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Abstract Tumor cell proliferation and progression of
breast cancer are influenced by female sex steroids.
However, not all breast cancer patients respond to aroma-
tase inhibitors (AI), and many patients become unrespon-
sive or relapse. Recent studies demonstrate that not only
estrogens but also androgens may serve as regulators of
estrogen-responsive as well as estrogen-unresponsive hu-
man breast cancers. However, the mechanism underlying
these androgenic actions has remained relatively unknown.
Therefore, in this study, we evaluated the effects of AI upon
the expression of enzymes involved in intratumoral androgen
production including 17β-hydroxysteroid dehydrogenase
type 5 (17βHSD5), 5α-reductase types 1 and 2 (5αRed1
and 5αRed2) as well as androgen receptor (AR) levels and
correlated the findings with therapeutic responses including
Ki67 labeling index (Ki67). Eighty-two postmenopausal

invasive ductal carcinoma patients were enrolled in CAAN
study from November 2001 to April 2004. Pre- and post-
treatment specimens of 29 cases were available for this study.
The status of 17βHSD5, 5αRed1, 5αRed2, and Ki67 in pre-
and post-treatment specimens were evaluated. The significant
increments of 5αRed2 as well as AR were detected in
biological response group whose Ki67 LI decreased by more
than 40% of the pre-treatment level. This is the first study
demonstrating an increment of 5αRed2 and AR in the group
of the patients associated with Ki67 decrement following AI
treatment. These results suggest that increased 5αRed2 and
AR following AI treatment may partly contribute to reduce
the tumor cell proliferation through increasing intratumoral
androgen concentrations and its receptor.

Keywords Breast cancer . Androgen . Androgen
receptor . 5α-reductase . Aromatase inhibitor . Ki67

Introduction

Breast cancer is the most common malignancy among
women worldwide and the leading cause of cancer-related
death in many countries [1, 2]. Hormones, especially sex
steroid hormones, play a pivotal role in endocrine-mediated
tumorigenesis and have been demonstrated to influence
carcinoma cell growth and progression [3, 4]. Among these
sex steroids, estrogens, especially estradiol or E2, a
biologically potent estrogen, has been demonstrated to play
pivotal roles in cell proliferation, development, and inva-
sion of these hormone-dependent breast carcinoma cells
[4, 5]. Aromatase inhibitors (AI) have been demonstrated to
be more effective and to have fewer side effects in estrogen
receptor (ER)-positive breast cancer patients than the
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conventional anti-estrogen tamoxifen [6–8]. However,
some patients did not respond to this therapy or
developed clinical resistance during the course of this
therapy [9]. Therefore, it becomes very important to
evaluate the mechanisms of these clinical resistances to
AI therapy in estrogen receptor positive breast cancer
patients. Results of several previous studies demonstrated
that androgens exert opposing effects upon the growth and
development as well as upon an inhibition of the
proliferation of breast carcinoma cells [10, 11], although
some controversies existed [12]. In addition, estrogens and
androgens have been both reported to be locally produced
in breast carcinoma tissue in an intracrine manner [13, 14].
Androgen receptor (AR) is commonly expressed in human
breast carcinoma tissues [15]. These data of in situ
production of androgen and the presence of AR in breast
carcinoma suggest potentially important roles of andro-
gens in breast carcinomas. In particular, androgen producing
enzymes, such as 17β-hydroxysteroid dehydrogenase type 5
(17βHSD5; conversion from circulating androstenedione to
testosterone) and 5α-reductase types 1 and 2 (5αRed1 and
5αRed2, respectively; reduction of testosterone to 5α-
dihydrotestosterone (DHT)) have been reported to be abun-
dantly expressed in breast carcinoma tissues [16]. Especially,
in situ production of DHT has been reported in breast cancer
tissues [17]. This locally produced DHT then binds with the
highest affinity to AR and promotes AR transcriptional
activity [16].

