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Abstract

Glutathione S-transferase genotypes GSTT1, GSTM1 and GSTF] were characterized in 104 healthy male
and female subjects and compared with parameters of oxidative stress at the level of DNA and lipids, with
antioxidant enzymes, and with plasma antioxidants in smokers and non-smokers. Of the 104 subjects studied,
57.4% were GSTT1 present and 47.6% were GSTM1 present. The GSTPL polymorphisms a and b were
represented as follows: a/a, 75.5%; a/b, 21.6%; b/b type, 2.9%. The GSTTI null genotype was associated with
decreased glutathione in erythrocytes and elevated lymphocytes DNA damage. GST -Px was higher in GSTT1
null compared with GSTT]1 present type. The homozygous GSTP1 genotype was not associated with any
antioxXidant status or DNA damage. The difference in plasma d-carotene and erythrocytes GSH-Px and GST
activities between smokers and non-smokers was detected in the GSTTL null genotype. Plasma y -tocopherol
and Ji-carotene decreased significantly in smokers having GSTMI null genotype. When GSTT1 and GSTM1
were combined, plasma lycopene and erythrocyte GST were reduced in smokers in both null types of these
genes. As for GSTPl genotype, plasma td-carctene and erythrocytes GSH-Px decreased significantly in
smokers with GSTP1 b/b, while erythrocytes GSH-Px activities decreased in smokers with GSTPL a/b. The
different §i-carotene level between smokers and non-smokers was seen with both GSTP1 a/a and a/b genotype.
It seemns that polymorphisms in the phase II metabolizing enzyme glutathione S-transferase may be important
determinants of commonly measured biomarkers.
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e DNA £4-& £33 WwH o= 1% ¢ DNA adduct,
chromosomal aberration, dater chromatid £ #Hgo] AF
250 o} vlmA HIZ 2AF comet assay(single
cell gel electrophoresis)® BTt 2&Ele 1784 DNA
ENATE /T £ oM BEXNYEAF (molecular epi-
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Fig. 1. Hypothetical pathway from exposure of the cell to either the development of cancer or cell death, with possible

preventive mechanisms indicated (29).
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Table 1. Primer sequences used in the PCR reactions

Primer Segeunce (5 39
GSTT1 forw. tte ott act ggt oot cac act te
GSTT1 rev. tca ccg gat cat goc cag ca
GSTMI forw. gaa cfc oot gaa aag cta aag ¢
GSTMI rev. gtt ggg ctc aaa tat acg gty g
GSTFL forw. ace cca ggg ctc tat gog aa
ESTPL rev. tga ggg cac aag aag coc ot

£ Globin forw.
f (Globin rev.

caa ottt cat cca cgt toa oo
gaa gag coa agg aca got ac

GPT 2 EE% 22 (F)BCSY kit A% o) 3

FPhotometric Autoanalyzer(Biotron Scientific instruments

BTR 815)% A4t LDL 28 2H 22 Friedewald?)
o] g5t Al4ret A oH3T).

Gutathione S-ransferase polymorphisms ZHel

Glutathione S-transferase polymorphismes Z¢18 GSTML
& Pemble $(38)2] W<, GSTTLS Bell 5392 U4
£, J# 3 GSTP1L Harries S40) 2] #HH-2 £A S 2
Ao WEERHSS 59 HE 500 uLE DNA ex-
traction kit(@QIAamp DNA Blood Mini kit)E AM&-3o
DNAE FZ39th Internal standard® H-globing AN
e F A 2912 HF multiple PCRE A 33153t PCR
AL A primers (Flo]l2Joldl A A2 primerE
AbgEt e A7) EE Table 19 ot

GSTMLF GSTTLE] F3AE 242 Y4 0.1 ug ge-
nomic DNAZE Z+zhe] 10 nmol/ml primers, 5 mM/mL
ANTP, (.5 Umnit Tag polymerase(Takara rTagq), 200
M/l Tris-HCUpH 8.3), 500 mMAnL KCI9 30 mM/mL
MeCLZ 20 (4L PCR Z 3¢l o] Hr}ele] 94°ColA] 58 =
2] & 0°CelM 0%, BB°CellM 463, 72°Cell M 3029 =1
L% 353 WHE S & 72°CoA TR wheA|A T PCR AHE
£ ethidium bromide((] ug/mL)E E33 2.8% agarose
geloll A #7953 UV FelA 2485k

