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Effects of lymphocyte DNA damage levels in Korean plant food groups and
Korean diet regarding to glutathione S-transferase M1 and T1 polymorphisms

Kim, Hyun-A - Lee, Min-Young - Kang, Myung-Hee'

Department of Food & Nutrition, Daedeok Valley Campus, Hannam University, Daejeon 34054, Korea

ABSTRACT

Purpose: GST (glutathione S—transferase) M1 and T1 gene polymorphisms are known to affect antioxidant levels, This study
was carried out to evaluate genetic susceptibility by measuring the effect of DNA damage reduction in the Korean diet by
vegetable food according to GST gene polymorphisms using the ex vivo method with human lymphocytes. Methods:
Vegetable foods in the Korean diet based the results of the KNHANES V-2 (2011) were classified into 10 food groups, A total
of 84 foods, which constituted more than 1% of the total intake in each food group, were finally designated as a vegetable
food in the Korean diet, The Korean diet applied in this study is the standard one—week meals for Koreans (2,000 Kcal/day)
suggested by the 2010 Dietary Reference Intakes for Koreans, Ex vivo DNA damage in human lymphocytes was assessed
using comet assay. Results: In the Korean food group, the DNA damage protective effect of GSTM1 and GSTT1 was found
to be greater in mutant type and wild—type, respectively. and the DNA damage protective effect according to the combined
genotype of GSTM1 and GSTT1 was different depending on the food group, On the other hand, in Korean Diet, the DNA
damage protective effect appeared to be larger in GSTM1 wild—type than in mutant type and was found to not be affected
by GSTT1 genotype. Conclusion: These results can be used as basic data to demonstrate the superiority of the antioxidant
function of Korean dietary patterns and food groups. Furthermore, it may be a starting point to begin research on

customized antioxidant nutrition according to individual genes.
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Table 1. Intake of plant foods and oils in the Korean diet (KNHANES V-2, 2011)

Food group Intake?! Food group Infake
(plant foods and oils) " (g/day) (plant foods and oils) (g/day)
Cereals Kimchi
Rice 180.86 Chinese cabbage kimchi 62.98
Rice cake 15.14 Cubed radish kimchi 8.54
Noodles 9.58 Young leafy radish kimchi 5.98
Glutinous rice 10.17 Dong chimi 5.42
Barley 6.8 Small radish kimchi 6.02
Brownrice 6.6 Na bak kimchi 5.7
Corn 5.53 Watery young leafy radish kimchi 2.95
Flour 5.02 Cucumber kimchi 1.64
Buckwheat noddles 3.73 Beak kimchi 1.24
Noodle soup 3.41 Green onions kimchi 1.1
Total 246.84 Total 101.57
Potatoes Mushroom
Potato 20.9 Oyster mushrooms 1.33
Sweet potato 13.03 Pine mushrooms 1.36
Chinese noodle 1.21 Oak mushrooms 1.25
Starch 0.71 Winter mushrooms 0.52
Arrow roots 0.58 White mushrooms 0.49
Total 36.43 Phellinus linteus 0.23
Fruits Total 5.18
Apples 31.12 Legumes
Citrus fruits 34.73 Tofu 21.26
Pears 16.56 Soybean milk 10.91
Water melons 16.49 Soybean 3.8
Grapes 12.63 Kidney beans 0.66
Oranges 8.20 Red beans 0.6
Persimmons 18.94 Total 37.23
Musk melons 8.13 Qils
Banana 6.14 Soybean oil 3.49
Strawberries 5.21 Sesame seed oil 1.47
Peaches 4.87 Wild sesame seed oil 0.21
Japanese apricots 4.61 Rape seed oil 0.27
Kiwies 2.16 Total 5.44
Total 169.79 Nuts
Vegetables Chestnuts 0.8
Onions 23.68 Sesame 0.65
Red peppers 21.81 Peanuts 0.92
Tomatoes 20.33 Perilla seeds 0.36
Cucumbers 14.93 Walnuts 0.24
Green onions 11.01 Ginko nuts 0.08
Chinese cabbage 10.4 Pine nuts 0.06
Squash 9.78 Total 3.11
Radish leaves 9.14 Seaweeds
Soybean sprouts 8.83 Sea mustard 7.06
Radishes 7.06 Seatangle 1.91
Spinach 6.64 Laver 1.38
Lettuce 6.57 Green laver 0.34
Carrots 5.43 Total 10.69
Sesame leaf 4.7
Garlic 4.06
Cabbage 3.45
Leeks 2.67
Eggplants 2.45
Bracken 2.44
Chwinamuls 2.18
Total 177.56

1) Individual items that comprised more than 1% of the total dietary intake by the group selected in this study are representative of the
plant foods commonly consumed in the Korean diet.  2) g of edible portion/day/person



Table 2. Normal dietary pattern of Korean diet (a week_2,000 kcal/day)')

