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ABSTRACT : Eighty-one workers including 38 employees directly incinerating industry wastes were recruited
from a company located in South Korea. To evaluate the association between urinary 1-hydroxypyrene glucu-
ronide (1-OHPG) levels, as internal dose of polycyclic aromatic hydrocarbon (PAH) exposure, and glycoph-
orin A (GPA) mutation frequency, as an early biologic effect indicator. Urinary 1-OHPG levels were measured
by synchronous fluorescence spectroscopy after immunoaffinity purification using monoclonal antibody SE11.
Erythrocyte GPA variant frequency (NN or NO) was assessed in MN heterozygotes with a flow cytometic
assay. The GSTMI and GSTTI genotypes were assessed by a multiplex PCR method. The GPA NN phenotype
frequency was higher in occupationally exposed group (n=14, mean+S.D. 6.6x12.0 in 10° erythrocyte cells)
than in non-exposed group (n=22, 2.1+3.5). Similarly, the GPACNNO or NN) phenotype frequency was higher
in exposed group (n=14, 9.7+17.3) than non-exposed group (n=22,4.2 * 6.3). The above differences failed to
reach statistical significance, but a significant increase was seen in GPA variant frequency levels with increase
in urinary 1-OHPG levels (Spearman's correlation: p=0.06 (NO), p=0.07 (NO or NN)). When this association
was evaluated by GSTMI genotype status, the association between GPA mutation and urinary 1-OHPG levels
was stronger in individuals with GSTMI present genotype (Spearmans correlation; r=0.50, p=0.02). These
results suggest that the association between urinary 1-OHPG and GPA mutation is be modulated by the
GSTM!1 genotype.
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A4, 7 A AR A, QA AT d &
w7 Follx ol cpeksiAl B = I gl

PAHs F2°| J¥-8-=F(internal dose)®d2A] 4A¥v 1-
hydroxypyrene(1-OHP)=} 1-OHPoll glucuronide”} 7 %H%
I-hydroxypyrene-glucuronide(1-OHPG)2] @77} @o] o] %
o] Z “HJongeneelen et al, 1987; Strickland ez al, 1994;
Singh et al., 1995; Strickland & Kang, 1999). Glutathione
S-transferases(GSTs)y= 2 F-22 o] A2 Solg) A} 93
A A1 WS AA F A7 AARAE EA)
glutationeS- Z23Fsle], Bj%5A] B(detoxification)dl= =83t
2402 48 9drhkColes & Ketterer, 1990). GSTMI=
benzo[alpyrene(BaP)Z} #-& PAHs &4, mycotoxin}
aflatoxing 531 Feape, w3 GSTTIE EAleko|
Zhe eb3lpAR ethylene oxide, diepoxybutanes} #7]-8
AE 5 T ok deA Aok (Ketterer ef al,
1988; Pemble er al, 1994). L&|3, YHFQl T3 chofl A
GSTMI°] ¥ F2AH (null genotype; gstml1*0)o] o}r]e}
AelAME F 5074 =] HEE Hod I QthPark e
al., 2000).

717kodefoll gk MESH AFZ2A glycophorin
A(GPA) 4] el AW in viveolld Ve A
A o] BAEE Ay st ML=z
(Langlois et al., 1986). GPAX= Al%e] A¥F el 9]
£ glycoproteine|™, FA1xR= MZ} N} F g 3aAs}
sledl, & Alelell= 219 oju)xAS A9)spH BT
2] Zpo|7} 79| ¢iet. o] whiAle) 7% deA QA o
om, og7|A o] 7} HAFIHTAL sled = ol AAF
A AT 7155 /AR 9lemg, A& frisician
HHA] okl 283, YU E BE QAFdA M
N glycoprotein®] ¥ =E 72 o 50%2 Aoz da]x
U=

B A7l A w2 I YA E (progenitor
cell}?] glycophorin A frAIxlAA] Lot £41E w2 2y
TollAM veh-Re AAME Welo] $3A SR8k Aoy,
M} Nel| H3le] EFe]zjql A E2 o) FFER L ¥
Zsle] MEE Nel A HIFE F43) d & o
(Langlois er al., 1986). ] 24 "o s 271x]2] Ho]
%o YL Rold], 1 F i} di3Aqt A=
73-7-¢) v HelEe NO E3 o)1, VA= 3he)
A3gdo] 7 ule] =2 dEse] SHHIA WolFal
NN #313o|vH(Grant & Bigbee, 1993).

