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hoth denor and recipent mice wers subjeeted o ovariectomy. These mice were injected 8.4,
with 100 ppike esteadiol valerate {Nihon Scherng, Osaka, Japan) in corn oil every week
from the time of ovariectomy. Two weeks after ovariectomy, donor mice were killed, Uler-
ing horas were removed and pat into a dish containing phosphate-buffered saline {PBS).
Endometrium-rich fragments, obtained by peeling off the serosa and myomettium, were
finely chopped using a razor blade. Fragments suspended in 0.6 ml PBS were injected with
an 18-gauge needle through the abdominal wall just below the umbilicus inte the peritoneal

conducted under aseptic conditions.
2.3, FR 167653 treatmen!

The recipient mice underwent subcwtaneous injection of vehicles or PR 167653 {kindly
provided by Fujisawa Pharmaceutical, Osaka, Japan) at a dose of 30mg/ky dissolved in
200l physiological saline twice every day, starting 2 days before the injection of the
endometrial Tragments and lasting for 23 days. The dose of PR 167653 wis chosen with
reference o papers showing in vivo effects of the drug (Hetanaka et al., 2001; Mishikori et
al., 20032 Takzhashi et al., 2001},

The mice were killed through cervical dislocation on the day after the last injection day.

2.4. Colleciion of the peritoneal flutd and the endpmelriotic tissaes

After sacrifice, PBS (0.8 ml) was injected into the peritoneal cavity of cach mouse.
Afier vigorous shaking of the mice, petitoneal fiuid was collected. Peritoncal fiuids were
contrifuged and the supernatant was kept at —80°C until assay. Sediment peritoneal vay-
ity cells, which include peritoneal macrophages, were used for RNA exiraction. Then,
laparotomy was performed, and the number of endometriotic foct was counted. Each
focus was excised fo excinde as much normal surrounding tissues as possible, and the
weight of the exclised tissues was measured, Tn the case of cystic lesivns, fuid contents
were excluded before the measurement. The tissue of each focus was histologically con-
firmed as endometriotic lesions. In one experiment, the ulerus was excised 1o measure
its weight. In all the provedures, cxaminers were blinded to the treatment given to sach
mouse.

2.5, RNA extraction and guantitutive real-time RT-PCR

Real-time quantitative PCR was performed as we had previously described {Hirota
gt al., 200%). RNA was exteacted from endometriotic lesions and peritoneal cavity cells
asing ISOGEN (Wako, Osaka, Japan). Total RNA o377 gy was reverse-transeribed i
a 20l volume using Rever Tra Ace {TOYOBO, Tokyo, Japan). To assess IL-6 and
MCP-1 mRNA expression, real-time quantitative PCR and dala analyses were performed
using a Light C:‘yc]ér. (Roche Diagnostic GenbH, Maanheim, Germany), acco:d.izag o the
manufacturer’s instructions. Expression of 1L-6 and MCP-1 mRNA was normalized 1
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BNA louding for each sample using GAPDH mRNA a5 an inlerpal standard. The follow-
ing PCR primers were used; [1-6 primers {sense, S-TGTGCAATGGCAATTCUTGAT-3",
antisense, 5-COAAATTGOGOTAGGAAGGA-3"y MCP-1 primers (sense, 5 -AGCCAG-
CTCTCTCTTCCTCC-Y, antisense, 5-TCTGGACCCATTCCTTCTTG-3) GAPDH pri-
mer (sense, 3-ACCACAGTCCATGCCATCAC-Y, antisense, 5-TCCACCACUCT-
GTTGCTGTA-3). PCR conditions of 1L-6 and MCP-1 for amplifications were 40 cycles
at 95°C for 155, 647C for 105, and 72°C for 125, followed by meling curve analysis.
PCR conditions of GAPDH for amplifications were 40 cycles ab 95°C for 158, 64°C for
105, and 72°C for 205, followed by melting curve analysis. BEach PCR product was puri-
fied with a DQIAEX 11 gel extraction kit {QIAGEN, Tokyo, Japan), and their ideniitics were
confirmed using an ABT PRISM™ 310 genetic analyzer { Applied Biosystems, Foster City,
CAY

2.6. Measwrement of cytokine

Concentrations of IL-6 and MCP-1 in peritoneal fluids were measured using respective
mouse specific enryme-linked mmunosorbent assays {ELIBAY (Genzyme/Techne, Min-
neapolis, MN, USA) The minimumn detectable doses were 10 and 7.8 pgiml for 1L-6 and
MCP-1, respeciively. The intra-assay and inter-assay coefficients of variation were less than
5% in these assays.

2.7. Bratistical analysis

Data are expressed as mean = S.EM. The uoapaired Student™s f~test was used for com-
parisons, Statistical significance was defined as p<0.035.

3. Resulis

Endometriotic lesions developed in the mouse abdomen and collected specimens are
shown in Pig. 1. In Fig. 2, tolal weights of all the endometriotic lesions per mousa: are shows.
The total weights were significantly low in the FR 167653-treated mice (3.2 :0.6mg)
as compared to the conteol mice (12.6 £ 1.5 mg, p<0.0005). In sham-operated mice, no
emdometriotic lesion was observed inthe peribonesl cavidy.

Concentrations of H-6 and MCP-1 in peritoneal fluids are shown in Fig. 3. The con-
cepirations were both remarkably increased by the induction of endomefriosis, while the
increases were both supprossed with FR 167633 treatmant {p < 001 for IL-6, p< 0435 for
MCP-13.

The expression levels of IL-6 mRNA were decreased both in endometsictic lesions and
in periloneal cavity cells of FR167653-treated mice as compared to those of the conlrol
mice (Table 13 As for MOP-1 mRNA, the expression levels wers significantly decreassd
in peritoneal cavity cells, but not in endometriotic lesions.

The number of endometriotic lesions per mouse, weight of the uterus and the body are
shown in Table 2. Respective values were ssseatially (e same between the FR 167653-
wreated group and the control group,
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4. Discussion

In the present study, we demonstrated that the treatment with FR 167653, a p38 MAPK
inhibitor, decreased the weight of experimentally induced endometriotic lesions. In parallel
with this finding, the concentrations of TL-6 and MCP-1 in peritoneal fuid, which wer
elevated in mice harboring endometriosis, decreased.

