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BACKGROUND: Endometriosis, an estrogen-dependent disease, is believed to be influenced by multiple genetic
and environmental factors. Here, we evaluated whether the risk and severity of endometriosis are associated with
polymorphisms in estradiol-synthesizing enzyme genes: the Ser312Gly polymorphism in 17-beta-hydroxysteroid
dehydrogenase type 1 (HSDI7B1) and the Arg264Cys pelymorphism in cytochrome P450, subfamily XIX (CYP19).
METHODS: All participants underwent diagnostic laparoscopy, and the stage of endometriosis was determined
according to the Revised American Fertility Society classification. Of the 138 women enrolled, 59 had no endome-
triosis, 21 had stage I, 10 had stage II, 23 had stage III and 25 had stage I'V. SNPs were discriminated by allele-
specific oligonucleotide hybridization. RESULTS: Individuals having at least one A-allele (A/G ox A/A genotype) of
HSD17B1 showed a significantly increased risk of endometriosis (A/G genotype: adjusted OR, 3.06; 95%CI 1.21-
7.74; A/A genotype: adjusted OR, 3.02; 95%CI 1.08-8.43). There was a significant trend associating A/G + A/A
genotypes with severity of endometriosis (P for trend <(.01). No statistically significant association was found for
the CYP19 polymorphism. CONCLUSIONS: Evidence for association between the Ser312Gly polymorphism in
HSDI17B1 and endometriosis was found in a Japanese population. The A-allele of HSD17B1 appears to confer
higher risk for endometriosis.
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Introduction

Endometriosis, one of the most common causes of female
infertility and chronic pelvic pain, is defined as the presence
of endometrial tissue outside the uterus. Three predominant
theories have been proposed for the etiology of this disease:
Mullerian remnants, metaplasia and direct implantation of
endometrial cells (El-Mahgoub and Yaseen, 1980; Murphy
et al., 1986; Fujii et al., 1991). Although the exact preva-
lence is still not known, endometriosis affects up to 5-10%
of women of reproductive age (Wheeler er al., 1989). The
prevalence of endometriosis is as high as 20—-50% in infertile
women (Strathy ez al., 1982; Rawson et al., 1991).
Endometriosis is regarded as a complex trait, in which
genetic and environmental factors contribute to the disease
phenotype (Kennedy et al., 1998). A variety of factors affect
the development of endometriosis, including hormonal status
and genetic factors. For example, women with shorter inter-
vals between menstruation and longer duration of menses are

at higher risk for endometriosis (Vercellini et al., 1997). The
risk of endometriosis is seven times higher if a first-degree
relative has been affected by endometriosis (Simpson et al.,
1980). However, the interaction between genetic suscepti-
bility and environmental factors is not yet adequately
understood.

The development of endometriosis is estrogen-dependent.
Endometrial implants contain estrogen and progesterone
receptors (Lessey et al., 1989) and respond to ovarian hormo-
nal changes, causing local bleeding, inflammation and for-
mation of adhesions. The three main estrogens are estradiol,
estrone and estriol. Estradiol, the most active form, is
produced either from estrone via 17-B-hydroxysteroid dehy-
drogenase type 1 (HSD17B1) or from testosterone via cyto-
chrome P450, subfamily XIX (CYP19, aromatase) (Mitrunen
and Hirvonen, 2003).

Current evidence indicates that polymorphisms in genes of
drug-metabolizing enzymes can affect phenotypic metabolic
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variations. The HSDI7B1 gene is located in chromosome
17q12 and has a polymorphism consisting of an A to G sub-
stitution in exon 6, resulting in an amino acid change of
Ser312Gly (Puranen et al., 1994). The CYPI9 gene, located
in chromosome 15g21, has a polymorphism consisting of C
to T substitution in exon 7, resulting in an amino acid change
of Arg264Cys (Toda et al., 1990).

Genetic polymorphisms involved in estrogen synthesis and
metabolism may play an important role in the variation of
endometriosis among individuals by altering local estrogen
production or circulating levels of estrogen. Here, we evalu-
ate whether the Ser312Gly polymorphism in HSDI7B1 and
Arg264Cys polymorphism in CYPJ]9 are associated with the
risk and severity of endometriosis. A case-control study was
conducted on these two polymorphisms in patients with
different stages of endometriosis and controls.

Materials and methods

The protocol for the study was approved by the Institutional Review
Board of University of Miyazaki, The Jikei University School of
Medicine and National Cancer Center. All subjects gave their wri-
tten informed consent before the laparoscopic examination.

Study participants

This study was a part of a case—control study of endometriosis.
During the years 1999-2000, 139 women were recruited at the
Department of Obstetrics and Gynecology, The Jikei University
School of Medicine Hospital. Participants were patients between the
ages of 20 and 45 who had complained of infertility and attended
the hospital. The study protocol excluded all women from the study
who had ever given birth or lactated. Of the 139 women recruited,
only one was excluded from subsequent analysis because a DNA
sample was not available.

All participants underwent diagnostic laparoscopy, and the stage
of endometriosis was determined according to the Revised Ameri-
can Fertility Society classification (r-AFS) (American Fertility
Society, 1985). Of the 138 women enrolled, 59 women had no endo-
metriosis, 21 had stage I, 10 had stage 11, 23 had stage III and 25
had stage IV.

Cases and controls were similar in several confounding factors.
Risk factors for endometriosis include age, shorter menstrual cycles
and longer duration of menstrual flow (Vessey er al., 1993; Eskenazi
and Warner, 1997). The mean age of the cases was 32.4 years and
33.1 in the controls (P = 0.35). No significant difference was
observed in the duration of menstruation. However, there was a sig-
nificant trend towards cases having shorter menstrual cycles com-
pared to the controls (28.8 days for cases and 30.7 for controls,
P =10.03).

Genotyping

Blood samples were obtained before the laparoscopic examination.
Genomic DNA samples were extracted from peripheral white blood
cells by using a DNA Extractor WB Kit (Wako, Osaka, Japan).

A 67bp fragment in HSDI7B1, including an SNP site located at
27 bases from the 5’ end, was amplified using sense (5'-CTGGGGC-
AGAGGACGAGG) and biotin-labeled antisense (5-GCGGCCGG-
AGGATCG) primers. A 56bp fragment of CYPI9, including an
SNP site located at 31 bases from the 5 end, was amplified using
biotin-labeled sense (5'-GCCATAGAAGTTCTGATAGCAG) and
antisense (5'-AGTTTCTCTTCTGTGGAAATCCT) primers. PCR
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amplifications were performed using a TPC-200 thermal cycler (MJ
Research Inc., Watertown, MA) in a total reaction volume of 25 ul
containing 20 ng of DNA sample, 0.6 U AmpliTag DNA polymerase
(Applied Biosystems), 0.25mM dNTPs, 0.2 uM primers and PCR
buffer [I X GC buffer II (Takara Bio Inc., Otsu, Japan) for
HSDI17B1 and 1 X GeneAmp PCR buffer (Applied Biosystems) for
CYPI9]. The amplification protocol comprised initial denaturation
at 95°C for 5min, then 35 cycles of denaturation at 95°C for 15s
and annealing at 55 °C for 30s.

SNP discriminations were conducted in a manner similar to that
described previously (Maruyama er al., 2004) with details as fol-
lows, based on allele-specific oligonucleotide hybridization using
bio-nano magnetite particles (Takeyama et al., 2000, Matsunaga
et al., 2001). Cy3- and Cy5-labeled detection probes were designed
for each SNP as follows: Cy3-labeled HSDI7B1 A-allele detection
probe (5'-CCGGGCGCAGTGCGGTG), Cy5-labeled HSDI7BI
G-allele detection probe (5-CCGGGCGCGGTGCGGTG), Cy3-
labeled CYPI19 T-allele detection probe (5'-AATCCTGCATCTT-
TTTT) and Cy5-labeled CYPI9 C-allele detection probe (5'-AAAT-
CCTGCGTCTTTTTT). All the following experiments were per-
formed u_sing the semi-automated SNP detection processor (Tanaka
et al., 2003).

Biotinylated PCR product (12.5 ul) and streptavidin-immobilized
bio-nano magnetic particles (25 pg/12.5 pl), which were prepared
according to the method described by Yoshino et al. (2002), were
mixed and incubated for 15min at room temperature for capturing
the PCR products on the magnetic particles. PCR products were
denatured into single strands by alkali treatment (10 mM NaOH).
After neutralization of the mixture by neutralization buffer (100 mM
Tris—HCI pH 7.5, 3mM EDTA, 0.1% BSA), 25 pl of hybridization
buffer (1M tetramethylammonium chloride, 37.5mM Tris—HCI
pH7.5 and 3mM EDTA) containing 12.5 pmoles of Cy3-labeled
and Cy5-labeled detection probes was added to the PCR products
captured on magnetic particles.

The mixture was rapidly heated up to 70°C, and then cooled
slowly to 25°C over 10min to allow hybridization of the detection
probes and biotinylated PCR products. The optimum temperature
for dissociating single-base mismatched probes was determined by
analysis of dissociation curves. The mixture was heated to the opti-
mum temperature: 56 °C for HSDI7B1 or 54 °C for CYP19, and the
detection probes dissociated were removed at this temperature using
an automated SNP detection processor (Maruyama et al., 2004).
Finally, the mixture was heated to 80°C to liberate the hybridized
detection probe into the supernatant.

The fluorescence intensity of the liberated detection probe was
measured at Ex: 540nm, Em: 570nm for Cy3 and Ex: 645 nm, Em:
675 nm for Cy5 by a microplate reader (BMG Labtech, Offenburg,
Germany), respectively. The samples were classified into three dis-
tinct categories according to the signal ratio of Cy5/Cy3: (i) those
with values >2, representing samples with the homozygous G/G
genotype in HSDI17B1 or the homozygous C/C genotype in CYPI9;
(i) values <<0.5, representing samples with the homozygous A/A
genotype in HSDI7B1 or the homozygous T/T genotype in CYPI9;
(iii) intermediate values, representing samples with the heterozygous
genotype.

