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ARG SBENLT/HARTENNERR

®OR, I OT, RO, XRE, RKAETE, W R, AR, T4, T
(ERBERAR%*THARSAATRURE, ALRKR¥YHE, EK 400016)

[# %) AR FTEHRGSBEMELT/ A0 (BSC/HPC) HEMTREYIH . & Mt CSTBL/GI /NRBENS % E
REAMBEHERE, BRADRZ 6.5 Gy ¥ X HRLF—KHRR, BERE/ D RAERERE, BRER, ERE24 h s
RUSR S5 Sy I VTPV Sca-1 " XL T/ 2 4R HI 4 (Sca-1 * HSC /HPC) , MR AIMARMARALY, p-L AW 8
(SA-B-Gal) e AL AMIE 5038 ; 1R 4 3 148 40 MO AR % ( CFU-Mix ) 535 3% TRAR 4 26 40 U1 JE 43 A RE ), 36440 HO A o 3
(SCGE) Heil #/8 S 5449 DNA 5145, RT-PCR KU MALBEL MK pl6™™ | plo™, pS3, p21"/™ mRNA Hj3kik; Wester
blot JH9W p16™, p21 VM BEAKK, HR  REREMSIVIE WAL Sca-1 * HSC/HPC AT 94% , AU /NBLE LA
# Sea-1 " HSC/HPC $rfit SR TRE, MEARLLTL G1 AN FHAL CFU-Mix SV HCRATY ARARTE 1 4 MO 4EA B MEA s SA-B-Gal B
BREREHET, SELWBRAMIERY BIEK; pl6™", plo*, ps3, p21°™ mRNA #3580 BIIR, pl6™“,
P21 BEMFRAKT L. MiE 4RI HSC/HPC DNA #1545 A 384 1 6 4 2 2, p16™“-Rb 1 pl9*"-ps3-
p21 T B A AR — A

(R@A] & T/ L BRER; KIS, DNA Hits

[RES%S] R329.2  [XWFHE] B

Mechanism of hematopoietic stem/progenitor cell aging induced by radiation damage

ZHANG Chen, SUN Ke, GENG Shan, LIU Dianfeng, ZHANG Xianping, LIU Jun, XU Chunyan, WANG Jianwei,
WANG Yaping*

Laboratory of Stem Cells and Tissue Engineering, Department of Histology and Embryology, Chongging Medical University, Chongqing
400016, China.

[ Abstract ] Objective To explore the mechanism underlying the aging of hematopoietic stem/progenitor cells ( HSC/
HPC) induced by radiation stress. Methods Male C57BL/6J mice were divided randomly into radiation group and control
group. The radiation group were treated with total 6.5 Gy X-ray radiation for 24 h; the control group received the same treat-
ment except radiation. Thereafter, Sca-1*HSC/HPC were isolated by magnetic-activated cell sorting (MACS) from bone
marrow of all the mice. The distributions of cell cycle were tested by flow cytometry. The percentage of aging cells was de-
tected by SA-B-Gal staining. The potentials of self-renewal and multi-differentiation were measured by CFU-Mix assay. DNA
damages of Sca-1*HSC/HPC were analyzed by single cell gel electrophoresis technique (SCGE). The expressions of se-
nescence-associated genes p16™“*, p19*", ps3, p21°P**" mRNA were detected by RT-PCR. Western blotting was per-
formed to analyze the expressions of p16™“® and p21°*/*" proteins. Results The purity of Sca-1* HSC/HPC reached 94%
after MACS. Compared with control group cells, after radiation, the number of Sca-1* HSC/HPC per femur and CFU-Mix
sharply decreased ( #<0.05), Sca-1"*HSC/HPC apparently showed G1 arrest and elevated percentage of SA-B-Gal positive
cells (P<0.05), cell trailing had a prolonged time, and the expressions of senescence-associated genes (p16™“* p19*",
ps3, p21°¥/¥#") and relevant proteins (p16™<* p21%%“We!y were up-regulated significantly (P <0.05). Conclusion DNA
damage and senescence-associated biological changes of Sca-1* HSC/HPC can be achieved by X-ray radiation, which may
be involved in p16™“*-Rb and p19*"-p53-p21°#We!! gignal pathways. Z