A framework of current concept on endometriosis is that infhunmatory status i the
pelvic cavity of women with the disease are activated with increasing levels of proin-
flammatory cytokines, which promote the growth of endometriotic lesions {Lebovic et al,,
20013 The inflamsmatory reactions are suggesied to be self-perpetuating by feed-forward
interactions among cndometriotic cells and peritoneal cavity cells, particularly, peritongal
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in murine meded of endomeiniosts. Endomeldiosks wes induced in BALB/emice by nocelaling syugentc endome-
trial frapments. The sham-operaisd group (Sharyy was ineculated phosphate-buifered saline (PBS). Mice forthe
induction of endomeltiesis pers eated with veidcles (T or FRI67633 (PR 30 mafke, 5.0. tylos perday starting
2days hefore fhe endometrial injection. TL-6 snd MCOP- | concentzations in pevitones] Suids swere messored using
speciiic BLISA, The combined data of Iwo separile experiments are shovwi. Values areshown with rovan = 5B
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macrophages. Tn this respect, 1 is a notable finding that FR 167633 meatment devreased
1 hoth in endometriotic esions and 1n
peritoneal cavity cells. This downregulation might lead to subsidence of the intraperitoneal
inflammation raised by the development of endometriosis. Indeed, the concentrations of
IL-6 and MCP-1 in the peritoneal fiuid were increased in endometriotic mice as compared
to nop-endometriotic mice, while the increase in endometriotic mice were suppressed by
FR 167653 treatment. Therefore, in light of the current concept, the inhibition of the growth
of endometriolic lesions observed in PR 167633-treated mice may in part be related 1o the
suppression of peritoneal mflammation.

Several steps are surmised in the formation of endometrintic lesions, sarting from
intrapesitonsal dispersal of endometrial cells with the retrograde menstrual blood. Among
others, two major steps are the peritoneat implantation of the refluxed cells and the growth
of established endometriotic lesions, in which different molecnles are suggested 1o be fune-
tioning {Kyama ef al., 2003). In the present study, the number of endometrintic lesions was
comparable even though the commencement of FR 1687653 treatment antedalzd injection
of endometrial fragments, whereas the growth of the lesions was significantly suppressed
with the treatment. The finding implies that the inhibitory effect of FR 167653 might be
exarted mainly in the growth phase rather than in the tmplantation phase of the progress of
endometiosis.
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Another remarkable finding is that FR 167653 treatment efferied a slowdown in the
growth of endometriotic lesions without changing the ulerine weight. The precise reason
for the differential susceptibility to PR 167653 is unknown. The increased activation levels
of p38 MAPK in endometriotic lesions as compared to entopic endomelrinm { Yoshino ef
al.. 2004 may partly explain the shserved difference.

Endometriosis-associated intraperitoneal inflammation is supposed to impair fecundity
{Harada 21 al., 2001). The decrease in the levels of 1L-6 and MICP-1 in peritoneal fiuid
observed in the PR 167653-treated mice may reflect an improved inflammatory environ-
ment in the peritoneal cavity, and imply therapeutic potential of PR 167633 for inferility
associated with endometriosis.

The therapentic effoxt of anti-inflammatory drugs for endometriosis was sugpested by
& report docurmenting that pentoxylylline reduced endometriotic implant growth in a rat
endometriosis model {MNothnick et b, 1994). FR 167653 Is a novel anti-inflammatory drug
with z distinet specirum of activities as compared (o anti-inflammatory sterpids or non-
steroidal anti-inflaminatory drugs (Hatanaka et al., 2001; Mishikori et al., 2002}, In addition,
a novelty of application of FR 167653 for endometriosis therapy is that itis targeted to p38
MAPK, a possible causative molecule of endometrivsis.

In sumupary, we demonsirated that FR 167633, a p38 MAPK mbibitor, decreased the
weight of endometriotic lesions in a murine model. The effect appeared to be related with
the suppression of intraperitoneal inflammation assoctated with endometriosis.
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Elevated Serum Bisphenol A Levels under Hyperandrogenic
Conditions may be Caused by Decreased
UDP-glucuronosyltransferase Activity
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Abstract. This study was performed to investigate the effect of androgen on the metabolism of bisphenol A (BPA), an
endocrine distaptor, in order to clarify the mecbanisin of the higher levels of serum BPA in men and hyperandrogenennic
women compared with normal women. Castrated female rats (OVX) were subcutancously injected with testosterone
propionate (TP) (0.01, 0.1, and | mg) every day for 2 weeks. Serwm BPA concentrations in OVX rats showed a TP dose-
dependent inerease and were significantly higher at 0.1 and 1.0 mg of TP. The enzyme reaction of BPA glucuronidation in
the rat liver microsomes showed that the ratio of glucuronide in the OVX rats was significantly reduced in a TP dose-
dependent manner.  Analysis of the mRNA expression of UDP-glucwronosyltransferase 2B1 (UGT2B1) by real-time
quantitative RT-PCR revealed that the relative expression level of UGT2B1 mRNA showed a TP dosc-dependent
decrease. The results of enzyme analyses demonstrated that the ratio of BPA glucuronidation and the expression level of
UGT2B1 mRNA were significantly lower under the hyperandrogenemic conditions. The clearance of BPA may be
slowed in a TP dose-dependent manner, resulting in an increase of serum BPA concentration under hyperandrogenemic

conditions.

