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ABSTRACT

In the endometrium two enzymes are known to
convert estradiol to its inactive metabolite estrone:
microsomal 17�-hydroxysteroid dehydrogenase
type 2 (17�-HSD2) and peroxisomal 17�-HSD4. In
order to elucidate the particular function of each of
these two different enzymes, the human endometrial
epithelial cell lines HEC-1-A and RL95–2 were
examined with respect to the expression of 17�-
HSD isozymes. They were compared with human
endometrium in vivo. Non-radioactive in situ
hybridization revealed both enzymes in glandular
epithelial cells of human endometrium. The two
cell lines were screened for mRNA expression of
17�-HSD 1–4 by RT-PCR and Northern blot.
17�-HSD2 and 4 could be detected by either
method, 17�-HSD1 only by RT-PCR, 17�-HSD3
not at all. Both cell lines were proven to have no
receptor for progesterone which is known as a

physiological inducer of several 17�-HSD isozymes.
To study the regulation of 17�-HSD2 and 17�-
HSD4, the concentration of fetal calf serum in the
cell culture media was reduced stepwise to 0·3% by
dilution with a defined serum replacement. This
treatment led to an inhibition of 17�-HSD2 mRNA
expression and an increase in the mRNA expression
of 17�-HSD4. Concomitantly, distinct morpho-
logical changes were observed, such as a decrease in
the number and length of microvilli and a decrease
in the formation of domes on top of the mono-
layers.

The endometrial epithelial cell lines HEC-1-A
and RL95–2 represent a suitable in vitro model for
further studies of the differential expression of the
major endometrial HSD isozymes, independent of
the effect of progesterone.
Journal of Molecular Endocrinology (2000) 24, 135–144

INTRODUCTION

Inactivation of estradiol by its oxidation to estrone
is an important step in the steroid metabolism of
endometrial epithelial cells, since estrone has a
much lower potency for the activation of the
estrogen receptor than estradiol (Tseng & Gurpide
1973). Thus, oxidative 17�-hydroxysteroid dehy-
drogenase (17�-HSD) enzyme activity can control
the occupancy of the estrogen receptor (Gurpide &
Marks 1981; for review see Roy 1992, Penning
1997, Peltoketo et al. 1999a,b). This is a prerequisite
for the adequate differentiation of the endometrium

in the secretory phase of the menstrual cycle.
Consequently, during this period the highest levels
of oxidative 17�-HSD enzyme activity can be
measured (Scublinsky et al. 1976, Liu & Tseng
1979, Tseng & Gurpide 1974).

Oxidative 17�-HSD activity in the uterus has
been assigned to two isozymes: 17�-HSD2 (in the
human: Casey et al. 1994, Mustonen et al. 1998,
Zeitoun et al. 1998) or 17�-HSD4 (up to now
shown only in porcine uterus: Adamski et al. 1992,
Husen et al. 1994). Both belong to the gene family
of short chain alcohol dehydrogenases, but they
share only 16·4% amino acid identity (Labrie et al.
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1997). They are characterized by a similar substrate
specificity for estradiol and a rather broad tissue
distribution (17�-HSD2: Casey et al. 1994, Akinola
et al. 1996, Mustonen et al. 1997; 17�-HSD4:
Adamski et al. 1995), and they seem to originate
from different ancestors by convergent evolu-
tion (Baker 1996, Lanisnik-Rizner et al. 1999).
17�-HSD2 was first cloned from a human placenta
cDNA library (Wu et al. 1993). It is a microsomal
enzyme that also displays 20�-HSD enzyme activity.
17�-HSD4 was first purified from porcine endo-
metrium (Adamski et al. 1992) and later cloned from
a human liver cDNA library (Adamski et al. 1995). It
was the first steroid metabolic enzyme localized in
peroxisomes (Markus et al. 1995). This isozyme has
a multi-domain structure. Two additional domains
located C-terminally from the dehydrogenase
domain catalyze hydratase activity of peroxisomal
�-oxidation of fatty acids and sterol carrier activity
(Leenders et al. 1996). 17�-HSD4 was also shown to
play an important role in bile acid metabolism. In
this context, it was termed -specific multifunctional
protein 2 (Dieuaide-Noubhani et al. 1996) and some
authors even doubt the physiological function of the
type 4 isozyme in estradiol metabolism (Dieuaide-
Noubhani et al. 1996, Mustonen et al. 1997, Novikov
et al. 1997, Qin et al. 1997; for review see de Launoit
& Adamski 1999).

