Table 8 Summary of genes classified into Group A in the
microarray analysls examined

Gene Estradiol
Accession no. symbol Estradiol +15d-PGJ;
NM003225 TFF1 (pS2) 75 17
AA143530 SCD a4 15
AF012281 PDZK1 3 1.6
AIBBOST1 ASS 23 1.2
ABO12664 sTC2 23 11
X16386 MTHFD2 22 16
NMOS3056 CCND1 22 08
(eyelin D1)
MB2403 IGFBP4 21 0.9
XB3741 EGR3 2.0 11

Values are presenled as fold change compared with controls.
Boldface: mRNA expressions were examined by real-time PCR

analysis (Fig. 4).

Table 9 Summary of genes in Group B

Gene Estradiol
Accession no. symbol Estradiol  +15d-PGJ;
Mgeo244 SLC7AS 4.4 3.2
Al151180 §100P 40 3.0
U44427 TPD52L1 4.0 24
XM006190 PGR (PR) 3.8 2.0
XM0o41014 —_ 3.5 2.2
X74837 HUMMS 29 3.7
L02785 SLC26A3 28 : 28
N39944 ATF3 28 41
AB028874 PEG10 26 2.2
AA587912 PSAT1 25 286
BTD06310 CTPD 24 28
{cathepsin D)
AA216685 GDF15 2.4 28
NM003458 BSN 23 24
Dg0070 PMAIP1 23 25
uasezs CCRL2 : 23 36
AF039022 XPOT 23 29
XB9773 15G20 22 23
X72875 BF 22 3.0
D30658 GARS 22 241
M30516 GFPT1 21 23
U72066 RBBPB 21 21
AJD11972 HDACS 20 2.0
X16706 FOSL2 20 28

Values are presenied as fold change compared with controls.
Boldface: mRANA expressions ware examined by real-time PCR
analysis (Fig, 4).

mRNA expression of pS2 (Fig. 4A), PDZK1 (Fig. 4B)
cyclin DI (Fig. 4C) and IGFBP-4 (Fig. 4D), which
were tentatively classified into Group A in microarray
analysis as above, was significantly (P<0.001)
increased by estradiol treatment (10nM, for 72 h) com-
pared with the control (neither estradiol nor 15d-PGI5),
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Table 10 Summary of genes in Group C

Gene Estradiol
Accession no. symbol Estradiol +15d-PGJ,
Al3a7iez SH3BGR 0.073 1.1
M90657 TM4ASF1 0.23 o.M
(TALS)

JQ103s -_ 0.35 0.66
XMOOB424 — 0.36 11
M59828 HSPA1A 0.40 1.8
AA4B1TI2 CDKN1A D.42 1.4
L25081 RHOC 0.43 0.57

Values are presented as fold change compared with controls.
Boldface: mANA expressions were examined by real-lime PCR
analysis (Fig. 4).

Table 11 Summary of genes in Group D

Gene Estradiol

Accession no. symbol Estradiol  +15d-PGJ;
D11428 PMP22 0.074 0.075
NMO000599 IGFBPS 0.23 0.27
DB7993 PCSKs 0.26 0.23
uegze3 MATNZ 0.30 0.20
Miggz2 FBP1 0.32 0.17
uz2so91 SELENBP1 0.33 0.34
U3pa4s LC12A2 0.34 D.24
NMO33001 GTF2l 042 0.27
ugrz76 QSCNg 043 0.42
AA4B2422 ENO1 043 0.62

Values are presented as fold change compared with controls.
Boldface: mRANA expressions were examined by real-time PCR

analysis (Fig. 4).

but not by treatment with estradiol (10nM) with 15d-
PGJ, (5uM). mRNA expression of SLC7AS (Fig. 4E),
TPD52L1 (Fig. 4F), PR (Fig. 4G), and cathepsin D
(Fig. 4H) in Group B was, however, significantly up-
regulated by the treatment with estradiol with or
without 15d-PGJ; (1 or 5uM). Estradiol-mediated
mRNA expression of PR was also demonstrated to be
inhibited by addition of 15d-PGJ; in a dose-dependent
manner (P<0.01, between estradiol alone and estradiol
with 15d-PGJ; (5uM)). The mRNA level of TALG in
Group C (Fig. 41) was significantly lower (P<0.001) in
estradiol alone than that in the control group, but was
not significantly different under treatment with estra-
diol with 15d-PGJ; (5uM). mRNA expression of
IGFBP-5 (Fig. 4J) and SELENBPI (Fig. 4K) in Group
D was significantly down-regulated by the treatment
with estradiol (10 nM) with or without 15d-PGJ; (1 or
5uM). mRNA expression in these 11 genes was not
significantly altered by treatment with 154-PGI,
(5puM) alone in this study.
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Figure 4 Effects of estrogen and 15d-PGJ; on mANA expression of estrogen-responsive genes in MCF-7 cells by

real-time PCR. (A) pS2, (B) PDZK1, (C) cyclin D1, (D) IGFBP-4, (E) SLC7AS, (F) TPDS2L1, (G) PR, (H) cathepsin D, (1) TALS,
(J) IGFBP-5 and (K) SELENBP1. MCF-7 cells were treated with the Indicated concentrations of estradiol and/or 15d-PGJ, for
72h, and mRNA expression was evaluated by real-time PCR. Tha mRNA level was summarized as a ratio of RPL13A, and
subsequently evaluated as a ratio (%) compared with that of controls (treatment without estradiol or 15d-PGJ, for 72h

(left column)), Data are presented as means+s.0. (n=3). *P<0.05, **P<0.01 and ***P<0.001 vs conlrols

Effects of 15d-PGJ, on estrogen-mediated
proliferation of MCF-7 cells

The number of MCF-7 cells was significantly increased
after the treatment with estradiol (10nM) in a time-
dependent manner, and was 1.4-fold higher than the
basal level (control: no treatment with estradiol or
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15d-PGJ5) at 5 days after the treatment (Fig. 5A).
The estrogen-mediated proliferation of MCF-7 cells
was significantly inhibited by addition of 5puM
15d-PGJ; (P<0.05 and P<0.001 for 3 and 5 days
respectively). The apoptosis index of MCF-7 cells was
not significantly altered under the same treatments for
3 days (Fig. 5B). The treatment with 5uM 15d-PGlJ,
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Figure § Effects of 15d-PGJ, on estrogen-mediated proliferation in MCF-7 cells. (A) MCF-7 cells wera treated with the
indicated concentrations of estradiol and 15d-PGJ; for 0, 3 or 5 days, and the status of cell prolteration was measured using
a8 WST-8 method. The cell number was evaluated as a ratio (%) compared with that at 0 day after the treatment. Centrol; no
treatment with estradiol or 15d-PGJ,. Data are prasented as means +5.0. (n=3). "P<0.05 and ***P<0,001 vs 10nM estradicl
alone respactively. (B) MCF-7 cells were treated with the Indicated concentrations of estradiol and 15d-PGJ; for 3 days, and
apoptosis was evaluated by an apoplosis screening kit. The apoplosis index was evalualed as a ratio (%) compared with that
of controls (no treatment with estradiol or 15d-PGJ; for 3 days (left column)). Data are presented as means+s.0. (n=3). No
significant association was detected. (C) Real-time PCR for p21 and p27 in MCF-7 cells. MCF-7 cells were lrealed wilh the
indicated concentrations of 15d-PGJ; for 72h, The mRNA leval was summarized as a ratio of APL13A, and subsequently
evaluated as a ratio (%) compared with that of controls (no treatment with 15d-PGJ; for 72 h (left column)). Data are presented
as means+s.0. (n=3). ***P<0.001 vs controls). (D) Immunoblotting tor p21 and p27 in MCF-7 cells. MCF-7 cells were treated
with the indicated concentrations of 15d-PGJ; for 72 h; 20 ug of protein were Ibaded in each lane. Dala of immunocintensity
ratio (p21 or p27/p-actin) are presented as means+s.0. (1=3), *P<0.05 and **P<0.01 vs controls (no treatment with
15d-PGJ; for 72h).