We have previously demonstrated an association be-
tween the status of intratumoral androgenic enzymes,
5αRed1, and DHT concentration in the breast carcinoma
tissue and an inverse correlation between intratumoral DHT
concentration and aromatase expression in cell culture
experiments [17]. Results of our previous study above
indicated that aromatase, whose substrates include testos-
terone, may act as a negative regulator for in situ
production of DHT in breast carcinoma tissue. Therefore,
the alterations of these in situ androgen metabolisms
following AI treatment can provide very important infor-
mation toward a better understanding of the changes of
local endocrine environment associated with estrogen
depletion. Especially, the comparison of the specimens
between pre- and post-AI treatment in neoadjuvant therapy
may provide important information as to the changes of
intratumoral intracrine environment caused by AI. We have
recently reported significant increment of the enzymes;
estrogen sulfatase and 17β-hydroxysteroid dehydrogenase
type 1, the enzymes also involved in intratumoral estrogen
production, following AI therapy, which may represent the
compensatory response of breast carcinoma tissues to
estrogen deprivation state [18]. In addition, Takagi et al.
has also recently demonstrated the increment of intratumoral
DHT concentration and17β-hydroxysteroid dehydrogenase

type 2 (17βHSD2) expressions in breast carcinoma tissues
following exemestane treatment and further reported that
17βHSD2 expression was induced by both DHT and
exemestane in a dose dependent fashion in their in vitro
studies [19]. However, to the best of our knowledge, the
alterations of major androgen producing enzymes such as
17βHSD5, 5αRed1, and 5αRed2 before and after AI
treatment of breast cancer patients have not been reported
at all (Figs. 1 and 2).

Therefore, in this study, we evaluated the alterations of
these enzymes including 17βHSD5, 5αRed1 and 5αRed2,
and AR expression in breast carcinoma tissue before and
after the neoadjuvant AI treatment using the immunohisto-
chemistry (IHC). We then correlated the obtained findings
with the alteration of Ki67 of individual patients and the
changes of ER, progesterone receptor (PgR), and human
epidermal growth factor receptor type 2 (Her2) in breast
carcinoma tissues before and after the therapy in order to
further understand these changes of intratumoral androgen
producing pathways. In particular, we evaluated the clinical
and biological significance of intratumoral androgenic
enzymes, especially 5αRed2, in association with the
decreased Ki67 from estrogen depletion caused by AI
therapy.

Materials and Methods

Breast Carcinoma Cases

The specimens available for examinations in this study
were pre- and post-treatment samples obtained from
Celecoxib Anti-aromatase Neoadjuvant trial (CAAN trial).
This was a neoadjuvant clinical trial conducted, from
November 2001 to April 2004, at The University of Hong
Kong and Queen Mary Hospital, Hong Kong [20]. The
study design had been reported previously [20] but, in brief,
all 82 patients enrolled in this neoadjuvant study were
postmenopausal women with histological proof of invasive
ductal breast carcinoma and positive ER/PgR status
determined by the IHC analysis [20]. Informed consents
had been obtained from all the patients prior to their
enrollment into this trial, which had been approved by the
local ethics committee. In CAAN trial study, it was
conducted to investigate the efficacy and safety of neo-
adjuvant therapy combining AI with COX-2 inhibitor.
According to the protocol of CAAN trial, the patients were
randomly assigned to receive exemestane 25 mg daily and
celecoxib 400 mg twice daily (group A, n=30), exemestane
25 mg daily (group B, n=24) and letrozole 2.5 mg daily
(group C, n=28), respectively. Each patient was treated for
3 months and surgery was performed within 7 days after the
treatment. As reported previously, there were no significant
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differences in term of clinical and pathological responses
among these three different treatment groups [20]. There-
fore, the responses toward AI therapy were by no means
influenced by the concurrent use of celecoxib.

The pre- and post-treatment specimens of 29 patients
were available for this pathological response and IHC
evaluation study. According to the protocol of CAAN
trial, these 29 patients were randomly assigned to receive
the treatment as follows (group A, n=10; group B, n=8;
and group C, n=11). Their mean age was 74.6 years
(range, 51–93 years).

Pathological Response

Tissue sections of the same tumors from pre-treatment core
needle biopsies and final surgical specimens were obtained
and assessed for the changes in cellularity and degree of
fibrosis in hematoxylin–eosin-stained slides. Pathological
response was categorized, using the modified criteria
described by Miller et al. [21] and assessed as follows:
complete when there was no evidence of carcinoma cell at
the original tumor site; partial response when histological
decrement in cellularity and/or increment in fibrosis was

Fig. 1 Representative illustra-
tions of immunohistochemistry:
17βHSD5 (a), 5αRed1 (b),
5αRed2 (c), and AR (d) in one
case of invasive ductal
carcinoma. Immunoreactivity of
17βHSD5, 5αRed1, and
5αRed2 were detected in the
cytoplasm of invasive ductal
carcinoma cells while those of
AR in the nucleus. Original
magnification, ×200

Fig. 2 Demonstration of the
mean value of the intratumoral
androgenic enzymes before and
after the AI treatment grouped
by the Ki67 LI response.
Error bar represents ±2 standard
error of measurement (SEM).
*P<0.05, significant difference
between pre- and post-treatment
values
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detected; or no change/nonresponse, by two of the authors
above (NC and MC).

