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Abstract: [ Objective | To observe the DNA damage effect of Bisphenol A (BPA) in combination with benzo[a]pyrene
(BaP) on three human epithelial cell lines, i.e. human mammary epithelial cells (HMEC), MCF-10A, and MCF-7. [ Methods ]
Immunofluorescence was applied to observe the biomarker of DNA double-strand break in three human epithelial cells caused
by a combination exposure to BPA (10~ mol/L, 10”7 mol/L) and BaP (10°mol/L). The blank controls were administrated with
dimethyl sulfoxide (DMSO) and the positive controls with 17-B-estradiol. Real-time polymerase chain reaction (PCR) was used to
detect the relative mRNA expression levels of estrogen receptors (ESR1 and ESR?2) in three cell lines. [ Results | No notable
differences in the pH2AX positive rates were detected between the BPA alone and the control groups. The pH2AX positive rates
were increased remarkably after treatment of BaP to HMEC [ from (34.7 + 2.2)% to (63.6 + 1.2)% ]and MCF-7 [ from (3.1 + 0.3)%
to (13.3 £ 0.4)% ] cell lines. Compare with the BaP alone group, combination of 107 mol/L. BPA or 10~ mol/L. 17-B-estradiol
with BaP increased the pH2AX positive rate to (15.1 £ 0.2)% and (17.5 + 1.0)%, respectively. The expression levels of estrogen
receptor genes varied among three cell lines, and the expression level of ESRI gene in MCF-7 cells were 1080 folds as high as
in HMEC cells and 5222 folds as in MCF-10A cells. [ Conclusion ] Compare with the BaP alone exposure, the combination
exposure to BPA and BaP can intensify the DNA double-strand break in MCF-7 cell line, and the effect may depend on the
expression level of estrogen receptors.
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XU A(bisphenol A, BPA )JE—ZAE IS AU B R,
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PR LFLIR U & B AT RE ™ e — e )i 452 R
SUSARE 2 G B A1 AR K 200 i 52 42 fih BPA X441
FEFRFLRANNE . L s s ) FUIR A L s AT TS SR
SRR, TR R REFL AR AR 5 8 BPA, AT LA A
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TR Z K, PSRRI R R, 8 KA B S E ] BPA
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M, Ay I B BPA 78 LR & 2 2L 78 P AT g 4 A R AL 5
B
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1.1 @

NFLIE 2 40 9 ( human mammary epithelial cells, HMEC )
W A B L LONZA 2\ wl, Ak AE 4k 3L IR 1 Bz 28 Jfd MCF-10A
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R 2722 ( American Type Culture Collection, ATCC ),
1.2 % In B AL S i 4L 52
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WY, 5 pg/L AL AT IR, 10 pe/L 2 2 A K I, 50 pe/L i i
KIFLIR bR AN LAl B 77 3L (MEBM )( Fi 12, LONZA ) 47
IEH SR, AL A ST D TCER 400 MEBM 35 5% 56 ( L,
LONZA )o MCF-7 W37 FH 55 109 BG4 10385 Ao A A1 7 i B 5 95 5
(DMEM )/ UM G F12 85385 (1 1)( 3£ [, GIBCO ) #EATIEH
ReFe, AL A BRI 5 109 2835 M5 b BRIG 28 1 3 ( 5[,
Hyclone ) ¥ JC 13 21 DMEM/F12 35 3% 3£ ( 25 [, GIBCO ). 41 jifd
DNA #if5k5 0 DNA $ 586003050 & ( 521, Invitrogen ) i
AFAS I, BPA( 10 mol/L, 107 mol/L ) F1 E2( 10 mol/L ) Fj — P
F 1 ( dimethyl sulfoxide, DMSO ) % i, 3 2 51 5 B 245 E
R, 4°CHECIRE, R ANME 24 h )5, 5REFRIELLT 2 1000 [
BIR AR BRAN I 48 h, £ 28 BPA Y2254 & 4 107 mol/L

107 mol/L, E2 4 10 mol/L; BaP LA DMSO&f# , #if % 10 mol/L,
ACHECIRAT, FRAMZ BPA AL FR S, HREFRFLLIT 2 1000 L
BIRAFFE AL BRANM 24 b, Fe R YT TN 10 mol/L, 2 YK He
BEBILLZEARF DMSO VE N FIXF R
1.3 DNA #4547 & 46