Statistical analysis

To estimate the risk of endometriosis, crude odds ratios (ORs) and
95% confidence intervals (95% Cls) were calculated for subgroups
with the different genotypes with respect to the Ser312Gly
polymorphism in HSDI7B1 and the Arg264Cys polymorphism in
CYPI19. ORs were adjusted for three endometriosis risk factors: age,
menstrual cycle and duration of menstruation, using multiple logistic
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regression analysis by SPSS for Windows software (version 11.0.1J,
SPSS Japan, Tokyo, Japan).

The Wilcoxon rank-sum test for trend was also used to estimate
the associations between the two polymorphisms and stage of endo-
metriosis (Goodman ef al., 1954). All statistical tests were based
on two-tailed probability. P << 0.05 was considered statistically
significant.

Results

Of the 138 DNA samples, 10 could not be reliably genotyped
and were excluded from subsequent statistical analysis (six
subjects for HSDI7BI, four subjects for CYPI9). The
observed genotype distributions were in Hardy—Weinberg
equilibrium in the control subjects.

Test for association with risk of endometriosis

Table I shows the genotypic and allelic distributions of
HSDI17B1 and CYPI9 polymorphisms. Individuals with at
least one HSDI7B1 A-allele (A/G or A/A genotype) showed
a significantly increased risk of endometriosis (A/G geno-
type: adjusted OR, 3.06; 95%CI 1.21-7.74; A/A genotype:
adjusted OR, 3.02; 95%CI 1.08-8.43). A similar result was
obtained in comparison of the combined A/A 4 A/G geno-
types with the G/G genotype (adjusted OR, 3.05; 95%CI
1.30-7.14). No significant association was observed between
the Arg264Cys polymorphism in CYPI9 and risk of endome-
triosis (C/T genotype: adjusted OR, 1.35; 95%CI 0.62-2.95;
T/T genotype: adjusted OR, 0.41; 95%CI 0.09-1.85).

Test for association with severity of endometriosis

To evaluate whether the Ser312Gly polymorphism in
HSDI7B1 and the Arg264Cys polymorphism in CYPI9 are
associated with the severity of endometriosis, participants
were categorized into three groups according to r-AFS classi-
fication: controls, stage I-II and stage III-IV (Table II).
There was a significant trend between the combined A/G +
A/A genotypes and stage of endometriosis (P for trend
<0.01). No statistically significant association was found
between the Arg264Cys polymorphism in CYPI9 and stage
of endometriosis (data not shown).

Discussion

In the present study, we evaluated whether two polymorph-
isms in estradiol-synthesizing enzyme genes are associated
with the risk and severity of endometriosis. The results of
this study suggested that the Ser312Gly polymorphism
in HSDI7B1 is associated with both risk and severity of
endometriosis, while no associations were found for the
Arg264Cys polymorphism in CYPI9.

In this study, we applied strict clinical criteria for the defi-
nition of cases and controls. One third of women with endo-
metriosis are asymptomatic, and laparoscopy or laparotomy
is indispensable for the diagnosis of endometriosis. All
participants in the present study underwent diagnostic
laparoscopy and were diagnosed according to the r-AFS
classification. In addition, bias from confounding variables
was minimized by adjusting ORs for the risk and stage of

Table I. Genotypic and allelic distribution of HSD17B1 and CYP19 polymorphisms

Adjusted OR® (95%CT)

3.06% (1.21-7.74)
3.02* (1.08-8.43)
3.05%* (1.30-7.14)

1.35 (0.62—-2.95)
0.41 (0.09-1.85)
1.13 (0.54-2.36)

Polymorphisms Cases n (%) Controls n (%) Crude OR (95%CI)
Genotype Allele Genotype Allele
HSDI17B1 Ser312Gly
G/G 13 (17.3) G allele: 66 (44.0) 22 (38.6) G allele: 65 (57.0) 1 1
A/G 40 (53.3) 21 (36.8) 3.22%* (1.36-7.66)
A/A 22(29.3) A allele: 84 (56.0) 14 (24.6) A allele: 49 (43.0) 2.66% (1.02-6.94)
A/G, A/A 62 (82.7) 35(61.4) 3.00%* (1.35-6.68)
CYP19 Arg264Cys
c/C 35 (46.0) C allele: 107 (70.4) 29 (50.0) C allele: 81 (69.8) i i
C/T 37 (48.7) 23 (39.7) 1.33 (0.65-2.73)
T/T 4(53) T allele: 45 (29.6) 6 (10.3) T allele: 35 (30.2) 0.56 (0.14~2.15)
C/T, T/T 41 (54.0) 29 (50.0) 1.17 (0.59-2.32)
“ORs adjusted for age and menstrual characteristics.
*P < 0.05.
P < 0.01.
Table II. Severity of endometriosis associated with HSD17B1 polymorphism
Endometriosis G/G genotype A/G, A/A genotype Crude OR (95%CI) Adjusted OR* (95%CI)
Controls
n (%) 22 (39.7) 35 (60.3) 1 i
Stage I-1T
n (%) 7 (23.3) 23 (76.7) 2.07 (0.76-5.62) 2.07 (0.69-6.20)
Stage III-IV
1 (%) 6(13.3) 39 (86.7) 4.08%* (1.49-11.22) 3.99%* (1.41-11.26)
“ORs adjusted for age and menstrual characteristics.
P for trend <0.01.
P <0.01.
976
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endometriosis for variables known to affect endometriosis:
age, menstrual cycle and duration of menstrual flow. Detailed
questionnaires were designed to determine patients’ men-
strual cycle and duration of menstruation. The questionnaires
were administered by a trained interviewer before the laparo-
scopic examination to minimize recall bias.

Retrograde menstruation is thought to be one of the main
causes of endometriosis. However, retrograde menstruation is
a common phenomenon (Kruitwagen et al., 1991), and not
all the women of reproductive age are affected by endome-
triosis. In short, women with endometriosis can be considered
to have defects in the regulation of endometrial proliferation:
(i) a tendency to proliferate endometrial tissue, and (ii)
impaired clearance of abnormal endometrial tissue (Vinatier
et al., 2001).

Development of endometriosis is estrogen-dependent, and
several features of this disease can be explained on the basis
of overproduction of estrogen. Current therapy consists of
hormone treatments aimed at lowering circulating estrogen.
Genetic polymorphisms in the estrogen-synthesis or estrogen-
metabolizing enzymes may cause inter-individual variation
of levels and activity of circulating estrogen.

Estradiol, the most physiologically active form of estrogen,
stimulates the proliferation of the endometrium during the
ovulatory phase of the menstrual cycle. The HSDI7B1 geno-
types found to be associated with endometriosis may confer
increased activity or expression of HSD17B1 enzyme, caus-
ing increased exposure to estradiol. Our results suggest that
possessing at least one A-allele of the Ser312Gly polymorph-
ism in HSDI7B] increases the risk of endometriosis. Further-
more, AG+ AA genotypes showed a significantly increased
risk for severe endometriosis (P for trend <<0.01). These
findings support the idea that the Ser312Gly polymorphism
in HSDI17B1 is associated with the risk and progression of
endometriosis, especially in terms of the inter-individual vari-
ation of estradiol synthesis.

Breast and endometrial cancer, like endometriosis, are con-
sidered to be estrogen-dependent diseases. The results of this
study are consistent with those of a previous study that exam-
ined the Ser312Gly polymorphism in HSDI7B1 and breast
cancer risk. When the HSDI7BI A-allele and CYPI7
A2-allele were considered as the high-risk alleles, the risk of
advanced breast cancer among women carrying four high-
risk alleles (HSDI17B1 AA and CYPI7 A2A2) was 2.21 com-
pared with that of women who carried none (Feigelson et al.,
2001).

The CYP19 gene, encoding aromatase, plays a crucial role
in estradiol synthesis. However, we could not find any associ-
ation between the Arg264Cys polymorphism in CYPI9 and
endometriosis. A possible explanation for this negative result
might be a lack of a functional effect for this polymorphism.
A previous study reported that aromatase activity was not
affected by the Arg264Cys polymorphism (Watanabe et al.,
1997).

Three major limitations must be considered when evaluat-
ing the results of this study. First is the relatively small num-
ber of subjects. Although we found statistically significant
differences, the 95% confidence intervals were relatively

HSD17B1 and CYP19 polymorphisms and endometriosis

wide, reflecting the small number of cases. The sample size
was sufficient to detect odds ratios of three or larger with
80% power at the 5% level of significance. The lack of a sig-
nificant association with the CYPI9 Arg264Cys polymorph-
ism means only that we failed to detect a difference. It
remains unclear whether this polymorphism affects
endometriosis.

Secondly, the distribution of HSDI7B] alleles in the con-
trol group deviated considerably from the expected Hardy—
Weinberg equilibrium, a difference that was not significant
(P = 0.06), but was on the edge of being so. The discrepancy
may result from the small number of subjects or from the
characteristics of the control group. The setting of this study
is a hospital, and the control group is women complaining of
infertility. Because of the requirement for a surgical diagno-
sis, the selection of a control group in case—control studies
of endometriosis has been particularly difficult (Zondervan
et al., 2002), and it is difficult to exclude a selection bias
completely. Development of non-invasive methods for diag-
nosis or a prospective randomized trial will minimize any
sampling bias.

Lastly, endogenous estrogen levels were not measured in
this study. HSD17B1 is not expressed in normal endometrium
or endometrial hyperplasia (Utsunomiya et al., 2001). One
possible explanation of the apparent influence of HSDI17B] is
that the HSD17B1 A-allele increases the level of circulating
estradiol. Although an in virro study failed to demonstrate
any change in HSD17B1 catalytic activity produced by the
Ser312Gly polymorphism (Puranen et al., 1994), a recent
molecular epidemiological study showed that HSDI7B1 A/A
genotype was associated with higher estradiol levels in lean
women (Setiawan et al., 2004). The functional effects of the
Ser312Gly polymorphism in HSDI7B] and the Arg264Cys
polymorphism in CYPI9 have not yet been clearly estab-
lished. Further information on functional changes and more
epidemiologic studies will help clarify the association
between these polymorphisms and endometriosis.

