3t g 9kt 3] A] (Korean J Nutr) 2011; 44(5): 366 ~ 377
http://dx.doi.org/10.4163/kjn.2011.44.5.366

5o o] ¥ u}= Glutathione S-transferase (GST) M1 %

T1 7712 Aol sevet @2 Al ok DNA &4}
AEst dodde A RE o] A=A el v|A = 4

Lymphocyte DNA Damage and Anti-Oxidative Parameters are Affected
by the Glutathione S-Transferase (GST) M1 and T1 Polymorphism and
Smoking Status in Korean Young Adults*

Han, Jeong-Hwa - Lee, Hye-Jin - Kang Myung-Hee'
Department of Food & Nutrition, Daedeok Valley Campus, Hannam University, Daejeon 305-811, Korea

ABSTRACT

Glutathione S-transferase (GST) is a multigene family of phase I detoxifying enzymes that metabolize a wide range
of exogenous and endogenous electrophilic compounds. GSTM1 and GSTT! gene polymorphisms may account for in-
ter-individual variability in coping with oxidative stress. We investigated the relationships between the level of lympho-
cyte DNA and antioxidative parameters and the effect on GST genotypes. GSTM1 and GSTT1 were characterized in 301
young healthy Korean adults and compared with oxidative stress parameters such as the level of lymphocyte DNA, plas-
ma antioxidant vitamins, and erythrocyte antioxidant enzymes in smokers and non smokers. GST genotype, degree of
DNA damage in lymphocytes, erythrocyte activities of superoxide dismutase, catalase, and glutathione peroxidase
(GSH-Px), and plasma concentrations of total radical-trapping antioxidant potential (TRAP), vitamin C, o~ and y-to-
copherol, o- and B-carotene, and cryptoxanthin were analyzed. Lymphocyte DNA damage assessed by the comet assay
was higher in smokers than that in non-smokers, but the levels of plasma vitamin C, 3-carotene, TRAP, erythrocyte cata-
lase, and GSH-Px were lower than those of non-smokers (p < 0.05). Lymphocyte DNA damage was higher in subjects
with the GSTM1-null or GSTT1-present genotype than those with the GSTM1-present or GSTT1-null genotype. No dif-
ference in erythrocyte antioxidant enzyme activities, plasma TRAP, or vitamin levels was observed in subjects with the
GSTM1 or GSTTI genotypes, except f-carotene. Significant negative correlations were observed between lymphocyte
DNA damage and plasma levels of TRAP and erythrocyte activities of catalase and GSH-Px after adjusting for smoking
pack-years. Negative correlations were observed between plasma vitamin C and lymphocyte DNA damage only in indi-
viduals with the GSTM1-present or GSTT1-null genotype. The interesting finding was the significant positive correla-
tions between lymphocyte DNA damage and plasma levels of a-carotene, -carotene, and cryptoxanthin. In conclusion,
the GSTM1-null and GSTT1-present genotypes as well as smoking aggravated antioxidant status through lymphocyte
DNA damage. This finding confirms that GST polymorphisms could be important determinants of antioxidant status
in young smoking and non-smoking adults. Consequently, the protective effect of supplemental antioxidants on DNA
damage in individuals carrying the GSTMI1-null or GSTT1-present genotypes might show significantly higher values
than expected. (Korean J Nutr 2011; 44(5): 366 ~ 377)
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Glutathione S-transferase (GST)&= o1& @eF &4 glu-
tathione= AFAA 54 =4& =izl 9 =
phase II 3l&Ea40|ch"” ZH-70 7oA W= =84
GST9] 745 @A7HA] Aoz o5 7l (alpha, mu, pi, sigma,
theta, kappa, omega @ zeta)7} ¥r&3om,”? o] FojA E3]
GSTMI (mu)2+ GSTTI (theta) 434} T /do] =<1, DNA

GSTT1 genotype®] null typed Ho|H o]= GSTM] &2
GSTT1 A4F0] ZEE/] ltk= ofujojm AujolA] s}
H =S AAN F= ol Wot Y fEEe] =
obzIt}” E3] ZA}o] Qlo] GSTMI & 40| Aee HHl=
g A=Y sfl=2rgol 2 7 Eol HYe
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o2 10 mL heparinated sterile tube (Vacutainer Becton
Dickinson Co.)oll ®ot AgAle] 7}A42 . glutathione s-
transferase -+ 32} T A B4 SJaA] A& 500 s 7
3l -80C Y&aoll st Comet 2418 HE-2 100 ul
heparinated sterile tubeo] HMx & T3, LPHZ]= 1,000 rpm



368 / GST 434 thg Aol w2 ks 8.9l A
oAl 1557 ¥4 Eelso] A9 platelet-rich plasma (PRP)
o] ascorbic acid FH-& AR E AFokth Eejsta
FA2 THA] 3,000 rpmoflA] 3027 DA Eelato] At
2agt & AF=9] platelet-deficient plasma (PDP)+=
aFAel vleblat TRAP (Total radical-trapping antioxidant
potential) A4S 95 -80C WEale| K5kt A=
iso-osmotic phosphate buffered saline (pH 7.4)& #7}s}o]
3,000 rpmeflAl 1027F A4 HelE Al ¥ jHESE F buffer
9} 1 : 12 38} erythrocyte suspension = WHEIT]
HIEH C 48 @45 AeJet @43} A= 24
2 Jste] 24 A7k 80T W-sate]l Hakskirh

QN Ty

AAIE Fol At RS A, vo], SR, S,
A9, 971 & A5 o R, dREY TR AT
O UHARFS 2ARSEITE A E Hofl EUAE AHE-St]
AR =57] 9 o] oS SATIAL, ARAR A%
2 =43t 5 Inbody 520 (Bio-electrical Impedance Fatness

Analyzer, GOl 2 AH|o]A)S o]-8-310] A|F, body mass

index (BMI), waist-hip ratio (WHR)E ZA}sl3ich

Glutathione s-transferase S71A CI¥Y B4

Glutathione s-transferase (GST) M1 Pemble 52] "
g, GSTTI Bell 5779] e ~4ste] afadict
= "1asle] 2dd AE 500 ulLE #5ke] DNA Genomic
Blood Mini kit2 A8l DNAS $=%3}3t] Internal stan-
dard® B-globing AR&-to] {42+ EHQl& 219t multiple
PCRZ Al3staint. PCR 282 913t primer= (G)HFo] Y
ofoll Al AIAGE primers ARS8 €714 Table |
I} .

