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Figure 5 - MOZ is a co-activator of Nrf2

Nrf2-mediated transactivafion by MOZ was examined in mouse embryonic carcinoma F9 cells.
We co-transfected 100ng of the reporter plasmid (GPET-luciferase, in the panel) and 5ng
of Renilla luciferase plasmid (phRL-tK) with 0, 0.3; 0.7 and 1 19 MOZ expression plasmid
{pC-MOZ) in the absence (~) or presence (+) of Nrf2 expression plasmid.(pAg2-Nri2, 5 ng).
The luciferase activity was normalized to Renilla luciferase activity, Refative luciferase activity
was calculated from the mean valuss relative to the activily of GPE1-luciferase without Nrf2 and
MOZ. Each error bar indicates +S.D.
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Figure 6 MOZ indiices endogenous GSTP expression

HAIIE cells were transfected with 0, 0.4, 0.7 and 1.0 ug of MOZ expression plasmid (pCI-MOZ,
lanes 1-4), and cell lysates were prepared; Endogenous GSTP ‘and GAPDH ('G3PDH) were
detected by imminoblofting.

expression plasmid was co-transfected with the reporter plasmid
GPE]-luciferase (which includes GPE1 and the GSTP promoter)
into F9 cells. MOZ and Nif2 slightly enhanced the activity. of
the repoiter construct. As expected, MOZ, when in the presence
of Nif2, dose-dependently stimulated GPEl-mediated GSTP
promoter activity. MOZ did not stimulate the promoter activity of
reporter plasmids including the mutated Nif2 binding site (results
not shown).

Induction of endogenous GSTP expression by MOZ in rat
hepatoma cells

As we described above, MOZ stimulated the GSTP promoter
activity mediated by Nrf2-MafK. We then assessed the effects
of MOZ overexpression on GSTP expression in HAIIE cells. Tran-
siently overexpressed MOZ induced expression of endogenous
GSTP but not GAPDH (Figure 6). The induction of GSTP protein
was dependent on the exogenous MOZ expression. These results
suggest that MOZ functions as a co-activator of the Nrf2-MafK
heterodimer and may stimulate GSTP gene expression during
hepatocarcinogenesis.

DISCUSSION

HATs contribute to tumour suppression, and loss or dysregulation
of these activities may be linked to tumorigenesis [45]. To gain
insight into the roles of HATSs in liver cancer, we analysed the
expression profiles of HATs during hepatocarcinogenesis and
evaluated their. roles  in hepatocarcinogenic-specific - gene
expression.

© . 2007 Biochemical Society

We have shown that MOZ expression was up-regulated during
hepatocarcinogenesis. MOZ functions as a co-activator of AML1-
mediated transcription, and the AML1-MOZ complex might
play a role in cell differentiation [28,42]. MOZ frequently is re-
atranged in leukaemia, and the MOZ fusion protein antagonizes
MOZ function in haemopoiesis [26,28]. Even though MOZ re-
arrangement does not occur during hepatocarcinogenesis, we
documented an anomalous increase of MOZ. Because HATs regu-
late global gene expression [1,46], dysregulation of MOZ may in-
duce unusual gene expression, leading to hepatocarcinogenesis.

Recently, the MOZ-MORF complex including BRPF (bromo-
domain- and PHD finger-containing) 1/2/3 paralogue and ING5
(inhibitor of growth 5; tumour suppressor) was purified [47].
MORF was not detected in nuclear extracts from livers with hyper-
plastic nodules (results not shown), so that MOZ, but not MORE,
complex may regulate GSTP expression. INGS5 is also included
in HBO! [HAT binding to ORC1 (origin recognition complex
subunit 1)] complex. Interestingly, ING4, another member of ING
family proteins; exists in HBOI complex, but not MOZ complex.
AML1-dependent promoter activity is stimulated by INGS5, but
not ING4 [47]. This raises a possibility that overexpressed MOZ
may affect regulation of AML1-dependent gene expression.
INGS5 tumour suppressor is included in' both HBO1 and MOZ
complexes, which are important for DNA synthesis [47]. Over-
expressed MOZ might trap INGS5 and generate partial complexes,
and further, HBO1 complex would be affected with the change
of INGS5 level. Thus aberrantly expressed MOZ during hepato-
carcinogenesis may disturb the tumour suppressor function of
INGS5 complexes and DNA synthesis, which lead to tumori-
genesis.

‘We also found that the expression of p300 and CBP were de-
creased during hepatocarcinogenesis. Although AAF blocks the
proliferation of hepatocytes, GSTP-expressing cells escape from
the growth inhibition and continuously grow in the Solt-Farber
model. Trautwein et al. [48] reported that AAF blocks cell-cycle
progression after PH by inducing the cyclin-dependent kinase
inhibitor p21. Expression of p21 is regulated mainly by the
fumour-suppressor protein p33, and full transcriptional activity
of p53 requires the co-activators p300/CBP [49-51].. Down-
regulation of p300 and CBP reduces p53 activity and leads to
cell-cycle progression of GSTP-expressing cells, suggesting that
p300 and CBP may be considered tumour suppressors, and their
loss of function may be a link to hepatocarcinogenesis.