GSTPL #3a% 4S5 HsiM 9 2L 2de=z
PCRE ¥ ¥ %d PCR 415& BsmAl(New England
Biolabs Inc.) A3 E4-8 AME-3to] B5°CollA 427 9bg
Z ethidium bromide((] ug/mL)E £33 2.8% agarose
geloll A H7|9Eete UV gfelA B4etwch 245 27
E Fig. 2004 &} o] Yebdch GSTPLE] A2 175
bp PCR 4t&¢] BsmAl &40l &3] 2abA|A] @2 F4,

AR 27} €' homozygous(a/a) wild type 3= Hold
BsmAl d-¢f &8 ZetAs 35 917 & bp 7704 band
7} 51 homozyeous(b/b) wild typee]™ 3714 band7} =
F el e S heterozygous(a’h) heterozygous type?)

2t gt
ML shatais Aol 24
AEP catalase, glutathione peroxidase, glutatione
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Fig. 2. GST genotyping.

S-transferase 2] 45L& 49} elutathiones] 42
2+ UV/VIS spectrophotometers] £]38] & 2315tk Catalase
= ¥ FE hydrogen peroxide® A €)% F hydrogen per—
oxide®] Z4#HE 240 nmol M 02T SHTL=H e
AL chH41), Glutathione peroxidase’s #2448 S (t-butyhy-
droperoxide)#| 218} ghrtathione®] &l EE B8 Zujd
ok I thee] o]olAE vhEelA AEE glutathioned glu-
tathione reductase®} NADPH®S] 78} 4] glutathione
o2 A8 o] v 24" NADPH ¥ 52 340 nmol A
907t 2480 2 glutathione peroxidases] #4EHA =
2 ZAs9tH42). Glutathione S-transferase?] AL
Hahig S(43)2) 9ty e 2 2339k 0.1 M phophate buf-
fer 2935 ul, 0.1 M glutathione 30 ul, E4-9 10 4L, .12
M 2-4 CDNB{1-chloro-2,4-dinitrobenzene) 25 L2 Z%
shod 25°Cel A 203 ZHHL 2 383 340 nmel A 4 $ch
AT E 187t me protein®] AT 24-dinitroben—
zene—glutathione®] 340 nmelA 8] E3A 42 845t
B it Ghitathione(GSH)S] ¥ 5=€ kit Al < (CALBIO-
CHEM, USA)-& o] &3t E43 %ot

S ghitE glElDle] 24

B A& ForE vlElY)) retinol, w—tocopherol, ¥ -
tocopherol, w-carotene, H—carotene, cryptoxanthin, coen-
zyme QL02] F4& HPLCA 2]3) QA3 rH4d). -80°Cel
WEHA " AL AR =4 F chtanol® @S
AAEHE T n-Hexane £ 2 AHME £E3 £ rotary evap-
orator® hexanes A7) E mobile phase(methanol
dichloromethane-85:15) 150 ulsl =< HPLCY guard col-
umne FYAEAD Flow rate= .8 ml/minE &M
UV/VIS detectorE AMEEH T 2t BIElTEE retinole
325 nm, tocopherols-2 205 nm, carotenoids® 450 nm,
coenzyme GUE 270 nmelMe FrE&E ZYRSHECE &

