(10

4.2

20

)

20 ( 125 )
4 (25 )

435

14

23, 26, 28, 30
33

cotinine 128

3,108, 109

DNA 110

16



PAHSs

P450 cytochrome P450 CYP1A1
PAHSs
glutathione Stransferase; GST GSTT1 GSTM1
% N- N-acetyltransferases NAT
NAT2
27
63, 74, 75, 76 75
PAHs
3 DNA DNA
DNA
DNA-protein crosslinks DPC chromosomal aberration
CA sster chromatid exchange SCE
comet assay DNA

DNA



DNA

82

DNA 87

CYP1A1 GSTT1 GSIM1 NAT2

DNA

DNA



(Environmenta Tobacco SmokeETYS)

(nicatine)

(withdraw syndrome)

30



cotinine (trans-3' -

hydroxycotining) *2
15-20 ° .
T.6%
14,1%

4.0%

Nicotime-N-1-
-glucuronide

trans-3'-Hydroxy-
cotinine-O-f-D-
glucuronide

Micotine

mmme-h’— 1- trans-3'-Hydroxycotinine

Cotinine-N- 5'-Hydroxy-
27.8%
9.8% @ wtmme ’
2.6% 1.6%
2



hydrocyanicacid
acrolein ammonia formadehyde

acetal-dehyde

(gaseous phases)

(particles phases)

10

(polycyclic
aromatic hydrocarbons PAHS) (arylmines)  Nitroamines

-3 - (4-(methylnitrosamino) -1-
(3-pyridyl)-1-butanon, NNK) **

PAHSs



WHO 20 ( 125

) 16 (10 ) 4 (25 )
35 50
( 66.9% 50.0 )
257 270

52.8  (Tobacco Atlas, World Health Organization,2002)
2 9

18 23 26 215

310
30.3 42.0 (Tobacco
Atlas, World Health Organization,2002)

1990 18 1997 13

22 15 19
18 1990 1996

1990 23



6 19

10
(1315 ) 275
Palau 55.0 62.0 ) 20
World Hedlth Organization,2002)
94.59
55.11
14
4.2
21.1%

()

P2% 33

242

(

(Tobacco Atlas,

1996
29.71
541

3.28

43.5



51.5 431
WHO
30 1975 130 2000 210
1950 1975 20 2000 210
300 700

0.6 328

(Tobacco Atlas, World Health Organi zation,2002)

2003

82%

20

16

1998

15

4,6

10



Environmental Tobacco Smoke

12,22

cotinine
relative risk
23~30
15
20
1.22 110 “
rd)
23 26
WHO 3000
35000 62000 (Tobacco Atlas Warld
Health Organization,2002)

17

10



20

6, 19

28

2.3

209 *#

1



3,30

3,232,280
28,29

25

difficulties in becoming pregnant preterm
delivery 15,29
( polycyclic aromatic hydrocarbons, PAHS)
DNA DNA damage PAHSs
DNA
DNA
31

side-gream smoke

DNA

32



33,38, 39 susceptibility
phase | enzymes phesel|
enzymes biotransformation
epoxides reective
oxygen DNA
P450 cytochromeP450
glutathione Strandferase
GST N- N-acetyltransferases  NAT

33,3839

13



DNA

cytochromeP450 CYP P450 ?
monooxygenase
P450
xenobiotic
CYP1 CYP2 CYP3 CYP1 CYPl1Al
CYP1A2 PAHs polycyclic aromatic
hydrocarbons 40
CYP1A1 15022-g24 42 Phase |
PAHSs benzo(a)pyrene

BaP 7,12-dimethylbenz(a)anthracen

DNA DNA DNA DNA
DNA
CYP1A1 DNA adduct
39, 43,43
CYP1A1 CYP1Al

3 noncoding region T? C
trangition, Mspl ? Mspl ?

restriction fragment length polymorphism, RFLP

14



wild-type,

Mspl ? vaiant / :
Msp | ?
/ exon 7 codon462
isoleucine  valine 40,44

CYPl1Al dlde

ETS DNA adduct
¥ Marc CYPIAL
cervicd sgquamousintragpithelia lesons
34 *  Jaice CYPIAL
45
Caucasians / 79 / 19
/ 2 Adan 48 39 13
African-Americans 43 38 3 Africans

36 39 3 *®
glutathione S-Transferase, GST
dutathione

conjugation Glutathione S-transferase

15



glutathion(GSH) -SH group

Benzopyrene DDT

cigolatin ~ acetaminophen NAPQI

DNA DNA
DNA DNA strand break 54"
33,48 GST —aup,?