GSTP is a Phase II detoxification enzyme involved in the
metabolism of carcinogens, and it plays a protective role during
chemical hepatocarcinogenesis [52]. The Nif2-MafK hetero-
dimer is important for the GSTP expression during early hepato-
carcinogenesis, but it is difficult to explain the markedly increased
expression of GSTP in livers with hyperplastic nodules solely
on the basis of the increased quantity of Nrf2 [34]. We found
that the expression of MOZ was well correlated with GSTP
expression during hepatocarcinogenesis; MOZ also furctioned
as a co-activator of the Nif2-MafK heterodimer. We reported
that the binding activity of Nrf2-MafK heterodimer to GPEL is
much stronger than that of MafK homodimer. Further Ntf2 alone
could not bind to GPE1, and the Nif2 mRNA level is increased in
cells from hyperplasic nodules when compared with those from
riormal livers [34]. Histones H3 and H4 are acetylated in both
GPE1 and in the promoter regions of the GSTP gene in the H4IIE
“hepatoma cell line but not normal liver [34]. This acetylation
coincides with the activation of GSTP expression. MOZ may
contribute acetylation of histones in the regulatory region of the
GSTP gene. Elevation of both MOZ and Nif2 expression may be
required for the dramatically increased gene expression of GSTP
observed during hepatocarcinogenesis: in vivo. To understand
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the molecular mechanism of the GSTP induction mediated by
Nrf2-MafK heterodimer and MOZ, we proceeded to identify the
regions of MOZ and MafK required for the GSTP expression in
exogenously Nrf2-expressed H41IE cells.

The activation mechanism of GSTP expression is classified
into two types: specific induction in livers with hyperplastic
nodules by chemical carcinogens, and non-specific induction by
non-carcinogenic agents such as antioxidants [29,53]. The former
induction may require both Nif2 and MOZ, but only Nrf2 may
be necessary for the latter. Preneoplastic foci and nodules are
derived from GSTP-positive single cells [54]. The mechanism of
the generation of the GSTP-positive single cell is unclear, and
specific induction of GSTP has not been reproduced in cell lines
by using chemical carcinogens. The use of transgenic or MOZ
knockout animals would probably enable us to demonstrate the
mechanism of chemical carcinogen-associated GSTP induction
during hepatocarcinogenesis.
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Abstract

Large amounts of phytoestrogen, a group of estrogen derived from plant sources, are taken from the diet by Asians, but a sign of feminization has
not been fully recognized. In this study, we found that some flavonoids inhibited an effect on estrogen action without estrogen receptor (ER ) binding.
Considering the report that dioxin, an ary! hydrocarbon receptor (AhR) agonist, disrupts the transcriptional activity of ER without binding to the ER,
14 flavonoids were examined for the transcriptional activity of AhR by the yeast reporter assay (AhR). Among them, 2-phenylchromone (flavone,
FLA) showed the highest activity. FLA increased the expression of CYP1Al mRNA, and inhibited the expression of progesterone receptor and pS2
mRNA in MCF-7 cells via non-ER-inediated pathway. Further studies showed that FLA had agonist activity for AhR and enhanced the proteosomne-
dependent degradation of ERa protein. Thus, FLA inhibited the estrogen action without binding to the ER by acting as a competitive agonist for AhR,

which meaning that there can be anti-estrogenic flavonoids such as FLA as well as estrogenic ones such as isoflavones.

© 2007 Elsevier Inc. All rights reserved.
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Introduction

Flavonoids are widely present in plants, and possess diverse
physiological activities. Numerous reports have implicated
flavonoid phytochemicals as possessing hormone-disrupting
activity (Diel et al., 2004: Kuo. 2002: Hsieh et al, 199%).
Similar to estrogen’s role, several of these phytochemicals have
been shown to prevent osteoporosis and cardiovascular disease
(Lee et al., 2007; Bingham et al., 1998; Humirey, 1988: Kutzer
and Xu, 1997).

Estrogen plays important roles in the function, growth and
differentiation of the mammary gland, uterus, and ovary. It also
affects other tissues, including the bone, liver, cardiovascular
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0024-3205/% - see front matter © 2007 Elsevier Inc. Al rights reserved.
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systern, and brain. Estrogen acts primarily through the estrogen
receptor (ER), which is a member of the nuclear hormone
receptor superfamily and a ligand-dependent transcription
factor (Evans. 1988: Speroff. 2000). The biological activities
of many flavonoids may occur via the ER-mediated pathway. It
is well known that soybean and its products contain isoflavones,
such as genistein, coumesterol, and diadzein, and Asians inclu-
ding Japanese have taken a large amount of such phytoestrogens
from food for several hundreds of years. Nishikawa (2003
estimated that Japanese took phytoestrogen at 15 mg/day,
corresponding to about ten times the tolerable daily intake of -
estradiol (E2). Nevertheless, feminine qualities in man did not
appear (Iwamoto et al.. 2006). It may be due to intake of food
containing phytoestrogen along with anti-estrogenic substances.
The effect of flavonoids on estrogen action by the ER-mediated
pathway has been investigated through the authors (Nishihare
et al.. 2000), but the elucidation of the action of flavonoids is
scant. Some chemicals may bind to other receptors, such as aryl
hydrocarbon receptor (AhR), constitutive androstane receptor
(CAR) and pregnane X receptor (PXR) (Brosens and Parker.
2003: Mikamo et al.. 2003). Among them, we had an interest in
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AR, which is a ligand-activated transcription factor that stim-
ulates gene expression when coupled with AhR nuclear trans-
locator (ARNT) (Carver and Bradfield. 1997: Denison and
Whitlock. 1995). TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin,
aligand of AhR) induces CYP1A1, CYP1A2, and CYPIBI that
hydroxylate E2. Moreover, TCDD and other agonists for AhR
disrupt the transcriptional activity of ER by degradation of ER
(Buchanan ct al.. 2000. 2002). Thus, agonists of AhR may
mimic the effects of estrogen through the mechanism that is
involved in the degradation of ER by a transcriptional active
AhR~-ARNT complex (Qhtake ot al.. 2003).

