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Invasive lobular carcinoma (ILC) accounts for approximately 10% of all breast

carcinomas and is characterized by higher levels of androgen receptor (AR)

compared to invasive ductal carcinoma (IDC). Despite this potentially androgen-

responsive environment, the combined importance of AR and androgen metabo-

lism in non-neoplastic lobules and lobular carcinoma remains unknown. There-

fore, in this study, we evaluated the status of pivotal androgen-producing

enzymes 17b-hydroxysteroid dehydrogenase type 5 (17bHSD5) and 5a-reductase
type 1 (5aRed1) in 178 cases of ILC and surrounding histologically non-neoplastic

lobular tissue using immunohistochemistry. Androgen receptor prevalence was

higher but androgenic enzymes lower in ILC than non-neoplastic lobules. In ILC

cases the status of 5aRed1 and 17bHSD5 was inversely correlated with tumor size

(P = 0.0053) and nuclear grade (P = 0.0290), and significantly associated with bet-

ter overall survival of the patients (P = 0.0059). Based on these findings, we

hypothesized that androgen signaling could act as a tumor suppressor. As previ-

ous studies suggested that androgens might partially act by increasing levels of

the estrogen inactivating enzyme 17b-hydroxysteroid dehydrogenase type 2

(17bHSD2) in IDC tissues, this was reasonably considered a potential mechanism

of androgen actions. Significantly positive correlation was detected between the

status of androgenic enzymes and 17bHSD2 (P < 0.0001) and intratumoral

17bHSD2 was inversely correlated with tumor size in ILC (P = 0.0075). These corre-

lations suggest one protective mode of androgen action could be through modu-

lation of estrogen metabolism. Results of our present study indicated that

androgen-producing enzymes could play pivotal protective roles in AR-enriched

ILC cases.

I nvasive lobular carcinoma accounts for approximately 10%
of all breast invasive carcinoma cases,(1,2) and its incidence

is increasing among postmenopausal women.(3,4) Invasive lobu-
lar carcinoma is distinguished from IDC by pathological, bio-
logical, and molecular characteristics. Invasive lobular
carcinoma is especially characterized by the loss of E-cadherin
in carcinoma cells,(5–7) which plays a hallmark role in histo-
pathological differentiation from IDC. In addition, ILC patients
generally have larger tumor size and more abundant ER ⁄PR
content but, paradoxically, lower cell proliferation compared to
IDC patients.(1,8,9) This very abundance of ER ⁄PR has been
postulated to account for a better response to adjuvant hor-
mone therapy in ILC compared to IDC patients.(8)

In addition to estrogens and progesterones, androgens have
been recently considered to play pivotal roles in both the pres-
ence and absence of ER and PR. Androgens exert their actions
through AR, the presence of which is reported in the great
majority of breast cancer patients, more frequently than ER
and PR.(10,11) The presence of AR is particularly marked in
ILC with expression in 90% of ILC patients compared to 56%
in IDC patients.(8,12) In addition, the clinical or biological

significance of androgen signaling is different depending on
the presence or absence of ER and the equilibrium of signaling
between these male and female hormones is proposed to exert
an important impact upon the biological or clinical significance
of the patients.(13–15) In general, androgen actions in the pres-
ence of ER antagonize ER binding, subsequently resulting in
suppression of estrogen-mediated tumorigenesis. This hypothe-
sis has been supported by results of in vitro studies indicating
suppressed estrogen signaling by direct binding of AR to ER
responsive element(15) and suppression of cell proliferation by
androgen treatment.(16–18)

