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Abstract

Introduction: Polychlorinated biphenyls (PCBs) and dibenzofurans (PCDFs) are ubiquitous persistent pollutants in
humans. Whether people with different genotypes are with different susceptibility to these chemicals are unknown. In a
group of people highly exposed to PCBs/PCDFs, we tested the hypothesis that genotypic polymorphisms affected sus-
ceptibility for development of skin manifestations.

Methods: In 1979, approximately 2000 people in central Taiwan ingested cooking oil contaminated with PCBs/
PCDFs. Skin disorder such as chloracne, abnormal nail, hyperkeratosis and skin allergy were found in PCBs/PCDFs
exposed group. We recruited exposed and community background exposure subjects for blood testing and telephone-
interview. Single nucleotide polymorphisms, AhR Arg554Lys, CYP1A1 Ile462Val, CYP1A1 T6235C, and GSTM1/T1
deletion, were determined. Occurrence of skin manifestations was compared among people with different genotypes
while stratified by PCB exposure levels by logistic regression.

Results: Data on exposure, medical history, and genotypes were obtained from 393 exposed and 181 background
exposure groups. Skin manifestations including chloracne, allergy, abnormal nail, and hyperkeratosis were more pre-
valent in exposed people in a dose-related manner. Among highly exposed individuals, combined CYP1A1-Mspl
mutant genotype and GSTM1-null genotype were associated with increased risk of chloracne (odds ratio 2.8, 95% con-
fidence interval 1.1-7.6). Among intermediately exposed individuals, GSTM1 null genotype was associated with skin
allergy. AhR Arg554Lys genotype and GSTT1 null genotype were not related to susceptibility to skin manifestations
in PCB/PCDF-exposed population.

Conclusion. CYP1A1 and GSTM1 genotypic polymorphisms might be related to the susceptibility to PCB/PCDF-
induced skin manifestations.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Polychlorinated dibenzodioxins (PCDDs), polychlo-
rinated dibenzofurans (PCDFs), and polychlorinated
biphenyls (PCBs) are ubiquitous environmental pollu-
tants found in many environmental media and biologi-
cal samples from human populations (Kimbrough,
1985; Jensen, 1987; Anderson, 1989). PCBs became rec-
ognized as potentially harmful environmental contami-
nants in the 1970s, and their use and manufacture
were prohibited in many countries. Despite the ban on
PCBs and cautious monitoring and control of dioxin-
like chemicals, PCBs, PCDFs and PCDDs will be found
in the environment many years to come due to their long
half lives in the environment (Kimbrough, 1985). World
Health Organization (WHO) has published recom-
mendation on total daily intake of less than 1-4 pg
toxic equivalency (TEQ)/kg body weight/day based
on 2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD) (Van
Leeuwen et al., 2000). Although an uncertainty factor
of 10 was taken into consideration, genotype-related
individual susceptibility was not, probably due to
relative lacking of detailed genetic susceptibility infor-
mation.

Genetic polymorphisms might play some roles in
human susceptibility to dioxin-like chemicals. Aryl
hydrocarbon receptor (AhR) has been known as a
ligand-activated receptor for TCDD and dioxin-like
chemicals, such as coplanar PCB congeners and PCDFs
(Reyes et al., 1992). The toxic potency of dioxin and
PCB congeners is highly related to binding affinity to
AhR. Three AhR genotype polymorphism sites belong
to transactivation domain of exon 10 on chromosome
7, including coden 554 (Argine to Lysine), 570 (Valine
to Isoleucine) and 517 (Proline to Serine). AhR plays
an important role to activate the transcription of xeno-
biotic metabolization as well as other genes (e.g., Cyto-
chrome p450 family). In cultured human lymphocytes,
combined Ile570 and Lys554 mutant genotypes were
associated with higher TCDD-induced CYP1A1 expres-
sion, but such association was not shown on Lys554
mutant genotype only (Wong et al., 2001). In Asians,
polymorphisms in coden 517 and 570 were rather rare.