Up to now, there has been no comparative study
of the distribution of oxidative 17�-HSD isozymes
in endometrial tissue. Measurement of 17�-HSD
enzyme activity does not allow for a proper
discrimination between isozymes. The fact that two
different enzymes are expressed in the same tissue
leads to the assumption that they should have
different functions and should be regulated differ-
entially. We investigated this hypothesis using an
in vitro model. We chose the human endometrial
epithelial cell lines HEC-1-A and RL95–2 because
they retain a quite well-differentiated phenotype in
cell culture. They differ from one another in the
extent of their epithelial polarization as judged
by organization of the cytoskeleton, presence of
microvilli and polarized distribution of adhesion
molecules mediating intercellular contacts (Thie
et al. 1995, 1996). Miettinen et al. (1996) detected a
pronounced oxidative 17�-HSD enzyme activity in
RL95–2 cells and mRNA expression of 17�-HSD1
and 2 in both cell lines. 17�-HSD4 was not
considered in earlier studies.

We tested to what degree the steroid metabolic
features of the cell lines resemble those of
endometrial epithelial cells in vivo. The effect of dif-
ferent culture conditions on the expression of 17�-
HSD2 and 17�-HSD4 mRNA and on cell
morphology was investigated.

MATERIALS AND METHODS

Tissue

Human endometrial tissue was obtained from six
26- to 39-year-old women with regular cycles under-
going hysterectomy for benign conditions at the
Department of Obstetrics and Gynecology of the
University of Greifswald. Human testis tissue was
obtained from patients undergoing orchidectomy
because of prostate carcinoma at the Department of
Urology of the University of Greifswald. Informed
consent was given by all patients. The tissue was
frozen in liquid nitrogen and maintained at –70 �C
until RNA isolation or cryosectioning. Endometrial
dating was performed by measurement of serum
levels of estradiol and progesterone and histologi-
cally according to the method of Noyes et al. (1950).

Cell culture and treatment of cells

HEC-1-A and RL95–2 endometrial epithelial cells
and T-47D mammary epithelial cells were obtained
from the American Type Culture Collection
(Manassas, VA, USA) and stock cultures were
maintained according to the supplier’s instructions.
Serum reduction was performed by stepwise 1:2
dilution with the same basal medium containing
2% TCM defined serum replacement (ICN Bio-
medicals, Eschwege, Germany), beginning with 5%
fetal calf serum (FCS) and ending with 0·31%
FCS/1·875% TCM. The cells were cultured in each
dilution for at least 2 weeks before part of them was
subjected to the next dilution step. The cells did not
survive culture with TCM only. Treatment with
peroxisome proliferator chemicals was performed
using 0·1 mM or 1 mM gemfibrozil or clofibrate
(both from Sigma, Deisen-hofen, Germany) dis-
solved in dimethylsulfoxide (DMSO), for time-
periods of 6, 24, 48 and 72 h. For these experiments
medium containing 5% FCS or medium containing
0·31% FCS/1·85% TCM was used.

Cell morphology was monitored by phase con-
trast microscopy. Photographs were taken with a con-
ventional microscope (Axioskop, Zeiss, Germany).

Radioligand assay

Confluent monolayers of cell lines (corresponding to
a cell number of 107 cells) were washed with
phosphate-buffered saline (PBS) and removed from
the cell culture flask with a rubber scraper. Cells
were homogenized by repeated passage through a
syringe with a 20 gauge needle on ice. The
homogenate was centrifuged at 20 000 g for 2 h at
4 �C. The supernatant was used for a radioligand
assay according to the standards of the E.O.R.T.C.
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Breast Cancer Cooperative Group (1980) with the
progesterone analogue ORG 2058 as a ligand.
Protein concentrations were determined by a
modified Lowry procedure (Markwell et al. 1981).