alone did not significantly influence the proliferation or  analyses, relative immunointensities of p21 and p27
apoptosis of MCF-7 cells compared with the basal  were significantly (P<0.05) increased by the treatment
level (data not shown). with 15d-PGI, in a dose-dependent manner (Fig. 3D).
We also examined effects of 15d-PGJ, on the .
expression of p21 and p27 in MCF-7 cells. Results of
real-time PCR analyses demonstrated significant Discussion
(P<0.001) stimulation of p21 mRNA by 15d-PGl:  In our present study, PPARY immunoreactivity was
(5uM for 3 days) (Fig. 5C). In immunoblotting detected in carcinoma cells in 99 out of 238 human
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breast carcinomas (42%), and was significantly asso-
ciated with the histological grade or ERa status of the
cases. Expression of PPARYy has been previously
reported in breast cancer cases by several groups
(Mueller er al. 1998, Jiang er al. 2003, Watkins et al.
2004). Mueller et al. (1998) reported that ligand-
activated PPARYy in cultured breast cancer cells
resulted in extensive lipid accumulation, and trans-
formed the breast epithelial gene expression 1o a more
differentiated and less-malignant state. In addition,
both Jiang er al. (2003) and Watkins er al. (2004)
reported that PPARY expression was significantly
lower in breast cancer tissues than in normal tissues,
suggesting that PPARy has a possible protective role
against development of breast cancers (Jiang et al.
2003, Koeffler 2003). Results of our present study are
generally consistent with these previously reported
findings, and PPARy may be mainly expressed in
well-differentiated breast carcinomas with hormonal
regulatory mechanisms maintained.

It then becomes important to know whether PPARY
is colocalized with RXRs and its natural ligands or not
in breast cancers, because these factors play essential
roles in activation of PPARY function. PPARY
immunoreactivity was significantly associated with all
the subtypes of RXR. RXRa and RXRp are known to
be major subtypes of RXR in breast cancer tissues
(Suzuki er al. 2001), and PPARY/RXRa heterodimer
was reported to be biologically active in human breast
cancer cells (Crowe & Chandraratna 2004). Therefore,
PPARy is mainly expressed in RXR-overexpressing
breast cancer tissues, and possibly heterodimerizes
with RXRa and/or RXRf in breast cancer cells.
Previously, Badawi & Badr (2003) reported that
concentration of 15d-PGJ,, which is considered a
natural ligand of PPARY, was inversely correlated
with mRNA expression of COX2 or concentration
of PGE,, and was marginally associated (P = 0.081)
with PPARY mRNA levels in breast cancer tissues.
In addition, estrogen is known to influence PG
synthesis in estrogen target tissues (Ham et al. 1975).
Ma et al. (1998a) reported that estrogen induced
enzymatic conversion of PGD; and the metabolites of
PGD; potently activated PPARY, although estrogen
did not directly induce the mRNA expression of
PPARy (Ma et al. 1998b). In our present study,
PPARy immunoreactivity was inversely associated
with COX2 immunoreactivity and positively asso-
ciated with ERa, although we could not examine the
tissue concentrations of natural PPARy ligands
in breast cancer tissues, These data suggest that
PPARY is biologically activated in human breast
cancer tissues.

246

Estrogens are well-known to contribute immensely
to the development of hormone-dependent breast
carcinomas, and biological estrogenic actions are
mainly mediated by ERa (Korach 1994). Estrogens
stimulate the transactivation of activation function 2
domain of ERa in a ligand-dependent manner (Kumar
et al. 1987), and subsequently ERs activate transcrip-
tion of various target genes by direct DNA interaction
through EREs or by tethering to other transcription
factors (Tsai & O'Malley 1994, Acconcia & Marino
2003). Previously, Keller et al. (1995) demonstrated
that PPARa/RXRJ heterodimer could bind to ERE
using the artificial promoter context. In this report,
PPARa/RXR] strongly bound with EREs of pS2 and
vitellogenin A2 (vitA2) genes, but did not induce these
ERE-dependent transactivations (Keller et al. 1995).
The binding affinity between PPARa/RXRP and
ERE of very-low-density apolipoprotein IT gene was,
however, very low, despite containing the same ERE
consensus sequence as VitA2, In our study, ligand-
mediated PPARYy activation significantly inhibited
estrogen-mediated ERE transactivation in MCF-7
cells. These data are in good agreement with the report
by Keller er al. (1995), and suggest that PPARY
suppresses the estrogen-signaling pathway through
inhibition of the binding of ERs with the target genes
in breast cancer cells. In our microarray analysis,
inhibition of estrogen-mediated mRNA expression by
PPARY was detected in 33% of estrogen-responsive
genes, including ERE-containing genes such as pS2
(Stack er al. 1988) and early growth response 3
(Bourdeau er al. 2004). However, 15d-PGJ, did not
significantly regulate the estrogen-mediated transacti-
vation of a proportion of ERE-containing genes,
such as SLC7AS (Bourdeau er al. 2004), cathepsin D
(Wang er al. 1997), retinoblastoma-binding protein
8 (Bourdeau er al. 2004), and Fos-like antigen 2
(Bourdeau er al. 2004). On the other hand, 154-PGlJ,
inhibited the estrogen-mediated expression of cyclin
D1 and IGFBP-4 (Group A), in which functional
ERE has not been identified and indirect gene
regulation by ER is suggested (Qin er al. 1999,
Acconcia & Marino 2003, O'Lone er al. 2004).
Therefore, inhibition of PPARY in estrogen-mediated
transactivation is considered 1o vary among the target
genes, and may influence not only ERE-containing
genes but also some genes which are induced by an
interaction between ER and other DNA-binding
transcription factors.