Key words: Bispbenol A, UDP-glacuronosyltransferase, UGT2BI, Endocrine disruptor, Androgen

(Endocrine Jowrnal 53: 485-491, 2006)

THERE is substantial evidence that endocrine-
disrupting chemicals have the potential to alter the
normal function of the endocrine system in wildlife and
humans [1, 2]. Various environmental chemicals are
known lo act as endocrine disruptors, which have been
reported to exhibit estrogenic, anti-estrogenic and/or
anti-androgenic actions in wildlife and human beings.
There is increasing scientific concern and public debate
about the involvement of endocrine-disrupting chemi-
cals tn a number of human health disorders.
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Bisphenol A (BPA), an estrogenic endocrine-
disrupting chemical with two unsaturated phenol rings,
is widely used in the production of polycarbonate plas-
tics and epoxy resins, which are used in dentistry, food
packaging, and as lacquers for coating food cans, bottle
tops and water pipes [3, 4]. A significant amount of
BPA has been detected in liquid from canned vegeta-
bles that are exposed to high temperature during auto-
claving [5], and in the saliva of dental patients fifted
with restorative materials [6]. BPA has been reported
to bind to estrogen receptors (ERa and ERP) and to
play either estrogenic or anti-estrogenic roles in vitro
[7, 8]. BPA has been shown to exhibit several actions,
such as uterotrophic effects [9], decreasing sperm
production [10], stimulation of prolactin release [11],
promotion of cell proliferation in a breast cancer cell
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line [5], and influencing preimplantation development
[12], in animal experiments. Promotion of growth and
puberty by fetal or preimplantation exposure to BPA in
mice has been reported [ 13, 14]. We reported that BPA
was detectable not only in the serum but also in several
biological fluids, including amniotic fluid, demonstrat-
ing human fetal exposure to BPA through the placenta
[15]. It is interesting to note that there was a gender
difference in serum BPA concentrations in humans
[16] and, more recently, determination of serum BPA
concentrations i women with or without ovarian dys-
function revealed that BPA levels may vary according
to the endocrinological status of subjects [17]. BPA
levels in patieuts with endometrial hyperplasia and
endometrial cancer, both of which are estrogen-related
uterine disorders, were lower compared to those i nor-
mal controls [18]. These findings suggest an associa-
tion between BPA exposure and endocrine disorders.
The mode of action of BPA may be even more complex
than expected, but analysis of BPA metabolism in the
body may provide clues about the mechanisms of link-
age between the occurrence of estrogen-related dis-
eases and endocrine disruption.

The glucuronidation reaction is catalyzed by mem-
bers of the UGT enzyme superfamily [19]. The UGT
enzymes are classified into two families, UGT1 and
UGT2, on the basis of amino acid sequence homology;
the latter is further subdivided into the subfamilies
UGT2A and UGT2B. Moreover, UGT2B is subdivid-
ed into many isoenzymes. Each isoenzyme has specif-
ic substrate(s) for glucuronidation. BPA is known fo
be glucuronidated by liver microsomes in a reaction
catalyzed by UGT2B1, and then to be rapidly excreted
in the feces and urine [20-22]. We reported that the
ratio of BPA glucuronidation and the expression level
of UGT2B1 mRNA were significantly higher in female
than i male rat Tivers [23].

In this study, we investigated the effect of androgen
on the metabolism of BPA int rats, in order to clarify the
mechanism of the sex difference in serum BPA levels and
of the higher levels of serum BPA in patients with poly-
cystic ovary syndrome compared with normal women.

Materials and Methods
Reagents

Bisphenol A (>95% pure) was obtained from Aldrich

Chemical Co., Inc. (Milwaukee, W1, USA). Testoster-
one propionate, uridine 5'-diphosphoglucuronic acid,
Tris-HCI buffer, bovine serum albumin (BSA), EDTA,
sodium carbonate, sodium citrate, and Folin-phenol
reagent were obtained from Sigma Chemical Co. (St.
Louis, MO, USA). Sucrose was obtained from ICN
Biomedicals, Inc. (Aurora, OH, USA). Magnesium
chloride, potassium chloride, methanol, ethanol, copper
sulfate pentahydrate, f3-glucuronidase, and dimethyl-
butylidene-bisphenol (internal standard for HPLC)
were purchased from Wako Pure Chemical Industries
Ltd. (Osaka, Japan). Acetonitrile and acetic acid were
purchased from Kanto Kagaku Co. (Tokyo, Japan).

Animals and their experimental preparation

Bight-week-old female Wistar-Imamichi rats, which
were obtained from Saitama Experimental Animals
Supply Co., Ltd. (Saitama, Japan), were castrated.
Castrated female rats (QVX) were subcutaneously in-
jected with testosterone propionate (TP) (0.01 mg,
0.1 mg, 1 mg; 0= 5, respectively) in 0.5 ml of corn oil
every day for 2 weeks starting on the fourth day after
the castration. The experimental groups consisted of
intact rats, ovariectomized rats without TP (OVXTP-
0), ovariectomized with TP 0.01 mg (OVXTP-0.01),
ovariectomized with TP 0.1 mg (OVXTP-0.1) and
ovariectomized with TP 1 mg (OVXTP-1). The rats in
intact control and OVXTP-0 groups were subcutane-
ously injected with 0.5 ml of corn oil. The rats were
housed in a controlled-climate room at 22 £ 2°C and
62.5 & 2.5% relative humidity, with lights on from
08.00 to 20.00 h. They were allowed free access to a
standard rodent diet and tap water in glass bottle.
Wood chips were used as bedding. Blood samples
were obtained by decapitation, and all sera were stored
at ~30°C until assayed. Livers were removed promptly
and stored at ~-80°C until used.

Serum BPA concentrations in each group of animals
(n=5, respectively) were determined before and
120 min after subcutaneous injection with BPA in com
oil (S0 mg/kg). In some experiments, serum BPA
concentrations were measured before and at 60, 120,
180 min after the treatment with BPA.

Measurement of rat serum BPA, testosterone and
estradiol concentrations

Rat serum BPA concentrations were assayed with a
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competitive BLISA [24]. This assay method measures
total (conjugated and unconjugated) BPA. Serum tes-
tosterone and estradiol concenirations were assayed
with '2I-RIA kits (Diagnostic Products Corporation,
Los Angeles, CA, USA). All assays were performed in
duplicate, and all of the samples were assayed simulta-
neously. The intra-assay coetficient of variation was
less than 10%.

Preparation of liver microsomes und enzyme activity
analvsis

Livers were perfused with 5 ml of ice-cold physio-

Jogical saline, and homogenized with five volumes of

50 mM Tris/HCL buffer (pH 7.5) containing 0.25 M
sucrose, 25 mM KCI, and 5 mM MgCl,, using a glass-
teflon homogenizer. The homogenates were centri-
fuged at 1000 g for 10 min, and the supernatants were
cenfrifuged at 12000 g for 20 min, and the resultant
supernatants were centrifuged at 105000 g for 60 min.
The cytosolic supernatants were removed, and the re-
maining microsomal pellets were suspended in 50 mM
Tris/HCI buffer containing 0.25 M sucrose, and stored
at —=80°C until used. The protein content was deter-
mined by the method of Lowry ef al. [25] using BSA as
a standard.

