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Abstract:

[Background] The chronic injury of the hematopoietic system caused by ionizing radiation (IR) is
often ignored. The essential cause of this injury is the damage of hematopoietic stem and
progenitor cells (HSPCs).
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To explore the long-term effects of IR at different radiation doses and at different radiation fractions of the same radiation
dose on HSPCs in the bone marrow of mice, and to provide a scientific basis for reducing the chronic damage to the hematopoietic
system caused by IR.

A total of 16 male C57BL/6 mice aged 8-10 weeks were randomly divided into four groups that received different doses or
fractions of total body X-ray irradiation, including 1.5 Gyx4 irradiation group (n=5), 3 Gy irradiation group (n=4), 6 Gy irradiation group (n=
4), and non-irradiation group (n=3). Two months after irradiation, bone marrow cells from each mouse were collected and counted. The
clone forming ability of bone marrow cells was analyzed by cobblestone area-forming cell (CAFC) assay. The proportion of HSPCs was
measured by flow cytometry. The cell cycle of HSPCs was assessed by antigen identified by monoclonal antibody Ki 67 (Ki-67) and 7-
amino-actinomycin D (7-AAD) double staining. The reactive oxygen species (ROS) levels of HSPCs were estimated with a 2,7-
dichlorodihydrofluorescein diacetate (DCFDA) probe. The cellular senescence of HSPCs was evaluated with a 5-dodecanoylamino-
fluorescein di-B-D-galactopyranoside (C12FDG) probe. The expression of senescence related genes such as P16, P19, P21, and P27 was
measured by real-time fluorescence quantitative PCR.

There was no significant change in the numbers of bone marrow cells 2 months after different doses and fractions of radiation
(P>0.05). The clone forming ability of bone marrow cells was significantly decreased after 3 Gy and 6 Gy irradiation when compared to
non-irradiated mice (P<0.01). HSPCs responded inconsistently to different doses and fractions of irradiation. Overall, there was no
significant change in long-term hematopoietic stem cells (LT-HSCs) proportion after irradiation (P>0.05), the proportions of
hematopoietic progenitor cells (HPCs), hematopoietic stem cells (HSCs), short-term hematopoietic stem cells (ST-HSCs), and multipotent
progenitors 2 (MPP2) increased after irradiation (P<0.05), and the proportions of LSK, MPP1, MPP3, and MPP4 cells decreased after
irradiation (P < 0.05); except for HPCs and MPP2, the proportion of HSPCs in GO phase was decreased (P < 0.05). The ROS production in
HSPCs was increased significantly after 6 Gy irradiation (P < 0.05), while the ROS levels after 3 Gy and 1.5 Gyx4 irradiation were similar to
that of the non-radiation group (P> 0.05). The cellular senescent proportion of HPCs, LSK, and HSCs increased after irradiation (P < 0.05).
The expression levels of senescence related genes P16, P19, and P21 in HSCs were significantly increased (P < 0.05).

The responses of HSPCs in bone marrow to IR vary depending on doses and fractions of irradiation. Increased ROS
production and cellular senescence may be involved in the damage process of HSPCs under radiation settings.

ionizing radiation; hematopoietic stem and progenitor cell; cell cycle; reactive oxygen species; cellular senescence
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FANEFETER, 181D 50%89EE B E T REUKRST
AT, MRS IR IR ABUK, 1 Gy BRETEIAIXTHE
SRR, BRERARERINSMALR, ZETHESH  RA, A 4~7.56y By FEBEH/NEFNESEE
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FIRBLHMARET 6 Gy FIER y FE 2 HIRGY
BE5| /N HSPcs AARAI T AREEAMELS
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SCKK(348) 2016-0002, 1AFHFIEFHIEZ R 12h, B
ERIFE 24~26 °C, /NEEHMR B, shLRFRE
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TR S NCU-CLA-2019-318,

MICIERFEHERE BN /DR Foy F K (Foy
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D(7-amino-actinomycin D, 7-AAD) JE M ZkL; 4HAEE &R
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30 min, 8 5 min B4 1 X BHEER, AR SHK
R 1Efb, SAfE A streptavidin-FTIC. Sca-1-PE-Cy7. c-
Kit-APC-Cy7. CD150-APC. CD48-PB. CD34-Alex Fluor
700 1 CD135-PE FHAE B, REIFRIAMHITRIC
20 R A S 3 2 (Lineage, Lin) PB4 4HAE, BE S 1 M
HPCs. LSK ZR A (B HTIR R B 1B 9 Lin"Sca-1"c-Kit HY
HSPCs). HSCs. 1< BY #2 i& M F+ 48 A& (long-term
hematopoietic stem cells, LT-HSCs) « ¥2BY#23& i1 F4AAE
(short-term hematopoietic stem cells, ST-HSCs) . % BE
& M +8 40 B2 8% 1(multipotent progenitors 1, MPP1) .
MPP2. MPP3 1 MPP4 E4ARALL . KA Flow Jo 10.0
DRI NE R,

BB REHREL Histopaque 1083 M E 4 7 Bk
DEHEBEAN AR, B MZARS 4R CD3e. B220.
Terl19. CD11b M Gr-1 FEMAIE T, @S 1gG ATk D
B Lin FAMEARRE, BEfS Lin BRI HERELR Sca-1-PE-Cy7.
c-Kit-APC-Cy7. CD150-APC. CD48-PB. CD34-Alex Fluor
700 #1 CD135-PE SR Z B F LU TN,

