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7K FF (a) b (benzo[a]pyrene, BaP)&Z M RERMGMMMBNREK L —, T
BRI R ZARAE, BAAMRRBUENE, B PRERERT RS 12K
BOEY) . 6 (2,2-bis (4- chlorophenyl)-1,1,1-trichloroethane, DDT) & 424 77 K
IO ) B — AWK, AP AR T g, B moRIRTE, w7
CAXTI AL SR I B IR P25 RGUE KA E . BaP Hil DDT #3447 T35
F s B EMBORE B R T AN, faHE AN E R, Bk, St =
R 2 Fe R B FEE RN AL, AT BLSE 75 — 3 0 & RO A P AR 5K
SNVl 22 M5 QeI o 28 B 10 AR S S R MR LR AR, BB B A H
ANBLSEE o
[77¥£]

DLE A% 25 B 200 W 70 R T 1 HepG2 AR it A Xt &, LA DNA $if5
R OU A ) H2AX BERR AL FE s yH2AX (gamma-H2AX) T i 084
PR, 1% 0.1% —HEHL (DMSO) A I A, 12.5. 25, 50umol/L BaP #
0.1, 1. 10umol/L DDT MAbHEAH . MR F AN FIRKEER BaP 8¢ DDT 437l
VEF] 24h; BXEEFEH N 0.1, 188 10pumol/L ) DDT 43 HepG2 40l 24h )5,
FA MBI 125, 25 B¢ 50umol/L [ BaP fEFH 24h. RFA4IEHH: &% western
blot V£ HT 50l LB A B Fe 4 yH2AX FE i R EE A MRIAE, Wi F A EH
HIBERUN R . BEXT A BB & 3 N I 4L0) . SR western blot V& I B2
WEH p-p38. p-ERK I p-INK HJZRiE, #7822 2505 A0 8 3 B X ik
(mitogen-activated protein kinase, MAPK ) f =42 #i(5 Sl : c-jun &I A b

BB (c-Jun N-terminal kinase, JNK) i % . 41 ig 485 5 18 715 3% B (extracelluar



S

signal-regulated kinase, ERK) i % Fl1/5k, P38MAPK 3@ & [ iE AL - s SR A 4H £
Z P4501A ( cytochromeP4501A, CYP4501A ) 1 # #] o- 25 # Bl ( a-
Naphthoflavone, ANF) Fi4t# 1h J5, kil yH2AX. CYP1Al. CYP1A2 A
CYP1BL fEHMIEIZL, $F>EH BaP 1 DDT BtH % # 8 DNA Hi4h 25 1
CYPP450 fiff; K MAPK i@ #1171 SB203580 A1 PD98059 4b# 30min J&, #&
M yH2AX. CYP1Al. CYP1A2 1 CYP1B1 & H KA, it BaP Al DDT B4
772 3 HepG2 41 /iid DNA #5147 i) MAPK 15 ‘51t Bt 42 AL 1 .
[4R]

(1) BaP 1 DDT #l1i%55 DNA {7 71 S AN K 52 BaP A1 DDT 7]
75T HepG2 404k yH2AX . HIEFFIXT A AHLL, BaP AbBEZH bl 45 Ju 8577 & F
(12,5, 25, 50umol/L), yH2AX RIE&EW&m, £FA R/ (P<0.05),
DDT A3 4H A R ILFE NI R

(2) BaP #ll DDT K& 753 DNAFUGIIBN RAY G mot i RE 2 %
3 KR IF T Z /A BaP Ml DDT [AIfF7E B & 2N (F=5.070,
P<0.001). o, BEHHFEEMMLN: 0.1umol/L DDT+12.5umol/L BaP; Ef
FEPER 4 AN 0.1umol/L DDT+50umol/L BaP. 10umol/L DDT+25umol/L BaP.
10umol/L DDT+50umol/L BaP. western blot 4554 2 [N & 3 /KA R B %
ST, BaP A DDT [AME/ERCG RN (F=13.279, P<0.001). HH, HAH
A /EH 48 : 10umol/L DDT+12.5umol/L BaP; E G Hi/EH M4 N
0.1umol/L DDT+25umol/L BaP . lumol/L DDT+25umol/L BaP . 0.lpmol/L
DDT+50pumol/L BaP. 1pmol/L DDT+50umol/L BaP. [Fitt, #fisE A fEFifEH
] 0.1umol/L DDT+50umol/L BaP Bt& %k #% 4H 3t 17 J5 2t 51

(3) CYP450 fil5Z 5 BaP #l DDT Bk & % i DNA 45475 00 : 5 ¥ 710 it
AL, 50umol/L BaP FJ LA S HepG2 4ijfil CYP1Al. CYP1A2. CYP1B1 i
yH2AX FikESHE, I ANF 425, CYPL1ALl. CYP1A2 Fl yH2AX RikHE

BEAK, ZSRH %35 X (P<0.05). 0.1umol/L DDT #] L% S HepG2 4i iy

I
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CYP1Al. CYP1Bl1 # yH2AX FEEE -, MA ANF &4 H 5, CYPLAL,
CYP1B1 M yH2AX KB &ML, ZRA S E X (P<0.05). 0.1umol/L
DDT+50umol/L BaP 7] LLi% 5 HepG2 4fifis CYP1AL. CYP1A2 fl yH2AX ik &
THaE, ZRESH%E L (P<0.05). I ANF 4¥ j5, 5 0.1umol/L
DDT+50umol/L BaP #HEt, CYP1Al. 1A2. yH2AX £LEEK, ERAE LG F
B (P<0.05).