Many alleles have been reported to vary in frequency
among different ethnic or geographic populations. In the pre-
sent study, allelic frequencies of HSDI17B1 Ser312Gly poly-
morphism in control individuals were similar to previously
reported distributions in Chinese and American populations:
A 0.43 and G 0.57 in Japanese and Chinese populations, and
A 0.51 and G 0.49 in an American population (Wu et al.,
2003; Setiawan et al., 2004). On the other hand, large vari-
ations were found between Japanese and Caucasians in the
CYPI9 Arg264Cys polymorphism: C 0.70 and T 0.30 in a
Japanese population, versus C 0.96 and T 0.04 in a Caucasian
population (Hefler et al., 2004).

In summary, we demonstrated that the Ser312Gly poly-
morphism in HSDI7BI1 was associated with the risk and
severity of endometriosis in a Japanese population. The A-
allele of the HSDI17B1 gene is considered to be a high-risk
allele for endometriosis. However, no association was found
between the Arg264Cys polymorphism in CYPI9 and endo-
metriosis. The results of this study are not conclusive
and further investigation is warranted. Endometriosis is a
complex trait. The many factors contributing to the disease
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phenotype make its pathophysiology very difficult to under-
stand. Progress in the genetics of the disease, including

understanding of genetic polymorphisms, will facilitate
research on endometriosis.
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Analysis of the AhR, ARNT, and AhRR gene
polymorphisms: genetic contribution to endometriosis
susceptibility and severity
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Hiroshi Sasaki, M.D, Ph.D.,° Shoichiro Tsugane, M.D, Ph.D.% and Tsuyomu lkenoue, M.D, Ph.D.®
Departments of ? Public Health and  Obstetrics and Gynecology, Miyazaki Medical College, University of Miyazaki, Miyazaki;

© Department of Obstetrics and Gynecology, Jikei University School of Medicine, Tokyo; and ¢ Epidemiology and Prevention
Division, Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo, Japan

i Oblechve To explore'whether polymorpmsms in AhR ARNT and AhRR contnbute to endomemosxs susceptl-._ :;
. bility and severity: - : . -

Design: Case control stud
Setting: Hospltal = : e : ' :
-Patient(s): One hundred thlrty elght Japanese women w1th or without endometnos1s, diagnosed endoscoplcally
 Intervention(s): Endoscoplc laparoscopy, with blood samples for genotyping obtamed before the laparoscoplc
“examination for genomic DNA. extraction from. peripheral leukocytes. ; :
Main Outcome Measure(s): AkR, ARNT; and ARRR polymorphisms were genotyped usmg real-timne polymerase '
~ chain reaction (PCR) analys1s Qdds ratios and 95% confidence intervals were calculated for AhR ARNT, and ~
-AhRR genotypes to evaluate the nsk of endomemosm Assoc1atxons between these polymorphlsms and stage of -
endometridsis, were also examlned R L
Result(s): The C/G 4+ G/G: genotypes at codon 185 of AhRR showed a statlsncally mgmﬁcant assomatlon w1th ns
endometnosxs (adjusted: »odds ratio, 2. 53 95% conﬁdence interval, 1, 16-5.55); Furthermore, a statxsttcally s:gmﬁcant
A:u'end assocxated the. C/G+ GIG genotypes thh the clinical stage of “éndometriosis,: No statistically" 51gmﬁcan
" association was. observed between ‘AhR codon:554 or ARNT codori 189 polymorphisms and endometriosis.-
. Conclusmn(s) AHRR codon: 185 polymorphlsm was assocxated: with: susceptibility to and severity of endometn- o
osns in Japanese women. (Fertil Steril® 2005;84:454~8. ©2005 by Amencan Society for Reproducttve Medxcme ) w

Endometriosis is a gynecologic condition that occurs in
approximately 10% of women in the general population (1)
and 40% of infertile women (2). The most common symp-
toms associated with pelvic endometriosis are dysmenor-
rhea, chronic pelvic pain, and infertility. Endometriosis is
regarded as a complex trait in which genetic and environ-
mental factors contribute to the disease phenotype (3). Ge-
netic understanding of endometriosis has recently begun to
progress rapidly, particularly through analysis of genetic
polymorphisms. Genetic polymorphisms associated with en-
dometriosis include drug metabolizing enzymes, growth fac-
tors, and hormone receptor genes (4-7).

The aryl hydrocarbon receptor (AhR) is a ligand-dependent
transcription factor that regulates cell differentiation and the
induction of the phase I and II drug-metabolizing enzymes (8,
9). The AhR signaling pathway regulates induction of CYP1Al
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and CYP1B1, representative phase I drug metabolizing en-
zymes (10, 11). These isoforms catalyze the conversion of
17B-estradiol to 2-hydroxyestradiol or 4-hydroxyestradiol. Al-
terations in the AR signaling pathway could affect the risk of
endometriosis through altered expression of CYP1A1l and
CYPI1BI1 or increased proliferation of endometrial cells.

The most well-known AAR ligands are polycyclic aromatic
hydrocarbons, including 2,3,7,8-tetrachlorodibenzo-p-dioxin
(12). Recently, Ohtake et al. (13) reported functional cross-talk
between dioxin-activated AhR and estrogen receptors. Exposure
to dioxins has been suggested as a risk factor for endometriosis
(14), but several studies have reached different conclusions, and
the issue remains controversial (15, 16).

The AhR nuclear translocator (ARNT) and the AAR repres-
sor (AhRR) regulate AhR function. Ligand-bound AAR trans-
locates to the nucleus, where it heterodimerizes with ARNT.
The AhR-ARNT heterodimer binds to xenobiotic response
element sequences and facilitates activation of target genes
(17). In heterodimer formation, AhRR competes with AhR,
thus down-regulating the genes regulated by AhR (18). Both
AhR and ARNT are expressed in the female reproductive
tract, and changes in their expression have been reported in
specific pathologic conditions (19).

0015-0282/05/$30.00
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Polymorphic sites have been identified in the coding regions
of the AhR, ARNT, and AhRR genes, including A%R codon 554
in exon 10 (AGA to AAA, Arg to Lys), ARNT codon 189 in
exon 7 (GTG to GTC, silent mutation), and AARR codon 185 in
exon 5 (CCC to GCC, Pro to Ala) (20-22).

Altered AhR-mediated signaling caused by polymor-
phisms in AAR, ARNT, and/or ARRR may account for indi-
vidual differences in susceptibility to endometriosis. How-
ever, one previous study found no association between AhR,
ARNT, and AhRR polymorphisms and endometriosis (23). In
our study, we explored whether these polymorphisms con-
tribute to the susceptibility to and severity of endometriosis.
A case-control study was conducted in patients with differ-
ent stages of endometriosis and controls.

MATERIALS AND METHODS

This study was approved by the institutional review board of
the University of Miyazaki, the Jikei University School of
Medicine, and the National Cancer Center. All participants
gave their written informed consent before the laparoscopic
examination.

Participants

From 1999 to 2000, 139 women were recruited at the De-
partment of Obstetrics and Gynecology, Jikei University
School of Medicine Hospital. The participants were patients
between the ages of 20 and 45 who had presented with

TABLE 1

Prlmers and probes used for real-tlme PCR analys:s. ,

infertility and attended the hospital. The mean ages of cases
and controls were similar (32 years for cases; 33 years for
controls). None of the women had had prior empiric therapy
with either progestins or gonadotropin-releasing hormone
(GnRH) analogues before the laparoscopic examination.
Women who had given birth or lactated were not eligible for
this study, One woman was excluded because no DNA
sample was available, leaving 138 women for the subsequent
analysis.

All of the women underwent diagnostic laparoscopy as
part of the infertility work-up. Women were classified into
two groups according to the revised American Fertility
Society (AFS) classification (24): endometriosis (stage 1
to IV) and controls (no endometriosis). For the most part,
diagnosis was made by a single, trained gynecologist. The
diagnosis of endometriosis was established by visual cri-
teria during laparoscopic examination, and histologic con-
firmation was not always obtained. Of the 138 women
enrolled, 59 had no endometriosis, 21 had stage I endo-
metriosis, 10 had stage II, 23 had stage III, and 25 had
stage IV.

Genotyping

Blood samples were obtained before the laparoscopic exam-
ination. Genomic DNA was extracted from peripheral leu-
kocytes using a DNA Extractor WB Kit (Wako, Osaka,
Japan). Genotyping was performed blinded to case control
status, minimizing measurement bias.

Sequence

Primers

“Reverse primer
;i.Probe G allele ER

Forward primer, 1. -
Reverselpnmer:‘ .

“Forward.| prlmer;_ e
‘+'Reverse primer..
Probe: C allele .
. Probe: G allele

©AGAto AAA;-*ArQid'LyS ' L
5l AAAAACAGTGACTI'GTACAGCATAATGA—3’ g
- 5":CTGAAGTCAACCTCACCAGAAAAAT-3'
1 5'-FAM-TGAAGACATCAGACACAT-MGB-3'
. B"-VIC- AGACATCAAACACATGC MGB-3'. .

ffGTG to GTC; SIlent mutation
; ‘iS'-TGCTGCCAAACCATI’CAGACT—S :
, 5'-GGAACTGAAACATTTGATCTI'GGA-

: 5'-AGACGGATGTAATGCACCAGA A37
5'-AGAGGCAGCGATGTGTTATGG-3" -~
5'- FAM-TGGGCAGCCCCCCGCC-TAMRA—S’
5'-VIC- TGGGCAGGCCCCGCC-TAMRA-3

chain reaction.

Tsuchiya. AhRR polymorphism and endometriosis. Fertil Steril 2005.

