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Expression of 5αααα-Reductases in Human Epithelial Ovarian Cancer: 
Its Correlation with Androgen Receptor Status
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Androgen metabolism and possible actions are considered to play some roles in human epithelial
ovarian neoplasms, but the details have not been well studied. We have examined the expression of
5αααα-reductase type 1 and type 2, which catalyze the conversion of testosterone to more active andro-
gen, 5αααα-dehydrotestosterone, and androgen receptor (AR), using immunohistochemistry (104 cases)
and reverse transcription-polymerase chain reaction (RT-PCR) (16 cases) as a first step toward
understanding the metabolism and possible actions of androgens in human common epithelial
ovarian carcinoma. 5αααα-Reductase type 1 was immunopositive in 75/104 cases (72.0%), and 5αααα-
reductase type 2 in 52/104 cases (50.0%) (P<<<<0.001). There was no significant correlation between
patterns of immunolocalization and clinicopathological parameters examined. Median labeling
index (LI) for AR was 17.8% (range 0–84.4%) which was significantly higher in serous carcinoma
than other histological types (P<<<<0.001). There was a significant positive correlation between 5αααα-
reductase type 1 immunoreactivity and AR LI (P====0.0027), but no significant correlation was
detected in 5αααα-reductase type 2. Results of RT-PCR analysis were also consistent with those of
immunohistochemistry. The relatively wide distribution of 5αααα-reductase type 1, and its correlation
to AR status in human epithelial ovarian malignancies suggest that this isozyme plays important
roles in androgen metabolism and actions in these tumors.
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Epithelial ovarian carcinoma is the leading cause of
death from gynecological malignancies in the majority of
developed countries.1) Sex steroid hormones have been
implicated in the etiology and/or progression of some epi-
thelial ovarian cancers.2) Various epidemiologic findings
suggest that not only estrogens, but also androgens play
roles in ovarian cancer.3, 4) Among these epidemiological
investigations, in one case-control study, an increased risk
of ovarian cancer was associated with elevated circulating
levels of androgens.3) Polycystic ovary syndrome, a condi-
tion characterized by elevated circulating levels of andro-
gens, has also been associated with an increased risk of
ovarian cancer.4) Parts of these effects are considered to be
due to increased intratumoral aromatization of circulating
androgens and subsequent estrogenic actions that promote
ovarian cancer cell growth in vitro.5) However, several in
vitro studies demonstrated that androgen alone resulted in
promotion of ovarian cancer cell growth and progres-
sion.6, 7)

5α-Reductase catalyzes the conversion of testosterone
to a more bio-active androgen, 5α-dehydrotestosterone
(DHT).8) Therefore, this enzyme is considered an impor-
tant regulator of the in situ actions of androgens in various

androgen-dependent tissues. Two isoforms of 5α -reduc-
tase have been identified in mammals. The type 1 isozyme
of 5α-reductase has a neutral-basic pH optimum and is
expressed primarily in the skin and liver, whereas the type
2 isozyme of 5α-reductase has an acidic pH optimum and
is distributed in the liver, prostate, seminal vesicle, and
epididymis.8, 9) The expression of 5α-reductases has also
been reported to be regulated by androgens in a number of
tissues and species.8) However, the expression of 5α-
reductase isozymes has not been examined in ovarian car-
cinoma, and thus its biological significance remains
unknown.

Androgen receptor (AR) is reported to be present in up
to 90% of epithelial ovarian cancers.6, 10, 11) However,
plasma levels of androgen have not been correlated with
AR status. In addition, physiological concentrations of
potent androgens have been reported to be markedly low
in both normal pre- and postmenopausal women.12–14)

Therefore, in this study, we studied the expression of 5α-
reductase type 1 and type 2, and AR, using immunohis-
tochemistry (104 cases) and reverse transcription-poly-
merase chain reaction (RT-PCR) (16 cases) as a first step
toward understanding the metabolism and possible actions
of androgens in human common epithelial ovarian carci-
noma. We also evaluated the correlation between 5α-
reductases and AR, in order to elucidate the possible bio-
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logical significance of intratumoral 5α-reductase in ovar-
ian malignancies.