7R PAHsS} -2 F3A EAEA dgk 2] A
E5H3 o3&k (early biologicla effect)e] H7k2A] GPA o]
WS o] 88t A= 25 UEIYHPerera er al,

R T

1993; Schoket et al, 1999). Perera (1993} FE3%
TEZ AP A AW PAHs®] WA} AME3 PAH-DNA
adducts, SJAV] AAHE2] GPALKe] FAd HAst Hr1E )
SET, GPA ®o] algs A oAl AHEZl frefsk
WS HEASA] 3ok

2 ATelME ARz a7y 2EAE dAeR,
PAH Z=29] Ul¥-f2ekinternal dose) TA2ZA 2H 1-
OHPGS} PAH 22| %7] AE3F %J3k(early biological
effects)3 7124 QA AMEL] GPA Wo] Wl-g3ke] o
WS HBsle 97F Sasislch 31 PAHs diAfel
3= A 24} Ehol GSTMIF: GSTTIS) 32 v3Ade)
wel &Y 1-0HPG®] 4%} GPA Ho] W&&-8 )
alodet.

Mz o 2l
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Monoclonal antibody 8El11(Mab 8E11): bovine serum
albumin(BSA)ell Z &% guanosinedl] & HFEH 7.80-
dihydroxy-9ot,100-epoxy-7,8,9,10-tetrahydrobenzo[a]pyrene
(BPDE-D)e| A} (mice)*] HY 28X qhEeizichSantella
et al., 1984). 1-hydroxypyrene glucuronide(1-OHPG)+
NCI Chemical Carcinogen Repository(MRI, Kansas, MO,
US.A)ZHE #HE318]Yh. Methanol® £% 99.85%2A
HAYMAN(Witham, Essex, UK)d]A FY3tsi}r. GPA
N-specific antibody BRIC 1579} GPA M-specific antibody
6A7+= International Blood Group Reference Laboratory
(Bristol, UK)2-258 F45tdch. PCR A& GSTY
gene primer2 AREE|o)A] B-globin(G5-5 GAA CTC CCT
GAA AAG CTA AAG C; G6-5 GTIT GGG GTC AAA
TAT ACG GTG Gy BIONEER(Cheongwon, Chungbuk,
Korea)2 58] F1gj o, 7 vkl RE Aleke 71 Ao
AE< AHElAs

oo

A7 ] a7eA dal= 8149 224
£ ALz o]Fo] Fow, g TERES F AR =
27l M A EE R QlRlell A xEEE ZEA))
a3A] gL FEXE o] 71 sigint WA 2A
5= AR, 28715 AA Skl EEAL 2497 &
ZFZ (incinerator)& #9331 221 2233 472 A olA]
2#7] A2le] RE FAHE Aelsle TERAH, & 389
ojct. fralldllell A x2EA| o= TEAY Eie 2
AAelA A JF5 3= ZEAS) ek JFE s 2
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2} & 4370t}

7+ 22ae] F -, &5, AR AF Ao 24 A3
a3 Aol e 28 o 3o Ag 3 A77Y
A (self-administered) A-EX| 5 E3ld ZAME- 3130}

AMETHE

A RGO m)E 2R Aol R ° F poly-
propylene ol 31319100, AR —70°Ce| WYFTeNA
BHs19 T, 8% creatinineS FAI3R] A3 PHAIR
(G mhe 2 Azkzk 22 A7k EDTA sterile
vacutainer F-Hol| AF i, $E HA L F /= B5E
slde. 1 & sh-Re GPA A% $13le] —°Cel| B 8}
I FAE sl om, v GSTY AAF B3 S oot
R Al AR} FIL, —70°Cel BaE|eisle)