The delicate equilibrium between androgen and estrogen sig-
naling in breast carcinoma cells is first and foremost regulated
by the levels of androgen and estrogen receptors(15,19,20) but an
additional level of regulation comes from intracrine metabo-
lism of steroid hormones.(21) It is entirely true that the status
of intratumoral androgen metabolism has been less frequently
explored than that of estrogen, but the contribution of this
intracrine system to the generation of androgen signaling
within tissues is supported by the significantly increased local-
ized levels of potent androgen DHT in postmenopausal breast
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cancers.(22,23) Therefore, it is also pivotal to study the status of
intratumoral androgen metabolism in breast cancer. The two
principle androgen metabolizing enzymes are 17bHSD5 and
5aRed1.(24) We have previously reported that the co-expres-
sion of AR and 5aRed1 in invasive ductal carcinomas was
indeed associated with better clinical outcome of the patients
with IDC,(25) which is consistent with the overall roles of
androgens as tumor suppressors in ER-positive or luminal-type
breast carcinoma.
In addition, AIs, considered the gold standard of endocrine

therapy of ER-positive postmenopausal breast cancer patients,
have been reported to exert antitumor effects through not only
decreasing the levels of estrogens available for carcinoma cells
but also increasing intratumoral androgen concentrations, most
probably due to the precursor–product relationship between
intratumoral androgens and estrogens.(26–28) Recently we
showed that the increased androgen concentration in breast
cancer tissues following AI exemestane treatment was signifi-
cantly associated with an increment of 17bHSD2. The latter is
well known to decrease the levels of potent estrogens, estra-
diol, and thus overall estrogen signaling.(26,27) In addition, we
also reported an increased expression level of 17bHSD2 by
DHT or exemestane treatment in a breast carcinoma cell line,
suggesting 17bHSD2 expression does reflect intratumoral
androgenic actions in breast cancer tissues and could possibly
account for the tumor suppressive actions of androgen signal-
ing in estrogen-dependent breast cancers.
Invasive lobular carcinoma has been reported to have more

abundant AR in carcinoma cells than IDC, as described
above,(8,12) but the clinical and biological significance of
androgen signaling has remained largely unexplored. In studies
attempting this comparison, the interpretation of their findings
has been extremely difficult due to the relative rarity of ILC
and the high prevalence of AR in ILC patients. In addition,
the prevalence of AR and androgen-synthesizing enzymes in
non-neoplastic human lobular tissues as compared to carcino-
mas has been virtually unknown. Therefore, in this study, we
examined the intratumoral status of AR and androgen-produc-
ing enzymes in non-neoplastic lobules and ILC tissues in order
to assess the associations between increased androgen produc-
tion and ⁄ or signaling and various clinicopathological factors of
ILC cases, including clinical outcome of the patients. We also
studied the status of the androgen-induced estrogen metaboliz-
ing enzyme 17bHSD2 and compared its status with that of the
androgenic enzymes to further explore the mechanisms of
androgen actions in ILC patients.

Materials and Methods

Formalin-fixed, paraffin-embedded tissues. Invasive lobular
carcinoma cases examined in this study were all surgical speci-
mens retrieved from surgical pathology files of Tohoku Uni-
versity Hospital (Sendai, Japan), Sagara Hospital (Kagoshima,
Japan), and Tohoku Kosai hospital (Sendai, Japan). None of
the patients received hormonal therapy prior to surgery; in the
few patients that had received chemotherapy before surgery,
results were no different from those who did not. The mean
age of the patients was 57 years (range, 32–91). Clinicopatho-
logical findings including menopausal status, stage, nuclear
grade, ER, PR, Her2, and Ki-67 were available in all of the
cohorts examined, and data regarding the tumor size and clini-
cal outcome available in the cohorts of Tohoku University
Hospital and Kosai Hospital. Invasive ductal carcinoma cases
examined in this study were also retrieved from surgical

pathology files of Tohoku University Hospital. The mean age
was 59 years (range, 34–82). All the specimens had been fixed
with 10% formalin and embedded in paraffin. The research
protocol was approved by the Ethics Committee at Tohoku
University School of Medicine and review boards of all parti-
cipating institutions.

Fresh frozen tissues. In addition to the 10% formalin-fixed
and paraffin-embedded tissues described above, four ILC and
four IDC fresh-frozen specimens were available for RT-PCR
study. These specimens were obtained from Sagara Hospital
and Tohoku University Hospital in 2010 and 2011. The clini-
copathological findings, including age and the ER ⁄PR and
Her2 status of the patients, are summarized in Table 1. The
research protocol was approved by the Ethics Committee of
Tohoku University School of Medicine and the Sagara Hospi-
tal review board.

