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Abstract The diversity of biological effects resulting from
exposure to dioxin may reflect the ability of this environ-
mental pollutant to alter gene expression by binding to the
arylhydrocarbon receptor (AHR) gene and related genes.
AHR function may be regulated by structural variations in
AHR itself, in the AHR repressor (AHRR), in the AHR
nuclear translocator (ARNT), or in AHR target molecules
such as cytochrome P-4501A1 (CYP1A1) and glutathione
S-transferase. Analysis of the genomic organization of
AHRR revealed an open reading frame consisting of a 2094-
bp mRNA encoded by ten exons. We found one novel
polymorphism, a substitution of Ala by Pro at codon 185
(GCC to CCC), in exon 5 of the AHRR gene; among 108
healthy unrelated Japanese women, genotypes Ala/Ala,
Ala/Pro, and Pro/Pro were represented, respectively, by 20
(18.5%), 49 (45.4%), and 39 (36.1%) individuals. We did
not detect previously published polymorphisms of ARNT
(D511N) or the CYP1A1 promoter (G-469A and C-459T)
in our subjects, suggesting that these polymorphisms are
rare in the Japanese population. No association was found
between uterine endometriosis and any polymorphisms in
the AHRR, AHR, ARNT, or CYP1A1 genes analyzed in the
present study.
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Introduction

Dioxin (2,3,7,8,tetrachlorodibenzo-p-dioxin) is one of the
most toxic congeners among environmental pollutants. The
toxicological effects of dioxin include acute inflammatory
response, immune suppression, developmental and repro-
ductive toxicity, and carcinogenesis (Poland and Knutson,
1982). The diversity of biological effects resulting from ex-
posure to dioxin is thought to reflect its ability to alter gene
expression through binding to the arylhydrocarbon recep-
tor (AHR; Hoffman et al. 1991; Ema et al. 1992). Dioxin
and other arylhydrocarbons bind to the PAS (Per-Arnt-Sim
homology) domain of AHR, causing this protein to translo-
cate from the cytoplasm to the nucleus, where it dimerizes
with aryl hydrocarbon receptor nuclear translocator
(ARNT; Reyes et al. 1992; Matsushita et al. 1993; Whitelaw
et al. 1993). The AHR-ARNT heterodimer then trans-
activates target genes that encode enzymes involved in me-
tabolizing arylhydrocarbons, such as cytochrome P-4501A1
(CYP1A1), glutathione S-transferase (GST), and others, by
binding to xenobiotic response element (XRE) enhancer
sequences in their regulatory regions (Fujisawa-Sehara et
al. 1987; Telakowski-Hopkins et al. 1988).

Mimura et al. (1999) isolated a full-length cDNA for the
murine arylhydrocarbon receptor repressor gene (Ahrr),
whose sequence is similar to that of murine Ahr in the
bHLH-PAS domain. In mice, Ahrr inhibits Ahr function by
competing with Ahr for dimerizing with Arnt and binding
to the XRE. The expression of Ahrr is induced by the Ahr-
Arnt heterodimer when the latter binds to the XRE of
Ahrr; that is, Ahrr regulates Ahr function by negative feed-
back, and affects the expression of target genes that are
induced by dioxin (Mimura et al. 1999).

In recent years, an increasing incidence of endometriosis
has highlighted environmental factors as likely stimulants
for the growth and maintenance of endometriosis lesions.
Among these factors, dioxin is a prominent candidate for
involvement in this disease, on the basis of experimental
(Rier et al. 1993) and etiologic evidence (Bois and Eskenazi
1994; Mayani et al. 1997; Eskenazi et al. 2000).
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Recently, we isolated a full-length cDNA for the human
arylhydrocarbon receptor repressor gene (AHRR) and lo-
calized it to chromosome 5p (Y. Fujii, unpublished data). In
the present study, we first determined its genomic structure
and discovered a single-nucleotide polymorphism (SNP) of
this gene in the Japanese population. Next, in order to
determine whether an association might exist between en-
dometriosis and this SNP or similar polymorphisms in
AHR, ARNT, and/or the CYP1A1 promoter, we genotyped
45 Japanese women with sporadic endometriosis and a
control group consisting of 84 healthy female volunteers
and 24 women who had presented with a normal pelvis at
laparoscopic observation or laparotomy.