In this study, we investigated the effect of flavonoids on AhR
and ER action (Tablc 1), and found that in MCF-7 cells, 2-
phenylchromone (FLA, the structurally most basic compound)

Table {
Structures of flavonoids used in this study

Classifications Test chemicals

a Flavones Flavone (FLA)
\J

Structures

Qo
AN Flavonols Kaempfero!
I Quercetin
O N
5e
o
o Isoflavones  Biochanin A
f = \‘ Daidzein
o \//\ Genistein
I
Flavanones  Hesperetin
Hesperidin
x O. Naringenin
P
AN Chalcones  Phloretin
i
i
s
\/'\\
|
O
o o  Coumarins  Bromofluoro coumarin )
x a B
2-Bromomethyl-7-methoxycoumarin
‘ Coumestrol
AN 4-Methylumbeliferone
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inhibited the expression of ER target genes, suggesting antagonist
activity of ERa expressed via AhR in an indirect manner.

Materials and methods

Chemicals

FLA, E2, kaempferol, hesperidin, and a- and -naphtho-
flavone (a-NF and B-NF) were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), hesperetin and
bromofluoro coumarin were from Extrasynthese (Genay
Cedex, France), 2-bromomethyl-7-methoxycoumarin was
from BD Gentest (CA, USA), 4-methylumbeliferone was
from Sigma-Aldrich Co. (MO, USA), and MG-132 was from
Calbiochem (Danmstadt, Germany). Biochanin A, coumestrol,
daidzein, genistein, naringenin, phloretin, and quercetin were
provided by Dr. H. Utsumi (Kyushu University).

Yeast assay jor AhR ligand activity

The yeast transformed with the AhR—ARNT complex and
xenobiotic-responsive element (XRE) plasmids was used as
described by Miller (Miller. 1999). The AhR ligand activity was
determined essentially according to the method of Adachi et al.
(2001). The yeast strain YCM3 was grown for 5 h at 30 °C in
SD medium lacking tryptophan. Test chemicals were added at
given concentrations to 5 ul of culture and 200 ul of SD
medium containing 2% galactosidase and incubated overnight
at 30 °C. After the cell density was determined by reading O.D.
at 595 nm, 10 pl of cell suspension was added to 140 ul of Z-
buffer and PB-galactosidase activity was determined by o-
unitrophenol-p-p-galactopyranoside for 60 min at 37 °C.
Absorbance was read at 415 nm.

Cells

MCF-7 cells were grown for routine maintenance in Eagle’s
minimal essential medium (EMEM) with phenol red (Nissui
Pharmaceuticals Co., Tokyo, Japan), supplemented with 10 mM
non-essential amino acids (Nacalai Tesque Co., Tokyo, Japan)
and 10% dextran-charcoal treated fetal bovine serum (FBS).
Cells were maintained in a humidified environment at 37 °C
with 5% COas in air.

RNA isolation and RT-PCR

MCF-7 (4% 10’ cells/ml) cells were plated in 35-mm dishes
and, after 48 h incubation, treated with chemicals for 24 h. After
treatment, the cells were washed twice with PBS and RNA was
then isolated using Trizol (Invitrogen, CA). cDNA synthesized
from 0.8 pg of total RNA using ReverTra Ace-a™ (TOYOBO,
Osaka, Japan) and PCR for progesterone receptor (PR}, pS2,
CYPIAL, and glyceraldehydes-3-phosphate dehydrogenase
(G3PDH) was performed using Ampli Taq (Roche, Basel,
Switzerland). The optimum cycle number that fell within the
exponential range of response was used for PR (30 cycles), pS2
(21 cycles), CYP1A1 (30 cycles), or G3PDH (17 cycles).
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for AhR ligand activity as described in Materials and
tlavanones (A), and the other group included isoflavones,

chalcones, and coumarins (B). Some flavonoids including FLA showed positive activity.

Yeast two-hybrid assay (ER)
We used a yeast two-hybrid assay system with the rat ER

(tfER) a and the coactivator, TIF2 as described in earlier works
(Nishihara et al.. 2000; Jung et al., 2004).

A

CYPLAL

FLA/E2

B DMSO FLA E2

CYPiAL

G3iPDH

Fig. 2. Effect of FLA on the expression of CYP1Al mRNA in MCF-7 cells.
FLA (10 pM) was incubated with MCF-7 cells for 24 h in the absence (A)and
presence (B) of E2 (10 pM). - and -B NFs (10 pM) were used as positive
controls, and DMSO as negative control. The expression of CYPIAI and
G3PDH mRNA (as an internal control) was detected by RT-PCR as described in
Materials and Methods. FLA induced the expression as well as a-, 3-NFs {A),
but it was inhibited by E2 (B).

Estrogen receptor competitive binding assay

The binding activity of chemicals to human ER (hER) o was
detenmined using a fluorescence polarization assay by FP
Screen-for-Competitors Kit (ERa, high seusitivity; PanVera,
Madison, WI). Briefly, 1 pl of each chemical solution was added
to 49 pl of screening buffer in tubes and mixed well by shaking,
Then, 50 pl of ERa-fluorescence estrogen (ESI) complex
solution was added to the tube, incubated at room temperature
for 1 h, and the fluorescence was determined using BEA-
CON2000 (PanVera, Madison, WI). DMSO (0% inhibition)
instead of the chemical solution was used as a negative control
and 10 pl of ES1 (50 nM) instead of ERa ESI complex as a

FLA/EZ

DMSO FLA E2

PR

pS2

G3PDH

Fig. 3. Effect of FLA on mRNA level of E2-dependent target genes. FLA.
(10 M) was incubated with MCF-7 cells for 24 1 in the absence and presence of
E2 (10 pM). The expression of PR, pS2 and G3PDH (as an internal control)
mRNA was detected by RT-PCR. FLA repressed the expression by E2.
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Fig. 4. Estrogen activity of FLA. (A) ERc agonist or antagonist activity of FLA
was examined by yeast two-hybrid assay, and the relative activity (%) was
calculated as the percentage of E2 (5 nM) activity (100%). (B) Binding affinity of
FLA was examined by ERa competitive binding assay as described in Materials
and Methods. FLA exhibited no effect on estrogen binding activity to ERa.

positive control (100% inhibition). Curve fitting was performed
using GraphPad Prism 2.01 software to obtain ICsg.