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

kD21

KD 2

KD 3

KD 4

KD 5

KD 6

KD7

Sorghumrice
Spinach soup

Rice with beans

Mixed cereals rice
Sea mustard soup

Rice with beans
Soybean soup

Toasted bread

Rice with red beans
Soybean paste soup

Rice with beans

Beef radish Grilled Spanish k- ith cabb Radish
Cutlassfish (boiled e,e a I% Soup Steamed egg ied spanish mac Grilled ham V_VI capbage 0, shsoup .
Breakfast . Boiled chicken . erel . Grilled Mackerel Grilled sole (flatfish)
down in soy sauce) Cooked spinach L. Vegetable stick
Laver Stir-fried oyster mush- ) Cooked squash Cooked leaf beet
Bellflower salad . Cooked mungbean Milk (200 ml)
. Cooked crown daisy rooms Cooked mungbean Japchae
Stir-fried Korean-leek sprout )
Radish salsd sprout
Rice Rice . . . Rice Soy.bean. paste soup .
K . Rice with raw fish Soybean paste soup with chinese cab- Rice X
Dried Pollack soup Yukgaejang ) . ) Noodle soup with
Cooked soybean Soft fofu Soybean paste soup with dried radish bage Seolleongtang clarms
Lunch ] y with winter mush- leaves Hotstone pot Bibim- Cooked dried radish . .
Grilled tofu Cooked sweet potato A Fried fish paste
X rooms Bulgogi bap leaves . .
Chinese cabbage stem X . . Small radish kimchi
Kimchi Green laver salad Rakkyo Lettuce Fried eggs Cubed radish kimchi
Cucumber salad Cucumber kimchi
Barley rice . . . . Mixed cereals rice
Brown & glutinous rice . . Brown & glutinous rice . .
Soybean paste soup Rice with beans . . Soybean paste stew Brown & glutinous rice
) . Curled mallow soup . . Mixed cereals rice Pollack stew )
with chinese cab- R Kimchi stew . with tofu Beef and mushroom
X Grilled yellow croaker Soft tofu stew Cooked spinach
Dinner bage Cooked cabbage ) . Pyeonyuk (steamed stew
. . Squash pancake i Cooked chwinamul Griled deodeok e
Fried spicy pork K Grilled saury . K . . pork) Stir-fried anchovy
Chinese cabbage Na bak kimchi Dotorimuk (Acornjelly .
Leafy vegetables Kirnchi Cooked bokchoy salad) Fried Bellflower Cooked eggplant
Green onions salad Water parsley salad
Milk (200 mi) Milk (200 ml) Liquid yogurt (145ml)  Yoghurt (110 ml) Milk (200 i)
Snack Apple (100 g) Kiwi (100 g) Strawberry (200 g) Apple (100 g) Citrus fruit (100 g) Milk (200 ml) Strawberry (200 g)
Citrus fruit (100 g) Persimmon (100 g) Citrus fruit (100 g) Pear (100 g) Banana (100 g) Orange (200 g) Persimm(?rg (]OOg )
Injeolmi (50 g) Jeolpyeon (50 g) Sweet potato (50 g) Potato (130 g) 9

1) Reference: 2010 Dietary Reference Intakes for Korean:s first revision (The Korean Nutrition Society)

2) KD: Korean diet
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Primer Sequences (5' ---—-- 3)
GSTM1-forw. gaa ctc cct gaa aag ctaaag ¢
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genotype. *p <0.05, t-test. Total: mixture of 10 Korean plant food groups.
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Table 4. The effect of Korean plant food group pre-treatment on H,O, -induced DNA damages in human lymphocytes, classified

according to GST genotype')

GST genotypes
Food Groups Group 1 (N=4) Group 2 (N=5) Group 3 (N = 4) Group 4 (N = 4)
GSTM1+/ GSTT1+ GSTMI1+/ GSTT1- GSTMI- /GSTT1+ GSTMI1-/ GSTTI1-
Positive control (H,O,)? 100 100 100 100
DNA in tail (%)
Potatoes 41.84 3,099 39.7+1.7% 38.1+2.1° 459 +2.0°
Nuts 32.3+1.3° 34.2+1.9° 30.3+1.1° 39.4+1.2°
Cereals 4734274 457+15 43.6+22 46.6+1.7
Fruits 17.9+1.0° 24.6+1.9° 20.5+ 1.4 30.0+1.4°
Kimchi 257 +1.29 32.1+1.4P 259+1.79 34.6+1.2°
Legumes 38.4+1.8° 38.5+1.4° 36.0+2.2° 45.4+1.200
Mushroom 14.4+1.1° 208+1.5° 13.0%1.0° 248+1.0°
Qils 50.8+3.3\8 50.5+2.5 459+28 484219
Vegetables 158+0.4° 238%1.6° 18.8+1.29 28.5+1.1°
Seaweeds 23.5+1.29 27.241.4%° 25.5+2.0%° 29.4+1.6°
Total® 36.9+1.3° 33.6+2.4° 31.3+2.1° 433£1.1°
Tail moment (%)
Potatoes 247 £1.98 23.8+1.2% 20.8+2.0 23.0%0.8
Nuts 19.2+1.0°° 18.1+0.8%° 15.6+1.4° 21.5+0.4°
Cereals 30.5+2.4° 26.3%1.4%° 23.0+2.49 25.6+0.6%
Fruits 11.1+0.59 12.7+£0.5° 11.2£1.0% 14.7 £0.4°
Kimchi 16.4%0.9%° 17.5+0.8%° 15.0+1.2° 19.0+1.4°
Legumes 23.4+1.7° 21.9+1.0%° 19.0+1.79 23.1+0.8°
Mushroom 8.3+0.3° 9.6+0.4° 6.3+0.7° 11.8£0.3°
Oils 28.8 £2.3% 30.3£1.4° 23.4+3.2° 26.71.190
Vegetables 10.1+0.59 12.4+0.4P 9.0+0.6° 13.0+£0.3°
Seaweeds 13.7+0.8° 15.1 £0.5%° 13.7+1.1° 16.3+0.4°
Total 20.7 £1.3% 19.340.99%° 17.7 £1.6° 22.5+0.6°
Tail length (%)
Potatoes 350+1.0° 28.1%1.4° 29.4+2.4° 29.7+1.4°
Nuts 29.6+1.5° 23.0+1.5° 227+2.19 29.6+0.6°
Cereals 40.7 £2.1° 30.141.99 30.7£2.7° 33.740.9°
Fruits 229+1.3° 18.7 £0.8° 17.9£1.0° 20.9 £1.5%
Kimchi 29.9+0.7° 23.241.3° 25.0+1.9% 28.241.2°¢
Legumes 343+1.0P 27.4+1.2° 26.6+1.7° 29.9+1.49
Mushroom 15.4+1.2¢9 13.8+0.4 12.4% 1.4 19.0+1.2°
QOils 36.141.3% 35.241.6% 30.3+3.5° 37.3£0.9°
Vegetables 21.7+1.4° 17.6%1.2° 15.9+1.29 21.2+1.2°
Seaweeds 23.941.29 21.2+0.8° 21.0+1.59 25.0%1.1°
Total 28.141.59 24.8+1.0° 26.2+1.99 29.6+1.4°