HUAe FEE external calbration curveE ARE-EHS
curve B areaZ R H A4S HTh

SO TRAP 244

HZo AZE 8F & FE7 £ FAES(TRAP, to-
tal radical-trapping antioxidant potential) &7 -2 sam-
ple Wl w—tocophernl, ascorbate, urate, protein sulthydryl
groups FY FAFA S BEIH B4 L SASA €AY
= 797 = #4485 s Y ER Atd =98 "o
g ¢ 3lE % F83 WHEolth Sample ¥ TRAPE
Rice-Evans 2} Miller®] inhibition assay H(45)e] ujz} 24
Bt o] e ABTS(2,2" -azinohis (3-ethylbenzothiazo—
line f-sulfonate), 150 uM)9} metmyoglobin(2.5 uM)-<
HO0.(75 ubM)E A3 A )z e 28 AAHE ferryl myoglobin
radical species®He] A% 2ol 2j8) F-4H ABTS radical
cation®] absotbance®E £Aded 7|28 ¥ gloy, 1
absorbance?] 94 A== sampled] £ 3l antioxidant
capacitysl Bl 3A Hot Samples 6% 59 30°Cl A )
kst 3 UV/VIS spectrometer® 740 nme] oA ab-
sorbance® St €742 TRAP 5% trolox®] cal-
ibration curve® o]&-3to A 4S9 en] TEAC(Trolox
equivalent antioxidant capacity, mM)2=2 ZEH3Hc}

LOL2| conugated diene =7

Conjugated dienes(CD) 42 A H Hiz @4e=
A7le A BEo)=2(46) LDL AFARE w7 s €4
CD &£ #4859tk 2741 meg/mL EDTA) ] trisodium
citrate buffer(pH 5.05, 5N HCI, 50,000 ITJ/L heparin)E %
] LDLS # # A7) 2 Na-phosphate buffer(pH 7.4, 0.9%
NaCl)2 m9ch b2 22 chloroform | methanol(2:1) 3
mLE Hr¥Y ER/FE 1ml ¥ F 44 5257 #H)
o rotary evaporator® ZEHAlH T )AL cyelohexane 1
mLE %¢l £ 234 nmoll A epectrophotometer 2 5455
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Alkaline cotnet agsay2] AAS AguhHe AHxjeo] 3
Aol M&F vf gloh(15). 7heE fodd AE=EE
e s dutyd asd 222 71 ] HE 200 WM
HnE &9t Alkali lysis bufferE A3l DNAL
double strand® EF 29 Iysisrt By dlideE 2719
% buffer® unwinding”] 7 DNAZ] alkali labile sites?} =
oA $F F 25 V/A0E3 mAE AYS o 2083 AN
%4 4234tk Bthidium bromide® 34 333 443514
HHEn A (Leica, Germany) 22 B 2AEHEAS CCD cam-
era(Nikon, Japan)E %3] BUA Ztete] A EH image®
Komet 5.0 comet image analyzing system(Kinetic

Imaging, UK)e] EX" HFH ~gols 2484

SAAM2| H 2f welvte| gzl 24

2= x5 AHee SPSS-PC+ 5 packageE AF53)
of Aestch 2 Fuel vt GEEN YA LEEFRL AL
(SE)Yg Fetx 5 T8 HoAd F24L Student’s
t-test® HFIETE Al F )] FE Fo4 HFE A
ME one-way E4AHEA (ANOVA)S A #3te FRE-& 3
A Duncan’s multiple range test® ©] &3t & & 748
o4 Aelg HEIHCL

HaAr 54

A gate] 9%, A, FUEE 2 GST §34 &%
= Table 29} Zoh th4F=t 1049 8] W @be)s 354+ 124
WA FxrL 837, o} 16Hezlen 18 F FAAE T

Table 2. Characteristics of the study population M {%)

=1}
=

Wariables n—104

Age (yrs) 35.4+12Y (19 -59)
Male/Female B5/16 (84.6/15.4)
Smoker/Non smoker 768 (73.1/26.%)
=3TT1

Present 60 (57 4)

Tl 44 (42 5)
5T

Present 42 (40.6)

Tull 62 (55.4)
GSTTL and GZTMI combined

Both present 27 (BT

Mull/Present 47 (45 5)

Both null 300287
G5TP1

a/a To (755

a’b 92 (21.6)

b/ 328

"IMean+ SE.

