HERDEW X KBNS AT ARE
i REA KR DNA GBI R I

FOEVHEANEC KM L R LKA TS FI AR EERL,E KD
(1. HoR B2 K, Ol A e B B oy F R 5P B 2y B va i 8 4 R s S e =, Hol 220 730000 ;
2. KT o P B A B B, E K 40450033, Hl 4 2 4R 5 2R 9 2 B N SE B0 =, v R 2 B T 4 FRAE 5 T
Hl 224 730000)

i E.[HM] FERE L P (astragalus polysaccharide, APS)XT X £& 4 it fr B0 8 7] 72 57+ 40 B2 (bone mes-
enchymal stem cell, BMSC)ZH g 4% | 4% (/& 2 DNA #1509 52 m0 . [ 73k ] R CCK-8 2 K il A [] ¥k B () APS
X 2Gy X 24 5 E BMSC 35 B 1 B2, LG 6 APS B e fEFEHIWe B, % BMSC 43 425 11 (CTRL) 4 |
HIE LB (APS) 4L H8 5 (IR) 4L 56 5 + #1255 (IR+APS) 41 ; APS 41 [ IR+APS 417 55 1 Y48 5 A 48h LA %
FEAE MR /Y APS T 10 1 IR, LhJS B U5 515 #4945 & APS (08 5 5% 3% i, CTRL 41 IR 41045 IR & APS
PR S 0 2R, SR HEAT 5 R X ERAR ST, B3R 2Gy, 45 48h RS 1 VR AR YRR SR, 3R FH M S BH b vk A ) 4%
220 i B 2%, e 0 A A% D S5 BT 5 2 A0 I e € R TR A R 3 e R A AR A 45 4 A I S3BPY foci £ £
HECH (4558 5 CTRL 4L H %8, 4 5 )5 BMSC 341 58 F7 Wt 52 090 1, 25 5 B T2 8 X (P<0.05); 5 IR
ALLLEE, Y APS 2 50pg/ml B X4 55 5 BMSC 38 5 (14 1 T d5c 8, W03 S e AR VR FH Mk B . fE A KO 1, 5
CTRL #H Fb#  IR 4H A% R B 2 T & (P<0.05); 5 IR 4H %% IR+APS 21 fl 4% SR FEIK (P<0.05), 7E 4L {6 4K 7k -
b5 CTRL 21 Fe 5 TR 20 Je (5 /4 W5 728 S 1 {2 H 85 (P<0.05); 5 TR 4 He 4%, IR+APS 21 e (7 14 I8 A28 K [ ik (P<
0.05), 7£ DNA 7K I, 5 CTRL 41 H 42, IR 41 53BP1 foci # £ #% 50 H 3 Tt #5 (P<0.05); 5 IR 41 HL A2 IR+
APS 41 53BP1 foci £& s H FEAL(P<0.05), [4518 ] B K20 B X L8 905 BMSC 4 i i% e fafk |
DNA #i f5 91E T

K B LM RO AR Y B K DNA
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Effects of Astragalus Polysaccharide on X-ray Radiation-induced
Nucleus, Chromosome and DNA Damage in Bone Mesenchymal

Stem Cells

WANG Lei'?,XU Xiao-min',ZHANG Yan-hui',LIU Yong-qi',ZHANG Li-ying',HE Jin-peng?,
FENG Xiu®, WEI Wen-jun®, HUA Jun-rui*, WANG Bing’

(1.Gansu University of Traditional Chinese Medicine,Gansu Provincial Key Laboratory for Major Disease Preven-
tion and Control with Molecular Medicine and Traditional Chinese Medicine , Lanzhou 730000, China ;2.Chongqing