2HL 1-Hydroxypyrene Glucuronide(1-OHPG) 4

4 4 miZ 4N HCl 0.1 miE 371k §F 90°CeilM 1
A7} E}} dry-bath incubatorell A hot acid X=lgtc}. 12
I methanol 4 mi¥ & 4 ml® Sep-Pak Cl18 cartridges
(Waters, Milford, MA, USAYZ 2433} F acid M)
AHE qFAT T, 4mle] E2 1A AEE 8 F 30%
methanol2. 22} M|&-& 3kc}, v}x]whS2 80% methanol 4
mlZ cartridgeZ FH3le] AT P A|RE 4234
culture tube(12X75 mm, Corning, USA)l W=t} o] A
BZ o 05 ml AE HEE Speed Vacd AHE3l] B
£ & o2, 0.5Xphosphate buffered saline(PBS, pH 7.4)
E F7ksle] T 4 mlo] HEF g} o|FA AzE A
2% monoclonal antibody S8EI11(MAb 8E11)°] Z3gr%l
cyanogen bromide(CNBr)-activated Sepharose 4BE- poly-
prep chromatograghy column(0.8X4 cm, BIORAD)| %
Zl8}ed TE0)Zl immunoaffinity columns(IACYS E3HA]7
AAE gk}, WA 05XPBS 4 mlE IACE AlH F 4]
2E columng EHAF)E, ©HA] 05XPBS 4mlE
columng AAH3gcl 281, 0.5XPBSE IAME 25%
Methanol 4 miZ columng E3A17] F vpAheg 0.5X
PBSE 3]4% 70% Methanol 4 mlZ columne] Z¥=
1-OHPGE E2j3it} AHz|gl A28 93] AZA F =
2mlZ %9l & synchronous fluorescence spectroscopy
(SFS, Perkin Elmer LS50B Luminescence spectrometer,
Norwalk, CT, USA)E excitation-emission wavelength®]
Apol Z 34nmE she] BAsI ZA2ke] o AlEe
creatinine kit(Sigma-Aldrich, USA)& o]8-3}¢] creatinine
w2 2A5T 1-OHPGEES HASIe]vh(Strickland e
al., 1994).

Glycophorin A(GPA)2] tHo| WEE 24

A9 AAAALE HYFE TR ], DUZE F
AL Ak PFEAE TR A, 223 flow
cytometer® A Z2] $F A= w2 FAE] 9ot GPA
Wo] "] Z4ubie BR6 GPA ¥4 Hhgozx A
Al HYF FolA] WHelF HEL] +F At single-beam
flow cytometer(FAC-Scan, Becton Dickinson and Co.,
NI, USAYS ol-fslslom, & gAld F 7k 3%
EAL 77 Faksled AN, N =] disiMe
BRIC 1578, M =i dsixe 6A7 FUASE S
ALg-5helch(Langlois et al, 1990). 2Hg ZE -2
Consort-Il(Hewlette Packard)Z AF8-8}ic},

FHR CHEY AE

225 goloA DNAS 223193, glutathione S-
transferase(GST) M1Z} T1¢] #+42F o342 multiplex
PCRE o]83ld E18}5icH(Chen er al., 1996). PCR 1}
9] 242 d-nucleoside triphosphate(dNTP) 0.2 mM,
Tris-HCl(pH8.3) 10mM, KCI 50 mM, MgClL, 1.5mM, Taq
polymerase 1.25 unit(TaKaRa R0O04A), 7} primer 50 pmole,
template 5 pl(50-100 ng/uhE HkgAe] F 50 prt =7
393t} Thermal cycler: BioRadA}e] Gene cyclerTME
ARg3led 94°C 43 53} pre-incubation A1Z] ¥, denaturation
A OB 94°C 202, annealing-primer F-2ZA 22 57°C
20%, extension-DNA EA} ZA 02 72°C 45%F 303] 4t
e, 2 F Al 72°C 587 thermal cyclerell A
incubation A|Z e} o7]A] ezl PCR product 10 plE
3% Metaphor agarose gel(FMC BioProducts Cat. 50180)
o loadingdled 50 Voltol Al 1A1ZF %5-¢t running 3 ¥
UV transilluminatordtoil A bandZ #elslil ARAS dAic).
GSTMI-S 210 bp, GSTTI-- 480 bp XA &el==
AL 71E0R A g3AdS BRIE, B-globing W
B 2o AdAnt

A=xe| Wy

EAA AR Azl F A 2t 2jelo] FRlAE I
317 9JalA] Mann-Whitney testS o]-8313] 3L, FA5} &
W PAHs®] thAb AFE G} A2 WSS A #A
Pearson?} Spearman correlation coefficientE- ©]-8-3}31 v}
A3yl 1-OHPGS} GPA Wo| #alge] AA = o WeE
log *|8ksle] F3]H A3 EA (multiple linear regression
analysis) & ©]-8-3le] EAE 3t BE A8 M
SPSS 9.0 A FH71A(SPSS Inc., Chicago, IL, USAYE
o] gdle] FAL Fgow, BAXH FAH HAAFES
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Table 1. Urinary 1-OHPG levels (mol/mol creatinine) in relation to smoking status and genetic polymorphisms*

