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Abstract: Both benzo a pyrene (B a P) and human papillomavirus ( HPV) are important factors inducing human cancer.The
former is a carcinogen widely found in the environment and the latter can induce cancer by resulting in abnormal proliferation of
cutaneous and mucosal squamous cells. Epidemiological evidence suggests that tobacco smoke and HPV can synergistically pro—
mote the development of malignant tumors such as oropharyngeal squamous cell carcinoma head and neck squamous cell carcino—
ma and lung cancer.However the mechanism of the synergistic carcinogenesis of HPV and PAHs is unclear.Cell colony formation
assay cell scratch assay and cell invasion assay were conducted to assess the synergistic carcinogenesis of HPV and B a P and
the cell phenotypic changes of the human cervical carcinoma Hela cells ( HPV positive) and C33A cells ( HPV negative) ex—
posed to B a P.High performance liquid chromatography-electrospray tandem mass spectrometry ( HPLC-ESI-MS/MS) was used
to quantitatively determine the main DNA adduct caused by B a P dihydroglycol epoxide-N>-deoxyguanosine ( BPDE-N*~G) .
The results showed that the ability of cells invasion and colony formation of HelLa and C33A were significantly promoted by 10
pmol/L B a P with a dose—response relationship.The invasion and colony formation of B a P-treated HelLa cells were signifi—

cantly higher than those of C33A cells ( p<0.01) and those of HeLa cells without B a P treatment ( p<0. 01) .The group treated
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with 10 wmol /L. B a P in HelLa cell and C33A cell induced the highest levels of BPDE-N*-dG 4 172+124 fmol/mg DNA and 1
255+228 fmol /mg DNA respectively.The levels of BPDE-N’-dG in HeLa cells treated with B a P were significantly higher than

those in C33A cells ( p<0.01) .These combined results suggest that HPV could effectively promote DNA damage induced by B

a P which provide a reasonable explanation for the results of cellular experiments described above.lIt provides not only a new

strategy for the prevention and treatment of B a P and HPV—related cancer but also a new method for cancer etiology research.
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DNase I . +RNase A (
( ) ) DNA ( CT-
DNA) . I. K.
( ( ) ) ;
¢ ]
B bMEM . ( PBS) . (
) - XEDTA( 0. 25%) (
Hyclone ) ( FBS Gibco
) ; HPV Hela.HPV
C33A(
) o
1.2
1.2.1
Hela  C33A DMEM
( 10%FBS 1% ) 37 C 5% CO,
o 80% ~90%
PBS
1 000 r/min 2 min
1.2.2
3x10° / (Hela) 3.4x10°
/ (C33A)
o 10 pL
0.1.1.10.40 200 pmol/L B a P
24 h B aP
o 3 o 0h
12h 24 h
1.2.3
1.10 pmol/L B a P
24 h FBS
12 ho Matrigel
Transwell
FBS Hela
2.5x10°  /mL C33A 6.5x
10°  /mL 200 pL Transwell
; 600 nL  10% FBS
DMEM 48 h
(HelLa) 72 h( C33A) 3
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o 0.1%
20 min PBS
Transwell
1.2.4
500 /
B aP B aP 0.1.1.10.40
200 pmol/L 3 :
B aP o
15 d 3d o 0.1%
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1 mg (dG) 750 L (0.1
mol /L) K,PO, (pH 7.4) 250
pL( 1 wg/pl) BPDE
37 C 24 h o
“C,, "Ny BPDEN’-
dG. Oasis HLB
o 1 mL
1 mL ;
1 mL V( ) ¢
144 )=5:95
dG; 1 mL
BPDE-N’G .
400 wL V( ) U ) =20:80
HPLC o
BPDE-N*-G