Immunohistochemistry. Staining for 17bHSD5, 5aRed1, AR,
and 17bHSD2 was carried out, as summarized in Table 2. A
Histofine Kit (Nichirei Bioscience, Tokyo, Japan), based on
the biotin–streptavidin method, was used for immunohisto-
chemical staining in this study. After deparaffinization, antigen
retrieval was carried out by heating the slides in an autoclave
at 120°C for 5 min in citric acid buffer (2 mM citric acid and
9 mM trisodium citrate dehydrate [pH 6.0]) for immunostain-
ing of 17bHSD5 and AR. The antigen–antibody complex was
visualized with 3, 30-diaminobenzidine solution (1 mM 3, 30-
diaminobenzidine, 50 mM Tris–HCl buffer [pH 7.6], and
0.006% H2O2) and counter-stained with hematoxylin.

Evaluation of immunoreactivity. Androgen receptor immuno-
reactivity was assessed by LI.(29) Immunoreactivity was
detected in the nuclei. We counted more than 1000 breast car-
cinoma cells in each case. Subsequently the percentage of
immunoreactivity was determined. Labeling index was used to
obtain a proportion of immunoreactive tumor cells. The cases
with <10% positivity were considered negative according to
our previous reports.(25) Both 17bHSD5 and 5aRed1 immuno-
reactivity was detected in the cytoplasm, and the cases were
tentatively classified into the following two groups: negative,
0–50%; positive, 50–100%, as previously described.(28) Immu-
noreactivity of 17bHSD2 was also detected in the cytoplasm
and classified into two groups: negative, 0–10%; and positive,
10–100%.(30)

Reverse transcription–polymerase chain reaction. Total RNA
of IDC and ILC tissues were extracted using TRIzol (Invitro-
gen, Carlsbad, CA, USA). Complementary DNA for RT2

qPCR was synthesized using RT2 First Strand Kit in accor-
dance with manufacturer’s protocol. All IDC and ILC cases

Table 1. Characteristics of invasive ductal carcinoma (IDC) and

invasive lobular carcinoma (ILC) cases used for RT-PCR analysis

Age, years ER† PR† Her2

IDC-1 47 5 5 –

IDC-2 76 5 3 �
IDC-3 60 5 4 �
IDC-4 46 5 4 �
ILC-1 60 5 5 �
ILC-2 55 5 5 �
ILC-3 52 5 4 �
ILC-4 48 5 5 �
†Positivity is presented as: 5, 90–100%; 4, 50–90%; 3, 10–50%; 2, 1–
10%; 1, 0–1%; 0, 0%. –, Not detected; ER, Eestrogen receptor; PR, Ppro-
gesterone receptor; Her2, human epidermal growth factor receptor 2.
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were analyzed for 17bHSD2 expression using RT2 SYBR
Green qPCR Mastermixes (Qiagen, Hilden, Germany). Poly-
merase chain reaction was carried out in an ABI7500 Real-
Time PCR System (Applied Biosystems, Foster City, CA,
USA). Data analyses were carried out with the web-based soft-
ware package for the RT2 Profiler PCR Array Data Analysis
(http://www.sabiosciences.com/pcr/arrayanalysis.php).

Statistical analysis. All statistical analyses were carried out
using JMP Pro 9.0.2 (SAS Institute Japan, Tokyo, Japan). The
associations between androgenic enzymes and clinicopatholog-
ical parameters of the cases examined were evaluated using
Student’s t-test or the v2-test depending on whether the vari-
able was continuous or categorical. Both DFS and OS were
analyzed according to the Kaplan–Meier method, and the sta-
tistical significance was assessed using the log–rank test. Uni-
variate and multivariate analyses were employed in this study
using Cox’s proportional hazard model. These analyses were
limited to the cases with at least 5 years follow-up duration
(2008 or earlier surgical date) due to the long latency period
associated with this neoplasm.