Yunyang Hospital of TCM, Chongqing 404500, China;3.Gansu Key Laboratory of Space Radiobiology, Institute of
Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: [ Purpose | To investigate the effects of astragalus polysaccharide (APS) on the nuclear,chromosome and
DNA damage of bone mesenchymal stem cells(BMSC) induced by X-ray radiation.[ Methods] 50pg/ml was deter-
mined as the optimum concentration of APS by pretests. Bone mesenchymal stem cells (BMSC) were divided into
CTRL(control) group, APS group,IR(irradiation) group and IR+APS group. BMSCs in IR and IR+APS groups were
irradiated for 5 times of 2Gy X-ray radiation every 48h,and BMSCs were treated with different concentrations of
APS(Opg/ml, 12.5ng/ml, 25wg/ml, 50pg/ml and 100wg/ml). After the last radiation,the proliferation of BMSCs was
determined by CCK-8 assay,the cell micronucleus rate was detected by cytoplasmic blocking,the chromosome
aberration rate was detected by chromosome karyotype analysis,and the numbers of 53BP1 foci focal clusters on
DNA was detected by laser confocal microscope. [Results ] Compared with the CTRL group, the proliferation abil-
ity of BMSC after irradiation was significantly inhibited (P<0.05). Compared with the IR group,the proliferation of
BMSC in APS group of 50pg/ml was the strongest. At the cell nuclear level ,the micronucleus rate of IR group
was significantly higher than CTRL group(P<0.05),and compared with IR group,the micronucleus rate of IR+APS
group was decreased (P<0.05). At chromosome level,the chromosome aberration rate of IR group was significantly
increased compared with CTRL group (P<0.05),and compared with IR group,the chromosome aberration rate of
IR+APS group was declined(P<0.05). At DNA level,the number of 53BP1 foci focal clusters on DNA in IR group
was significantly increased than that in CTRL group (P<0.05),and compared with IR group,the number of 53BP1
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foci focal clusters on DNA in IR+APS group was reduced(P<0.05). [ Conclusion] APS can attenu-
ate the damage of nucleus,chromosome and DNA in BMSC induced by X-ray radiation.
Key words : astragalus polysaccharide ;radiation ; nucleus ; chromosome ; DNA

OTT S UL R R IR T T, TR R RT
IRAHHL DNA. i 555l 0UEE , 5140 L DNA B30,
AR feft 200 i 2 A O T DT BEL b 0 A T T A AT
SR HICTT I, ST kB b 2 X6 g i ] D 1R 2 2 RN
20 M 36 AR A3 o AR SRR 400 T BE 8 03 Wk 22 b
A PR 7R 41 5% F 4 8] 52 57 1 40 2 (bone mesenchymal
stem cell , BMSC) ] {988 20 it J&] BBl SR 45, 5 5 g &)
Pl ZH 240 47 A 08 52 S e R 237 DR I A 1A e 988 TS
BF TR 25 51 BMSC A4 47 , DRI PR 2 08 42 i 43
X BMSC 2 175 /9 25 4y A7 %8 i) B S i U (L
T < Z W (astragalus polysaccharide, APS) J& 11 24 ¥
KR FENZ—, IREHHEZHAA RS %
FE BURR ST BUAEALSEAE RO T B 2 AR A X X
2R T E BMSC K 41 (4451 103 EL A AR R S0A ALY B 4
VEFIA TR . A S I i A SMEEHL T 5 o 1S 22
XX AR R BMSC A A% . G ik DNA #4519
SN, PR T G S A B DR R A X BMSC 4t
B Ve, DABIR I IR b3 0y 7= A 1 i FH 4
HERT AT AR

I HR5T®

1.1 ARaskiEFNEE 3%

BMSC(#t 5 . 7501, )~ M FE k), 18] 78 5 1 40 i 1%
FRFEE S ;HUXMA-90011, ) M €M), 40 A Il B 7
FL#2 35mm 60mm B — PR3 SR ML, JFT
5% FE 1) CO, 37 CHYFE IR 5 7240 h B 9%