GSTMI1%} GSTT1 44 42 ¢34 0.1 ug genomic
DNAE Z+2+9] 10 nmol primers, 5 mM dNTP, 0.5 Unit Taq
polymerase (Takara rTaq), 200 mM Tris-HCI (pH 8.3), 500
mM KC1#} 30 mM MgCLZ 20 uL9] PCR &&-Ho] 7}
ato] 941ollA] T8 A7 & 94TolA 30%, 65TlA 30%,
2¢O A 3022 AR 30%] WHESE & T2ToA 58

Table 1. Primer sequences used in the PCR reactions

HES-A1Z ek £2 % PCR product:= ethidium bromide (0.1
ug/mL)E E33 1% agarose gelollA A71%9% 3to] UV 3}

N7 gNe BA 2N 5D

A& Catalaser= AR A7) &30 A2 Eofi== BF
= St W& e o) BlEsie R
TS A 0] aeFS SO RN LTS SHY
4= St} TSt 0) S U =01 (0.1 M o)) cat-
alaseol] 2Jgk ¥k-3-o] A== & ¢F 001 M9] A& FEE A}
Bofjof 5}, ¥h-g-o] & o|Fo|X|A| 57| flfAl= BFS AlZ
F =olk 30% Fofl= BHARSkpa ARkS Eofid 5 Qs
70| FeE AAsjof gtk thAAHES] A8 catalase
o] Bae ArMol| Al Zro] UV/VIS spectrophotometer
(shimadzu UV-1601)] &J3f] <=2y =|3ick. S 28] 50
mM phosphate buffer (pH 7.0)2} hydrogen peroxideE &
7Fet & hydrogen peroxide®] 42 240 nm, 20ColA
3027t SAselch

Superoxide dismutase (SOD)+= pyrogallol (1, 2, 3-trihy-
droxybenzol) 2] A4S oJAsH= SODE] ¥-& S4dh=
o] 7]1%2Z 11 it} Pyrogallol 4280 Wjol|A] 3FA1e] M
£ A5k wWE=A A4s Altshed] O A0 s E 2
FrA R ZAsH Hok 48 SOD BAAEE S48 ¢
3 Ad+ Aol SRTE 824X £ ethanol chlo-
roform< 73kl ©|& 3,000 U/minol|A 287 €4 Eelst
Atk LS HE ofe] FEE o] 37TollA] 1027F uiet
% 20 uL®] pyrogallol (1, 2, 3-trihydroxybenzol) & #7}8F
o] 71 =5 UV/VIS spectrophotometer® 320 nmo]| 4]
18027+ Z748FArk” 28 W SOD| &4 pyrogallol
O] AFEARHE 50% AA|5k= 4lEHs o 2 Aokgl

Glutathione peroxidase (GSH-Px)+ 4= (T-butyl-
hydroperoxide)ol| 23l glutathione®] AFs}E]= HH-8-& =
ufj stck ojuf AFSHE glutathioneS glutathione reductase
o} NADPH®| &4 3}oll thA] glutathione &2 2% 11
NADPH<= NADP=Z AF8HEI), o] 5 o]-8-3f §-8AX] 2d+
of glutathione, glutathione reductase, NADPHE #7}3t

Primer Segeunce (5’ ——-- 3")

GSTT1-forw. ftc ctt act ggt cct cac atc tc

GSTT1-rev. fca ccg gat cat ggc cag ca

GSTM1-forw. gaa ctc cct gaa aag cta aag ¢ GGl ——
GSTM1-rev. gtt ggg ctc aaa tat acg gtg a Globin
p-globin-forw. caa ctt cat cca cgt tca ce GSTMI ——
B-globin-rev. gaoa gag cca agg aca ggt ac




37O A 1027F viFsE 3o T-butylhydroperoxideS
wo] ghgAIzen oju Z4¥l NADPHO| =& UV/VIS
spectrophotometer® 340 nmol|A4] 90% 59t =4&HO 24
GSH-Px9] gtst g SAeklct”
oy g HEE 2

PAAEC] EA ascorbic acide AR VoA 9} o] 2, 4-
dinitrophenylhydrazine method®] ¢J& UV/VIS spectrom-
eterz 24513t} 42 metaphosphoric acid® #|2|5}¢]
Chil 2o A7) 3L ascorbic acidS SHESHAFLE Ascor-
bic acid+= copper-sulfate® #|2]5HH dehydroascorbic acid
2 A3} F diketogluconic acid® 7F5Esf =) o] 2,
4-dinitrophenylhydrazine 2.2 *2|5hd QHAsE A2 M &-9]
osazone®| A=t ]33 UV/VIS spectrophotometer
2 520 nmolA] SA3to] A ascorbic acid®] FEE F4
steiet

PAA=2] €A a-tocopherol, y-tocopherol, ¥ carot-
enoids (o-carotene and B-carotene)-& X ol A&} Zo] eth-
anol= TH AL A| 7313l n-hexane &2 AU F53F &
rotary evaporator® hexane< %%FA]7]al, mobile phase
(metanol: dichloromethane = 85 : 15)9]] =0 HPLCZ &%
stiet

o3 TRAP 4% 24

4 F 727127 FAEEs (Total Radical-traping An-
tioxidant Potential, TRAP)2 =84 azo 3}%H& ABTS [2,
2-azinobis (3-ethyl-benzothiazoline 6-sulfonate)] radical
o] Hof oJsf| 2f=H UG HE&=E peroxyl radicalZ A
deitte o]dg ol &g W o 24" 4 W o-tocopherol,
ascorbate, urate, protein sulfhydryl groups 52| SFAFSHA|
=9 53 SS S4sto] @4 F 7] 2 Akt
& e EE AL 1egS AoFe 4= Q= vl 783
Bholck, d4F 5 TRAP 4232 MR oAt 2] Rice-
Evans®} Miller®] inhibition assayoll Wz} 241519} o] 3
Ho ABTS [2, 2-azinobis (3-ethylbenzothiazo-line 6-sul-
fonate), 150 uMJ]%2} metmyoglobin (2.5 uM)<& H,0, (75
uM)E ZAISIAIF o 28 AYAE ferryl myoglobin radical
species}2] AS 2Rg-of o)) A% ABTS radical cation
9] absorbances £A3t=4| 7|2E F1L 9121 11 absor-
bance®] A Fx= sample (0.84% plasma)ol 50 U=
antioxidant capacity©ll H|#|s}A] Er}. Sampled 65 &<k
30Tl Al BieFEE & UV/VIS spectrophotometer® 740 nm
9] upAol|A] absorbance s S5ttt 42 TRAP =52
trolox2] calibration curve ©|-83}o] A48l o TEAC
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(Trolox Equivalent Antioxidant Capacity, mM)Z ¥&s}%c}