(4) MAPK i 2 5142 CYP450 /13 [1) BaP A1 DDT k5 %5 % £ DNA
. SxHHE4LAEL, 50pmol/L BaP 55 HepG2 H p-p38. p-JNK. p-ERK #
KETE, ZRAS1H%E L (P<0.05); 0.1umol/L DDT %5 HepG2 ' p-p38
A p-INK Rk &, ZRASIFE N (P<0.05); 0.l1umol/L DDT+50pumol/L
75'F HepG2 ' p-p38 Al p-ERK Rk &S, ERAHIFEN (P<0.05). 5
0.1umol/L DDT+50umol/L BaP Z4AH Lk, SB203580. PD98059 4b#E )5 CYP1AL.
CYP1A2 Ml yH2AX FEH R X EEL, ZRrASRiH¥E L (P<0.05).

[45ik]

(1) BaP il DDT ¥n[i# S HepG2 41 =4 yH2AX, H BaP 51
YH2AX FILBEREAE W Z T & T DDT HAR KIS RN KR,

(2) BaPHIDDTHK & % & U HepG 211 41 it DNALR 175 2 B BE AT LA 3N, g 13 [F]
ER, el LRI UEM . Hd, % b western blot 45§34 &/
0.1pmol/L DDT+50pumol/L BaPHk & % & 4H 9t HifE H

(3) CYP1ALRICYP1A2% 550umol/L BaP % HepG24 fifg () DNAT 15 id 2 .
CYP1A1MICYP1B1Z: 50.1umol/L DDT#{HepG24H g ) DNATA 711 #£. CYP1Al
FMICYP1A2% 50.1umol/L DDT+50pumol/L BaPE{HepG24 /il (X DNAF A5 i F2 .

(4) P3BMAPK 1 ERK {5 5 il % Z 5 i % CYP1A2 41 3 i) 0.1umol/L
DDT+50umol/L BaPHk & % #% £{HepG2 /¥ DNAT 4 -

XEiE: BaP DDT BESZUY DNAiG MAPK CYP1A2

I



Abstract

Abstract

[ Object ]

Benzo(a)pyrene (BaP), a potent carcinogen and representative compound of
polycyclic aromatic hydrocarbons (PAHSs), has been classified as group I carcinogen
by the International Agency for Research on Cancer is ubiquitously distributed
throughout the environment. Dichlorodiphenyltrichloroethane (DDT), a commonly
used pesticide in agriculture and malaria control, can still be detected in human
samples although banned for decades, due to its lipophilic nature as well as slow
chemical and biological degradation. Increasingly studies have confirmed that BaP
and DDT often coexist in various environmental media, indicating potential combined
effects on human health.Therefore, it is practical to study the role of genetic toxic
effects in their joint action in order to provide scientific basis about evaluating the
ecological security of the poliutions.

[ Methods]

In this study, a biomarker of DNA double-strand breaks (DSBSs), phosphorylation
of histone H2AX (yH2AX) was used to investigate the genotoxic effects in HepG2
cells due to it is commomly used in genetic toxicology experiments. 0.1% DMSO was
used as the vehicle control. To study the effects of the individual compounds, cells
were treated with BaP (12.5, 25, 50umol/L) or DDT (0.1, 1, 10umol/L) for 24h. To
investigate the combined effect of these two compounds, cells were pretreated with
DDT for 24h before BaP treatment. Immunofluorescence microscopy and western
blot have been used to measure YH2AX protein levels to study the role of genetic

toxic effects in their joint action.Then, western blot have been used to measure p-p38,
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activated protein kinase (MAPK) signal pathways. Alpha-naphthoflavone (ANF), an
inhibitor of cytochromeP450(CYP450)’s subfamily, SB203580 and PD98059
inhibitors of MAPKS, were also used to investigate DNA damage mechanism caused
by BaP and DDT co-exposure.

[Result]

(1) Representative images of HepG2 cells treated with different concentrations of
BaP and DDT alone clearly demonstrated that BaP induced yH2AX foci in a
concentration-dependent manner rather than DDT.