MATERIALS AND METHODS

Ovarian cancer  We studied a total of 104 cases of com-
mon epithelial ovarian carcinoma. Clinicopathological fea-
tures of the patients examined are summarized in Table I.
Information regarding age, performance status on admis-
sion, histology, stage, residual tumor after primary surgery,
and overall survival were retrieved by review of the
patients’ charts. Median follow-up time of the patients in
this study was 54 months (18–112 months). Surgical spec-
imens were all fixed in 10% formalin and embedded in
paraffin. Among these 104 cases, frozen specimens were
available for examination by RT-PCR analysis in 16 cases.
These specimens were dissected immediately into small
pieces following gross dissection, quickly transferred to
liquid nitrogen, and then stored at −80°C until further use.
The research protocol was approved by the ethics commit-
tee of Tohoku University School of Medicine, Sendai.
Antibodies  5α-Reductase type 1 and type 2 antibodies
were rabbit polyclonal antibodies against a synthesized
peptide corresponding to amino acids 232 to 256 of 5α-
reductase type 1, and amino acids 227 to 251 of 5α-reduc-
tase type 2, respectively.9) These antibodies were gener-
ously provided by Dr. Russell, University of Texas
Southwestern Medical Center, Dallas, TX. The specificity
of these two antibodies was confirmed by western blot-
ting,9) and utilization of the antibodies for immunohis-
tochemistry has also been reported.15) Monoclonal
antibodies for AR (AR441) were purchased from DAKO
(Carpinteria, CA).
Immunohistochemistry  Immunohistochemical analysis
was performed using the streptavidin-biotin amplification
method using a Histofine Kit (Nichirei, Tokyo), which has
been previously described in detail.16) For immunostaining
of AR, the slides were heated in an autoclave at 120°C for
5 min in citric acid buffer (2 mM citric acid and 9 mM tri-
sodium citrate dehydrate, pH 6.0) after deparaffinization.
The dilutions of primary antibodies used in our study were
as follows: 5α-reductase type 1, 1/1000; 5α-reductase
type 2, 1/1000; AR, 1/100. Tissue sections of liver and
prostate were used as positive controls for 5α-reductase
type 1 and type 2, respectively.9) As a negative control,
normal rabbit or mouse IgG was used instead of the pri-
mary antibodies, and no specific immunoreactivity was
detected in these sections.
Scoring of immunostaining  For statistical analyses of
5α-reductase type 1 and type 2, the carcinomas were clas-
sified into two groups: +, carcinoma with positive immu-
noreactivity and −, carcinoma with no immunoreactivity,
by two of the authors (J.A. and T.M.) independently. For
evaluation of AR immunoreactivity, labeling index (LI)

was determined in carcinoma cells as described by Sasano
et al.17) In each case, more than 500 carcinoma cells were
counted independently by the same two authors, and the
percentage of immunoreactivity (LI) was determined.
RT-PCR  Total RNA was extracted by homogenizing tis-
sue specimens in guanidinium thiocyanate followed by
ultracentrifugation in cesium chloride, as described previ-
ously,18) and quantified spectrophotometrically at 260 nm.
An RT-PCR kit (SUPERSCRIPT Preamplification sys-
tem, Gibco-BRL, Grand Island, NY) was employed in the
synthesis and amplification of cDNA. cDNAs were syn-
thesized from 5 µg of total RNA using random hexamer
and reverse transcription was carried out for 50 min at
42°C with SUPERSCRIPT II reverse transcriptase. After
an initial 1-min denaturation step at 94°C, 35 cycles of
PCR were carried out on a DNA thermal cycler (PTC-200
DNA Engine, MJ Research, Inc., San Francisco, CA) under
the following conditions: 1-min denaturation at 94°C, 1-
min annealing at 58°C, and a 2-min extension at 72°C.
Primers for PCR reactions were as follows: 5α-reductase
type 1,19) 5′ sense-TGGGAGGAGGAAAGCCTATG and 3′
antisense-GCCACACCACTCCATGATTTC (347–654, 308
bp); 5α-reductase type 2,20) 5′ sense-CATACGGTTTAG-
CTTGGGTGT and 3′ antisense-GCTTTCCGAGATTTG-
GGGTAG (456–770, 315 bp); AR,21) 5′ sense-GTCAAA-
AGCGAAATGGGCCCC and 3′ antisense-CTTCTGGGT-
TGTCTCCTCAGT (spanning exons 2–3, 420 bp); β-
actin,22) 5′ sense-GATTCCTATGTGGGCGACGAG and 3′