=R
i =

=
F

A Fda T, A4 FAA 20l gich HA At
ZraT 0H (57.4%), 429 (40.6%4)¢] GSTT1¥ GSTML
o FAAE 7HAE Ren, GETTIFH GSTML #3HAt
= OE 7R WA 2798(5.7%), ' o SRt kRl
e AP 47 (455%) 2183 F o glE AMEE AL
2 287%° siFEUch GSTPL fA=te] 7% BsmAl 4
o 28k AT 7}t ¢lE homozygous(ala) wild typed 79
EH(LE%IE HEES tArt Xl sEERieH,
heterozygous(a/h) heterozygous typed 227 (21.6%), 1%
A BsmAl 49 &3 224 homozygous(h/h) wild type
L2 VEhd tdaAe 3% (29%) ) A

GSTML null type®] A$ FHA, £, 05205 F
50~60%, U=, vlx EdAAME 25%<dM et
GSTTL null typed] F4 o}AlolglelMe 50~600, FE<,
o=l e 10~20%2 EIEATH4R). GSTPLY H$
a‘a, a/b, b/h typee] ebAlelslelAE ZE 66%, 30%, 4%,
Blolof s 2t 45%, 45%, 10%, 2y = Bl 309,
50%, 0% RER AFvich F A Hels Z 2% v
o4y, 2 A7 AAES GST #3814 ¥y 2xE
7124 elr] e}l WAL R $ Aebs ZA ohEA @)
L, el By e ELISHE Wi o E GST 73
At BFEE ENI ke Aol 2 AFE BAME xS
L8532 GST &4 Al T LA AF e gty

(

11

=
=
K3

21%¢] Z confounding factor® =ZEstchs AL T ot
g Aol
GST TEAL Craddo| o2 7t Marsh 24X 3 gt

= AgratE] 24

A7 WA 1045 S GSTTL 387 present type™ null
typel 2 Uy H 152 87 AslE B4R, A 2 FE
T8 Theksk A Yokl 2 Aus] DNA £4FRE
Bl @3t Table 3¢ el ich GSTTL present? mull T
7te] A BEE Folzb g9l ont GSTTL present T8
F47 BE7F GSTTL mudl o B8] feder & 3L
2 ERRTh GSTTL mull type 4FH8ld ~E8 28 o &
o] &3 3lE ALFE A E4At HlEo] present Foll
Hle) WEe® BT AET GSHY FRE freldez
Wi 95T DNA &35 f480 2 & A2 g
prg=3

GSTML 3714 7% present} null type 7t A,
FAA FEE F949] Felrt glichTable 4). 38
GSH-Px& Z47te] GSTML null type?] present type]
HlE] fodes w2 Al veged, YA BE AR
A A E GSTMIL null typeT present typeZts] $-e]a&<] 2
o]7F gigith

GSTPL F3=HTable 53 = ohalAdel wet A 2o =
L oAA ™, GSTPL F3 A ohgd ol WhE kst o 4
g $91489 Fole gt a8y HEE S akalzt ho-
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Table 3. Mean values of biomarkers calculated for different GSTTI1 polymorphisms

“ariables

GSTTI present (I0=60)

GSTTL null (19=44)

Male/Female (%)
Smoker/MNonsmoker (%)

53/7 (87.9/12.1)
50/10 (82.8/17.2)

37/7183.7/16.3)
25/16 (62.8/37.2)°

Age (yrs) 341+16" 360+18
Anthropormetrics
Height (cm) 1700210 eE6+1.2
Weight (kg) 69.0+1.4 718+18
BMI (kg/m’) 238+04 251+0.4
Body fat (%6 214+08 230208
Systolic blood pressure (mmHg) 1271+16 1308+2.8
Diastolic blood pressure (mmHg) TrE+13 808+17
Plasma binchemicals
GOT (L) 281+15 264+12
GPT (/L B4+ 2 234+18
Glucoze (mg/dL) 253 +48 THo+15
Total cholesterol (mg/dL) 1733+40 1722x58
HDL cholesterol (mag/dl; 443+11 434417
1DL cholesternl (mg/dl; 1027+32 1h4+53
Triglycerides (mg/dL) 1275101 115855
HDL C/Total C HEE0D 260+10
Atherpgenic index 2586+0.13 3.13x018
Plasma antinxidant
TRAP (M) 127001 1282001
Retinol (pg/dL) 9rZ+32 015+34
v Tocopherol (g/dL) 1601 +124 2115+104
¢ Tocopherol (pg/dL) 2018021022 15054 +70.2
Lycopene (3:g/dL) HL3xle 140+20
¢ Cargtene (yg/dL) 8207 8o+00
# Carotene (pg/dL) B1+26 3804385
Coenzyme G110 (zg/dL) 1085 x82 W56£80
Plasma lipid percxidation
Conjugated dienes (3:M) 436+£021 4134022
Erythrocytes antioxidants
Catalase (/g Hb) 164365 1524£889
Glutathicne peroxidase (1fg Hb) BLE2E A57+332
Glutathione S transferase (U/g Hb) 055 £003 059+004
Glutathione (pM) 9.80£0.30 B.E0+050"
Lympheytes DINA damage
Tail DINA (36 TT1+023 881+037"
Tail moment 357+0.23 5.31+0.48"
Tail length (pm) 03+£13 304+22"