In our immunohistochemical analysis (Table 4),
significant associations were detected between ERo
and estrogen-responsive genes, such as pS2, cyclin
DI, PR and cathepsin D, as reported previously
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(Barbareschi et al. 1997, Gillesby & Zacharewski 1999,
Ioachim ez al. 2003). However, the significant associa-
tion between ERa and pS2 or cyclin D1 was not
detected in the group of PPARy-positive breast
cancers, while correlation between ERc and PR or
cathepsin D was not influenced by PPARY status in
those breast cancer patients examined. These data are
in good agreement with our results of microarray and
real-time PCR analyses. Recently, Qin et al. (2003)
reported that PPARY agonists induced proteasome-
dependent degradation of cyclin D1, which may be
partly involved in the present immunohistochemical
results of cyclin DI.

In this study, PPARY immunoreactivity was corre-
lated with immunoreactivity of p21 and p27 in breast
carcinoma tissues, and expression of p2l and p27 was
significantly induced by 15d-PGJ; at mRNA and/or
protein levels in MCF-7 cells. Previous studies
demonstrated that PPARy ligands induced cyclin-
dependent kinase inhibitors such as p21 and p27 in
various types of cancer cells (Chung et al. 2002, Han
et al. 2004, Motomura er al, 2004), and Lapillonne
et al. (2003) reported the induction of p2l by a novel
synthetic ligand for PPARY (2-cyano-3,12-dioxoolea-
na-1,9-dien-28-oic acid) in breast carcinoma cells. A
potential conserved consensus PPRE was detected in
the promoter region of p21 gene (Lapillonne er al.
2003, Qin er al. 2003), and Motomura e al. (2004)
have reported that accumulation of p27 by ligand-
activated PPARY was caused by induction of ubiqui-
tination of p27 and reduction of degradation activity
of p27 by proteasomes in hepatocellular carcinoma
cells, Results of our present study are consistent with
these previous reports, and suggest that PPARy
regulates the expression of p21 and p27 in breast
cancer tissues,

PPARy immunoreactivity was demonstrated as an
independent improved prognostic factor for overall
survival in ERa-positive breast carcinoma patients in
our study, although it may not be as robust as lymph
node status, a well-established diagnostic modality
(Dowlatshahi er al. 1997). In addition, 15d-PGJ,
significantly inhibited the estrogen-mediated prolifera-
tion in MCF-7 cells. Recently, Jiang er al. (2003)
reported that mRNA levels of PPARY in patients with
local recurrence or those who died of breast cancer
were significantly lower than those who remained
disease free, which is generally consistent with our
immunohistochemical results, An antiproliferative
effect of PPARY is considered to be, at least in part,
due to overexpression of p21 and/or p27 in carcinoma
cells, but this mechanism still remains largely
unknown. Immunoreactivities of p21 and p27 are not
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necessarily associated with improved clinical outcomes
of breast cancer patients (Barbareschi er al. 2000,
Pellikainen er al. 2003), which is consistent with the
findings in our present study (Table 5). PPARy
modulates estrogenic actions in breast carcinoma cells,
through the suppression of a part of estrogen-mediated
transactivation as described above, which may be also
involved in an improved prognosis in breast carcinoma
patients positive for PPARY and ERa. Further
examinations are required to clarify detailed functions
of PPARy as a modulator of estrogenic actions in
breast carcinoma tissues.

In summary, PPARy immunoreactivity was detected
in carcinoma cells in 42% of breast cancer tissues.
PPARy immunoreactivity was positively associated
with ERs, PR, RXRs, p2l, or p27, and negatively
correlated with histological grade or COX2, Moreover,
PPARY immunoreactivity was a better independent
prognostic factor in ERc-positive breast carcinoma
patients, Ligand-mediated PPARY activation caused
the suppression of a portion of estrogen-mediated
transactivation or inhibition of estrogen-mediated
proliferation in MCF-7 cells. These findings suggest
that PPARY is mainly expressed in well-differentiated
and ER-positive breast cancers, and in part, plays a
role as 2 modulator of estrogenic actions.
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Abstract

The estrogen pathway plays an important role in the etiology of human endometrial carcinoma
(EC). We examined whether estrogen biosynthesis in the tumor microenvironment promotes
endometrial cancer. To examine the contribution of stromal cells to estrogen signaling in EC, we
used reporter cells stably transfected with the estrogen response element (ERE) fused to the
destabilized green fluorescent protein (GFP) gene. In this system, the endometrial cancer stromal
cells from several patients activated the ERE of cancer cells to a variable extent. The GFP
expression level increased when testosterone, a substrate for aromatase, was added. The effect
was variably inhibited by aromatase inhibitors (Als), although the response to Als varied among
patients. These resulls suggest that GFP expression Is driven by estrogen synthesized by
aromatase in the endometrial cancer stromal cells. In 2 second experiment, we constructed an
adenovirus reporter vector containing the same construct as the reporter cells described above,
and visualized endogenous ERE activity in primary culture cancer cells from 15 EC specimens.
The GFP expression levels varied among the cases, and in most primary tissues, ERE activities
were strongly inhibited by a pure anti-estrogen, fulvestrant. Interestingly, a minority of primary
tissues in endometrial cancer showed ERE activity independent of the estrogen-ER pathway.
These results suggest that Al may have some therapeutic value in EC; however, the hormonal
microenvironment must be assessed prior 1o initiating therapy.

Endocrine-Related Cancer (2008) 15 451-463

Introduction

Endometrial carcinoma (EC) is one of the most common
gynecological cancers found in women worldwide
(Landis er al. 1999). Estrogen contributes to endometrial
carcinogenesis (Hecht & Mutter 2006, lto 2007) and
malignant transformation. Estrogen influences the
activation and/or expression of growth factors such as
insulin-like growth factor (IGF-I; Rutanen er al. 1993,
O'Toole er al. 2005) and vascular endothelial growth
factor (O'Toole er al. 2005). These growth factors play
important roles in the development and progression of
EC (Mochizuki er al. 2006).

Endocrine-Related Cancer (2008) 15 451463

1351-0088/08/015-451 © 2008 Society for Endocrinology Printsd in Great Britain

Recent studies reveal that estrogen receptors (ERs)
are activated not only by estrogen but also by protein
phosphorylation by kinases such as mitogen-activated
protein kinase (MAPK) and phosphatidylinositol
3-kinase (PI3K)/Akt (Campbell 1 al. 2001, Stoica
et al. 2003). Activated ER contributes to the
proliferation, anti-apoptosis, and metastasis of tumor
cells, This effect is the result of the induction of its
downstream genes whose promoter regions contain the
estrogen response element (ERE). The molecular
mechanisms of the regulation of transcriptional activity
by ER have been well investigated in breast cancer
cells. Although both EC and breast cancer are
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considered as estrogen-dependent carcinomas, they
differ in their responses to anti-estrogens, particularly
tamoxifen (TAM,; Ito 2007). Thus, the actions of
estrogen in EC might be different from those in breast
carcinoma. The molecular mechanisms of the actions
of estrogen, the target genes of the ER, and the pathway
of estrogen signaling in EC have not been elucidated.