GSTM1 u  GSTT1 ?

GSTM1 1p13
wildtype rul
type ¥ GSTM1 4055 ®
30 45-63
%051 56.7%
41.7% ** GSTT1 22q11.2 *° GSTM1
10%
20% > 454 >
45.0% 43.3% '

GSTM1  GSIT1

GSTM1

16



GSTM1

GSTT1 GSTP1

GSTT1 GSTM1

56

GSTM1 DNA adduct
DNA adduct

CYPIA1

38,36

GSTM1

394 P 001 %

fibrosis GSTM1 %8

neoplasms MPN GSTT1 GSTM1

single primary neoplasms SPN

59 2

GSTT1 GSTM1

33, 46, 47, 60

(N-acetyltransferases

17

CYP1Al

(ETS)

GSTM1

CYPIAL
813 control
cystic

multiple primary

CYPIA1

NAT)



GST NAT NAT1
NAT2 NAT2 NAT2 8p22 ®

dide

wildtype  NAT2*4/
NAT2*4 NAT2*4/NAT2*5 NAT2*4/
NAT2*6 NAT2*4/NAT2*7

NAT2*5/NAT2*5 NAT2*5/NAT2*6 NAT2*5/NAT2*7 NAT2*6

I NAT2*6 NAT2*6/NAT2*7 NAT2¢7/NAT2*7 ®* N-

aromatic amine

NAT % NAT arylamines
heterocyclic amines N-acetylation
63, 64 O-acetylation
DNA ® NAT2 33.9
66.1 60.4 396 %
745 %5 ¥ NAT2
Hou NAT2
68
20 NAT?2 229 ®

NAT2

18



67

carcinoma

GSTM1)

Ezposure

“%%%‘%%%%\ - “““““““‘l

68, 69

DNA adduct

72,73

?

62,64, 77,61, 78

Metabolic detomflcatmn

(Phase I enzymes:
CYFPlAl

Phase I enzymes:

GSTT1, GETMI1,
NAT2)

Excretion

Metabolic
activation

—p

Repair l

GSTM1

OSC

70,71

75

C

NAT2

NATZ2
NATZ2 GSTM1
NAT2
63, 74, 75, 76
hepatocel lular
CA
(

m—)

\ Apoptosis l

Normal

DNA

Cell death

19



Comet Assay

SCGE

Ostling

DNA

Pl Propidium iodide

DNA B

DNA

Chang

Poli DNA

DNA

DNA

Single Cedll Gel Assay

DNA

Johanson 1984

DNA

81

DNA addudt, :

82

8 Ta

DNA



DNA 588
Norbert
dibutylphthalate, N’ -nitrosodiethylamine,
benzo[a]pyrene DNA DNA
% Danadevi DNA

DNA

® HgCl,

DNA 91-%6

21
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418

pre-shift urine

cotinine

23

catinine

post-shift urine

148



2 EDTA

4 C DNA 418
3 5-10 EDTA
4 24 comet assay
148
3. DNA
1X RBC lysis
buffer 15 1200rpm 15
Iml  GenoMarker reagent
5 0.5ml chloroform 12,000rpm
4 5 15 05ml
ISopropanol DNA 4 12,000rpm
10 0.3ml 70  ethanol 12,000rpm
10
DNA 10 TE buffer 100ul 1
agarose ge -20

24



? polymerase chain reaction PCR -

restriction fragment polymorphisms RFLP CYP1Al

GSTT1 GSTM1 NAT2

| CYP1A1l- Msp | Polymorphism

1 Prime

5- CAGTGAAGAGGTGTAGCCGCT -3
5'- GAGGCAGGTGGATCACTTGAGCTC -3

2 PCR

a

b.