RT-PCR

Total RNAs were isolated using the RNA Mini Kit
from QIAGEN (Hilden, Germany) according to the
manufacturer’s instructions. To avoid contami-
nation with genomic DNA, total RNA prepar-
ations were digested with DNAse I (Boehringer
Mannheim, Mannheim, Germany) for 1 h at
37 �C prior to cDNA synthesis. The synthesis of
cDNA was catalyzed by Superscript II reverse
transcriptase (RT) (GIBCO BRL, Karlsruhe,
Germany) according to the manufacturer’s protocol
from 5 µg total RNA. The PCR amplification
was performed with Pfu-Polymerase (Stratagene
Europe, Amsterdam, The Netherlands) and the
following primers: 5�-55GGC CTG CAC TTG
GCC GTA CG74-3� and 5�-365GGC CTG CAG
CAT CCG CAC AG384-3� for 17�-HSD1, 5�-
112GGA TCT GCC TGG CTG TCC CC131-3�
and 5�-463CCG AGA GGC GCG GAG AGC
TGG483-3� for 17�-HSD2, 5�-119GCG TGA GAT
TCT TCC AGA TGT G139-3� and 5�-459CAG
GAA ATG GCT TGG GAG AAG480-3� for
17�-HSD3 and 5�-110TGG GCC GAG CCT ATG
CCC TG129-3� and 5�-432CCA TGC TGC CCG
TGT CAC TTG453-3� for 17�-HSD4 respectively.

Preparation of riboprobes

Total RNA was isolated from human endometrial
tissue and used for cDNA synthesis. Specific
sequences were amplified from this template cDNA
by RT-PCR with Pfu-Polymerase and with primers
designed according to the known human nucleotide
sequences of 17�-HSD1 (Peltoketo et al. 1988),
17�-HSD2 (Wu et al. 1993) and 17�-HSD4
(Adamski et al. 1995). The PCR products
obtained were cloned into the vector pPCRScript
(Stratagene) and used for in vivo transcription with
T3- and T7-polymerase (DIG RNA labeling kit;
Boehringer Mannheim) to obtain digoxigenin-
labeled riboprobes.

The identity of the probes was proven by
hybridization to the original PCR products on
Southern blots and to total RNA preparations
on Northern blots. Automated sequencing of the
plasmid preparations (ALF; Amersham Pharmacia
Biotech, Freiburg, Germany) was carried out
at the Technologietransferstelle Biotechnologie,
Greifswald, Germany.

In situ hybridization

In situ hybridization was performed using an
established non-radioactive protocol (Trezise et al.
1992). Frozen sections of 8 µm thickness were
fixed by 20-min paraformaldehyde fixation at 4 �C
and permeabilized by 3 min digestion with
proteinase K (10 µg/ml) at 37 �C followed by
10-min 0·2% glycin and 5-min postfixation in 4%
paraformaldehyde at 4 �C. Slides were washed
briefly with 0·1 M triethanolamine and acetylated
with 0·25% acetic anhydride in triethanolamine.
After two washes in 2�SSC (20�SSC=3 M
NaCl, 0·3 M Na3C6H5O7, pH 7·4), sections were
dehydrated through graded alcohols and pre-
hybridized with hybridization mix (40% deionized
formamide, 10% dextransulfate, 4�SSC, 0·02%
(w/v) ficoll, 0·02% (w/v) polyvinylpyrrolidone,
0·2 mg/ml bovine serum albumin, 2·5 mM dithio-
threitol, 25 µg/ml tRNA) for 2 h in a humid
chamber at 42 �C. Hybridization was performed
under the same conditions overnight with 500 ng/
ml of the riboprobes diluted in hybridization mix.
Sections were then washed three times with
4�SSC and digested with RNAse A for 30 min at
37 �C and subsequently washed with a final
stringency of 0·1�SSC at 55 oC for 30 min. The
digoxigenin label of the hybridized probes was
detected immunologically by antibodies coupled to
alkaline phosphatase using nitro blue tetrazolium
and 5-bromo-4-chloro-3-indolyl phosphate as the
substrate for an incubation time of 12–20 h in the
dark.

Northern blot analysis

The same riboprobes as for in situ hybridization
were used for non-radioactive Northern blot-
ting according to standard protocols (Boehringer
Mannheim). Densitometric analysis was performed
after digitalization of X-ray films with a video
imaging system (MWG Biotech, Ebersberg,
Germany).

Fluorescence staining

Cells were seeded on Permanox two-chamber slides
(Nalge Nunc, Naperville, IL, USA). Confluent
monolayers were washed with PBS. Subsequently,
they were fixed with 3·7% formaldehyde for 20 min.
After two more PBS washes, F-actin was labeled
with 0·25 µg/ml phalloidin-fluorescein-isothio-
cyanate (FITC) for 20 min at room temperature.