(2) The factorial design analysis of variance show that the joint effect caused by
BaP and DDT can be combined effect as well as antagonistic effect. The group of
0.1umol/L DDT+12.5umol/L BaP can be combined effect and the group of 0.1umol/L
DDT+50umol/L BaP. 10umol/L DDT+25umol/L BaP. 10umol/L DDT+50umol/L
BaP can be antagonistic effect from the results of immunofluorescence microscopy.
The group of 10umol/L DDT+12.5umol/L BaP can be combined effect and the group
of 0.1lumol/L DDT+25umol/L BaP. lumol/L DDT+25umol/L BaP. 0.lumol/L
DDT+50umol/L BaP., 1umol/L DDT+50umol/L BaP can be antagonistic effect from
the results of western blot. Then we choose the group of 0.1umol/L DDT+50umol/L
BaP to further study.

(3) CYP1AL, CYP1A2, CYP1B1 and YH2AX protein levels were significantly
increased after BaP (50umol/L) treatment. CYP1Al, CYP1B1 and yH2AX protein
levels were significantly increased after DDT (0.1umol/L) treatment.CYP1AL,
CYP1A2 and yH2AX protein levels were significantly increased after BaP (50umol/L)
and DDT (0.1umol/L) co-exposure treatment, compared with that in DMSO solvent
control (P<0.05), while CYP1B1 protein level was decreased by the co-exposure.
Compared with BaP and DDT co-exposure, statistically significant decreasing of

CYP1A1, CYP1A2 and yH2AX protein levels were observed in treatment of both co-
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exposure and ANF (P<0.05), while CYP1B1 protein level was increased, CYP1Al
and CYP1A2 mRNA expresssion levels were decreased.

(4) The expression of phospho-p38MAPK, phospho-ERK and phospho-JNK
were significantly increased after BaP (50umol) treatment, while DDT (0.1umol)
inhibited the activation. Only phospho-p38MAPK and phospho-ERK expression were
observed significantly increased in BaP (50umol) and DDT (0.1umol) co-exposure.
P38MAPK and ERK inhibition induced significant reduction of CYP1A2 and yH2AX
protein levels. Compared with the co-exposure group, statistically significant
reduction of CYP1A2 and yH2AX protein levels were observed in the groups
pretreated with SB or PD (P<0.05), while CYP1AL protein level was increased
(P<0.05).

[ Conclusion]

(1) Both BaP and DDT can induced yH2AX in HepG2 cells,
Immunofluorescence microscopy and western blot results showed that BaP
significantly induced yH2AX-focl in a concentration-dependent manner.

(2) The joint effect caused by BaP and DDT can be combined effect as well as
antagonistic effect. Immunofluorescence microscopy and western blot results showed
that DDT (0.1umol) inhibited BaP (50umol) induced H2AX phosphorylation,
indicating an antagonistic effect.

(3) CYP1AL and CYP1A2 were involved in H2AX phosphorylation after BaP
(50umol/L) exposure. CYP1Al1 and CYP1B1 were involved in H2AX
phosphorylation after DDT (0.1umol/L) exposure. CYP1ALl and 1A2 rather than
CYP1B1, were involved in H2AX phosphorylation after BaP (50umol/L) and DDT
(0.1umol/L) co-exposure.

(4) P3BMAPK and ERK pathways played an essential role in modulating

CYP1A2 to induce H2AX phosphorylation after BaP (50umol/L) and DDT
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(0.1umol/L) co-exposure.

Keywords: BaP; DDT; Co-exposure; DNA damage; MAPK; CYP1A2
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(List of Abbreviation)
AhR aromatic hydrocarbon receptor 72 A
ANF a-Naphthoflavone 0~ 2% B il
ATM ataxia telangiectasia-mutated 2 i A 5 SR U T AR B A
ATR ataxia telangiectasia and Rad3 related ATM F1 Rad3 x5 H
AP- 1 activator protein-1 BOEEE 1
BaP benzo(a)pyrene Ik
BPDE benzo(a)pyrene diolepoxide KI(a) B A A EAY
CYP450  cytochromeP450 Y e 3 P450
DAPI 4',6-diamidino-2-phenylindole 4' 6~ Pk FL-2- 25 g
DDT Dichlorodiphenyltrichloroethane MG
DNA-PK  DNA-dependent protein kinase DNA i B H G
DSBs DNA Double-stand breaks DNA XU i 54
ERK extracelluar signal-regulated kinase A A AN S B E e
IARC International Agency for Research on [E Ry RERT 7T 2H 2R
Grb2 Cg?(r)]\cf\(/atrh factor receptorbound protein2 KT ZAL S EN 2
INK c-Jun N-terminal kinase c-Jun 22 Ji st Je iy
MAPK mitogen-activated protein kinase 22 54 [ I A B I 2K R
PAHSs polycyclic aromatic hydrocarbons PAHs Z 75k
PI3K phosphatidylinositol 3-kinase W RE IR NLEE 3-T e
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