One milligram of microsomal protein was incubated
in a total volume of 2.0 ml of 0.1 M Tris/HCI buffer
{(pH 7.2) containing 1 mM BPA, 0.1mM UDP-
glucuronic acid, 10 mM MgCl,, and 20 uM EDTA.
Reactions were performed at 37°C with shaking (fre-
quency: 100 cycles/min; amplitude: 3.5 cm) for 30 min.
The reaction was terminated by the addition of 100 ul
of methanol, and proteins were removed by centrifuga-
tion at 1000 g for 15 min. The supernatants were stored
as the reaction products at ~-80°C until assayed.

Measurement of glucuronide fraction of BPA in the
microsomal veaction products

The microsomal reaction supernatant sample was di-
vided in two aliquots for measuring total and unconju-
gated BPA. After 100 pl of the supernatant sample
was washed with 1 ml of a mixture of n-hexane and
ethylether (3 : 2), the unconjugated [raction was eluted
in the solvent. An aliquot (20 ul ) of the solvent frac-
tion was evaporated under a stream of nitrogen gas. An
aliquot (1.25 ml) of 0.1 M Tris/HCI buffer containing
I' M MgCl, and 0.5 mM EDTA was added to the dry

residue in the test tube, This sample was used for
assaying unconjugated BPA. The procedure for the
measurement of total BPA was done as [ollows. The
above-mentioned Tris buffer (1 ml) was added to an
aliquot (100 pl) of the supernatant sample, and then
1.23 ml of the Tris buffer was added to 20 pl of the
mixture. This sample was used for assaying total BPA
by ELISA, which measured both conjugated and un-
conjugated BPA. This method was selected after com-
parison with an HPLC technique [23]. There was a
significant correlation (r=0.877, p<0.001) in the re-
sults between this extraction method and the HPLC
assay.

RT-PCR analysis of UGT2B1 mRNA

Real-time quantitative RT-PCR was used for the
quantification of UGT2B1 mRNA. In brief, 1 pg of to-
tal RNA was prepared from rat liver using a modified
acid guanidium thiocyanate-phenol-chloroform meth-
od. The total RNA treated with RNase-free DNase
(Boehringer Mannheim, Mannheim, Germany) was
subjected to reverse transcription using oligo dT 20
(Takara, Tokyo, Japan) and superscript 1l reverse tran-
scriptase (Gibco BRL, Gaithersburg, MD, USA) at
42°C for 30 min, followed by RNase H treatment. Ali-
quots of the cDNA (1/20) were used as templates for
real-time PCR analysis using a LightCycler system
(Roche, Mannheim, Germany). The PCR program
consisted of 40 cycles of 8 sec at 94°C, 5 sec at 60°C,
and 10sec at 72°C. Oligonucleotide primers [or
UGT2B1 were as follows: forward, 5'-TGTTGGTAT
TCCCTTGTTTGC-3"; reverse, 5-GTGCTTGGCTC
CTTTGTGACG-3'. The primers for glyceraldehyde
3-phosphate dehydrogenase (GAPDH), housekeeping
gene, were as follows: forward, 5-ACCACAGTC
CATGCCATCAC-3"; reverse, 5-TCCACCACCCT
GTTGCTGTA-3". The RNA preparation and RT-PCR
in the present study were performed in triplicate.

Statistical analyses

All results are expressed as means = standard errors
of the mean (SEM). Stalistical comparisons among
the groups were performed by analysis of variance
(ANOVA) and the least significant difference test
(LSD). Correlation coeflicients were calculated by lin-
ear regression analysis. Significance was taken at
p<0.05.
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Results

Table | shows serum BPA, testosterone and estra-
diol concentrations in the intact and OVX rats. The
serum BPA concentrations were significantly higher in
the OVXTP (0.1) and OVXTP (1) groups compared
with the OVXTP (0) group. The serum testosterone
concentrations were decreased by half in the OVXTP
(0) control rats, and were significantly higher in a dose-
dependent manner in OVX rats treated with TP, The
serum estradiol concentrations in the OVX rats were
decreased to less than half the control levels. There
was a significant positive correlation between the se-
rum BPA and testosterone concentrations (r = ().983,
p<0.001), butnot between the seram BPA and estradiol
concentrations (v = -0.032, NS) in all rats.

Subcutaneous injection of BPA (50 mg/kyg) into in-
tact female rats caused an abrupt increase of serum
BPA concentrations, which reached a peak (749.6 +
113.8 ng/ml) at 120 min after the treatment, as shown
in Fig. 1. Castrated female rats were also subcutane-
ously injected with BPA (50 mg/ke), and blood sam-
ples were obtained at 120 min after the {reatment with
BPA. The serum BPA concentrations increased in a
TP dose-dependent manner, and were significantly
higher in the OVXTP (0.1) and OVXTP (1) groups
compared with the OVXTP (0) group (Fig. 2).

The levels of total, unconjugated, and conjugated
BPA, and the ratios of conjugated to total BPA in the
supernatant of the rat liver microsome reaction are list-
ed in Table 2. There were no differences in the total
levels of BPA in the reaction products among the
groups. The ratio of conjugated to total BPA was sig-
pificantly lower (P<0.05) in the OVXTP (0.1) and
OVXTP (1) groups than in the OVXTP (0) or intact
control group.

The relative expression level of GAPDH mRNA was
not significantly different among the groups, but that of
UGT2B1 mRNA was significantly lower (P<0.05) in
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Serum BPA concentrations in female intact control, ova-
riectomized (OVX) control, and OVX rats with testos-
terone propionate (TP) at 120 min after subcutaneous
injection of BPA (50 mg/kg).

The serum BPA concentrations increased in a TP dose-
dependent manner, and were significantly higher in the
OVXTP (0.1) and OVXTP (1) groups compared with
the OVXTP (0) group. Values are mean + SEM (n=5
in each group).