Cancer-stromal interactions play important roles in
the genesis and progression of malignancies. We
reported previously that stromal cells obtained from
individual primary breast cancer patients activate the
estrogen signaling pathway in breast cancer cells
through tumor-stromal interaction (Yamaguchi er al.
20035). ER-activating activity is correlated with
menopausal status and histological grade.

The estrogen level in EC tissue is higher than that in
the endometrial tissue of healthy women (Naitoh er al.
1989, Berstein er al. 2003). Furthermore, estrogen-
metabolizing enzymes such as aromatase, sulfatase,
sulfotransferase, and 17B-hydroxysteroid dehydro-
genases (17B-HSDs) exist in stromal cells adjacent to
the tumor. These convert androgens and inactive
estrogens (estrone (El), estrone sulfate) into active
estrogen (17f-estradiol, E,; Pasqualini & Chelrile
2006, Takase er al. 2006).

Aromatase is & key enzyme that catalyses the
conversion of androgens to estrogen (Pasqualini &
Chetrite 2006, Takase er al. 2006). Aromatase mRNA
is expressed in various tissues, such as adipose tissue,
bone, brain, skin, and breast cancer (Bulun r al. 2005).
The promoter driving the expression of aromatase
mRNA is specifically activated in tissues where the
gene is normally expressed (Bulun er al. 2005). The
mRNA and protein of aromatase are detectable in EC
but are absent in disease-free endometrium (Bulun
‘et al. 1994, Watanabe er al. 1995). Furthermore, the
endometrial cancer patients with aromatase-positive
stromal cells have poor survival prognosis compared
with patients with aromatase-negative stromal cells
(Segawa er al. 2005). This evidence also suggests that
aromatase is a key enzyme in the etiology of EG;
however, the participation of local estrogen in the
activation of ER in individual EC tumor cells has
not been evaluated. Hormonal therapies such as
anti-estrogens and aromatase inhibitors (Als) are
widely used in breast cancer patients, particularly
ER-positive cases. However, with the exception of
medroxyprogesterone acetate (MPA) in advanced
disease, the use of hormonal therapies in endometrial
cancer is not prevalent.

In this study, we analyzed tumor—stromal interactions
in EC and examined whether estrogen biosynthesis
functions importantly in the local environment of tumor
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tissue. We also succeeded in measuring estrogen-
mediated ER activation of primary tumor cells obtained
from individual EC patients. Our results identify Als
as another potential hormonal treatment for endometrial
cancer, Our method of measuring estrogen activity
may be used as a diagnostic tool for identifying
estrogen-dependent endometrial cancer. Finally, our
results underscore the importance of tailoring therapy
to individual patients, and our assay provides a way o
accomplish this.

Materials and methods
Cells and cultures

ERE-tk-green fluorescent protein (GFP)-MCF-7 cells
(E10 cells) were established from a human breast cancer
cell line, MCF-7, by the introduction of a plasmid
carrying the ERE fused with the ERE-GFP gene, as
described previously (Yamaguchi er al. 2005). MCE-7
was purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). The human EC cell lines,
Ishikawa, was provided by Dr Masato Nishida, Kasumi-
gaura National Hospital, Japan; Sawano (RCB1152),
HHUA (RCBO0658), A431 (RCB0202), JHUEM2
(RCBI1551), and JHUAS| (RCB1544) were purchased
from RIKEN (Ibraki, Japan); and Hec1A (HTB-112) and
RL95-2 (CRL-1671) were purchased from ATCC. MCF-
7 cells and the human EC cell lines were cultured in
RPMI 1640 (GIBCO BRL, Grand Island, NY, USA)
supplemented with 10% fetal calf serum (FCS; Tissue
Culture Biologicals, Turale, CA, USA). For co-culturing
with stromal cells or treatment with Als, the cells were
cultured in phenol red-free (PRF) RPMI 1640 supple-
mented with 10% dextran-coated charcoal-treated FCS
(DCC-FCS). The culture media contained 0.1% peni-
cillin/streptomycin (GIBCO BRL). Cultures were incu-
bated at 37 °C in & humidified atmosphere of 5% CO, in
air. 293A cells, a line of human kidney cells, were
purchased from Invitrogen (Carlsbad, CA, USA),
cultured in RPMI 1640 supplemented with 10% fetal
calf serum (FCS), and used to propagate the adenovirus.

Drugs

Anastrozole (aromatase inhibitor) and ICI 182 780
(fulvestrant, pure anti-estrogen) were kindly provided
by AstraZeneca Pharmaceuticals; letrozole (aromatase
inhibitor) was from Novartis Pharmaceuticals (Basel,
Switzerland); and exemestane (aromatase inhibitor)
from Pharmacia Co. (Bridgewater, NI, USA; currently
Pfizer Inc., New York, NY, USA). Testosterone and E»
were purchased from Sigma.
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Tumor samples

Specimens of human EC tissues were obtained from
female patients who underwent hysterectomy from
2004 to 2006 in the Department of Gynecology at
Tohoku University Hospital (Miyagi, Japan). Informed
consent was obtained from all 18 patients prior to their
surgery and examination of the specimens (Table 1),
Human breast cancer tissues were obtained from
surgical specimens at the Saitama Cancer Center
Hospital (Saitama, Japan) after obtaining informed
consent from the patients, The Tehoku University
Ethics Commiuee and the Saitama Cancer Center
Ethics Committee approved this study.

Isolation of primary stromal cells from
cancer tissue

The isolation procedure of stromal cells was as
described previously by Ackerman e al. (1981) with
slight modifications. Briefly, tissue specimens were
minced to ~1mm® in size after being rinsed
with PBS and digested with collagenase solution

Table 1 Ciinicopatholegic variables of cancer patients

Total no,

Age

<50 6

250 12
Menopausal

Pre 1

Post 10

Unknown 2
Grade

i n

2 2

3 4

Unknown 1
Stage

1 14

2 1

3 3
Metastasis

Positive 3

Negative 15
Histology

Endometrioid 15

Serous 2

Carcinosarcoma 1
Muscular invasion

Negative B

=12 6

212 4
Vascular invasion

Negative 15

Positive 3
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(2.5 mg/ml collagenase, 40 mg/ml BSA, 2 mg/ml
glucose, 1X antibiotic-antimycotic, and 50 pg/ml
gentamicin in HBSS) for 20-30 min at 37 °C. The
cells, including stromal cells, were washed several
times with PBS after centrifugation and cultured at
37 °C in 5% CO»~95% air following suspension in PRF-
RPMI 1640 containing 10% FCS. Outgrowth of cells
was observed after 5-10 days, and the medium was
renewed twice weekly.

