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Abstract

The incidence of breast cancer has increased approximately two folds
in Talwan over the past 2 decades. This report aimed at exploring the
relationship between susceptible genetic polymorphisms  P4501A1
(CYP1A1l) and glutathoine S-transferase classes mu and theta (GSTM1
and GSTT1) and breast cancer. Furthermore, we used DNA-protein
crossinks (DPC) as a biomarker to reflect the quantity of DNA damages.

We recruited 60 breast cancer patients form the department of surgery,
China Medical College Hospita ,1999/11 and 2001/1, and the 60
controlswho were age, sex, smoking status, family history matched
controls. Our study examined polymorphisms in CYP1A1, NAT2, GSTM1
and GSTT1 in relation to breast cancer risk in by polymerase chain
reaction-restriction fragment length polymorphism(PCR-RFLP). The DPC
values of each group were also measured. A structured questionnaire was

used to collect relevant information regarding risk factors of breast cancer.

The age of the 60 breast cancer patients was 46.7 years, and controls
were 47.3 years, no significant difference being found between the two
groups (p=0.75). The DPC values of breast cancer patients were 1.6 %,
and controls were 1.0 %, a significant difference being found between the
two groups (p<0.001). Genotypic polymorphisms analysis of CYP1A1,
NAT2, GSTM1 and GSTTlether in combination or separately, in
combination shows no significant difference between breast cancer
patients and controls, The DPC values of breast cancer patients was greater
then that in controls. Our study doesn't identify the association between
genotypic polymorphisms and DPC values.

Key words CYP1A1, NAT2, GSTs, DNA-protein crosslinks (DPC)
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phase | enzyme
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cytochrome P450 CYP CYP450
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CYPlAl CYP1Al1 Msp |
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1 DNA

EDTA 1,300rpm 10
0.5ml 1.5ml 1X RBC lysis buffer 15
2,000rpm 10min 1 ml GenoM aker reagent
5 0.5ml chloroform 12,000rpm 4
5 1.5mi 0.5ml
Isopropanol 4 6,000rpm 2
1Iml 70% ethanaol 6,000rpm 2
DNA 100ul TE buffer 20
2
i PCR

polymerase chain reaction-restriction fragment length polymorphism
PCR-RFLP GSTM1  GSTT1 CYP1A1l NAT2
1

10



(primer)

CYPIA1 1 5- TCACTCGTCTAAATACTCACCCTG -3
5- TAGGAGTCTTGTCTCATGCCT -3
CYP1A1 2 %6 5- CAGTGAAGAGGTGTAGCCGCT -3
5'- GAGGCAGGTGGATCACTTGAGCTC -3
GSTM1 %/ 5- CTGCCCTACTTGATTGATGGG -3
5- CTGGATTGTAGCAGATCATGC -3
GSTT1 %/ 5- TTCCTTACTGGTCCTCACATCTC -3
5- TCTCCGGATCATGGCCAGCA -3'
B -globin ' 5- ACACAACTGTGTTCACTAGC -3
5- CAACTTCATCCACGTTCACC -3
NAT2 °° 5- TCTAGCATGAATCACTCTGC -3
5'- GGAACAAATTGGACTTGG -3'
CYP1A1 nested-PCR CYPIA1l 1 PCR
CYP1A1 2 PCR NAT2
3 -globin internd control
PCR-RFLP CYP1A1l
DNA 1lig 1 Tag B Tag
polymerase dNTP i3
50i | 95 4 DNA 94 25
60 25 72 25 35
72 6
PCR 95 4 prenatural
94 25 25 72 25 35
72 6 PCR Msp | A fl
20i | 37 3 3 % agarose
ge
413bp 295bp
CYPIA1Msp | wild-type Msp |
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M Marker 1 PCR 413bp 2 CYP1A1Mspl /
295bp 3 CYPlA1IMspl / 295bp 160bp 135bp 4 5 CYP1A1Mspl

/ 160bp 135bp

GSTM1 GSTT1 =3

DNA 1ig 1 Tag M Tag
polymerase dNTP ie3
50i | 95 4 DNA %1 1
63 1 72 1 30

72 6 GSTM1 GSTT1

B -globin internal control a3
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GSTM1 GSTT1