Protein isolation and Western blots

MCF-7 (4% 10° cells/ml) cells were plated in 35-mm dishes
and, after 48 h, treated with chemicals for the indicated times.
After treatment, the cells were washed twice with PBS and then
lysed in 70 pl of lysis buffer containing 8 M urea, 1% NP-40,
and 2% 2-mercaptoethanol. After removing the cell debris, the
supematants were used for protein concentration assay. The
protein was boiled for 2 min, resolved on a 10% SDS-
polyacrylamide gel, and transferred onto a polyvinylidene
difluoride (PVDF) membrane (Millipore immobilon transfer

A without MG-132
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membrane, MA). After the membrane was blocked using 3%
skimmed milk (Yukijirushi, Tokyo, Japan) ovemight at 4 °C, it
was probed with primary antibodies ERa (1:200 in 1%
skimmed milk, Santa Cruz Biotechnology Inc.,, CA) and
G3PDH monoclonal antibodies (1:1000 in 1% skimmed milk,
Chemicon Intermational, MA). Following incubation with
peroxidase-conjugated secondary antibody, immunoglobulins
were visualized using the ECL detection systemm (Amersham
Phammacia Biotech, UK).

Results and discussion

In the yeast reporter gene assay, the effect of flavonoids on
AhR was evaluated because it had been reported that TCDD and
other AhR agonists inhibited the expression of several E2-
induced genes without binding to ER (Buchanan et al., 2002).
Among 14 tested flavonoids, 7 compounds (FLA, biochanin A,
hesperitin, kaempferol, naringenin, bromofluoro coumarin and
4.methylumbeliferone) dose-dependently increased the AhR
activity (Fig. 1A and B). On the contrary, Hamada <t al. {2006)
reported that some of these flavonoids suppressed TCDD-
induced CYP1AL1 expression in dioxin-responsive HepG2 cells
by penmeating Caco-2 cell monolayers. The difference may
involve the metabolism of flavonoids by drug-metabolizing
enzymes in the Caco-2 cells. Furthermore, we investigated FLA,
which was particularly responsible for the high activity of AhR.
Although FLA was ten times weaker than B-NF (positive
control), it was stronger than the other flavonoids and o-NF (a
second positive control). Therefore, FLA was chosen for further
study. AhR agonists induce the expression of several genes. For
example, mRNA levels of CYP1 ALl are induced by TCDD and
other AR ligands (Whitlock et al.. 1996). RT-PCR assay
indicated that in MCF-7 cells, FLA (fold, 2.6=1.0) induced the
expression of CYP1Al mRNA at similar levels to a- and B-NF
(folds, 2.2+0.5 and 2.4+0.5) (Fig. 2A). In contrast, E2 inhibits
the expression of genes induced by AhR ligands (Stacey et al..
1999). In this study, the induction of CYP1Al mRNA by FLA
(fold, 2.2£0.1) was inhibited in combination with E2 (fold, 1.5+
0.4) (Fig. 2B). The expression of G3PDH mRNA was measured
as confrol, and then it was not changed: Thus, the results suggest
that FLA acted as an AhR agonist.

When we tested the anti-estrogenic activity of many
chemicals including flavonoids by the yeast two-hybrid assay
and the competitive ER binding assay, some flavonoids and

B with MG-132

DMSO FLA  E2 FLA/E2

ERu

DMSO FLA E2 FLA/E2

- oy -

G3PDH l-._’

Fig. 5. Effect of FLA on ERc protein level. In the absence (A) or presence (B) of MG-132 (protease inhibitor), FLA (10 pM) was incubated with/without E2 (10 pM) in
MCF-7 cells for 24 h. The cell Iysates were subjected to SDS-PAGE and Western biot analysis for ERa and G3PDH (as an intenal control). FLA induced the
degradation of ERa and it was prevented by MG-132.
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their metabolites were determined to be ER antagonists as well
as agonists (Nishihara et al., 2000: Ahn el al.. 2004a.h:
Okamoto et al. 2006). As mentioned earlier in this work,
however, these assays are insufficient to explain the anti-
estrogenic activity of some flavonoids because these assays can
measure only when chemicals directly affect the interaction
with ERa.. When we screened for the active compound by the
reporter gene assay using MCF-7 cells in the presence of E2,
some chemicals inhibited the transcriptional activity of ER
(details not shown). The expressions of PR and pS2 mRNA
were induced by E2 depending on the dose, indicating that these
expressions demonstrated estrogen activity (Sco et al.. 2003:
Petzetal.. 2002: Kim ct al.. 2000). As an AhR agonist, FLA was
investigated for estrogen action. E2 (1 pM) induces the mRNA
expression of PR (fold, 9.6+1.2) and pS82 (fold, 6.3+0.1) in
MCF-7 cells. The E2 induced mRNA expressions of PR (fold,
2.1%0.2) and of pS2 (fold, 1.5+0.1) was minimized by treating
with FLA, although FLA alone did not affect these expressions
(Fig. 3). The expression of G3PDH mRNA was measured as
control. To reconfirm the mode of action of FLA on ERe, the
binding activity was examined. As shown in Fig. 4A, FLA had
neither the agonistic, nor antagonistic activity on ER in a yeast
two-hybrid assay using rER. In the competitive binding assay
using hER, FLA did not inhibit binding of ER (Fig. 4B). The
results suggested that FLA of the basic structure had anti-
estrogenic activity without binding to the ER receptor, though
several derivatives of the flavone group have estrogenic activity
(Innocenti et al.. 2007: Hircmath et al.. 2000).