Co-culture of MCF-7 cells with primary
stromal cells

Co-culturing of E10 cells plus stromal cells was done
as described previously (Yamaguchi e al. 2003).
Briefly, 5 10* stromal cells were seaded onto 24-well
plates following pre-culturing in PRF-RPMI 1640
containing 10% DCC-FCS for 96 h. After 2h, 5X 10*
EI10 cells were seeded on top of the stromal cells in
media containing testosterone at 110~ mol/l as a
substrate for aromatase. After further culturing for
4 days, the co-cultured cells were collected by
centrifugation after 0.05% (rypsinization, and the
GFP-expressed E10 cells were counted on glass slides
using fluorescence microscopy. Regardless of the
fluorescence intensity, all GFP-expressed E10 cells
were identified as GFP-positive cell to avoid wrong
evaluation. E10 and stromal cells were easily
discriminated by their morphology. To avoid the effects
of aging, stromal cells were used within ten passages.

Quantitative reverse transcription-PCR for
aromatase, 173-HSD-type 2 and RPL13A

Total RNA of stromal cells was prepared using
ISOGEN (Nippon Gene Co., LTD, Toyama, Japan)
by the method of Chomczynski & Sacchi (1987).
Reverse transcription and quantitative PCR were
performed using SuperScript IIT RT (Invitrogen) and
LightCycler FasiStart DNA Master SYBR Green 1
with LightCycler DX400 (Roche Diagnostics AG,
Rotkreuz, Switzerland) respectively. The oligonucleo-
tides used in quantitative PCR were as follows: 5'-CTT
CTG CGT CGT GTC ATG CT-3' and 5-GGA GAG
CTT GCC ATG CAT CAA-3' for aromatase; 5'-CAA
AGG GAG GCT GGT GAA T-3' and 5-TCA CTG
GTG CCT GCG ATA-3’ for 17B-HSD type 2; and
5'-CCT GGA GGA GAA GAG GAA AGA GA-3'and
5'-TTG AGG ACC TCT GTG TAT TTG TCA A-3' for
ribosomal protein L13a (RPL13A), internal control
(Vandesompele ef al. 2002).
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Luciferase assays

ERE activity in tumor cell lines was measured using
the Dual-Luciferase Reporter Assay System (Promega,
Madison, W1, USA). The estrogen reporter plasmid
ERE-tk-Luci was described previously (Omoto er al.
2001). The control vector pRL-TK (Promega) was
used as an internal control of transfection efficiency in
reporter assays. Transient transfection was performed
using the method described previously by Omoto et al.
Briefly, after 4 days of culture in PRF-RPMI 1640 with
10% DCC-FCS, 5% 10° cells were seeded per well
onto a 6 well plate in the same medium and incubated
for 24 h. One microgram of pERE-tk-Luci plasmid and
0.1 pg pRL-TK were mixed with 5 pl TransIT LT-1
reagent (Mirus Co., Madison, WI, USA) in 300 ul
serum-free medium and subjected to transfection
according to the manufacturer’s instructions. Plas-
mid-transfected cells were cultured with/without 1
10~ mol/l E, for 24 h, and luciferase activity (i.e..
ERE activity) was measured according to the manufac-
turer’s instructions using the Dual-Luciferase Reporter
Assay System,

Reverse transcription-PCR for ER« and B-actin

Total RNA of the endometrial cancer cell lines, Ishikaws,
Sawano, HHUA, A431, HeclA, RL95-2, THUEM2,
JHUASI, and a breast cancer cell line, MCF-7, was
prepared using ISOGEN. Reverse transcription and PCR
were performed using SuperScript I RT and ExTaq
(Takara, Tokyo, Japan) respectively. Oligonucleotides
used for PCR were as follows: 5-CAT GAT CAA CTG
GGC GAA GA-3' and 5'-ACC GAG ATG ATG TAG
CCA GC-3’ for ERa; 5'-CCA ACC GCG AGA AGA
TGA C-3'and 5'-GGA AGG AAG GCTGGA AGAGT-
3/ for B-actin as a control,

Construction of Ad-ERE-tk-GFP and
Ad-cytomegalovirus (CMV)-DsRed

The consensus estrogen-responsive element and TK
promoter gene cassetie (ERE-tk) was spliced out from
pPRC-ERE-tk-Luci (Omoto ef al. 2001) and was inserted
into the multi-cloning site (MCS) in front of the GFP
c¢DNA of pEGFP-1 (pEGFP-1-ERE-tk; Clontech
Laboratories Inc). After the ERE-tk-GFP cassette was
spliced out from pEGFP-1-ERE-tk, it was inserted into
the MCS of the pENTER 1A vector (PENTER-ERE-
tk-GFP; Invitrogen). The ERE-k-GFP casselle was
inserted into the edenovirus vector (pAd/PL-DEST;
Invitrogen) by homologous recombination using the
PENTER 1A vector, and the resultant vector was named
PAd-ERE-tk-GFP. The ampicillin and pUC ori region
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was removed from pAd-ERE-tk-GFP, and the resultant
vector was lransfected into human kidney 293A cells
using TransIT (Takara). After a few days, the virus
Ad-ERE-tk-GFP was recovered in the medium from the
293A cells. The Ad-ERE-tk-GFP used in the experiments
was propagated by culturing in PRF-RPMI 1640
supplemented with 10% DCC-FCS at 37°C in 5%
C0O,-95% air.

Ad-CMV-DsRed was constructed to assess the
infectivity of the adenovirus in primary tumor cells as a
control for transfection of Ad-ERE-tk-GFP. The
immediate early promoter of CMV and the DsRed gene
of red fluorescent protein were spliced out from pCMV-
DsRed-Express (BD Biosciences, Palo Alto, CA, USA).
Thereafter, they were inserted into the pENTER 1A
vecior (pENTER-CMV-DsRed), and pENTER-CMV-
DsRed was transfected together with the adenovirus
vector and recovered as Ad-CMV-DsRed virions using
the same strategy described above for Ad-ERE-tk-GFP.

Assay of ERE activity in primary tumor cells

To assess ERE activation in primary tumor cells, we used
Ad-ERE-1k-GFP. Cancer tissue specimens were minced
to ~1 mm? after rinsing with PBS and digested with
collagenase solution for 20-30 min at 37 °C. The cells,
including mmor cells, were washed several times with
PBS after being recovered by centrifugation, and
incubated in 24-well plates using 400 pl PRF-RPMI
1640 supplemented with 10% DCC-FCS. The cells were
then promptly or 1 day laterinfected with 2% 10° PFU (in
293 A cells) Ad-ERE-tk-GFP, and incubated for 3 days at
37 °C in 5% C0O;-95% air. To examine the infectivity of
the adenovirus in primary tumor cells, the primary cells
were infected with 2X10° PFU Ad-CMV-DsRed or
Ad-ERE-k-GFP, GFP- or DsRed-expressing cells were
counted by fluorescence microscopy after incubation for
3 days at 37 °C in 5% CO,-95% air.

