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Fig. 1 Tissue concentration of estradiol (a), estrone (b), testosterone
(c), and androstenedione (d) in non-neoplastic male breast, MBC, and
FBC tissues. Each value was represented as a circle, and the grouped
data were shown as box-and-whisker plots. The median value is
demonstrated by a horizontal line in the box plot, and the gray box

Expression Profiles of Estrogen-Induced Genes in MBC
Compared with Those of FBC

We then performed microarray analysis in order to examine
gene expression profiles of MBC cells isolated by LCM.
Statistical analysis using Student’s 7 test demonstrated that
12,295 probes showed significantly different expression be-
tween MBC and FBC cases. We then focused upon the
expression profiles of two gene lists which were previously
reported as estrogen-induced genes in FBC cell line MCF-7
(i.e., Frasor’s list [4] and Creighton’s list [5]) in order to
examine molecular characteristics of estrogen actions in
MBC. In the Frasor’s list, 28 out of 50 (56 %) genes showed
significantly different expression levels in MBC compared to
FBC, and among these genes, 14 genes were highly expressed
in MBC while 14 genes were lowly expressed (Table 1). In the
Creighton’s list, expression levels of 32 genes out of 63 (51 %)
genes were significantly different between in MBC and FBC,
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denotes the 75th (upper margin) and 25th percentiles of the values
(lower margin). The upper and lower bars indicated the 90th and
tenth percentiles, respectively. Statistical analysis was done by
Mann-Whitney’s U test; P values <0.05 were considered signifi-
cant and indicated in bold

and 18 genes were highly expressed in MBC while the other
14 genes were lowly expressed (Table 2). Five genes
(RASGRPI1, RARA, ADCY9, CXCL12, and NRIP1) were
also included in these two gene lists, and expression levels of
NRIP (P=0.0045) and ADCY9 (P=0.046) were significantly
higher in MBC than FBC, and those of RARA (P=0.0012),
RASGRP1 (P=0.011), and CXCL12 (P=0.012) were signif-
icantly lower in MBC.

As demonstrated in Fig. 2, results of unsupervised hier-
archical cluster analysis revealed that MBC (n=4) and FBC
cases (n=4) formed independent clusters regardless of the
gene lists examined.

Immunolocalization of Estrogen-Producing Enzymes
in MBC

We next immunolocalized estrogen-producing enzymes in
30 MBC tissues. Immunoreactivity of aromatase (Fig. 3a),
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Table 1 List of genes identified

as estrogen-induced genes by Symbol H MBC vs. FBC Symbol P MBC vs. FBC

Frasor et al. (Frasor’s list) [4]
CCND1 0.041 L TGIF2 0.076 -
MYBL2 0.027 L EGR3 0.36 -
RASGRP1* 0.011 L CXCL12* 0.012 L,
PKMYT1 0.13 GLRB 0.23
CBFA2T3 0.36 - CHEK2 0.051 -
CDC20 0.046 L FOS 0.056 -
IGFBP5 0.18 - SLK 0.056 -
CCBP2 0.0064 L ELL2 <0.0001 H
MYC 0.015 L RFC4 0.0084 H
CCNA2 0.0097 L ADCY9* 0.046 H
POLE2 0.019 L MYB 0.011 H
BRCA2 0.022 L BIRC5 0.047 H
RARA® 0.0012 L NRIP1* 0.0045 H
HOXC5 0.0043 L MCM3 0.0021 H
CALCR 0.0023 L RBBP7 0.0031 H

