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Local estrogen production plays a key role in prolifera-
tive endometrial disorders, such as endometrial hyper-
plasia and cancer. Hydroxysteroid (17�) dehydroge-
nase 1 (HSD17B1) is an enzyme that catalyzes with high
efficiency the conversion of weakly active estrone into
highly potent estradiol. Here we report that female
transgenic mice expressing human HSD17B1 invariably
develop endometrial hyperplasia in adulthood. These
mice also fail to ovulate and have enhanced peripheral
conversion of estrone into estradiol in a variety of target
tissues, including the uterus. As in humans, endome-
trial hyperplasia in HSD17B1 transgenic female mice
was reversible on ovulation induction, which trig-
gers a rise in circulating progesterone levels , and in
response to exogenous progestins. Strikingly , a
treatment with an HSD17B1 inhibitor failed to re-
store ovulation yet completely reversed the hyper-
plastic morphology of epithelial cells in the glandu-
lar compartment, although less so in the luminal
epithelium. The data indicate that human HSD17B1
expression enhances endometrial estrogen production,

and consequently, estrogen-dependent proliferation.
Therefore, HSD17B1 is a promising new therapeutic
target in the management of estrogen-dependent endo-
metrial diseases. (Am J Pathol 2010, 176:1443–1451; DOI:

10.2353/ajpath.2010.090325)

Estrogen-dependent uterine disorders, such as endome-
triosis, endometrial hyperplasia, and cancer, are very
prevalent during reproductive years. For example endo-
metriosis affects up to 10% of women and is a major
cause of pelvic pain and infertility.1,2 Endometrial carci-
noma is the most common invasive cancer of the female
genital tract and ranks as the fourth most common ma-
lignancy in women in Western Europe and in the United
States.3–5 Estrogen-dependent endometrial carcinoma
(endometrial carcinoma type I, hereafter referred to as en-
dometrial carcinoma) generally arises from atypical endo-
metrial hyperplasia, whereas hyperplasia without atypia is
less likely to become malignant.5,6 Patients with typical hy-
perplasia are usually managed conservatively with proges-
tins, but hysterectomy remains the treatment of choice for
atypical hyperplasia and endometrial carcinoma.3,6 Obesity
and anovulation, often associated with polycystic ovary syn-
drome, are major risk factors for endometrial hyperplasia
during reproductive years, as is unopposed estrogen re-
placement therapy in postmenopausal women.7–10

Hydroxysteroid (17�) dehydrogenases (HSD17Bs)
catalyze the conversion of low active 17-ketosteroids and
the highly active 17�-hydroxysteroids.11–13 Most of
HSD17Bs belong to the ketosteroid reductase family of
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enzymes, which are also known as short-chain alcohol de-
hydrogenases/reductases.14 We have previously shown
that human HSD17B1 catalyzes the reduction of es-
trone (E1), which has low biological activity, to highly
potent estradiol (E2) in cultured cells and in vivo.15–18

Besides estrogens, androgens are also, albeit less
efficient, substrates for human HSD17B1 in vivo.17,19

These studies are in line with the essential role of the en-
zyme in ovarian E2 biosynthesis. Notably, human HSD17B1
has a wider tissue-distribution than the murine ortholog,
which is mainly expressed in the ovaries. We, thus, hypoth-
esized that human HSD17B1 expression enhances estro-
gen action at target tissues by increasing the E2/E1-ratio,
and providing increased concentration of highly active
ligand for estrogen receptors (ESR1 and ESR2). In hu-
mans, HSD17B1 has been detected in various sex ste-
roid-responsive tissues and linked to various estrogen-
dependent diseases, such as breast cancer16,20,21 and
endometriosis.2,22 However, HSD17B1 expression in cy-
cling endometrium or in other endometrial disorders, like
endometrial cancer, is still controversial with some studies
reporting HSD17B1 expression and/or activity,2,4,23–29

whereas others found no evidence of expression at
mRNA or protein level.30–32 The human endometrium
also reportedly expresses several other HSD17Bs, in-
cluding types 2, 4, 5, 7, and 12.4,26,33–36 Thus the
availability of E2 at a tissue or cellular level is likely to
be tightly regulated by the relative activities of various
enzymes with opposing functions (activation or inacti-
vation of estrogens). HSD17B2 in particular opposes
the activity of HSD17B1, while the role of the other
HSD17Bs in regulating local estrogen metabolism re-
mains poorly understood.

Because of its putative role in E2 biosynthesis in ova-
ries and peripheral target tissues, HSD17B1 is consid-
ered a promising drug target for estrogen-dependent
diseases. Several preclinical studies indicate that
HSD17B1 inhibitors are indeed capable of modulating
estrogen responses in vitro and in vivo.16,18,37–39 In the
present study, we report that expression of human
HSD17B1 in a transgenic mouse model (HSD17B1TG
mice)17 not only induces anovulation, but also estrogen-
dependent endometrial hyperplasia. Moreover, we dem-
onstrate that this endometrial phenotype can be reversed
using novel HSD17B1 inhibitors.