[Key words] hematopoietic stem/progenitor cells; ionizing radiation; cell aging; DNA damage !
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RERES T SBE MG M RG], mamKaE
BRRES TR, MR REHIRTS. BRI, B
BB I T 48 8 ( hematopoietic stem cells, HSCs) #5
HREHENIEMH EERNE, DNA RHGRSK
BATHRBO#AT =4 FEENTEREY, 25
DFFTIER, FBSAESS 7T LIS S HSCs ) DNA #1455, X
URENREARLSBELTHARNEE, FHA
KEH. ZASUREREMRERSENT
B2 AR SIsE Xt/ AT B & X &48
R, $RIHE RSB HSCs () DNA #i45, Mz E %
FEEBPREEAMBEARLKE, SETH
DNA #4555 HSCs ZEE M4 P# 4 o

1 #RFaFTiE

1.1 #8 6 ~8 JEidHEM: CSTBL/6 /NER, AR 28 ~33 g,
HERWEZ LW YO R (SIPABIES: SCXK(H#)
2007 -0001) o /NERPEMLST BB FRE FBIRIRLE , S4130 R,
BRANDRAES—KERIT6.5 Gy b X &K (ELMESR
%1 SL75-14 ZUfN#AR) , HEARASIE]) 2 min, BER§ 50 em, {RIE
TRAMRAFHITHR, HibIBRBRAE, RABRFARTE 0
T FEATRYE Dubecco 335 (Iscove modified Dubecco’s
medium, IMDM) | Jifi 4 i ( HyClone 22 &) ; #f B 48 1 4 5§
W (CRBBIEAE AT 5 $T Sea-1 BEBRIEF £ (No. 130 - 092
-529) MiniMACS REBRITERGE B MS REBR /Y BEAE . B ohilk
(Miltenyi Biotech A7) ; MR TFHMEEL BB HHE
(Stem cell 247]) ; SA-B-gal Staining Kit IX7 &, 2R .
ECL ZABEA & (B EZRAEYHARERAF); RT-PCR &EH
£ (TaKaRa A7) ; SB/MER pl6™“, st/ R p21%v¥a —
P, W¥FHAR_H(Santa Cruz /A7) ; FACS Vantage SE 3%
AL (BD AF]),

1.2 K%k

1.2.1 ffmisk S H4hib Sca-l* e F/i8mMe BRE
24 h, FHEBRBELIENR, BRERE, FERREHEENESA
flo HARBATE, RAGEREARSERESE. 4
1€ Sca-1" 1 F/3E 40 M ( Sca-1* HSC/HPC) , 3347 40 Ha 1%
Mg EEE,

1.2.2 SA-B-F 4Ly B4 &40 %R SA-B-gal Staining
Kit 330 & 77 ¥ 3 48 fR 41 F B8 BB 4. Sca-1* HSC/HPC # 45
SA-B-HIMEHBLE, RAAEAREEE, BRMEEBMN
BET SR 200 MM, PRI E 40,

1.2.3 AXmEA@EAMS WRERARBERA
Sca-1"HSC/HPC, PBS ¥ 1 ¥, 700 mL/L YKZ.B%, BEE 24 h,
RNase A ZbZH4AHE 30 min, H0ABUL T BEL: £ 30 min, FACS
Vantage SE W4T, G MRS =2 x 10*
A, PC-Lysys 1 8k {3t 47 4047, HEHMAME MM T
e