ean+ SE.

D005, o0 significantly different by Chi square test for ratio of smokers/non smokers and by Student’s ttest for others.

mozygous(a/a) wild types] I homozygous(b/h) wild
typed 10475 <] WA=t F 3HR o)A o] A 2g] Pt
YUYHE vlmEr] HI ANOVA FA EHLRE
GSTPL 3= @A« e 2745 FF3 437 1e
FE7t 9 Ao AztE o GSTPL b/b typed A $]8a
a/aft a/h TS Student’s t-test® Blm3| By F &
= ARl Atele glohAE w)A A

156588 23942 e GST $3x} ohadgdel o
E DNA &£4=, 343 9499 58 2% £ Dusinska
F060Y dFAgelA tgaty 48%¢ #EEE GSTML
null type®] present typesl B3] GSH F&71 @& Aoz
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Table 4. Mean values of biomarkers calculated for different GSTMI1 polymorphisms

Wariables GSTMI1 present (N=4Z) GSTMIL rull (=62}
Male/Fernale (%) 375 (8787122 51/8 185/15)
Smoker/MNonsmoker (%) 35/7 (B27/171) 41/19 (68.3/21.7)
Age (yrs) 3d5+18Y 36116
Anthropometrics
Height (cm) 1665211 1661+10
Weight (kg) T00x17 To3+14
BMI (kg/m®) 242404 245+04
EBody fat (%) 224+00 218+02
Systolic blood pressure (mmHg) 127 6x26 12551150
THastolic blond pressure (mnmHg) TNEX1E T87+14
Flazma biochermicals
GOT (TI/L) 268x10 058+15
GFT (UL 263+24 234%1%
Glucose (mg/dL) T0I+1E6 8hh5+46
Total cholesterol (mg/dL) 178.3+64 1665136
HDL cholesterol (mg/dl; WEE+58 1025425
IDL cholesteral (mg/dL) 441+15 438+12
Triglycerides (mng/dL) 13324100 1181458
HDL C/Total C 267111 263208
Atherpgenic Index 2032018 203013
Plazrma anticxidant
TRAP (mM) 1.28+001 1.28+001
Eetingl (pg/dl) 08.0+41 022+28
r Tocophero] (pg/dL) 2035x125 1963+114
i Tocopherol (:g/dL) 2013721022 18402 +865
Lycopene (gg/dL) 145+20 149+15
v Cargtene (pg/dL) 9.0+08 82+07
ft Carctene (3g/dL) 376+38 376+38
Coenzyme G0 (xg/dL) 1183+53 99773
Plasma lipid percxidation
Conjugated dienes (M) 4244018 425023
Erythrocytes antioxidants
Catalase (/g Hb) 161.1+80 16614740
Glhtathione peroxidase (/g Hb) BT+IE 464+27
Glutathicne S transferase (1J/g Hb) 057+004 056002
Glutathione (W) 511+042 41037
Lympheytes DINA damage
Tail DINA (%4 23012038 8170325
Tail moment 438+042 4272033
Tail length () B2l 33516