Results

Immunoreactivity in ILC cases and adjacent non-neoplastic lob-

ules. Androgen receptor immunoreactivity was detected in the
nuclei of tumor cells, and 17bHSD5 and 5aRed1 immunoreac-
tivity in the cytoplasm of tumor cells (Fig. 1). Androgen
receptor was highly prevalent with positive nuclei detected in
almost all the carcinoma cells in ILC. In ILC, AR-positive
cases (defined as >10% LI) were 97.8% (174 cases out of 178)
and the mean value of AR LI was 90.6 � 1.4 (range,
0–100%). The proportion of 17bHSD5- and 5aRed1-positive
cases (defined as >50% tumor cells of cytoplasmic immunore-
activity) were 61.8% and 53.4%, respectively, with 34.8% dou-
ble-positive for both enzymes.
The status of AR and androgenic enzymes in non-neoplastic

lobular epithelial cells adjacent to ILC was also examined in
this study. Androgen receptor immunoreactivity was also
detected in non-neoplastic lobular epithelium but its prevalence
was lower than that in carcinoma. When quantified, all non-
neoplastic lobular epithelium in the cases examined (n = 28)
were AR-positive (defined as >10% LI) and the mean value of
AR LI was 63.2 � 4.0 (range, 30–95%). The 17bHSD5- and
5aRed1-positive cases (defined as >50% tumor cells of cyto-
plasmic immunoreactivity) constituted 89.3% (25 cases out of
28) and 71.4% (20 out of 28), respectively. Immunoreactivity
of both AR and androgenic enzymes were only sporadically
detected in basal or myoepithelial cells of the non-neoplastic
lobules adjacent to ILC.
The AR LI score was significantly higher in ILC than adja-

cent non-neoplastic lobular epithelium (P < 0.0001) but
17bHSD5 and 5aRed1 were significantly higher in non-

neoplastic adjacent lobular epithelium than in ILC (P = 0.0028
and P = 0.0128, respectively). The status of AR in non-
neoplastic lobular epithelium was similar to that in ductal
epithelium, although not quantified.

Correlations of intratumoral androgen metabolizing enzymes

and clinicopathological factors in ILC cases. The AR-negative
cases (n = 4) were excluded to analyze the effects of androgen
metabolizing enzymes on AR-mediated actions in ILC. We
tentatively classified the 174 AR-positive ILC cases into the
following two groups: a 17bHSD5 and 5aRed1 double-nega-
tive cohort of patients lacking any form of androgen synthesis
(45 samples); and a group encompassing all other cases (129
samples) according to the potential local production of andro-
gens. The associations between the status of intratumoral
androgenic enzymes and clinicopathological parameters of the
patients are summarized in Table 3. Age, menopausal status,
ER, Her2, and Ki-67 status were not correlated with the status
of intratumoral androgenic enzymes. Stage and the status of
PR tended to be inversely correlated with that of intratumoral
androgenic enzymes (P = 0.0720 and P = 0.0663, respec-
tively). Tumor size and nuclear grade were inversely correlated
with the status of intratumoral androgen metabolizing enzymes
(P = 0.0053 and P = 0.0290, respectively). The mean tumor
size was also higher in the 17bHSD5–5aRed1 double-negative
group of patients (Fig. 2), suggesting the correlation of tumor
size with the presence of intratumoral androgenic enzymes.

Correlation between status of intratumoral androgenic

enzymes and clinical outcome. Data regarding OS and DFS
were available for cases from Tohoku University Hospital and
Tohoku Kosai Hospital. As the cases were limited to those that
had a follow-up period >5 years, the number available for this
analysis was 72. Despite the relatively small number of cases
examined, the absence of intratumoral androgenic enzymes
was significantly associated with adverse OS (Fig. 3a) but not
with DFS (Fig. 3b) and this association still remained signifi-
cant in the multivariate analysis (model including ER, PR,
stage, and enzyme status; data not shown).