1.2 LR FIFA{L S

0.25% i it (1t 5 . J150037 , Hyclone 73 ) ; # 1€
2B (5 . ZD1219LA13, PR M) ; CCK-8 i
R GG . JQ702, Ll AR AR A AA i 2 B (it
45 :C8080, JL 5T Solarbio 7wl ) ; WY BE B Yy ik (41t .
CA110,db 3T Solarbio 24 Al ) ; B KAl (Ht*5-:8190,
Jb 50 Solarbio 23 Al ) 5 Wi 4 5% 4L R (41L5 . G1010, b 52
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Solarbio 7 7 ) ;53BP1 $L & (41t % . GR89172-5, &
Abcam A 7 ) ;594 9406 40 (5 .G1101, EH
Abcam %% # );DAPL ( % % .H-1200,VEC-
TASHIELD ) ; 8 I 55 37 46 (B4 % :MCO-15AC,SANYO
/3 #1);PXi PRECISION X-ray (%5 :X-RAD 225, 3
[ Faxitron 2\ 7] ) ;infinite m200 pro 7 4= )% K il b
X (A5 . EN61010, B + TECAN 23 #l); & B O AL
(#15 . TDL-5-A , Thermo A ) ) ; %€ ¢ i Sl 55 (1 = .
BXSITRF,OLYMPUS Al ); {8 & W 5 (# %5
DMIL-BFC295, Leica 2~ 7)) ; #0064 3R £ 8 fl B (A
7 :FV1000,0LYMPUS 7~ #) ) ; # W #% (Eppendorf 23
F] ) AKOEFE R (15 . WD-9405B, b 52 i s — X #%
J7) 5 L RAVEE IR KR (445 . DK-8D, | —1EH R 7 AU
AR ATF); FAEHIVKAL (815 . AF100, Scotsman
oAl ) WY F (B S .CAT7107R, Super
GRADE),
1.3 XS AFES

¥ BMSC 4+ A% (CTRL) 41 APS 4 | 484t
(IR) #H IR+APS 4H ;APS 4 IR+APS H7E5E 1 IKEE
STHT 48h DA A MR EE R APS T30 1 3K, B K4
SR B4 & APS BB ff B 3% W, CTRL 41 IR 41
W3 N5 APS 137 S 155 95 W, L EAT 5 I X 4R
S, B 26y, B 48h R 1 k. X ARG A
LR 2 Bt A A A BLAE 5 T A 4 2 () S A ) 2 S
e AL SR E N 2Gy, il 2 0.4Gy/min(100 keV,
SmA), FE4E 55 IE = B 70em .,
14 CCK-8 ERMARERER APS 3t X &gt a
BMSC 138 ) & M

Wi A TE 29 85% 19 BMSC, i 0.25% 1 figé it
TH AV WO T 15 B0 240 =, D B AL 2x 107100l 4270
T 5496 fLAR, 2 A G BE JS A 100wl AS [R) ik B2
(0.12.5.25.50 , 100wg/ml ) ) 8 5 20, B4 ok 3 1
6 ™AL, 5 3% 3d Ja, BEAL I S0l B3R R R
S L 0.3mm JE AR P, AL 2Gy