Table I. Correlations between Clinical Characteristics and
Androgen Receptor Labeling Index (AR LI) 

n AR LI median (range) Level of 
significance

Total 104 17.8 (0–84.4)
Age NS

<50 47 18.0 (0–58.0)
≥50 57 17.6 (0–84.4)

PS NS
0–1 69 18.8 (0–84.4)
2–4 35 20.0 (0–70.8)

Histology P<0.001
Serous 45 37.4 (0–84.4)
Mucinous 18 13.6 (0–73.2)
Endometrioid 17 12.0 (0–35.2)
Clear cell 24 8.2 (0–68.0)

Stage P=0.029
I–II 50 14.8 (0–70.8)
III–IV 54 27.2 (0–84.4)

Residual tumor P=0.045
Optimal 72 16.6 (0–73.2)
Suboptimal 28 27.2 (0–84.4)

PS, performance status; NS, not significant.
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Table II. Correlation between 5α-Reductase Type 1 Immunore-
activity and Clinicopathological Parameters in Ovarian Cancer

5α-Reductase type 1 
immunoreactivity P value

 + (n=75)  − (n=29)

Age 53 (23–82) 46 (22–71) NS
Histology NS

Serous 33 (44.0%) 12 (41.4%)
Mucinous 15 (20.0%) 3 (10.3%)
Endometrioid 9 (12.0%) 8 (27.6%)
Clear cell 18 (24.0%) 6 (20.7%)

Stage NS
I–II 34 (45.3%) 16 (55.2%)
III–IV 41 (54.7%) 13 (44.8%)

Residual tumor NS
Optimal 49 (66.2%) 23 (76.7%)
Suboptimal 23 (31.1%) 5 (16.7%)

Data for age are presented as median (range) and others are pre-
sented as number of cases (percentage).

Table III. Correlation between 5α-Reductase Type 2 Immunore-
activity and Clinicopathological Parameters in Ovarian Cancer

5α-Reductase type 2 
immunoreactivity P value

 + (n=52)  − (n=52)

Age 51 (22–82) 49 (23–74) NS
Histology NS

Serous 19 (36.5%) 26 (50.0%)
Mucinous 13 (25.0%) 5 (9.6%)
Endometrioid 9 (17.3%) 8 (15.4%)
Clear cell 11 (21.2%) 13 (25.0%)

Stage NS
I–II 28 (53.8%) 22 (42.3%)
III–IV 24 (46.2%) 30 (57.7%)

Residual tumor NS
Optimal 38 (73.1%) 34 (65.4%)
Suboptimal 12 (23.1%) 16 (30.8%)

Data for age are presented as median (range) and others are pre-
sented as number of cases (percentage).

Fig. 1. Serial sections of immunohistochemistry for 5α-reduc-
tase type 1 (5α-R1), type 2 (5α-R2) and AR in epithelial ovar-
ian carcinoma. 5α-Reductase type 1 and 2 immunoreactivity
was detected in the cytoplasm of carcinoma cells, while that of
AR was detected exclusively in the nuclei of carcinoma cells.
In the present case, immunoreactivity was positive for AR and
5α-reductase type 1, and negative for 5α-reductase type 2.
Original magnification ×200, respectively.
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antisense-CCATCTCTTGCTCGAAGTCC (192–723, 532
bp). β-Actin primers were utilized as positive controls.
Negative controls without RNA and without reverse tran-
scriptase were also performed.
Statistical analysis  The statistical significance of associa-
tion between AR status and characteristics of the patients
was evaluated using the Mann-Whitney U test, Kruskal-
Wallis, and Scheffe analysis. Associations between AR
status and immunoreactivity of 5α-reductases were evalu-
ated using the Mann-Whitney U test. Associations
between clinical parameters and immunoreactivity of 5α-
reductases were evaluated in a cross-table using the χ2

test. Univariate analysis of prognostic significance for AR
status was performed using a log-rank test, after each sur-
vival curve was obtained by the Kaplan-Meier method.
Results were considered significant when the P value was
less than 0.05.