AhR agonists induce rapid proteosome-dependent degradation
of ER (Wormke et al.. 2003). Furthermore, in breast cancer cells,
ligand-bound AhR enhances ubiquitinated forms of ERa and
proteasome-dependent degradation of ERa to repress the E2-
induced transactivation (Wormke et al_, 2000). As shown Fi gs. |
and 2, FLA was suggested to be a ligand of AhR. Consequently,
the protein level of ER in the presence of FLA was determined in
MCF-7 cells. FLA or E2 significantly decreased ER« protein
level and FLA together with E2 enhanced this effect. Since
TCDD, a ligand of AhR, activates proteasome-dependent
degradation of ERa (Ohtake et al.. 2003), the effect of protease
inhibitor, a MG-132, was determined on ERa protein level. The
results show that MG-132 prevented ER« from degradation by
FLA (Fig. 5). Moreover, the results indicate that FLA induced the
expression of CYPIA1 mRNA to enhance the degradation of
ERa protein, and inhibited the expression of PR and pS2 mRNA
through the AhR pathway.

It has been reported that some flavones show estrogenic
activity through ER binding so that their intake has a preventive
effect against prostate cancer (Raschke ct al.. 2006) and
menopausal syndrome (Miller-Martini et al., 2001), and also
has a stimulative effect on endometritis (Cline et al., 2004).
Recently the Food Safety Commission of Japan published the
upper-limit dose for soy isoflavone supplement to be 30 mg/day.
Although Wood et al. (2006) reported that soy isoflavones had
anti-estrogenic effects in the postmenopausal breast through ER
signaling, we have presented in this work that FLLA can be anti-
estrogenic via AhR in MCF-7 cells, This means that other AhR
agonists in food may potentially affect the action of estroger.
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Abstract

Since the 1990s, population decreases, reproductive anomalies and malformations of highly aquatic animals have been
increasingly reported. One possible cause is considered to be endocrine disruptive effects induced by environmental
contaminants through a direct interaction with nuclear receptors, not only with steroid hormone receptors but also with
other ones. In this study, we examined the binding affinities of 20 chemicals, which are registered in the Japanese
Pollutant Release and Transfer Register (PRTR) and have been abundantly discharged into aquatic environments to eight
human nuclear receptors and assessed their potential endocrine disruptive effects. Of the 20 PRTR chemicals tested,
nonylphenol diethoxylate, telephthalic acid (TPA), and linear dodecyl-benzensulfonate (DBS) bound to at least two
receptors at high concentrations. TPA and DBS enhanced the activities of both retinoic acid receptor (RAR) v and vitamin
D receptor (VDR) in a dose-dependent manner. This suggests that TPA and DBS may disturb the vitamin D endocrine
functions mediated by a VDR-VDR homodimer or a VDR-RAR heterodimer. Also, our results indicate that endocrine
disruptors unsuspected under the current assessment criteria could potentially bind to various nuclear receptors and disrupt
endocrine systems mediated by such receptors.

Key words: aquatic environment, endocrine disruptive effect, nuclear receptor, PRTR chemical
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RTRIZOWTHGIMBEERS e E MBS -5

HEEgD, £ OATIFEMEONRICKH T HER L BE
LTS ZEBRBETH D, AFRTHE, KBEFICK

BICHHENTOS{EFEMEDE PNRIZKHT 5 AL

HEL, BEASLRASWEBIHERBOTHEEEZE-T-, &

BWEIE, BEFLEDEEHBEZE (pollutant release

and transfer register ; PRTR) #EDOH IFEIBELZWEIC

BEN, AFAKEA~OEHHEN15tE LE S H LS
WEBEOT ) G20MEEEEE L, HRWEDONRIZH T
HFEEMDOFEMIL, € PNRD ) BERa, TRa, E# I A
Z&K (retinoic acid receptor ; RAR) y, RXRa, £ % I v
DS &K (vitamin D receptor ; VDR) , PPARo/y/§% it
L LT, inviroTNRE T 7 FR~F—DWAEA®H
HTEDONAAN—=T v bR Y == TETHD
CoA-BAP (coactivator-bacterial alkaline phosphatase) &'®
ERWTERLE,

2.5 *®

2.1 {e¥PhHE

BEY 2 FE LT, BRaIFLIIB-Z R b T Vg4 —1

(E2) , TRaZ#E3,3°,5-b VA A4 R-L-Fr=2 (T3) ,
RARylZ I Zall-trans- L F / A B (retinoic acid; RA) , RXRa
{Z1¥9-cis RA, VDRIZIZ1a,25-V Rufi 2% 3 D3

(1,25(0H),D3) , PPARw IZ iX GW7647, PPARyIC it
Rosiglitazone, PPARSIZIZGWS01516% AV 7=,

PRTRAIE CHEIEEELFHEIIEES L, QK
HMAOERMPEHEISELET, KXV ESENEVFHL
FOHEBOT» L0BEADLFEME (Table 1) % #iaY
BLLTRELE, BEERTUNARUE U RNK B
kU 7 A (linear dodecyl-benzenesulfonate ; DBS) 13, E44
T F N v E R R B

(linear-alkylbenzenesulfonate ; LAS) DAFE L LTEBHL
o £, /=T 2 )TV MFIL— k

(nonylphenol diethoxylate ; NP2EQ) 1%, / =/ 7 x /—
AR Y = bF L — b (nonylphenol polyethoxylate ;