Immunohistochemistry

All immunohistological investigations were performed on
the pre-treatment core needle biopsies and final surgical
specimens. One 4-μm section of each submitted paraffin
blocks of pre- and post-treatment specimens were stained
with hematoxylin–eosin to verify an adequate number of
invasive breast carcinoma cells and the quality of fixation
in order to determine the suitability of further IHC analysis.
In brief, serial tissue sections (4-μm) were prepared from
selected blocks and IHC was performed to immunolocalize
ER, PgR, Her2, Ki67, AR, 17βHSD5, 5αRed1, and
5αRed2, as described previously [17, 22]. A Histofine Kit
(Nichirei, Tokyo, Japan), which employs the streptavidin-
biotin amplification method, was used for IHC staining.
The lists of primary antibodies used in our present study,
the working dilutions of individual antibodies, the details of
antigen retrieval methods, the sources of antibodies and the
details of positive and negative controls were all summa-
rized in Table 1. The antigen–antibody complex was
visualized with 3, 3′-diaminobenzidine (DAB) solution
(1 mM DAB, 50 mM Tris–HCl buffer (pH 7.6), and
0.006% H2O2), and counterstained with hematoxylin.

The immunostained slides were independently evaluated
by two of the authors (NC and TS), blinded to clinical
outcome of individual patients. 17βHSD5, 5αRed1 and
5αRed2 immunoreactivity were evaluated using a semi-
quantitative method as follows: score 2, >50% positive
cells; score 1, 1–50% positive cells; and score 0, no
immunoreactivity, as previously described by Suzuki et al.
[23]. Evaluation of Ki67 was performed by counting of
1,000 carcinoma cells or more from each cases and the
percentage of immunoreactivity was subsequently deter-
mined as a labeling index (LI) [24].

In addition, the Ki67 LI was then subclassified, using the
criteria reported byMiller et al. [21], into three different groups
according to the percentage of Ki67 alterations after treatment
as follows: group1; increased group, the Ki67 LI in this group
was associated with an increment after therapy, group2; no
change group, the Ki67 LI demonstrated unchanged or
reduction for less than 40% of the pre-treatment level, group3;
decreased group, the Ki67 LI demonstrated the reduction for
more than 40% of the pre-treatment level. ER, PgR, and AR
immunoreactivity were scored by assigning proportion and
intensity scores, according to Allred’s procedure [25]. In brief,
a proportion score represented the estimated proportion of
immunopositive tumor cells as follows: 0 (none), 1 (<1/100),
2 (1/100 to 1/10), 3 (1/10–1/3), 4 (1/3 to 2/3), and 5 (>2/3).
An intensity score represented the average immunointensity of
the positive cells as follows: 0 (none), 1 (weak), 2 (interme-
diate), and 3 (strong). Any nuclear discernible immunoreac-
tivity in breast carcinoma cells were counted toward both
proportion and intensity scores. The proportion and intensity
scores were then added to obtain a total score that could range
from 0 to 8.The membrane staining pattern was estimated in
Her2 IHC and scored on a scale of 0 to 3 [26].

Statistical Analysis

The Kruskal–Wallis test was used to compare the pre-
treatment IHC scores of all biological markers according to
three groups of AI treatment in individual patients. The
Wilcoxon matched-pairs signed ranks test was employed in
order to determine the mean differences between pre- and
post-treatment IHC scores of individual biological markers
in relation to the pathological responses status and the
alterations of Ki67 LI. The correlations among intratumoral
androgenic enzymes (17βHSD5, 5αRed1, and 5αRed2)
before and after AI treatment were analyzed using Spear-
man’s rank nonparametric correlation test. Logistic regres-
sion analysis was conducted to determine whether the

Table 1 The list of antibodies employed for immunostaining in this study

Biological markers Dilution Pre-treatment method for antigen retrieval Providers Positive and negative controls