Subjects, materials, and methods

Identification of exon-intron boundaries of AHRR

Bacterial artificial chromosome (BAC) clones containing
the human AHRR gene were screened from the RPCI-11
library by the polymerase chain reaction (PCR), using two
gene-specific primer pairs recommended by the manufac-
turer: for B138H19, 59-TGACCACCATCCAAGCTCAG-
39 and 59-ATGCTGTCATGCTTGAATAGAC-39); for
B300J8, H1 and H2 (see Table 1) (Ikegawa et al. 1999). The
exon-intron boundaries of AHRR were determined with an
ABI 377 sequencer (Applied Biosystems, Tokyo, Japan)
by means of bi-directional sequencing of BAC clones
with primers designed along the cDNA sequence, and
comparison of genomic and cDNA sequences (Futamura
et al. 1999). A contig was assembled by means of the
Autoassembler program (Applied Biosystems).

Subjects and extraction of genomic DNAs

Genomic DNAs were prepared, as described by
Pimkhaokham et al. (2000), from peripheral white blood
cells of 45 women with moderate-to-severe endometriosis
(stage III-IV; revised American Fertility Society), who had
been diagnosed by laparoscopy or laparotomy at the Tokyo
Medical University Hospital. Control DNAs were obtained
from a total of 108 unrelated women (84 healthy volunteers
and 24 women without endometriosis who were diagnosed
with a normal pelvis during laparoscopic or laparotomic
treatment for benign ovarian tumors at Tokyo Medical
University). All of the women participating in the study
were ethnically Japanese, and all provided their informed
consent.

SNPs within AHR, ARNT, AHRR, and the
CYP1A1 promoter

On the basis of flanking intronic sequences in the AHRR
gene, we designed oligonucleotide primers to amplify each
exon (Table 1). All reactions were performed in volumes
of 20µl, containing 10ng genomic DNA, 1X PCR buffer,
0.25µM each primer, and EX-Taq DNA polymerase
(Takara, Tokyo, Japan). Cycling conditions were: 35 cycles
of 94°C for 30s, 60°C–64°C for 30s, and 72°C for 30s. The
specific annealing temperatures for each amplicon are listed
in Table 1. To amplify each known polymorphic site of
ARNT, AHRR, and the CYP1A1 promoter, primer pairs
and PCR conditions were employed as described by
Kawajiri et al. (1995), Cao and Hegele (2000), and Smart
and Daly (2000). PCR products were purified using
QIAquick PCR Purification Kits (Qiagen, Tokyo, Japan),

Table 1. Primers used for sequence analysis of AHRR gene

Amplified DNA fragment Primer

Length Annealing
Exon Name (bp) Name Sequence temperature (°C)

1 A 133 A1 TGT CTT CCA GGC CGA GGA C 60
A2 CCC CTT CCA TGG GTG CAA C

2 B 253 B1 CAC CTG ACC CAG ACC ATC TC 64
B2 CAG CCT GAC TCA AGT GAA CAG

3 C 224 C1 GGT GCC TAA TGT GTC TTT TC 64
C2 CGT GAC ACG GAG TAT GAC TG

4 D 198 D1 TTA AGC AAA GGA TTC TTG CAC 60
D2 CAG ACT GGA GGG CTA TTC TG

5 E 245 E1 CTC GTC GGT GGA ATA AAG TG 64
E2 ACC TGC TTT AGG TTT TGC TG

6 F 344 F1 TGA CAT CTA GAG GGA TGC TG 62
F2 GGT AGA ATG CAT CCC AGA TG

7 G 282 G1 TAA AAC ACC AGA CGA TGC AG 60
G2 GAG TGT GGA GGT GTT TTG TG

8 H 203 H1 GTT CAT CCG TCA CAT GTC AC 60
H2 GAA TAC GCC AAC ATC TCC AC

9 I 246 I1 TCT TCC AGG AGC TCC TCA G 62
I2 ACG GTG ACT TAG GGA GCT G

10–1 J 730 J1 TTC GTA GCC TCC CTT TAG AG 60
J2 GAT GTA CAC CTG TTG CCG AG

10–2 K 611 K1 CCA TCA AGA TGG AGA AGG AC 60
K2 CAA AGC GTG TGT CTT AGG AC
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and then directly sequenced with the 377 ABI sequencer
(Applied Biosystems), using primers recommended by the
manufacturer (Sugimoto et al. 1999).

Statistical analysis

We analyzed differences in frequencies of genotypes for
AHR and AHRR, as well as differences in allelic frequen-
cies of each known SNP in AHR, AHRR, ARNT and the
CYP1A1 promoter, between patients with endometriosis
and controls. A P level of less than 0.05 was considered
statistically significant.

Results

Genomic structure of AHRR

Two overlapping BAC clones (B138H19 and B300J8) were
found to contain the full-length cDNA for AHRR, and we
determined the genomic structure of this gene using these
two BACs. The size of each exon and the sequence of each
exon-intron boundary are presented in Table 2. All bound-

aries were consistent with the invariable intronic AG and
GT features that flank the beginning and end, respectively,
of the majority of vertebrate exons. The open reading frame
of AHRR consists of a 2094-bp mRNA encoded by ten
exons. The genomic structure (Fig. 1) is similar to that of the
AHR gene, except for the carboxy-terminal half, which in-
cludes the transactivation domain (Dolwick et al. 1993).