0

*




) X Kb 4R g, RS s R SRV A
100l AN [7) v B 1y 1] 78 5 T 20 i 35 35 3, I i A IE
IR P AR SR 3R, 0T 1~5d 1] CCK-8 ¥4
N5 2 4 B 1 34 5 i
1.5 FafR4o S PEET AR N & A M iz R
KRS G , 45 ANME 7 BD A 3ml 75 40 g
it 2 B (MR 2wg/ml) 4 18] 70 5 T 40 M 355 7 3,
CE T 37T CHTH R B FR AR Ak 2L 5 5% . 48h J5 Fi b b
FRHEEPBS PR 2 WK, HCE T KUE L i A Tml
W ER (B K 2 mR=9:1), FTIFm KL, [
15min , 38 U 755 3 ] i, R0 SR 10
KHLT T4 20min; J0A Iml PV BERSGLIR (MR
Img/ml), Yeft 15~45s J5, A0A 1ml # PBS YLK 1
W, SR IT N b 5298, 280 AR T A%
20 M %, 2L E 1000 A4S XU 40 MG, T F 5 B A R
SR B O B A0 I R R, B O R = (O B
/9 WU 41 550) x 1000%0 , 20 I8 350 5 = (R A%
1) 20 L 50/ ) WA 24 L 45 ) x 1000%0
1.6 FEEZESTESAMAMLBEBETE
RUKESIAT 4h A 4ml & FOKANE (W E K
0.8ug/ml ) 4 [A] 78 Jiz 1+ 4 i 3% 57 56, IRl T 37°ChY
fEIR G AR AR LL . R e | 585 57 5 PBS
PR 1R, BB S AL Tmin J5, DA 3ml & 10% )15 2F
I3 35 R BL 2R Ak, AT A0 J5 B8 A 15ml /Y
JC W EP 4 1 ,2000r/min, 0> 10min J5 , 3 35 % 1A
IFA Tml 37°CHUEAR KCUKB W, TR, BT
37°CHE IR K B4 KB S0min; K5 5€ S A 3ml
[ 5 Y (PP VK £ /R =3:1) , 1R 21 J5 5z BF LA 20001/min,
B0 10min, F4 FyE FFEINA Sml B2 W, 78517
), B IR EE 15min J5 ,2000r/min, O 10min, 5
JE A 2ml €W, SR GRS RAF T 4°C%
PE g H 5 B PV 1 2R B o I E TR 20 19 BMSC
T 2.5m = ALTE T B L, 4050, 1Ak g
Jei , PRV OB 6% G Y G (5, 15min, 5 /K oh 0k 41 5% B2 0 4
W BRI, AR T TE S A B HEA T L R A% Y )
BT, B8R G HA S S 0 h o 2 R T G
SR, B4 BMSC 4387 100 443 24 R0 1) L (/4 %L
H, 535010 5% 45 25 70 Y (0 R w25 240 it 450 K% e (o AR ey
AR IT BRI AT AT S AR B Y AR R
A 38 T WAy A SRR A R MR AR = (4% 2 Y Y o R I
75 A0 B S AT A ) x100% , T AR F= (e fo {4
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WAy 728 0/ G A BB ) x 100%
1.7 SREWREKERNEZAMM 53BP1 foci £ R %
#HA

KRS S 0.5.2.6.12 .24h 43 59 F & TA4F
G /47 1) BMSC B, R CE TR 1) 12
LA, A 1ml B9 PBS ¥4 2 1K, 4%[1) £ 5 H ik
i 22 10min; F-20°CHY 7K B B 1ml PE¥ 1 U5, F
A 1ml B UKL, B F-20°C K48 & %2 20min,
T0% VK L BE 1ml PEUE 1 W, FEINA 1ml B UK S BE
—20°C VKA - A7 B H 5 —20°C UK Af %= 3 40 JH PBS %t
% 3 U, A K 10min; il A 1ml 0.5% #9 Triton, $T L
10min, FH 5% Wi Ig 4= 05, % I #2 R b B0 2.5h )5,
JA 400l 19 53BP1 —41, T 4°CHE R L ad & ;% H
AN A PBST R4 8 WK, BHIK Smin, 16 86 214
TS ZH 594, FiREEIR FWEF 2h 5, 75k
4 N H PBST %% 8 Ik, K Smin; i — 7
DAPL 2 T a3 b B R+ A 4R — T sl
TN T A DAPL R 1k b AR SO HOE
R AR BTG TT T A0 A 40 ML 53BP1 foci £5 A5
HEREH (20564 53BP1, #% 4 BMSC 40k ),
53BP1 foci £ &S FEE R 1 2 /D B3 VW T DNA i
i BE Y e, & DNA 5405 R I 1 & A ofe , TR Ay
4% 41408 S3BPI foci £ 5 5% %4 H 72 B 58 DNA it
i L HA EEMNE L,
1.8 ZitZ4hiE

B A B B 8 hn i 22 (vs) Ron, RHA
SPSS21.0 Ge it #4443 0t , 4L 18] He 4 >R FH B IR £ 22
3T, P<0.05 TA R 25 R B A Gt X,