Table 1. Basal serum BPA, testosterone and estradiol concentrations in intact and ovariectomized (OVX) sats
Intact control QVXTP (0) QVXTP (0.01) OVXTP (0.1) QVXTP (1)
BPA (ng/ml) 4.38+0.34 4,10 £ 0.42 4,51 £0.58 5.34 4 (.44~ 5.76 £ 0.50%¢
Testosterone (ng/ml) 0.65+0.15 0.31 £ 0.05¢ 1.27:0.66 28.11 & 4.0604 46.90 4 17.904d
Estradiol (pg/ml) 40.0::11.7 150 2.0 1134132 14.0 & 4.0¢ 183 4.1

Data are mean & SEM (n = 5 in each group). TP (0.01, 0.1, 1): Testosterone propionate (0.01, 0.1, 1 mg)
a; P<0.05, compared with intact control b; P<0.01, compared with intact control
¢; P<0.05, compared with OVXTP (0) d; P<0.01, compared with OVXTP (0)
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Table 2. The levels of total, unconjugated and conjugated BPA and the ratios of conjugated to total BPA in the supernatant after

microsomal enzyme reaction

BPA Intact control OVXTP (0) OVXTP (0.0L) OVXTP (0.1) OVXTP (1)
Total (ng/ml) 10534022 10.1140.20 10.29 4 0.20 10314 0.05 10.60 % 0.50
Unconjugated (ng/ml) 5.80+£0.61 5.85+£0.20 6.68 £0.82 7.02+0.40 723+£0.57
Conjugated (ng/ml) 4.72 £0.57 4.26 £0.55 3.60 £0.95 3304044 3.26+:0.26
Ratio of conjugated to total ~ 0.448 4 0.049 0.421 +0.045 0.350 + 0.087 0.320 + 0.041%> 0.306 £ 0.031 »P

Data are mean + SEM (n = 5 in each group).

a; P<0.05, compared with intact control b; P<0.05, compared with OVX control
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Fig. 3. Expression of UGT2B1 mRNA in the livers of female
intact control, ovariectomized (OVX) control, and OVX
rats treated with testosterone propionate (TP).

The relative expression level of UGT2ZBL mRNA. was
significantly lower in the OVXTP (0.1) and OVXTP (1)
groups compared with the OVXTP (0) group. Values
are mean £ SEM (o = 5 in each group).

the OVXTP (0.1) and OVXTP (1) groups compared
with the OVXTP (0) group (Fig. 3). The bands of
GAPDH and UGT2B1 were detected as expected by
electrophoretic analysis of the RT-PCR products,
which were collected before the reaction plateau levels.

Discussion

BPA was detectable in all serum samples from rats.
It was reported that BPA was found at a concentration
of 0.6 £ 0.1 ng/ml in tap water in Korea [26]. We also
detected 0.11--0.21 ng/ml of BPA in the tap water in
our animal-breeding room (unpublished data). The
main source of BPA consumed by the animals may be
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tap water, and the amount of BPA taken may be ap-
proximately 2-8 ng/day assuming that each rat drinks
20-40 ml of water. There was no difference in the vol-
ume of tap water drunk by the various groups of rats.
Serum BPA concentrations in OVX rats with TP treat-
ment showed a dose-dependent increase and were sig-
nificantly higher at 0.1 and 1.0 mg of TP. The ratio of
BPA glucuronidation in the OVX-rat liver microsome re-
action was significantly lower in a TP dose-dependent
manner. The clearance of BPA may be slowed in a
TP dose-dependent manner, resulting in an increase of
serum BPA concentrations with testosterone dose.
Moreover, the relative expression level of UGT2BI
mRNA showed a TP dose-dependent decrease. These
findings suggest that the amount of UGT2B1 enzyme
catalyzing BPA glucuronidation is decreased by treat-
ment with TP. To our knowledge, this is the first report
ol an effect of androgen on UGT2B1 enzyme.

In human beings, serum BPA concentrations are sig-
nificantly higher in men than in women [16], and also
in hyperandrogenemic women compared with normal
women [17]. Moreover, we reported that there were
significant positive correlations between serum BPA
and total testosterone, free testosterone, androstenedi-
one, and DHEAS concentrations in all female subjects
[17]. Rat serum BPA concentrations are also signifi-
cantly higher in males than in females, as in humans
[23]. These in vivo data may implicate the relation of
serum BPA concentrations with the androgen levels
and are in accord with the present results.

Glucuronidation represents one of the conjugation
reactions for the inactivation and excretion of both endo-
biotic and xenobiotic compounds. It is known that the-
metabolites of BPA include a monoglucuronide, a sul-
fate conjugate, and a glucuronide/sulfate diconjugate.
Pritchett et al. [27] demonstrated that BPA-glucuronide
was the major metabolite formed by hepatocytes of hu-
mans, rats and mice. The amount of BPA-sulfate was
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much smaller (0-2%) than that of BPA-glucuronide,
and especially, the former was not detected in fe-
male rats. The liver is a major site of glucuronidation
as evidenced by the quantitative analysis. However,
extrahepatic glucuronidation is also known to occur in
organs such as the lung, kidney, gastrointestinal mu-
cosa, prostate and olfactory epithelium [28-33]. The
overall quantitative contribution of extrahepatic glu-
curonidation is much smaller compared with hepatic
glucuronidation. Accordingly, glucuronidation in the
liver influences the serum levels of both endobiotic and
xenobiotic compounds. Extrahepatic glucuronidation
might play an important role in the local regulation of
the effects of compounds on various organs or tissues.
Inthe present study, we investigated the conjugation of
BPA in rat liver microsomes, and found that the con-
jugation rate of BPA was significantly lower under
hyperandrogenemic conditions.