G Incinerator workers Controls All subjects
roups N Mean=S.D. N Mean=S.D. N Mean=S.D.
1-OHPG 38 0.29+0.19 41 0.26+0.20 79 0.27+0.20 p=0.07
Smoking
Smokers 29 0.28+0.13 22 0.30+0.20 51 0.29+0.16 p=0.85
Non-smokers 6 0.37+£0.39 16 0.23+0.21 22 0.27+£0.27 p=0.12
p=0.63 p=0.04 p=0.02
GSTM1
Present 18 0.25+0.09 20 0.22+0.13 38 0.24+0.12 p=0.11
Null 16 0.27+0.15 20 0.30+0.26 36 0.29+0.22 p=0.68
p=0.95 p=0.43 p=0.56
GSTT1
Present 21 8§$fgig 30 0.28+0.23 51 0.27+0.20 p=0.40
Null 13 .p:(; 5'4 10 0.21+0.11 23 0.24+0.11 p=0.22
’ p=0.66 p=0.83

*All statistical tests were performed by Mann-Whitney test.

p<0.052 A3},
< 2t

Al 2e7) 2ol SRS ZEAL 8IS A=
B QF7} o]Fe] Fow, FA TEAE 7Y, (A4 2=
e 10509, TEAES] 932 204014 60417kA] T
A Bl glon, FF d3-E 34740k Akd e
A7) B == fel ) A F2EE ARG, W
Ad: 3424 2 ARIA el AR fFafilAlel
Z2 7] o= AHh43E, 35.04)2 2 el BlaslH.

2 fafdalel 25 FelA 1-0HPGY s=7} &
A et glalent, AAY Ao FAIAQ AelE He
ZF9cHp=0.07, by Mann-Whitney test)(Table 1). PAHs
Z2 An=38)lAe] 2 1-OHPGY] Al &%
Hx}= 0.2940.19 pmol/mol creatininee]™, ¥]FHZ7-(n=41)
£ 0.2640.20 pmol/mol creatinine® Yepsgteh Fd7} 1-
OHPG $%2l9] A= A2 23} FdelMye freol3t
o) E Ho|x) ook, B Pl ATl Fo)3F 2ol & B
o] F31 g)edti(Table 1). GSTMIZ} TS AHY 1-OHPG
9 ¥22 Atz Al Ay A% EFLOE Vo]
v BokS o) EAH R f03 AolE AT 4 ¢
2dTHTable 1). LogX|2HE 1-OHPGY] sx¢} FdAke] st
F Fogzle] At WAl AA TEAR} HA 2Tl
Fagko) 71 ol wet FAA R e FHS &
4> 919 vH(Spearmans correlation coefficient=0.32, p=0.01,
n=79) (Fig. 1).

GPA o] 382 M3} N glycoprotein HH 3AAE

B2l 7HRA A gl Al At S o] 7lsstar, webA &
TR o 50%AENAMTE FA ] sl AT F
AL} 38 F 149l AR 439F 22l M Tte]
GPA ¥o] AxE dofa 4 gloleh. 1 Ax 24497 F
AR} 1478¢] Glycophorin A(GPA) NN ®e] W&+
EFHAA}L, 664120 in 10%rythrocyte cells)o] FAH| =T
207(2.1£3.5)2] GPA NN o] W3g 8o} B7 e,
GPA NO+NN ®o] W& =3 27T FAR(n=14,
974173y} ANEF =22, 4.2+6.3)H7} ¥A vehix
AL, 2 AelE FAALE 3Rl gl =3t
GPA NO+NN o] W&&-2 GSTMI null genotype(n=13,
8.27+17.44)0] GSTMI present genotype (n=22, 5.28+
77HB} A YePGZ, GSTTIHAME vlz7Ez 2 null
genotype (n=12, 7.371£9.59)°] present genotype (n=23,
588+ 1341D)RF ¥A vepgort BAMoR fefetAl=
Akt

28] 1-OHPGY] %9 %] 2715kl ule} GPA
o] Wk $Fo] Z71E2 91%) T (Spearman's correlation:
p=006 [NOJ, p=0.07 [NO+NN]|)(Fig. 2), GSTMI present
genotypesl| 21 GPA NO+NN o] W&z AW 1-
OHPGY] Ab+ FAE vlzs] & o FAXE Fo34)
Z7lsk1 9k (Spearmans correlation; r=0.50, p=0.02)
(Fig. 3).