Photographs were taken by a digital confocal
imaging system (Openlab, Improvision Ltd,
Coventry, UK).
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RESULTS

Expression of 17�-HSD isozymes in human
endometrium and in endometrial cell lines

Highest oxidative HSD activity is observed in the
secretory phase of the menstrual cycle (Tseng &

Gurpide 1974, Scublinsky et al. 1976, Liu & Tseng
1979). To verify expression of estradiol-inactivating
17�-HSD isozymes we performed non-radioactive
in situ hybridization. The simultaneous expression
of 17�-HSD2 and 17�-HSD4 in glandular epi-
thelium could be demonstrated on frozen sections of

 1. In situ hybridization of human endometrial tissue obtained in the secretory phase of the menstrual cycle.
Frozen sections (8 µm) were hybridized with digoxigenin-labeled riboprobes as described in Materials and Methods.
(A)17�-HSD2-anti-sense probe, (B) 17�-HSD2-sense probe as a negative control, (C) 17�-HSD4-anti-sense probe,
and (D) 17�-HSD4-sense probe. Magnification:�370. With both probes, positive hybridization signals are observed
in glandular epithelial cells. No mRNA is detected in stromal cells. Negative controls are devoid of any staining.
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human endometrium from the secretory phase of
the menstrual cycle (Fig. 1). Stroma cells, endo-
thelial cells, as well as myometrium, were devoid of
specific staining.

We checked further what expression pattern is
revealed by the human endometrial epithelial cell
lines HEC-1-A and RL95–2. Using primers for the
human 17�-HSD isozymes (types 1–4), 17�-HSD2
and 17�-HSD4 could be amplified from cDNA of
the cell lines (Fig. 2). Only a faint band of a
17�-HSD1–PCR fragment was evident with cDNA
from RL95–2-cells. T-47D mammary epithelial
cells were used as a positive control because they are
known to express 17�-HSD1 (Poutanen et al. 1990,
1992). Testis-specific 17�-HSD3 (Geissler et al.
1994) was not present in any of the cell lines.

In Northern blots the expected transcripts of
1·5 kb for 17�-HSD2 and 3·0 kb for 17�-HSD4
were detected in total RNA preparations from
HEC-1-A and RL95–2 cells as well as in human
endometrial tissue (Fig. 3).

Regulation of 17�-HSD isozymes in HEC-1-A
and RL95–2 cells

As progesterone is known to be a physiological
inducer of 17�-HSD activity we performed a
radioligand assay to determine the progesterone
receptor content of the cell lines. In contrast to
T-47D cells (243 fM receptor/mg protein) the
endometrial cells were devoid of progesterone
receptors. Accordingly, with this culture model we
could try to reveal a differential regulation of
17�-HSD2 and 17�-HSD4, independent of the
effects of progesterone. For this purpose, FCS in
the cell culture medium was reduced by stepwise
dilution with the defined serum supplement TCM.
Maximal serum concentration was 10%, minimal
serum concentration was 0·25%. TCM concen-
tration ranged from 1% to 1·85% respectively. The
difference in mRNA expression between 10% and
5% serum was negligible. Below 5% serum this
treatment caused a stepwise decrease in 17�-HSD2
transcription and concomitantly a stepwise increase
in mRNA expression of 17�-HSD4 in HEC-1-A
cells (Fig. 4). The two enzymes were each regulated
in the opposite way.

 2. RT-PCR analysis of mRNA expression for
different 17�-HSD isoforms in the human endometrial
epithelial cell lines HEC-1-A and RL95–2. Specific
primers for human 17�-HSD1, 2, 3 and 4 were used as
described in Materials and Methods. PCR fragments of
the expected sizes of the estradiol-inactivating isoforms
17�-HSD2 and 17�-HSD4 were amplified from both
endometrial cell lines. The testes-specific 17�-HSD3
was not detected in either cell line. Positive controls
were T-47D breast cancer cells for 17�-HSD1, 2 and 4
and human testis for 17�-HSD3. MW=molecular
weight marker.