Androgen and 17bHSD2-producing enzymes in ILC. It was pre-
viously reported that 17bHSD2 reflected intratumoral andro-
genic actions in breast cancer.(27) In this study, 17bHSD2
mRNA levels were quantified in the four ILC and four IDC
cases summarized in Table 1 with RT2 qPCR, in order to com-
pare 17bHSD2 mRNA expression between ILC and IDC cases.
As illustrated in Figure 4(a), the amount of 17bHSD2 mRNA
expression was 4.8-fold higher in ILC than IDC cases
(P = 0.0775). The 17bHSD2 immunoreactivity was also exam-
ined in order to further explore the significance of this particu-
lar enzyme with relation to androgen actions. Fifty-four IDC
cases (Tohoku University Hospital) were selected so that ER,
PR, Her2, Ki-67, stage, AR, 17bHSD5, and 5aRed1 status did
not differ significantly with 46 ILC cases (Tohoku University
Hospital). Immunoreactivity of 17bHSD2 was detected in the

Table 2. Antibodies used for immunostaining of androgen-producing enzymes in 178 cases of invasive lobular carcinoma and surrounding

non-neoplastic lobular tissue

Primary antibody Dilution Source Host Antigen retrieval

17bHSD5 1:200 Sigma (St. Louis, MO, USA) Mouse Autoclave

5aRed1 1:1000 Abcam (Cambridge, UK) Goat None

AR 1:50 Dako (Kyoto, Japan) Mouse Autoclave

17bHSD2 1:200 Proteintech (Chicago, IL, USA) Rabbit None

17bHSD2, 17b-hydroxysteroid dehydrogenase type 2; 17bHSD5, 17b-hydroxysteroid dehydrogenase type5; 5a-Red1, 5a-Reductase type 1; AR, Aan-
drogen receptor.
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cytoplasm of carcinoma cells (Fig. 4b). The number of
17bHSD2-positive cases was significantly higher in ILC than
in IDC despite nearly the same status of hormone receptors
between ILC and IDC cases examined (Fig. 4c).
We then evaluated the status of 17bHSD2 in ILC cases

using immunohistochemistry in order to analyze the correlation
between androgenic enzymes and 17bHSD2 in AR-positive
ILC cases. Among patients examined in this study, 101 cases
(58.0%) were classified as positive for 17bHSD2. The status
of 17bHSD2 was significantly correlated with that of andro-
genic enzymes (Fig. 4d). The associations between the status

(a) (b) (c) (d)

(e) (f) (g) (h)

Fig. 1. Representative illustrations of androgen receptor (AR), 17b-hydroxysteroid dehydrogenase type 5 (17bHSD5), and 5a-Reductase type 1
(5aRed1) immunohistochemistry in AR+ ⁄ 17bHSD5+ ⁄ 5aRed1+ (b–d) and AR� ⁄ 17bHSD5� ⁄ 5aRed1� (f–h) invasive lobular carcinoma cases. Hema-
toxylin–eosin staining (a,e). Androgen receptor was immunolocalized in the nuclei of carcinoma cells (b,f), and 17bHSD5 (c,g) and 5aRed1 (d,h)
immunolocalized in the cytoplasm of carcinoma cells. Scale bar = 100 lm.

Table 3. Associations between the status of intratumoral androgenic

enzymes and clinicopathological parameters in androgen receptor

(AR)-positive invasive lobular carcinoma (ILC) cases (n = 174)

17bHSD5 ⁄ 5aRed1

P-value� ⁄�
n = 45 (25.9%)

Others

n = 129 (74.1%)

Age,† (years) 56.0 � 1.9 57.9 � 1.0 0.3632

Menopausal status, n (%)

Premenopausal 22 (12.7%) 46 (26.4%) 0.1173

Postmenopausal 23 (13.2%) 83 (47.7%)

Stage, n (%)

1 14 (8.0%) 60 (34.5%) 0.0720

2 + 3 31 (17.8%) 69 (39.7%)

Tumor size,‡ n (%)

<20 mm 12 (9.8%) 53 (43.1%) 0.0053

≥20 mm 24 (19.5%) 34 (27.6%)

Nuclear grade, n (%)

1 7 (4.0%) 42 (24.1%) 0.0290

2 + 3 38 (21.9%) 87 (50.0%)

ER status, n (%)

Negative 2 (1.2%) 11 (6.3%) 0.3698

Positive 43 (24.7%) 118 (67.8%)