Alkaline comet assayE °I&%t 2+t DNA &4 &3

Alkaline comet assay= A& o412} Z-o] Singh (1998)
o) WS 4, Heksto] AAlstleh AlARE AE 70 ule
900 uL PBS®|| -2 % Histopaque 1077-& 100 uL AF-8-3
Fubtvhs Feekdich Ae] A& vzl ekt 20 ulLE
AF 3ty 75 ulL? 0.7% low melting agarose gel (LMA)Z}
48 % normal melting agarose (NMA)7} precoating ¥
fully frosted slide Y= 15 BALEA 3t & cover glass®
Fo] 40 YAET 51T Gelo] #2H cover glasss H17]
I 72§l ©kA] 07% LMA 88 75 uL= 3t A o Gk
Cell lysisg 918l vl2] 1]l = 2F7He alkali lysis buffer
(2.5 M NaCl, 100 mM Na,EDTA, 10 mM Tris)oll AF-&-2]3
of 1% Triton X-1002} 10% Dimethyl sulfoxideE 42 &
slideE ©7F A2, ddollA 1A7E &<t JA|A]7]0] DNA9
double strandE &o]58It) Lysis7} B4 slideE electro-
phoresis tanko]] Bjgst WA Bist9E A7)9% buffer
(300 mM NaOH, 10 mM Na,EDTA, pH > 13)& A9 40&
&<t unwindingAl# DNAQ| &zhejo] F{oFgt Fe17} Exf
A gk 325 V/300 + 3 mAS] AY-S Aol 20871 A719
T AAsETE A71950] B F Tris €38 (pH 74)
of 1024 @7} Al&st= IS 33] §HE5}o] slides A%
AATE 20 uL/mL 5= ethidium bromide® -2 &4 ¢
A5t cover glassZ B2 F FFAUE (Leica, Germany)
Aol A #&3I4ITE CCD camera (Nikon Japan)E 3-8l EU
Z Z}ZFo] M3 image+ comet image analyzing system
(Kinetic image 4.0, UK)o] AX|% it ZdollA 45131
o}, k9] DNA &4 A= 30 25 H o]53 DNA v
A23] tail length (TL), % DNA in tail, 12|31 TLZ} % DNA
in tail &3+ %k<] tail moment (TM) 5§ 37F4] 4] X2 =2
A EQITEY ZF AL 2709) slideE THE©] 242 5070
A ZF 100719 gt A DNA =44 S S7gsH3ck

Azo| M=

E 27 9] A2 MSAK] Excel database system= ©]-&
3to] Q1218 T statistical package for social science (SPSS-
PC+, version 19.0)% o] &3to] Hgstgich. 2 AEE AE
3l Zof AFEE] Q| (inter quartile range)2] 1.58] Hhof| 3l
= oA (outlien= A|9)8laL A A2 s}tk 2+ Lo
upet g Wtz + F2e} (SE)E ehlal = o 1F
o] H#x]9] KoL Student’s t-testS AHESFICE Al o]
&) BatA|o] Fo4d-2 YPEAHEA] (one-way ANOVA)
9 O] YURAREA (two-way ANOVA)S AAJSHe] Fghe
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319937, LSD (least significnat difference) 22 Duncanss
multiple range test® AFE AHZ35lo] L5kt WS 719
o=k AMHA|E Peason’s correlation coefficient?l r Al
T2 AFA, AT Hert S ASe WA
(partial correlation)& Fokich HE ZAito] tisto] FA
x% 04&4 ﬂ&g a = 0.05 _/[:_ngg o]—ﬁ\:}

Mz

1t

OIS HANY
Ao/ dAe] LREARRRS Table 29k 2tk ik 3017
AL 137902 Farhol= 207 + 024193, oL 164
HO 2 205 + 02419tk ARt 3 FoIxt= 881 (FA &
”1} Fa7te] vlgo| o o
+ 0.8 7i=] <] il E 1]

S, o A
:

2T DNA 24 W FLst AR ofdt 2219 3%

Yk DNA &4 & .
o AAEe] Qubt DNA 548 tail length (TL)Z 2QHS uf
2} tail moment (TM)E X2 ©ff Z¢x}e] DNA SAME 7}
H| &7 ol Hslf f-o]4 o= =3kt (p < 0.05(Fig. 1). 13
U % DNA in tail (TD) A|ZE 2 & DNA SAEE Z¢ojHo]

copherol <& ZF0|& HolA] k2 Wi &% wlekyl Cof
B-carotene =0 AR} H]3|| H|-E< X}"ﬂﬁ FojHor
= e (b < 0.05)Fig. 2). @4 F34eteS ek
+ TRAP =% ARt vlsf vl ZARFolA] =okom,
AAHe] A&t SOD= F¢oll wE Atol& HolA| o2 v
M, catalase®} GSH-Px @4 E+= SR o H]a) B]SAA o
A fojAo g =9kt (p < 0.05)(Fig. 3).

2T DNA 24 W P08t AR TSt GST |T8AL
eyl 3%

A WA} 5 24.6%7F GSTMI-present genotype®| %L
a1, 75.4%7} GSTM1-null genotype®]3ith GSTTI1Co 2 —5’_—
Foll B uf 33.2%7} GSTTI-present genotype®|t
66.8%7} GSTT1-null genotype= EAT} thAkA}9] GSTMl
genotype©l w2t A=k DNA 4 2 4kst A8 ghe
v sl & A= Table 33 Ztf TL % TM2 2 2 ¢up+
DNA €A+ GSTMI genotype©l the} z}o]S Holx] &9k
O} TDE & Yu}t DNA £A4R2 GSTMI-present geno-
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(n=288) (n=213)
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Smoker Non-smoker
(n=288) (n=213)
Tail legnth

Fig. 1. Levels of ymphocyte DNA damage of smokers and non-
smokers, measured with the comet assay. Bars indicates S.E. of
mean. *: p <0.05, ***: p<0.001.