AR 1:50 Autoclave in citrate buffer Dako, Denmark Prostate gland

17βHSD5 1:200 Not required Sigma Testis

5αRed1 1:2,000 Not required –a Liver

5αRed2 1:1,000 Not required –a Liver

Ki67 1:100 Autoclave in citrate buffer Dako, Denmark Breast cancer

ER Undiluted Pre-treatment by heat in automated machine Roche diagnostic, Germany Breast cancer

PgR Undiluted Pre-treatment by heat in automated machine Roche diagnostic, Germany Breast cancer

Her2 Undiluted Pre-treatment by heat in automated machine Roche diagnostic, Germany Breast cancer

AR androgen receptor, 17βHSD5 17β-hydroxysteroid dehydrogenase type 5, 5αRed1 5αreductase type 1, 5αRed2 5αreductase type 2, Ki67 Ki67
protein, ER estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2
a Kindly provided by Dr. D.W. Russell (University of Texas Southwestern Medical Center, Dallas, Texas)
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changes in androgenic enzymes, especially 5αRed2, pre-
dicted for decreased Ki67 LI or response group. The
statistically significance was considered the p value<0.05.

Results

Biopsies from 29 patients who had been treated with
exemestane and celecoxib (group A, n=10), exemestane
(group B, n=8), or letrozole (group C, n=11), were available
for evaluation of pathological response assessment and IHC
studies. Pathological responders and nonresponders were 7
(24.1%) and 22 cases (75.9%), respectively.

Immunohistochemistry

The median of pre-treatment individual biological markers
were compared but demonstrated no statistical significance

(Nonparametric ANOVAs; Data not shown). We then
analyzed the changes of IHC scores of all biological markers
after the treatment. The statistically significant reduction in
PgR expression and Ki67 LI were detected (p=0.0017 and
p=0.0439, respectively), as previously reported in letrozole
[21], anastrozole [27], and exemestane [22] neoadjuvant
treatment but the expression levels of both ER and AR were
increased (p=0.015 and p=0.0127, respectively). In addi-
tion, the expressions of intratumoral androgenic enzymes
were increased but theses increments did not reach statistical
significance (Table 2).

An Association of Alterations of Intratumoral Androgenic
Enzymes and Ki67 LI

Differences of the individual enzymes and other biological
markers between pre- and post-treatment were evaluated
according to those categories of Ki67 LI described above.

Table 2 The alterations of biological markers before and after the aromatase inhibitors treatment

Biological markers Pre-treatment value (mean (SEM)) Post-treatment value (mean (SEM)) Mean difference (95% CI) p value

17βHSD5 1.138 (0.128) 1.207 (0.135) −0.06879 (−0.3165, 0.1786) 0.6221

5αRed1 1.552 (0.106) 1.689 (0.087) −0.1379 (−0.3811, 0.1052) 0.3394

5αRed2 1.552 (0.106) 1.655 (0.114) −0.1034 (−0.3971, 0.1902) 0.5771

AR 6.103 (0.295) 6.862 (0.242) −0.7586 (−1.3210, −0.1959) 0.0127*

ER 7.034 (0.202) 7.586 (0.105) −0.5517 (−0.9780, −0.1255) 0.015*

PgR 6.965 (0.195) 5.862 (0.321) 1.103 (0.3967, 1.810) 0.0017*

Her 2 1.758 (0.146) 1.586 (0.168) 0.1724 (−0.1163, 0.4661) 0.2958

Ki67 16.352 (1.902) 12.162 (1.754) 4.19 (0.1332, 8.246) 0.0439*

Data showed by mean (standard error of measurement (SEM) of the IHC score of the pre- and post-treatment values; mean difference (pre- and
post-treatment values) with 95% confidence interval (lower and upper values) p value calculated by Wilcoxon’s matched-pairs signed-rank test

17βHSD5 17β-hydroxysteroid dehydrogenase type 5, 5αRed1 5αreductase type 1, 5αRed2 5αreductase type 2, AR androgen receptor, ER
estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2, Ki67 Ki67 protein

*p value<0.05

Table 3 The changes in biological markers after the aromatase inhibitors treatment grouped by the changes of Ki67 labeling index

Biological
markers

Ki67 increased (n=11) Ki67 unchanged (n=6) Ki67 decreased (n=12)