1) All values are Relative score (%) for positive control (means * SE) 2) Positive control (H,O,): The maximum amount of DNA damage 3)
Different letters are significantly different among GST genotypes by Duncan's multiple range test. 4) NS: not significant 5) Total : mixture

of 10 Korean plant food groups

FollA, B4 GSH 555 GSTMI genotype We} xjol=
ol gsirha AR e waEgi. o3 A7)
o w2} A2 b} sl sl el g B

o FdElo] YA ek BgA iol] T Fo]
o oJel 210 oo o]l BES E2a] AN 2
o= o] Bio] Bal g PASkT AR A7} S

ook sfejet 2o

GSTT1 3} tgdAde] u=
DNA &4 7ZH-83= GSTMId+=
T FLF, AR, HAR, AR, A9,
TE ARA AZZ Z ol RO uq
mutant typel T wild typeol 4] DNA €4 7



20/ GST #7074 T Ao e 4ol o] 44 HFwh §49] DNA &4 14 A

= Vel o83t daks A8 ApRas’)
A=)}, Wilms 523 AQlollA] 4527 B-2u2)e} Al
F2E A7 A3}, GSTTI wild typedl] 4] mutant type
Xt} DNA &4 B89t o] 27 Y- Balsl
om, 71 o= GSTTIo] A&EH Aksle} 3itste] i3
©] pro-oxidant 0= 2|9 Zejus9] 48Pt £

SR} Al 22 e AES RS
]l GSTT1 mutant typedllx= T3k gkslA|e] a3}
9 Uehp] tiRolekn WSk GSTTI wild type
ol quercetin®} vitamin CU} 52} 58 223y T
73, GST 5= X313 UGT, NQO13} 22-& phase 11 4
7} 2 f=ET H,000 o3l dojuls Akt 7Haw7]

79l Aog HQIGE»3233 o]2A| 9 7}x] 7Pde] AA]
i X sARE, 54 25F9] AFH7F GSTMI genotype
oX= mutant typelX], GSTT1 genotypel| e AFLZ
wild typeollx] @4ksl G319} DNA 4 A gl #<]
S JES = A8 V1Kol FAEA] BEEHA B AR

2L Utk ot & AFE B3l ghelA T2 s
A AFE & o st BEEC] GSTMIF
GSTTI1 %A tha ol we} DNA &4 B35 a7¢} 3}
23t Aol MR e FEFS mite 2S IR1g A
Rom, gro g AZAHT GST 84 thaAel] whE o]
g aate] Hesl 7)dS B o X|Esfar 2l At
st 7o Z Helt}

GSTM13} GSTT1 Z0l| 4] o]= genotype©] Z} 2}&oll
HX|= Jgo] TAE Lor 7] 918 GSTMI1} GSTT19]
combined genotype2 Y] ZEFOZ LRI 3] 2] EA] 2
FT9 DNA &4 22895 vlus] B3t o, GSTMI
o] 5 wild typeQ! 13} 27Kt} GSTTIO] 25 wild
typeQ! 1523} 3ol DNA £ B3 a3} A4 Yepd
2lETo] o Bd 02 Bol GSTMI mutant typeX th
= GSTTI wild type?] do] ¢ Ate= 4] 7l
g 7ot} GST F3AF ©F8 A2} isothiocyanate (ITC)
7} R FRE e R, BEEE] 5o AR
st A4 AFeke] BEade B A7l &1 F ITC
T ARk A FH ek #EAe] GSTMI type
of wetMe FsHAl EERAIA]l Fskert, GSTTIoA
+ wild typedlX B 2 #HAZES vERo] GSTTI
wild typecll A ITC7} O] AstEE Ao = AzeTt 36
ITCE= phytochemical®! glucosinolate”} AN 2 S5 HA]
A AR o) FAEE EFAEA MIEAPFES A=
9,1 AEAGS JAsle] B FeRe-S 3
3 ITCE 7HASA| oA phase 1 G422 A|3}AL phase
NEAE 243} A7l 9FS v 2 Aol