Note: AhR = aryl hydrocarbon receptor ARNT = AhR nuclear translocator; AhRR = AhR repressor; PCR = polymerase
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The AhR, ARNT, and AARR polymorphisms were geno-
typed by real-time polymerase chain reaction (PCR) analysis
on an ABI Prism 7000 Sequence Detection System (Applied
Biosystems, Japan Ltd, Tokyo, Japan) using fluorescent-
labeled probes (25). All the primers and probes were
designed appropriately with Primer Express 2.0 software
(Applied Biosystems). Two differentially-labeled TaqMan
probes and forward and reverse primers were prepared for
each reaction. Primers and probes are listed in Table 1.

Reactions were performed with 200 nM of each probe,
900 nM each of forward primer and reverse primers, 1X
TagMan Universal PCR Master Mix (Applied Biosystems),
and 20 ng DNA. The PCR cycling conditions consisted of
one 2-minute cycle at 50°C, and one 10-minute cycle at
95°C, followed by 40 cycles of 95°C for 15 seconds and
60°C for 1 minute. HPLC water was used as a negative PCR
control in each amplification.

Statistical Analysis

Crude odds ratios (OR) and 95% confidence intervals (95% CI)
were calculated for ARR, ARNT, and AhRR genotypes to eval-
uate the association with endometriosis. Because endogenous
estrogen exposure was thought to be correlated with the risk of

TABLE 2 ‘

endometriosis, the OR was adjusted for risk factors that might
affect endogenous estrogen exposure: age (<35, =35 years),
menstrual cycle (<26, 26 to 30, =31 days), and duration of
menstruation (<7, =7 days) using multiple logistic regression
analysis by SPSS for Windows software (version 11.0.1J; SPSS
Japan, Tokyo, Japan) (26, 27). The Wilcoxon rank-sum test for
trend was also used to examine the association between the
AhR, ARNT, and AhRR polymorphisms and the stage of endo-
metriosis (28). All statistical tests were based on two-tailed
probability. P<.05 was considered statistically significant.

RESULTS

The genotype and allele frequencies of each polymorphism
are shown in Table 2. The distributions of genotypes among
controls were in Hardy-Weinberg equilibrium.

The C/G + G/G genotypes at codon 185 of AZRR showed
a statistically significant association with risk of endometri-
osis compared with the C/C genotype (adjusted OR, 2.53;
95% Cl, 1.16-5.55). No statistically significant association
was observed between the AhR codon 554 or ARNT codon
189 polymorphism and the risk of endometriosis (Table 3).

Furthermore, we evaluated whether these polymorphisms
were associated with the stage of endometriosis. There was

~ Genotype andiallelfe fre‘thei"l:éie_sﬁfv;AhR; ARNT,andAhRRpolymorphlsms R V
Genotype freguencies Allele frequencies
Endometriosis Controls Endometriosis Controls
Polymorphisms  Codons Amino acids n (%) n (%) n (%) n (%)
BENcT 24(30.4) 22(37.3) B
e o Gr83(82.5) -Gr73(61.9) .
2 AMG L E 35(44.3)° - -29(49.1) e e e e
o R e R ' s - AI75(475) A145(38.1)
CNA L 20(25.3). 8(13.6) .
. ARNTcodon189 ~ . Sl gt
G/G | UGTG/GTG - val/val 26(32.9) .- 19(32.2) - S
' R SR 7 R L1 G:82(58.2) - .G:64(54.2)
C/G AR GTC/GTG- - - Val/Val 40.(50.6): 28(44.1) - e o
S TR e am » , IR C: 68 (41;.8)»_ ."C:54 (45:8)
C/C ' :v---ﬁVaINaj.'<,5 »13(18;5)‘;.,_ - 14 @23.7) B I B
AhRR codon 185~ S
C/C e CCC/CC_C - Pro/Pro + 20253y - 27145.8) S TR
D e SR ' 7 C:87(85.1) - Ci81(88.6)
c/G - CCC/GCC - - Pro/Ala 47 (59.5) 27 (45.8) P
T T e ' - Ci71(44.9) C:37(31.4)
G/G - GCC/GCC Ala/Ala 12 (15.2) 5(8.4) S
Note: AhR = ary! hydrocarbon receptor; ARNT = AhR nuclear translocator; AhRR = AhR repressor.
Tsuchiya. ARRR polymorphism and endometriosis. Fertil Steril 2005.
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| TABLE 3 [ =

- AhR, ARNT,andAhRRpolymorphlsms and rlsk of endomefriosis.

Endometriosis
Polymorphism

Controls

Crude OR Adjusted OR®

ee 26(32.9)

. C/G +:C/C 53(67.1)
- AhRR codon. 185 BUERE
FLCIC . 20(25.3) ¢
= CIG +iG/G 59(74.7)

(95% Cl) (95% Cl)

1.36(0.67-2.78)

A ;.1

. 0.86(0.39~1.87)

0.97 (0.47-1.99)

2.535(1.16-5.55)

2.49°(1.21-5.12)

2 OR adjusted for age and menstrual characteristics.
b p<.05.

Tsuchiya. AhRR polymorphism and endometriosis. Fertil Steril 2005.

a statistically significant trend between C/G + G/G geno-
types and the stage of endometriosis (P for trend, .02; Table
4). The ARR codon 554 and ARNT codon 189 polymor-
phisms were not associated with a higher risk of advanced
clinical stage (data not shown).

DISCUSSION

In the present study, we evaluated whether polymorphisms at
AhR codon 554, ARNT codon 189, and AhRR codon 185
contribute to the susceptibility to and severity of endometriosis.
Our resuits indicate that the AkRR codon 185 polymorphism is
associated with both susceptibility and severity. The genotypic
distribution of this polymorphism was statistically significantly
different in women with endometriosis and controls. The risk of
endometriosis was approximately 2.5 times higher with the
AhRRR C/G + G/G genotype. In addition, the ARRR C/G + G/G
genotype was more frequently observed in patients with an
advanced stage endometriosis. No such association was found
with the AZR codon 554 or ARNT codon 189 polymorphism.

We should not, however, definitively conclude that no associ-
ation exists between the AAR codon 554 or ARNT codon 189
polymorphism and susceptibility to and severity of endometri-
osis because our sample size was too small to allow for the
detection of subtle differences.

In a previous study, Watanabe et al. (23) failed to find a
relation between the ARRR codon 185 polymorphism and en-
dometriosis. There may be several reasons for the discrepancy.
First and most important is the definition of endometriosis.
Because endometriosis is sometimes asymptomatic, it can be
diagnosed only by laparoscopy or laparotomy. In the present
study, all participants underwent laparoscopy, and the endome-
triosis and control groups were strictly defined according to the
revised AFS classification. By this means, we could apply the
best definition of cases and controls. In the previous study,
control groups consisted primarily of asymptomatic volunteers.
Without surgical diagnosis, the control population could con-
tain a substantial number of women with undiagnosed endo-
metriosis, thereby diluting the risk factor effects (29). Second,

TABLE 4

AhRR codon 185 polymorphism and severity of endomeftriosis.

AhRR C/C AhRR C/G + G/G Crude OR Adjusted OR®
Clinical stage genotype genotype {95% CI) (95% CiI)
Controls, n (%) 27 (45.8) 32 (54.2) 1 1
Stage I-il, n (%) 8 (25.8) 23 (74.2) 2.43 (0.94-6.30) 1.78 (0.64~4.98)
Stage HI-IV, n (%) 12 (25.0) 36 (75.0) 2.53%(1.10-5.81) 3.17°(1.27-7.91)

2 OR adjusted for age and menstrual characteristics.
b p< 05,
P for trend: .02.

Tsuchiya. AhRR polymorphism and endometriosis. Fertil Steril 2005.
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their study and ours differ in terms of participants. It is known
that pregnancy and lactation can cause disease regression and
improvements in symptoms of ehdometriosis (30,31). To reflect
the authentic phenotype of endometriosis at the time of surgical
diagnosis, our study excluded women who had given birth or
lactated. Finally, considerable intraobserver and interobserver
variability is reported in the revised AFS classification (32).
Although this variability is a concern in any case control study
of endometriosis, it does not decrease the validity or reliability
of the association found.

Our study provides evidence for an association between the
AhRR codon 185 polymorphism and endometriosis, although
the exact mechanism for this effect is still unknown. One
possible explanation for this association is alteration of AhR-
mediated signaling by the polymorphism. The ARRR C/G +
G/G genotype may facilitate proliferation of endometrial cells
through the diminished down-regulation of AzR-mediated sig-
naling. Because of the small sample size, ours is not a conclu-
sive study, and the results need to be investigated further in
large studies that also consider ethnic variation.

The AARR codon 185 polymorphism is associated with sus-
ceptibility to and severity of endometriosis in Japanese women,
but AhR codon 554 and ARNT codon 189 polymorphisms
appear not to be associated with endometriosis. The pathogen-
esis of endometriosis is still not clearly understood, so the ARRR
codon 185 polymorphism could be a useful genetic marker in
predicting endometriosis susceptibility and severity.

Acknowledgments: The authors thank Tomoyuki Hanaoka, M.D., Ph.D,,
Epidemiology and Prevention Division, Research Center for Cancer Pre-
vention and Screening, National Cancer Center, for helpful discussions, and
Hiroyuki Nakao, Ph.D., Department of Public Health, Miyazaki Medical
College, University of Miyazaki, for statistical advice and analysis.

REFERENCES

1. Wheeler JM. Epidemiology of endometriosis-associated infertility. J
Reprod Med 1989;34:41-6.

2. Rawson JM. Prevalence of endometriosis in asymptomatic women. J
Reprod Med 1991,36:513-5.

3. Kennedy S. The genetics of endometriosis. Eur J Obstet Gynecol
Reprod Biol 1999:82:129-33.

4. Zondervan K, Cardon L, Kennedy S. Development of a Web site for the
genetic epidemiology of endometriosis. Fertil Steril 2002;78:777-81.