PBS T 1 R BIFHILAM, &
BT 200 pL 4% SR REREE KT, 4°C, B E 30 mino
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HITH MG T,
1.6.2 ROS ZKFIE  PBS 1 RS EIFHIMME, ER
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268 30 mino EAMIVAM(YXT HSPCs B ROS #1714
M s ROS 7K F A T 33 2% ¢ 58 FZ (mean fluorescent
intensity, MFI) &R0
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Fo IRIBELEIRATEE PCR R EM, LL HPRT 1ERA
B, ERIT KK EE PCR N _EF TN P16, P19,
P21 M P27 FEHWHEXERENRIEXE, FRBIEAR
MR,
1.8 HitFEDH

SO BRI R EE R, KA SPSS 26.0 3k
HHITHRIT P ZHERRABERERS E57(one-
way ANOVA) , 7 # £ (8] EL X SR F Dunnett-t $238, &
87K a=0.05,

2 4R
21 BHENEESHEARBEIETL
INERER 1.5Gyx4. 3Gy Fl 6 Gy X BT X 2 BiET 2
NBE, BEER4RE 5 579 7.600x10". 8.000x10’
# 6.750x10” 1>, 5RIBET4H(8.167x10" M) WER T
RITFENX( P>0.05), Hltt, RiEHNA/NELE51E
52 1MNEE, BN STRRE L. WA 1A
2.2 EHENE S MY AT e R IR
ZA/N R B REAR R RN EREIEFNEZN T
B%, SKRIBETLHABLL, 56 1. 2. 4 F 6 BB BEAARE o2

WETE 3Gy IRFAD R TPET 2.827x10° 1.546x10°
1.850x10° F15.200x10* N3 P<0.01) ,7E 6 Gy 1@gHES
B TFE T 4.009x10° 2.192x10° 1.290x10° ¥ 4.000x10"
™39 P<0.01), 1.5 Gyx4 IEETAMMB R EHE S KIR
FHANEZTHRITFRNX(P>0.05), WE 18,

.

z <199 =1.5 Gyx4 £

N S 60 | P =3Gy 4

= S % B ooy

X 6 ﬁ —XRiEsA

n o, B

2 g 2 .

HIJI 0 = ﬂ[m 0 ':HT
1.5Gyx4 3Gy 6 Gy HKIEST 1 2 4 6

zEl SEFREYiE)/E
CEI A DR S BEMAMREZK(n /9 3~5), B: (KINTERMAEENT K
(n=3). SRIBEHAMELL, **: P<0.01, ***: P<0.001,
1 5N B REdHRE Sk e fE
RZBERENIBIRZIE (X £ 5)
Figure 1 Effects of radiation on cell number and clone forming
ability of mouse bone marrow cells in vitro (x#s)

2.3 EHE/NEEBER HSPCs AARELLHIFE L
5RIEEFAMELL, HPCs ELBITE 1.5 Gyx4 1E514H
F+7 0.3439%(P<0.001); LSK £ At Lk 5l £ 3 Gy A
6 Gy }EBET4H 9 5 T BE T 0.0418%F 0.0404%(3Y P<
0.05) ; HSCs Eb I 7E 1.5 Gyx4 48 514H EF+ 7 0.0064%
(P<0.01), XEERIFE ST-HSCs LLAIRIFHS: ST-HSCs
EbBI7E 1.5 Gyx4 F 6 Gy 32594H 73 5 EFH T 0.006 1%
01 0.0045%(33 P<0.05), I LT-HSCs L2 5B ST e T
T(P>0.05); £ MPPs AHfIE¥ 1, MPP1 7£ 3Gy 18
$t4H. MPP3 1 MMP4 1£ % 58 5% 4H 4R R Lb 5139 T B
(33 P<0.05), MPP2 ZAARLLFITE 1.5 Gyx4 5RET4H EFH
(P<0.05), WE 2,
2.4 EHENEEBERN HSPCs AARRFERAME K
5XRiE5HEMLEL, LISk MBETE 1.5 Gyx4. 3Gy H
6 Gy 525748 Go HARILLBI D RUPEE T 14.90%. 22.12%
#012.97%(19 P<0.05); HSCs £ 1.5 Gyx4. 3 Gyl
6 Gy #5740 RY Go HALL B D RIBEMR T 14.11%, 22.56%
0 15.48%(13 P<0.01); LT-HSCs 7£ 3 Gy #1 6 Gy @5t
2019 Go HALL 5192 BIBR{EE T 22.63%F0 15.56%(33 P<
0.05); ST-HSCs 7£ 3 Gy # 6 Gy & 59 2B BY Go HA Lt 51
D HIBEIRT 20.42%F0 14.30%(38 P<0.05); MPP1 7£
1.5 Gyx4. 3 Gy M 6 Gy f@ 514889 Go HALL 5153 B BE1K
T 12.67%.20.15%#117.20%(39P < 0.05) ; MPP3 FIMPP4
£ 1.5 Gyx4 1 3 Gy 325 4H 89 Go HALL 5 93 B BRAE T
10.99%#0 16.33% (13 P<0.05) ; HPCs 1 MPP2 A [
HATE T, WA 3.
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Figure 4 Effects of radiation on ROS levels of HSPCs in mice
(n=3-5,x + s)
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Figure 5 Effects of radiation on cellular senescence of HSPCs cells
in mice (n=3-5, x%s)
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Figure 6 Expression changes of HSCs senescence related
genes in mice (n=3, X £ 5)
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¥WE57T RYEMAFNKIFIRGIER. LERW
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42(cell division cycle 42, CDC42)EMEH =, FREWL
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MAARRZEX L FII I T IRAK T, HPE(E ROS KT
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