DNA 2ul
CYP1A1 primer 1l
dNTP 4yl

Pro Tag Buffer 5ul

Taqg ?  Tagpolymerase 0.5

f. 50ul
3 PCR
% 5 Pre-denature 94 40 66
25 12 40 5 12 6
PCR Mspl ? ?

20ul 37 3 3% agaroegd

25



? 295bp CYPIA1Msp |

wild-type Msp | ?
DNA 295bp vaiat
/ Msp | ?
DNA 135bp 160 bp 295bp 160 bp
135bp DNA vaiant
1 2 3 M

500bp

400bp

. 300bp

2950 4, o
160bp 000p
135bp 100bp

1: CYPIALMsp | /
2:CYPIALMsp | /
3 CYPIALMsp | /

M: Maker

26



Il GSTT1 GSTM1 polymorphism
1 Primer

GSTT1 5- TTCCTTACTGGTCCTCACATCTC -3
5- TCTCCGGATCATGGCCAGCA -3

GSTM1  5- CTGCCCTACTTGATTGATGGG -3
5- CTGGATTGTAGCAGATCATGC -3

R-globin  5- ACACAACTGTGTTCACTAGC -3
5- CAACTTCATCCACGTTCACC -3

2 PCR
a DNA 2ul

b. GSTT1 GSTM1 primer 0.8yl  3-globin primer 1l

C. dNTP 10u
d. Pro Taq Buffer 5ul

e. Tag ?  Tagpolymerase 1.5l

f. 50ul
3 PCR
95 ) DNA b 40 63
72 40 35 72 6
3 % agarose gel GSTM1 GSTT1

[3-globin interna control

27



GSTM1
100bp  f3-globin
GSTM1 GSIT1
templ et
GSTM1 273bp DNA
GSTT1 480bp DNA
1 2 3 4 M

500bp
4800p—. 400bp
273bp—>» 300bp
200bp
100bp

1: GSTT1 GSTM1
2: GSTT1 GSTM1

3:GSTT1 GSTM1
4: GSTT1 GSTM1
M: Maker

B -globin  100bp

28

GSTT1

DNA

DNA

GSTM1

GSTT1



52

NAT2 polymorphism

1 Primer

5- TCTAGCATGAATCACTCTGC -3
5- GGAACAAATTGGACTTGG -3

2 PCR
a DNA 3l

b. NAT2 primer 1l

C. dNTP 10u
d. Pro Taq Buffer 5ul

e Tag ?  Tagpolymerase 1pl

f. 50ul
3 PCR
95 4 Pre-denature
1 12 1 H
PCR Kpnl Tagl BamHI
20 37 65 37
3 % agarose gel

dlde NAT2*4 wild-type

?

29

NAT2



Kpn | NAT2*5 M1 dlde C481T
variant Kpnl
1093bp 65%bp  443bp DNA
variant Kpn |

1093 bp DNA

1000bp
900bp
800bp
700bp
600bp
500bp
400bp
300bp
200bp

100bp

1. NAT2Kpn | / NAT2*4 [ NAT24
2. NAT2Kpn / NAT2*4/ NAT2*5
3: NAT2Kpnl / NAT2*5/ NAT2*5
M: Maker



Taq | NAT2*6 M2dlde G590A
variant 395bp 38lbp
326bp 226bp  169bp DNA variant

395bp 38lbp  326bp DNA

395hbp

500bp
4/
P 400bp

<«——— 3000p

326bp

226bp < 200bp
169bp «_ 100bp
1: NAT2 Tag | / NAT2:4/ NAT2*4
2:NAT2 Taq | / NAT24/ NAT2*6
3 NAT2 Taq |l / NAT26/ NAT2*6