i ) POLA2 0.011 L RAB31 0.0022 H

it i o R Y 0.0021 H WISP2 0.52 =

performed by Student’s ¢ test. P PCNA 0.0093 H MCM2 0.52

<0.05 was considered positive OSTF1 0.0039 H MCM5 0.31 -

il decribid & haldface GADDA45B 0.048 H cpe2 0.051

“H” means th?t the g?ne is high- VEGF 027 _ AURKA 033 -

ly expressed in MBC compared

to FBC, and “L” means that the PPP2RIB 0.30 I BUBI 0.76 -

gene is lowly expressed in MBC STC2 0.020 H TMF1 0.66 -

compared to FBC TSPANS 0.088 = CDC6 0.81 -

*Genes contained by both IGFBP4 0.12 . JAKI 0.96 =

Frasor’s and Creighton’s lists

STS (Fig. 3b), and 173HSD1 (Fig. 3c) was detected in the
cytoplasm of carcinoma cells in MBC tissues, but STS immu-
noreactivity was weaker and focal. The number of positive
cases was as follows: aromatase, 19/30 (63 %); STS, 2/30
(6.7 %); and 173HSD1, 20/30 (67 %). Non-neoplastic mam-
mary glands and intratumoral stroma were negative for aro-
matase (Fig. 3d), STS, and 173HSD!1 in this study.

Immunolocalization of ERs and Estrogén—lnduced Genes
in MBC Compared with FBC

We also evaluated an association of several immunohisto-
chemical parameters between MBC (n=30) and FBC tissues
(n=72). As shown in Table 3, ERx and ERf3 LIs were
significantly (P<0.0001 and P=0.001) higher in MBC than
FBC. When cases with ER LI of 10 % were considered ER-
positive breast carcinoma [17, 18], all MBC cases examined
were positive for ER«x, while 67 % (48/72) of FBC were
positive for ER«. In addition, a great majority (77 %) of
MBC cases showed double positive for ERx and ER{, and
its frequency was significantly (P=0.0009) higher than that
in FBC (39 %). PR LI was also significantly (P=0.011)
higher in MBC than FBC, and it was positively associated

with ERa LI [P=0.03 and r*=0.16 (data not shown)]. On
the contrary, Ki67 LI was significantly (P=0.019) lower in
MBC than FBC. HER?2 status was not significantly different
between these in this study.

Since our microarray analyses demonstrated different ex-
pression profiles of estrogen-induced genes in MBC from
those in FBC (Fig. 2), we also performed immunohistochem-
istry for two representative genes included in both Frasor’s and
Creighton’s lists [RARA (RAR«x) and NRIP1 (RIP140)] to
confirm the results. RAR & immunoreactivity was sporadically
detected in the nuclei of MBC cells (Fig. 4a), and its LI was
significantly (P=0.0034 and 0.62-fold) lower in MBC than
FBC (Fig. 4b). On the other hand, RIP140 immunoreactivity
was frequently detected in the nuclei of MBC cells (Fig. 4c),
and RIP140 LI in MBC was significantly (P=0.002 and 1.91-
fold) higher than FBC (Fig. 4d).

Discussion
To the best of our knowledge, this is the first study to have

demonstrated intratumoral estrogen concentrations in MBC
tissues. In the present study, tissue concentration of estradiol

@ Springer
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Table 2 List of genes identified