et zjolE Holz| ekgktt ¥&A a-tocopherol ©|4 y-to-
Table 2. General characteristics of the subjects
Variables Men (n = 137) Women (n = 164)

Age, yrs (range)  20.7 = 0.2" (18-30)  20.5 + 0.2 (18-29)
Smoker, n (%) 84 (61.3%) 4 (2.4%)
Height, cm 1763 £ 0.5 161.0 £ 0.4
Body weight, kg 713+ 1.0 55.4 + 0.7
BMI, kg/m’ 232+ 0.3 214+ 0.2
Waist-hip ratio 0.83 + 0.004 0.81 + 0.003
SBP?, mmHg 1267 + 1.0 114.7 + 0.9
DBP?, mmHg 81.7 £ 0.7 75.0 £ 0.6
Smoking habits

Cigarettes/day 13.3 £ 0.8 3.8 + 0.6

Smoking years 4.4 03 25+1.0

Pack-years” 30+03 0.4 £ 0.1

1) All values are means +S.E. 2) SBP: systolic blood pressure  3)
DBP: diastolic blood pressure  4) Pack-years: (Cigarettes smoked/
day x years smoked)/20

1.6 - s 14
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O 084+ 2
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£ 06 A o
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= L O
> 04 A 4
0.2 r2
0 0
Smoker Non-smoker Smoker Non-smoker
(n=288) (n=213) (n=288) (n=213)
Vitamic C B-carotene

Fig. 2. Plasma concentration of vitamin C and p-carotene of
smokers and non-smokers. Bars indicates S.E. of mean. **: p <
0.01, = p<0.001.
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Fig. 3. Plasma levels of TRAP and erythrocyte catalase and glutathione peroxidase (GSH-Px) activities of smokers and non-smokers.

Bars indicates S.E. of mean. ***: p <0.001.

Table 3. Mean values of biomarkers in the subjects measured for GSTM1 gneotypes

GSTM1 genotype

Variables -
Present (n = 74) Null (n = 227) Significance
% tail DNA" (TD) 19.3 + 0.5 21.5 £ 0.3 0.001”
Tail moment” (TM) 5.99 + 0.26 6.41 £ 0.16 NS*
Tail length” (TL) 274 + 0.8 272 + 0.5 NS
Plasma vit C (mg/dL) 1.31 £ 0.05 1.33 £ 0.03 NS
Plasma a-tocopherol (ug/dL) 1219 + 78 1220 + 38 NS
Plasma y-tocopherol (ug/dL) 119.7 + 8.2 127.7 + 4.2 NS
Plasma a-carotene (ug/dL) 3.74 + 0.27 402 + 0.16 NS
Plasma B-carotene (ug/dL) 10.8 + 0.8 11.6 + 0.5 NS
Plasma cryptoxanthin (ug/dL) 21.7 + 0.9 22.1 + 0.6 NS
Plasma TRAP (mM) 1.52 = 0.01 1.52 £ 0.01 NS
Erythrocyte catalase (K/g Hb) 39.6 + 0.9 39.9 £+ 0.5 NS
Erythrocyte SOD (U/g Hb) 2301 £+ 40 2243 + 22 NS
Erythrocyte GSH-Px (U/g Hb) 272 1.7 306 £ 1.0 NS

1) Measured with the comet assay 2) Mean +S.E.  3) Values of GSTM1-present genotype are significantly different from those of
GSTM1-null genotype by Student t-test  4) NS: statistically not significant between GSTM1-present and GSTM1-null genotype by

Student t-test

typeoll H|3l GSTMI null genotype©lA] G240 & =9ir}
(p < 0.05). E7% A3 ulekle GSTMI genotype®ll whet
Aol & Holx| ofgtom AL At a4 FAHEE
GSTMI genotype®ll wHE 2Fo|7F LFepRA] okt

W IAHS GSTTI genotypeell W} 2575k Yk DNA
&2 gl §Als) A ® 7S B AT TLR E DNA &AEs
Z}ol2 Holx| ¢kgkort TDEF TMO.E H DNA &A=}
GSTTI-present genotype®l B]3l| null genotypeol| A 23]
oA 0. = ol GSTMIONA e} vk o] ZJa-& Hltt (Table
4). JARLe] A B-carotene 52 GSTTl-present geno-
typeoll HI3ll null genotypeolAl Ao = =9ttt AE

oot

FARSE &4 B4 %= GSTTI genotype ZF Z}o]& Ho|x]

rorch
FAY)\]

2T DNA &4, 221 3 GST genoytype 2]

o gALe] ubat DNA 4w o) ghaksl X 3ko] J&FS vl
2= Q9lo] ZA GST genotypedl AL = Uglto =g
GST &7k} v &R} 5 o] 9] DNA £4%=7} GST
genotype®]l 23] B G- W=AE ot 7] $1al two-way
ANOVAZ EA3%F Ayl Table 59F 2tk GSTMI geno-
typeollAl 1akt DNA &A= w2l FA% GSTMI
genotype?] gaFo| W& Uepton S3 GSTMI geno-

&O
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type?] AT A8 G §igich GSTTIS] 9= GSTMI
o A 5¢1o] F3Fa} GSTTI genotyped] AdFo] M%: 1}
epton] o] FoAu} GSTTI genotype?] A5 2Hg Gt
UFERA] gkttt o)eh -2 Ads 28 Aik= GSTMI gen-

otype 2 GSTTI genotype 2F &9] %3k}t GSTI gen-
otype?] FFFo] HPZHolet= AS Ko}tk

Fig. 4= GSTMI present 2 GSTM1 null, 28|31 GSTTI
present % GSTTI null 2t ol $lojA] SR} Bl &A=

