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Abstract: Objective To study the protective effect of Astragalus Polysaccharide (APS) on DNA damage in human BM-MSCs
exposed to formaldehyde and to initially explore the potential mechanism. Methods BM-MSCs were cultured in vitro and divided
into control group, formaldehyde group, and APS at 40, 100, and 400 pg/mL groups. Proliferation activity was measured by MTT
assay, DNA strand breakage was detected by comet assay, DNA-protein crosslinks (DPCs) was detected by KCI-SDS precipitation
assay, and the mRNA and protein expression of XPA, XPC, ERCC1, RPA1 and RPA2 were detected by qRT-PCR and Western
blotting. Results Compared with model group, formaldehyde-contaminated BM-MSCs were treated with APS at 40, 100, and 400
pg/mL, the cell proliferation activity was increased significantly (P < 0.01), DNA strand breakage and DPCs level were decreased
significantly (P < 0.01), and the mRNA and protein expression of XPA, XPC, ERCC1, RPAI1, and RPA2 were up-regulated
significantly (P < 0.05, 0.01). Among them, the effect of 100 pg/mL APS group was the most obvious. Conclusion APS can protect
formaldehyde-induced BM-MSCs DNA damage, especially 100 pg/mL APS has the most obvious effect. The mechanism may be
associated with the up-regulation of XPA, XPC, ERCC1, RPA1, and RPA2, which promoted the repair of DNA damage.
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H AR — P ERBE IS e | iz HAEE TR E R
R JHEH SRS AR RS R, PR R
T PhEe . M RGHA VI ERHMIER, nrolaH
il DNA #4502, & 10 78 5 T4l (bone marrow
mesenchymal stem cells, BM-MSCs) &A77E T & #E
T Z R4, AMUEA Z R igEe, iLReil
R R m NI S = S A B S B
BM-MSCs — FLAZ2 45, 3t £ 52 M B i 1) 1 5 12 0f
RS A MM KA. WK ZHE (astragalus
polysaccharide, APS) &3 &I = 24 MUk 2 —,
WFIT R, S I& R () APS RE( ik A BE 4t i 21
111t 22 IR 4T 22 AEL 200 B 1) A ke RSk i B 1 1
/N BRI A 40t A -0 DR AT 7 A ) R I 75
F A BM-MSCs DNA #if5, #Ri} APS % A BM-
MSCs DNA 545 IR 74 FH A8 AENLH], Dyl
16 E ML F A SRR A -

1 R
1.1 4HA@

BM-MSCs )[4 T Cyagen A, 1t 5 HUXMA-
01001.

1.2 Am5iH

APS (iR 40=98%, it SA9790, Jbmi&
EERHEARATD; FEE URESE 37%, L5
47608, Sigma A7) ); DMEM/F-12 £3:%. a4~
7§ (Cyagen AH]); MTT. RIE S EUEME. IEHIE
MEBUERE (Biowest AF]); HFEE K (Promega A
A]); Hoechst33258. 4HMIZLARR ( LifgEE = RAED)
HARER AT FHOMTERER A (XPA). &
T R R C (XPC). DNA BEVIBRBER
Y HANMER 1 (ERCC1). EHIEH Al (RPA1D.
S HIEE 1 A2 (RPA2). GAPDH Fitfk, thEHi% IgG
(Bioworld A ); PVDF . ECL H# & bt
(Millipore A #]); Trizol & RNA H#EUAFI & 25—
%% cDNA Synthesis Kit. 2XSYBR Green qPCR mix
([ Qiagen AF]).