=~ O

e e

ARESE A TFrolle AARE R AR wE, 7, T £
gelo] o, AAFel &ale ofe] XY FAE g
T ARl AAaso|BRE QoA AFd ofe] 413
A7 B A7elA YR/, HAR, iR, dafeE A
2]5}32 wl GSTTI wild typell A DNA £ 2+ 37}
EUE o)FE S = drselgta B 4 ok 1
Ay AR Afa elle AT} AXF 9o FAF
S} WAF alzFe ALdE ITCE HIE3 g2 F8 A
50| DNA &4 2haayt F7tol] J3E 7
Holm, 2 AFollA ThF 2t 2Erel S0
Hol Foil7tel wE} GST 3}t b el viA= /-3
221 YTt ME o Zo|BRE o] B
SF UK &7 A28 Aotk
SHH B2 AgellA] 47FA] typeol] W2 DNA /4 7448
7} AET 2 DNA &4 A5E Sk A3 w2t
=24 Jehd ofugt 228 Ulg)7le= ofesiou, DNA
&/ A3k F DNA in tail(%) A2 Hoks wf) A7, 4
A5, HAR, AT, sIExFe] DNA &4 4aaart
both wild type?] 1i-ollA] © E3tthe Ads 758 whe}
t}. Yuan 53%& 773 Aol A 257 L3} 1S 4
#HAAZ 3 GSTMI13} GSTT1 F-32F Aol whe} a4k
3hsol vX= FEFs A9E A3, both mutant typel]
Hlal both wild typedllX] ZET catalase, &7 GR
(glutathione reductase), GST (glutathione S-transferase)
o] 7Rk Blon o] e A= & A7 A
9} A3t} = Wilms 5% vitamin CZ QA Jab7 Al
o] A28t w) GSTMI, GSTTI both mutant typeol]
Al 23121 DNAZ} B &4ES Bl 2 a7 St
A 3kt 28y GSTMIZF GSTTI 321 thad Aol wh
£ ITC 439} ¢ ¥ 98-S A3 Zhao 5409 A7
M= ITC7T 73 AAE & 735 HY 2HEC] both
wild typeX T} both mutant typeol| 4] T o} both mutant
typee] O FEj3hs #Este] 2 A7del= v 4
= BT oH o]= ol mutant typeol] tHdk A1A]
woge) Azjelar AZHETEY webd B Aol e 2
FS A3 v both wild type €1 13} 37 27
(GSTMI+/GSTTI1-) & 33 (GSTM1-/GSTT1+p4%= DNA
&} Bsairt A4 YERES GSTMI B GSTTI19]
mutant type®] @IS F2A O Ho} BAF 2-go] Yo
HOEH DNA &7 g o7} Yehd Aoz B
Aot 1y o ez GSTMI ¥ GSTTI both
mutant typeQl 47ollA BEE AET9] DNA &4 HE§
7} 7P AA JERt A0 = Kol F74R] BAv) BF
A FHUS e o]9f 22 AA BE 7)H e BgE

)
o
X
rr
HS



Journal of Nutrition and Health (J Nutr Health) 2017; 50(1): 10 ~24 /21

W e REAE mETRE $30] Fsd, de.
2 o] FZof tiaix= oS 22 A7 B asith

gha] Aeke] A, AEA AEw Adyele vHiE
GSTM1 wild typedll4] mutant typeol] H]5] DNA £ H
SEW}L A e ole AFe] 9 AReE T
AAElo] A gl FHAQ] AEoE FAE] Jera
Aol ARgslE 2lFo] Foll7iel wet AW tiabt &
Y Aolt}. 34 Ak o] AEES 4olA
Aoz A% FlojolA S sk 7 AEA 2
Foll vlg) g4 2 HES o & Yehdiethal & 5 9l

AAAG FAATAA mUg| el wj g 2Fo] Hol
3k Aes FHS Ak GST-mu 84S A%
Ak, GSTMI wild typeol A 22} 18%, 26% 2713+ B
T8PAA, 1 o]FE GSTMI1 ALEL i) @o] E0i3]
= ITCES ¥jAA)7) 22 GST-mu B4¢] 2Fo]7} vhehd A
o7 Basle] B A7AAE SR eleint AEE T
Ao g A= A el BEFAQ] Y ¥ oyt
AFEE TAE AT O 53 248 7
HEZ 9 AES Wrle gA Rt ol A
3 o| 8-S EE3l7] i G Us T
o)ar IS A7} = ofof sle]etar £t