Table 4. Mean values of biomarkers in the subjects measured for GSTT1 gneotypes

GSTT1 genotype

Variables —
Present (n = 100) Null (n = 201) Significance
% tail DNA" (TD) 223 £ 0.6” 20.4 + 0.3 0.004”
Tail moment” (TM) 6.84 + 0.23 6.04 + 0.16 0.005
Tail length” (TL) 27.8 + 0.6 270 + 0.5 NS*
Plasma vit C (mg/dL) 1.35 = 0.04 1.32 + 0.03 NS
Plasma a-tocopherol (ug/dL) 1229 + 56 1215 + 43 NS
Plasma y-tocopherol (ug/dL) 1219 + 58 127.5 + 4.8 NS
Plasma a-carotene (ug/dL) 3.74 + 0.23 406 + 0.17 NS
Plasma B-carotene (ug/dL) 9.8 £ 0.6 122 + 0.6 0.003
Plasma cryptoxanthin (ug/dL) 222 + 0.9 21.9 + 0.6 NS
Plasma TRAP (mM) 1.51 + 0.01 1.52 + 0.01 NS
Erythrocyte catalase (K/g Hb) 40.0 + 0.8 39.8 + 0.5 NS
Erythrocyte SOD (U/g Hb) 2247 + 38 2263 + 23 NS
Erythrocyte GSH-Px (U/g Hb) 29.6 + 1.5 29.8 = 1.1 NS

1) Measured with the comet assay 2) Mean +S.E.  3) Values of GSTM1-present genotype are significantly different from those of
GSTM1-null genotype by Student t-test  4) NS: statistically not significant between GSTM1-present and GSTM1-null genotype by

Student t-test

Table 5. Effect of smoking and exercise on lymphocyte DNA damage according to the GSTM1 or GSTT1 genotypes in the subjects

% tail DNA (TD)

Tail moment (TM) Tail length (TL)

Variables — — —
Mean + S.E. Significance Mean + S.E. Significance Mean + S.E.  Significance
GSTM1 genotype
Smokers” (n = 88)
GSTM1 present (n = 23) 19.0 + 1.0 NS? 6.47 + 0.48 NS 313+ 1.3 NS
GSTMI1 null (n = 65) 21.0 £ 0.6 6.88 + 0.27 29.9 £ 0.8
Non-smokers” (n = 213)
GSTM1 present (n = 51) 19.4 = 0.6 0.001” 5.80 + 0.31 NS 259 £ 0.9 NS
GSTM1 null (n = 162) 21.8 + 0.4 6.22 = 0.19 26.1 £ 0.5
Smoking effect - NS - NS - 0.000”
GSTM1 effect - 0.015” - NS - NS
Interaction - NS - NS - NS
GSTT1 genotype
Smokers (n = 88)
GSTT1 present (n = 37) 20.6 + 0.9 NS 6.61 + 0.40 NS 294 + 1.1 NS
GSTT1 null (n = 51) 20.4 £ 0.6 691 + 0.29 30.8 £ 0.9
Non-smokers (n = 213)
GSTT1 present (n = 63) 232 £ 0.7 0.000” 6.96 £ 0.28 0.000 26.9 £ 0.7 NS
GSTT1 null (n = 150) 20.3 £ 0.4 574 £ 0.19 25.7 £ 0.6
Smoking effect - 0.01¢" - NS - 0.000°
GSTT1 effect - 0.003” - 0.028" - NS
Interaction - NS - NS - NS
1) Smoked 8 or more cigarettes/day for 6 months or longer 2) Mean +S.E.  3) NS: Statistically not significant between GSTT1-

present and GSTT1-null genotype by Student t-test  4) Currently not smoked 5) Values of GSTM1-present or GSTT1-present geno-
type are significantly different from those of GSTM1-null or GSTT1-null genotype by Student t-test ) p-value of smoking effect by
two-way ANOVA 7) p-value of GSTM1 or GSTT1 effect by two-way ANOVA
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Fig. 4. Lymphocyte tail length of the cell reflected DNA damage in the smokers and nonsmokers by GSTM1 or GSTT1 null/present
genotype of the subjects. Bars indicates S.E. of mean. *: p <0.05, #*: p<0.01, ***: p<0.001.
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Fig. 5. Pearson’s correlations between lymphocyte DNA damage (tail length) and their plasma antioxidant parameters or erythro-
cyte enzymes in the all subjects (n = 301) after adjusting smoking pack-years. r = Pearson’s correlation coefficient, p = probability.
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252 otlrﬂr; DNA £&AME 9 dAF H]E]-U] C, TRAP, & Ay
T+ catalase, &2 GSH-Px ZA = Alolof 229 AlaA7}
ekttt (p < 0.001)(Fig. 5).

A gﬁﬂ FAFS Alojgt &, Jutt DNA &4%=9} g
Akt T R #FE 7He AAIE t AR GST 44+ o
PgERE ‘4"‘01 2 ZA3}= Table 67} 2ot WA A=
GSTMI genotype 2.2 2 72 present typeol|A] DNA <=4k
Lo} &% vl C, TRAP, A&+ catalase -2 GSH-Px
Y= Atolol] -2JAQ1 5-9] ARIAIZE LRt (p < 0.05).
ool v]3] GSTMI null type®ll4l+= present typeollAl E3
© DNA &/45=8F HIEH C Afolof] 59 AFdo] glojxl e
‘1] Uz DNA A= d4 TRAP, 28 catalase

22 GSH-Px BA4%= Atojof] {22121 Z9] A= o
7Z138] YERET) (Table 6). tIAAFS GSTTI genoytypel &
Lheo] £ 77, present genotype°ll Al DNA /4359 @4
TRAP, &8 catalase 2> GSH-Px A= Atolof] 2] 4
THAZE Yepskon o] 39 g5 GSTTI-null gen-
otypedl A% ® Itk GSTTI-null genotype®lAli= DNA <&
APz ok &7} HEF] C AbololE So] AbEAE nolomn,
DNA A= QF &4 o-carotene, B-carotene 22 crypto-
xanthin =% A}o]ol| present genotypell A= UERFA] ¢k
d oA Ao AAIE Eit (Table 6).

