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[ Abstract | Objective; To study the protective effect of astragalus polysaccharide (APS) on micronucleus
and sister chromatid exchange ( SCE) in human bone marrow mesenchyml stem cell ( BMSCs) exposed to
formaldehyde, in order to initially explore the potential mechanism. Method: BMSCs were cultured in vitro, cells
were randomly divided into five groups: control group, formaldehyde group, and APS 40, 100, 400 mg-L~'
groups. BMSCs were infected with 120 pmol L' formaldehyde, meanwhile, APS 40, 100, 400 mg-L ™" groups
were co-cultured with 40, 100, 400 mg-L~" APS. Cell morphology was observed by inverted phase contrast
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microscope, micronucleus were detected by micronucleus test, SCE was detected by SCE test, and mRNA and
protein expressions of proliferating cell nuclear antigen ( PCNA ), xeroderma pigmentosum B, D, F, G (XPB,
XPD, XPF, XPG) were detected by quantitative real-time fluorescence polymerase chain reaction ( Real-time
PCR) and Western blot. Result: Compared with control group, cell counts decreased, and cell morphology of
BMSCs in formaldehyde group significantly changed, they were all recovered gradually in 40, 100, 400 mg-L "'
APS groups. Compared with control group, the micronucleus and SCE increased significantly (P <0.01), PCNA
mRNA and protein expressions down-regulated significantly (P <0.05) , while XPB, XPD, XPF, XPG mRNA and
protein expressions up-regulated significantly (P <0.05, P <0.01). Compared with formaldehyde group, BMSCs
were treated with APS at 40, 100, 400 mg-L’1 , micronucleus and SCE decreased significantly (P <0.01), and
mRNA and protein expressions of PCNA, XPB, XPD, XPF and XPG up-regulated significantly (P <0.05, P <
0.01). Among them, the 100 mg-L~" APS group had the most obvious effect. Conclusion; APS can protect
formaldehyde-induced BMSCs micronucleus and SCE, especially 100 mg+L ™" APS has the most obvious effect. The
mechanism may be associated with the up-regulation of expressions of PCNA, XPB, XPD, XPF and XPG in the

nucleotide exicision repair pathway (NER) , which promoted the damage repair.
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AL ZS 14 B. 4] ;C. APS 40 mg-1.~';D. APS 100 mg-L ™' ;E. APS 400 mg-L "' (&l 2 ~4 [d])

1 APS xf FEES 3 BMSCs 20 M 72 35 9 % M (25 2 B, < 200)

Fig.1 Effect of APS on morphology of formaldehyde-contaminated BMSCs( inverted microscope, x200)

2 APS Xf HEE 5 BMSCs #4895 M0 ( Giemsa, x400)

Fig.2 Effect of APS on micronucleus in formaldehyde-contaminated BMSCs( Giemsa, x400)
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Fig.3 Effect of APS on SCE in formaldehyde-contaminated BMSCs( Giemsa, x 1 000)

&1 APS Y HEEHE BMSCs SCE FIIZBE M (x £5)
Table 1 Effect of APS on micronucleus and SCE in formaldehyde-

contaminated BMSCs(x +s)

M R/ mg L™ W E %o (n=3) SCE/mitosis(n =20)

2 - 2.00 0. 63 0

i - 85.33 +4.93% 13.42 +2.76%

APS 40 47.50 4. 64" 5.71 +1.98%
100 24.50 £3.62% 2. 14 +0.90%
400 32.67 £3.39% 5.00 +1.83%

TE: 528 HALIL B P <0.05,7 P <0.01; 5 HRELL LB P <
0.05,P<0.01(£2,3),
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A 5 (P <0.05,P <0.01) , L322,
3.5 X H Y #H BMSCs PCNA, XPB, XPD, XPF Fi
XPC HHARBMEW S HAHILE, PCNA HH
TEWEEAE N kB 8 T (P <0.01) , 5 4
A, 7F APS 40,100,400 mg- L™ {E 5 2 i5 B B
EF(P<0.01),Hr APS 100 mg- L' F} & - H
i 525 F A T, XPB, XPD, XPF 1 XPG & H A
1E B, APS 40,100,400 mg- L~ "E FH 5 281 & 7 &5
(P<0.01),l) APS 100 mg-L ™' FFEn & WA B, IF H
APS 40,100,400 mg- L' 44 Ff i 4 H B 4L A O (g 22
F(P<0.05,P<0.01), WK 4,%3,
4 itig

IR 2 Y £ A % €8 SRR 1) T 22 5 W el
FH T 240 M 53 4 ) 2 i 22 57 45000 5 R I RS e a4k
TEA 22 57 34 J5 WP B+ 40 M A% B, S e A0 4 7E %
I o SCE J& — Jf% e 0, 44 v 9 % JH K 2 € {4
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&2 APS X HEEfEH BMSCs PCNA,XPB,XPD,XPF #1 XPG mRNA RiZHF M (2 £5,n=3)
Table 2 Effect of APS on expression of PCNA ,XPB,XPD,XPF and XPG mRNA in formaldehyde-contaminated BMSCs(x +s,n=3)

J e
20 5] R v JEI PCNA XPB XPD XPF XPG
/mg-L
i - 0.70 +0. 08" 2.08 +£0.24% 1.37 £0.229 1.53 +0. 10" 1.36 £0. 11"
APS 40 1.54 £0. 12>% 2.86 £0. 16> 1.79 £0. 06> 2.00 £0. 16> 1.72 0. 12%%
100 1.97 0. 09%% 3.28 £0. 08> 2.30 £0.28%% 2.09 £0.22*% 1.99 0. 12%%
400 1.76 £0. 1324 3.14 £0.19% 1.85 +0.30%% 2.01 £0.19%% 1.96 £0.17%%