3H2] A)cto]] thsll GSTMI132F GSTT1 combined genotype
Ul 152 DNA &4 7Z4ans Blwgt 27 fofgh 3t
o7} YFERA] 294TY. o] 9} 22 Au= oful: M-S
ke 7t AEF FEE00 vlEl ] Ad FEE2 FA
Aoz ofe] 2Fe] AN o tdgsiA Eio] Jder=
GST genotypel] thall oj®H So|gh §h3-& HolZ]| &= A
o2 HAth 71 Bt oot AHEH AFEE I AeS
TSR 7 A8 AFT in vitro F BI8ksS 57
3 A1 Telar 3 A8 AFET9) in vitro F S
= (TDAC)¥ ex vivo DNA £ R gylole] A A
TO %5 3 Agk 30§18 Ashe 7 AETe) Xt
3} 9549S oY 71K SHolA] Bl AddEe] T8
5o} gk}, Schroeder 541 A& w7 A 918 2919 7}
AZ, vvkel AJ21S tido 2 3t Dietary Guidelines for
Americans (DGA)} §H2] 2x1e] 2x1siEl g9 vl gt
FAFA AT 457 DGAS) 3H) 2AF A T it
Z}9] total cholesterol @ LDL §-50] 7+A4gto g2 A8
# Zgke] 93 akle] 38A<] HEPt YEdeS Bl
st

2

F_BE
2
i
rob
)
1o
|
e
o
1>
>
5
T
:Jd
ot
>
I
lo,
s

BHS B ATE WA 2om T2 AFHY e
o A7 S Bk B Atk A A4E} T

2139 Blgo] B3k AFEA Ak tisER Q] 11734
AFE G A Aok 2991 Al 4] Are AT} 9l T
SEE F P9 68%E 719slar HAF} HaF
7} 20%4% % FiEleol 7|t ATt 9o M
AZ&2] 2JA7F NEAC (non enzymatic antioxidant
capacity)dl] "|X& 33 @23 Zamora-Ros 54¢] &
ToIX AEEA 13 821E 7H 50~804] At Al 1
AT STAGT 3 QA A S4S SAS A9 g
7 NEAC o] Z7Ftaint. mEgh 2582 At 418
A AZE o 5= QEAS Dol & Estruch 552 A
o2 2Ate A~Ert Wzl SE|H QYUY HARE B
3 2P AEAA FES sl T "drar
vtk Chung 54 AR} o}l E9]w) 9], GSTMI
9 GSTTI 3% @ d=ke] TAE A 2 1522
Sha] AAE S 7171 o]HolE F GSTMI wild typeo] A
1} 52 GSTT1 wild type?] oJ™o|EAIA ol &
Qg o] Y55 Byt 1 Q= HdF0) A4
o] A7 B2 2KXE she 173 ARIMIAIA GSTMI,
GSTT1 both wild typeollx] 38 GST A3} alsls
Hlo| 9 wlA f250] o) F o g F71ehe B s ok’

QR G F2 HHSHE A8H AETN
= 2% v} FEHOE GSTMI2 mutant typedl]A],
GSTTI wild typedll 4] DNA &4 1.8 &317} ] 24 1}
ERto, GSTM13} GSTT12] combined genotypedl] w2
DNA /4 Bo g = 213wl e} vh2 A Vebsdet v
™, 3] 2lgolAE= DNA €4 B35 a37} GSTMI wild
typedllA] mutant typeR T O FA JePto™, GSTTI
genotypedl= P WA o= F 0= UERTE ]9 2
< Ay 3] A4 a2 AR ksl T1s
TS S8k 7IRAETE 2 BlolH, Yot AiRIE
Al wE st BEIYITE ARk A
o] & 4 )& Aot} o Z GST F3A}F thg Aol w2
Sl ghAol A =2 Ak AEA AETY f3F
YIAEE o WA s flEiMe i J1es =
] Fshes LT A7 28 g 502 Bl

B Aol 3 WA AFHOZE ex vivo ATE 9% A
oAt 7 FEste] 72+ GST 134 = S
g JAA N IS FHsHA] Fsldvke Hs & 7 Aok &
Al ZF FRA gdEE 25 27389 o &
oo, 4o 2 W ZF 7 4 32 59 did
A7} st Hol® 72+ 7 1008 o] s
ERSIR oW U AR HolHE A4S 4 AUS
Aot 212t AAE DNA 7445 S4317] 918+ comet
assays T33l7] SiAE 2t AR AE i

fo

[«




22/ GST 34 Aol whe ol o] 24 A5t 244

15070 olge] Ahre drlHo Bastolof s, o
o 7t AE FEE 4] 107) ool HEg @Az
2 482 ok 3 gol T e A= A 2 5
2)7] ofe shte] 92le] HIh. F WA ARH oz