2 &5 R

21 AERE APS 3t X Z&ig4t/E BMSC H3E A =M

5 CTRL 4l tb%s, $R4IE BMSC 4 51 i 3 %A%
(P<0.05); 5 IR #4148, 12.5ug/ml (1) APS #H1E4S
4d FIEE 5d B XF BMSC B35 58 A R E/E A (P<
0.05);25pg/ml ) APS 7E55 3, 2% 4 FI 5d B X}
BMSC 434 58 B A 2 #E4E H (P<0.05) ;50mg/ml Fil
100pg/ml 1 APS A& W] @ £ 7 46 5 J& BMSC 1 3 5
(P<0.05) ; Horr APS 7£ 50mg/ml s, LA 38 58 1 FH B¢
MW, CEE B SOmg/ml 1) APS b i AR R Mk
(Table 1;Figure 1),
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Table 1 Effect of different concentrations of APS on the proliferation of BMSC after X-ray

radiation (x+s,N=6)

22 APS X X %48

Ausom (OD value)

5 Iz BMSC 4 B 4% 7k

G T B
oy 24h 48h 72h 96h 120h FHIR M
CTRL 0.327+0.013  0.402+0.014  0.514=0.019  0.625+0.007  0.755+0.011 i O AT |
IR 0.209:0.016"  0.295:0.009° 0.394x0.016° 0.46120.010° 0.489:0.007 i CTRL 4] 1 APS
IR+12.5pg/ml APS  0.224+0.015° 0.310:0.016° 0.397+0.022°  0.499+0.011%* 0.550+0.016" e e
4 b W A% I
IR+25pg/ml APS  0.254+0.026° 0.328+0.019°  0.406£0.013% 0.528+0.012* 0.576+0.015™ j%%§4xiiﬁ%¥§®ﬁ$%j?
TR+50pg/ml APS  0.284:0.013% 0.377:0.012% 0.460:0.017* 0.576:0.010" 0.664+0.020% ML (Figure 2); ifii 5
IR+100pg/ml APS  0.287+0.007% 0.352+0.024* 0.450£0.024* 0.556x0.011% 0.629£0.018* CTRL 41 Lt # ,IR 41
F 26.65 22.71 16.45 106.72 111.49 WO SR k%
P <0.01 <0.01 <0.01 <0.01 <0.01

Note:": Compared with the CTRL group, P<0.01;*:compared with the IR group, P<0.01.

081 7 crRL
IR
07 X IR+12.5pg/ml APS
IR+25wg/ml APS
06 F E=] IR+50pg/ml APS

: B 1R+100p.g/ml APS

05

04

0D Value(490nm)

0.3

0.2

0.1

72

Time(h)
Note:": Compared with the CTRL group, P<0.01;*:compared with the IR group, P<0.01.

Figure 1 Effect of different concentrations of APS on the proliferation

of BMSC after X-ray radiation

CTRL group APS group

IR group IR+APS group

Figure 2 Gross observation of BMSC micronucleus in each group(20x)
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(Figure 2), H v B3
Wi A 5] 282.67%0, 4 M WA K ik 7
132.67%0, 25 HA G #E L (P<
0.05); 5 IR 41 % , IR+ APS 4 ¥ ¥
B 208 /0 (Figure 2) , Hod S0 %0
189.33%o , 4 Ml 1% % K 89.33%0, 25 7 H.
FGeiteE L (P<0.05) ; Al WL APS fiE
W R T R BMSC YR %, AT Ik 3
YRR B S T BMISC 440 A AZ 114 45 493 1 30 SR
(Table 2),
23 APS Xt X Z4E 5t )5 BMSC & &
7K F 893

il s R AT WL, CTRL 4 &
APS #H BMSC 4 (a4 K UL 3] 5 1) el 28
(Figure 3);IR 21 BMSC %t {& n] I, 5]
L E AR ER N TE I % DAY NG 5 8 AN )
HIE WL R I FIAUE 22 ki % (Figure 3);
IR+APS 41 BMSC 4t {475 5% 0l WL 4% £
EORZAR RN TR VAN 7 S (S B BT RN
AR SRR RS IR 4 Tl (Table 3;
Figure 3),
2.4 APS 3 X &S /a BMSC DNA 7K
R