The two most frequently reported CYP1A1 genotype
polymorphic sites included thymine to cytosine (T to C)
transition at position 6235, creating an additional
cleavage site for Mspl and a replacement of adenine
by guanine (A to G) or isoleucine to valine (Ile to Val)
at position 4889, which could be digested by Ncol
restriction enzyme. The polymorphisms (T6235C and
A4889G) mentioned above were found associated with
the inter-individual differences in activity of arylhydro-

carbon hydroxylase (AHH), which was one of the
CYP1A1l enzymes (Landi et al., 1994; Persson et al.,
1997). In animals and cultured human lymphocytes,
CYPI1ALl and 1Bl expression were induced by TCDD
treatment (Vanden Heuvel et al., 1993; Spencer et al.,
1999; Shimada et al., 2002).

Glutathione-S-transferase (GST) enzymes conjugate
hydrophobic and electrophilic compounds with reduced
glutathione to detoxify these chemicals (Evans and Rel-
ling, 1999; Yuspa and Shields, 2001). Among the GST
enzyme family, genetic polymorphisms on GSTM1 and
GSTT]1, involving deletion of 20 base pairs, respectively
(Seidegard et al., 1986; Pemble et al., 1994), result in
deficiencies in the enzyme activities. Accumulated evi-
dences have suggested associations between GSTMI
null genotype and various cancers, including smoking-
induced lung cancer, bladder cancer, colon cancer, and
breast cancer (Alexandrie et al., 1994; Anttila et al.,
1994; d’Errico et al., 1996); and between GSTTI1 null
genotype and smoking-induced chromosome aberra-
tions (el-Zein et al., 1997) and bladder cancer (Sorsa
et al., 1996). Theses genetic polymorphisms are therefore
considered important susceptibility markers for environ-
mental toxicants.

In 1979, over 2000 people in central Taiwan ingested
cooking oil contaminated with PCBs/PCDFs. The epi-
sode was later called Yucheng (“oil disease” in Chinese).
The victims were estimated to consume an average of 1 g
of PCBs and 3.8 mg of PCDFs totally during an average
of nine months of exposure to the contaminated oil (Lan
et al., 1981). Among their clinical manifestations, der-
matological symptoms were most frequently reported,
including chloracne, hyperkeratosis, abnormal nail,
and skin allergy (Guo et al., 1999). These were similar
to those found in the Japanese Yusho (“oil disease” in
Japanese) population (Kuratsune et al., 1971; Naka-
yama et al., 1997).

In this study, we test the hypothesis that genetic poly-
morphisms of AhR, CYP1A1 and GSTM1/T1 are asso-
ciated with skin manifestations in people highly exposed
to PCBs/PCDFs.

2. Materials and methods

2.1. Study population

In 1993, 795 Yucheng subjects and 693 background
exposure subject were telephone-interviewed for com-
plete medical history, as detailed in the previous study
(Guo et al., 1999). Yucheng subjects reported more
chloracne, hyperkeratosis, abnormal nails, and skin
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allergy than the background exposure groups. Among
them, 405 Yucheng individuals had serum levels of
PCBs analyzed in 1980-1982 by means of packed-
column, electron-capture gas chromatography and an
adaptation of the Webb—McCall method to a computer
data system in which PCBs (Kanechlor 500) were used
as reference standards. Background exposure subjects
had mean serum PCB levels of 1.67 ppb wet weight as
previously reported (Guo et al.,, 1997). We recruited
these subjects for genotype determination between
2000 and 2003.