=l
2t

GSTE= phase 1T OH Ao|BR GST §
7hlefl glolA 9 HAEAE HARZIAY si=A7 1=
ol et FF= ”Vlf‘:] olof whet 7iQle] A W=
gt 4 9ok ® FAsAY T2 Alst AEH AVE )
37Foh= ROSY 571 %= GST o ofsf 3k ot
S-o] Hag ek whgha GST 5724+ tFa Aol uhel DNA
Apo ojuA| W3lsl=x] & DNA &4 3Hls} A 25
Abo]o] AL ojE A daFS Hh=x]E Aluli AL FAF
3} A A 3 QI gbE kA s o] uie-
o= A=Y Aolth

 AAT} oAk Ukt DNA
I u)A| = 890 A3 GST §-414) Al Zle = v
Wt FAS sHl =W AA ol A ARl 717 el A
AE]o] ROS AJ4to] ] AARZ © 2 =0l A oxidative stress
FAfo] Uhebe 1 A7 A|E] DNA £4bo] Z718t= A
o] oju] X 1% v} QJrk" FAQ] o]2jgt P H Ao
A RS GSTMI1 2 GSTTI genotypel & Ui Zof &
Aol whef EA415kE well 2t genotype QtollAl SAA]
DNA &A% 71 vz o) vlal] =2 202 veh iid=}

74 ke 2
L=

Z
-
)

=)

rh il

o] 74 2

)

Table 6. Pearson’s correlation coefficients between lymphocyte DNA damage and antioxidant-related parameters according to
the GSTM1 and GSTT1 genotypes in the subjects after adjusting smoking pack-years

GSTM1 GSTT1
Variables Present (n = 74) Null (n = 227) Present (n = 100) Null (n = 201)
r! p? r o) r o) r o)
Tail DNA
Plasma TRAP NS -0.192 0.017 NS NS
Plasma a-carotene NS NS NS 0.232 0.007
Plasma B-carotene NS NS NS 0.222 0.010
Tail moment
Plasma vitamin C -0.356 0.019 NS NS NS
Plasma a-carotene NS NS NS 0.200 0.020
Plasma B-carotene NS NS NS 0.207 0.016
Plasma cryptoxanthin NS 0.253 0.001 NS 0.265 0.002
Plasma TRAP —0.436 0.004 -0.522 0.000 -0.387 0.002 —0.540 0.000
Erythrocyte catalase —0.492 0.001 -0.161 0.041 NS -0.292 0.001
Erythrocyte GSH-Px —0.503 0.001 -0.188 0.019 NS —0.302 0.000
Tail length
Plasma vitamin C —0.478 0.001 NS NS —0.228 0.008
Plasma cryptoxanthin NS 0.282 0.000 0.251 0.045 0.256 0.003
Plasma TRAP —0.674 0.000 —0.695 0.000 -0.617 0.000 —0.700 0.000
Erythrocyte catalase —0.546 0.000 -0.318 0.000 -0.344 0.005 —0.356 0.000
Erythrocyte GSH-Px —-0.703 0.000 —0.481 0.000 —0.439 0.000 —0.549 0.000

1) r = Pearson's correlation coefficients 2) p = probability 3) NS = not significant
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PAH (polycyclic aromatic hydrocarbons)-DNA adducts2}
4} retinol, a-carotene % B-carotene AFolofl 2] At
A7} GSTM1-present genotype®llAl= ¢t L}E‘rbh"’_ GSTMI1-
null genotypell A= UERESH, a-tocopherol 22 y-to-
copherol Afolof oFst 2-9] {HAAIE GSTMI1-null genotype
oA} Bk et o] ¢itoflAl GSTMI genotype} &
712 &% HElIE, & B-cryptoxanthin, lutein, lycopene,
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= DNA &40} BlEpd] CoFe] 9] A A7} present
genotypeol| A= Ho]x| 991 null genotypeol| Al UERY
GSTM1 genotypedf= AMIEl= AtE HQAT) o|e} &
A3 DNA 44wt kst %5 7he] Aol dig
WA= GSTMI19] 7-9-+= present genotype®l| 4], GSTTI
9] 7%+ null genotype©ll Al ¥ #th= Z1& Halleth
3t 7}A] Eo|8F A= GSTTI null genotypeol| A #|-8-4
AL HlERTIS] &3 g-carotene, B-carotene 22 crypto-
xanthin 5 carotenoids F=2F DNA AT Alo]of| ZJ2] Ak
A Bolok= 740]‘:]' 19279] YIS oz 3+ A
TollA= GSTMI 24} ool eAIgle] €7 B-caro-
tene®} a-tocopherol %2 DNA adducts®l] G- 1]X] X
okgro] W EQla, ojgg]ol EPIC AtolAlE GSTMI-
null genotype?] A7sE 4212 A o-, B-carotene, retinol
T FE4E DNA &4 7 Sk present ge-
notype®ll A= of2fgt ko] vrep] ohgkeh” 12ut Wang
578 GSTTI-null genotype®|HA &4 B-carotene 5=
o] E7 YeRd diAAE2] DNA adducts 50| GSTTI
present genotypeol‘:q/ﬂ SPAkS] BIERY] =22o0] WOrE oAt
A B & dEste] & dAtol| ALl fARE AitE K
ﬂs}gir:}. DNA &A%E9F @3 carotenoids 4°50] ©|27
o] ATIAE Hole L YEahA] Yt do =
GSTMI1 % GSTTI 312} thg/Adol| uhe} DNA &4t 24
/3 vl 7ho) Az -84 wlEtlate] A 9f
ohE 7)4e] tiefiA= oS HA d7F 2 ed Aoltk
B o] Ao 2= GSTMI ¥ GSTT1 +4%} ofd
of w2 utt DNA EAE S} 3hiks) 2| 322] Zpolet A
% K70l AA| gL 47F WA sk A, Ak
Apof| Hla SARLY] 7} AdiH o R Aol FA
! GSTM1 %! GSTTI1 4%} thaAdo] DNA 419
A A B AEditkes &, 1l o
A E0]o]A DNA &AM E7F AQel A &
E 5 Utk 2 A HAY] HgA 4= 3010 ® A7) ¢
L} 0|58 GSTMI1 9 GSTTIC.2 ThA] 53k 74$- 717}

O_L,._4

&

i
of
1011_!‘

ox H oX O{N I‘L O_L,
M
F_R

o flo
o

1o

1



376 / GST 434 thg Aol w2 ksl 8.9l A

genotype®] A == WA vl & 4= Utk GSTMI + /
GSTTI- 5°2 & genotype?t combination &35 X 1A}
o B Abet AEY A0 HHE Ax WS
7] Al o chebe e Be ok 4t 1a
o olt), o] Hlo] AL F o AT A4 A

ol 7] Y= TAHo| = RIS Htsle] Alg
& A %37} AL Aoz PzyEr)

o] ArpS=rH EME} #3919] QJukT DNA &A%}
gpAksl A HE-S GST 544 thalAdo] ulet zjol2 Mglo
1, F%14, GSTMI-null genotype, GSTTI-present genotype
Q AL DNA &AFS 23138} Akl 2|17} o1glus A