Immunohistochemistry of the ER

ER expression in individual EC patients was assayed
with immunohistochemistry. To activate paraffin
sections, the slides were heated at 120 °C for 5 min in
citric acid buffer (2 mM citric acid and 9 mM trisodium
citrate dehydrate (pH 6.0)) by autoclaving. Analysis
was performed using the streptavidin-biotin amplifi-
cation method using a Histofine kit (Nichirei, Tokyo,
Japan). The antigen-antibody complex was visualized
with 3,3'-diaminobenzidine (DAB) solution (1 mM
DAB, 50 mM Tris-HCI buffer (pH 7.6), and 0.006%
H,0,), and counterstaining was performed using
hematoxylin. Monoclonal antibodies for the ER
(ERID5) were purchased from Immunotech
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{Marseille, France) and used at a dilution of 1:50. For
evaluation of ERa immunoreactivity, more than 1000
tumor cells from three different representative ficlds
per case were counted, and the percentage immuno-
reactivity (i.e., labeling index (LI)) was determined.

Statistical analysis

Statistical analysis was performed using the Mann—
Whitney U test for comparison of two independent groups
using the StatView 5.0 software program (SAS Institute
Inc., Cary, NC, USA). For comparison among three or
more groups, the Kruskal-Wallis test was used to assess
the differences. Data were expressed as mean=+s.p.
P <0.05 was considered statistically significant.

Endocrine-Related Cancer (2008) 15 451-463

Resuits

Detection of ER-activating ability of stromal
cells in endometrial cancers

E10, an ER activity reporter cell line, was previously
established from a clone of the human breast cancer
cell line MCF-7 by stable transfection with the ERE-
tk-GFP gene. E10 cells showed a high ERa« expression
level, and specifically expressed GFP upon treatment
with E, (Fig. 1A). Testosterone alone had no effect on
the induction of GFP expression in E10 cells (Fig. [A).
Using E10 cells, we developed a system to visualize
the ERE-activating ability of stromal cells in
breast cancers based on tumor-stromal interactions
(Yamaguchi et al. 2005).

A B Treatment with
trypsin-EDTA
= 50 (a) o=
= 40 - s
: ‘
2 n
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2 c)
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= o + - T
8 gle== L 7
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Figure 1 GFF exprassion in E10 cells co-cultured with endometrial cancer stromal cells, (A) 17B-Estradiol (E,), but not testostarone,
Induced GFF expression in E10 cells. After 3 days of culture, E10 cells were cultured in the presence of lestosterane, E;, or ethanol
(control) for 4 days. The E10 cells expressing GFP were then counted. (B) Detection ol GFP expression in E10 calls co-cuftured with
slromal cells. After 3 days of culture, E10 cells were cultured with stromal celis In the prasence of testosterana or ethanol (control) for
4 days ((a) bright field, (b) dark field), The E10 cells expressing GFP were counted after treatment with trypsin-EDTA ((c) bright field,
(d) dark field). Solid and open arrows show stromal cells of the endometrial tissue and E10 cells respectivaly. (C) GFP exprassion in
E10 cells co-cultured with stromal cells obtained from individual endomelrial cancers. Afler 3 days of culture, E10 and stromal cells
were co-cultured In the presence or absence of testesterone for 4 days. E10 cells expressing GFP were counted, and the data are
shown as percentages ol GFP-expressing cells. All experiments were done In Iriplicate, Bars, average; arror bars, &.0,
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In this study, we examined the ability of stromal cells
obtained from EC to activate the ERE. Figure IB showsa
case in which E10 cells co-cultured with stromal cells
from EC expressed GFP in the presence of lestosterone, a
substrate of aromatase. GFP expression in E10 cells was
usually analyzed after mild trypsinization, which enabled
easy discrimination of E10 cells from stromal cells based
on their morphology (Fig. 1B). Using this system, we
analyzed whether the stromal cells obtained from various
ECs activated estrogen signaling (Fig. 1C), The induction
of GFP-positive cells was observed in most cases, though
the percentage of GFP-positive cells was variable. In
some cases, the presence of testosterone significantly
increased GFP expression by 10- to I5-fold. This
suggests that stromal cells in EC convert testosterone o
E, and activate estrogen signaling in tumor cells
expressing ER. Interestingly, in one case (patient 13),
the GFP-positive levels were high in the absence and low
in the presence of testosterone, When the percentages
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of GFP-positive cells were analyzed with respect to
clinicopathological variables, no statistically significant
differences were found.

Expression of aromatase and 17p-HSD type 2
mRNA in primary endometrial cancer stromal celis

The concentration of intratumoral E, is higher in the
endometrial cancer tissues than in normal endometrium
(Naitoh eral. 1989, Berstein er al. 2003), and is regulated
by estrogen-metabolizing enzymes such as aromatase,
17B-HSD types 2 and 5 (Tto er al. 2006; Fig. 2C).
Aromatase and 17B-HSD type 5 increase local estrogen
production, whereas 17B-HSD type 2 decreases
(Fig. 2C). To analyze the relationship between these
enzymes and ER-activating ability in stromal cells, we
examined the expression levels of aromatase and
17B-HSD type 2 genes by real-time PCR (Fig. 2A
and B). We did not analyze 173-HSD type 5 because our
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Figure 2 Local estrogen biosynthesis in stromal cells of endometrial cancers. (A) Influence of aromatase and 178-HSD type 2 gene
expressions in stromal cells. The ratios of GFP-expressing cells increased following the addition of testosterone. Aromatase (C) and
17 B-HSD typa 2 (@) gene expressions in stromal calls were analyzed by real-time PCR. The expression levels were compared with
the increase in the ratios of GFP-expressing cells following the addition of testosterone to E10 cells co-cultured with stromal cells.
(B) Six representative samples showing aromatase and 178-HSD type 2 gene expressions in stromal cells and GFP expression in
the co-culture system. (C) Estrogen biosynthesis pathways in the micreenvironment of endometrial cancer.
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co-culture system contained testosterone, a reaction
product of 17p-HSD type 5. The GFP expression level
(the fold increase in estrogen signaling by the addition of
testosterone) was not correlated (R=0.19) with aroma-
tase, but was inversely comelated (R= —0.51) with
173-HSD type 2 mRNA expression levels (Fig. 2A). The
data from individual patients suggested that ER
activation in EC was greatly affected by estrogen
biosynthesis, mediated by aromatase in the stromal
cells, as shown in Fig. 2B. However, intratumoral E,
levels may also be regulated by other estrogen-
metabolizing enzymes. The percentage of GFP-positive
cells was low in cases such as patient 9. This case had a
low expression level of aromatase and a high expression
level of 173-HSD type 2. This may have resulted in low
synthesis of E, in the local cells (Fig. 2B). In patient 14,
stromal cells showed high ERE-activating ability,
although they had a low level of aromatase gene
expression. This might have been due to the lack of
17B-HSD type 2 expression.

Effects of Als on the induction of GFP in the
co-culture system

Our results suggest that aromatase in stromal cells plays a
significant role in the regulation of local estrogen
signaling; therefore, we examined the effects of Als on
ER activation in a co-culture system with endometrial
cancers. Als widely applied in breast cancers, including
anastrozole, exemestane, and letrozole (Brueggemeier
er al. 2003), were tested in 18 cases of EC. Figure 3A
shows that all of these inhibitors significantly inhibit the
induction of GFP expression (Kruskal-Wallis test:
P<0.01), As in the case of breast cancers (Yamaguchi
e/ al. 2005), the sensitivity of stromal cells to the drugs was
variable among the cases (Fig. 2B). These results suggest
that endocrine therapy using Als might be effective for
EC, especially those who have high sensitivity to Al
however, a method to select the most suitable drug for an
individual patient needs to be developed first.

