CD34 Mifaz Ay - X #RIRE 6 5
B2 DB DIRLIT A T TITh T 728, CD34 IR EBITD MYC OTEHE
REEN ", KT —2DIH T HZEITE L.

AR OMEATIZINZ T, FEDZE LT85 12113 Ingenuity Pathways Analysis
software @ p fEIZFEDWVTRVIAENTZ. BT, MYCIZESHELTZ 2 DO FitiE
{5 EIF4G1 & PNOI 73, FEBEHGHRIE<EEIC LV R B e B LI FES 47 (Table
6B) . EIF4G1 |XehD #2737 T % Eukaryotic translocation initiation factor 4
gamma | Z=1—KL, PNOI [T D& 737 Td% RNA-binding protein PNO1 Z=1—
FLTERY, ZIUEFE S T2 RNA OEREICBEIEL TWHZEATELRL TV,

FITH OGRS TIE, Hix 7l a O BRI E W Tk L C& T2
9. Chiarugi Hi%, ERBL O EIEE T DHIIERE T, BRI L O A
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BN DRSS, SRR AV IBAR F DB 2 s LT i SU 2B W TR
DRERDLERMET DN TERL TV, 61, BAMTIEIRFTdHD TP53 LT
A= AR CTHD BCL2 HY, KECHI72 /BB T DO BEETRE L QD EHE
HILT. ST, S MES UITHRGUHEIT 32 SRR 3 VIR AR T D 522878, TP53
& BCL2 DRIDFEBINT U AITIRAFL TODEHERIL 7 7). M DORFFRIE, IRVERRAE
HifE CdrD NIH/3T3 MR D23 AVEAR1 T D N-ras FEBLDS, in vitro THEHHK
PUEEHINSE 7222 R LT, B2, ZRHOMLIE, DBAMGIES 1D RAF] %
B TOHENIIEETL— L GROLE ™.

FitzGerald 51, 3& i BiBRHIIOER THD 32D ¢l 3 ITIEE AL, v-myc &R HE
5L, 5 ¢Gy/min & 116 cGy/min D 51256 L TR RG2S BN 722 L4 FF
BHL7- 7). ZoMIBERR CORILIE, HUNLIZDEBRIA# A ML 7= ABL1 Z %5l
L7z hoD 1 i B RS I D T S R R ELME LA B L T D D 23b LALZRV . Tanaka
BUX, BT A MFRIREE THRFZ A S/ Spa-1 (—/-) =T AR, E & IRRED 1 I k)
&,y A BT AR OREEZ R L, ZhudiE marBE e O Rt ps3
ISR D AFEH L 2. Spa-1 (—/—) OYEMATERMALIL, c-Myc OEFIFEEH
Ep19Af DHENNZRL, [FAARIZ Atm/Chk #2E8 OIEMELIZAED yH2AX FEBLOHE %
RUTC. ZORFZEE, &M pTERAII T T DNA 5L e-Myc FEEOBIMA, Spa-1
(/=) ¥R LB WG R OME R T > Tl &, fE R EL TH R IH
PER RO FIE L AR L~ DREREL L C TPS3 IS B DOREREN DI DINDHZEZ R
LTV, L L7edsh, 18 s/l BRI G O B BRs S M A Ny A o D BB MRS
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Abstract
The Kkinetics alteration of human hematopoietic stem/progenitor cells

exposed to ionizing radiation.

Junya Ishikawa.
Department of Radiological Life Sciences,

Hirosaki University Graduate School of Health Sciences.

Hematopoietic stem cells can self-renew and differentiate into all hematopoietic
lineages throughout the lifetime of an organism. Since their high proliferative potential,
these cells have a highly sensitivity to exposure to extracellular oxidative stress, such
as radiation and chemotherapeutic agents. In this study, to clarify the effects of
radiation on hematopoietic stem/progenitor cells, we investigated the kinetics alteration
of human hematopoietic stem/progenitor cells exposed to ionizing radiation under
cytokine-present or -free conditions.

Chapter 1: Characteristic of human CD34" cells exposed to ionizing radiation in
cytokine-free conditions.

To clarify the mechanisms underlying radiation-induced hematopoietic stem cell
death, we investigated the effects of excessive ionizing radiation on the clonogenic
potential of CD34" cells obtained from human umbilical cord blood under

cytokine-free conditions. The CD34" cells were X-irradiated (up-to 2 Gy) and were
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cultured for 0—48 h under cytokine-free conditions. At 12 h after X-irradiation, the
number of viable cells had decreased to approximately 70%—80%, whereas the
clonogenic potential in the X-irradiated cells decreased to approximately 50%—60%
compared with the 0-h non-irradiated control. Furthermore, significant generation of
mitochondrial superoxide was observed at 6 h, and reached a maximum value between
12 h to 24 h after X-irradiation. However, no significant differences were observed
between non-irradiated and X-irradiated cells in terms of the generation of reactive
oxygen species or in the intracellular mitochondrial contents. In addition, a cDNA
microarray analysis showed that the majority of the altered genes in the CD34" cells at
6 h after X-irradiation were apoptosis-related genes, such as CDKNIA. These results
indicate that hematopoietic stem/progenitor cells exposed to ionizing radiation are
sharply decreased clonogenic potential, and suggest possibility that the elimination of
the clonogenic potentials involves the generation of mitochondrial superoxide and p21

expression induced by ionizing radiation under cytokine-free conditions.

Chapter 2: Expression analysis of radiation-responsive genes in human

hematopoietic stem/progenitor cells.

To clarify the nature of genes that contribute to the radiosensitivity of human

hematopoietic stem/progenitor cells, we analyzed the gene expression profiles detected
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in these cells irradiated with 2 Gy X-rays after culture with or without cytokines.
Highly purified CD34" cells from human placental/umbilical cord blood were exposed
to 2 Gy X-irradiation and treated in serum-free medium under five different conditions
for 6 h. The gene expression levels were analyzed by cDNA microarray, and then the
network of responsive genes was investigated. And we found that the expression of the
MYC oncogene increased after X-irradiation. In fact, the activation of MYC was
observed immediately after X-irradiation, and was the only gene still showing
activation at 6 h after irradiation. Furthermore, MYC had a significant impact on the
biological response, particularly on the tumorigenesis of cells and the cell cycle control.
MYC activation due to irradiation was suppressed by culturing the CD34" cells with
combinations of cytokines which exerted radioprotective effects. Our results suggest
that MYC was strongly associated with the radiosensitivity of hematopoietic

stem/progenitor cells.

Conclusion:

These results indicate that hematopoietic stem/progenitor cells exposed to ionizing
radiation are sharply decreased clonogenic potential under cytokine-free condition, and
suggest that MYC was strongly associated with the radiosensitivity of hematopoietic

stem/progenitor cells.
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