 3. Northern blot analysis of human endometrial
tissue and cell lines. Total RNA was extracted from
human endometrial tissue (secretory phase of the
menstrual cycle) and from stock cultures of the
endometrial cell lines HEC-1-A and RL95–2 as
described in Materials and Methods. Ten micrograms
total RNA were loaded per lane. (A) Hybridization with
17�-HSD2 probe and (below) rehybridization with a
�-actin probe, and (B) hybridization with 17�-HSD4
probe and (below) rehybridization with a �-actin probe.
Both isozymes are expressed in both cell lines as well as
in endometrial tissue.
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The effect of serum replacement on enzyme
expression was observed not only in HEC-1-A cells
but also in RL95–2 cells (Fig. 5A). It could be
corroborated by a densitometric analysis relative to
the expression of actin as a house-keeping gene
(Fig. 5B). In both cell lines, 17�-HSD2 mRNA
dominated at 5% FCS, while the expression of
17�-HSD4 was most pronounced in cultures with
0·3% serum/1·85% TCM.

We tried to identify a specific factor causing this
phenomenon and cultured the cells with two
peroxisome proliferator chemicals (clofibrate,
gemfibrozil) that induce the expression of 17�-
HSD4 in liver in vivo (Corton et al. 1996). Both
substances had no effect on the expression of either
enzyme in this cell culture model.

Changes in cell morphology were observed by
phase contrast microscopy and by fluorescence
staining of the F-actin cytoskeleton (Fig. 6). Cells
grown with 0·3%/1·82% TCM did not reach the
same cell densities as stock cultures with 5% serum.
Especially in RL95–2 cells, the size and number of
domes forming on top of the monolayer were

reduced and, especially in HEC-1-A cells, the pres-
ence of microvilli visualized with F-actin staining
was less evident with low serum concentration.

DISCUSSION

In this study it was shown for the first time that
the estradiol-inactivating enzymes 17�-HSD2 and
17�-HSD4 are expressed simultaneously in human
endometrial epithelial cells in vivo. Since 17�-
HSD4 was also identified as an enzyme involved
in peroxisomal �-oxidation and bile acid syn-
thesis, some authors have questioned the physio-
logical function of this protein as a steroid-
metabolizing enzyme (Dieuaide-Noubhani et al.
1996, Mustonen et al. 1998). However, its
presence in a classical estradiol target tissue
together with 17�-HSD2 and the fact that it has
the same substrate specificity for estradiol as
17�-HSD2 (Wu et al. 1993, Mustonen et al. 1998)
strongly indicate that the estradiol dehydrogenase
action of 17�-HSD4 is a major function of this
enzyme in the endometrium.

 4. Regulation of RNA expression of (A) 17�-HSD2 and (B) 17�-HSD4 in HEC-1-A cells. The Northern blot
was loaded with 10 �g total RNA/lane from cells cultured with the FCS concentration indicated at the top of each lane
and hybridized with riboprobes for the two isozymes (top). The same blot is shown after rehybridization with a
�-actin probe (bottom). The effect of serum replacement becomes evident with FCS concentrations below 5%. There
is a down-regulation of 17�-HSD2 and an induction of 17�-HSD4.
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Estradiol levels in the uterus may not only be
controlled by oxidative 17�-HSD2 and 17�-HSD4,
but also by reductive 17�-HSD1, which catalyzes
the biosynthesis of estradiol. The type 1 isozyme
was the first 17�-HSD isozyme identified in
endometrium (Mäentausta et al. 1991). The
importance of its function in this tissue is
controversial, because it is expressed at very low
levels compared with the other isozymes (Milewich
et al. 1989, Casey et al. 1994, Zeitoun et al. 1998).
This was confirmed in our study, since the
expression of both 17�-HSD types 2 and 4 is
much higher in human endometrial tissue and in
cell lines.

The presence of two estradiol-inactivating iso-
zymes in endometrial epithelial cells offers the
possibility of a differential regulation in response to
different stimuli. This was tested using a cell culture
model. The cell lines HEC-1-A and RL95–2
showed the same isozyme pattern but, in contrast to
endometrial epithelial cells in vivo, they have no
progesterone receptor. They grow independent of
progesterone which is known as an important
regulatory factor of oxidative 17�-HSD activity
in vivo (Tseng & Gurpide 1974, 1975, 1979).
Progesterone stimulates the expression of 17�-
HSD1 (Poutanen et al. 1990, 1992, Mäentausta
et al. 1993), of 17�-HSD2 (Casey et al. 1994) as well
as that of 17�-HSD4 (Kaufmann et al. 1995). With
these characteristics of the cell lines in mind, they
represent an appropriate model to study the
regulation of 17�-HSD isozymes independent of
progesterone.