as estrogen-induced genes by Symbol P MBC vs. FBC Symbol P MBC vs. FBC
Creighton et al. (Creighton’s list)
(5] ATAD2 0.0074 L PAK1IP1 0.61 —
CISH 0.056 — CA12 0.80 =
GREBI 0.051 — MYBLI 0.23 =
RASGRP1® 0.011 L IRS1 0.37 —
ADSL 0.0048 It KLF10 0.94 =
FLJ22624 0.026 T; ADCY9* 0.046 H
IGF1R 0.015 L. FLJ11184 0.0064 H
BRIP1 0.0079 L TIPARP 0.0045 H
IL17RB 0.0082 i& TPBG 0.076 =
TEX14 0.0004 I ZWILCH 0.25
PLK4 0.012 L MCM4 0.046 I,
RARA® 0.0012 L CXCLI12* 0.012 L
PTGES 0.066 = DSU 0.024 L
SNX24 0.016 L OLFM1 0.11 —
HSPBS 0.38 = EEFIE1 0.43 .
TFF1 0.45 = LOC56902 0.079 =
SIAH2 0.25 — NOL7 0.041 H
OGFOD]1 0.83 = SDCCAG3 0.030 H
WDHDI 0.32 = PPIF 0.0046 H
ZNF259 0.50 = MRPS2 0.024 H
SLC39A8 0.83 - ALGS 0.0066 H
WHSC1 0.63 = SLC9A3R1 0.014 H
_ ] CTNNALLI 0.17 e XBP1 0.021 H
Comparison of gene expression
between MBC and FBC was LB i B R E B
performed by Student’s  test. FERIL3 0.019 H THBS1 0.66 -
P<0.05 was considered positive L RRC54 0.024 H ENST00000379534 0.90 —
and deseribed a8 boldface SGK3 0.0068 H ENST00000278505 035
:r:;:sgsl;h;g}g geneishighly  cpg 00059 H PPAT 0.61
coﬁlpared to FBC, and “L” means LRP8§ 0.054 - MYB 0.029 H
that the gene is lowly expressed in FHL2 0.0005 H THRAP2 0.20 -
MBC compared to FBC NRIP1® 0.0045 H TPD52L1 0.57 —
*Genes contained by both DNAJC10 0.042 H

Frasor’s and Creighton’s lists

was significantly higher (14-fold) in MBC [523 (267-633)
pg/g] than the non-neoplastic male breast tissues (Fig. 1a),
whereas estrone, testosterone, and androstenedione levels
did not significantly change between in these two groups
(1.6-fold, 0.83-fold, and 1.6-fold, respectively). Serum es-
tradiol concentration in men is known to be similar to that in
postmenopausal women [21]. Chetrite et al. [22] previously
showed that estradiol level was significantly higher in breast
carcinomas in postmenopausal women [388+106 pg/g
(mean+SEM)] than in the areas considered as morphologi-
cally normal in the same patients, which is currently
explained by intratumoral production of estradiol [3]. Al-
though serum estradiol level in MBC patients has been
reported twofold higher than that in healthy subjects [23],
our present results suggest possible local production of
estradiol in MBC tissues as well as FBC.

@_ Springer

In the breast carcinoma of postmenopausal women, intra-
tumoral estradiol is produced by aromatase and/or STS
pathways [24]. In our present study, aromatase immunore-
activity was detected in 63 % of MBC cases. Its frequency
was in good consistent with a previous report [13], and
similar to that in FBC reported previously (55-77 %) [25,
26]. The positivity of 17HSD1 immunoreactivity in MBC
in our present study (67 %) was also similar to previous
reports in FBC (47-61 %) [27, 28]. On the other hand, STS
immunoreactivity was detected only in 7 % of MBC cases in
this study, which was much lower (approximately 0.1-fold)
than that in FBC reported (60-90 %) [29, 30]. Therefore, it
is suggested that estradiol is mainly synthesized by aroma-
tase pathway in MBC rather than STS.

Results of our present study also showed that estradiol con-
centration was 2.8-fold higher in MBC than postmenopausal
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Fig. 2 Unsupervised
hierarchical clustering analysis
of mRNA expression levels
focused on the genes which
were previously reported as
estrogen-induced genes
[Frasor’s list (/eft; 50 genes) and
Creighton’s list (right; 63
genes)]. Eight breast carcinoma
samples [four MBCs (MBC1-4)
and four FBCs (FBC1-4)] were
used in this study, and genes
and/or cases were grouped
according to the similarity of
gene expression, and the
shorter length of the branch
represents the higher similarity
of cluster pairs. Color of blocks
represents relative mRNA
expression level of each gene,
compared to the average in eight
breast carcinoma samples. Five
genes included in both lists (i.e.,
RASGRP1, RARA, ADCY9,
CXCL12, and NRIP1) were in-
dicated by wedge. Among these,
two genes (RARA and NRIP1),
which were subsequently evalu-
ated by immunohistochemistry,
were highlighted in green