2.2. Genotype determination

DNA was isolated from peripheral blood lymphocyte
by phenol-chloroform extraction. The polymerase chain
reaction combined with restriction fragment length poly-
morphism (PCR/RFLP) was used for the genetic poly-
morphism analysis for AhR and CYP1Al. To detect
AhR single nucleotide polymorphism, DNA (0.5 ng)
samples were amplified in 50 ul reaction mixture
containing 0.4 uM of each primer (Table 1), 1 U Taq
DNA polymerase (AmpliTaq; Perkin Elmer) and
0.15uM of dNTP (Boehringer Mannheim GmbH,
Mannheim, Germany). The PCR reactions were per-
formed with an initial denaturation at 95 °C for 3 min,
followed by 30 cycles at 95 °C for 30s, 58 °C for 30s,
and 72 °C for 30s, and a final extension at 72 °C for
10 min. Amplification products were digested with Msel
at 37 °C for 3 h and then were analyzed on a 4% Nusieve
3:1 agarose gel (BMA, Rockland, ME USA). The ampli-
fication product contained a Msel site which can be
detected in all individuals and was used as an internal
control for the restriction enzyme activity. The 126 bp
DNA fragment amplified from homozygous wild type
was digested into two lengths: 92 bp and 34 bp (Arg/

Arg) while the fragment from homozygous rare allele
had three bands: 71 bp, 34 bp and 21 bp (Lys/Lys).

The CYP1AL1 gene polymorphisms were separately
amplified with the 2 pairs of primers (A and B) as shown
in Table 1. PCR/RFLP profiles were based on the
method of Hayashi et al. (1991) and Shields et al.
(1993). For primers pair A, when an Mspl restriction
site was present, the 340 bp PCR product would be
digested into two lengths: 140 bp and 200 bp. Homozy-
gous wild type (ml/ml) lacked Mspl cutting site. The
195 bp DNA fragment amplified with CYP1A1 primers
pair B from homozygous wild type individual would be
digested into two lengths: 163 bp and 32 bp (Ile/Ile) with
Ncol. The homozygous rare allele (Val/Val) lacked the
Ncol digestion site had the large parent bands.

Genetic polymorphism analysis for the GSTM1 and
GSTTI genes was determined simultaneously in a single
assay using a multiplex PCR approach based on the
method of Arand et al. (1996). The DNA sample was
amplified with 3 pairs of primers as shown in Table 1.
The PCR produced three DNA fragments of 215 bp
(GSTM1), 350 bp (albumin) and 480 bp (GSTT1). In
both GSTM1 and GSTT1 polymorphisms, gene deletion
were responsible for the existence of null alleles. Individ-
uals homozygous with respect to a given null allele lack
the respective PCR amplified DNA fragment. Thus,
Albumin was used as an internal control for the PCR
efficiency.

2.3. Statistical analysis

We entered the data in JMP 5.0 software (SAS Com-
pany) for statistical analysis. Serum levels of PCBs col-
lected in 1980-1982 were classified into intermediate
and high levels by median of PCB exposure level
(51 ppb). The prevalence of each of the four diseases

Table 1

PCR assay primers, product sizes and RFLP enzymes sites

Gene Primers Sequence PCR product  Detection
(5'-3) (bp) enzyme

AhR Forward  GAA TCT TGG ACA TAC GTC AG 126 Msel
Reverse AGG CAT TGA TTT TGA AGA CATT

CYP1A1 PairA  Forward CAG TGA AGA GGT GTA GCC GC 340 Mspl
Reverse TAG GAG TCT TGT CTC ATG CC Ncol

CYPIA1 PairB  Forward GAA CTG CCA CTT CAG CTG TCT 195 Necol
Reverse CCA GGA AGA GAA AGA CCT CCC AGC GGG CCA

GSTM1 Forward  GAA CTC CCT GAA AAG CTA AAG C 215 Null
Reverse GTT GGG CTC AAA TAT ACGGTG G

GSTTI Forward  TTC CTT ACT GGT CCT CAC ATC TC 480 Null
Reverse TCA CCG GAT CAT GGC CAG CA

Albumin Forward GCC CTC TGC TAA CAA GTC CTA C 350 Internal control

Reverse

GCC CTA AAA AGA AAA TCG CCA-ATC
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among background, intermediate, and high exposure
groups was compared by Chi-square test. The difference
of allele frequencies in Yucheng and background expo-
sure group was determined with Chi-square test for five
genetic polymorphisms. We performed logistic regres-
sion analysis to determine relationship between single
gene and each disease, as well as double genes and each
disease, when controlled for exposure level. Odds ratio
(OR) and 95% confidence intervals (CI) were calculated.