[

a

Glycophorin A £4-2 2 Ajirlsel =Z€ Alge]
24 93 A E(progenitor)?] glycophrin A FAAIA 4
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Fig. 1. Relationship between log[1-OHPG] and number of cig-

arettes smoked per day (A: in all workers, Spearmans corre-

lation, r=0.32, p=001, n=79, B: in on-site controls, r= 0.36,

p=0.03, n=41, C: in incinerators, r =0.20, p =0.26, n = 38).
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Fig. 2. Relationship between log[GPA variant frequencies
(NO): — -] and log[GPA variant frequencies (NO+NN): —]
and log[1-OHPG] in incinerator workers (NO: Spearmans cor-
relation coefficient = 0.33, p=0.06, NO+NN: Spearmans cor-
relation coefficient = 0.32, p=0.07)

A2 4R AR A abeel =5 ARES dAfeE
A7} o]Folx hk(Langlois et al, 1987, 1993; Jensen
et al., 1995).

E Q7= PAHe F23 42 2222] GPA Wol
go| v1ZE Ackz} vlwsl] BokS o fel3k vheAle
kAT, GPA NO *o]9} GPA NO+NNejlA] Ay 1-
OHPGS}S] A3t THAE & o) folalA Fvbshe s ¢
4= 9l%vK(Spearman’s correlation: p=0.06 [NO], p=0.07
[NO+NNJ). o] A3}= PAHs F=o] ¥ 45 Bl 1-
OHPG7} 4 B4 EA Z7| AETHH 33 early
biological effects)®37} EAZA GPA ¥o| HHES o5
& 5 9lE BAUL A FRe Aol

127} GPA Wo] &L B o d¥e] Fr1ErE W
o] M=} ZF7Igtcle F AFAN) AR BAACE
frolalA e atrh@Eg 5, 2000). B ATelME Qi
GPA W] ul= Wa-g=} At #A7} BelA] oot §
S 3= A viEd A vlas] £ o, & d7elA
E GPA o] 2& 2] zlolE WA 47t gl e, 71&
of] Aais]o]zl ol oJshd, 3|2 AR} UF AL 3l
AN 35 Flakl wle} GPA o] Wago| Fvksk=
Zog Buwe] Hrh(Akiyama er al, 1996). 3|5, 1-
OHPGS} Faae] AE FARSR vi$ fejst st
HAE HolT e}, ofe} & A= oln] 2 A=A 9]
= Az} U5 Vet
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GSTM] null genotype (Spearmans correlation, r=-0.11, p=0.71),
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.18

A 7HA] PAHs®] F2of gt AEsPHel ARZ |-
hydroxypyrene(1-OHP)o] o] o]-8-=g]t}. s}A3t &
A= PAHs T2 3P1el pyrene®| F& AL AR 1-
OHPGE ¥4 38l%iv}h. 1-OHPGE 1-OHPEE} ¢F 304 5
7HA] o B2 (PEE 1 AR oduin glerme,
PAHs®| F2afo] H& Z2AAME & =z A=t
2 A%E H7} & 4 9lokStrickland et al., 1994; Singh
et al., 1995). =3t GSTMI mull genotypeell log *|3H
GPA o] W&} log X3k 1-OHPGe}S] #AlIM &
o] AFAE Hol3l, GSTMI present genotypedl| A= ko]
A BAE Ho|x gle}. o) GPASH PAHs9| EZao]
a2 GSTMI 317 B34 8] AAeA ofwgt A7} o)

Pt
ax

5] -

51O A,
00O

upg - 73]

=

= Zeg F2Eu, qEslA die] offEE F o
A7t 22 & o= Addd

HAEX R glycophorin A HWo] MEE Hrh= A gA o
2 PAHs®} 22 fréll B8l =25e AdellM fralldat
ol &Jgt odakS A uiegsle] eEH 7ol 83 S
Ax2A - 7bedE Bed F3L 30

HAlel =2

B Q3 385 1990d % BK21 oA Hoko] x]w}
At A7 F @ 79T AelelA #j9dg Q7
(99-14-2088)0l] 23] 3= A5
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