5. Arvanitis DA, Koumantakis GE, Goumenou AG, Matalliotakis IM, Kou-
mantakis EE, Spandidos DA. CYP1A1, CYP19, and GSTM1 polymor-
phisms increase the risk of endometriosis. Fertil Steril 2003;79:702-9.

6. Chang CC, Hsieh YY, Tsai FJ, Tsai CH, Tsai HD, Lin CC. The proline
form of p53 codon 72 polymorphism is associated with endometriosis.
Fertil Steril 2002;77:43-5.

7. Georgiou I, Syrrou M, Bouba [, Dalkalitsis N, Paschopoulos M,
Navrozoglou I, et al. Association of estrogen receptor gene poly-
morphisms with endometriosis. Fertil Steril 1999;72:164-6.

8. Elizondo G, Fernandez-Salguero P, Sheikh MS, Kim GY, Fornace Al,
Lee KS, et al. Altered cell cycle control at the G(2)/M phases in aryl
hydrocarbon receptor-null embryo fibroblast. Mol Pharmacol 2000;57:
1056-63.

9. Telakowski-Hopkins CA, King RG, Pickett CB. Glutathione S-transferase
Ya subunit gene: identification of regulatory elements required for basal
level and inducible expression. Proc Natl Acad Sci USA 1988;85:1000-4.

10. Whitlock JP Jr. Induction of cytochrome P4501A1. Annu Rev Phar-
macol Toxicol 1999;39:103-25.

458

Tsuchiya et al.

1L

13.

14.

i5.

16.

17.

18.

19.

20.

21.

22

23.
24,

25.

26.
27.
28.

29.

30.

31.

32.

AhRR polymorphism and endometriosis

Alexander DL, Eltom SE, Jefcoate CR. Ah receptor regulation of
CYPIBI expression in primary mouse embryo-derived cells. Cancer
Res 1997;57:4498 -506.

. Lucier GW, Portier CJ, Gallo MA. Receptor mechanisms and dose-

response models for the effects of dioxins. Environ Health Perspect
1993;101:36-44.

Ohtake F, Takeyama K, Matsumoto T, Kitagawa H, Yamamoto Y,
Nobhara K, et al. Modulation of oestrogen receptor signalling by asso-
ciation with the activated dioxin receptor. Nature 2003;423:545-50.
Rier SE, Martin DC, Bowman RE, Dmowski WP, Becker JL. Endo-
metriosis in rhesus monkeys (Macaca mulatta) following chronic ex-
posure to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Fundam Appl Toxicol
1993;21:433-41.

Pauwels A, Schepens PJ, D’Hooghe T, Delbeke L, Dhont M, Brouwer
A, et al. The risk of endometriosis and exposure to dioxins and poly-
chiorinated biphenyls: a case-control study of infertile women. Hum
Reprod 2001;16:2050-5.

Lebel G, Dodin S, Ayotte P, Marcoux S, Ferron LA, Dewailly E.
Organochlorine exposure and the risk of endometriosis. Fertil Steril
1998;69:221-8.

Wilson CL, Safe S. Mechanisms of ligand-induced aryl hydrocarbon
receptor-mediated biochemical and toxic responses. Toxicol Pathol
1998;26:657-71.

Mimura J, Ema M, Sogawa K, Fujii-Kuriyama Y. Identification of a
novel mechanism of regulation of Ah (dioxin) receptor function. Genes
Dev 1999;13:20-5.

Khorram O, Garthwaite M, Golos T. Uterine and ovarian aryl hydro-
carbon receptor (AkR) and aryl hydrocarbon receptor nuclear translo-
cator (ARNT) mRNA expression in benign and malignant gynaecologi-
cal conditions. Mol Hum Reprod 2002;8:75-80.

Kawajiri K, Watanabe J, Eguchi H, Nakachi K, Kiyohara C, Hayashi S.
Polymorphisms of human Ah receptor gene are not involved in lung
cancer. Pharmacogenetics 1995;5:151--8.

Scheel J, Hussong R, Schrenk D, Schmitz HJ. Variability of the human
aryl hydrocarbon receptor nuclear translocator (ARNT) gene. J Hum
Genet 2002;47:217-24.

Cauchi S, Stucker I, Cenee S, Kremers P, Beaune P, Massaad-Massade L.
Structure and polymorphisms of human aryl hydrocarbon receptor repres-
sor (AhRR) gene in a French population: relationship with CYP1AI1 in-
ducibility and lung cancer. Pharmacogenetics 2003;13:339-47.
Watanabe T, Imoto I, Kosugi Y, Fukuda Y, Mimura J, Fujii Y. Human aryl
hydrocarbon receptor repressor (AHRR) gene: genomic structure and anal-
ysis of polymorphism in endometriosis. J Hum Genet 2001;46:342-6.
American Fertility Society. Revised American Fertility Society classi-
fication of endometriosis. Fertil Steril 1985;43:351-2.

de Kok JB, Wiegerinck ET, Giesendorf BA, Swinkels DW. Rapid
genotyping of single nucleotide polymorphisms using novel minor
groove binding DNA oligonucieotides (MGB probes). Hum Mutat
2002;19:554-9.

Vessey MP, Villard-Mackintosh L, Painter R. Epidemiology of endome-
triosis in women attending family planning clinics. BMJ 1993;306:182-4.
Eskenazi B, Wamer ML.. Epidemiology of endometriosis. Obstet Gy-
necol Clin North Am 1997;24:235-58.

Goodman LA, Kruskal WH. Measures of association for cross classi-
fications. J Am Stat Assoc 1954;49:732-64.

Zondervan KT, Cardon LR, Kennedy SH. What makes a good case-
control study? Design issues for complex traits such as endometriosis.
Hum Reprod 2002;17:1415-23.

Schenken RS, Williams RF, Hodgen GD. Effect of pregnancy on
surgically induced endometriosis in cynomolgus monkeys. Am J Obstet
Gynecol 1987;157:1392-6.

Barragan JC, Brotons J, Ruiz JA, Acien P. Experimentally induced
endometriosis in rats: effect on fertility and the effects of pregnancy and
lactation on the ectopic endometrial tissue. Fertil Steril 1992;58:
1215-9.

Homstein MD, Gleason RE, Orav J, Haas ST, Friedman AJ, Rein MS,
et al. The reproducibility of the revised American Fertility Society
classification of endometriosis. Fertil Steril 1993;59:1015-21.

Vol. 84, No. 2, August 2005

109



Available online at www.sciencedirect.com

smsucvz@nmscr" EnVironmentLIl
‘ Research

Environmental Research 99 (2005) 118125
www.elsevier.com/locate/envres

Associations between serum levels of selected organochlorine
compounds and endometriosis in infertile Japanese women ™

Hiromasa Tsukino®, Tomoyuki Hanaoka®*, Hiroshi Sasaki®, Hiroshi Motoyama®,
Makiko_Hiroshima®, Tadao Tanaka®, Michinori Kabuto®, Amanda Sue Niskar9,
Carol Rubin?, Donald G. Patterson Jr.°, Wayman Turner®, Larry Needham?®,
Shoichiro Tsugane®

?Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center Tsukiji, Tokyo, Japan
®Department of Obstetrics and Gynecology, Jikei University School of Medicine, Nishi-shinbashi, Minato-ku, Tokye, Japan
“National Institute for Environmental Studies, Ibaraki, Japan
4Division of Environmental Hazards and Health Effects, National Center for Environmental Health, Centers for Disease Control and Prevention,
Atlanta, GA, USA
“Division of Laboratory Sciences, National Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta, GA, USA

Received 21 June 2004; received in.revised form 6 April 2005; accepted 26 April 2005
Available online 31 May 2005

Abstract

Endocrine-disrupting chemicals (EDCs) have been proposed as risk factors for endometriosis. Persistent organochlorine
compounds, a group of suspected EDCs, are present to some extent in almost all human adipose tissue and blood via the food chain.
A few animal studies have confirmed that exposure to these compounds can increase the incidence of endometriosis. In this study,
we examined the associations between endometriosis and exposure to selected organochlorine compounds, including 8
polychlorinated dibenzo-p-dioxins (PCDDs), 10 polychlorinated dibenzofurans (PCDFs), 4 coplanar polychlorinated biphenyls
(cPCBs), 36 ortho-substituted polychlorinated biphenyls (PCBs), and 13 chlorinated pesticides or their metabolites. The participants
were 139 infertile Japanese women who were examined by laparoscopy and diagnosed as either endometriosis cases (Stages II-1V) or
controls (Stages 0-1). The serum levels (lipid adjusted) of the targeted organochlorine compounds were in both 58 cases and 81
controls. There were very few differences in the various levels between endometriosis cases and controls. The total serum toxic
equivalency (TEQ) value of PCDDs was significantly higher in the controls than in the cases (P = 0.02). No other total TEQ values

" differed between cases and controls. For PCDDs, PCDFs, cPCBs, and PCBs, the muitivariate odds ratio was 0.38 [95% confidence
interval (CI), 0.12-1.17} and 0.41 (95% CI, 0.14-1.27) for the third and highest quartilés, respectively, compared to the lowest
quartile of total TEQ values. A weak, negative dose-response relationship was evident for total TEQs (P for trend of 0.06). The
results of this study provide some evidence that serum levels of these organochlorme compounds are not associated with an
increased risk of endometriosis in infertile Japanese women.
© 2005 Elsevier Inc. All rights reserved.
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because of their ability to interact with the endocrine
system. Many of the EDCs are organochlorine com-
pounds, including polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs),
coplanar polychlorinated biphenyls (cPCBs), ortho-
substituted polychlorinated biphenyls (PCBs), and
chlorinated pesticides. PCDDs and PCDFs are formed
as byproducts of various industrial chemical reactions
and combustion processes, including waste incineration.
PCBs and chlorinated pesticides were widely used in
industry and agriculture until the 1970s in Japan.
Because these compounds are lipid soluble and resistant
to metabolism, they tend to bioaccumulate through the
food chain. They are also present in human adipose
tissue and in the lipid components of blood, mainly
because of food intake (Safe, 2000).