3. Results
3.1. Demographic characteristics

A completely telephone interview for 795 Yucheng
subjects and 693 matched background exposure subjects

were obtained, and the lifetime prevalence of chloracne,
abnormal nails, hyperkeratosis, skin allergy, liver dis-

1979 Yucheng
registry (n=2,061)

eases and other symptoms in 1993 were recorded.
Among them, 574 subjects (393 Yucheng and 181 back-
ground exposure) had genetic polymorphisms deter-
mined (Fig. 1). Table 2 compared the demographic
and personal characteristics of Yucheng and back-
ground exposure groups. Stratified with sex, there is
no significant difference in age, education level, smoking
and consumption of alcoholic beverages in both groups.
The median of PCB exposure levels in 1980-1982
(51 ppb) was far higher than that in pooled serum sam-
ple from general population (1.67 ppb) collected in
1992.

3.2. Dose-response relationship between PCB level
and health effects

Among all subjects, 518 could be classified by PCB
level in 1980-1982 into three groups, included 181 back-
ground exposure group; 169 with intermediate exposure

- 5 [ Wrong or incomplete address (n=154) ]

- 5 [ Children born after episode (n=70) ]

- 5 [ Remote address (n=32) * ]
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100 men; 81 women

Fig. 1. Numbers of individuals in Yucheng exposed and background exposure group with genotype analysis and successful interviews
in this investigation as of 1 January 2002. * Subjects in relatively remote districts and those districts that had one or two exposed
subjects, that follow-up for them was considered difficult and financially impossible.
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Table 2
Demographic and personal characteristics of Yucheng and background exposure subjects of 1993 in Taiwan
Sex exposure Male Female
Yucheng Background P-value Yucheng Background P-value
(n=176) (n=100) (n=217) (n=281)
Age (yr)* 50.8 +0.9 53.1+1.2 0.1 454 +0.8 475+13 0.2
30-39 (%) 22 18 48 36
40-49 (%) 21 20 14 21
50-59 (%) 29 28 0.7 24 25 0.2
>60 (%) 28 34 14 18
Education (yr)* 69+0.3 7.1+£04 0.7 53403 6.1+£0.5 0.1
Ever smoked® 106 (60.6%) 67 (67.0%) 0.3 2 (1.0%) 4 (4.9%) 0.1
Ever drinking® 93 (52.9%) 50 (50.0%) 0.4 21 (10.7%) 11 (13.6%) 0.3
PCB level (ppb)© 57.4 - 48.0 -

% Age and years of education were compared by unpaired r-test (mean =+ standard).
b Age distribution, smoking history and consumption of alcoholic beverages were compound by chi-square test (values in parentheses

are percent).

¢ PCB levels were measured by median of level in 1980-1982.

@ background

intermediate
£ high

Disease (%)

PCB level (ppb)

Fig. 2. Disease prevalence according to PCB levels in 1980—
1982. PCB exposed group were divided into “intermediate”:
PCB levels <51 ppb and “high”: PCB level > 51 ppb. *P-
value < 0.001 by Chi-square test in three groups.

(mean of PCB level: 29.0 & 7.3 ppb); 168 highly exposed
(mean of PCB level: 140.0 + 7.4 ppb). Prevalence of skin
diseases included chloracne, abnormal nail, hyperkera-
tosis and skin allergy were significantly increased in
Yucheng groups, in a dose-response manner (Fig. 2).