Polymorphism in AHRR

To discover SNPs within the coding region of AHRR, we
sequenced all ten coding exons, using DNAs from 48 unre-
lated Japanese individuals. The coding sequence was di-
vided into 11 parts (Table 1), and primers for amplifying
each segment were designed on the basis of genomic se-
quence. We found one polymorphic site in exon 5, a one-
base substitution of alanine (Ala) for proline (Pro) at codon
185 (GCC to CCC). We then determined the frequency of
the three genotypes of AHRR at this site in 108 random
controls. Genotypes Ala/Ala, Ala/Pro, and Pro/Pro were
found in 20 (18.5%), 49 (45.4%), and 39 (36.1%) individu-
als, respectively (Table 3A). This pattern of allelic fre-
quency in women was similar to that in men determined in
our preliminary study.

Table 2. Exon-intron boundary sequences of the AHRR coding region

Exon Exon length cDNA
number (bp) position Splice acceptora Splice donora

1 62 1–62 TGCAGAAACA gtaaagtatc
2 182 63–244 ctccccacag GAGGCCCGCC TTCTTCCAAG gtaggactct
3 107 245–351 tatctgacag TCGTGCAGGA GCTGTTGGAG gtgagtactt
4 90 352–441 tttcttctag TCTCTTAATG CTTCCATCAG gtaaatgaaa
5 130 442–571 gctatttcag TCAGACGGAT TTGGAGACAG gtgggtgtct
6 137 572–708 tggtctgcag GAGATGATGC GGGCTTCTCT gtgagtgcgt
7 201 709–909 aaaacaccag ACGATGCAGT CGGATGCAAA gtgagtaaga
8 61 910–970 ttcttcacag AGTAAAAGCC TACTCAGCAG gtacttagaa
9 143 971–1113 accccaacag GAAGGAGCAG GGGGCTCAGG gtaagtggtg

10 981 1114–2094 ttctctgcag GGACAGGGAG

a Exon sequences are in capital letters, and intron sequences are in lowercase letters
The consensus sequences of the exon-intron junctions are indicated by underlines

Fig. 1. Genomic organization of
the AHRR gene. B300J8 and
B138H19 indicate the two bacte-
rial artificial chromosome (BAC)
clones screened by polymerase
chain reaction (PCR), using suit-
able sets of primers. The bHLH
region (hatched area) belongs to
exon 2, whereas the PAS domain
(gray area) exists between exon
3 and exon 7 (Y. Fujii, unpub-
lished data). The polymorphic
site in exon 5 is indicated by an
arrowhead
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Association between endometriosis and SNPs of
AHR and AHRR

We analyzed the frequencies of AHR and AHRR polymor-
phisms in women with and without endometriosis. The
distribution of AHRR genotypes conformed to Hardy-
Weinberg equilibrium; distribution of the three genotypes
of AHR in healthy controls was similar to results reported
by Kawajiri et al. (1995) (Table 3B). We also confirmed that
there was no difference in the distribution of the three
genotypes in both genes between healthy volunteers and
women with a normal pelvis. No significant differences were
observed in genotypic or allelic frequencies at AHR and
AHRR loci between the control groups and patients with
endometriosis (Table 3A,B). We also investigated for allelic
frequencies of known polymorphisms in the ARNT gene
(D511N; Cao and Hegele, 2000) and the CYP1A1 promoter
(G-469A and C-459T; Smart and Daly, 2000). However, we
did not detect any of these polymorphisms in our subjects,
indicating that they are rare in the Japanese population
(data not shown).

Discussion

Recently, the level of CYP1A1 expression in patients with
endometriosis has been reported to be higher than that
in a nonendometriosis group (Bulun et al. 2000); the
overexpression of CYP1A1 that can be observed in
endometriosis suggests that a dioxin-activated signaling
pathway may be relevant to promoting the pathological
development and growth of endometrial tissue. However,
constitutional genetic factors appear to contribute as well,

because some cases of endometriosis are familial (Simpson
et al. 1980; Lamb et al. 1986; Moen and Magnus 1993;
Kennedy et al. 1995). Such circumstantial evidence suggests
that the pathogenesis of endometriosis may involve predis-
posing genotypes of specific genes, especially genes that
encode dioxin-related transcription factors, their regula-
tors, and/or their targets.