Mean difference (95% CI) p value Mean difference (95% CI) p value Mean difference (95% CI) p value

17βHSD5 0.0909 (−0.3798, 0.5616) 0.655 −0.1667 (−0.9568, 0.6234) 0.564 −0.1667 (−0.5335, 0.2002) 0.317

5αRed1 0.0909 (−0.2714, 0.4532) 0.564 −0.1667 (−0.9568, 0.6234) 0.564 −0.3333 (−0.7472, 0.08051) 0.102

5αRed2 0.2727 (−0.3349, 0.8804) 0.276 −0.1667 (−0.9568, 0.6234) 0.564 −0.4167 (−0.7438, −0.08949) 0.025*

AR −0.8182 (−1.935, 0.2986) 0.164 −0.3333 (−1.604, 0.9378) 0.625 −0.9167 (−1.8730, 0.0396) 0.039*

ER −0.6364 (−1.257, −0.01537) 0.053 −1.000 (−2.878, 0.8776) 0.197 −0.250 (−0.8003, 0.3003) 0.317

PgR 0.000 (−0.6008, 0.6008) 1.000 1.000 (−0.3277, 2.328) 0.098 2.167 (0.7633, 3.570) 0.005*

Her 2 0.000 (−0.5203, 0.5203) 1.000 0.3333 (−0.2087, 0.8753) 0.157 0.250 (−0.3003, 0.8003) 0.317

Data demonstrated by mean difference (pre- and post-treatment values) with 95% confidence interval (lower and upper values); p value calculated
by Wilcoxon’s matched-pairs signed-rank test

n sample in each group, 17βHSD5 17β-hydroxysteroid dehydrogenase type 5, 5αRed1 5αreductase type 1, 5αRed2 5αreductase type 2, AR
androgen receptor, ER estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2. Ki67 Ki67 protein

*p value<0.05
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Immunoreactivity of ER, PgR, Her2, AR, 17βHSD5,
5αRed1, and 5αRed2 in pre-treatment specimens were
not significantly different among these three different
groups of Ki67 LI changes (nonparametric ANOVAs; data
not shown). In group 1 or whose Ki67 LI increased after the
therapy and group 2 or whose Ki67 LI unchanged or
decreased with less than 40% of the pre-treatment level, no
statistically significant difference was detected among any
of intratumoral enzymes and biomarkers examined between
the specimens before and after the treatment. In group 3 or
whose Ki67 LI decreased with more than 40% of the pre-
treatment level, the significant increment of 5αRed2 and
AR and decrement of PgR expression were demonstrated in
this study (p=0.025, p=0.039, and p=0.005, respectively),
whereas the expression of other biological markers did not
show any statistically significances (Table 3).

Correlation Among Intratumoral Androgenic Enzymes
Before and After AI Treatment

We then examined the correlation between IHC scores of
intratumoral enzymes in tumors before and after the
treatment according to the categories of Ki67 LI. In pre-
treatment group of the patients, androgenic enzymes
including 17βHSD5, 5αRed1 and 5αRed2, were signifi-
cantly correlated with each other (Table 4). Those correla-
tions were, however, changed following AI treatment. In
group 1 or whose Ki67 LI increased after the therapy,
17βHSD5 was still correlated with 5αRed2 (p=0.009) as
well as 5αRed1 with 5αRed2 (p=0.001) but loss of
correlation between 17βHSD5 and 5αRed1 was detected
(p=0.067). In group 2 or whose Ki67 LI unchanged or
decreased with less than 40% of the pre-treatment level,
only the correlation between 5αRed1 and 5αRed2
remained significant. The level of statistical significance
was not reached in group 3 or those Ki67 LI decreased by
more than 40% of the pre-treatment level (Table 4).

The Relative Importance of Androgenic Enzymes on Ki67
LI Decrement by AI Treatment

We further evaluated the effects of alterations of androgenic
enzymes to determine whether these alterations, especially
those of 5αRed2, were correlated with the status of response
or nonresponse to the AI treatment determined by Ki67 LI
changes. The status of each androgenic enzymes in post-
treatment was further subclassified into three different groups
according to the level of their changes after the treatment as
follows: group 1; increased group, the status of the enzymes in
this group was associated with an increment compared to the
pre-treatment level. Group 2; no change group, the status of
the enzymes was the same as that in the pre-treatment level.
Group3; decreased group, the status of enzymes was T
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decreased following the therapy. We could not find any
significance among these groups in the logistic regression
analysis (Table 5).