There is evidence that EDCs may adversely affect the
health of wildlife and humans (Birnbaum and Fenton,
2003; Safe, 2000; Steenland et al., 2004). Some of these
chemicals, such as dichlorodiphenyltrichloroethane
(DDT) and certain PCBs, are considered to be
estrogenic substances (Wolff and Toniolo, 1995), while
others, including dioxins, are considered to be anti-
estrogenic substances (Krishnan et al., 1995). A recent
study revealed that dioxins enact estrogenic effects
through estrogen receptor-mediated signaling modu-
lated by the agonist-activated aryl hydrocarbon receptor
(AhR) ligand complex (Ohtake et al., 2003). Endogen-
ous estrogens enlarge the endometrial lining of the
uterus, and estrogenic substances have been suggested as
inducing endometriosis. A study of adult rhesus
monkeys revealed that chronic exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) in feed (0, 5, or
25ppt) was associated with a dose-dependent increase in
the incidence and severity of endometriosis (Rier et al.,
1993). In humans, a few case-control studies have been
conducted on the association between serum levels of
PCDDs, PCDFs, cPCBs, PCBs and chlorinated pesti-
cides and endometriosis, but the results are inconsistent
because of differences in study design, analytical
methods, and the organochlorine compounds measured
in each study (Boyd et al., 1995, Gerhard and
Runnebaum, 1992; Lebel et al., 1998; Mayani et al.,
1997; Pauwels et al., 2001). Recently, a cohort study of
residents of Seveso, Italy, who were exposed to TCDD
from the explosion of a trichlorophenol-manufacturing
factory in 1976.revealed a doubled but nonsignificant

risk for endometriosis among women with serum TCDD -

levels of 100ppt or higher. No clear dose-response
relation was found among 19 endometriosis cases, 277
nondiseased women, or 305 uncertain-status cases
(Eskenazi et al., 2002). Although in vitro studies using
certain organochlorine compounds have suggested
many possible endocrine-disrupting mechanisms, such
as estrogenic or anti-estrogenic properties, immune
suppression, and enzyme induction through binding to

the AhR (Nicolopoulou-Stamati and Pitsos, 2001), less
is known about the effect of these organochlorine
compounds on human endometriosis.

The purpose of this study was to determine the
possible association between environmental exposures
to selected organochlorine compounds and the preva-
lence of endometriosis among infertile Japanese women.
In a hospital-based case-control study, the serum levels
of 8 PCDDs, 10 PCDFs, 4 ¢PCBs, 36 PCBs, and 13
chlorinated pesticides were measured in laparoscopically
confirmed endometriosis patients and in their corre-
sponding references. '

2. Materials and methods
2.1. Subjects and sample collection

Eligible women were aged 20-45 years, had com-
plained of infertility, and had consulted doctors in the
Department of Obstetrics and Gynecology of the Jikei
University School of Medicine in 1999 and 2000.
Women who had ever given birth or lactated were not
eligible for this study. Sampling was consecutive, and a
total of 159 women met these criteria. After we excluded
15 women who did not give their consent and 5 women
who did not go through a blood screen or a laparoscopic
examination, 139 women were available for analysis.

Endometriosis was diagnosed laparoscopically accord-

ing to the revised classification of the American Fertility
Society (1985). Fifty-nine women (42.4%) were assigned
to stage 0. Twenty-two (15.8%) were assigned to stage I,
10 (7.2%) to stage I1, 23 (16.5%) to stage III, and 25

(18.0%) to stage IV. The 58 women with stage II or

higher endometriosis were designated as ‘“‘cases.”
Eighty-one women with stage 0 or I were designated
as “controls.” Among controls, some causal infertility
conditions were confirmed laparoscopically: myoma of
the uterus (39.5%), polycystic ovary (16.0%), and
obstruction of the ovarian duct passage (23.5%). All
participants gave their written informed tonsent before
the laparoscopic examination. The study protocol was
approved by the Institutional Review Board of the Jikei
University School of Medicine, the National Cancer
Center, National Institute for Environmental Studies,
and the US Centers for Disease Control and Prevention
(CDC).

A fasting blood sample was obtained before the
laparoscopic examination. Serum was immediately
collected by centrifugation, transferred into a stock
tube, and stored at —80°C until analyzed.

2.2. Questionnaire survey

Participants were interviewed face-to-face before the
laparoscopic examination by a trained interviewer using
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a structured questionnaire. Responses were elicited
concerning demographic and anthropometric variables

(age, height, and weight), occupation (primary industry,

plant worker, office worker, specialist, merchant, house-

" wife, no occupation, and other), education (junior high
school, high school, junior college or vocational school,
college, graduate school), marital status (married, never
married, divorced, widowed, and other), family history
of endometriosis, use of alcohol (rare, 1-3 times/month,
1-2 times/week, 3—4 times/week, 5-6 times/week, every
day), and smoking habits (never, past, and current). We
derived a menstrual history from -responses to the
following questions: (1) “At what age did you have
your first menstrual period?” (2) “In the past year, were
your menstrual periods regular? Irregular? Other? Don’t
know?’ (3) “In the past year, what was the usual length
of your menstrual cycle?”” We also obtained information
about potential sources of exposure to ’endocrine-
disrupting compounds (e.g., tampons, oral contracep-
tives, and pesticides). :

2.3. Analytical methods

_ Serum analyses were performed at the CDC by gas
chromatography/high-resolution isotope-dilution mass
spectrometry for a total of 71 compounds: 8 PCDDs
[2,3,7,8-tetra-chlorodibenzo-p-dioxin (CDD), 1,2,3,7,
8-pentaCDD, 1,2,3,4,7,8-hexaCDD, 1,2,3,6,7,8-hex-
aCDD, 1,2,3,7,8,9-hexaCDD, 1,2,3,4,6,7,8-heptaCDD,
1,2,3,4,6,7,9-heptaCDD, 1,2,3,4,6,7,8,9-0octaCDD], 10
PCDFs [2,3,7,8-tetra-chlorodibenzofuran (CDF), 1,2,3,
7,8-pentaCDF, 2,3,4,7 8-pentaCDF, 1,2,3,4,7,8-hex-
aCDF, 1,2,3,6,7,8-hexaCDF, 1,2,3,7,8,9-hexaCDF, 2,3,
4.6,7,8-hexaCDF, 1,2,3,4,6,7,8-heptaCDF, 1,2,3,4,7,8,9-
heptaCDF, 1,2,3,4,6,7,8,9-octaCDF], 4 ¢cPCBs [3,3',4,
4’-tri-chlorobiphenyl (CB), 3,4,4',5-tetraCB, 3,3'4,4,
S-pentaCB, 3,3',4,4',5,5-hexaCB], 36 ortho-substituted
PCBs (International Union of Pure and Applied
Chemistry Nos. 18, 28, 44, 49, 52, 66, 74, 87, 99, 101,
105, 110, 118, 128, 138/158, 146, 149,151, 153, 156, 157,
167, 170, 172, 177, 178, 180, 183, 187, 189, 194, 195,
196/203, 201, 206, 209), and 13 selected persistent
chlorinated pesticides or their metabolites [hexachlor-
obenzene, f-hexachlorocyclohexane, A-hexachloro-
cyclohexane, aldrin, heptachlor epoxide, oxychlordane,
trans-nonachlor,  pp’-1,1'-[2,2-dichloroethenylidene]-
bis[4-chlorobenzene] (p,p’-DDE), dieldrin, endrin,
o,p’-dichlorodiphenyltrichloroethane (o,p’-DDT), p,p'-
dichlorodiphenyltrichloroethane (p,p’-DDT), and mir-
ex]. The analytical methods and quality control proce-
dures have been described previously (DiPietro et al.,
1997; Patterson et al., 1987; Turner et al., 1994). Because
the PCDDs, PCDFs, ¢PCBs, PCBs, and chlorinated
pesticides are lipophilic and concentrate in the body’s
lipid stores, including the lipid in serum, the serum levels
for these compounds were adjusted for serum lipid
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levels. Triglycerides and total cholesterol were used in
calculating total lipid levels (2.27 x total cholesterol +-
triglycerides + 62.3) (Phillips et al., 1989). Limits of
detection (LODs) on a lipid-adjusted basis were
calculated for each sample. Because we could not
measure PCB138 and 158, or PCB196 and 203,
separately, combined values for PCB138/158 and
PCB196/203 were reported. Dioxin toxic equivalency
(TEQ) was assessed using a “‘toxic equivalency factor”
(TEF) based upon the relative potency of each congener
of the PCDDs, PCDFs, cPCBs, and mono-ortho-
substituted PCBs compared with 2,3,7,8-TCDD, the
most potent of the compounds (Van den Berg et al.,
2000). To calculate the TEQ values of PCDDs, PCDFs,
cPCBs, and PCBs in this study, the World Health
Organization TEF values were assigned to all of the
PCDDs, PCDFs, and cPCBs, except for 1,2,3,4,6,7,9-
heptaCDD, and PCBI105, 118, 156, 157, 167, and 189
(Van den Berg et al., 1998). Because of the small sample
volume, the respective serum PCDDs/PCDFs/cPCBs
and PCBs could not be measured for each participant.
All targeted organochlorine compounds could not be
measured for 1 control subject because of the poor
conditions under which the serum was maintained.