PO R WU T T I ,0.5.2,
6.12.24h 5 4~ W} [A] &1 ,CTRL 41 1
APS 4 BMSC 4 i % b JL-T- 3% A 3k
7k DNA #8453 89 S3BP1 £ &5 %% ;1R 41
BMSC 4 Ml 4% ih B 1 %5 45 (19 DNA 45
ks B4 S3BP1 £ 5%, HL b 5 i 5 fi
4 e 5 18] B 4 7% | S3BP1 & S B H 1%
Wik /b, #2858 55 BMSC #9 DNA #5147
fEEERBE, 5 FIHECT 100 /4404
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Table 2 Changes in BMSC micronucleus rate in each
group (x+s,N=3)

Total micronucleus rate Cell micronucleus rate
Groups

(%o0) (%0)
CTRL 18.33+4.93 15.33+£3.06
APS 22.33+4.73 17.33+£3.51
IR 282.67+28.92° 132.67+28.92°
IR+APS 189.33+12.50* 89.33+22.50*
F 195.82 29.04
P <0.01 <0.01

Note : *: Compared with the CTRL group, P<0.01;":compared with the
IR group, P<0.01.

Table 3 Changes in the total aberration and aberration
rates of BMSC chromosomes in each group (x+s,N=3)

Groups  Total aberration rate (%) Aberration rate (%)

CTRL 0 0
APS 1.67+0.58 0.06+0.01
IR 62.67+3.51" 39.73+4.73"
IR+APS 51.33+£5.51* 34.07+4.49*
17 299.44 129.35
P <0.01 <0.01

Note:*:Compared with the CTRL group,P<0.01;*:compared with the

IR group, P<0.01.

53BP1 £ S #E 50 H #5 IR 40 Wdi b, Hod e 0.5 .2,
6h B B, BN LI ECT 100 4l A, A
0.5.2.6.12.24h 5 4~BF[E] 55 TIR+APS 20 53BP1 £ 54
B H 2 A (565.67 £36.08) . (485.83 +44.37) .,
(374.33%39.01) . (310.50+37.75) . (267.83 +29.31) (Fig-
ure 4,5),

3o #

BMSC R TG F I rh IR )= & —Fh 2 6
S, ELA 5 R A 1 BE R AR T, T oAk Dk R
JEL AP AR O LA B Ak 2 A i D7 A AT
BMSC EA 58 K 1 14 58 A1 5310 58 7 DL B A% #e 92 T vk
SR, TR bl b R B SR IR YT
M5 2 W BMSC £ 25 1 i T AR I BR J5 v k41
SURY 5 5 1 B AT, MR 4 LA BE 65 43 Wb 22 Bl
fE T A FL4E BMSC, 45 %t i 4l 2L i A7 U iR 97
B, R 2% i 2 4 R 30 1 BMSC
B T X S — R AR RE AR

-a L . ¢ .. ‘ . “7 .
v # ; U

P SR e

o @ .k it

o B R, X i B A 8 R R
o3 RER R FE AL AARE B AR JEE T
w S TEAEY ROV X R AE AR N e
o PR Sk, R R A R W AL
IO, A1) R — L B E ) 9 A4 A, 220
—ERAY X LMRATE , Al = R ] 45 0
ELRIRAE, 00 H ATIA A X R i

GITRL, group APS group

& : SALH OB R LI O, B &Y

Wity @ ol DNA & 4 5§ 41 0 1) 06 %0 W4 72—,
Jiaml g DNA 58 1 i e o 28 K B — i

- 7 e gj}:,;_*;*‘ i Y 0 X T T W JE UG DNA 32 51 4 55 457
' - o S 5 T 5 A2 REHE . RS9 % 1L, DNA o
" o . 55 W 24 (single strand break ,SSB) il DNA

IR group IR+APS group X EE Wi %4 (double strand break ,DSB),

DNA 20 F = 90 25 40 A8 A 55 Z2 Fh 2 Al

Figure 3 Changes in the karyotype of BMSC chromosomes in B A5 E R ST M A N , RETE

each group(40x)