Discussion

Numerous studies have been reported on the possible roles
of androgens in human breast cancer but it is also true that
controversies exist as to clinical or biological significance
of androgens, especially in estrogen dependent breast
cancer [10–14, 17, 19, 22]. Previously, Sonne–Hansen
and Lykkesfeldt reported the presence of a significant
aromatase activity in the MCF-7 cells and this activity was
also reported to be sufficient for the breast carcinoma cells
to aromatize testosterone to estrogen, which resulted in
significant cell growth stimulation [14]. In addition, both
the steroidal and nonsteroidal aromatase inhibitors were
reported to be able to completely abolish the growth-
stimulatory effects of testosterone [14]. However, Macedo
et al. reported that androgens, such as androstenedione and
5α-DHT, inhibited MCF-7 cell proliferation in a low-
estrogen milieu and letrozole treatment did inhibit breast
carcinoma cell proliferation by inhibiting the conversion of
androgens to estrogen, and subsequently making androgens
available to exert their anti-proliferative effects possibly
through up-regulation of AR [10].

We also demonstrated statistically significant AR incre-
ment following the AI treatment, which is consistent with
the results of previous reported studies above, but it is also
true that Yamashita et al. did not detect this change during

the exemestane treatment [22]. In addition, Suzuki et al.
recently reported that intratumoral DHT of human breast
carcinoma tissues was mainly determined by the status of
5αRed1 and aromatase [28]. In our present study, we
demonstrated the correlation between the effects of AI
treatment and the changes of androgenic enzymes expres-
sion. The significant correlation was also detected between
the decrement in Ki67 LI or biological response of the AI
treatment and the increment of 5αRed2 following AI
administration in breast carcinoma patients.

Locally produced estrogens play a major role in
proliferation of estrogen dependent breast cancer and
androgens are considered to predominantly exert anti-
proliferative effects via AR [15]. Intratumoral estrogens
can be produced from circulating androgens, especially
those derived from the zona reticularis of an adrenal cortex,
catalyzed by the aromatase enzyme in which the neo-
adjuvant AI treatment blocks this enzyme with immense
potency and exquisite specificity [6]. We previously
demonstrated an increment of the intratumoral enzymes
following AI therapy in the compensatory direction toward
increasing intratumoral estrogen production [18]. However,
the alteration of androgen metabolizing enzymes as a result
of the neoadjuvant hormonal breast cancer therapy has not
been examined at all.

Local androgen concentration has been well known to be
significantly increased in breast cancer by AI treatment, as
previously reported in various in vitro studies [10–12, 17,
29]. Takagi et al. recently demonstrated an increment of
DHT concentration in breast carcinoma tissue following the
exemestane therapy as well as the inhibitory effects of DHT
on estradiol-mediated T-47D cells proliferation [19]. These
findings all suggested that AI not only suppress aromatase
enzyme and cause estrogen depletion in consequence, but
also provide additional effects through increasing local
DHT concentration, which may result in decreased cell
proliferation of tumor cells. These findings were consistent
with results of our present study that the statistically
significant increment of 5αRed2 enzyme was detected only
in the group associated with reduction of Ki67 LI with more
than 40% of the pre-treatment level or group 3 (p=0.025)
(Table 3). Following AI treatment, an accumulation of in situ
androgens in breast cancer tissues may occur and the
enzyme 5αRed2 can serve as an important regulator of local
actions of androgens because this enzyme converts testos-
terone into the biologically more active and nonaromatizable
DHT [4, 11, 17]. However, further studies such as the
analysis of much larger number of neoadjuvant treated
patients are required for confirmation of this interesting
hypothesis.

The potent and direct inhibitory effects of DHT on
human breast cancer cell proliferation were first demon-
strated by Poulin et al. in 1988 [30]. Two isoforms of

Table 5 Odds ratio of each androgenic enzymes related to the Ki67
labeling index alterations following the aromatase inhibitors treatment