1.3 4&

CO MR 7240 (HAR=PEHRALAFD; bR
B CH A B E iR U 4D s 267 EE THCH
AR AT s BB X . P SEI E & PCR
(qRT-PCROX. HE Hif% 7 4t (32 Bio-Rad A F]).
2 HE
2.1 YHREEEFR A

BM-MSCs H& 10%/ia4:1fli& ) DMEM/F-12

R, BT 5% CO0y 37 C. MRV R R 95
iR . O EUAE K I MR A, R, BEAL
Iy NN, BERIZ4LRT APS 40. 100, 400 pg/mL
o XHHRAAHM NN DMEM/E-12 B33, R4
YIS I EE 120 pmol/L X)) DMEM/F-12 }59%
i, APS H5rHIIMAE APS 40. 100, 400 pg/mL
FIFEE 120 pmol/L ) DMEM/F-12 }5 973t . B 9% 24
h JE AT 5 2R .
2.2 MTT AN 40 tEE &S

BM-MSCs E#5] 4 X 10> 4N/4L, #MT 96 fL
B, 4% “2.17 TUHAT L LA EE, R A,
HALIIN MTT 20 uL, % & 4 ho 3¢ 13, il A DMSO
PR, BEARXAE 490 nm AW EWROLE (4> {H, it
HAS AR

I FE T = (A s A e)/(A ww—A 2r1)
2.3 EESTION DNA $ERTZ

UG 304 K BM-MSCs, 7EBERb & 3% A7 E o
2 1% M5 SIE R RS, B 29 1%
A MBI S) (ARRILE 1 3), HiERkK I,
BT 40%E A0 K WRBR R RERAN
4 CHLIKGMB T R E 30 min, PRTTHE 15V, H
W 300 mA, BEYEHLIK 25 mine FJ 1%70 H,0, [E 5,
WAL R RE (PD Zeff 30 min, 7¢)0 G A W 22 3
T, N R S L A AT 8 CASP X R 4R
(B R 3T b, RS IEH FE HTLIEE 20 AN 4H D
KHEPBRAINE] Olive A (OTM) {EX%f DNA %%
(I WT 2L T VPN COTM {H = £ 5L 3k 0% 12 80 /]
FEES X £ DNA &),
2.4 KCI-SDS JUiE L3 % M DNA-E H3Z B
(DPCs) TR

O B4 K 4 BM-MSCs, I 2% SDS &
65 CRKIGZUR, BN 1 mol/L i KCI 78434141
Mo, VK¥ 5 min, JERE SDS-K'UTiE, &0, UE L
TEFIVIVE, B B35 I S 1 DNA RIEE I DTTE
TN 40%E AR K, 50 C/KBINEL, O
i, M E3EH 4 DPCs H ) DNA. LI/l DNA
NFRUELHIbRE 2R . B A S H B DNA FIsg Bk
DNA ] F35¥ 1 mL, HIA Hoechst 33258 %4£f 30
min. B9 6 Y66 EAAE 353 nm IR G AT 455 nm
RGN IS S B 56, AR bR Hh 2ok € &
H B DNA F1%2B DNA #FE, 115 DPCs /KT

DPCs=4Hk DNA R EE/(AC B DNA % + H i DNA
W)
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2.5 qRT-PCR #&l XPA. XPC. ERCC1. RPA1l.
RPA2 mRNA ik

B 804 K BM-MSCs, #R4E Trizol y:42HL
M RNA, F 00 s SRR & e B 56 i
cDNA, #%Hf qRT-PCR & Ui, AL =
BRI o FER 51518 GAPDH _Liji: 5°-ATGGT-
TTACATGTTCCAATATG-3’, iif: 5’-ATTTTGGAG-
GGATCTCGCTC-3’, F=#HFE 128 bp;s XPA Lif:
5’-CTACTGGAGGCATGGCTAAT-3’, Rijff: 5’-CCA-
TAACAGGTCCTGGTTGA-3’, F=#K: & 132 bp; XPC
L3 5-~ACTGCGCAGCCAGAAATCC-3>, Fiff:
5’-CTTTGGAGAGAAGGCTCTTC-3’, F=#KE 107
bp: ERCC1 _Ei#: 5°-ATGGACCCTGGGAAGGACA-
3, Tif: 5-TCTGTGTAGATCGGAATAAGG-3’,
YIHCFE 133 bps RPAL _[Jif: 5°-ATGCAGAAGGGGG-
ATACAA-3’, Fifff: 5~ ACTGTGTCGCCAACATGAA-
3°, PP E 145 bp; RPA2 _EJjf: 5°-ATGACAGCTG-
CACCCATG-3’, Fiff: 5-TGTTCTGAAAAGATCTC-
AGG-3", FHIKSE 124 bp. il 272 HHSIGH &
FEPRI AR FIE K
2.6 Western blotting ;%44 XPA . XPC. ERCC1.
RPA1. RPA2 EHRIXIER