¥ IR 4l BMSC 7 0.5.2.6.12.24h 5 /4~ A [i] 45
53BP1 £ S FEECH ik B T (754.67+50.41)
(620.83 +62.58) . (479.33 £36.54) . (401.50 +47.42) .
(321.83+46.79) ; 1 IR+APS £1 BMSC 4t fif #% 475 4%
FFTE 8 2 1) DNA 1 05 br ik ) 53BP1 £ s %, (H
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AL 114 3 D] 2 63 495 N 3 DR 4l AN B e 1 2 1
S K A DR SR B R AR AR Y B R 12
R I Z WA PR T B RO N R
J2 o B A FH 4 (H B B 2 M X2k BRI B0 BM-
SC J& 7t HAT Bl A R A RRF 9% o w3 DAl
MR . ek DNA JZ TR PR R i 2 X X 2

% @i 2018 F % 27 £ % 9 M China Cancer,2018,Vol.27,No.9



CTRL group

APS group

IR group

IR+APS group

Figure 4 Changes in the number of 53BP1 focus clusters of BMSC in each

group at 0.5h(63x)

RO T B 2T X R A e
BMSC My {348 4 F B T 8 S
20 1) Je AR VE VR B R 50pg/ml,
SR J5 K S0wg/ml Ay B 1 2 0 AE A
F &t 5 kX LG (F &

2Gy)J5 i BMSC, fig Jo Kl 1 #% 1
LR 45 20 BMSC 4i o 1% /K F | e
AR & DNA KB 500, 45
KR, &if 5 X L,
BMSC 7£ 20 il #% K F | 4 8 fAR K
S DNA JK -2 1 8T 53 1 46
O, WAL TR B, e G A iy D 24
DAL R DNA 45 S 10 2R 1
53BP1 £ SRR TE LS5 T 45 T %
EZ BT W5 19 BMSC &3 5 1K
X RSt E, TR, gk,
DNA #5405 5 i ¥4 BT B A, S0 58
[ 45 S 4 R BT 20 HL A IR e
SOl A MR . Y ek & DNA

oor CTRL
800F APS

R
700[ i XY [R+APS
600

500

Number of 53BP1 focus clusters

400 % §§
;00 E £\ N
N \
w0 5 §§ §
S\ P\ )
O 05 2 12

Time(h)

Note:": Compared with the CTRL group, P<0.01;*:compared with
the IR group, P<0.01.

Figure 5 Changes in the number of 53BP1 focus
clusters of BMSC at different time points

STRTEC BMSC 2 A 2 #5473 F9 21

T (micronucleus) 1Y T2 R EHEIKAY
0 b — A S AE A, BO R 220 RO T AR A%
P03 (AR B e e A AR U R Ay e £ 1A S5 (chiro-
mosome abnormality), % €2 {4 B A5 5 1 =5 IR 0L T 4
A 5 R E 1O 53BPT AR 1 — il DG B 1) DNA
i 0 S I 2R L, 53BP1 £ R I 2 b 4R RN T
DNA 54707 5, 1y 22 X718 AR S0 1 56 i 1 CCKS
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P05 B VE A T AR TR S 6 45 SR A
S BRIE AT A v 2 2 B A 0 B 1 20 R IR 1
AR LA A B E SR A DI RER/EH .
AR SR UE S T R 2 B AR S DR e S B R Y
YN MO Yok e DNA 51405, 4K i B4l H 5% 5 2
THiE ,BMSC Zead X 4R 559 J5 FLam i e fa ik &
DNA (45405 72 BE AT SR 55 T, I oA 38 31 5 4= Bl 4 ) A
FH o AT 2z 7 Ry X Ff e 20 A9 3% 405 1 9 ok 2 L
XoF UE  2H S 4 L %) 458 403 8 2 R Sk PR B B I 9 T I
F14) B A HE R AN 1T B 2 o) A S A 2 TR A
WEFE , LA o o b 5 25 O PR R AR 38, M5 7E R
KA B A I 058 AR B R IR, BURR YT
W SAFBE T Z RN, T IR 55 F B 221 45 A 7 T,
(M ARFHEFFPESRSE HifES
REXRARBRSTEFEFTESG ST AREEE
BEART B FRERDEH I, HR AT R
RBHANFTELSERELRSMETR, AT LR
FRAEGHT T & A RL T 364 %I R R F41 kR
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