3.3. Allele frequency in genetic polymorphisms

Five genetic polymorphisms included AhR-Msel,
CYP1AI1-Mspl, CYP1A1-Ncol, GSTTI1, and GSTMI1
are shown in 393 Yucheng and 181 background expo-
sure subjects (Table 3). The common allele frequency
of AhR at coden 554 (Arg) in Yucheng group and back-
ground exposure group was 0.69 and 0.66, comparable
to those among Japanese (0.57; n = 227) and Canadian

Chinese (0.68; n = 41). Both polymorphisms of CYP1A1
at Mspl and Ncol site had common allele frequencies of
0.57 and 0.75, respectively, in Yucheng population, and
0.60 and 0.77, respectively, in background exposure.
GST-M1 null genotype and GST-T1 null genotype
accounted for approximately a half of both Yucheng
and background exposure groups.

3.4. Genetic susceptibility to diseases

In Yucheng population, logistic regression was done
for each PCB exposure level stratum, which demon-
strated that GST-M1 null genotype were associated with
skin allergy only in the intermediately exposed group
(OR =3.1; 95% CI: 1.5-6.7). The other diseases were
not associated with the five genetic polymorphisms.
The results of single nucleotide polymorphism and dis-
cases were shown in Table 4. Gene-gene interactive
effects on skin diseases between three genetic polymor-
phisms (AhR, CYP1A1 Mspl and GSTM1) were shown
in Table 5. In people highly exposed to PCBs, the risk of
chloracne was associated with combined CYP1A1 Mspl
mutant (m2/m2) and GSTM1 null genotype (OR = 2.8;
95% CI: 1.1-7.6). Among intermediately exposed sub-
jects, GSTM1 null genotype were related to skin allergy
in both CYP1A1 genotypic groups (CYP1A1 wild/het-
erozygote, OR: 2.7; 95% CI: 1.2-6.1; CYP1A1 mutant,
OR: 3.9; 95% CI: 1.2-12.6).

4. Discussion

This is the first study on genetic susceptibility to
PCBs/PCDFs in highly exposed humans. The develop-
ment of chloracne was more prominent in those with
CYP1A1 Mspl variant genotype (m2/m2) combined
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Table 3
Allele frequency of each genetic polymorphism in Yucheng and background exposure subjects
Gene Polymorphism Yucheng subjects (n = 393) Background exposure (n = 181) P-value®
A\ H M Af w H M Af
AhR Msel 191 157 44 0.69 80 79 22 0.66 0.60
(Arg/Lys) (0.49) (0.40) (0.11) (0.44) (0.44) (0.12)
CYPI Al Mspl 131 185 77 0.57 69 80 12 0.60 0.53
(C/T) (0.33) (0.47) (0.20) (0.38) (0.44) (0.18)
Ncol 226 139 28 0.75 111 56 14 0.77 0.58
(A/G) (0.58) (0.35) (0.07) (0.61) (0.31) (0.08)
Null Non-null Null Non-null
GST T1 205 188 82 99 0.13
(0.52) (0.48) (0.45) (0.55)
GST M1 213 180 109 72 0.18
(0.54) (0.46) (0.60) (0.40)
W: wild genotype; H: heterozygous genotype; M: mutant genotype; Af: Allele frequency.
% Chi-square test comparing W, H, M genotype between Yucheng and background exposure groups.
Table 4
The association of genetic polymorphism and diseases by PCB level in Yucheng group
PCB level” OR (95% CI) Chloracne Abnormal nail Skin allergy Hyperkeratosis
High (n = 168) CYP1A1-Mspl 1.9 (0.8-4.2) 1.0 (0.4-2.4) 1.3 (0.6-2.9) 1.5 (0.4-4.7)
(m2/m2 vs. m1/ml or m2)
CYP1A1-Ncol 1.0 (0.2-3.5) - 0.8 (0.2-3.0) 1.0 (0.1-5.8)
(Val/Val vs. Ile/Ile or Val)
GST-M1 1.5 (0.8-2.3) 2.3(0.9-7.8) 1.2 (0.6-2.4) 1.3 (0.44.3)
(null vs. non-null)
GST-T1 1.2 (0.6-2.4) 1.5(0.7-3.4) 0.8 (0.4-1.7) 1.1 (0.4-3.6)
(null vs. non-null)
AhR-Msel 2.0 (0.6-6.4) 1.3 (0.3-4.6) 0.4 (0.1-1.7) 0.9 (0.1-5.2)
(Lys/Lys vs. Arg/Arg or Lys)
Intermediate (n = 169) CYP1A1-Mspl 09 (0.3-24) - 1.2 (0.5-2.8) -
(m2/m2 vs. m1/ml or m2)
CYP1A1-Ncol 0.9 (0.1-3.8) 0.7 (0.0-4.2) - -
(Val/Val vs. Ile/Ile or Val)
GST-M1 0.6 (0.3-1.2) 0.6 (0.2-1.6) 3.1% (1.5-6.7) 1.5 (0.2-11.6)
(null vs. non-null)
GST-T1 0.7 (0.3-1.5) 0.6 (0.2-1.6) 0.9 (0.4-1.7) 0.7 (0.1-4.0)
(null vs. non-null)
AhR-Msel 1.0 (0.3-2.6) 0.3 (0.0-1.4) 0.8 (0.3-2.0) 1.3 (0.1-9.4)