100bp [ -globin
GSTM1 GSTT1 DNA
templet
DNA GSTM1 273bp DNA
GSTM1 GSTT1 480bp DNA
GSTT1

M Marker 1 GSTM1 GSTT1 2 GSTM1 273bp
GSTT1 3 GSTM1 GSTT1 480bp 4 5
GSTM1 273bp GSTT1 480bp
3 -globin  100bp

NAT2 PCR-RFLP

DNA 1lig 1 Tag g Tag

polymerase dNTP 5
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50i | 95 4 DNA 9

52 1 172 1 30
12 6
PCR Kpnl Tagq !l BamHI i o3
20i | 37 65 30
3 % agarose gd NAT2
NATZ2*4 wild-type
i3
Kpn NAT2*5 M1ladlde C481T
variant
Kpn | 53 1093bp 659%p  443bp
DNA variant
Kpn | 3 1093 bp DNA
Taq | NATZ*6 M2 dlde G590A
variant 395bp 381bp
326bp 226bp  169bp DNA variant

395bp 38lbp  326bp DNA

BamH|I NATZ*7 M3dlde G857A
variant
BamHI i3 1092bp 819%p 283 bp
DNA variant
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BanHI & 1092bp DNA

M Maker 1 Tagl / 381lbp 326bp 226bp 169bp 2
Taq | / 395bp 38lbp 326bp 226bp 169bp 3 Tagl /
395bp 38lbp 326bp 4 Kpnl / 659bp 443bp 5 Kpn
I / 1093bp 659bp 443bp 6 10 Kpnl / 1093 bp
7 BamHlI / 819bp 283bp 8 BamHI / 1092 bp 819bp
283bp 9 11 BamHI / 1092 bp

NAT2

NAT2
NAT2
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3 DNA-Protein Crosdinks

Histopagque
2x10° 0.5ml  0.5% sodium
dodecyl sulfate  SDS 20mM Tris-HCI PH=7.5

70
22 4 DNA
0.5ml 100mM KCI 20mM Tris PH=7.5
Dry Bah 65°C 10 5
6,000rpm  4°C 5 Iml 100mM
KCl 20mM Tris PH=7.5 65°C 10
5 6,000rpm  4°C
K-SDS DNA
DNA 0.2 mg/ml proteinase K 0.5ml 100mM KCL 20mM
Tris-HCI (PH=7.5) 10mM EDTA 50
3 0.5 ml 4mg/ml bovine serum abumin - BSA 42C

12,000rpm 10

DyNA Quant 200 Fluorometer
Hoechst 33258 1i g/ml Calf Thymus DNA
DNA
2x10° DNA DPC %

DPC % =DNA-Protein crossinks /DNA %
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SAS 6.12
CYP1A1l GSTM1 GSTT1 NAT2
DPC 95%
+*test
dependent variable

independent variable logistic regression
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i3 PCR

GenoMaker reagent (Blossom, Taiwan)
1X RBC lysis buffer (Blossom, Taiwan)
choloform (Merck, Taiwan)

Isopropanol (Merck, Taiwan)

70% ethanol

Agarose (Sigma,USA)

Ethidium Bromide (Sigma,USA)

1.5mM 10X i3 (Protech, Taiwan)
25mM dNTP (Protech, Taiwan)

(PE Biosystems, Taiwan)

. Tag # Tagpolymerase (Protech,Taiwan)

Msp | restriction enzyme (Promega,USA)
Kpnl restriction enzyme (Takara,Japan)
Tagq | redtriction enzyme (Takara,Japan)
BamHI  restriction enzyme (Promega,USA)
RE 10X buffer (Protech, Taiwan)

BSA (bovine serum abumin) (Promega,USA)
100bp Ladder  (Protech, Taiwan)

1X TBE buffer  (Amresco)

Tris (J.T Baker)
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2 DNA-Protein Crosslinks

( Histopague ) (Sigma,USA)
Caf Thymus DNA Standard (amersham pharmacia biotech )
Hoechst (H33258) fluorescent Dye (Sigma,USA)
sodium dodecyl sulfate ( ,Japan)
HCI (Merck, Taiwan)
EDTA
NaOH
PBS (latrum)
BSA
10. TNE buffer
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1. (EDTA)

2. (Heparin)

3.22

4.22

5.2.5ml

6.15m

7. 100ml,250ml,500ml,1000ml

10. 100ml,250ml,500ml,1000m
11.