Establishment of a new reporter system to
analyze ERE activities in endometrial cancer

The results obtained with the co-culture system indicate
that stromal cells in EC locally produce estrogen signals.
The significance of ER signaling in endometrial tumor
cells has not been studied to date. We analyzed ERE
activity in various endometrial cell lines (Ishikawa,
Sawano, A431, RL95-2, JTHUEM2, JHUASI) and a
breast cancer cell line (MCF-7) as a control, using a
luciferase reporter assay. Somewhat unexpectedly, the
ERE activities of the endometrial cancer cells were much
lower than that in MCF-7 cells (Fig. 4).
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Figure 3 Aromatase in endometrial cancer stromal cells plays a
significant rale In local estrogen synthesis. (A) Effect of
aromatase inhibitors on GFP expression in E10 cells
co-cultured with stromal cells from 18 endometrial cancers.
After culture in PRF-RPMI with 10% DCC-FCS, E10 and
stromal cells were co-culiured in the absance (u?an bars)

or presence (grey bars) of testosterona (1< 10~ mol) with or
without anastrozole (0.1 uM, haiched bars), examestans

(0.1 uM, cross hatched bars) or letrozole (0,1 uM, solid bars),
After 4 days of co-culture, E10 cells expressing GFP were
counted. The dala are shown as percentages of GFP-
expressing cells, *P<0.05, (B) Effects of aromalass inhibitors
on the induction of GFP expression in the co-cullure system for
Individual patlents, Representative data from four patients are
shown, Symbols are the same as In (A). All experiments were
done in triplicate, Bars, average; error bars, s.0.
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Figure 4 Luciierase reporier assay for ERE-dependent
transcriptional activity In various cell lines. The MCF-7 breast
cancer cell line, and Ishikawa, Sawano, HHUA, A431, Hec1A,
ALE5-2, JHUEM2, and JHUAS1 endometrial cancer cell lines
were co-transfected with the ERE-luciferase reporter or with the
pRL-luciferase plasmid as a control, and cultured in PRF-RPMI
with 10% DCC-FCS for 4 days. After further culture for 24 h
with or without 17-estradiol (10 nmolf), luciferase

activities were assayed. Data are shown as the ratio of
17p-estradiol:vehicle (ethanol). Expression of ER« in these call
lines was analyzed by reverse transcription-PCR as indicated
in the bottom part of the figure.

Given the relatively lower ERE expression in the EC
lines, we realized that the efficiency of the luciferase
assay was not sufficient to measure the ERE activity in
primary endometrial tissues containing a mixture of cells.
Therefore, we developed a new reporter system in which
the ERE-tk-GFP gene was transfected into tumor cells
using an adenovirus vector. This system enabled us to
directly detect the ER activity in individual endometrial
cancers by monitoring GFP expression. We first
examined the validity of this system using MCF-7 cells
(Fig. 5). When MCF-7 cells were infected with Ad-ERE-
tk-GFP, GFP expression was induced by E; in a dose-
dependent manner. GFP expression was detected at
3 pmol/l, and reached a maximal level at 100 pmolil
(Fig. 5A). GFP expression increased for 72 h and then
decreased. Fulvestrant, an ER antagonist, inhibited the
GFP expression, indicating that the expression was
induced in an estrogen-specific manner (Fig. 5A and B).
Adenovirus infectivity in MCF-7 cells was examined
using Ad-CMV-DsRed, and a minimum of 95% of cells
were infected (Fig. SA and B). We then analyzed
estrogen signals in primary endometrial cancer cells with
this new reporter assay system.

Detection of estrogen signal activity in primary
endometrial cancer cells

Using the above adenovirus system, we characterized
the ERE activity in primary tumor cells obtained from
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EC after treatment with collagenase (Fig. 6A). Three
days after infection with Ad-ERE-tk-GFP, the GFP
expression was observed (Fig. 6A). Primary tumor
cells significantly expressed GFP, but the percentage of
GFP-positive cells varied among individual cases.

The adenovirus infectivity of primary tumor cells, as
estimated by infection with Ad-CMV-DsRed, was not
less than 75% (data not shown). In some cases, primary
EC tumor cells showed high percentages of GFP-positive
cells comparable with the percentages seen in breast
cancer tumor cells. ER expression in cancer cells was
detected by immunohistochemical analysis and
compared with the percentage of GFP-positive cells.
The GFP expression levels of endometrial tumor cells
were relaied to their ER expression levels, suggesting
that estrogen signaling was conducted via the ER in
endometrial cancers (Fig. 6B).

We then examined whether the ERE activities in the
endometrial cancer cells were linked to estrogen/testos-
terone activation of the ER. Cancer tissues were prepared
from four patients for Ad-ERE-tk-GFP infection. The
infection was performed immediately after collagenase
treatment or performed after overnight culture in
estrogen-depleted medium. In three of four specimens,
the GFP expression levels decreased in the cells infected
immediately after the collagenase treatment compared
with the cells infected after overnight culture (Fig. 7, gray
bars), This might have been due to the decrease in
intracellular estrogen during culture, since the addition of
estrogen induced high GFP expression (Fig. 7, hatched
bars). GFP expression was also induced by the addition of
testosterone in the cell infected after overnight culture,
and this induction was inhibited by fulvestrant. These
results indicate that stromal cells, present in primary cell
cultures, could supply estrogen via their expression of
aromatase. In one specimen (patient 35), the GFP
expression levels did not differ between the cells infected
immediately after the collagenase treatment and the cells
infected after overnight culture, even after the addition of
estrogen, testosterone, and fulvestrant. In this specimen,
the ERE activity was independent of the estrogen-ER
signal pathway. Overall, our adenovirus vector
system enabled us, for the first time, to detect the ER
activity in primary endometrial cancer cells. This
confirms that endometrial tumor cells can respond to
estrogen signals,

Discussion

Interaction among tumor and stromal cells has recently
been shown to influence carcinogenesis or malignant
transformation of cancer cells. Estrogen is one of the
most important mediators of tumor-stromal interaction
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in breast cancer (Yamaguchi er /. 2003) and endometrial
cancer (lto 2007). Immunochistochemical studies of the
biosynthesis and metabolism of estrogen in EC confirm
that estrogen-metabolizing enzymes, such as 173-HSD
types 2 and 5, are present in the cytoplasm of tumor cells
but not stromal cells (Ito er al. 2006). By contrast,
aromatase is more highly expressed in stromal than
tumor cells (Watanabe er al. 1995, Sasano er al. 1996),
and its expression is correlated with poor survival
(Segawa er al. 2005). To date, there has been no direct
confirmation of stromal-tumor interactions mediated by
estrogen signaling and the transactivation of ERE by
endometrial stromal cells.

www.endocrinology-joumnals.ong

In this study, we demonstrated for the first time, the
ability of stromal cells obtained from individual EC
patients lo stimulate the estrogen-signaling pathway in
previously established ER-positive reporter cells
(Yamaguchi er al. 2005). Furthermore, we evaluated
the estrogen signaling sensitivity of primary tumor
cells from individual patients using a unigue system
developed to visualize ER activity.