Knowledge of the genetic organization of AHRR is a
prerequisite for a thorough screening of genotypes at poly-
morphic sites. Our data revealed that the AHRR gene
consists of ten exons encoding 698 amino acid residues.
Furthermore, we found that, among Japanese individuals,
AHRR protein consists of at least two different primary
structures, and the difference reflects the replacement of
one amino acid (Ala for Pro) at codon 185 in exon 5, which
exists within the PAS domain (Fig. 1). Although our pre-
liminary study has shown that this polymorphism does not
affect susceptibility to endometriosis, it remains possible
that Ala and Pro versions in the functional domain of
AHRR protein may exert different activities with respect to
dioxin and other arylhydrocarbons. The effect of this poly-
morphism on the functional and/or biochemical characteris-
tics of AHRR, including dimerization activity, has yet to be
studied, but it is clear that further investigation will be
necessary to clarify the significance of the different forms of
AHRR protein.

An amino acid-replacing polymorphism also exists in
AHR, at codon 554 (Arg ·-Ò Lys (G1721A) near the Glu-
rich region in exon 10 (Kawajiri et al. 1995). Although
association of this polymorphism with the CYP1A1-
inducing activity of AHR has been reported in a Caucasian
population (Smart and Daly 2000), our preliminary study
showed no significant differences in genotypes of the same
SNP of AHR among Japanese women with and without

Table 3A,B. Genotypic and allelic frequencies at the AHRR (A) and AHR (B) polymorphisms

(A)

AHRR genotypes AHRR alleles

Ala/Ala (%) Ala/Pro (%) Pro/Pro (%) Ala (%) Pro (%)

Controla 20 (18.5) 49 (45.4) 39 (36.1) 89 (41.2) 127 (58.8)
Healthy volunteerb 13 (15.5) 43 (51.2) 28 (33.3) 69 (41.1) 99 (58.9)
Nonendometriosisc 7 (29.2) 6 (25.0) 11 (45.8) 20 (41.7) 28 (58.3)

Endometriosisd 5 (11.1) 20 (44.4) 20 (44.4) 30 (33.3) 60 (66.7)

a–d ø2 5 1.65; P 5 0.43 a–d ø2 5 1.66; P 5 0.20
b–c ø2 5 5.59; P 5 0.06 b–c ø2 5 0.005; P 5 0.94
c–d ø2 5 4.51; P 5 0.10 c–d ø2 5 0.94; P 5 0.33

(B)

AHR genotypes AHR alleles

Arg/Arg (%) Arg/Lys (%) Lys/Lys (%) Arg (%) Lys (%)

Controla 30 (27.8) 60 (55.6) 18 (16.6) 120 (55.6) 96 (44.4)
Healthy volunteerb 24 (28.6) 48 (57.1) 12 (14.3) 96 (57.2) 72 (42.8)
Nonendometriosisc 6 (25.0) 12 (50.0) 6 (25.0) 24 (50.0) 24 (50.0)

Endometriosisd 16 (35.6) 23 (51.1) 6 (13.3) 55 (61.1) 35 (38.9)

a–d ø2 5 0.98; P 5 0.62 a–d ø2 5 0.80; P 5 0.37
b–c ø2 5 1.54; P 5 0.46 b–c ø2 5 0.77; P 5 0.38
c–d ø2 5 1.78; P 5 0.41 c–d ø2 5 1.58; P 5 0.21
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endometriosis. Polymorphisms in the ARNT gene and the
CYP1A1 promoter are other candidates for modulating
gene expression and/or function in the dioxin-activated sig-
naling pathway. However, the known polymorphisms of
ARNT (D511N) and CYP1A1 promoter (G-469A and C-
459T) were not detected in our subjects, even though all
three polymorphisms have been reported in Caucasians
(Cao and Hegele 2000; Smart and Daly 2000). Because
other polymorphic sites may exist in these genes in the
Japanese population, examination of a larger group of sub-
jects will be necessary to clarify any possible associations
with endometriosis.

Others have investigated possible associations between
genetic polymorphism and predisposition to endometriosis
in a few genes encoding compound metabolic enzymes
such as GSTM1, arylamine N-acetyltransferase 2 (NAT2),
and galactose-1-phosphate uridyl transferase (GALT)
(Baranova et al. 1997; 1999; Cramer et al. 1996). The
present study was limited to the examination of AHR and
AHRR polymorphisms in a Japanese population sample.
However, our relatively small sample may not have been
sufficient for obtaining significant differences between con-
trols and patients with endometriosis as regards AHR and
AHRR genotypes. Therefore, a large-scale follow-up study
will be required to determine whether evidence may, in fact,
exist for the involvement of AHR or AHRR polymorphisms
in susceptibility to endometriosis.
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