(Lys/Lys vs. Arg/Arg or Lys)

(-) Means at least one genotype were zero.
" Means that P-values < 0.05.

% PCBs level were classified intermediate and high by median of level in 1980-1982.

with GST-M1 null genotype in highly exposed popula-
tion. The other genotypes tested, namely, AhR,
CYP1A1 Ncol site, GST-T1 null type were not associ-
ated with increased susceptibility of developing chlor-
acne. In Yucheng subjects exposed to PCBs/PCDFs at
intermediate levels, skin allergy was associated with
GSTMI null genotype.

Humans exposed to TCDD occupationally (Ket-
chum et al., 1999) and environmentally (Caputo et al.,
1988) were well known to develop chloracne. Chloracne
is characterized by keratinized cutaneous cysts or come-
dones (Crow, 1970). Big cysts and comedones were often
presented on below outer side of the eye, behind the ear,
cheeks, forehead, auricles, trunk, inguinal region and
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The interactive effects on skin problems among AhR, CYP1A1l and GSTM1 genotypes by PCB level in Yucheng group

PCB level® PCB intermediate (n = 169) PCB high (n = 168)

OR (95% CI)* Chloracne Skin allergy Chloracne Skin allergy
AhR GSTM1

WH Non-null 1 1 1 1

M Non-null 0.4 (0.1-1.7) 1.2 (0.4-4.1) - -

WH Null 0.4 (0.2-1.0) 2.9 (1.3-6.6)" - -

M Null 1.6 (0.3-7.4) 3.2(0.9-10.4) - —

CYPIAI® GSTM]I

WH Non-null 1 1 1 1

M Non-null 0.7 (0.2-3.6) 0.7 (0.2-2.1) 0.4 (0.1-1.0) 1.0 (0.4-2.7)
WH Null 0.5 (0.2-1.2) 2.7 (1.2-6.1)" 1.0 (0.4-2.3) 1.3 (0.6-3.0)
M Null 0.8 (0.2-6.0) 3.9 (1.2-12.6)" 2.8 (1.1-7.6)" 0.6 (0.2-2.6)
AhR CYPIAI

WH WH 1 1 1 1

WH M 2.3 (0.6-15.4) 0.8 (0.3-2.5) 0.6 (0.3-1.4) -

M WH 2.2 (0.6-14.5) 1.3 (0.4-5.0) 0.6 (0.2-3.1) -

M M 0.4 (0.1-2.2) 1.1 (0.2-7.6) 0.1 (0.0-1.5) -

(-) Means that at less one of three dummy variables were zero.