TEMHFL A b, BLPIZH DNA (19 3UsE T 24 double-strand
break ) & —F AT SAE A B2 AL, DNA $51455 90 03 T DA A B4
Wy 24457 e T2 B Wl 12 fk 21 25 11 ( gamma-H2AX phosphorylation,
pH2AX), JE & A Al FHEMLEAS 5 WNEEW 2B 5.
pH2AX 2 RUHE W7 24 1 — o DL g, 340K Z2 4 FIAE DNA 45
Pibrii o ASWFSE N A DNA F 4545 3500 65, 38 0 % pH2AX Y
G B8 DA T L2 40 i DNA 453 405, B AE AL R a1k . i i
PmEHE, AR, BRER S I (PBS ) VRN 1K,
4% Z2 5 P TRLIE E 15 min, 3525 [1@ W FH PBS PEANAMI 1,
2.5%0 Il F738 -100 2 I F B AL 15 min, FF5B 0O PBS Uk
A1, A 1% 4 M3 AR 1 5 R 3 1 60 min, 58253 4]
W, A 1%0 pH2AX —HUIF WK, ZIIFF 60min, 35 —HUHE
W, PBSYRANAL 3 YR, AL B 70 B 20 A% el i 0 o
( Hoechst )33342 & G4 2 iR B EIF & 60 min, 77 L E LI,
PBS ¥k 3K, JIAGE 5t PBS, W4 A 376 41 M A% 43 W il 5
Z 5. (IN Cell Analyzer )2000( 2% H, GE Healthcare ) 347 1%
WEZ T T o
14 S E 2k AR KT

21 i Yt B 45 R U5, i RNA 42 BUR 57 TRIZOL( 2% [,
Invitrogen ) fili#& RNA, Jfi %% 5% i cDNA, LA B-actin HINS &,
1 ABI7500 72 H A WiEsE S (PCR) A ( £, ABL) kAT
S 58 G 58 1 PCR G I I 35 25 57 4K o( estrogen receptor alpha,
ERa ) F1 M 3% & 2 K B( estrogen receptor beta, ERB ) [ F&
ESRI . ESR2mRNA 3 i5 7K ¥, PCR B &5 449 95 °C Wi A8
10s; 95°CAEM:5s, 60°CIE & 30s, FL40MEER, VAR £ R
JH ESR1 Fl ESR2 %¢ ) E 5 PCR MK R ( SE5[E, ABI),
1.5 it o

GEit oy B S A1 SPSS 16.0 8, Bl Ll x + s 2R, Bk
FHEPR 25 2253 Bt (one-way ANOVA ) 1977 1 50 BT A [7) ik B 2
Bkt B[R] 2 5, 1E— 20 R FHBRLIR 307 22530 vh i) LSD R L
AR AS R b L 55 06} A2 [A] A 25 5 o A TR 7K IE 0=0.05 6

2 #HR
2.1 = AP £ A m i pH2AX #o ] &
SRR R AN XS pH2AX 1 OB AN [, o,
HMEC f5 ARk, X BAZE AT pH2AX FHYE SR A (34.7 £ 2.2 ) %;
MCF-10A (R 2, X R4 pH2AX BHPER 7 (16.1 £ 1.0 )%; MCF-7
X REZH 20 pH2AX PR ZEAA (3.1 £ 0.3 )% (BT,
2.2 BPA 3 E2 £k B 3L 55 BaP BA-%t = A 3 &) 2m f64 DNA 47
5 F 5
BPA T E2 SUph A F 6 = 2 780 2L 12 4t i pH2AX FH
PERIGTCH] 50, 4875 S50 v o, A7) i BPA R E2 B
VEFAAR RS I FLIR b 5% 41 DNA 45145 . BaP 7] B @311 HMEC
HIMCF-7 Wi LR b Rz 40 pH2AX BHAE 3R, 78 4] B 25 W o 41
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Jitg pH2AX FH 1 2 43 51 48 22 (63.6 = 1.2)% F1(13.3 £ 0.4 ) %;
76 HMEC 4iffi e, IG5 5 BPA/E2 F1 BaP I A 4E Fl 5 BaP B
FEFA SR I pH2AX BHE: 5 H T HH f 25 5, 4875 1 FH 52 56 791
4t BPA/E2 KN g3 58 BaP 5| 2 DNA 4453 B9 7 5 ifii 72 MCF-7
A, 107 mol/L BPA & 107 mol/L E2 5 BaP BeA&4F F il #H &t
S R A9 pH2AX BHPESR, 5 DMSO 4 1 BaP 15 15 F 20
[(13.30.4)% I, pH2AX PHPER 513 = (15.1£0.2)%
M(17.5+£1.0)%, WK 1.