rlo X

oAl WA ARRozE B Age) A 23 o o

O Of
Lo

2 A7 A A HHE diide=E glutathione S-
transferase (GST)M1 % T1 3} t}8Adol| we} gka]o]
A FE AFsks AEA AET 34 A9e] DNA &
g AHE %t FHF UzErt of9Al VRt
SAE obrr] Sl FAEHAT o5 et Az A
Q1 5998S tho 2 PAE AFHste] GST genotype
S ERFslsier 1 F 1748 Addste] DNA &4 74
E9Z Comet assaysS ©]-8-51] =43} L DNA damage
relative score2 LFEFATE A| 57] 23pd = A} %=z
AR 83t dhelo] Bol sk AEA A%S 10
7HA] A AN, AdE, 3, AYR, AR, T
WA, A7 AaF. 2R 27 5, 4 AEaE
T AATZFY 1% ods AF T 8459 AFS I A=
7 AFog AT st e 34 A (Korean diet)
Sl Fstslof|A] wagst (2010 =91 FWFHEH 7=l
A= e 159 B2 (2,000 keal/day)S A28}
Ak GSTMI AL iAol we g2 AEA 2%
9] Tail moment® £ DNA €4 ZHAhg = 2579} oY
FollATE GSTM1 wild typeX TF mutant typeol| A #2135}
Al =34}, o]0l Hlsll DNA €4 7+ 895 % DNA in
tail?} Tail momentZ £ A3}, A5 HLF 24F HA
F A5 slZFoNA GSTTI1 mutant typeol] BI3] wild
typecll A frol8HA ] =4 UEFs T GSTMI13 GSTT19]
combined genotypedl] W} Sk2] 21543 2]3%2] DNA £
A B Ay, AR, AAF, HAR, AR, sl
£ 12 (GSTMI+/GSTTI+) 2 32 (GSTMI-/GSTTI+)
oA, QARE 37 (GSTMI-/GSTTI+)0]14 DNA 44 7+
2 BIL FoebA %o, TN, AR, =5, T,
Total® DNA 24+ 7Hs T37} 27 (GSTMI1+/GSTTI-) 2
37 (GSTMI-/GSTT1+)lA F-28HA] o} 2130l uje}

9] DNA &4+ 7H4- 539}

GST 212} Aol W2 DNA &4 Haasp) vz
Yehbe 21 8118 = ik
) Ak DNA $732] A 7kx] X331 % DNA in
tail, Tail moment, Tail length2 =733 23} GSTM12]
73 wild typeol| 4] mutant typeEt} O] ZA] VERLS
GSTT1¢] 9= genotypedl] W} DNA £4bo] 2EAE
BFE AJAT o] gk 2po| & e A] 43Ut
AEZ 0 F hAoX T2 HFH sk AEA AEaolA
= 2F0) v} BEHOoZ GSTMIS mutant typeolA],
GSTT1-2 wild typeol| 4] DNA £ B3 371 o FA
EPo ™, GSTM 13} GSTT12] combined genotypedl] w2
DNA &% B3 83 = 25l we} o2 4] Yelstth vk
A, 3] g DNA €4 B3 837} GSTMI wild
typeoll A mutant typeRt} T IA YERFES™, GSTTI
genotypedl= P WA o= F 0= UERTE ]9 2
2 A= 3] 284 AE B ARE Y dtsl Vs
TS S8k 7IRAETE 2 BlolH, Yot AiIE
WE A BEdYdTE AR A
S Aol o2 GST 34 g Aol w2
ST} §hA] AEA AlETte] frdF YIRS o HEst
|

M o 192 58 Seks
A

References

1. Ministry of Health and Welfare, Korea Centers for Disease Control
and Prevention. Korea Health Statistics 2015: Korea National
Health and Nutrition Examination Survey (KNHANES VI-3).
Sejong: Korea Centers for Disease Control and Prevention; 2016.

2. Lee HS, Cho YH, Park J, Shin HR, Sung MK. Dietary intake of
phytonutrients in relation to fruit and vegetable consumption in
Korea. J Acad Nutr Diet 2013; 113(9): 1194-1199.

3. Lee JY. A study on planning the policy for the globalization of
Korean food [dissertation]. Seoul: Chung-Ang University; 2009.

4. Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR,
Glass A, Keogh JP, Meyskens FL Jr, Valanis B, Williams JH Jr,
Barnhart S, Cherniack MG, Brodkin CA, Hammar S. Risk factors
for lung cancer and for intervention effects in CARET, the Beta-
Carotene and Retinol Efficacy Trial. J Natl Cancer Inst 1996;
88(21): 1550-1559.

5. Park CH, Kim KH, Yook HS. Comparison of antioxidant and anti-
microbial activities of bracken (Pteridium aquilinum Kuhn)
according to cooking methods. Korean J Food Nutr 2014; 27(3):
348-357.

6. Lee MY, Han JH, Kang MH. Protective effect of Korean diet food
groups on lymphocyte DNA damage and contribution of each food
group to total dietary antioxidant capacity (TDAC). J Nutr Health
2016;49(5): 277-287.

7. Lee MY, Kim HA, Kang MH. Comparison of lymphocyte DNA
damage levels and total antioxidant capacity in Korean and Amer-



10.

11.

12.

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

Journal of Nutrition and Health (J Nutr Health) 2017; 50(1): 10 ~24 /23

ican diet. Nutr Res Pract 2017; 11(1): 33.

. Park YK, Park E, Kim JS, Kang MH. Daily grape juice consump-

tion reduces oxidative DNA damage and plasma free radical levels
in healthy Koreans. Mutat Res 2003; 529(1-2): 77-86.

. Pool-Zobel BL, Bub A, Miiller H, Wollowski I, Rechkemmer G.