B Aubt DNA &4} AT oo de
Atolof Urehtb= A o] el GSTMI 4
GSTTI 412 thgAdol| whet gepilS s o= glglon
GSTMI-present genotype ¥ GSTTI1-null genotype?] 3%
DNA &47} h4kst /g dialate] oo Aol
Ao 2 Hol JASIA M| o wstA 283k
< & 5 S8k o] RIFICE sl FUSA A
sto] Akst Y IEHIE A8l = we] DNA &4 35
A 3H= GSTMIl-present genotyped} GSTTI1-null genotype
oflAl & st verg 7HsAdol Sl ol & 7S
Brennan 50] &8HAlo|A| watercressE F& w 1 2
TaE AR GSTMIZ GSTTI1 null genotyped!
BANAA o FEHAA yepdthil Bugk Ao g%
URE S E 4 & Aot} 7 A dT= 6“\@]' 4]
gk FAo] T et Yus Adsts A+
zF 7§912] GSTM1 Y GSTTI genotype®]l whet 953 42
A & 4 e A E Hg 712 ARE {85 2

Aolck

o - oM ool
32
32
_Q

o

re e

m{n

AN =0
.

l<I

a3 1L
or
ox

0

off
>1|ﬂ

Olb O

u]
g0

Mz
rHu

_L‘
rlo
ox,
3
)
ril

S tjAte & glutathione S-trans-
AR} trg Ao whel DNA =4 &
Ae Aspeke) AAdo] ojg A yEt
Y=Lk o) E Yool A o
2 23 taRISo] ot Abet
& AL, EdE iH-Hﬁ}Oq GST genotype DNA =4+

H| S AR of| H]3f] &
-carotene, TRAP &, %

2 wgelAelq fo4

J>4 )

2 =9It} (p < 0.05). GSTM19] 7%= null genotype?]l
/\ﬂ GSTT19] 79+ present genotypeolA] Ui+ DNA
o] oo R Eon, B-carotene Akl B
FAkst vlEbgl T} e RS B4 S = GSTMI Y
GSTTI genotype®ll wre} 2Fo]& Holz] grgtet
T FFS Alofgt & HA| ddAte] ddubt DNA &
Ao} Ak W A (o] A E & Ay °‘fﬂr—_rL
DNA A9} &2 vleld] C, TRAP, A& catalase, 22
GSH-Px B4 Afolo]l 52 A=A 7 ekt = DNA
4wt vlE C =39 49 59 A GSTMI
present genotype@ll 4], GSTT1-E null genotypeol| Al LrE
o Solgt Z¥= GSTTIY] ¢ DNA &A4=e 4 o-
carotene, p-carotene -2 cryptoxanthin =5+ Ao pres-
ent genotypeoll A= WERA] QFokE 21491 42 A
A7} byt

ol AmrRe, fejuhet A2 ARlA FAS sHA
1, GSTM1 #4127} AE=AY GSTT1 442471 9l 7

o

DNA ﬁx}x«l 57]- l-jo};q /\1 ﬂx@} AH:,H7]. OPQ% o of
Q1) 0|9} 7o At oko 7 FANS) AlE LS H2E]
FEFFA AEES =P 9 GSTMI-null genotype 4
GSTTl-present genotype H/dAtollA] 4kl At e]
A BT DNA 4 BERIE o $lebl ek 7}
A8l o,

FIF 4 Ho

2] 90
'G_AE

Literature cited

1) Begg CB, Mazumdar M. Operating characteristics of a rank cor-
relation test for publication bias. Biometrics 1994; 50(4): 1088-
1101

2) Cemeli E, Baumgartner A, Anderson D. Antioxidants and the
Comet assay. Mutat Res 2009; 681(1): 51-67

3) Porrini M, Riso P, Brusamolino A, Berti C, Guarnieri S, Visioli
F. Daily intake of a formulated tomato drink affects carotenoid
plasma and lymphocyte concentrations and improves cellular
antioxidant protection. Br J Nutr 2005; 93(1): 93-99

4) Lagadu S, Lechevrel M, Sichel F, Breton J, Pottier D, Couderc R,
Moussa F, Prevost V. 8-0x0-7,8-dihydro-2’-deoxyguanosine as a
biomarker of oxidative damage in oesophageal cancer patients:
lack of association with antioxidant vitamins and polymorphism
of hOGGLI and GST. J Exp Clin Cancer Res 2010, 29 157

5) Pool-Zobel BL, Bub A, Miiller H, Wollowski I, Rechkemmer G.
Consumption of vegetables reduces genetic damage in humans:
irst results of a human intervention trial with carotenoid-rich
foods. Carcinogenesis 1997; 18(9): 1847-1850

6) Noroozi M, Angerson WJ, Lean ME. Effects of flavonoids and
vitamin C on oxidative DNA damage to human lymphocytes. Am
J Clin Nutr 1998; 67(6): 1210-1218

7) Park YK, Park E, Kim JS, Kang MH. Daily grape juice consump-
tion reduces oxidative DNA damage and plasma free radical lev-
els in healthy Koreans. Mutat Res 2003; 529(1-2): 77-86

8) Marcon F, Andreoli C, Rossi S, Verdina A, Galati R, Crebelli R.



Assessment of individual sensitivity to ionizing radiation and
DNA repair efficiency in a healthy population. Mutat Res 2003,
541(1-2): 1-8
9) Sinha R, Caporaso N. Diet, genetic susceptibility and human can-

cer etiology. J Nutr 1999; 129(2S Suppl): 556S-559S

10) Hoffmann H, Isner C, Hogel J, Speit G. Genetic polymorphisms
and the effect of cigarette smoking in the comet assay. Mutagen-
esis 2005; 20(5): 359-364

11) Strange RC, Fryer AA. The glutathione S-transferases: influence
of polymorphism on cancer susceptibility. /JARC Sci Publ 1999,
(148): 231-249

12) Awasthi YC, Sharma R, Singhal SS. Human glutathione S-trans-
ferases. Int J Biochem 1994; 26(3): 295-308

13) Rebbeck TR. Molecular epidemiology of the human glutathione
S-transferase genotypes GSTMI1 and GSTT1 in cancer suscepti-
bility. Cancer Epidemiol Biomarkers Prev 1997; 6(9): 733-743