80

[] —BaP

* O +BaP |,
60 - E3 = L=

50
40
30
20
10

70
60
50
40
30

il 0 1

70
60
50
40
30
20 . N o *
-0 0 0N
0

pyso  107%mol/L 107 mol/L. 1077 mol/L

BPA E2

25 ( Groups )

[ % JA: HMEC; B: MCF-10A; C: MCF-7, *: 5 -BaP #4147 It ( Compared
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with the DMSO+ BaP group ), P<0.05,

1 BPA 5 BaP BR & 1R F Xt =M ZLis £ R 48R0 DNA #5345 HOZL M

Figure 1 DNA damage effect of BPA and BaP on three human mammary
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SPAE R AL A AR R, (HAT AT A EAEL, YI7E MCF-7 445
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Figure2 Relative expression of ESRI and ESR2 genes in three human

mammary epithelial cell lines
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WRTATIR, AR IR 2050 45 42 /R BPA W] BERE i 7L AR
i A G R, EL G R B AR 4R AR S B9 1 FE ML S BR AR
2R N RSN 75 FUBR L 41k SER BPA (75 75 271
DR A T AN RO R, i g R A e Kk 22 5, B, A
[ B AIF S 43 5310 57 FH HMECG F1 MCF-7 W€ BPA Yo HC 3 58 4% 1)
SO, 455 R MCF-7 XF BPA A 38 B4 FF o R sk, i L
DFMEFE ALY 5 ERa AZ AR I FR B IARSE 10 A 140 F-HL
TR R, AS IR B FUAR L R 402 AN BPA 5 [ (4 200
WAESAAR , ZEl g R 1,

DNA XUEE B 40 Ry —Fhd UL DNA B15280 o 278 is
7K 8 WL AL F BUE ML Z — o A 198 &% B BPA 7648 557
HEKOP AT LA | 22 FhbLAA 240 i J00kS 14006 L ok EL 4 L L AR
b Rz 3 Y DNA #5145 5 DNA WA T 5L, (R B ik ] LT 48
DNA WU W24 (16 5 T 5 Y o (R Z5 4 52 ), I 7E A
(KT 10 mol/L )BT, WIS L3047 BH 1 11 DNA 51473550
T ARTEAE B Z2 825 50T 1Y BPA 258 7K P4k T4k ) 57l
Bl (108 mol/L 2247 ), H A5 ANR MR B (05 Y Wi & R RE 1Y
TR H I o AR FE 0 FH =R AL L 1 AN B A Z A
JKF-BPA 5 BaP B A1 I X H DNA XUBE W 240 I A 22 57, 45
S R = A pH2AX (4 FHAE SR A L vELAR ), = Ah 4%t
BaP & BPA 55 BaP B4 16 FI 512 (1) pH2 AX FH A 3R 34 i /K 7l
& AHIE, HrP HMEC 40 i pH2AX A4 BA P R e 5, 1 MCF-7
%} BaP & BPA Y5 BaP It 54 F 51 2 (1) pH2 AX BH-PE 22185 fin i J32
T o SRPEIIFLAR b R AN AR Yo B NI FLARGLE, 40
JL A A A PR BN AT B K 25 57 . AIMEC 5 15 FLAR 4141,
FEARSNAT AEAT BRACE I 15 95 | 3850, A Bk A KIS &
W, BT AL TS T MCF-10A W2 X 1 # 7L -
Fe A0 MRS 7 A Ak B A5 3 A Ak AR AL B FLIR 1 A AR
MCF-7 5385 F N LRI 414, TEIRANE 35 T LA TG RRAZ AR,
I8 T A A2 2R, AL FC ] s EL A S e 4 R A
RPN Y A 2 BT R R R pH2AX Y B T )
A, HMEC HAT IE 5 A5 BG40 0 Rebe , ZEROMFEe bt o7
I8k AE RSG5 1, FMET A% | ST,
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AHIFFE i I FH ) HMEC 200 Jif 76 7R S0 34 5 25 565 9 £, pH2AX FH
PER AT BEVE Ry —Fi 5 42 A 2 1) DNA B AJib5 &5 B, i
MCF-10A 1 MCF-7 P 0 240 A DR i A A0 1) 24 B A 1 50 0 1 4
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PR AR RSN, = FhpL iR b e A 3R 2 ki 2
KA R ZEF . 38 H AN Z MR R Z 8 ERa
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£ DNA &5 G55 5, AT 3R Fk, FEAETRER T i an ik
SR IEEE AN Ak o AT AT 3 B M R S ARG I A L)
J 5 RS A DNA $5 45 Hh e 25 SR F ', A9 3 3 2 1 PCR
7 WA = R AR N ESR1 1 ESR2 KPR AR XS 26k K, &
WL ESRI SEIRTE = Fhaifrh 2k 22 5 B K, Hrb MCF-7 th ik
JKOF-AR S, & HMEC 40043 1000 4% . MCF-10A (3T 500018
% MCF-7 7] f8 815 ESRT K& R 1 75 2 1k 1 %o i 4 22 ( 0 3%
BPA FTE2 ) 5 [ ) DNA XURE W7 28 S iz i 4 08 2 i T4 A
FAE Ry g0k, 1 BPA 5 ERa 454 RE 129 0 E2 19 1/1 000, X

Al B SO K F BPA 5 BaP BEAAE F R AE S DNA

il BB R R 2 — ¢

BB T L ARSGE R 5,
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