Synthetic route of BPDEN’-dG
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B ; 0.7 mL/min; HPLCESI-MS/MS Agilent Zorbax
25 plL; 346 nm( SB C18( 150 mmx2.1 mm 5 pm) ;
) ;50% A+50% B . BPDEN*-G 25 C; A 0.01%
27. 07 min. BPDE-N’-G B ; 0. 1 mL/min; 20
BPDE-N’-dG o wL; 0~8 min 95% ~20% A
“C, "Ns BPDEN’-  59%~80% B; 8~23 min 20% A 80% B; 23 ~25
dG . BPDEN’4G “C, "Ny =  min 20%~95% A 80% ~5% B;25~40 min 95%
BPDE-N’-G A 5% B.
M+H * m/z 570. 198 9( ( ESI) ; 4 000 V;
m/z 570.198 3)  m/z 585.217 6( m/z (N,) 35 psi; (N,) 5 psi;
585.217 0) » ( CID) 11 V;
1.2.6 BPDE-N’-dG ( CID) 8V, 300 °C;
B aP o ( SRM) m/z
1% 10% S9 B 570—454  m/z 585—464.
a P B a P HPLC (dG)
0.1.1.10.100 200 pmol/L Agilent Zorbax SB C18( 250 mmx4. 6 mm 5 pm)
70% ~ 80% 24 h 25 C; A B
DNA BPDE-N’-dG . ; 0.7 mL/min; 20 uL
BaP o :0~15 min 95% ~64% A 5% ~
1 000 r/min 36% B; 15~17 min 64% ~20% A 36% ~80% B,;
2 min 15 mL (10 17~19 min 20% A 80% B; 19 ~21 min 20% ~
mmol /L Tris-HCI. 100 mmol/L EDTA.0. 5% SDS 95% A 80% ~5% B;21~36 min 95% A 5% B.
pH 8.0) .60 pwL(20 mg/mL) K 150 1 DNA 1 Cy
pL( 5 mg/mL) RNaseA 37 C dG ( pwmol /mL) . dG
12 ho 4 22% 1 mg DNA
DNA DNA 2 mL 3 wmol DNA 5o
800 wL TE ( 10 mmol/L Coxs = Cae/(0.22 x3) = 1.515 x Cy (n
( Tris) .1 mmol/L DNA 2 o C
(EDTA) pH 7.4) DNA. V( ):  BPDEN’4G ( fmol /mL)
( ) s V( )=25:24:1 WV ) W BPDE-N’-dG fmol BPDE-N’-dG/
)=24:1 DNA 13 000 r/min mg DNA
8 min 0 BPDE-N*-IG =C  ICpy (2)
DNA 75% 100% 1.2.7
DNA o 114 SPSS
pL Tris-HCI1 DNA, + (S.D.) T
DNA “C,, "N, -BPDE- . p<0.05 p<
NG ( 10 nmol/L) ,7.5 U  0.01 .
DNase 1 .50 0.0375U
37 C 3 h, 2
850 wL V( ) s V( )=5:95 2.1
20 pL dG la.1b Hela B
o aP 10 pmol/L
50 L V( ) s V( 24.73%(24h); B a P
) =20:80 HPLCESI-MS/MS o 200 pmol/L 11.21%
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Fig.2 Effects of different concentration of B a P
on HeLa and C33A cells invasion ( 400%)
2.3
3 B aP Hela
C33A 9.6% ~45. 0%
a.Hela: b.C33A: c. 8.5%~21.5% 1~200 pmol/L
1 B aP Hela C33A (p<0.05) B aP
(200x) o B a
Fig.1 Influence of the B a P concentration of on the P Hela
migration of HeLa and C33A cells ( 200%) C33A (p<0.05) ;
2.2 10 pmol/L B a P Hela
2 B a (43.3+3.3%) C33A
P Hela C33A (21.5+1.1%) Hela
(p<0.01) B aP (4.7+1.2%) B aP
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Fig.3 Effects of different concentration of B a P
on the colony formation of HelLa and C33A cell

2.4 HPLC-ESI-MS/MS BPDE-N*-
dG
2.4.1
BPDE-N’-G
4a m/z 570 M+H *
m/z 454
M-dR * m/z 303
M-dG * m/z 285 m/z
303 m/z 257
m/z 285 ;
m/z 454 o PC,
"N, -BPDE-N’G 4h
BPDEN’-dG
m/z 464 o
SRM
m/z 570—454 m/z
585—464 ., SRM 5a
BPDE-N’-dG