2.4. Statistical analysis

Characteristics of cases and controls were compared
using the y2-test and Student’s t-test. To estimate the
value of samples below the LOD for a comparison of
serum organochlorine levels between cases and controls,
the values < the LOD were assigned one-half of the
LOD. Total levels of TCDDs/TCDFs/cPCBs, PCBs,
and pesticides were calculated for the sum of the serum
molar concentrations of TCDDs/TCDFs/cPCBs, PCBs,
and pesticides. The serum organochlorine levels were
normalized by log transformation because their dis-
tributions were confirmed to be skewed by the Kolmo-
gorov—Smirnoff test. Differences in log-transformed
serum organochlorine levels and total TEQs between 2
or more groups were established by Student’s ¢-test or
an analysis of variance. Odds ratios (ORs), 95%
confidence intervals (ClIs), and P values for trends were
obtained by unconditional logistic regression analysis to
estimate the association between total TEQ and
endometriosis. Cases and controls were divided into 4
groups by the quartile of serum total TEQ values of
PCDDs, PCDFs, cPCBs, and PCBs among controls,
and crude and adjusted ORs were calculated. Because
menstruation was thought to be correlated with the risk
for endometriosis (Cramer et al., 1986; Eskenazi and
Warner, 1997), ORs for endometriosis were adjusted for
menstrual regularity (regular or irregular) and average
cycle (days). A P value of less than 0.05 (2-tail) was
considered statistically significant. All analyses were
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conducted using the SAS (Version 8.2) program (SAS
Institute Inc., Cary, NC, USA).

3. Results

Mean ages of cases and controls were 32.4 and 32.9
years, respectively (Table 1). Differences in other risk
factors for endometriosis between cases and controls
were not statistically significant, except for irregularity
in the menstroal cycle (11.3% of cases and 32.9% of
controls, P = 0.005) and the duration of menstrual
cycles (28.5 days for cases and 30.4 days in controls,
P =0.03).

In this study, 3 dioxin-like chemicals (1,2,3,4,6,7,9-
heptaCDD, octaCDF, and 3,3',4,4'-tetraCB), 4 PCBs

Table 1
Baseline characteristics of women with and without endometriosis

(International Union of Pure and Applied Chemistry
Nos. 18, 28, 149 and 177), and 2 pesticides (aldrin and
endrin) could not be measured because of. analytical
conditions. Statistical analyses were performed on 7
PCDDs, 9 PCDFs, and 3 ¢PCBs; 32 PCBs; and 11
pesticides. An analysis of variance showed that the value
of log-transformed 1,2,3,6,7,8-hexaCDD was signifi-
cantly greater in controls than in cases (P = 0.03),
although the other compounds showed no such sig-
nificant differences (data not shown).

We -analyzed the association between total TEQ
values and endometriosis (Table 2). The serum total
TEQ value of PCDDs was significantly higher in
controls than in cases (P = 0.02). No other total TEQ
values differed between cases and controls. Further-
more, we compared total levels of PCDDs, PCDFs,

Characteristic Cases (n = 58) Controls (n = 81) " P value
No.? (%) .No.? (%)

Age, mean (SD), yr 324 (3.4) 32.9 (3.9) 0.43°

Height, mean (SD), cm 159.0 (5.6) 158.1 (5.4) 0.34°

Weight, mean (SD), kg 51.1 (5.6) 52.5 8.9 0.33°

Education

High school or less 9 (17.0) 13 (16.9)

Junior college or vocational school 30 (56.6) 31 (40.3)

College or graduate school 14 (26.4) 33 (42.9) 0.13°
Family history of endometriosis

Yes i 2.0) 5 (6.6)

No 49 (98.0) 71 93.4) 0.24°¢
Age menses began, (SD), yr 12.5 (1.3) 12.4 (1.6) 0.66°
Oral contraceptive use

Used v 5 9.4) . 12 (15.6)

Never used 48 (90.6) 65 (84.4) 0.31°
Regularity of menstrual cycle

Regular 47 (88.7) 51 (67.1)

Irregular 6 (11.3) 25 (329) 0.005¢
Duration of menstrual cycles, mean (SD), days 28.5 (3.2) 304 (5.5) 0.03°
Tampon use )

Used 41 (77.4) 62 (80.5) v

Never used 12 (22.6) 15 (19.5) 0.66°
Smoking status

Never 36 (69.2) 50 (64.9)

Former 9 (17.3) 11 (14.3)

Current 7 (13.5) .16 (20.8) 0.55¢
Alcohol consumption

Daily : 10 (18.9) 15 (19.5)

Weekly 22 (41.5) 24 (31.2)

Occasionally/none 21 (39.6) 38 (49.4) 0.45°

Abbreviation: SD, standard deviation.

““Number of participants for each item varied because of missing information.

bStudent’s -test.
®Chi-square test.
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Table 2
Serum total TEQ values of PCDDs, PCDFs, cPCBs, and PCBs among endometriosis cases and controls

Analyte No. TEQ values (pg TEQ/g lipid) P value for difference
Total (cases/controls) Cases ‘ Controls
Median (@1, O3) Median (@1, @9
PCDDs 57/80 7.43 (5.17,9.47) 8.63 (6.39, 10.75) 0.02
PCDFs 57/80 . 7.80 (6.07, 9.06) 7.51 (6.32, 9.00) 0.64
cPCBs 57/80 4.61 (341, 5.92) 5.14 (3.46, 7.41) 1.00
PCBs 57/80 3.40 (2.59, 4.22) 3.59 (2.37, 5.03) 0.79
PCDDs/PCDFs/cPCBs 57/80 19.40 (16.08, 25.26) 21.58 (17.40, 26.90) 0.23
Sum 56/80 22.76 (19.73, 29.14) 25.07 (20.27, 31.84) 0.23

() = 25th percentile; 03 = 75th percentile.

Table 3 .
Risk for endometriosis according to quartile of serum total TEQ values of PCDDs, PCDFs, cPCBs, and PCBs

Variable Total no. Serum total TEQ values of PCDDs, PCDFs, cPCBs and PCBs (pg TEQ/g lipid) P value for trend
Quartile 1 Quartile 2 Quartile 3 Quartile 4
=20.27 >20.27-25.07 >25.07-31.84 >31.84

No. of cases 56 17 17 12 10

No. of controls 80 20 20 20 _ 20

“Crude OR (95% CI) 56/80 1.00 (reference) 1.00 (0.40, 2.50) 0.71 (027, 1.85) 0.59 (0.22, 1.59) 0.23
No. of cases -51° 17 16 10 8
No. of controls 70° 17 16 18 19

Adjusted OR (95% CI)* 52/70 1.00 (reference)

0.97 (0.36, 2.63)

0.38 (0.12, 1.17) ‘ 0.41 (0.14, 1.27) 0.06

20R was adjusted for menstrual regularity (regular or irregular) and average cycle length (days).

"Number of total participants varied because of missing information.

cPCBs, PCBs, and pesticides between the 2 groups. The
serum level of PCDDs was significantly higher in
controls than in cases (P =0.04). No statistically
significant differences were found in the total levels of
PCDFs, cPCBs, PCBs, pesticides, and the sum of
organochlorines between groups (data not shown).

We found nonsignificantly lower crude ORs for
women in the third or fourth quartile of total TEQ
compared to women in the first quartile (OR = 0.71,
95% CI, 0.27-1.85, and 'OR = 0.59, 95% CI, 0.22-1.59,
respectively) (Table 3). Similarly, adjusted ORs for
women in the third or fourth quartile of total TEQs were
lower than those for the first, but not significantly so
(OR = 0.38, 95% CI, 0.12-1.17, and OR = 041, 95%

CI, 0.14-1.27, respectively). A weak inverse dose-re- .

sponse relationship was evident for total TEQs (P for
trend of 0.06). We also analyzed the ORs by quartile of
total serum levels of PCDDs/PCDFs/cPCBs, PCBs, and
pesticides but found no significantly increased or
decreased ORs. The serum organochlorine levels in
women in whom stages I, II, III, and IV were diagnosed
by laparoscopy did not differ significantly from the
levels in women with stage 0 (data not shown).
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4, Discussion

Our study found no evidence of an increased risk for
endometriosis related to serum levels of several organo-
chlorine compounds among infertile Japanese women.
Furthermore, the serum level of 1,2,3,6,7,8-hexaCDD
was significantly lower in endometriosis patients than in
controls. This result might be attributed.to multiple
comparisons because 62 compounds were simulta-
neously analyzed in this study. However, the total
TEQ values of PCDDs, PCDFs, ¢cPCBs, and PCBs were
lower in cases than in controls, and the endometriosis
risk for women with higher total TEQ values tended to
be lower than for those with lower total TEQ values,
although not significantly so. These results were not
consistent neither with a previous animal study of Rier
et al. (1993) nor with the cohort study in Seveso
(Eskenazi et al., 2002), possibly because of the difference
in exposure levels. Estimated TCDD exposure levels
among Seveso residents were similar to those in
monkeys in the 25-ppt group in an earlier study by
Rier et al. (Bois and Eskenazi, 1994). The median serum
TCDD levels reported in Seveso for the women with
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endometriosis were 77.3 vs. 61.0ppt. for the controls,
whereas the corresponding median total TEQ levels
among our study participants were 17.8 ppt in cases vs.
19.2 ppt in controls. According to the animal studies of
Foster et al. (1997) and Yang et al. (2000), high-dose
exposure to TCDD increases the size of an endometrial
fragment autotransplanted to the abdominal or pelvic
cavity; in contrast, low-dose exposure decreases implant
size. Thus, high TCDD exposure might stimulate
endometrial tissue, but low exposure levels appear to
be inhibitory, perhaps because of the anti-estrogenic
mechanism of TCDD (Scialli, 2001). Pauwels et al.
(2001) investigated the association between dioxin-like
compounds and endometriosis in a human epidemiolo-
gical study and reported no statistically significant
associations between dioxin-like compounds and the
occurrence of endometriosis. As in the study of Pauwels
et al. (2001), we analyzed the risk of endometriosis by
subdividing serum TEQ values into 4 categories
(<20.0pg TEQ/g, 20.1-60.0pg TEQ/g, 60.1-100pg
TEQ/g, and >100pg TEQ/g). Crude ORs of the groups
with 20.1-60.0pg TEQ/g, 60.1-100pg TEQ/g, and
>100pg TEQ/g were 0.93 (95% CI, 0.29-3.30), 0.53
(95% CI, 0.14-1.94), and 3.6 (95% CI, 0.37-34.94)
compared to the group with <20.0 pg TEQ/g. The risks
of endometriosis were decreased with low TEQ values,
but the risk of endometriosis was increased with high
TEQ values, in the study of Pauwels et al. The total
TEQ values in our study ranged from 1.38 to 44.7 TEQ/
'g; thus, our results were consistent with the results of
Pauwels et al.