1.2.4 & i fm %42 3% (CFU-Mix) 8932 3k RWINA 2-

40354 F 495 2 7 (Chin J Cell Mol Immunol)2013, 29(3)

HEZ (1 x 107" mol/L) , 30 g/L L-B EBEAL. DM .
rhEPO, IL-3, thGM-CSF, Z+BIHA 1 x 10* 44025/ 19 Sca-1*
HSC/HPC, 27 o/L REL 4R, SR 2 ml, RMBEFE
FF 96 fLAR, #£37°C & 50 mL/L CO, , {AIBEE R LS4
PSR T do ARYEFIAE Sca-1* HSC/HPC $57AY, CFU-Mix %
PRUTIR HRAE SRR A AL CFU-Mix §8:h 5 £ M4 LeE A,
1.2.5 ¥$mpiibi($E2ER) ERHH LTRSS,
IIA 30 L AR, H 5 BB AL BRI AR
2 h, FRMEKEYE3 min, BEEFKBH 2 h, Tis(pH7.5) 8%
3 min, HE YK BE 4RO SNEE DNA fRIRAE, AL Z 484465 5 min, T
FOKVIHREAR, RABMAT NELR., SAMEHNE
20 MR, ARG, I B SRR T B 30 MER
MR (DNA EBEER) , HAHBSENTHER, Olive
BRSO B BHF RO M BB AR AR E E A L
e

1.2.6 p16™“, plo* ps3 p21SP/™0 nRNA Rk Al 4
FRER R B H KRR 4 Sca-1* HSC/HPC % 6 x 10° 4,
TRIzol 34/ 5 1R IR BB 1ML RNA, 8 RNA 5% 0 H5
FJ cDNA, %% 5% X Sif %% 42°C 30 min, 99°C 5 min, 5C
5 mino 4 RNA [ ¥ 378 I i cDNA R HAR, 34 pl6™*
pI9*, ps3, p21°"™1 | GAPDH HME M., 519RFFINE1,
BT MERE ESETARTRMR. REKHEHR: 94C 2 min,
94%C 30 s, 58°C 40 s, 72°C 40 s, %35 MMEIF, PCR =43
7710 &/L BRARMESER o ik, BB RIRSTHT R LT 2B &y
FTEMAR, Quantity One 2K ( Bio Rad) 4M4f e 3k A b & &
EFRENEEE, TEEIMEANRESHSH HE,
#1 PCR3|# .

£R 31451 (5'3") i

pl6™Kia IEM: TCCGCTGCAGACAGACTGGCCAG 295
RI6: CATCGCGCACATCCAGCCGAGC

ploAd iE[8): AAGAAGTCTGCGTCGGCGAC 215
I8 : AGTACCGGAGGCATCTTGGACA

p53 iEf]; CACGTACTCTCCTCCCCTCAA 294
FI6: GGCTCATAAGGTACCACCACG

p21Cipl/Wal IE[: ATTCCTGGTGATGTCCGACC 144
B : AAAGTTCCACCGTTCTCGG

GAPDH M : GTGCTGAGTATGTCGTGGAGTCT 602

I : GAGTGGGAGTTGCTGTTGAAGT

1.2.7 Western blot 348 pl6™“ | p19** p53, p21%/ ™l g
askik BREREARBERASEN, 25RRSNES
BEWE, RS MEHS SDS-PACE kA BERBE
PVDF Ji, 50 g/L LGS A2 b, TA IR pl6™ " —i
(1:200), 4C R, FYE/E A LAMBIRITH L
PHRHL(1:5000) , FWKF 2 h, ECL B RHERA DA,
BERRGARERN, BYEUERRER., MAFELN
pI9* | ps3. p21 PV Ve gt

1.2.8 %t #94 BRI A SPSS 17.0 REER, %
HWHERATEN, FIBHUT+s BR, P<0.05 BRE
RELITEEL.



2 &R

2.1 HRERKRSBELL Sca-1* HSC/HPC MACS 4
TERT Sca-1* AMIE 2 b K (1.02 £0.19) % ; MACS 4355
4ibf Sca-1" JHHUSHER]K(93.66 £0.83) % (E 1)1,

M), M2
T

X Parameter: FITC (Log) X Purameter: FITC
(Log}

Marker % Gated Mean
All 100,00 111,72
M1 5.87 5.47
M294.19 118.27

Mi M2
T

M199.23 3.16 *{

0% 10 100 108 1ot M20.8219.77 10" 10" 10* 10% 10
FITC FITC

Bl 1 REZRSTHERT/S Sca-1™ HSC/HPC 4EREHY HLAX

Murker % Gated Mean
Rebeadhdt e stheng
All 100,00 3.29

Counts

0 20 40 60 80 100
Counts

0 20 40 60 80 100

2.2 3FMU/NGR Sca-1* HSC/HPC ¥ #EMB/524 h
i}, % 4F4H Sca-1* HSC/HPC 3B by 18 48 4 46 & R
T,