The ability of stromal cells to activate the ER varied
among patients. In all cases except one, the expression
of GFP was induced by the addition of testosterone,
which was utilized as a substrate of aromatase
(Fig. 1C). Aromatase is a key enzyme for estrogen
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Figure 7 Change of ERE activity following the addition

of estrogen, testosterone, and fulvestrant. Prdmary lumor cells
obtained from four endometrioid endometrial cancers were
Infected with Ad-ERE-tk-GFP immediately (open bars) or after

1 day of cullure (gray bars), after treatment of the tissue with
collagenase. Virus-infected cells were Incubated In PRF-RPMI
containing 10% DCC-FCS for 3 days with E; (10 nmolA, hatched
bars), testosterone (0.1 umolf, cross halched bars), lestoslerone
and fulvestrant (1 umol, solid bars), or ethanol as a contral (white
or gray bars). Cells expressing GFP wera counted on day 4.

synthesis. The estrogen activity in tissues, however, is
regulated not only by aromatase but also by various
estrogen-metabolizing enzymes, as shown in Fig. 2C,
From our data, the local estrogen level in cancer
tissues seemed to be determined by the balance of all of
these estrogen-metabolizing enzymes. However, the
expression of GFP significantly decreased when Als
were added to the co-culture of stromal and E10 cells
trealed with testosterone (Fig. 3A). This indicates that
the provision of estrogen from endometrial stromal
cells is strongly dependent on aromatase activity.
Testosterone levels in the ovarian vein are higher in
patients with endometrioid EC than those in healthy
subjects (Nagamani e al. 1986), and the testosterone
levels in tumor tissues are 10-40 times higher than those
in serum (Ito 2007). Therefore, it is conceivable that
conversion in the local environment may increase the
local concentration of estrogen in the EC tissues.
Interestingly, the expression level of GFP in patient 13
was high even without the addition of testosterone
(Fig. 1C). In addition, the expression level of GFP was
not decreased by the addition of Als in this case (data not
shown), We did not identify similar outliers in our
previous study of breast cancer patients (Yamaguchi
eral. 2003). In addition to estrogen, growth factors such
as epidermal growth factor and IGF-1, which activate
downstream kinases including MAPK and PI3K/Akt,
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activate ER via its phosphorylation (Kato er al. 1995,
Bunone er al. 1996, Ignar-Trowbridge er al. 1996, Lian
et al. 2006). MAPK also stimulates the activity of ER via
the phosphorylation of the ER-associating coactivators,
amplified in breast cancer 1 (AIBI; Font de Morz &
Brown 2000) and human steroid receptor coactivator |
(SRC-1; Rowan ¢f al 2000), In the mouse endometrium,
loss of phosphate and tensin homologue deletedon
chromosome 10 (PTEN) activates the PI3K/Akt pathway
and results in the activation of the ER (Dickson &
Lippman 1995). In patient 13 (Fig. 1C), ER activation
may also have depended on ligand-independent acti-
vation. The stimulating factors supplied from adjacent
stromal cells may be important for this estrogen
independence, Our sysiem has the advantage of being
able to evaluate overall estrogen signaling in primary
cells of individual cases.

We developed a unique system that was able to
assess the ER-activating ability of individual stromal
cells using E10 cells. Here, we showed that all three
Als tested, anastrozole, letrozole, and exemestane,
significantly suppressed the ER-activating ability of
stromal cells in EC (Fig. 3A). Furthermore, the
sensilivity to each aromatase inhibitor differed among
individual EC patients (Fig. 3B). The individual
variation of Al sensitivity may be attributed to
individual differences in ligand-independent ER act-
vation. Moreover, the differing sensitivity to each Al
may be a reflection of individual differences in
metzbolizing enzymes such as cytochrome P450s
(Grimm & Dyroff 1997), Thus, a system to predict
the effectiveness of therapy is necessary for individual
patients with estrogen-dependent cancers.

This study was the first to document ER activity in
the EC cells from individual surgical specimens
(Fig. 6A). In order to examine the state of ER activity
in EC in vivo, a novel assay system using Ad-ERE-
tk-GFP, which has an ERE-tk-GFP reporter gene in an
adenovirus expression vector, was constructed and
used to infect primary culture cells. Although most of
the established, widely distributed, the EC cell lines
showed extremely low ER activity in comparison with
the ER-positive breast cancer cell line (Fig. 4), the cells
isolated from individual ECs showed expression levels
of GFP equivalent to those in breast cancers.
Furthermore, as in breast cancer, the levels varied in
individual patients (Fig. 6A). The levels seemed to be
related to the expression levels of ER in the tumor cells
(Fig. 6B). In most cases, except patient 35, tumor cells
infected with Ad-ERE-tk-GFP after one night of pre-
cultivation showed reduced GFP expression compared
with cells infected immediately after collagenase
treatment. When estrogen or testosterone was added
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to the medium, the GFP expression was restored.
The induction by testosterone was decreased by
fulvestrant. These observations suggest that these EC
cells are estrogen responsive, and probably depended
on endogenous ER and local estrogen biosynthesis.

Interestingly, one case (patient 35) did not show
sensitivity to estrogen, although the GFP expression
was high. A similar phenomenon was also observed in
patient 13, as shown in Fig. |C. An explanation might
be other factors that activate transcription through ERE
in a ligand-independent fashion in EC. Therefore, our
system may be useful for predicting the effectiveness
of hormone therapy for estrogen-dependent cancers.

In this study, we demonstrated that a tumor—stromal
interaction through local estrogen biosynthesis is
active and important in endometrial cancer. Presently,
there are limited options for endocrine therapy of EC.
High-dose progestin therapy using MPA is currently
applied in edvanced cancer. TAM, an anti-estrogen,
which is widely used for breast cancer treatment,
however, increases the risk of EC (Fisher er af. 1994,
Grilli 2006). By contrast, Als do not increase the risk of
EC carcinogenesis in breast cancer patients, and have
an excellent safety profile in postmenopausal women
with breast cancer (Duffy & Greenwood 2003), In
our study, Als decreased estrogen production by
stromal cells and suppressed ER activation in tumor
cells (Fig. 2A). Although efficacy is variable based on
a few case studies (Rose e al. 2000, Berstein ef al.
2002, Burnzll er al. 2004, Leunen er al. 2004), Als
do show promise as an alternative endocrine therapy
for EC especially who has high sensitivity to AL
Our system suggests that Als may be effective in a
subset of carefully screened patients with estrogen-
dependent EC.
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