FBC. Previously, Sonne-Hansen and Lykkesfeldt [31]
reported that aromatase preferred testosterone as a sub-
strate in MCF-7 breast carcinoma cells. In addition,

Fig. 3 Immunohistochemistry
of estrogen-producing enzymes
in MBC tissues. Immunoreac-
tivity for aromatase (a), STS
(b), and 17BHSD1 was visual-
ized with 3,3’-diaminobenzi-
dine (DAB; brown) and
detected in the cytoplasm of
carcinoma cells. Aromatase
immunoreactivity was not
detected in non-neoplastic
mammary gland or stroma (d).
Bar=100 um, respectively

Lowest Highest

Relative expression level

RASGRP1

RARA

CXCL12

ADCY9
NRIP1

gl

s

Frasor’s list

RASGRP1

RARA

ADCY9

CXCL12

NRIP1

Creighton’s list

plasma concentration of testosterone is approximately
tenfold higher in men than postmenopausal women,
while that of androstenedione is approximatelyl.5-fold
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Table 3 Immunohistochemical features of MBC compared with FBC

MBC FBC P value
n=30 n=72
ERa LI (%)* 90.5 (43-98.0) 40.0 (0.0-92) <0.0001
ERa status

Positive 30 (100 %) 48 (67 %)

Negative 0 (0 %) 24 (33 %) <0.0001
ERB LI (%)* 27.5 (0-95) 8.5 (0-72) 0.001
ERp status

Positive 23 (77 %) 35 (49 %)

Negative 723 %) 37 (51 %) 0.017
ER«/ER( status

Positive/positive 23 (77 %) 28 (39 %)

Others 7 (23 %) 44 (61 %) 0.0009
PR LI (%)* 43.5 (6-95) 17.5 (0-93) 0.011
HER2

Positive 5(17 %) 24 (33 %)

Negative 25 (83 %) 48 (67 %) 0.099
Ki67 LI (%)* 15.5 (1.0-30) 20.0 (2.0-67) 0.019

*Data was presented as median with minimum-max or the number of
cases with percentage. P value <0.05 was considered significant and
described as boldface

higher in men [21]. Therefore, estradiol may be mainly
produced from circulating testosterone by aromatase in
MBC tissues. These findings also suggest that aromatase
inhibitors are possibly effective in a selective group of
MBC patients. A phase 2 trial used aromatase inhibitor,
and GnRH analogue (SWOG-S 0511 trial) is currently
ongoing in MBC patients [32].

The biological effects of estrogens are mediated
through an initial interaction with ERa and/or ERf,
and ERs functions as hetero- or homodimers. In this
study, both ERx and ERf3 were more frequently immu-
nolocalized in MBC than in FBC, which was in good
agreement with previous reports [10—-12]. Moreover, we
also found that a great majority (77 %) of MBC cases
showed double positive for ERa and ERf, and its
frequency was significantly (2.0-fold) higher than FBC
cases (Table 1). Therefore, it may be possible to spec-
ulate that ERs are frequently heterodimerized in MBC
tissues. Heterodimerization of ERx and ERf3 modulates
biological functions of each ER [33, 34], and FBC
patients double positive for ERx and ERp had longer
disease-free and overall survival than those showed pos-
itive for ERa only [35, 36]. On the other hand, Weber-
Chappuis et al. [37] suggested that functions of ER in
MBC were different from that in FBC, and Johansson et
al. [38] recently demonstrated that MBC was classified
into two groups (i.e., luminal M1 and M?2), those

@ Springer

differed from the intrinsic subtypes of ER-positive
FBC, by microarray analyses. Therefore, estrogen
actions in MBC may not be necessarily the same as
those in FBC, which is partly due to the different ERo/
ERf status from FBC.