145 A4l mRNA A% RA R 1,00,

PCNA | SIS S S S S 2o LD

XPB 89 kDa

e ATl

130 kDa

oo | R - -

A B C D E
B4 &4 BMSCs PCNA,XPB,XPD,XPF #1 XPG & H KL H ik
Fig.4 Electrophoresis of PCNA ,XPB,XPD,XPF and XPG protein

expression in formaldehyde-contaminated BMSCs

%3 APS 3 FE 35 BMSCs PCNA,XPB,XPD,XPF #1 XPG B H %%

FasE PEA ¢, DNA 5405 38 i 16 42 fig 1) 55 3% T 344
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Ji , SCE 7 A b i A e o (R 54050, R, A S
3 K MO R SCE SR AT 5T APS X HI i e 75 A
BMSCs Yo R 45 45 - 5 4 H . 5258 & 3L, BMSCs
2 APS FHUR , o 8 R SCE 451 3 245 1 4 1
S A% T L o 4 TR S WL, APS 4 4 i T 2 A
FRE L S B . R IT APS RERS XIS BRI R A
BMSCs {4 € (A48 17 32 B A 4 7 o

HLIR 40 M 75 3% 3 40 51K 2 4 FiT I 42 550 DNA
U0, 0 A R A I R T A B B — R B 58
S T RS 199 16 S AL A Sk 305 0 3 s 51 005 o A R VD ok

G (x +s,n=3)

Table 3 Effect of APS on expression of PCNA,XPB,XPD,XPF and XPG protein in formaldehyde-contaminated BMSCs(x +s,n =3)

215 /gL PCNA/GAPDH XPB/GAPDH XPD/GAPDH XPF/GAPDH XPG/GAPDH
25 1 - 0.34 £0.01 0.48 0. 01 0.31 £0.01 0.68 +0.01 0.45 +0.01
FH - 0.24 +0.00% 0.81 +0.01% 0.51 +0.01% 0.92 0. 02% 0.52 +0.01%
APS 40 0.39 £0.01%% 0.95 +0. 10>* 0.89 +0.02*% 0.97 0. 02%% 0.62 +0.01*%
100 0.49 +0.01%% 1.15 0. 02>% 1.96 £0. 0224 0.98 +0.01%% 0.77 £0.01%%
400 0.40 +0.01%% 1.09 £0.01%% 1.04 +0.02%% 0.76 +0.03*% 0.56 +0. 01>

W
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PIEHS 5 IS DNA AW 8 MR AW ¢ &
<70 -

BUHT Y DNA 5 B AR [H] B, 5 i i DNA 3% 42 il b
ko ARBESE KB, FEEAD APS 41 XPB,XPD,
XPF,XPG mRNA 8 [ 35 B0k 20 B & 7,
i H APS 41 %5 B 20 7t i TE O W W, B W] XPB,
XPD ,XPF,XPG Bt 25 7 H i 5 3 A BMSCs {1
RGBSR 25 T APS {3k 4L (K351 05 i 15
52 ,3% 5 APS W] @ s 4% Y g 8 N BMSCs (8% IE i
F1 SCE i % 3% — 45 B AH — 3, ULBH APS X H i e
A BMSCs 4u (K45 9 IR P /E AT e 5 | 3
XPB,XPD,XPF,XPG mRNA Fl%% [ #£ikA X,
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PCNA J& DNA & il #0075 I+, L 7E NER
B EE e 5 DNA G0 % 0 55 456
RAETE B ZAEN . AW H, PCNA mRNA
FIVEE I 7E H R 4 3R G W B B AR, T AE APS T Tl Js %
KW T, AW PCNA R 2 5 5]k e 68 (K 431
e RS S T E SN RTERN (2 T
DNA (&% . 5340, 200N DNA & il 5 DNA &5
2 9 AR Bl R R A 3 R DNA A2 71 B0 43 B0 M ARl T
DNA &4, 1l DNA &5 3 B f2 & 7 DNA & il i
AZEE F M, TR T BMSCs 41 7 1 DNA
et , DNA & it 25 9 55 , A il PCNA mRNA Al
RS, MG & APS B9 1E H , DNA $5 44 %
&5 ,PCNA FEZ WG . A iRIE, T LU o K
I PCNA 1) 2% 35175 L R J2 e 200 Jifd 1y 463405 5 08 2 1 1
i

AHEFE 6 & B APS Xif H i e 8 N BMSCs 1) 4
SN A (I I = Sl R i = I A ¢
40 mg-L™'A1 100 mg-L~" APS 1 A i, 41 g i 4% &
N SCE i 3% 3% W [% It , PCNA, XPB, XPD, XPF,
XPG mRNA I & [ £ ik & W F+ & & W A
400 mg-L~"APS ff FHI, 40 B 0% A SCE 5 R
100 mg-L~" APS #4 £ PCNA, XPB, XPD, XPF,
XPG mRNA FIZE [ # iK% 100 mg-L~" APS T[4, {0
PR A A A AR A T B R E . $27R APS
Fide e A > 100 mg- L', AT E 4 %F A BMSCs 7 4=
B, M E NER (25, il APS BAA B A R
I A i DNA i i Z i oife (B2 B A —E W%
S TR, AR A PN X6 O 1) 22 4 50 1 9 B, 18
E— 05T (R

g5 ik, APS Xf I L3 A BMSCs 4 fa {K 45
B BAT R E T, S H 2L APS 100 mg- L' VE F &
W3, AT S M NER 8 #% [ 9 PCNA,XPB,XPD,
XPF,XPG mRNA %3k, fiEiff DNA #ifh1E 5 A X
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