PR status, n (%)

Negative 10 (5.8%) 48 (27.6%) 0.0663

Positive 35 (20.1%) 81 (46.5%)

Her2 status, n (%)

Negative 45 (25.9%) 128 (73.5%) 0.5536

Positive 0 (0.0%) 1 (0.6%)

Ki-67 LI,† (%) 4.3 � 0.7 6.0 � 0.8 0.2672

†Data are presented as mean � SEM. All other values represent the
number of the cases and percentage. ‡Data regarding the tumor size
were available in the cohorts of Tohoku University Hospital and Kosai
Hospital. 17bHSD5, 17b-hydroxysteroid dehydrogenase type 5; 5aRed1,
5a-reductase type 1; ER, Eestrogen receptor; Her2, human epidermal
growth factor receptor 2; LI, labeling index; PR, Progesterone
receptor.

Fig. 2. Tumor size was inversely correlated with the status of andro-
genic enzymes in androgen receptor-positive invasive lobular carci-
noma cases. Data of tumor size were available from a subset of breast
cancer patients treated at Tohoku University Hospital or Tohoku Kosai
Hospital. *P < 0.05. 17bHSD5, 17b-hydroxysteroid dehydrogenase type
5; 5aRed1, 5a-reductase type 1.
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of 17bHSD2 and clinicopathological parameters of the patients
are summarized in Table 4. Stage and tumor size were inver-
sely correlated with the status of 17bHSD2 (P = 0.0049 and
0.0299, respectively), and the mean tumor size was also lower
in the 17bHSD2-positive group (Fig. 4e). Nuclear grade of the
cases examined was also correlated with the status of
17bHSD2 (P = 0.0110).

Discussion

This study showed the presence of AR in almost all cases of
ILC (97.8%) and the presence of androgen synthesizing
enzymes (17bHSD5, 61.8%; 5aRed1, 53.4%) in the great
majority of carcinomas. The prevalence of AR-positive cases
in ILC is consistent with that of previously reported stud-
ies,(8,12) but the presence of androgenic enzymes in a signifi-
cant proportion of ILCs represents an entirely novel finding.
The high prevalence of AR in ILC excluded a direct assess-
ment of the correlation between AR and clinicopathological
characteristics of the patients but the prevalence of androgen
synthesizing enzymes, which were detected in approximately
50% of the patients examined, allowed us to examine their
effects on clinical outcome of the ILC patients in this study.

Results of this particular analysis indicated that the tumors
enriched in androgenic pathways (AR-positive ⁄ enzyme-posi-
tive) were strongly associated with smaller tumor sizes and
better clinical outcomes. However, the association between the
intratumoral status of AR ⁄ enzymes and tumor cell proliferation
in ILC could not be assessed due to the inherently low levels
of cell proliferation in ILC tissues.(1,31) This aside, the overall
findings of our study suggest the importance of androgen sig-
naling and synthesizing enzymes in determining the clinical
outcome of ILC patients.
The importance of AR in influencing tumor biology has not

been previously evaluated in a large and exclusively ILC
cohort. In previous studies examining IDC or mixed IDC ⁄ ILC
cohorts the expression of AR in cancer tissues has been mostly
reported to be associated with a relatively favorable clinical
outcome in both ER-positive(15,32) and ER-negative cancers.(33)

Results of in vitro studies reported in ER-positive breast carci-
noma cell lines have also indicated the potent androgen DHT
as an inhibitor of breast carcinoma cell proliferation,(15–18)

although the underlying molecular biology of the AR in
ER-negative cancers is only starting to be elucidated.(13,14) The
majority of ILC patients are ER-positive (e.g. 92.7% in this
study) and it is reasonable to hypothesize that, as in IDC, AR

(a) (b)

Fig. 3. Absence of intratumoral androgenic
enzymes was significantly correlated with adverse
clinical outcome in breast cancer patients. Clinical
information regarding overall survival (OS) and
disease-free survival (DFS) was available for cases
from Tohoku University Hospital and Tohoku Kosai
Hospital. Only patients with survival data greater
than 5 years (surgical date before 2008) were
included in this study. The OS (a) and DFS (b) of
these patients were analyzed according to the
status of intratumoral androgenic enzymes 17b-
hydroxysteroid dehydrogenase type 5 (17bHSD5)
and 5a-reductase type 1 (5aRed1) using the Kaplan–
Meier method (n = 72).