F2 AN R Sca-1* HSC/HPC 3

(n=10, x +s)
25 Sca-1* HSC/HPC H¥( x10%)
IR 3.42£0.27
i 0.36 +0. 08"

“P<0.05 vs 4% A 40,

2.3 4EE/MR Sca-1* HSC/HPC & SA-p-3 7Lk
HHRE SABFIMHMAECEEELHARER
¥, ERATRECTN; FEERRER, 5R%
9, BIRA SA-p- P AWM EMRCREARAERT
BRIERA(E?2, £3),

R3 AN Sea-1* HSC/HPC By SA-B- FUMIHFEe s £ FE

MHE ST (n=10, %, x *s)
il SA-B-Gal FRMEAME 4 H (% )
HRIRE 12.05 0. 49
R 3E MR 2.10 £0.18*

"P<0.05 vs AR 4.

At FUAG R SA-B- SRR AA | B: 44 IIL SA-B-4 S BAIE.
B2 ZEHR/INGR Sca-1* HSC/HPC H)FEE SA-B- 2R P H IS
i ( x200)
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2.4 IEHA/NR Sca-1* HSC/HPC HI4ME/EHEA 6.5
Gy £5/NHFERE 24 h, B8 Sca-1* HSC/HPC H 3]
Gl HAFH, H GO/G1 HiLLpI BHE T, S ¥ Ll
2>, SPETEEPI[ (S + G2)/M] B B &K (P <0.05,
E4),

W AT A
DR

il o R i P

a

0 GO/Gl(%)  G2M(%) S(%) PI(%)

“P <0.05 us fRLAG M40,
A3 $EHRJEEME Sca-1" HSC/HPC H)4RM R A 15

2.5 3FR/NR Sca-1* HSC/HPC 4 B i [t 38 48 i
REHERES IEHRY Sca-1* HSC/HPC ¥ B 1 If
1 20 iR A& 4R V& ( CFU-Mix ) 48 7% 35 Bt Fn g i 48 98 0
P B TRIBRE(EL),

F24 HHRRJE Sca-1* HSC/HPC B AR KL REEA

(n=10, X xs)
o H LR TR A RTE AN
(/N/10* Sea-1 * HSC/HPC)
ERY 4,75 £0.50
Biama 12.75 0. 96*

“P<0.05 vs RAZFE4L.

2.6 3EHR/NRR Sca-1* HSC/HPC B DNA #{5 5
fR4H Sca-1* HSC/HPC FHAB RIS, BR4A
B 109.50 £6.36, Olive R4E 106. 63 +7.69, il
BRATHRAR(E4),

A: BRI, B: LA AL .
7 4 Wﬂ%ﬂﬂﬂﬁﬁ&@;&ﬁﬁ%l#( x200)

2.7 $ERR/NR Sca-1* HSC/HPC HEHXEEM
mRNA RiAKFRHT fﬁﬁ%ﬁiﬁﬂﬁ%iﬂcmﬁwﬁm
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F|28S, 18S f15S8 3 &AM, BLRFIREUN RNA 528t
%, PCR &R B8, f8EA pl6™*, p1o*, ps3,
p21“" "I mRNA K F B EE TRIERA (A S,

%6),
#x5 BRASEHERASEELBEKR Olive B4
(n=10, x +5)
24 53] Bk Olive R2iE
WIRA 109.50 +6.36 106.63 £7.69
EEyE 4,33 £2,08" 1.48 +0.23"

“P<0.05 us 3% M4, Olive RAER AP LI ARPT CHIEZ L

B AIRA T L6 AR

M: DNA A5 oM d; 1: MARMAR; 2: 28R40,
@5 pl6lNKh\ plgAﬁ‘ p53, p21Cipl/W-!l mRNA ﬁ]\t