Table 1 Binding affinity of 20 PRTR chemicals for various nuclear receptors®

No.  Compound ERa TRa RARy RXRa VDR PPARo.  PPARy PPARS
1 Ethylene glycol - - - - - - — -
2 N,N-Dimethylformamide - - - - - _ _ _
3 Nonylphenol diethoxylate (NP2EO) ++ - - - _ - + —
4 Thiourea - - - - -~ _ ~ -
5 e-Caprolactam - - - - - - ~ _
6 Ethylenediaminetetraacetic acid - - — — - _ _ -
7 Terephthalic acid (TPA) - - ++ - ++ - + -
8 Diethylenetriamine - - - - — - _ —
9 Toluene - - ~ - - - - -
10 1,4-Dioxane - - - —~ - ~ - _
11 Methacrylic acid - - - - - - _ —
12 2-Aminoethanol - - - ~ - - - -
13 Acrylic acid - - - - - - - —
14 Linear dodecyl-benzen,esulfonate (DBS) - + ++ - ++ — + -
15 1,3-Dichloro-2-propanol - - - - - - - -
16 Hexamethylenediamine - - - - - _ _ —
17 p-Xylene - - - - - - - —
18 Aniline - - - - - - - .
19 Pyridine - - _ — — - _ -
20 Phenol - - - - - - - -

7 ++, the lowest detectable effective concentrations of tested chemicals were 10° to 10° times as much as that of the cognate ligand; +, 10° to 10®

times; —, not detected.
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NPnEOs) m»ftEd: LCEALE, NPEOIL, BWETH
ANPREOsIZ 5 5N TV 54, NPnEOsOKEBES TO
PRRORKEHDO—D>TH D,

zF s Y a—n, FHRE, brxzy, 2-73I=x
% /=), DBS, 1,3-¥7/nu2.7a:,/)—n, p-FiL
UIIFINMERTE, NN-PAFARLALT IR, e 70
T2 E N, T L7 ZNEE (telephthalic acid ; TPA) , 1,4-
TkEYr, 7=y, T ) —EF 6, NP2EO,
ITFLTUT I NEER, VEFLU YT I, AX
JUNEE, T7ZIUNEE, ~FXVAFLIPT7T IVEER
LA T, VY DU RMETENOBA LR,

B T FRUER{ICEDE Y, DMSOIZHEREE4 °C
TREL, FEAMIDMSOTEREER LAV,

2.2 CoA-BAP%

AEFFE TR, ISR Lz CoA-BAPEDER AV T,
HECFEMEONR~DOEE M L 7=, CoA-BAPHET,
ERaEERAT T, YA RIEFELENREZ T O F
R—F—DRBEERE~A 707V — s ETRET %in
VitroFETH D, AFETIE, KBEZ2HAWTTFHERHE
SHNRU v FEAMHEE (NR-LBD) & a7 7 F~—
& — (CoA) Z{EMT 5, NR-LBDZEE LIS L— hiZ
CoAL U H U REMABE, UH Y RITEEL TNROS
{EER (L L, CoOAZNR-LBDIZHES T 5, CoAIZ IZBAP
PEREINTHWAHY, NRECOADHEER DMK X1,
BAPDTNA Y 74 AT 74— (AP) {EMEDOBE L L
TEETEZ 3, ZOAPEMIIAERGHELZRL, BIEE

NS EERtwo-hybridiE X 0 b &V Z L BRI TV B,

FRER, w4/ aFv— b ETBET S D, —FE
WEEOLZEDESRBTHIENTES, &b,
NR-LBDE CoA% # 2 37 L LTHWTWAED, “h¥E
CEEBERLZEHEOFRNAVECBEROBBICRAIA
TEEBEECHER SN T ZBESRAE~0ZR
SEHMIEIC T AR LR RS 2 L0
EeThad,

CoA-BAP#E X, Ll UAFEBICH » THEREEINE
NuLigand> J — X (A 7 0¥ X5 A R) 2BVTITo
72. 0.1 MIRBEEERICEME SIS BREI N~ A 7 1
Tr— MIBEL, 4°CC—BBETII L TUVCE
Elb&wi, BEHRA (Tris-HCl 20 mM, KCl 100 mM,
EDTA 0.25 mM, glycerol 5%, dithiothreitol 0.5 mM, Tween
20 0.05%, pH 7.2) TU = VE3[ENEHRE, BERACERS
E 47230 pgml’ O TIF2-BAP (PPARSPASM) s iz
CBP-BAP (PPARS) %100 uI57EL, BEARL-EEY
Ay REWIIHRSE L2 RML T, 4°CTIEERE LT,
$BE B (Tris-HCl 50 mM, KCl 100 mM, MgCl, 5 mM,
Nonidet P-40 0.1%, pH 7.2) T = /L % 3[@eik#%, A
& (p-nitrophenylphosphoric acid 10 mM, Tris-HC! 100 mM,
pH 8.0) Z 100 WlFSAMI L C, 30 °CHELV V37 °C RS X 4,
405 nmDEIEE (Ays) HHEE L7z, ERITLTIETH
VS, g L E#EZ (standard deviation ; SD) Z2EH L7-,
HOWERYEREIIBIT D ApfEDEY- SDADMSOD
AusfEDOEH+SDE EEY, F LY BEE TAER
DILERLBRCBELHE L,

3. E

CoA-BAPIEIZ L Y, 107°-10° MO&EE T, 208 DOPRTR
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EEHEDOAFENRIZHT 22/, 1TEEO L
EMTIE, WTNONRIZH LT O EEREAEERAR
ho7c 3, NP2EO, TPA, DBSO3IMEIZ TR EN2, 3, 4
FEONRIZES L7 (Table 1) , NRTRA L, RXRa,
PPARa, PPARSHERS STEEDONRIZH LT, $742< &b
BEOEBRILEDENES L, B2 RLEDEOH
BRIGER Y SEFED L IFig LORT,