RESULTS

5αααα-Reductase  Results of immunohistochemistry for 5α-
reductase type 1 and type 2 and their correlation with
clinicopathological parameters are summarized in Table II,
Table III. Positive immunoreactivity for both 5α-reductase
type 1 and type 2 was detected in the cytoplasm of carci-
noma cells (Fig. 1). No immunoreactivity was detected in
stromal cells. The number of positive cases was 75 out of
104 cases examined (72.0%) for 5α-reductase type 1, and
52 out of 104 cases examined (50.0%) for 5α-reductase
type 2 (the difference was significant, P<0.001). There
was no significant association between immunoreactivity
and clinicopathological parameters for both 5α-reductase

subtypes. No significant correlation was detected between
5α-reductase type 1 or type 2 immunoreactivity and over-
all survival.
Androgen receptor Results for AR immunohistochemis-
try are summarized in Table I. AR immunoreactivity was
confined exclusively to the nuclei of tumor cells. No
immunoreactivity was detected in stromal cells (Fig. 1).
Median LI for AR was 17.8% (range 0–84.4%) and was
significantly higher in carcinoma showing serous differen-
tiation than other histological types (P<0.001). Median
LIs for AR were also significantly higher in advanced
stages (stage III or IV) than early stages (stage I or II) and
suboptimal cytoreduced patients (P=0.029 and 0.045,
respectively). Univariate analysis of prognostic signifi-
cance for AR revealed that there was no survival differ-
ence between AR-positive and negative groups. In this
analysis, we determined the positive cases as those with an
LI of more than 10%.
Correlation between 5αααα-reductase and AR  The rela-
tionships between immunoreactivity for 5α-reductase type
1 and LI of AR are shown in Fig. 2. Median AR LI values
of cases for positive and negative 5α-reductase type 1
were 27.0 (range 0–84.4) and 15.4 (0–53.6), respectively,
and the difference was significant (P=0.0027). Significant
correlations were also detected between immunoreactivity
for 5α-reductase type 1 and type 2 (P<0.001, Table IV).
There was no significant correlation between 5α-reductase
type 2 and AR status.
RT-PCR analysis  Results of RT-PCR analysis of 9 cases
that were positive for AR immunoreactivity are demon-
strated in Fig. 3. mRNA expression for 5α-reductase type
1, type 2, and AR, was detected in 9 out of 9 (100%), 6
out of 9 (66.7%), and 9 out of 9 (100%), respectively.
Results of RT-PCR analysis were consistent with those of
immunohistochemistry (data not shown).

DISCUSSION

In androgen-dependent tissues, DHT is one of the most
potent androgens. Its actions are different from that of tes-

Fig. 2. Relationships between immunohistochemistry for 5α-
reductase type 1 and LI of AR. A significantly positive correla-
tion was detected among them.

Table IV. Correlation between 5α-Reductase Type 1 and Type 2
Immunoreactivity in Ovarian Cancer

5α-Reductase type 1 
immunoreactivity P value

 + (n=75)  − (n=29)

5α-Reductase type 2 
immunoreactivity
 + (n=52) 46 (61.3%) 6 (20.7%) P<0.001
 − (n=52) 29 (38.7%) 23 (79.3%)

5α-Reductase immunoreactivity is presented as number of cases
(percentage).
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tosterone.8) 5α-Reductase is well-known to convert tes-
tosterone to DHT. Intratumoral expression of this enzyme
has also been reported to play very important roles in
androgen actions in human prostate malignancies.19)

Therefore, it is very important to study the correlation
between 5α-reductases and AR expression in androgen-
dependent tissues, in order to clarify androgen actions. In
our present study, 5α-reductase type 1 immunoreactivity
was widely detected in parenchymal cells of common epi-
thelial ovarian carcinoma and was significantly correlated
with AR. On the other hand, 5α-reductase type 2 immu-
noreactivity was detected only in half of the cases exam-
ined, and there was no correlation with AR status in
individual patients diagnosed with ovarian malignancies.
These results suggest that 5α-reductase type 1 may play a
more important role than type 2 in the regulation of andro-
genic actions in human common epithelial ovarian carci-
noma.