BB K 1 BM-MSCs, I 200 pL Z4AR 7,
YT AR L AR AT . B0, BN VEWR, d21
3N LR, 98 CEMAME, —20 CIKFE&
o FCHI 12% 5 M I I B, EAT Bk 7 B
PVDF ¥ f5 il 24E 903t 2 h, 4 CiRE —H1(1 -
1000) &%, =i@EE —H (1:4000) 2h, ECL
RICHEFZUE . F Quantity One EUG Mk 47
M H B4 5N GAPDH HIRFELAE, HE%
T A B A IR K
2.7 GtEFES

SIS HHE UL X +5 ok, KA SPSS 17.0 for
Windows AP BT Gi it 700 M. 2 AR SR A TT

APS 40 pg-mL™!

Ragii it

255 VA B8 AN B[R 3 77 22 43 H (One-way ANOVAD

3 4R

3.1 APS XJERf£3E BM-MSCs 1858 55 14 B EZNE
MTT iR ExR (K 1, SxiEgatiig, #iR

YA T T R R (P<<0.01). SHEEALALLL

%, F APS 40. 100, 400 pg/mL AbFE 5 40 g 4 4

R E TR (P<0.01), APS 100 pg/mL 1F

EK%O

1207
100 gy
N
e 807 / ks T
ﬁ i
= 607
=
]
ST 40
20
G /. . T r . . T . 1 :::l pesee . "
X T 40 100 400

APS/(ug-mL™)

LA "P<0.01; SHEMMLE: #P<001, B3, 4[H
**P < 0.01 vs control group; #P < 0.01 vs model group, same as Fig.
3and 4

1 APS ¥fHREEZH BM-MSCs #EFMMFM (X L5,
n=26)

Fig. 1 Effect of APS on proliferation activity of formaldehyde-
contaminated BM-MSCs (X *s, n = 6)

3.2 APS XJERfEZE BM-MSCs DNA B 240820

#HESGEE R EoR (K2, 3), FEAMEA BM-
MSCs J&, DNA Wi R o AL R 2 T m (P<
0.01). SHEAIALLE:, APS 40. 100. 400 pg/mL
THlE, 4iM DNA Wi B (P<0.0D), H
H APS 100 pg/mL T AR S, XA T
8 2 5

APS 100 pg-mL™! APS 400 pg-mL™!

B2 APS xfFEEZE BM-MSCs DNA BiZAI200
Fig. 2 Effect of APS on DNA strand breakage in formaldehyde-contaminated BM-MSCs
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B3 APSXTEHESZE BM-MSCs DNA Bi BN (X *s,
n=20)
Fig. 3 Effect of APS on DNA strand breakage in
formaldehyde-contaminated BM-MSCs (X *s, n = 20)
3.3 APS XfEf£4E BM-MSCs DPCs BN
KCI-SDS JiiE sk g R i (B 4), S5xiiad
Fbf, HIRE R R R 5] BM-MSCs DPCs LR (P<
0.01). SHEIRALLE, APS40. 100 pg/mL fEH &
B4 BM-MSCs DPCs 7K (P<<0.01).
34 APS XfHEE#E BM-MSCs XPA. XPC.
ERCC1. RPA1. RPA2 mRNA FikHIEN
qRT-PCR 45 R iR (K 5), Sxtiad b, il
ZH4HMI RPA1. RPA2 mRNA Fit/K T EEFFE (P<
0.05). SR LA, APS 40. 100. 400 pg/mL 1F
FiJG, 40l RPA1. RPA2 mRNA Fik/KFEETHm
(P<0.01), 1 APS 100 pg/mL HTHERAE. 5