14) Nan HM, Kim H, Lim HS, Choi JK, Kawamoto T, Kang JW, Lee
CH, Kim YD, Kwon EH. Effects of occupation, lifestyle and ge-
netic polymorphisms of CYP1A1, CYP2EL, GSTM1 and GSTTI
on urinary 1-hydroxypyrene and 2-naphthol concentrations. Car-
cinogenesis 2001; 22(5): 787-793

15) Ye Z, Song H. Glutathione s-transferase polymorphisms (GSTM1,
GSTP1 and GSTT1) and the risk of acute leukaemia: a systemat-
ic review and meta-analysis. Eur J Cancer 2005; 41(7): 980-989

16) Davies SM, Bhatia S, Ross JA, Kiffmeyer WR, Gaynon PS, Ra-
dloff GA, Robison LL, Perentesis JP. Glutathione S-transferase
genotypes, genetic susceptibility, and outcome of therapy in
childhood acute lymphoblastic leukemia. Blood 2002; 100(1):
67-71

17) Masetti S, Botto N, Manfredi S, Colombo MG, Rizza A, Vassal-
le C, Clerico A, Biagini A, Andreassi MG. Interactive effect of the
glutathione S-transferase genes and cigarette smoking on occur-
rence and severity of coronary artery risk. J Mol Med (Berl) 2003;
81(8): 488-494

18) Palma S, Cornetta T, Padua L, Cozzi R, Appolloni M, Ievoli E,
Testa A. Influence of glutathione S-transferase polymorphisms
on genotoxic effects induced by tobacco smoke. Mutat Res 2007,
633(1): 1-12

19) Park E, Kang MH. Smoking and high plasma triglyceride levels
as risk factors for oxidative DNA damage in the Korean popula-
tion. Ann Nutr Metab 2004; 48(1): 36-42

20) Jeon GI, Park E. Effect of glutathione S-transferase polymor-
phisms on the antioxidant system. J Korean Soc Food Sci Nutr
2007; 36(6): 708-719

21) Jo HR, Lee HJ, Kang MH. Antioxidative status, DNA damage and
lipid profiles in Korean young adults by glutathione S-transferase
polymorphisms. Korean J Nutr 2011; 44(1): 16-28

22) Pemble S, Schroeder KR, Spencer SR, Meyer DJ, Hallier E,
Bolt HM, Ketterer B, Taylor JB. Human glutathione S-transfer-
ase theta (GSTT1): ¢cDNA cloning and the characterization of a
genetic polymorphism. Biochem J 1994; 300(Pt 1): 271-276

23) Bell DA, Taylor JA, Paulson DF, Robertson CN, Mohler JL,

33 98t 2] (Korean J Nutr) 2011; 44(5): 366 ~377 / 377

Lucier GW. Genetic risk and carcinogen exposure. a common
inherited defect of the carcinogen-metabolism gene glutathione
S-transferase M1 (GSTM1) that increases susceptibility to blad-
der cancer. J Natl Cancer Inst 1993; 85(14): 1159-1164

24) Park EJ, Kim JS, Jeon EJ, Kim HY, Park YK, Kang MH. The ef-
fects of purple grape juice supplementation on improvement of
antioxidant status and lymphocyte DNA damage in Korean
smokers. Korean J Nutr 2004; 37(4): 281-290

25) Kim YD, Eom SY, Zhang YW, Kim H, Park JD, Yu SD, Lee CH,
Arashidani K, Kawamoto T, Kim H. Modification of the rela-
tionship between urinary 8-OHdG and hippuric acid concentra-
tion by GSTM1, GSTT1, and ALDH2 genotypes. Hum Exp Tox-
icol 2011; 30(4): 338-342

26) McGill HC Jr. The cardiovascular pathology of smoking. Am
Heart J 1988; 115(1 Pt 2): 250-257

27) Topinka J, Binkova B, Mrackova G, Stavkova Z, Peterka V,
Benes I, Dejmek J, Lenicek J, Pilcik T, Sram RJ. Influence of
GSTM1I and NAT?2 genotypes on placental DNA adducts in an
environmentally exposed population. Environ Mol Mutagen
1997; 30(2): 184-195

28) Bennett WP, Alavanja MC, Blomeke B, Vihikangas KH, Castrén
K, Welsh JA, Bowman ED, Khan MA, Flieder DB, Harris CC.
Environmental tobacco smoke, genetic susceptibility, and risk of
lung cancer in never-smoking women. J Nat! Cancer Inst 1999,
91(23): 2009-2014

29) Dusinska M, Ficek A, Horska A, Raslova K, Petrovska H, Vallova
B, Drlickova M, Wood SG, Stupakova A, Gasparovic J, Bobek P,
Nagyova A, Kovacikova Z, Blazicek P, Liegebel U, Collins AR.
Glutathione S-transferase polymorphisms influence the level of
oxidative DNA damage and antioxidant protection in humans.
Mutat Res 2001; 482(1-2): 47-55

30) Reszka E, Wasowicz W, Gromadzinska J. Genetic polymorphism
of xenobiotic metabolising enzymes, diet and cancer susceptibil-
ity. BrJ Nutr 2006; 96(4): 609-619

31) Palli D, Masala G, Vineis P, Garte S, Saieva C, Krogh V, Panico
S, Tumino R, Munnia A, Riboli E, Peluso M. Biomarkers of di-
etary intake of micronutrients modulate DNA adduct levels in
healthy adults. Carcinogenesis 2003; 24(4): 739-746

32) Wang Y, Ichiba M, Oishi H, Iyadomi M, Shono N, Tomokuni K.
Relationship between plasma concentrations of beta-carotene
and alpha-tocopherol and life-style factors and levels of DNA
adducts in lymphocytes. Nutr Cancer 1997; 27(1): 69-73

33) Wang Y, Ichiba M, Iyadomi M, Zhang J, Tomokuni K. Effects of
genetic polymorphism of metabolic enzymes, nutrition, and life-
style factors on DNA adduct formation in lymphocytes. Ind
Health 1998; 36(4): 337-346

34) Brennan P, Hsu CC, Moullan N, Szeszenia-Dabrowska N, Lis-
sowska J, Zaridze D, Rudnai P, Fabianova E, Mates D, Bencko
V, Foretova L, Janout V, Gemignani F, Chabrier A, Hall J, Hung
RJ, Boffetta P, Canzian F. Effect of cruciferous vegetables on
lung cancer in patients stratified by genetic status: a mendelian
randomisation approach. Lancet 2005; 366(9496): 1558-1560