Results of our microarray analysis did demonstrate
that a majority of estrogen-induced genes (56 % in
Frasor’s list and 51 % in Creighton’s list) showed
significantly different expression between in MBC and
FBC, and MBC cases formed a different cluster from
FBC cases. We also confirmed these results by employ-
ing immunohistochemistry for representative genes (i.e.,
RAR« and RIP140). Therefore, it is reasonably postu-
lated that molecular functions of estrogens in MBC may
be different from those in FBC based on the results
above. However, it is also true that estrogen-induced
genes examined in this study were identified in female
breast cancer cell line MCF-7, and it is still not clarified
whether these genes were similarly regulated by estro-
gen in MBC tissues or not, which also suggests that all
the genes detected at markedly different levels in MBC
compared to FBC were therefore not necessarily regu-
lated by estrogens. In addition, only two genes on
Creighton’s list (CA12 and SIAH2) were included in
the gene list, which was recently identified as MBC-
specific genes by Johansson et al. [38]. Estrogen-
induced genes are not determined yet in MBC because
of unavailability of appropriate cell line and/or its rele-
vant in vivo model. Therefore, further examinations are
required to clarify the molecular features of estrogen
actions in MBC.

Among the genes overexpressed in FBC (summarized
in Tables 1 and 2), MYC (C-MYC) was well known to
be associated with poor prognosis or adverse clinical
outcome of ER-positive breast cancer patients [39],
and RARA (RARw) upregulated 173HSD1 and contrib-
uted to in situ production of estradiol in FBC [40].
IGFIR (insulin-like growth factor receptor) has been
considered to promote breast carcinoma cell growth by
interacting with estrogen signaling [41]. In addition, Ma
et al. and Wang et al. independently reported that
IL17RB (interleukin-17 receptor B) expression was sig-
nificantly associated with increased risks of recurrence
in ERo-positive breast cancer patients [42, 43]. Howev-
er, among the genes highly expressed in MBC, MYB
(c-myb) was associated with a good prognosis in the
patients [44]. NRIP1 (RIP140) is a negative transcrip-
tional regulator of hormone receptor [45, 46] and
inhibited ER« activity in the breast carcinoma cells
[43]. RBBP7 (RBAP46) also modulated estrogen re-
sponsiveness in breast carcinoma cells through an inter-
action with ERw« [47] and inhibited an estrogen-
stimulated progression of transformed breast epithelial
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Fig. 4 Immunohistochemistry of RARx (a, b) and RIP140 (¢, d) in
MBC tissues. RAR«x (a) and RIP140 (¢) immunoreactivity was visu-
alized with DAB (brown) and detected in the nuclei of carcinoma cells.
Bar=100 um, respectively. Relative immunoreactivity of RAR« and
RIP140 was summarized in b and d, respectively. Each value was
represented as a circle, and the grouped data were shown as box-and-

cells [48]. In addition, FHL2 (four and a half LIM
domains 2) was reported to inhibit proliferation and
invasion of breast carcinoma cells by suppressing the
function of ID3 (inhibitor of DNA binding 3), which
was also known as one of the adverse prognostic factor
of patients with breast cancer [49, 50]. Considering the
functions of these gene above, estrogens may more
efficiently promote aggressive clinical behavior in FBC
than MBC, although some genes highly expressed in
MBC were indeed associated with aggressive phenotypes
of the breast carcinoma, such as AREG (amphiregulin)
and XBP1 (X-box binding protein 1) [51, 52]. To date,
tamoxifen is used as an endocrine therapy for MBC
patients. However, it has been reported that expression
profile of estrogen responsive gene was closely related to
the response to tamoxifen in FBC patients [53]. Further
examinations are required to clarify molecular functions

RARGa labeling index (%)
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whisker plots. The median value is demonstrated by a horizontal line in
the box plot, and the gray box denotes the 75th (upper margin) and
25th percentiles of the values (lower margin). The upper and lower
bars indicate the 90th and tenth percentiles, respectively. Statistical
analysis was performed by Mann—Whitney’s U test; P values <0.05
were considered significant and indicated in bold

of estrogen actions in MBC to improve the effectiveness
of endocrine therapy for MBC patients.