12. reach pipet tips ( )

13.

14. (0.6ml, 0.8ml, 1.5ml )



1 (Kubota 5100,1300)

2.4

3. Firstek Scientific

4.DNA Therma Cycler 2400 (Perkin Elmer)

5. Mini Gel Migration Trough (Cosmo-Bio)
6.-20 (Caravel)

7.PH meter 320 (Corning)

8.Mettler Toledo AG245

9.Type 16700 Mixer
10. Nikon Type 104
11. Polaroid

12. Modd TC-312A Tranglluminator (312nm Ultraviolet)
13. (DyNA Quant 200 Fluorometer) (Hoefer)

14, Dry Bath (Boekel)
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46.7 47.3 p=0.75

13 13 2.1
p<0.05 50
51
35 p<0.05
45  p<0.05
logistic regression
13 13 3.2
4.7
9.1 p<0.05
NAT2 NAT2
NAT2

NAT2*4 ] NAT2*4 23 NAT2*5/ NAT2*4 4
NAT2*6/ NAT2*4 9 NAT2*7 | NAT2*4 9
NAT2*4 ] NAT2*4 18 NAT2*5/ NAT2*4 2
NAT2*6 / NATZ*4 16 NAT2*7 | NAT2*4 1 NAT?2
) NAT2*5/NAT2*5



5 NAT2*6 /| NATZ*6 3 NAT27 | NAT2*7 2
NAT2*5/ NAT2*7 1 NAT2*6 / NAT2*7 4

NAT2*5/ NAT2*5 1 NAT2*6/NAT2*6 2  NAT27
I NATZ2*7 3 NAT2*5/NAT2*1 1 NAT2*6 / NAT2*7

6
CYP1A1 83.3%
16.7% NAT2 75.0% 25.0% GSTM1
43.3% 56.7 GSTT1 55.0%
45.0% CYPl1Al
81.7% 183% NAT2
78.3% 21.7% GSTM1 58.3%
41.7% GSTT1 56.7% 43.3%
logistic regression CYP1A1Msp |
0.9 NAT2 11 GSTM1
1.8 GSIT1
1.0
logistic regression 13
13 2.8
3.0 5.6

3.2
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DPC

1.6% DPC 1.0%
P<0.001 DPC 1.6%
DPC 1.0% P<0.001
DPC 1.7% DPC 1.0%
P<0.001 DPC
DPC
DPC
DPC
1.6% 1.7% DPC 1.0%
P<0.001
DPC
DPC
DPC DPC CYP1A1
Msp | 1.6% 18% NAT2
1.6% 1.7% GSTM1 1.7% DPC
16% GSIT1 1.6% DPC 1.7%
t-test DPC

CYP1A1 Msp | 1.0% 1.0% NAT2

DPC 1.0% DPC 0.9% GSTM1 GSTT1

1.0% t-test
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DPC
p<0.01

R?=0.47 stepwise
model R*=0.42
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02 ©®

PAHSs
PAHSs
transformation
benzo(a)pyrene

PAHS

(67)

21

4.5

In vitro

(59)

(61)

(63,64)

homozygotes

CYP1A1 Mspl

7 % Taol

26

1985

(59-62)

cdl lines

(60)

PAHSs

13

3.5

in vitro

CYP1A1 Mspl

15%

1995

38

Mspl

(65)

Mspl



9.7 Huang
Mspl
2 60
CYP1A1 Mspl
1998 * 466 Mspl
Mspl
16.7% 18.3%
GST M1
(63,67) (68) (68,69)
Hel zlsouer 1998 * GSTM1
Charrier 1999
GSTM1
1995 “° GSTM1
/ GSTM1
GSTM1 57.0% *
56.7% 41.7%
1994 * GSTM1
A7.7%  42.0%
GSTM1 15.0%

1.8
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1999 ©

Ishibe

100 %

GSTM1

(69)

