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a b s t r a c t

Sex steroids, including those through intratumoral production in an intracrine manner, play important
roles in the development of invasive ductal carcinoma (IDC) of human breast, but biological and/or clinical
significance of intratumoral production and metabolism of sex steroids, have remained largely unknown
in the ductal carcinoma in situ (DCIS), an important precursor lesion of IDC. We recently examined tissue
concentration of estradiol and 5�-dihydrotestosterone using liquid chromatography/electrospray tan-
dem mass spectrometry in non-neoplastic breast, DCIS, and IDC tissues. Results of our study suggest that
intratumoral concentrations of both estradiol and 5�-dihydrotestosterone are increased in DCIS, which
is considered due to intratumoral production of these sex steroids. Therefore, both estradiol and 5�-
dehydrotestosterone are considered to play important roles in the development of DCIS as well as IDC

through an intracrine manner. Intratumoral metabolism and synthesis of estrogens and androgens as a
result of the interactions of various enzymes are therefore also considered to play important roles in hor-
mone dependent DCIS. Aromatase, which is one of the estrogen synthesis enzymes, plays an important
role in intratumoral production of estrogen but other enzymes also play pivotal roles in intratumoral estro-
gen and androgen productions in human breast carcinoma. Therefore, in this review, we also focused on

racrin
, 5�-r
the importance of key int
estrogen sulfotransferase

. Introduction

Invasive ductal carcinoma (IDC) of the breast is a group of
alignant epithelial tumors characterized by invasion into adja-

ent tissues and a tendency to metastasize to distant sites including
ymph nodes [1]. Ductal carcinoma in situ (DCIS) is defined as a
eoplastic intraductal lesion characterized by increased epithelial
roliferation, associated with subtle to marked cellular atypia and
n inherent but not necessarily obligated tendency for progression
o invasive breast cancer [1]. DCIS is also defined as a prolifera-
ion of atypical epithelial or ductal cells which was not associated
ith invasion beyond the basement membrane and is also distin-

uished from IDC by limitation of the lesion to existing ducts and
obules of the breast tissues [2]. DCIS is also currently considered

precursor lesion, with a relative risk of 8–11 for the development
f invasive breast cancer [1]. DCIS is histopathologically classified
nto its five most common architectural or histological subtypes
papillary, micropapillary, cribriform, solid, and comedo) [3]. The

� Lecture presented at the ‘18th International Symposium of the Journal of Steroid
iochemistry and Molecular Biology’, 18–21 September 2008, Seefeld, Tyrol, Austria.
∗ Corresponding author. Tel.: +81 22 717 8050; fax: +81 22 717 8051.

E-mail address: hsasano@patholo2.med.tohoku.ac.jp (H. Sasano).

960-0760/$ – see front matter © 2009 Published by Elsevier Ltd.
oi:10.1016/j.jsbmb.2008.12.021
e enzymes such as 17�-hydroxysteroid dehydrogenases, steroid sulfatase,
eductases in both IDC and DCIS.

© 2009 Published by Elsevier Ltd.

first four are often grouped together as noncomedo DCIS and have
been compared with the comedo lesions in both clinical and bio-
logical features. Comedo type DCIS has been well known to have
higher nuclear grade, large tumor size, aggressive biological marker
expression, and a higher risk of the subsequent stromal invasion
[4]. Both nuclear grade and comedo-type necrosis are considered to
reflect the biologically aggressive potential of the lesion and are cur-
rently emphasized in most of the classifications of DCIS [3]. The pro-
gression from proliferative disease without atypia (PDWA) to atyp-
ical hyperplasia (ADH), from ADH to DCIS, and from DCIS to IDC has
been proposed by a number of investigators to be a possible model
or cascade for the development of human breast invasive ductal car-
cinoma, although there have been controversies in this theory [5]. In
the early stages of this proposed or putative cascade of breast cancer
development, estrogens, especially estradiol, have been considered
as one of the most important factors in driving the progression [6].