In summary, intratumoral concentration of estradiol
was significantly higher in MBC than non-neoplastic
male breast tissues in this study, and aromatase and
173HSD1 were frequently immunolocalized in MBC
tissues. In addition, a great majority (77 %) of MBC
cases showed positive for both ERx and ERf, and its
frequency was significantly higher than FBC cases.
Results of microarray analysis revealed that expression
profiles of genes known to be regulated by estrogen
were markedly different between MBC and FBC. These
results suggest that estradiol is mainly produced by
aromatase from circulating testosterone in MBC tissues,
and expression profiles of estrogen-induced genes in
MBC are different from FBC, which may be partly
due to their different ER&/ERP status.
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Abstract Aromatase inhibitors (Als) have been reported
to exert their antiproliferative effects in postmenopausal
women with hormone receptor-positive breast cancer not
only by reducing estrogen production but also by unmasking
the inhibitory effects of androgens such as testosterone (TS)
and dihydrotestosterone (DHT). However, the role of
androgens in Al-resistance mechanisms is not sufficiently
understood. So-Androstane-3f3,173-diol (3B-diol) generated
from DHT by 3B-hydroxysteroid dehydrogenase type 1
(HSD3B1) shows androgenic and substantial estrogenic
activities, representing a potential mechanism of Al resis-
tance. Estrogen response element (ERE)-green fluorescent
protein (GFP)-transfected MCF-7 breast cancer cells (E10
cells) were cultured for 3 months under steroid-depleted,
TS-supplemented conditions. Among the surviving cells,
two stable variants showing androgen metabolite-dependent
ER activity were selected by monitoring GFP expression.
We investigated the process of adaptation to androgen-
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abundant conditions and the role of androgens in Al-resis-
tance mechanisms in these variant cell lines. The variant cell
lines showed increased growth and induction of estrogen-
responsive genes rather than androgen-responsive genes
after stimulation with androgens or 33-diol. Further analysis
suggested that increased expression of HSD3B1 and reduced
expression of androgen receptor (AR) promoted adaptation
to androgen-abundant conditions, as indicated by the
increased conversion of DHT into 33-diol by HSD3B1 and
AR signal reduction. Furthermore, in parental E10 cells,
ectopic expression of HSD3B1 or inhibition of AR resulted
in adaptation to androgen-abundant conditions. Coculture
with stromal cells to mimic local estrogen production from
androgens reduced cell sensitivity to Als compared with
parental E10 cells. These results suggest that increased
expression of HSD3B1 and reduced expression of AR might
reduce the sensitivity to Als as demonstrated by enhanced
androgen metabolite-induced ER activation and growth
mechanisms. Androgen metabolite-dependent growth of
breast cancer cells may therefore play a role in Al-
resistance.
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Abbreviations