251

I
B ok
§ T
= ok g
T ' T 1
40 100 400

APS/(ug-mL™")
4 APS XEREx3 BM-MSCs DPCs FIE2E (X +s,n=3)
Fig. 4 Effect of APS on DPCs in formaldehyde-
contaminated BM-MSCs (X *s, n =3)

XTI LR, A2 5 APS %5 sk FE 4 XPA L XPC.
ERCC1 mRNA Fix/KFREF S (P<0.05. 0.01),
5EHE, APS & s XPA. XPC.
ERCC1 mRNA FiE/KFEEFE (P<0.05. 0.01),
3.5 APS XfHEEE BM-MSCs XPA. XPC.
ERCC1. RPA1. RPA2 EHRIAHIE

Western blotting 45 R 27~ (Kl 6), HXTHEZ L
B, FAHAMI R RPAL. RPA2 Al XPA EHAEX
K BRI (P<<0.01), XPC Fl ERCC1 FEAH
EAKCFRETE (P<0.01). SHRALLE, APS40.
100, 400 pg/mL ZH4HM RPA1. RPA2. XPA. XPC
FIERCC1 £ [ARIB/K R E T = (P<0.05.0.01).

5
1 *ﬁ§** =] APS 40 pg-mL"!
44 :
4 A N Y APS 100 pg-mL!
% = APS 400 pg-mL™!
® o R pram
iy 3 4 — Hokg T
= G = § " ‘
Z L R — i # "\§
< . ==
22 = — i
1 A — - —
7/ V= — 2 =
/ — — =
0 =N\ . = ' ,
XPA XPC ERCCI RPA1

Lyt RRA I "P<0.05
"P<0.05

TP<0.01; SRR *P<0.05 #P<0.01, E 6
**P <0.01 vs control group; *P <0.05 #P <0.01 vs model group, same as Fig. 6

El5 APS %tH44tE BM-MSCs XPA. XPC. ERCC1. RPA1 #1 RPA2 mRNA FRiEWEN (X £5,n=3)
Fig. 5 Effect of APS on expression of XPA, XPC, ERCC1, RPA1, and RPA2 mRNA in formaldehyde-contaminated BM-MSCs

(X £s,n=3)
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ERCCl g o (D D & ;|
GAPDH e s «is Jil 4
RPAI s o i I o
RPAZ e - G -
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R EHX

0.44

X

e AR Y

E= APS 40 pg'mL™!
Y APS 100 pg-mL™!
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MR AR 40 100 400 XPA
APS/(ug-mL™")

T T - — T
XPC ERCC1 RPA1 RPA2

6 APS XTHfESE BM-MSCs XPA. XPC. ERCC1. RPA1 #1 RPA2 EHRIZMEN (X £5,n=3)
Fig. 6 Effect of APS on expression of XPA, XPC, ERCC1, RPA1, and RPA2 protein in formaldehyde-contaminated BM-MSCs

(X E£s,n=3)
4 g

AR 7t CLIE SE AT BL3 20 BM-MSCs DNA
B, Rk, AR EE H AR APS X
%175 5 BM-MSCs DNA 55 (1) G476 F KLl o &
SR T APS Xif F S LB BM-MSCs 3 5H i M 5
M, &5 RRI, APS R A AR WS e 5
BM-MSCs 45 &M, HEN APS RE#2IY5E DNA &
Hl, TSR TS L . 20/ DNA E#]5 DNA
1B5 2 2 AMAHAAH R RE, R AR S 50 i A
DNA 55 FEE BEA APS {2 DNA &= EH .