There is an extensive database concerning the
regulation of 17�-HSD1 in several mammary
carcinoma and choriocarcinoma cell lines and in
primary granulosa cell cultures (for review see
Peltoketo et al. 1996). Little is known about the
regulation of other isozymes. We report here, for
the first time, that a differential regulation of
17�-HSD2 and 17�-HSD4 can be achieved by
different culture conditions in vitro. The reduction
of FCS and replacement by a supplement that is
free of growth factors and steroids has the opposite
effect on each of the two isozymes. This may be a
general phenomenon because it occurs in two
different cell lines. But in spite of their different
phenotypes these cell lines are still of the same
tissue origin. Further experiments need to be
performed with cells derived from other organs.
The particular factor causing these changes in
enzyme expression in HEC-1-A and RL95–2 cells
still has to be identified. One possibility is the action
of ligands of the peroxisome proliferator activated
receptor � (PPAR�), e.g. unsaturated long-chain
fatty acids. These were shown to induce 17�-HSD4
expression in rat liver (Corton et al. 1996) and may
be included in the TCM serum supplement, which
is only confirmed to be free of growth factors and
steroids by the manufacturer. However, we were
not able to achieve this effect in cell culture with the
peroxisome proliferator chemicals clofibrate or
gemfibrozil. This might be due to a tissue-specific
effect of peroxisome proliferator chemicals as
reported by Fan et al. (1998): 17�-HSD4 is induced
only in liver and kidney, but not in uterus and other
organs. Although the binding motif for the PPAR
on 17�-HSD4 has been identified, its functionality
has not yet been characterized (Leenders et al.
1998). It was shown recently that the physiological

 5. Influence of cell culture conditions on
mRNA expression in HEC-1-A cells and RL95–2 cells.
Cells were adapted to 0·3% FCS/1·82% TCM or adapted
to 5% FCS (stock cultures). (A) Northern blot analysis
using 10 �g total RNA from HEC-1-A cells and 5 �g
total RNA from RL95–2 cells per lane. The two blots at
the top of the figure show the hybridization with
17�-HSD probes, the two blots at the bottom show the
corresponding rehybridization with a �-actin probe.
(B) Densitometric analysis of the blots in (A). In both
cell lines, expression levels of 17�-HSD2 are reduced
by serum replacement, while expression levels of
17�-HSD4 are elevated by serum replacement. HEC,
HEC-1-A cells; RL, RL95–2 cells.
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 6. Effect of serum replacement on the morphology of HEC-1-A cells (A–D) and RL95–2 cells (E–H) adapted
to 0·3% FCS/1·82% TCM (A, B, E, F) or adapted to 5% FCS (C, D, G, H). (A, C, E, G) Phase contrast,�185;
(B, D, F, H) digital confocal image of fluorescent staining of the F-actin cytoskeleton with FITC–phalloidin,�400.
After serum replacement, both cell lines grow with lower cell densities. The formation of microvilli (arrow heads) is
impaired and they lose their tendency to form three-dimensional structures on top of the epithelial monolayer. In (H)
resolution of the image is lost due to the increased thickness of the specimen by these three-dimensional structures
(more than 50 �m, compared with 15–25 �m in B, D and F).
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ligand for PPAR� in mouse is phytanic acid
(Ellinghaus et al. 1999) and this should be tested
next as an inducer of endometrial 17�-HSD4.

During the adaptation of the cell lines to different
culture conditions the changes in steroid metabolic
enzyme expression coincided with phenotypic
changes. A reorganization of the F-actin cyto-
skeleton was observed. This finding is especially
interesting when considered in relation to earlier
results. There are covalent as well as non-covalent
interactions between 17�-HSD4 and actin in vivo
(Adamski et al. 1993). The distribution of peroxi-
somes which harbor 17�-HSD4 changes in glandu-
lar endometrial epithelial cells during the estrous
cycle of the pig (Husen et al. 1994). Thus, the
correlation between enzyme expression and cyto-
skeletal organization may have physiological rel-
evance for the regulation of estradiol metabolism
and should be studied in more detail.

The data presented in this work provide new
insights into regulatory mechanisms for estradiol
inactivation in the uterus proving the differential
expression of 17�-HSD isozymes.
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