"Mean+SE. D<0.05 significantly different by Student's t test.
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Wariables GSTPL agfa (IN=7%) GSTFL afb (1=22) G5TP1 /b 19=3)
Male/Female (%63 7277 (80.5/9.1) 157 (682/31.8) 340 (1000
Smoker/MNonsmoker (%4) 61/18 (76.6/23.4) 14/8 (636/36.4) 3/0 100/
Age (yrs) 342+13" 3B4+31 283453
Anthropometrics
Height (crm) 168.5+08 1666418 175818
Weight (kg) T11x12 §7.2x25 G458+12
BMI (kg/m?) 246403 241%05 21.0+0.8
Body fat (34 215+06 227x17 1856+22
Systolic blood pressure (mmHg) 1280x17 1326437 1260415
Dhastolic blood pressure (mnmHg) T8E+12 815212 TET+60
Plasma biochernicals
GOT (0L 285+12 BE6x15 200+£40
GFT (/L) 254x18 21514 247+44
Glucose (mg/dL) 843437 #01+21 T3T+£18
Total cholestarc] (mg/dL) 1750+41 175 +57 1477+118
HDL cholesternl (mg/dl; 1041+35 10414540 86.0x+04
IDL cholesternl (mg/dL) 4358+11 435+20 AL T+52
Triglycerides (mng/dL) 132.0+385 W0e4+135 E00+320
HDL CfTotal C 26108 2i0x13 31650
Atherggenic Index 3082012 200015 236062
Plagma anticxidant
TRAP (M) 1.23+001 1274002 133005
Eetingl (pg/dL) Oh.2x+27 05.0+54 BE6x+36
v Tocopherol (3g/dL) 2026+101 1837+164 1891+28
i Tocopherol (pg/dL) 0215+734 18123+ 1040 1783842225
Lycopene (§:g/dL) 152+15 124+240 160+54
w Carptene (pg/dL) 8607 20x12 81+340
f& Carotene (yg/dL) 32425 417+46 B18+215
Coenzyme Q10 (xg/dL) 1060267 11214128 1244+12.2
Plasma lipid percxidation
Conjugated dienes (1M 428+01% 4224024 466084
Ervthrocytes antioxidants
Catalase (U/g Hb) 162.9+6.3 1688+101 1G7.6+22.7
Glutathione peroxidase (J/g Hb) 435425 413+34 280+62
Glutathicne S transferase (11/g Hb) 057003 05710406 (44+014
Glutathione (:v) 5151032 Ge6+058 1012056
Lympheytes DNA damage
Tail DA (35) 8201026 B00+034 TR+ 065
Tail moment 445+033 377TE032 374+07%
Tail length (3mm) oLx1E 020 257164

UMean+SE.

HlE) " o A4S E A sy kg go] g FoR
7t B ch o] A ASE 7 GST #3A B
agol el 1< v H ohA Fhatet HIEEAER U
o] ol FUAHE 2E B ZWNE Fig 3~69 YERdRich

73 pcarotene FE, 8T GSH-Px3} GST 842
GSTTL mull typed] 7§ Ed=te] B3 RIE AR} #2148
o2 =4 el e, GSTTL mresent typed e Ed=}
S HIEAATES f8E8<] Aelrt gle AR vEY
GSTTL null types] EA=tE GSTTL present types] T4
e wle] sbEtE 222 o ge] s Aoz AlsE
ok 99 f—carotened] EAEEE GSTTI present type
Me FAx7) alEdAre vl fed ez vhA el
(Fig. 3).

T, GSTML #3At2] A$ GSTMLH null types]A

Edxte] A$ vlEAA vlE % ¢ -tocopherol® f
carotene T&E¢] Fo&o R w¥d 2o 2 el thFig. 4).
GSTTLH GSTML F3HAE =3 o] F {7 ot
1= A (both pregent), = £ 17 2lE A S (presenty
mdl), ¥ o ¢E A% (hoth ml)E Fe] 24 B ZH,
7 lycopene®™ AEF GST 849 both null typed] 3
AE 7 ELATE 22 typed] HIEAA] vl feEe
2 ¥ Ao® e THFig 5.

GSTPL 3=} A €4 w—rarotene™ A8 7 GSH-
Px 842 afa typed] FAA7F vlEFAAt] vle) fFe{d2
2 Wty A8 catalased] B2 a/b typesl| A FAA7t
HlEdxle] 3] frelder @Ry on, b-carptene FEE
T type BRAM FoE o2 FAA7E A WEHTHEg. 6.

Dusinska $(50)¢] 97 Z3H4 M= GSTTL mudl type]
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