Tissue distribution surveys of 5α-reductases have been
extensively studied in many human tissues, including
androgen target tissues such as the prostate, epididymis,
and others.19, 23–25) In male reproductive organs, 5α-reduc-
tase type 2 is predominantly expressed, compared to type
1 subtype. Males with congenital 5α-reductase type 2 defi-
ciency have a biochemical defect in the synthesis of DHT
in the embryo, which in turn leads to a developmental
defect in the formation of external genitalia and
prostate.26, 27) On the other hand, in female mice, mutation
of the 5α-reductase type 1 gene affects reproduction by
decreasing fertility and blocking parturition, whereas
mutation of the type 2 gene does not affect development
and/or reproductive functions.28, 29) Mahendroo and Russell

therefore support the notion that the type 1 gene is a
female-specific 5α-reductase isoenzyme, whereas the type
2 is a male-specific isoenzyme.30) In our study of epithelial
ovarian malignancies, 5α-reductase type 1 was more
widely distributed than type 2. This finding is also consis-
tent with the gender differences of distribution of these
two subtypes of 5α-reductase described above.

Increasing evidence is becoming available to support
the hypothesis that steroid hormones play an important
role in ovarian cancer. However, information on the prog-
nostic importance of androgen metabolism and the
response to endocrine treatment remains controversial. In
general, progesterone receptor (PR) immunoreactivity is
associated with better prognosis, while estrogen receptor
(ER) and AR are not found in epithelial ovarian cancer.31–35)

Results from our present study have demonstrated that AR
was expressed much more frequently in ovarian carcinoma
with serous differentiation. Quinn et al. also reported that
serous tumors were more frequently ER-positive than
other types of cancers.36) Therefore, serous differentiation
of ovarian tumors may be more hormone-dependent than
other types of differentiation, but this hypothesis awaits
further investigation.

5α-Reductase expression is regulated by androgen,
especially DHT, in a number of tissues and species.8, 37)

These findings indicated that the product of 5α-reductases
is involved in regulating the expression of the gene that
encodes the enzyme, i.e., feed-forward regulation.8) This
may explain the significantly positive correlation between
AR and 5α-reductase type 1 expression detected in our
study. In breast carcinoma, Recchione et al. reported that
DHT concentration was significantly higher in cancer tis-
sue than in plasma, and suggested the possible local pro-
duction of DHT.38) The simultanous expression of AR and
5α-reductase type 1 in ovarian carcinoma indicated that in
situ accumulation of DHT also occurs in carcinoma tis-
sues, as in breast carcinoma. Various in vitro studies dem-
onstrated that DHT may promote ovarian cancer
progression by decreasing the expression of transforming
growth factor β (TGF-β) receptor.7) Slotman and Rao also
reported that anti-androgens inhibit the growth of ovarian
cancer cells.6) These results suggest that reduction of in
situ production and/or accumulation of DHT can be a
treatment option for ovarian cancer patients as an endo-
crine therapy. It is true that the clinical usefulness of sex
steroid hormone manipulation, such as administration of
agonists and/or antagonists, in the treatment of ovarian
cancer has yet to be determined.39) However such an
approach may lead to a better understanding of the role of
steroid hormones and a rational basis for the selection of a
more effective treatment in patients with common epithe-
lial ovarian carcinoma.

In conclusion, the wide distribution of 5α-reductase
type 1 and its relation to hormone receptor status suggest

1

AR

5α-R 1

5α-R 2

β actin

2 3 4 5 6 7 8 9

Fig. 3. RT-PCR analysis of total RNA extracted from epithelial
ovarian carcinoma tissues. All of the cases shown here were
immunohistochemically positive for AR. Bands of the correct
size for AR (420 bp), 5α-reductase type 1 (308 bp), 5α-reductase
type 2 (315 bp), and β-actin (450 bp) were detected in each his-
tological subtype of ovarian cancer (1–4, serous; 5,6, mucinous;
7,8, endometrioid; 9, clear cell). β-Actin was used as a positive
control. Note that all of the cases are positive for both AR
mRNA and 5α-reductase type 1 mRNA.
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that this isozyme may play important roles in epithelial
ovarian cancer in regulation of hormones, especially
androgens, while the significance of the type 2 isozyme
remains unclear. Further investigations are required to
clarify the precise functions of 5α-reductase isozymes in
human ovarian epithelial carcinoma.
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