NP2EOI¥, ERa & PPARyIZX L THAMAR L7, ERa
T, EBEEY A FChIRNCERTICEBEETHS
10 MA S REAHED HERR S 7= (Fig. 1A) . —%, PPARy
~DOFESHENBD N DBEEITERY VY Pz 7T10
EEBETHY, EHEEIEFIE» -7 (Fig 1E) ,

TPAIZ, RARy, VDREUPPARYIZR L THAMELRL
7o RARVIZHT BHEAIZI0 MAGRD L, iy
ERETITRERENDICEES EF L (Fig. 1C) . VDR
R LTI, 107 MTIEER R L, 2l EBE I,
1,25(0H),D3 & AR DEIA T, BEEEMISEEN LF L
7= (Fig. 1D) , PPARYIZIWTIL, 10° MU EoBE C&
HELED, ThEIVEBREICBITAESROBRITESH
THo7 (Fig. 1E) ,

DBS#X, TRo, RARy, VDR, PPARYD4FEIHONRIZEE
& Ui, TRaZ 3T 2EAME, 10 MU LDOBRECOL
BO LA (Fig. 1B) , PPARYICK LTI, 10°MTHRS
HER LU, ZOBEHIZI0-107 MIcBWTENTSEE
o3, 107 MELETIZEL LA d o 72, RARyE VDRIC
FHLUTH, FRENI10° MEUI07 MTREAMEER L,
¥, INOLXYVERETH, TR FhOERY F P
O RAERG AL L= S48 TR ERFSIZIEE 1
K L7 (Fig.1C,D) ,

4. & =

fEske, NAOWREIEEICE S BEERMEERED Y
27 FHEE, EWERETRE S & LTS b, BEEDs
ELTBERWOLIYEILETLNTHWAETAFA T =)
—NWVER T INBT AT NE, VAT /) — VA, BEE
REFHLUTHEEL OMRPEBONTE -, KPR CH
220 DOPRTRIGFEME O H T, NP2EOMERaIZFES
T35 ENEESNE, NPEOHE, BREYSv2OE
TRy BRFRARBROCE O TTZ ha s U RRiE
PR INTWD, £z, KPR TESNENPZEOD
ERaiZH§ B TEHRBRBE L, BEEMEDC T 54.
J =T e ) —)VOERaIZH T B EVIEERERED
1/100-1/10TH 0, ZIIEREBECBTAEEVLREC
bbb, TNHEY, CoA-BAPIETELNNRIZRHT 56
EHEHIBREFERLDOTHEEEL LN, F,
TRaZiZ, 107 MEL_E DB E TDBSAFE AT 5 Al D
HDHZEDRENTD, DBSEETeLASOD BRIEARALE
BRIEEICBT28REIT T T L,

IHET, HERAECZEE L TRES ONRIZARE D
KBTI EDEDO I R 7FEICEEB S LTI b o i,
FITAMETHE, FHE2RAE LT, AEAKBRIZK
B S TS (b2 E 2 X% L LT, ER, TREMH
DNR~DFEEHE AT, TORFE, NP2EOHPPARy,
TPAMSRARy, VDREU'PPARy, DBSA RARy, VDREU!
PPARYIZE AT A AIEEMED $ 25 Z L BSHER I -, HiC,
TPA L DBSORARYE U'VDRICH T A5 A HEITEEREY Ky
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MLl L 7= BA CREKRTFRICE K L (Fig. 1C, D),
bR, BEFAINTWEEZRESEILEY
Bodyz, 48EEEET ANROWTNAEITESIZ/E
BLT, ASWREEEEZTTLORRE<EELTY
5T BB THELOTHDE, ZDHD, 5% DEDs
DOFMETIE, Brx ONREN LIRS MEEEEO A7 Y
—= T EERBLTW I ERNEETH B,

AR RITHBRICEHEONRICH T HHEEEE R 7 U —
= LIEbOTHEY, BELHESIN T —ATHT
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Fig. 1 Dose-response curve of the tested chemical compounds on

hERa (A), hTRa (B), hRARy (C), hVDR (D) and hPPARy
(E) in the CoA-BAP system. A, Cognate ligand (E2, T3,
all-trans-RA, 1,25(0OH),D3 and Rosiglitazone for hERa,
hTRa, hRARy, hVDR and hPPARy, respectively); I,
NP2EO; €, TPA; O, DBS. Data are shown as mean + SD
(n = 3). Activity of the vehicle control (DMSO) only is
shown by the broken line.

LbAEREERELLRTIERY, LAL, KFEOHE
RIIEDSIZ L ANSWREVEROE—BE THANRED
RBEAVEULDTMREEZTFTLOTHY, HRILEWED
BENZASWEELEROFEE 2 H A REHM LES
LDEEXD, £, NRIZEBEERHD/-, t FNRE
BWEAREORENEFAEHBICE TIIEHIRTR
20, LaL, NROFEEIZ L - T, BEBTEVEE
HETTHDOLHDIENDY, KROFRICESE,
t NUSAOBAEEHEL S D, BRDEOEH~DEE
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BOFEELHIEBEHETZILOLEZLNS, *
ZTC, UTTHR, AR CEONERRLE, LHon
DNRIZKHT AL FER S - NP2EO, TPAR U'DBS
OEAER LN WEEERICBET S #EL2RL -,
RARIY, FHEBOHRESCHRER A, B4, MIAS1L,
MEBOESEICEEREEH LR LTS, RARDY A
v R TCHDRAL, FHSMOBTEHE THY, 0@
FERIZEESELRHFHEE2RE S50, 1990FEK 5
I THEINTWHWAITAOERICE, KIBEERL
FYEIZ L DBRARY VTNV BERDBRIASERL TS
ZEBNEBENTWARM VDRIZ, AL ADEEM,
BRE, ROHMOBEEREHER (BRSLOFHEE, #
JAETEFAE, B, MORAT RO ) I
BOTHOLHRBEAE - TVWAY), PPARYHL, IS
LN a—2AORBICEE BB E R LTREY, Ex
DB BVWTHBEBEREER TS, £/, zo7d
=R M, BECIEERFEOEREL LTERELTWY
%, BEOLZAH, REF CVDREWIIPPARYZ N L7-
Lo EEZ LNIBEEBOBEEMIIR,