Sex steroid hormones such as estrogens and androgens are well
known to play important roles in IDC cell proliferation and inva-
sion in the estrogen receptor positive cases. In particular, locally

produced bioactive androgens and/or estrogens exert their action
in the cells where synthesis occurs without release in the extra-
cellular space including circulation. This phenomenon is different
from the classical concept of endocrinology such as autocrine,
paracrine, and endocrine. This mechanism has been therefore
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ig. 1. Summary of intracrinology of estrogens and androgens in human breast carcin
n postmenopausal peripheral blood (androstenedione, 750 pg/ml; estrone sulfate
ehydrogenase type 1; 17�HSD2, 17�-hydroxysteroid dehydrogenase type 1; 17�
ulfotransferase; 5�REDS, 5�-reductases.

ermed “intracrine” [7]. Aromatase is a key enzyme in the estro-
en biosynthesis involved in aromatization of C19 steroids such
s androstenedione and testosterone into estrogens, estrone and
stradiol, respectively [7] (Fig. 1). Aromatase inhibitors are cur-
ently used in postmenopausal breast carcinoma patients as an
strogen deprivation therapy. Therefore, intratumoral aromatase
f breast carcinoma including IDC and DCIS has been well stud-
ed and extensively reviewed by a numerous investigators [7–9]. In
his review, we focused on the importance of other estrogen syn-
hesis/metabolic pathways via 17�-hydroxysteroid dehydrogenase
17�-HSD) type 1/2 or steroid sulfatase (STS)/estrogen sulfotrans-
erase (EST) and androgen synthesis pathways via 17�-HSD type 5
nd 5�-reductases in DCIS with comparison to IDC.

. DCIS versus IDC: estrogen and androgen receptors

.1. Estrogen receptors

Many studies examined ER� status using immunohistochem-
stry in IDC and DCIS. ER� has been reported to be expressed in
5–81% of IDC cases [10–15] and 50–81% of DCIS cases [4,15–17],
espectively. Several criteria have been employed in order to define
ER positive” breast carcinoma cases. However, it is also true that
R status in breast carcinoma is relatively abundant at the well-
ifferentiated carcinoma, gradually decreasing to low levels at the
oor-differentiated carcinoma. Esslimani-Sahla et al. [18] reported
he expression of ER� and its C-terminal splicing variant ER�cx
sing immunohistochemistry in IDC and adjacent normal mam-

ary glands and DCIS. In their report, total ER� expression was

igh in normal epithelial cells, decreased in DCIS, and increased
rom DCIS to IDC. ER�cx expression was reported to be low in nor-

al epithelial cells, increased in DCIS, and continued to increase
n IDC in both ER�-positive and ER�-negative cases [18]. ER� may
ssues. Androstenedione and estrone sulfate are the abundant androgen and estrogen
pg/ml; estrone, 46 pg/ml; estradiol, 17 pg/ml) [48]. 17�HSD1, 17�-hydroxysteroid
, 17�-hydroxysteroid dehydrogenase type 5; STS, steroid sulfatase; EST, estrogen

have been therefore proposed as a tumor suppressor, but the bio-
logical roles of ER� including its splicing variants have remained
largely unclear.

2.2. Androgen receptor

In contrast to estrogen, androgens have been demonstrated
to predominantly exert anti-proliferative effects via AR in IDC
cells, although some divergent findings have been reported. AR
immunoreactivity has been reported in IDC tumors [19–23]. AR-
negative breast carcinoma patients were reported to be associated
with shorter overall survival than AR-positive breast carcinoma
patients [23,24]. However, little has been known on the status
of AR in DCIS. Conde et al. [25] reported that the cytoplasmic
immunoreactivity of AR was detected in 29% of DCIS and 38% of
IDC, respectively. Hanley et al. [26] reported that AR positive rates
are significantly higher in high- (93%) and non-high grade (89%)
DCIS and non-high grade IDC (89%) than in high-grade IDC (55%).
Androgen sensitivity has been well known to be subject to indi-
vidual variations caused by AR gene polymorphism in women as
well as men [27,28]. The long AR-CGA repeat has been related to an
increase in subsequent breast cancer development risk [29]. Kasami
et al. [30] examined the maximum number of CAG repeats in either
allele of each patient in DCIS, IDC, and fibroadenoma and demon-
strated that microsatellite repeat lengths in DCIS were longer than
in fibroadenoma or IDC [30].