(a) (b)

(c)

(e)

(d)

Fig. 4. Status of 17b-hydroxysteroid dehydro-
genase type 2 (17bHSD2) immunoreactivity was
significantly higher in invasive lobular carcinoma
(ILC) than in invasive ductal carcinoma (IDC) and
inversely associated with tumor size in ILC cases. (a)
17bHSD2 mRNA expression in four IDC and four ILC
cases was analyzed using RT2 quantitative PCR. (b)
Representive illustrations of 17bHSD2 positive (left)
and negative (right) cases in IDC (top) and ILC
(bottom). 17bHSD2 was localized in the cytoplasm
of carcinoma cells. Scale bar = 100 lm. (c) 17bHSD2
immunoreactivity in ILC and IDC specimens. (d)
Correlation between 17bHSD2 and androgenic
enzymes in androgen receptor-positive ILC cases. (e)
Tumor size was inversely correlated with 17bHSD2
expression. Data of tumor size were available in a
subset of breast cancer patients treated at Tohoku
University Hospital or Tohoku Kosai Hospital.
**P < 0.01. 17bHSD5, 17b-hydroxysteroid dehydro-
genase type 5; 5aRed1, 5a-reductase type 1.
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has protective effects, possibly more so in ILC cases given
their more abundant ER content and more favorable clinical
outcome compared to IDC.
The similarities between IDC and ILC are also apparent in a

comparison of the normal lobules as compared to ILC areas.
The present study showed increased numbers of AR-positive
carcinoma cells alongside a decrease in androgenic enzymes
detected in ILC compared to non-neoplastic adjacent lobules
of the same breast tissue. Higher expression of AR in ILC than
in non-neoplastic lobules is also consistent with the reported
findings in IDC, that is, higher than in adjacent non-neoplastic
ducts,(13) as is the association of AR and enzymes with clinical
outcome of the patients(14,25) and the decrease of androgenic
enzymes with cancer progression,(29) although changes
between non-neoplastic condition and carcinoma initiation are
less clear.(34) In addition, the inverse association of PR, com-
monly considered an estrogen-dependent gene, and androgenic
enzymes in ILC detected in our present study suggests that, as
in IDC, AR actions may disrupt estrogen signaling in ILC. In
non-human primates, AR expression in both lobular and ductal
tissues showed similar patterns of prevalence over the repro-
ductive cycle(35) suggesting AR expression in lobules and
ducts may be regulated in the same fashion, but this awaits
further investigation for clarification.
It has been reported that 17bHSD2 is one of the most impor-

tant androgen-induced genes in IDC,(27) playing pivotal roles

in the putative protective effects of androgen in breast cancer
patients. As an enzyme that converts estradiol to estrone or
testosterone to androstenedione in breast cancer tissues,
17bHSD2 was reported to be significantly associated with bet-
ter recurrence-free survival in breast cancer patients.(36) In
addition, a significantly inverse correlation was reported
between 17bHSD2 expression and intratumoral estradiol con-
centration, suggesting that this enzyme plays important roles
as an estrogen-inactivating enzyme. In this study, we showed a
higher expression of 17bHSD2 in ILC than in IDC tissues and
an association between androgen pathways and 17bHSD2 in
ILC tissues, indicating an androgenic induction of 17bHSD2
in ILC compared to IDC. The potential protective effect of
17bHSD2 in ILC cancers was evaluated by examining the cor-
relations between the status of 17bHSD2 and clinicopathologi-
cal factors of the cases examined. Results indicated that
17bHSD2 status was inversely correlated with the majority of
adverse clinical factors, indicating that 17bHSD2 status of car-
cinoma cells was associated with less aggressive phenotypes of
ILC. This is consistent with the suggestion that androgens may
act, at least partially, through the upregulation of 17bHSD2
and thus modify the balance of estrogen production in ILC tis-
sues, although further investigations are required for clarifica-
tion.
Invasive lobular carcinoma cases are reported to express aro-