* Means that P-value < 0.05.

% PCBs level were classified intermediate and high by median of level in 1980-1982.

® CYP1A1 were digested by Mspl restriction enzyme.

¢ Logistic regression model were calculated with independent dummy variables.

external genitalia in PCBs/PCDFs exposure population
(Kuratsune et al., 1996). Although the mechanisms
mediating chloracne development is not clear, one of
the hypotheses suggests that occurrence of chloracne
might be secondary to disturbance of Vitamin A (reti-
nol) homeostasis by TCDD, resulting in effects similar
to vitamin A deficiency (Nilsson and Hakansson,
2002). TCDD was reported to cause increased oxidation
and excretion of vitamin A, and reduced hepatic retinoid
levels (Nilsson et al., 2000). Over-oxidation of vitamin A
in turn induced acne formation. CYP1A1 has been asso-
ciated with TCDD-mediated oxidatives stress (Nebert
et al., 1993), e.g., CYP1A1 was responsible for the oxi-
dation of 17B-estradiol to produce catechol estrogens.
It is possible that CYPlAIl activity is related to
TCDD-induced oxidation of vitamin A.

Genetic polymorphisms in human cytochrome P450
as well as phase II enzymes, such as GST, were rela-
ted to varied phenotypical expression of enzymes which
can influence metabolic activities and toxic effects.
CYPIAl inducibility was shown to be greater in
CYP1A1 Mspl variant genotype in mitogen-stimulated
lymphocytes (Landi et al., 1994), but such differential
induction was not associated with genetic polymorphism
at Ncol site (Persson et al., 1997). In addition, higher
CYPIAl mRNA inducibility in response to 100 nM
TCDD was found in GSTM1 null genotype as com-
pared with non-null genotype in human lymphoblastoid
B cells (Vaury et al., 1995). In this study, increased sus-
ceptibility to developing chloracne in Yucheng subjects

with combination of GSTMI1 null genotype and
CYP1A1 Mspl variant genotype might have been due
to more readily induced hepatic enzymes, resulting in
more accelerated retinoid metabolism and excretion,
leading to abnormal sebocyte differentiation and hyper-
keratinization of follicular canal, therefore the develop-
ment of acne (Paraskevaidis et al., 1998).

It was unclear whether glutathione-S-transferase
activity is related to TCDD toxicity. AHH and GST
activity were both found significantly depressed in the
peripheral lymphocytes among allergic and irritant con-
tact dermatitis subjects, as compared with control (Singh
et al., 1982). Whether such depression was related to null
genotype in GSTM1 is unknown. In Yucheng people,
GSTM1 genotype played an important role in suscepti-
bility to PCBs/PCDFs induced skin allergy, but only
among subjects with intermediate levels of exposure. It
is possible that in highly exposed subjects, exposure to
toxicants was sufficient to produce skin allergy disregard
to genotypes. Conversely, among individuals with inter-
mediate exposure, GST-M1 null genotype, thus a low-
ered capability of detoxifying these toxicants are also
required, in order to cause skin allergy.

In conclusion, we found that exposure to PCBs/
PCDFs causes skin lesions, including chloracne, skin
allergy, abnormal nail, etc. in a dose-related manner.
Genetic polymorphisms such as CYP1A1 and GSTM1
affected susceptibility to developing skin conditions
among the exposed individuals. Among those exposed
to intermediate levels of PCB/PCDFs, GSTMI1 null
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genotype predisposed people to developing skin allergy.
Among Yucheng people, chloracne was associated with
combined mutant CYP1A1-Mspl and GSTMI1 null
genotypes. Although further studies are warranted to
prove such findings since multiple comparisons could
have caused false positive results, genotype variations
and the related differences in susceptibility should be
seriously considered while assessing risk in people
exposed to PCBs and PCDFs, and related chemicals.
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