3. DCIS versus IDC: intracrinology
3.1. 17ˇ-HSD type 1 and type 2

17�-HSD type 1 catalyzes the conversion of inactive estrogen,
estrone, to biologically active estrogen, estradiol [31], while 17�-
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SD type 2 catalyzes the conversion of estradiol to estrone [31]
Figure). 17�-HSD type 1 and type 2 regulate the tissue level of
stradiol and modulate estrogenic actions in estrogen target tis-
ues. Both 17�-HSD type 1 and type 2 immunoreactivity was focally
etected in the epithelium of normal mammary glands [32]. Suzuki
t al. [31] reported no 17�-HSD type 2 immunoreactivity in 111
reast carcinoma tissues examined. In IDC cases, 17�-HSD type
immunoreactivity was detected in 47–61% of cases [31,33,34].

uzuki et al. [31] reported using 111 cases of IDC that 17�-HSD type
immunoreactivity was significantly correlated with ER and pro-

esterone receptor (PR), and inversely associated with histological
rade and Ki-67. Ariga et al. [32] also reported that 17�-HSD type 1
mmunoreactivity was detected in 54% of 22 PDWA cases, 31% of 26
DH cases, and 63% of 40 DCIS cases, respectively. In addition, Ki-
7 or MIB-1 LI in DCIS was significantly higher than in PDWA and
DH. Therefore, an increased concentration of estradiol, possibly
roduced in situ by 17�-HSD type 1, is considered to be involved in
he cascade of events leading to the development of human breast
arcinoma [6].

.2. STS and EST

A major circulating form of plasma estrogen is estrone sulfate,
biologically inactive form of estrogen. Estrone sulfate has a rela-

ively long half-life in the peripheral blood [35], where serum levels
f estrone sulfate are known to be 10-fold higher than those of
nconjugated estrone or estradiol [36]. Estrone sulfate is trans-
ormed into a biologically active form, estrone, by STS [37,38]
Fig. 1). Estrone is sulfated into estrone sulfate by cytosolic enzymes,
henol sulfotransferase and EST [37,38] (Figure). STS immunore-
ctivity was detected in carcinoma cells in 59–88% of IDC cases
37,39,40]. STS immunoreactivity was correlated with tumor size,
nd was significantly associated with an increased risk of recur-
ence [37]. Recently, we reported that STS immunoreactivity was
lso detected in 54% of 83 DCIS cases and mRNA level of STS was
ignificantly higher in DCIS than non-neoplastic breast [41]. No sta-
istically significant correlation was detected between STS mRNA
evels of DCIS and IDC. In IDC, EST immunoreactivity was inversely
orrelated with tumor size or lymph node status, and was signifi-
antly associated with a decreased risk of recurrence or improved
rognosis [41]. In DCIS, Hudelist et al. [42] demonstrated that EST

mmunoreactivity was detected in 79% of DCIS cases and the levels
f EST were significantly higher in high-grade DCIS than non-high-
rade cases. EST but not STS immunoreactivity was also detected
n epithelial cells of morphologically normal glands [37,38]. The
esults of these studies above all demonstrated that EST was high
n normal epithelial cells and decreased from DCIS to IDC.

.3. 17ˇ-HSD type 5 and 5˛-reductases

17�-HSD type 5 (or AKR1C3) is a member of the aldo–keto
eductase superfamily comprising several multifunctional enzymes
hat differ in both their tissue specific expression profiles and their
ubstrate specializations [43]. It is the enzyme responsible for the
eduction of androstenedione to testosterone in theca ovarian cells
nd adrenals, the main sources of testosterone in women [44] (Fig-
re). 17�-HSD type 5 immunoreactivity was detected in normal
ammary gland and 53% cases of 60 IDC patients [45]. With these

0 cases of IDC, immunoreactivity of 17�-HSD type 5 was signifi-
antly associated with that of 5�-reductase type 1 and type 2 [45],
ut was not significantly associated with other clinicopathological

actors including tumor size, lymph node status and histological
rade. In 83 cases of DCIS, 17�-HSD type 5 immunoreactivity was
etected in 71% of the cases examined [41].