matase at similar or greater levels than IDC.(37) While contro-
versies still exist as to the potential efficacy of AIs in ILC
patients,(38,39) Metzger et al.(40) suggested that AI treatment
was especially effective in ILC patients. This is interesting
with regard to the findings of our study as one of the well doc-
umented consequences of aromatase inhibition is a shift in the
equilibrium of androgens and estrogens towards a greater
abundance of androgens and androgen signaling.(26–28) Results
of our present study indicated a protective effect of androgens
potentiated by alterations of local intracrine signaling and sub-
sequent favoring androgen over estrogen signaling in ILC at a
level at least comparable with that of IDC. Therefore, AIs
should be at least as effective in ILC patients, especially given
the high levels of ER- and AR-positive cases observed in ILC
samples.
In this study, we showed that androgen-producing enzymes

were involved in tumor suppressive roles of androgens in
AR-enriched ILC tissues. In addition, we established the sig-
nificant correlation of androgen-producing enzymes with
17bHSD2, one of the markers of androgenic actions in breast
carcinoma cells, implying that 17bHSD2 reflects intratumoral
androgenic actions and acts as suppressor of estrogenic actions.
These results could be related to the relatively low prolifera-
tive status of carcinoma cells in ILC despite more abundant
ER and the presence of intratumoral aromatase, and suggests
further benefit of AI treatment against ILC by accumulation of
intratumoral androgens.
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Table 4. Associations between the 17b-hydroxysteroid dehydrogenase

type 2 (17bHSD2) expression and clinicopathological parameters in

androgen receptor (AR)-positive invasive lobular carcinoma (ILC) cases

(n = 174)

17bHSD2

P-value
Negative

n = 73 (42.0%)

Positive

n = 101 (58.0%)

Age,† (years) 56.6 � 1.5 57.9 � 1.1 0.4722

Menopausal status, n (%)

Premenopausal 33 (19.0%) 35 (20.1%) 0.1592

Postmenopausal 40 (23.0%) 66 (37.9%)

Stage, n (%)

1 22 (12.6%) 52 (29.9%) 0.0049

2 + 3 51 (29.3%) 49 (28.2%)

Tumor size,‡ n (%)

<20 mm 16 (13.0%) 49 (39.9%)

≥20 mm 25 (20.3%) 33 (26.8%) 0.0299

Nuclear grade, n (%)

1 28 (16.1%) 21 (12.1%) 0.0110

2 + 3 45 (25.8%) 80 (46.0%)

ER status, n (%)

Negative 4 (2.3%) 9 (5.2%) 0.3956

Positive 69 (39.6%) 92 (52.9%)

PR status, n (%)

Negative 24 (13.8%) 34 (19.5%) 0.9135

Positive 49 (28.2%) 67 (38.5%)

Her2 status, n (%)

Negative 73 (41.9%) 100 (57.5%) 0.3939

Positive 0 (0.0%) 1 (0.6%)

Ki-67 LI,† (%) 5.5 � 0.9 5.6 � 0.9 0.9847

†Data are presented as mean � SEM. All other values represent the
number of the cases and percentage. ‡Data regarding the tumor size
were available in the cohorts of Tohoku University Hospital and Kosai
Hospital. ER, Eestrogen receptor; Her2, human epidermal growth fac-
tor receptor 2; LI, labeling index; PR, progesterone receptor.
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Abbreviations

17bHSD2 17b-hydroxysteroid dehydrogenase type 2
17bHSD5 17b-hydroxysteroid dehydrogenase type 5
5aRed1 5a-reductase type 1
AI aromatase inhibitor
AR androgen receptor
DFS disease-free survival
DHT dihydrotestosterone

ER estrogen receptor
Her2 human epidermal growth factor receptor 2
IDC invasive ductal carcinoma
ILC invasive lobular carcinoma
OS overall survival
PR progesterone receptor
qPCR quantitative PCR
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