In conclusion, the results of enzyme analyses dem-
onstrated that the ratio of BPA glucuronidation and

the expression level of UGT2B1 mRNA were signifi-
cantly lower under hyperandrogenemic conditions.
The clearance of BPA is slowed concomitantly with
the elevation of serum testosterone levels, resulting in
an increase of serum BPA concentrations. The gender
difference of serum BPA concentrations and the higher
concentrations of BPA in hyperandrogenemic women
may be due to the difference of androgenecity. The
findings in this study stress the importance of the me-
tabolism of endocrine disruptors.
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Abstract

Young patients with complex atypical hyperplasia {CAH) or stage Ia, (3] adenocarcinoma (a1} of the endometrinm,
who desire to preserve fertility, can select the conservative therapy by oral progestin, medroxyprogesterone aceiate {MPA},
However, conservative treatments involve potential risks of progression and recurrence. In an attempt to find ont molec-
ular markers for sensitivity to MPA, we performed immunchistochemical analysis of PTEN, phospho-Akt, p53, ER zand
PgR in MPA-ireated 31 cases with CAH or TaGl, Eleven of 12 cases (82%%) with CAH aad 15 of 19 cases {79%} with 1aGl
demonstrated an initial complete response, while five patients underwent hysierectomy due 1o no résponse. Four of 11
responders {36%) with CAH and five of 15 responders {3%%) with IaG1 lujer developed relapse, Five of nine palients
{56%) with CAH and three of 11 patlents {27%) with 1a(31 became pregnant after infertility treatment. Immunohistochem-
ical analysis revesled that phospho-Akt expression was significanily decreased by MPA adminsstration {p = 0,002}, Fur-
thermore, combination of two factors, wesk phosho-Akt or PTEN-null expression, was found to be significamly
associated with receiving hysterectomy (p = (L04), while sach factor showed a trend without statistical significance
tp = D.07 and 0.2, respeciively). Strong expression of both ER and PR sipmificantly corvelated with suecessful pregnancy
after infertility treatment following complete response io MPA {p = .02}, Our observations in vivo suggest that anti-tu-
mor action of MPA may be mediated by dephosphoryiation of Akt and that immunchistochemical evaluation of phos-
pho- Akt and PTEM may be able 1o predict the outcome of MPA therapy.
€ 2006 Fisevier Ireland Ltd. Al righis reserved.
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1. Introduction

Young patients with complex atypical hyperpla-
sia {CAH) or stage Ia, (31 adenocarcinoma {IaGl)
of the endometrivim, who wish to preserve their
reproductive funclions, can select the conservative
therapy by oral progestin, medroxyprogesterons
acetate {MPA) [i-31 By progestin therapy, some
patients are able to breome free of disease and fur-
ther conceive after infectility treatment, while others
may have persistent disease and undergo hysterecto-
my. Although sensitivity to progestin is thought to
be associated with presence of estrogen and proges-
terone receptors {ER, PgR), it 15 known that recep-
tor-negative tumors can also respond to the agent,
suggesting that there is another direct anti-fumor
action of progestin without mediation by ER or
PeR 4% However, molecular mechanisim of proges-
tin's anti-tumor effect on endomeirial tumors
remains (o be clarified vet.

PTEN., 3 tumor syppressor gene, is mutated in
30--55% of endomeinial carcinomas [5-87 and also
in gbout 20% of endometrial atypical hyperplasias,
precancerous lesions of endometrial carcinoma
(9131 PTEN acts as both a lipid and a proin
phosphatase. The former activity is dephosphoryla-
tion of the 3-position of phesphatidylinositol 3.4,3-
triphosphate, 2 second muessenger of phosphatidyl-
mositel 3-kinase {PI3K). PTEN antagomazes PI3K
activity and negatively regulates the Aki-mediated
signaling pathway, which is invelved in cell survival
and proliferation {111 PTEN's protein phosphatase
activity dephosphorylates focal adhesion kinase and
inhibits cell migration, spreading and focal adhesion
formation {11} PTEN also regulates mitogen-acti-
vated protein kinase {MAPK) pathway through
protein phosphatase activity [12}, It has been recent-
Iy shown that estradickinduced Akt phosphoryla-
tien & modulated by PTEN via MAPK pathway
{131 Moreover, CGuzelogly-Kayishh et all have
reported that estradiol may downregulate PTEN
activity by increasing s phosphorylation, while
progesterone i3 likely to regulate the PTEN pool
by decreasing its phosphorylation and increasing
ity protein level {141 These published findings sug-
gest the possibility that anti-tumor effect of proges-
tin may be mediated by upregulation of PTEN
protein, subseguently leading to dephosphorylation
of Akt

The oncogene Akt is reported to be amplified in
ovarian and pancreatic cancers {15,161 This serine/
threonine kinase 18 activaied by phosphorylation,

T, Mingewld ¢t ol § Canver Lette

and mediates PI3K pathway through phosphoryvlat-
ing its substrates such as Bad, Caspage-8, FKHR,
GSK3, Mdm2, p21 and p27, leading to diverse range
of downstream effects including apeptosis, cell cycle
progression and glveogen synthesis (171 Although
Akt amplification or mutation is not reported in
endometrial carcinoma, a recent report has demon-
strated a correlation between loss of PTEN expres-
sion and Akt phosphorylation in endometrial
carcinama [ 18], suggesting that genetic and epigenetic
PTEN inactivation is leading to activation of PI3K/
Akt pathway in endometrial carcinoma.

Tumor suppressor p33 is thought to be involved
in chemosensitivity, as wild-type p33 is able to
induce apoptotic signals in response to chemothera-
peutic agents. It has been reported that p33 regu-
lates transcription of PTEN [19} Moreover, recent
investigations have also revealed that PTEN inhibits
degradation of pS$3 by recruiting Mdmn-2 into the
cytoplazm {20] However, association of the expres-
stons of p53 and PTEN with sensitivity to hormonal
agents in endometrial tumor has not ever been
gxamined,

in an attempt to find out mokcular markers for
sensitivity 1o MPA in young patients with endome-
trial tumors, we have evaluated expression levels of
PTEN, phospho-Akt, p53. ER and PgR by immu-
nohistochennstry in MPA-ireated 31 cases with
CAH or faGl. Subsequently, we have compared
our findings both prior to and during MPA therapy,
and have correlated them with the outcomes of
MPA and following infertility treatments. Our cur-
rent observationg in vivo provide novel implications
for the conservative management of endometrial
carcinoma and i3 precapncercus lesions in young
patients.