F6 FEEMAEEA mRNA £ik

(GAPDH @B L, n=6)

A pl6INKSs/GAPDH _ p19Af/GAPDH  p53/GAPDH 21 Cipl/ Wafl/GAPDH

BR4RIEA  0.500£0.028  0.47920,033  0.5310,037 0.489 £0,024
SRR 0.880+0.043b  0.878+0.041b  0.881£0.043b  0.789 £0.031b

bP<0.01 vs iR 4. -

2.8 pl6™ ™ p19*, p53, p21 V™M E B pyFRIAK
FRIEH  Western blot 255 8 7% 58 FR 41 40 0 i
p16™ p19*, ps3. p21 "™ B R UK FeBIE

BARBHAR(EG).

B-actin

P16INkM

Pl gAlf

P53 |

p2|Cinwan |

1: R4S MAE; 2, 45 R 4.
E]é plGINK4“\ plgAﬂ\ P53\ pzlclpl/wmﬁaﬁﬁ

YN 5 5 F 5 B2 2475 ( Chin J Cell Mol Immunol)2013, 29(3)

3 itig
ERHANRENRE DEHHALERENT
MR AGERe SHH, MEZIEEMN K SRERE
RIS IR B RS TR, XLHNL T
RERE 4 4R A 4 5 R A N T BE 3R B I AR
%P, il TR T ARSNGB R
RE, WRES TREFRAN—F AT, B
THREZSIEFEZEIAERX 7, bEiEEa
LAYE 4 T 40 s DNA R 45', 7 DNA 65K
MR RE M TAREZNI R PREEERE,
BAMSERS Bk LI R B, BRA/DEK
Sca-1" HSC/HPC ZHfi IR B RIS, HER X
100% , MRERATHERIASR, W X RIFBSH
THAERLH/NR, Sca-1* HSC/HPC 40 jg DNA ) =
. IR /DAY Sca-1* HSC/HPC SA-B-gal Ht
BRAERABERE, HATEZEHMFEENSL,; G0/Cl
S4B e 518 i, R R 4R BB 4 /N B Sea-1* HSC/
HPC MR 24045 1L 7E G1 #3, 40 R, 4
HIZEZIREZ B ™ E M H; CFU-Mix £ R ME
BERERARB A BRTRERE, XBEFAEST
HHEERNAREY I, MAREHHNL S
LRENZEIR . B T 40 DNA WIRGES TR
BRENEE,
HBREENBREDTESESRBREHWN,
oA, ik dE 4K 8 A pl6™“-Rb Fl 3 kL 4K # B9
pl9Arf-p53-p21Cipl {5 54422 HSC FE M B La
BFESHEE, F—RESERMEYTES
HSC 3%, Janzen 2" ) pl6INK4a IF X X 4%
DANFERFEZ N RE LA, pl6INKda 3 FX M
] T Rb BEERLEI EM A 4 Gl BIHE RS, K
RYXBARFERA LR A EI L, 1% pl6INK4a
MIRE, HINRIZEE 18, 4/ DNA RGEE 6
J1385%, 68 pl6INKda MR RARBELENER, T
REENFEH. EAR psS3 FBHEKFHRE/NRS,
Bra R IEE/N LM p53 1KKFRAE /N R A
HSC 40 a5 3 25 3 B Ho 3 1 T 40 B i 3 5 Bk o 438
iR, TRZKY p53 248 /NRE) HSC 4 B AE BE S
BETHE, Uil pS3 HEHNURBE—EBRELS™
BRI F HSC ¥, Mk, p21
B2 p53 THRMIE =Y AE AR AN EAEE /%
Fi, BREB S CDK S A TMAIH %, AT LE
DNA & RS2 S B Gl JIFEM . £FEBR
ﬁﬁﬁ?ﬂﬁﬂﬂﬂ plGle.\ p19Arf\ p53\ pzlcipllwmmRNA i
EAFRERTFRERA, EEAESKEERF
 (TH2AHLTR)