DNA WiZ4H1 DPCs J¥ R # A A2 F i 5 30
DNA #ifi i FERIE A, L EHHRIE I, DPCs
SRS ThRE, DPCs KFHE, &
7 (1 R A = 8], A SR a il I A DNA- WA
DPCs JE /K1t 5T FH % 42 A\ BM-MSCs DNA 4
PEIFERE, WHFC R B APS T TiiZH DNA #5455 i g
MBI, U APS fefg (it FHEEIAEIR A
BM-MSCs DNA {5 BB 5, AT S 21 PR 47 FF i G
# A\ BM-MSCs DNA #i45 f1EH]

AR AR TR S 2 DNA A8,
TRFF A BB E M, MR 23 RAHRIE L
HilR A X L . I EFRRVIBRMEE (NER) %
/& DNA e SHLHI s — % EERE, FEE
2 DNA &4l kB R AS 5P, XPA Fl XPC 1
9 DNA 5 500 BB F-7E 40 4548 5 R0 B B ke 2
ZAEH, ERCCI1 EZELEX 1147 DNA H.55 7 B Y]
BB BORIEEEAE, 1 H ERCC1 LhAETE S

IKAT R BEAS NER B EIE KU AR K
W, #EAIZH XPC. ERCC1 mRNA FliE £ iA KT
ByEont A 25 T, U8 XPC A ERCC1 Al g2
5T WS BM-MSCs DNA /i {115 . APS
BN XPA. XPC. ERCC1 mRNA FlZE [
RIEIKF- R A 2 25 T i, $2o APS it b iff
XPA. XPC. ERCC1 mRNA Fl% (35 i fie ik
DNA #fHMEE, X5 APS B BN H R YL A
BM-MSCs DNA Wi %441 DPCs ()45 A0 —2. B4k,
WEFIE KD XPA mRNA Fik 7K 40 R 40
FhiE, T XPA SR AFRIAAKFEN TR, Xl g5 E
FfiAT o<, tHATRESZ miRNA {EH, MEIEAKE ik
ATV, (R (AN RIR B B B2 % i XPA mRNA H K.

SHIEE A (RPA) /2 HH RPAT (RPA70). RPA2
(RPA32) Fl1 RPA3 (RPA14) 3 AMHIEWIEA K
HAZHEE DNA 4568 H, 12 L FFTA 1) DNA AR
wEP A RIS EE/EAUY. RPA MES Y5 DNA
SRS AE NG DL R X0 Fr B 423, T Haik 2
5 NER 2% . DNA 15 J5 , RPA 1] LL{& 37 5155 DNA
AW R B R R A R R U, [FRF, RPA 25
DNA i1, RPA E&H RPAL fil RPA2 5
XPA 454, TEH RPA-XPA -4, {56 7 NER 1
IR BEATU41S], ASEEG R B, RPA1. RPA2 mRNA
FIER FI7E S AE I RIA KPR B R %, UER S
5 S5 DNA i 12 5, 111 H. DNA 4545 ZE i
T AR AT, 230 DNA BRI, MR
HH RPAL. RPA2 &1k R %. 1M1 APS fEH )5 RPAL,
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RPA2 mRNA Fl A 2 By, Ul B
APS THE{E3F RPAL. RPA2 SRS, Tk
RPA-XPA 4, MIMLRIE NER PIRAIHAT. 5
4b, B DNA AMIEE, (2 T,
M 8 A RPAL. RPA2 £ik BTt

KHFFILRIN APS i Sk BN i L8 A\
BM-MSCs [R5 230 H S 1 w5 PR 3,
PR APS HAA A RIF 12 DNA s 5 1h
RE, HEFLAH B R AR — E S Ea L,
HIRE KT 100 pg/mL K, APS A2 %t A BM-
MSCs PR, JIE DNA #5. S8, sk
LI ED T HUARIBA RS, EHEWT, 2997
RN BRI A RN, HAER SR IE
AWM RIEFEIARE RN, FIE R
P SIEE SR — 0 8 B S 2 0 IR ROKR FE B K
AEARANERPE AR SINA FE 55 A AR P9 7 B R T K

g L AT, APS XfHEE % S BM-MSCs DNA
Wi B B R ER, JEH L APS 100 pg/mL 1
N, mIRgS 1 NER JEES ) XPA. XPC.
ERCCI1. RPA1. RPA2 KL, {Eif DNA i
BEEK, BEHAKMZEERFRER, ©&F4
BB B

SE 3k
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