5�-Reductase is the enzyme that catalyzes the conversion of
estosterone to 5�-dehydrotestosterone (5�-DHT) [45] (Figure).
& Molecular Biology 114 (2009) 68–71

There are two 5�-reductase isoenzymes, 5�-reductase type 1
and type 2, located on separate chromosomes. The 5�-reductase
type 2 occurs predominantly in the male reproductive tissues
including seminal vesicles, epididymis, and prostate, whereas the
5�-reductase type 1 was detected in nonreproductive tissues such
as the liver and skin. 5�-reductase type 1 has an alkaline pH
optimum (pH 7.0–8.5), whereas isozyme type 2 has an acidic pH
optimum (pH 5.0) [46]. These different enzyme kinetics may have
some important implications for pathological states. In 60 cases
of IDC, 5�-reductases immunoreactivity was detected in 58% of
the cases for type 1, and 15.0% cases for type 2, respectively [45].
Immunoreactivity for 5�-reductase type 1 and type 2 was also
focally detected in morphologically normal glandular epithelia
adjacent to the carcinoma [45]. There was a strong positive cor-
relation reported between 5�-reductase type 1 immunoreactivity
and AR [45]. In 83 cases of DCIS, 5�-reductases immunoreactiv-
ity was detected in 63% cases for type 1, and 16% cases for type 2,
respectively [41]. In both IDC and DCIS cases, a statistically signifi-
cant inverse correlation was detected between 5�-reductase type
1 immunoreactivity and Ki-67 status of the carcinoma tissue [41].
In 115 IDC cases, carcinoma positive for both AR and 5�-reductase
type 1 immunoreactivities (46%) demonstrated significant associ-
ations with a decreased risk of recurrence and improved prognosis
for overall survival, and the AR/5�-reductase type 1 status was sub-
sequently demonstrated as an independent prognostic factor [45].
In 73 DCIS cases, 5�-reductase type 1 immunoreactivity was associ-
ated with an increased risk of recurrence, although the association
did not reach statistical significance [41]. Results of these reports all
suggest that 5�-reductase type 1 and 5�-DHT may play different
roles between IDC and DCIS.

3.4. Intratumoral estrogen and androgen concentrations

Very recently, we examined the intratumoral concentrations
of both estradiol and 5�-DHT in non-neoplastic breast tissue
(n = 8), DCIS (n = 12), and IDC (n = 12) by liquid chromatogra-
phy/electrospray tandem mass spectrometry [41]. The intratumoral
concentration of estradiol in DCIS was 3.3-fold higher than in nor-
mal breast tissues, and 4.0-fold lower than in IDC. The intratumoral
concentration of 5�-DHT in DCIS was significantly higher than in
both normal breast (3.2-fold) and IDC (2.0-fold). The concentra-
tions of intratumoral estradiol and 5�-DHT in DCIS were 2.2-fold
(estradiol) and 1.3-fold (5�-DHT) higher in premenopausal patients
than in postmenopausal patients, but no significant associations
were detected. We also examined mRNA expression of sex steroid
hormone producing enzymes using quantitative RT-PCR in these
breast specimens described above [41]. mRNA levels of aromatase,
17�-HSD type 1, STS, 17�-HSD type 5, and 5-reductase type 1 were
significantly higher in DCIS than non-neoplastic breast tissue[41].
mRNA levels of sex steroid hormone producing enzymes except for
aromatase were not significantly changed between DCIS and IDC. In
this study, 5-reductase type 1 immunoreactivity was significantly
associated with Ki-67 LI in 83 DCIS cases and it was also associ-
ated with an increased risk of recurrence in the 78 DCIS cases [41].
In addition, we examined intratumoral 5�-DHT concentration in
38 IDC cases [47]. In the AR-positive breast carcinoma (76%), intra-
tumoral DHT concentration was negatively correlated with tumor
size or Ki-67 LI. These discrepancies regarding the role of 5�-DHT
between IDC and DCIS may be due to the different AR gene expres-
sion such as polymorphism described above.
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