Our study has several strengths. First, we applied a
- clinical best definition of cases and controls. Endome-
triosis has been defined as the presence of endometrial
glands and stroma outside of the uterine cavity, and the
presence of an ectopic endometrium can be. accurately
determined only by inspection of the pelvic cavity during
laparoscopy (Holt and Weiss, 2000; Zondervan et al.,
2002). In the present study, cases and controls were
diagnosed by laparoscopic examination. Moreover, we
conducted consecutive sampling, so potential selection
bias was excluded. Secondly, the detailed interviews
were performed by the same trained interviewer before
the laparoscopic examination. This interviewer vali-
dated each questionnaire so that misclassification of this
- information might be minimized. Because no partici-
pants knew whether they had endometriosis before the
examination, recall bias can be ruled out. Detailed
questionnaires were designed to detect possible con-
founding factors for the risk of endometriosis such as

the regularity and duration of menstrual cycles. Adjust-.

ments for such variables were performed when calculat-
ing ORs for endometriosis in relation to the total TEQ
values of serum levels of dioxin-like chemicals.
Although in our study differences were not significant
among age, smoking, and age at menarche between

cases and controls, age and age at menarche have been
reported to be risk factors for endometriosis, and

~smoking has been reported to be protective for

endometriosis (Cramer et al.,, 1986, Eskenazi and
Warner, 1997). Thus, we adjusted these factors in

calculating the ORs for endometriosis in relation to

the total TEQ values, but again no significant ORs were
found.

On the other hand, our study has some limitations.
Many participants showed values <LOD on some
organochlorine compounds because of the low serum
levels or small sample volume. Therefore, we evaluated
the risk for total TEQ values. To assess the effects of

dioxin mixtures, dioxin toxicity was assessed using a

TEF that estimated the toxic potency of a compound
relative to TCDD. The TEF values were consensus
estimates based on an evaluation of all of the data (Van
den Berg et al., 1998). In. our study, the median total
TEQ value of 19 PCDDs, PCDFs, cPCBs, and 6 PCBs
was 25.07 pg TEQ/g lipid in the controls. This value is
slightly higher than those previously reported for other -
Japanese populations by Arisawa et al. (2003). They
measured 7 PCDDs, 10 PCDFs, and 12 PCBs among
randomly selected groups of 131 men and 122 women
who had no occupational exposure to dioxins, and the
median total TEQs in men and women were 17 and
16 pg TEQ/g lipid, respectively. However, these values
may be underestimates because the values <1.OD were
assigned to zero. When values <LOD were assigned to
zero in our study, the median total TEQ serum levels of
PCDDs, PCDFs, cPCBs, and -PCBs were computed as
19.2pg TEQ/g lipid in the controls, a value roughly
consistent with that reported by Arisawa et al. (2003).
We calculated the median total TEQ values of PCDDs
and PCDFs to be 12.5pg TEQ/g lipid in our controls,
while the median total TEQ values of PCDDs and
PCDFs previously reported were 9.8-22.9pg TEQ/g

lipid in Japan (Arisawa et al., 2003; Kumagai et al,,

2000), 16.1-40.8pg TEQ/g lipid in Germany (Papke,
1998; Wittsiepe et al., 2000), and 14.6-20.6 pg TEQ/g
lipid in Canada (Ayotte et al., 1997; Ryan et al., 1997).
The TEF exposure metric, which is based on Ah
receptor induction, may not be appropriate for the
estrogenic or anti-estrogenic activity of the chemicals
measured. Some of the chemicals have been shown to
have primarily anti-estrogenic characteristics (TCDD),
while others have been shown to be estrogenic (PCBs,
along with some of the organochlorine pesticides). Some
of the DDT congeners are also anti-androgenic. It is
difficult to propose an alternative metric that is more
appropriate at this time, as no well-validated metrics
have been developed for total estrogenic activity, anti-
androgenic activity, and anti-estrogenic activity. How-
ever, it might be worthwhile to attempt to analyze these
data’ using some alternative metrics. Another study
limitation involves endogenous estrogen exposure.
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Because the growth of endometrial cells depends on
estrogen,; the endogenous estrogen level is an important
risk factor for endometriosis. Endogenous estrogen
levels were not measured in the present study. Other
related factors, such as menstrual regularity and average
cycle, were adjusted in calculating the endometriosis risk
from organochlorine exposure. Furthermore, partici-
pants of the present study had complained of infertility,
and some of the controls had other estrogen-related
diseases, -such as myoma of the uterus (39.5%) and
polycystic ovary (16.0%), according to the laparoscopic
findings. Thus, the present controls may not reflect
women in general. Finally, in our case-control study,
endometriosis could have affected the serum levels of
these organochlorine compounds because regularity and
short menstrual cycles might increase the total menstru-
al flow, thus decreasing the women’s serum levels.

Human exposure to PCDDs, PCDFs, and cPCBs
occurs almost exclusively through food consumption,
particularly of fish and meat. Many kinds of fish from
several supermarkets in Japan reportedly contain
elevated levels of PCDDs, PCDFs, and ¢PCBs, and
the mean daily intake of these chemicals from the
ingestion of fish and shellfish was higher than that of
other foods (Tsutsumi et al, 2001). These findings
suggest that people who eat fish often should have a
higher level of PCDDs, PCDFs, and ¢PCBs in their
system. Some studies have investigated the associations
between the serum level of organochlorine compounds
and the frequency of fish intake in Japan, and: most of
these results have shown that fish consumption is
associated positively with serum levels of organochlor-
ines (Arisawa et al.,, 2003; Kitamura et al., 2000;
Kumagai et al., 2000). Among women in the present
study, we analyzed the association between serum total
TEQ values of PCDDs, PCDFs, ¢PCBs, and PCBs and
6 items of food intake, and we also found that higher
total TEQ values of PCDDs, PCDFs, cPCBs, and PCBs
correlate with an increased frequency of fish intake
(unpublished data).

In summary, serum levels of these targeted organo-
chlorine compounds did not differ between endometrial
cases and controls except for 1,2,3,6,7,8-hexaCDD. The
risk for endometriosis among participants with higher
total TEQ values of PCDDs, PCDFs, ¢cPCBs, and PCBs
was nonsignificantly lower than that for participants
with lower total TEQ values. These findings suggest that
higher serum levels of these organochlorine compounds
are not associated with an increased risk for endome-
triosis among infertile Japanese women.
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Abstract Purpose: The incidence of prostate cancer is
increasing in low-risk populations such as Japanese. One
of the causes of this increase is considered to be associ-
ated with the Western diet, especially the high intake of
red meat and fat. Glutathione S-transferase (GST) Al,
T1, M1, and P1 are phase Il enzymes that are important
for activation and detoxification of chemical carcino-
gens. Methods: In this study, 190 Japanese male patients
with prostate cancer and 294 healthy controls, fre-
quency-matched for age, were compared for frequencies
of GSTAIl, GSTTI1, GSTMI1, and GSTPI genotypes.
Results: Among smokers, the frequency of the
GSTAI*A[*B or *B/*B genotype in patients with pros-
tate cancer (27.8%) showed a statistically significant
increase compared with the control group frequency
(18.2%; odds ratio [OR] =1.72; 95% CI, 1.01-2.94). In
addition, the frequency of GSTTI nondeletion genotype
was associated with prostate cancer among smokers (OR
=1.68; 95% CI, 1.06-2.68). The OR of carrying the
combined genotyping of GSTAI*A/*B or *B/*B and
GSTTI nondeletion was 2.08 (95% CI, 1.14-3.80) with
the combined genotyping of GSTAI*A/*4 and GSTTI
null as a reference. On the other hand, no significant
associations were observed for genotypes of GSTMI
and GSTPI 1105V. Conclusions; These findings suggest
that the GSTAI and GSTT! polymorphisms are asso-
ciated with prostate cancer susceptibility, especially
among smokers.
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Introduction

Prostate cancer is the most common cancer in men in
Europe, North America, and some parts of Africa. The
incidence varies widely between ethnic populations and
countries. The lowest rates are usually in Asia, and the
highest are in North America and Scandinavia, espe-
cially in African-American people in the USA.

Migration studies have shown that when Japanese
people move from Japan to the USA, the incidence of
prostate cancer in these people increases; however, the
increase is only to about 50% of the rate for Caucasian
people and to 25% of that for African-American people
in the USA (Gronberg 2003). These findings suggest that
these differences are caused not only by exposure to
external risk factors but also by a combination of
underlying differences such as genetic susceptibility.

Several studies (Hayes et al. 1999, Veierod et al. 1997)
suggest that prostate cancer is associated with a western
lifestyle and, in particular, a diet that includes a high
intake of red meat, which results in the formation of
very potent carcinogens such as heterocyclic amines. For
example, PhIP can induce a large increase in mutant
frequencies in the rat prostate (Stuart et al. 2000), and
32p_postlabeling analysis of DNA demonstrated that
PhIP-DNA adducts are produced in all lobes of the
prostates of rats receiving PhIP (Shirai et-al. 1997).

Most environmental carcinogens are metabolized via
complex enzymatic mechanisms involving activation and
inactivation. There are genetic differences in some of
these metabolisms, and these individual variations may
modulate cancer risk. The glutathione S-transferases
(GSTs) are a large family of phase Il enzymes that
facilitate the detoxification of various carcinogens,
therapeutic drugs, environmental toxins, and products
of oxidative stress. '

GSTAL, an alpha class enzyme, is the most abundant
GST found in the liver. It catalyzes the reduction of the
carcinogenic N-acetoxy derivative back to the parent
amine (Lin et al. 1994). Recently, a polymorphism of