M: Maker

31



BamH| NAT2*7 M3dlde G857A

variant BamH|

1002bp 81%p 283bp  DNA

vaiant BamHI
1092bp DNA
1 2 3 M
1000bp
900bp
800bp
1092bp 700bp
600bp
81%p —» 500bp
400bp
283bp — » 300bp
200bp
100bp
1: NAT2 BamHI / NAT2*4 [ NAT24
2: NAT2 BamHI / NAT2*4 [ NAT2*7
3. NAT2 BamHI / NAT2*7 | NAT2*7

M:Maker



5. (Comet assay) Single Cell Gel Assay

g5ul 1% NMA  dide 40
4ml 4m PBS
Hidropauge
1 Hidropauge 2 1 2
1800rpm 20min (
)
lymphocytes PBS 4cc 100?
4ml PBS
(1200rpm  5min) 5x 10°
PBS 4cc 1.5ul tube
NMA dide 1 1%
LMA 85u  dide
1%LMA (
37 ) dide Lyssbuffer 4 1
dd water
20



DNA unwinding 2V

300mA  15min Tak Tak
DNA
dd water Trisbuffer 15
dd water 10min (
) 40u Pl Propidium iodide
DNA DNA
DNA 5
1 (no damage) DNA 5%




(low level damage) DNA 5-20%

(medium level damage) DNA 20-40%




4 (high level damage) DNA 40-95%

2

5 (totel damage) DNA 95%




DNA

x2 +

106

SAS80

CYP1A1 GSITT1

x3 +

GSTM1 NAT2

95%

37

x0 +

DNA

DNA

x1+



1 DNA
1. 1X RBC lysishuffer Bossom, Taiwan
2. GenoMarker reagent  Bossom, Taiwan
3. chloroform Merck, Taiwan
4. Isopropanol  Merck, Taiwan

5.70 ethanol

6. TE buffer



2 PCR ?
1. Aragose Promega, USA
2. Ethidium Bromide SIGMA, USA
3. 1.5Mm 10X ? Protech, Taiwan
4.2.5Mm dNTP  Protech, Taiwan
5. Primer  Missin Biotech, Taiwan
6. Tag ? Tagpolymerase  Protech, Taiwan
7.Msp | redriction enzyme Biolabs, USA
8. Kpnl redriction enzyme Promega, USA
9. Tag! redriction enzyme Biolabs, USA
10. BamHI redtriction enzyme  Biolabs, USA
11. RE 10X buffer  Protech, Taiwan
12. 100bp Ladder  Protech, Taiwan

13. 1X TBE buffer Amresco



3 (comet assay)
1. Agarose

a. Norma mdlting point agarose (1%eNMA) Amresco

b. Low melting point agarose (1%LMA)  Amresco
2. Lysis solution

a 10mM Tris Merck, Tawan
b. ethylene diaminete traacetic acid (EDTA) disodium salt  Merck,
Tawan
c. 25M NaCl Merck, Taiwan
b.1 (V/V)Triton X-100 ICN Biomedicas
3. Tris—buffer(0.4M Tris, pH 7.5)  Merck, Tawan
4. trypan blue Sigma, USA
5. Histopauge 1077 Sigma Chemicals Co. Ltd., Spruce St., USA.
6. Phosphate buffered saline (PBS) Cacl2 and Mgcl2 free Sigma
Chemicals Co. Ltd., Spruce St., USA.
7. Electrophoresis solution  pH > 13
a 1mM Na2EDTA  Merck, Taiwan

b. 300mM NaOH Merck, Tawan
8. dittilled water

9. Propidium iodide (40uPl) Sigma, USA



0.

10.

11.

12.

13.

14.

15.

EDTA  greiner bio-one
22 greiner bio-one
22 greiner bio-one
15ml IWAKI
100ml,250ml,500ml,1000ml  Schott Duran
Merck, Taiwan
100ml,250ml,500ml,1000ml  Sibata
Bohlender
reach pipet tips SSI, USA
0.2ml,0.6ml,1.5ml  SSI, USA
Costar

Marienfeld

Marienfeld

FEA

a1



10.