Biological
markers

Post-treatment
IHC status

Odds ratio (95% CI) p value

17βHSD5 Increased 0.368 (0.028, 4.746) 0.443

Unchanged Reference

Decreased 0.696 (0.045, 10.766) 0.795

5αRed1 Increased 1.644 (0.156, 17.359) 0.679

Unchanged Reference

Decreased Cannot be calculated 1.000

5αRed2 Increased 3.739 (0.177, 79.081) 0.397

Unchanged Reference

Decreased 0.000 (0.000, –) 0.999

Data showed the odds ratio of the Ki67 response with (95%
confidence interval) and p value calculated by logistic regression
analysis; post-treatment IHC status means the change in the IHC
scores after the treatment; the unchanged of IHC scores after treatment
were used as reference for the comparison

17βHSD5 17β-hydroxysteroid dehydrogenase type 5, 5αRed1 5αre-
ductase type 1, 5αRed2 5αreductase type 2, Ki67 Ki67 protein
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5αRed have been known to exist, encoded by different
genes: SRD5A1 (chromosome 5p15) and SRD5A2 (chro-
mosome 2p23) [31, 32]. The two types of 5αRed share
50% amino acid sequence identity and possess similar
substrate specific but have different optimal pH and
sensitivity to inhibitors [32]. 5αRed2 is the major form of
the enzyme expressed in the human prostate [32] but rarely
detected in human breast carcinoma [28]. Both Wiebe et al.
[33] and Suzuki et al. [17, 28] demonstrated the expression
of 5αRed1 in several types of human breast cancer cell
lines using semi-quantitative RT-PCR and in human breast
carcinoma tissues using IHC and RT-PCR, respectively. In
addition, significant increment of 5αRed1 and 5αRed2
genes expression of human breast carcinoma as compared
to normal breast tissue has been illustrated in the semi-
quantitative RT-PCR study [34]. However, the regulatory
mechanisms of 5αRed2 in human breast carcinoma have
remained largely unknown and it awaits further investiga-
tions for clarification.

In our present study, we did not, however, detect the
significant alterations in the enzymes involved in androgen
metabolism in non response groups (groups 1 and 2)
(Table 3). This finding suggests that androgen metabolism
is not influenced by the AI treatment in these groups of
patients with breast cancer or nonresponders. The loss of
correlation of intratumoral androgenic enzymes in breast
carcinoma tissue; 17βHSD5, 5αRed1, and 5αRed2, after
AI treatment (Table 4) as well as the alterations of 5αRed1
and 5αRed2 enzymes (Table 2) were detected, but these
changes did not reach statistical significance. This may be
due to the relatively small size of the patients examined,
especially the rather limited number of available specimens
in our present study. In addition, the breast carcinoma cases
associated with greater reduction of Ki67 LI tended to be
associated with an increased 5αRed2, but this correlation
did not reach statistical significance (Table 5).

After menopause, most of the biologically active
androgens (as well as estrogens) are synthesized in
peripheral intracrine tissues, for example in the breast, from
precursors of adrenal origin without release of active
androgens in the extracellular space and the circulation
[4, 11]. In addition, DHT concentrations were demonstrated
to be significantly higher in breast cancer tissues than in
plasma [35]. In addition, both 17β-hydrosteroid dehydro-
genase and 5α-reductases have been considered to act to
increase DHT production by competing with aromatase for
substrates in hormone-dependent breast carcinoma [19, 28].
As mentioned above, 5αRed1 is the predominant form of
5α-reductases at least in human breast cancer [17, 28, 32],
but the results of our present study clearly demonstrate the
importance of 5αRed2, which is rarely expressed in breast
cancer but was increased in response group or those
associated with more Ki67 decrement. We therefore

hypothesized that this rather de novo 5αRed2 increment
may be related to the effects of AI other than depleting in
situ estrogens, i.e., the potential increment of the endoge-
nous androgens which may exert their anti-proliferative
effects via the AR, especially in a low-estrogen milieu, as
demonstrated in the breast cancer cell lines study [10] and
possibly to an induction in apoptosis signaling pathways.
Androgens, androstenedione, and DHT, were reported to
have a proapoptotic effect by strongly reducing Bcl-2
expression in MCF-7 cells, and this androgenic inhibitory
effect was mediated via the AR [10, 36].

In summary, this is the first study which demonstrates an
alteration of the androgen producing enzymes following the
AI treatment, especially a de novo increment of 5αRed2 as
well as of AR may be considered at least one of the
mechanisms to account for the decreased breast carcinoma
cell proliferation after AI therapy through an increment of
local concentrations of androgens and their actions.
However, the regulatory mechanisms of 5αRed2 in human
breast carcinoma have remained largely unknown.
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