RARY"D E PPARYE, RXRE~Tu ZBERERL,
&2 OENERTFYESEEELT S, LL, Zhbom
SRE~OEAEDIED LINP2EO (PPARY) , TPA
(RARy, PPARy) , DBS (RARy, PPARy) i, W1 b
RXRoiZiZFES Lizvy (Table 1) , NREZEEEZERL
THEMHEIND VT FARBIZBNTE, VHF Y R
EBERERTINROFFIZULMAEE LRVEEOEEIL, X
FIEETDEBITHANTASWATEENER STy
59,z &Hx6, NP2EO, TPA, DBSASELJfi CRARS®
PPARY# T 5V 7 FIREREBET AN S
WIZ ERRB AN, UL, AEAXNLEHOL I
RXRolZFEAT B FWE N £FET A BE T CH, RARD
PPARYD ¥ 7 F MRER~OBEEZENE LS THESEL H
N#%5, 7272 L, RAREPPARYICH T A K/ IEMREIE
ENEEAKREEICLEATEH NI &5 (NP2EOTIOE
PAE® | TPATI00fZLL E?, DBSTSELE) | BUkT
BINLOMEANERDCERELRIFL T2 EEMHIT
BoboeEXDLNS,

fify, VDRIZ, FEZEMEK, BVVTRARMRXRE D~
o ZBEZFE L, VDINEBEFHEEHET 52,
VDR~DHE A DS SR7-TPA L DBSIZRXRICES L
W2 e s, Bl L7ZRARKRUPPARYD o — R & FIHEID,
VDR-RXR~7 12 & A = —% 79 HVDRY & F /L {miE
BE~DOBEEZEBOFEEIENEO L FEENSE, —F,
TPA X DBSIZ, RARyE VDROEZAMITHT AEAHEN
BEEKEMCEALEZ LD, TRFNBEM TVDRE
F T BRI VDR-RAR~T 0 T BEICH ERT A
BN H D, TPAIYL, BEEREIZ XL - T, Fischer-3447
v NEESLIBIZRT LT, TPAD LV AR RS & T BBk
REEFERL, BRBITLEEORELLEEILS T LR
EXBERITIERRESNATHASY), £/, DBSRE
LLASIE, B OB SIZ L - CHILEMWIE RICE(LBIE % 5]
ERITIERHLMCERATWAS, bbb, FHE
NETHEEZEMENY, VDRV Z TN EEZREELA4EE
PIHERE & BLBRIB VW —HKE2 R LTWE, Loz &hb,
TPA L DBSIZ, BB ELTRIRVWEEICB VT, VDR
BFEZEEFVITIVDR-RAR~NT v Z8EIZERT A -
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& TCVDRU A REREE S ELL, ARICERE L RIT
THERMEDH D Z EFRRBEINT, UL, TPAIL, BE
KFBENRARY R U'VDR~D R D EWRRERE LY
TRFNIOFEEUN0EL &L, F£i2, £5MENRET
THEEENMENT L2267, EREP CEESERT AW
BEEEEC VWb D LR EIND, 15, DBSIE, Bk
FREPRARYREOVDRICH TARDVELRBHEE LR
BEOBAELHLZ ENL0 EUHREOTIEELRAIC
BEBEETERVD, KBEFTCOESBENE L, Huik
B~HBECHEEATIZENDO, YRS IZXTEEL R
WHDLHESND, UED L ST, BREOTF—F7 1
TIL, TPACDBS S Bl CEF A BV O VDR Y & )L ik
RRICEEES RITTAERIIREVWLEEZEZRALDOD

INOBREFELEGSICE, HRAREARELS &
BEETERY, £72, BER~OHHEERHL T
RO ELFEHE O FICBNRICE SR RT b ONFE
THEHAINDZ LD, BEHEENR~OESENLE
YRAZIZOWTEHEL TV T EREFEN D,

5.F & &

AP G, AFXFAKE~OHEHEDOLVPRTRE 15
BEFYE0EONRESHERE L, 20, -
NETCRAGWHBEEEREDLDN T2 2157 TPA L
DBSOEHEONRIZE ST A AREMOH D Z L BRRENT-,
IO &, RECHMARCTHMESIN TS, T
B TWAEDsEUSNOBE R, AT UZRERPTR
LSAONRE B LT, ASWRIERE2RTTEEDCH S
ZEEMITFRLTWD, SH%ONSIHBEERICET
DYRVEHETIE, REPICHHBINITEEYOH 5%
B ATLEHEZSNRE L, B2 ONR~DESE ML
T Y RZID0T, HBEY, REMICFTHEL TV &
BEETHS,

E- I

AHFFIL BT = RN F —  EEFITE A BRI (NEDO)
RENBUARZIEFRG S [REAFER - S%aKk
IR AT LEINOFRER) O—BELTEHBLED
DThHD, ZIITHEBEARLET,
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LItz ¥V AT 4 v 7 BEHT ) MDA
ENT(=ET )64 vT v, HWRER
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