Consumption of vegetables reduces genetic damage in humans:
first results of a human intervention trial with carotenoid-rich
foods. Carcinogenesis 1997; 18(9): 1847-1850.

Sinha R, Caporaso N. Diet, genetic susceptibility and human can-
cer etiology. J Nutr 1999; 129(2S Suppl): 556S-559S.

Cho MR, Han JH, Lee HJ, Park YK, Kang MH. Purple grape juice
supplementation in smokers and antioxidant status according to
different types of GST polymorphisms. J Clin Biochem Nutr 2015;
56(1): 49-56.

Cho HJ, Lee SY, Ki CS, Kim JW. GSTM1, GSTT1 and GSTP1
polymorphisms in the Korean population. J Korean Med Sci 2005;
20(6): 1089-1092.

Rebbeck TR. Molecular epidemiology of the human glutathione S-
transferase genotypes GSTM1 and GSTT1 in cancer susceptibil-
ity. Cancer Epidemiol Biomarkers Prev 1997; 6(9): 733-743.
Saura-Calixto F, Goli I. Antioxidant capacity of the Spanish Med-
iterranean diet. Food Chem 2006; 94(3): 442-447.

Han JH, Lee HJ, Cho MR, Chang N, Kim Y, Oh SY, Kang MH.
Total antioxidant capacity of the Korean diet. Nutr Res Pract 2014;
8(2): 183-191.

. Hofmann T, Kuhnert A, Schubert A, Gill C, Rowland IR, Pool-

Zobel BL, Glei M. Modulation of detoxification enzymes by
watercress: in vitro and in vivo investigations in human peripheral
blood cells. Eur J Nutr 2009; 48(8): 483-491.

Lampe JW, Chen C, Li S, Prunty J, Grate MT, Meehan DE, Barale
KV, Dightman DA, Feng Z, Potter JD. Modulation of human gluta-
thione S-transferases by botanically defined vegetable diets. Can-
cer Epidemiol Biomarkers Prev 2000; 9(8): 787-793.

Kim SJ, Kim MG, Kim KS, SongJS, Yim SV, Chung JH. Impact of
glutathione S-transferase M1 and T1 gene polymorphisms on the
smoking-related coronary artery disease. ] Korean Med Sci 2008;
23(3):365-372.

. Yu Y, Song Y. Three clustering patterns among metabolic syn-

drome risk factors and their associations with dietary factors in
Korean adolescents: based on the Korea National Health and
Nutrition Examination Survey of 2007-2010. Nutr Res Pract 2015;
9(2): 199-206.

Woo HD, Shin A, Kim J. Dietary patterns of Korean adults and the
prevalence of metabolic syndrome: a cross-sectional study. PLoS
One 2014; 9(11): e111593.

The Korean Nutrition Society. Dietary referece intakes for Kore-
ans. Istrev. ed. Seoul: The Korean Nutrition Society; 2010.

Lee SG, Oh SC, Jang JS. Antioxidant activities of citrus unshiu
extracts obtained from different solvents. Korean J Food Nutr
2015;28(3): 458-464.

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

Bell DA, Taylor JA, Paulson DF, Robertson CN, Mohler JL, Luc-
ier GW. Genetic risk and carcinogen exposure: a common inher-
ited defect of the carcinogen-metabolism gene glutathione S-

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

transferase M1 (GSTMI1) that increases susceptibility to bladder
cancer. J Natl Cancer Inst 1993; 85(14): 1159-1164.

Singh NP, McCoy MT, Tice RR, Schneider EL. A simple tech-
nique for quantitation of low levels of DNA damage in individual
cells. Exp Cell Res 1988; 175(1): 184-191.

Riso P, Martini D, Moller P, Loft S, Bonacina G, Moro M, Porrini
M. DNA damage and repair activity after broccoli intake in young
healthy smokers. Mutagenesis 2010; 25(6): 595-602.

Marotta F, Weksler M, Naito Y, Yoshida C, Yoshioka M, Maran-
dola P. Nutraceutical supplementation: effect of a fermented
papaya preparation on redox status and DNA damage in healthy
elderly individuals and relationship with GSTM1 genotype: a ran-
domized, placebo-controlled, cross-over study. Ann N'Y Acad Sci
2006; 1067(1): 400-407.

Gasper AV, Al-Janobi A, Smith JA, Bacon JR, Fortun P, Atherton
C, Taylor MA, Hawkey CJ, Barrett DA, Mithen RF. Glutathione S-
transferase M1 polymorphism and metabolism of sulforaphane
from standard and high-glucosinolate broccoli. Am J Clin Nutr
2005; 82(6): 1283-1291.

Lampe JW. Interindividual differences in response to plant-based
diets: implications for cancer risk. Am J Clin Nutr 2009; 89(5):
1553S-15578S.

Yuan L, Ma W, Liu J, Meng L, Liu J, Li S, Han J, Liu Q, Feng L,
Wang C, Xiao R. Effects of GSTM1/GSTT1 gene polymorphism
and fruit & vegetable consumption on antioxidant biomarkers and
cognitive function in the elderly: a community based cross-sec-
tional study. PLoS One 2014; 9(11): e113588.