Al Aromatase inhibitor

TS Testosterone

DHT Dihydrotestosterone

3B-Diol  5a-Androstane-3f3,173-diol

HSD3B1 3B-Hydroxysteroid dehydrogenase type 1
AKRI1C3 Aldo—keto reductase 1C3

AR Androgen receptor

ERa Estrogen receptor o

E2 Estradiol

OHT 4-Hydroxytamoxifen

GFP Green fluorescent protein

SERM Selective estrogen receptor modulator
Introduction

The initial use of aromatase inhibitors (Als) provides sub-
stantial clinical benefit in postmenopausal women with
hormone receptor-positive breast cancer, compared with
tamoxifen. Nevertheless, some patients still relapse [3, 17].
Postmenopause, estrogens are mainly derived by aromatase
from androgens (testosterone (TS) and androstenedione)
biosynthesized in the adrenal glands [28]. The generated
estrogens can stimulate estrogen-dependent breast cancer
growth in the absence of ovarian estrogens. Androgens, such
as dihydrotestosterone (DHT) and its precursor TS, exert
inhibitory effects in hormone-dependent breast cancer cells
[1, 11, 20]. A previous study reported that the intratumoral
estradiol (E2) concentration was 0.35-fold lower in breast
carcinoma tissues from patients treated with exemestane,
compared with those without therapy. In contrast, intratu-
moral DHT and TS concentrations were 2.3- and 1.6-fold
higher, respectively, in breast carcinomas treated with exe-
mestane, compared with those without exemestane therapy
[31]. It has therefore been suggested that Als may inhibit the
growth of such tumors not only by blocking the conversion of
adrenal androgens to estrogens [5, 28], but also by
unmasking the inhibitory effect of androgens acting via the
androgen receptor (AR) [14]. Previous reports have pro-
posed several hypotheses to explain the mechanism
responsible for Al resistance, including growth-signaling
pathways independent of estrogen and estrogen receptor o
(ERa) [23], and constitutive ERa activation caused by
growth factor receptor pathways [15, 25, 36]. However, few
studies have investigated the process of adaptation to
androgen-abundant conditions or the role of androgens in AI-
resistance mechanisms.
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DHT is the most potent antiproliferative androgen for
MCF-7 cells [14], and binds ARs with high affinity [4].
DHT can be metabolized to S5o-androstane-3,17p-diol
(3B-diol) by 3pB-hydroxysteroid dehydrogenase type 1
(HSD3B1) and aldo-keto reductase 1C3 (AKR1C3) [8, 13,
30]. 3B-Diol has been shown to bind not only ARs, but also
ERa [10, 33], and to induce growth and activation of ERa
under severely estrogen-deprived conditions, representing
a potential mechanism of resistance to Als [29]. However,
the effects of Al treatment on androgen metabolism are not
sufficiently understood. Furthermore, 3f-diol also has
substantial binding affinity for AR [33], and the functions
of androgen and 3B-diol in Al resistance remain unclear.
We therefore investigated this issue using previously
established estrogen response element (ERE)-green fluo-
rescent protein (GFP)-transfected MCF-7 (E10 cells) [16,
34]. We successfully cloned two stable variant cell lines
(V1 and V2 cells) that showed androgen metabolite-ER
activity, by monitoring GFP expression. Using these vari-
ant cell lines, we investigated the processes of adaptation to
estrogen-depleted and androgen-abundant conditions, and
the role of androgens in Al-resistance mechanisms. We
suggest that increased expression of HSD3B1 and reduced
expression of AR might decrease the sensitivity to Als, as
indicated by enhancement of androgen metabolite-induced
ER activation and cell growth.

Materials and methods
Reagents

E2, TS, DHT, 3B-diol, dexamethasone, and 4-hydroxy-
tamoxifen (OHT) were purchased from Sigma-Aldrich Inc.
(St. Louis, MO, USA). Bicalutamide (AR inhibitor) was
purchased from LKT Laboratories Inc. (St. Paul, MN,
USA). Letrozole, exemestane, and toremifene were kindly
provided by Novartis Pharma K-K. (Tokyo, Japan), Pfizer
Inc. New York, NY, USA), and Nippon Kayaku Co. Ltd.
(Tokyo, Japan), respectively. Fulvestrant and anastrozole
were kindly provided by Astra Zeneca K.K. (Osaka,
Japan).

Cells and culture

E10 cells were established from the human breast cancer
cell line MCF-7, as described previously [16, 34]. We
analyzed ER transcriptional activity in individual living
cells using GFP as a reporter gene (Online Resource 1, Fig.
S1a). Stromal cells were isolated from breast cancer tissue
as described previously [34]. E10 and stromal cells were
cultured in RPMI1640 medium (Sigma-Aldrich) supple-
mented with 10 % fetal calf serum (FCS; Tissue Culture