2. Materials and methods
2.1, Patienis and samples

Paratiin-embedded specimens were collected from 31
patients with endometrial CAH or TaGl who strongly
wished to preserve fertility or could npot receive surgery
due to complications, and ynderwent MPA-ireatment at
the University of Tokyo Hospital between 1989 and
2003, All patients provided informed consent about the
risk for recurrence of tumor and the research use of their
samples. Before conservative treatment, histological
examinations were performed by whole-wall endometrial
curettage, and myometrial invasion and extra-ulering
lesion were evaluated by wransvaginal ubirasonography,
magnetic resonance imaging {MRI} andfor compuied
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tomography {CT). Histological classification and gradiag
were conducted aceording to the World Health Organiza-
tion criteria. Two patients who underwent hysterectomy
due 1o the age over 40 were excluded from the analysis
for MPA oulcome, and 11 patients who did not
attempt to conceive were excluded from the analysis for
pregnancy. For comparing pre- and mnder-MPA sample
pairs, 11 patients were excluded because of ne tumor cells
found in under-MPA samples due to complete response 1o
the therapy, and one patient was exchuded becguse of
non-informative sample conditions. All pre- and under-
MPA samplings were performed prior to the other
therapies including estrogen plus progestin and inferjility
ireatments.

2.2, Treamment

The patienis were initisfly treated with MPA at 2.5-
500 mg/day for 3-18 months (mostly 400-600 mg/day
for 6 months, Table 1), The endometrivm was curettaged
gad histologically evaluated for response to MPA at2 or 3
maonths after initiation of the therapy. Endometrial sam-
pling, either eyiplogival or hisiplogical examination, wus
performed svery 2-4 months after MPA therapy. The
patients who did not respond to drugs or had recurrences
of atypical hvperplasia at the age over 40 or had recur-
rences of adenocarcinoma at any age underwent hyaterec-
tomy, A complete response {CR} was defined as the
absence of any carcinoma or aivpical hyperplasia on fol-
low-np endometrial curettings or hysterectomy after
MPA therapy. A pariial response (PR} was defined as a
regression to complex or simple hyperplasia without atyp-
a, At least 3 months of oral estrogen plus progestin {EP}
was given after MPA therapy. Ovulation induction fol-
lowed EP therapy for the patients wishing for pregnaney,
while the remainder continued EP 1o prevent from unop-
posed estrogen and reduce the risk of reiapses The medi-
an follow-up period was 40.7 months, ranging from 2 e

109 months, after the beginning of the conservative ther-
apy at our hospital.

2,3 Iwnynohistochemisiry

A 4 ym seciion was cut from the paraffin blocks of CAH
and Gi adenocarcinoma, Each section was moumied on a
stlane-coated glass dlide, deparaffinized, and soaked for
ISmin at room jemperatyre m §.3% H-Os/methanol to
block endogencus peroxidase, Sections were incubated
with antibodies against PTEN {mouse monoclonal, PTEM
A2ZBI [1:50 dilution] Santa Cruz Biotechoology, Santa
Cruz, CA), pbospho-Akt {rabbit polvclonal, Anti-phos-
pho-AktT/PKBu £Serd73) [1:530 dilution) Upstate, Wal-
tham, MAj}, p33 (mouse monoclonsl, DO-7 [1:200
diution}; Movocastra, Mewcastie, UK}, ER imouse mono-
clomal, 1DS {1:200 ditution} DAKO, Glostrup, Denmark),
and PgR (mouse monocional, pgRE36 (1200 dikuion];

DAKO) overnight at 4 °C. The primary antibody was visu-
atized nsing the Histofine Simple Stain POLM 3 kit { Nichirei,
Tokyo, Japaun} sccording to the instruction manual, The
shide was counterstained with bematoxylin. Normal endo-
metrigl epithelum provided an internal positive control,
and negative controls without addition of primary antibody
showed low backpround staiming in all cases. Blinded for
patient characteristics and vutcome, The intensity of stain-
ing for PTEM, phospho-Akt, p33, ER and PR in tumor
cells was sgored {(0-3) by twe investigators {TM and YT}
independently as follows: the group assigned 3 showed
increased staining intensity; the group assigned 2 showed
equal staining infensity compared (¢ the corresponding
normal endometrial epitheliom; the group assigned 1 had
decreased statning mtensity; and the group assigned D had
no trace of staining, If the staining pattern in tumor cells
was heterogeneous, the score was recorded such as
“H-+ 17, meaning that tumor cells with negative and
decreased staining are mixed.

2.4. Siatisticad grilyses

In order to chucidate factors associated with responses
to MPA or infertility ireatment, the immunohistochemical
findings were correlated with nndergoing hysterectomy or
successful pregnancy using ¥° test or Fisher's exact fest,
where appropriate. Those findings were also compared
prior o and douring MPA dreatment using Wilcoxon
signed-ranks test. p vatues less than 0.05 were considered
statistically significant.

3, Resulis
3.1, Patienis and preaiment ortcome

Fhirty-one patdents with CAH or 1a(G1 of the endome-
trium received conservative MPA therapy (Table 1) The
patient age ranged from 19 to 60 vears {average, 32.3).
This siudy included one patient of age over 40 {80 years
olid, case 11} who had to receive conservative therapy
due to complications.

Twelve patients with CAH were infially treated with
MPA at 2.5-600 mg/day for 4-18 months. Eleven of 12
patients {92%) demonstrated an initial TR 10 MPA, but
ong patiemt {8%) uaderwent hwsterestomy due to not
responding to MPA, Relapses were observed in 4 among
1 paiients {36%) who had shown mitial CR. Two patients
selected MPA therapy again and became free of disease,
and the other two received hysterectomy due to age of over
43, Mine patients attempted to become pregaant, and five
women {36%) became pregnant after inferttlity treatment.
Two women successtolly delivered two healthy and full-
term infants, and one woman is still pregaant with single-
won, All patients but one were alive without evidence of dis-
easentihelast follow-up. Case 11 of age 6D showed CR and
had no relapse, but disd of Hiver cirrhosia,
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Ninetzen patients with 1aG1 were initially treaved with
MPA at 400-600 mp/day for 3-8 months. Fifteen of 19
patients (79%} demonstrated an initial CR to MPA, but
four patients {21%) did not respond and underwent hys-
tereciomy. Relapses were observed in five among 13
patients {33%) who had shown initial CR. Two patients
with relapses of atypical hyperplasia selected MPA thera-
py again and became free of disease, and the other three
patients with relapses of carcinoma received hysterecto-
my. Eleven patients attempied to become pregnany, and
three women {27%) became pregnant after infertility treat-
ment. One woman successfully delivered one healthy and
foli-term infant, and the other two women are siill preg-
nant {singleton and twin}. All patienis were alive without
evidence of disease at the fast follow-up.