11.

Kubota5100,1300
Whirlpool
Firstek
Eppendorf
Corning
Major Science

Corning

Nikon Type 104 Nikon, Japan

DCS260 Kodak
1D Kodak

fluorescence microscope

&

Olympus BX51, Japan



244

29.5

p<0.001

055

(74.4%)

123 (54.0%)

9 (39.1%)

(p<0.0001)

(5.5%) 4 (2.8%)

418

142 289

314

p<0.0001

20 (66.7%) 177
19 (655%)
(p<0.0001)

117 (54.7%)

7 (226%)
(p=0.00006)

(Catinire)



wiv  viv

484% 41.8%

GSTT1

45.2%

45.5%

59.4%

NATZ2

NATZ*6 NAT2*7

(dlde)

CYP1A1wiw
483 VN 122%
460 406% 125%
9.8% 48.6% 352% 16.2%
>
AN
53.1% 46.9% AN
55.6% 44.4% GSTM1
36.8% 63.2% 40.6%
36.9% 63.1% 359% 64.1%
? NATZ*4 NAT2*5
10



68.8% 31.3%

76.8%

DNA (damage)

DNA

DNA
3287 60.9%
DNA
(p<0.0001)

DNA

CYP1A1

GSTT1 OR

wiv+GSTT1 (

76% 23.8%
23.2%
148
414 46.0% 4311 50.7%
DNA
DNA
t
DNA
t
GSTT1 DNA
CYP1A1l wiw wiv +
CYP1A1wWw
) 382



(95%Cl  1.23~11.87)
CYPIA1
GSTM1 OR
wiv + GSTM1 (
(95%Cl  1.77~13.67)
CYP1Al
NAT2 OR
+ NAT2 ( ) 493
1.97~12.35)
OR
DNA
30 OR
OR 1.6
1.4

GSTM1

4.92

NAT2

CYP1A1l wiw

DNA
CYP1A1 w/w wiv +

CYP1A1 w/w

DNA

CYPIAlww  wh+

CYP1A1l wiw wiv
(95%CI
wiv + NAT2
1.2
OR



OR

DNA

6.4

15

47

OR

14

48

OR



DNA

()

100

ng/ml 1.8+4.7 ng/ml

PAHSs

418

2.2+4.0



DNA

31, 97.

DNA z
N-nitrosamines DNA adduct
98
CYPIAL
® CYPIA1  / /
DNA adduct o
CYP1A1 / /
/ 32
CYP1A1Msp| 125 9.8
16.2 13 ®

(18.3%) '® CYP1A1*v
0.33 031 034

042

GST N- (N-acetyltransferases
NAT)

CYPIAL

49



GSTM1  GSTT1 Bennett
GSTM1
26 ' QGrkku
GSTT1 GSTM1
GSTT1
GSTT1 35 ™ GsTM1
4563 0% 40.6%
36.9% 35.9%
(41.7%) *® GSTT1
53.1% 54.5% 55.6%
49.8%
43.3% '®
Olga 2 NAT2
229 % Addine
NAT2 o
72,73
03747576 NAT2



66.1% 306% ®
24.2% 231%
21.7% '®
(comet assay) DNA
DNA Stilianos
(H02)
DNA 1
Florek DNA
DNA % Wolz
nitrogen dioxide
DNA DNA
% Alok DNA
88
DNA DNA
DNA
DNA adduct Pervez CYPIAL

GSTM1 DNA

51



CYPIA1

adduct 70
DNA adduct
GSTM1 NAT2
38
DNA
CYP1Alw
non-null
Andree

subacute hypoxia

Georgads

DNAadduct ¥ Wayg

CYP1Al / NAT2

Hou

) 68

/ GSTM1

CYP1Al / GSTM1

148
DNA
GSTT1 non-nul GSTM1

NAT2 DNA

107

52



DNA

15

6.4

DNA

14

4.8



PAHS

CYP1A1 GSTM1 GSTT1 NAT2

PAHs

PAHSs

DNA

DNA

DNA

DNA
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