21 50

Ambrosone

Zhong



GSTT1 DNA (79

astrocytoma meningioma Y
basal cell carcinoma (72) GSTT1
GSTT1
GSTM1
3 GSTT1
GSTT1
GSTT1 45.0%
43.3% 49.8% *
Bailey 1998 ¥  CYPIA1 GSTM1 GSTT1
NAT2 s
7 NAT2
NAT2  /
Agyndez 1995 7 NAT2
NAT2 53.0%
51.0% 7 lobular breast cancer
NAT2
Ambrosone 1996 *  Hunter 1997 °
NAT2
5.0% 90.0% % 64.1%
65.0% 70.0% ®* 57.4%
NAT2 25.0% 21.7%

21.1%
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DPC OH initiating species
DNA DNA' Protein-SH

adducts ®) DNA-adduct

Millidan 1998 NAT2
DNA-adduct Nielsen 199%6 %
GSTM1 PAH-DNA adduct NAT2
GSTM1 DNA adduct
Topinka 1997 DNA-adduct GSTM1

NAT2

DPC CYPIA1 GSTM1 GSTT1

NAT2 DPC

(89)
(91)

nitrogen mustrard ¥

bone marrow depression

DPC

87

1995
\Voitkun

96

Shaham 1996

DPC

87

DPC

DPC

formaldehyde %

67 ethylene oxide

acetaldehyde
cyclophosphamide %)
DPC

Taioli
Zhitkovich 1999 *
DPC
Taioli 1995
Cr
17,54,87,97 L e| 1995



16

18

DPC DNA

16

dose-dependent relationship
DNA
P<0.001
1.0% Taioli 1995 ¥ 0.8%

1.2%

DNA
Ni DPC
DPC
DPC
DPC
Costa 1993
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DPC DNA
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(N=60) (N=60) OR P aOR 95%C.|
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/
/ 50 (83.3%) 49 (81.7%) 1.0
/ 10 (16.7%) 11 (18.3%) 0.9 0.81 0.9 (0.3-23)
NAT?2
45 (75.0%) 47 (78.3%) 1.0
15 (25.0%) 13 (21.7%) 1.2 0.67 1.1 (05-27)
GSTM1
GSTM1 26 (43.3%) 35 (58.3%) 1.0
GSTM1 34 (56.7%) 25 (41.7%) 1.8 0.1 1.8 (0.9- 3.8
GSTT1
GSTT1 33 (55.0%) 34 (56.7%) 1.0
GSTT1 27 (45.0%) 26 (43.3%) 1.0 1.0 1.0 (05-22)
OR=odds ratio

AOR=adjusted odds ratio,
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logistic regression
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NAT2 / 14 (0.5-3.6)
OR=odds ratio

aOR=adjusted odds ratio,
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DPC

Mean + SD Mean + SD p
DPC %
60 16+04 60 1.0+0.3 P<0.001
37 16+04 41 1.0+0.3 P<0.001
23 1.7+05 19 1.0+0.3 P<0.001
t-test
=0.68
=0.76



DPC

Mean = SD Mean = SD P
DPC %
13 1.6+0.3 60 1.0x+0.3 P<0.001
31 1.6+05 60 1.0+£0.3 P<0.001
6 1.7+0.5 60 1.0x+0.3 P<0.001
t-test

p =0.68

p =050

p =0.79



DPC

Mean + SD p Mean + SD p
CYPIALMsp |
/
/ 50 1.6+0.4 0.26 49 1.0+0.3 0.76
/ 10 1.8+0.6 1 1.0+0.3
NAT2
45 1.6+0.4 0.39 47 1.0+0.3 0.44
15 1.7+05 13 09+0.3
GSTM1
GSTM1 26 1.7 +0.4 0.20 35 1.0+ 0.4 0.95
GSTM1 34 1.6+05 25 1.0+0.3
GSTT1
GSTT1 33 1.6+05 0.38 33 1.0+0.3 0.61
GSTT1 27 17+04 27 1.0+0.3

t-test
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DPC

P
/ 0.66 <0.01
/ -0.08 0.68
25 /25 -0.11 0.26
13 /13 0.15 0.13
/ 0.13 0.21
/ -0.06 0.58
011 0.33
30 /30
/ 0.19 0.33
/ 0.06 0.56
/ 0.25 0.11
/ -0.14 0.22
CYP1A1 Msp | /

/ / 0.02 0.88
GSTM1 / -0.12 0.15
GSTT1 / -0.01 0.93
NAT2 / 0.04 0.67
R°=0.47 P<0.01

stepwise

model R?=0.42
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