Fig.4 MS2 Full scan mass spectrum of BPDE-N*-dG and
B¢, "N, BPDEN’4G

5 SRM
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sample added with BPDE-N*-dG standard
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SRM 5b
17.6

min o o

BPDE-N’-G

3 ( S/N) BPDE-N’-
dG (LOD) 3 fmol 10 S/N
BPDEN’-G (LOQ) 6 fmol.
BPDEN’-G 1 ~500 nmol/L
( 10 nmol /L. PC,, "Ny BPDEN’-
dG ) BPDEN’4G  “C,, "N, BPDE-
NG

R*=0.999 9 1 ~500 nmol /L

o

6 BPDE-N’-G
SRM
Fig.6 Calibration curve of BPDE-N’-dG constructed by

B¢, "N, BPDEN’4G

plotting SRM peak area ratio versus the concentration ratio

between BPDEN’-dG and “C,, "N, BPDEN’-dG

1
(n=6) 93.0% ~100.8% 1.0% ~3.5%;
(n=18) 92.9% ~
101.2% 0.4% ~1.8%
BPDE-N?-dG .

N

1 BPDEN’4G

Tab.1 Precision and accuracy of the method for

BPDE-N’-dG quantitation

/ (n=6) (n=18)
(nmol+L™) /' RSD/ /' RSD/
(nmolsL™) % /% (mmoleL) % /%
10 9.3 35 930 93 L1 9.9
100 100.5 3.0 100.5 10.2 1.8 101.2
200 199.2 1.7 99.6 2014 1.0 100.7

500 504. 1 1.0 100.8  505.1 0.4 101.0

o 2
99.7% ~105. 1% .
2 BPDEN’G
Tab.2 Recovery of the method for

BPDE-N’-dG quantitation (n=3)
/( nmol L") /(nmol L") 1%
10 10.5+2.2 105. 1
100 100. 2+0. 4 100. 2
200 199.4+1.4 99.7
500 499.3+1.5 99.9
2.4.2 BPDE-N’-G
7a 1% S9 He-
La BPDEN’dG (2 550+187)

fmol/mg DNA( 10 wmol/L B a P) (1 905+79)
fmol/mg DNA( 100 pmol/L B a P) (1 759+
174) fmol/mg DNA ( 200 pmol/LB a P)

B aP

; B aP C33A
o HPV
B aP B aP DNA
* ( P<0.05)
* % ( P<0.01)
a. BaP 1%S9
b. BaP 10%S9
7 Hela C33A B aP
1% S9  10% S9 24 h BPDE-N*-G

Fig.7 Comparition of BPDE-N*~G amounts in HeLa
and C33A cells treated with different concentration of

B a P for 24 h with 1% S9 and 10% S9
S9 10%
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1% S9 S9 B o
a P BPDE-N’-G o B aP HPV
7h 10% S9 BaP
C33A BPDEN*4G (1 255+ DNA BPDE-
228) fmol/mg DNA( 10 pmol /L B a P) .(1590+  N°4G
264) fmol /mg DNA( 100 pumol/L B a P) (1 503+ B aP
166) fmol /mg DNA( 200 pmol/L B a P) HPV
Hela BPDE-N’-dG

(2 557+102) fmol/mg DNA( 1 pmol/L B a P) .
(4 172+124) fmol/mg DNA( 10 pmol/L B a P) .|
(3 323+62) fmol/mg DNA( 100 pmol/LL B a P)
(3 080+49) fmol/mg DNA( 200 pmol/L B a P)

B aP (0.1 pmol/L)
0 B a P 10
pmol /L, HeLa BPDE-N’*~G
: B acP C33A
Hela
o B aP HeLa
BPDE-N’-G
B aP
BPDE-N’-G o
B aP HeLa
C33A (p<
0.01) HPV B aP
DNA BPDE-
NG
3
B aP HeLa
( HPV ) C33A ( HPV )
B aP
. B a P HPV
BaP HPV
. HPLC-ESI-MS/MS
B aP HeLla C33A DNA
BPDE-N’-G
S9
BaP BPDE-N’-dG
. HPV BaP
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