3.2, Phospho-AkUPTEN expressions and MPA outeome

In our immunochistochemical analysis of 31 endometri-
al tuinors, PTEN expression was defected mainly in cyto-
plasm of endometrial glands (Fig. 1A). P53, ER and PgR
expressions wers observed in nuclens {Fig. 1E, G and M),
and phospho-Aky expression was observed both in eytoe-
plasm and nucleus (Fig. 1C and D). Because cytoplasmic
Akt appears 1o be critical for #s oncogenic function
according to recent studies [21,22], and the function of
nuclear Akt has not been folly clarified, we applied cyto-
plasmic expressions of phospho-Akt in twinors For statis-
tical evaluation, Although we also sxamined presence or
ahsence of nuclzar PTEN expression in tumors, no associ-
agtion with outcome or administration of MPA was
observed {data not shown]. Table 2 summarizes the
immunohistochemical evaluations of pre- and ynder-
MPA samiples from the 31 cases with endometrial tumors.
Presence of PTEN-null tumor cells (THC seore including
0y in pre-MPA sumples was observed in three of 12
{25%} cases with CAH and nine of 19 {47%) cases with
1aG1, Strong phospho-Aki expression (THO score 2 2)
in pre-MPA samples was observed in anime out of 12
{75%} cases with CAH and 13 out of 19 {68%) cases with
1aG1, Strong expressions of p33 (IHC score = 23 in pre-
MPA samples were observed i two of 12 (17%) cases with
CAH and six of 19 {32%) cases with 1aGl In order i¢
examinge the correlation between MPA outcome and the
expression profile in tumors, we compared the proportion
of patienis who reveived hystereciomy according o differ-
ent expression levels, Patients who underwent hvsterecto-
may due to age over 4) were excinded from the analysis.
Five of 12 cases {42%) with PTEM-null tumor cells and
three of 17 cases {18%) without PTEN-null tumor cells
in pre-MPA samples received hysterectomy doe to relapse
or mo response to MPA, Three of 26 cases {15%) with
strong phospho-Akt expression (THC score 3> 2) and five
of nine cases {536%%) with weak phospho-Akt expression
{THC score < 1} in pre-MPA samples resulted in hysterec-
temy, Presence of PTEN-null fumor cells {THU score

T, Mingguchi ef ol 1 Cancer Letters xxx {206 ) XxXx-XXX

inchuding 0) and weak phospho-Akt expression {THC
score % 11 in pre-MPA samples were both found to be
associated with a trend iowards receiving hysterectomy
without statistical significance (p = 4.2 and .07, respec-
tively by Fisher's exact test; Tablke 33, Combining these
two factors, however, PTEN-null or weak phosho-Akt
expression was found 1o be significantly associated with

Fable 3). Because these two factors, PTEN null and weak
phospho-Akl, are contradictory in terms of the signaling
pathway, we examined whether the cells exhibiting both
of the staining patterns are the same or a mix of different
celis in the samples, Interestingly, the two staining pai-
terns were Found to mostly coexist in the same tumor celfs
{Fig, 11 and J). No association was found between expres-
sion of p33, ER or PgR and undergoing hysterectomy.
Histology of (31 showed association with tendency to
receive hysterectomy, bul did not reach staiistical signifi-
cance {Table 3). Although we also correlated these factors
with initia} response to MPA or relapse after MPA, no
association was observed {data not shown}.

3.3, Steraid recepiors expressions and pregraney after
infertility freatment

Subsequently, we examined association belween
expressions of steroid receptors in tumors and successind
pregnancy after infertility reatment following CR 1o
MPA. Patients who did not attempt 10 conceive wers
excluded from the statistical analysis. Strong exprassion
of both ER {1HC score 2 27 and PeR {IHC score = 3)
in tumor cells in pre-MPA samples was found to be signif-
cantly associated with successtul pregnancy {p = D02 by
Fisher's ¢xact test; Table 3). Although each of strong
ER expression {IMC scove = 2) or strong PgR expression
{THC score = 3} was associgied with z trend towards suc-
cessful pregnancy, they were not statistically significant
{p = D06 and 0.2, respectively, by Fisher's exaet test;
Table 3},

3.4, Comparison of ivmmwhistockemical findings in pre-
anid wunder- MP A sumple peirs

Finally, we compared the expressions of the genes in
pre~- and under-MPA treatment sample pairs. By MPA
treaiment, phospho-Akt expression was significantly
decrensed and ER expression was significantly increased
{p = 002 and G.DD2, respectively, by Wilcoxon signed-
ranks test, Figs. 1€, D and 2} No difference was observed
in PTEN, p33 or PgR exprassions (Fig. 2).

4. Discussion
PTEN mutation is highly associated with endo-

metrial endometricid adenocarcinoma, which is
thought to be estrogen-dependent type of tumor
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Fig. 1. fmmunobistochrndcal staining patterns of PTE
in CAH (YHCT score == 3} {B) Negative staining for PTE
faCil (THC scorc =
12031 (THC score = 1+ 23 {F)
{11} Positiee siaining for PgR i 1231 (BT soom =

p-Aki. p53, ER and PgR io endometrial tumors. {A) Pasitive staining for PTEN
I in CAR UM seore =2 03 1) Strong staining of p-Akt in pre-MPA sample of
3 {04 Deercased staining of p-Aktin under-MPA sampk of 1aG1 {IHC score =« 1) {E) Positive staining for pSiin
Megative staining for pSdin 1alG ! {EHC score #= 0}, {(3} Positive staining for ER in TaG1 (HHC score = 3.
35 41 PTEN-null oplls in CAH {BIC score = 0}, {1} Low phospho-Akt oclls in CAH

{EHC sepre #= 13, (C) and {03} are samples from the samge patient. {1 and {13 are different stzinings of the same sample. { A-H) 49, {T1-(1

<,

{77 Endogenous or exogenous gstrogen unopposed
with progesterong is thought to contribute 1o the
pathogenesis of endometrial tumor of this hystotype
f41 Recently, ERa has been reported 1o hind in a
ligand-dependent manner to p85y, the regulatory

subunit of PI3K, leading to activation of Akt {23}
Therefore, loss of PTEN function can be thought
to promote the signal transduction of estrogen/
PIAK/Akt pathway in tumors. However, the
mechanisin of anti-tumor action by progestin to
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