Hakim IA, Harris RB, Chow HH, Dean M, Brown S, Ali IU. Effect
of a 4-month tea intervention on oxidative DNA damage among
heavy smokers: role of glutathione S-transferase genotypes. Can-
cer Epidemiol Biomarkers Prev 2004; 13(2): 242-249.

Tang JJ, Wang MW, Jia EZ, Yan JJ, Wang QM, Zhu J, Yang ZJ, Lu
X, Wang LS. The common variant in the GSTM1 and GSTTI
genes is related to markers of oxidative stress and inflammation in
patients with coronary artery disease: a case-only study. Mol Biol
Rep 2010; 37(1): 405-410.

Wilms LC, Boots AW, de Boer VC, Maas LM, Pachen DM,
Gottschalk RW, Ketelslegers HB, Godschalk RW, Haenen GR, van
Schooten FJ, Kleinjans JC. Impact of multiple genetic polymor-
phisms on effects of a 4-week blueberry juice intervention on ex
vivo induced lymphocytic DNA damage in human volunteers.
Carcinogenesis 2007; 28(8): 1800-1806.

Wilms LC, Claughton TA, de Kok TM, Kleinjans JC. GSTMI1 and
GSTT!1 polymorphism influences protection against induced oxi-
dative DNA damage by quercetin and ascorbic acid in human lym-
phocytes in vitro. Food Chem Toxicol 2007; 45(12): 2592-2596.
Valerio LG Jr, Kepa JK, Pickwell GV, Quattrochi LC. Induction of
human NAD(P)H:quinone oxidoreductase (NQO1) gene expres-
sion by the flavonol quercetin. Toxicol Lett 2001; 119(1): 49-57.
Seow A, Shi CY, Chung FL, Jiao D, Hankin JH, Lee HP, Coetzee
GA, Yu MC. Urinary total isothiocyanate (ITC) in a population-
based sample of middle-aged and older Chinese in Singapore: rela-
tionship with dietary total ITC and glutathione S-transferase M1/
T1/P1 genotypes. Cancer Epidemiol Biomarkers Prev 1998; 7(9):
775-781.

Visanji JM, Duthie SJ, Pirie L, Thompson DG, Padfield PJ. Dietary
isothiocyanates inhibit Caco-2 cell proliferation and induce G2/M



24/ GST #7304 T ol WHE A4l 1] 484 F2h 849 DNA &4 71 A3

38.

39.

40.

41.

phase cell cycle arrest, DNA damage, and G2/M checkpoint acti-
vation. J Nutr 2004; 134(11): 3121-3126.

Pool-Zobel B, Veeriah S, Bshmer FD. Modulation of xenobiotic
metabolising enzymes by anticarcinogens -- focus on glutathione
S-transferases and their role as targets of dietary chemoprevention
in colorectal carcinogenesis. Mutat Res 2005; 591(1-2): 74-92.
Yuan L, Zhang L, Ma W, Zhou X, JiJ, Li N, Xiao R. Glutathione S-
transferase M1 and T1 gene polymorphisms with consumption of
high fruit-juice and vegetable diet affect antioxidant capacity in
healthy adults. Nutrition 2013; 29(7-8): 965-971.

Zhao B, Seow A, Lee EJ, Poh WT, Teh M, Eng P, Wang YT, Tan
WC, YuMC, Lee HP. Dietary isothiocyanates, glutathione S-trans-
ferase -M1, -T1 polymorphisms and lung cancer risk among Chi-
nese women in Singapore. Cancer Epidemiol Biomarkers Prev
2001; 10(10): 1063-1067.

Schroeder N, Park YH, Kang MS, Kim Y, Ha GK, Kim HR, Yates
AA, Caballero B. A randomized trial on the effects of 2010 Dietary
Guidelines for Americans and Korean diet patterns on cardiovas-
cular risk factors in overweight and obese adults. J Acad Nutr Diet

42.

43.

44,

2015; 115(7): 1083-1092.

Zamora-Ros R, Serafini M, Estruch R, Lamuela-Raventés RM,
Martinez-Gonzalez MA, Salas-Salvado J, Fiol M, Lapetra J, Ards
F, Covas MI, Andres-Lacueva C; PREDIMED Study Investiga-
tors. Mediterranean diet and non enzymatic antioxidant capacity in
the PREDIMED study: evidence for a mechanism of antioxidant
tuning. Nutr Metab Cardiovasc Dis 2013; 23(12): 1167-1174.
Estruch R, Ros E, Salas-Salvadé J, Covas MI, Corella D, Aros F,
Gomez-Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, Lamuela-
Raventos RM, Serra-Majem L, Pint6 X, Basora J, Mufioz MA,
Sorli JV, Martinez JA, Martinez-Gonzilez MA; PREDIMED
Study Investigators. Primary prevention of cardiovascular disease
with a Mediterranean diet. N Engl J Med 2013; 368(14): 1279-
1290.

Chung J, Kwon SO, Ahn H, Hwang H, Hong SJ, Oh SY. Associa-
tion between dietary patterns and atopic dermatitis in relation to
GSTM1 and GSTT1 polymorphisms in young children. Nutrients
2015;7(11): 9440-9452.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