Materials and Methods

Mice

Mice were housed under controlled environmental con-
ditions (12 hours light/12 hours darkness, at 21 � 1°C) at
the Central Animal Laboratory of University of Turku. Soy-
free SDS RM3 (Special Diet Service; Witham Essex, UK)
and tap water were available ad libitum. To obtain tissue
samples, adult mice were terminally anesthetized with
600 to 1000 �l 2.5% tribromoethanol (Avertin; Sigma-
Aldrich, St. Louis, MO or Alfa Aesar, Karlsruhe, Germany)40

injection, i.p., and blood was withdrawn from the heart

followed by euthanasia by cervical dislocation. Tissues
were weighed and frozen at �80°C or processed for
histology as described below. Animal experiments were
approved by the Finnish Animal Ethics Committee, and
the institutional policies on animal experimentation fully
meet the requirements as defined in the NIH Guide on
animal experimentation. Generation, maintenance, and
genotyping of HSD17B1TG mice have been previously
described.17,19

Mouse Histology

For histological analysis of the mouse uterus, one of the
uterine horns was dissected into five pieces (first piece
above the cervix, fifth below the oviduct) before fixation,
whereas the ovaries were fixed as whole. Tissues were
fixed in 4% paraformaldehyde at room temperature for 15
to 20 hours. After fixation, tissues were dehydrated and
paraffin-embedded. Sections, cut at 5 �m thickness at
the same level of the uterus, were stained with H&E for
microscopic analysis. Normal endometrial histology was
defined as normal luminal epithelium and small, round,
regular-shaped glands. Hyperplasia was defined as en-
larged endometrial glands growing inwards resulting in
the formations subglands. Nuclear atypia was defined as
abnormally disorganized epithelial cells with round, en-
larged nuclei with a granular appearance.

Immunohistochemistry for PCNA

To analyze the rate of proliferation in the uterus, immuno-
histochemistry was performed with proliferating cell nu-
clear antigen, NCL-PCNA (n � 6 to 7). After deparaf-
finization and rehydration, the sections were boiled in
0.01 mol/L sodium citrate (pH 6.0) for 15 minutes and
cooled slowly to room temperature. The sections were
then exposed to 1% hydrogen peroxide for 20 minutes
and incubated overnight with NCL-PCNA mouse mono-
clonal (clone PC10) antibody (dilution 1:500; Novocastra
Laboratories Ltd, Newcastle on Tyne, UK). The sections
were afterward incubated with labeled polymer-horse-
radish peroxidase anti-mouse (DakoCytomation Envi-
sion� System-HRP; Dako, Carpinteria, CA), and the color
reaction was performed with 3,3�-diaminobenzidine (liq-
uid DAB�; Dako). The sections were counterstained with
hematoxylin and dehydrated in ethanol and xylene before
mounting with pertex mounting solution (Histolab, Goth-
enburg, Sweden).

Uterus Weight Test

Mice were ear-marked at the age of 12 days (d), genotyped
and divided into experimental groups (n � 4 to 8) receiving
either placebo (corn oil; Sigma-Aldrich), 1 �g/kg/d E1
(Sigma-Aldrich), or 50 �g/kg/d E2 (Sigma-Aldrich) in a 50 �l
volume i.p. Dosing was performed once a day from the age
of 15 days to 19 days. Mice were terminally anesthetized
with 250 to 500 �l 2.5% tribromoethanol followed by eutha-
nasia by cervical dislocation at the age of 20 days, the
uterus was dissected and weight was recorded.
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Determination of HSD17B1 Activity in Vivo

Radioactive [3H]-E1 (Perkin Elmer, Waltham, MA; Sigma-
Aldrich) dissolved in ethanol:saline (20:80) was slowly
injected i.v. (61 �g/kg, 2.5 �l/g, 555,000 cpm/�l, �1.6
Mbq/mouse, n � 3–8). Adult mice were terminally anes-
thetized with 600 to 1000 �l 2.5% tribromoethanol injec-
tion i.p. and after 15 minutes from the substrate injection,
blood was withdrawn from the heart followed by eutha-
nasia by cervical dislocation. Tissues were dissected,
placed immediately in liquid nitrogen and stored at
�80°C. Tissues were thereafter homogenized by Ultra-
Turrax in 500 �l ice cold 50 mmol/L Tris-HCl buffer (pH
7.4). Isopropylether extraction was then performed by
adding 2 ml isopropylether to 500 �l homogenate or 150
�l serum. After mixing, samples were centrifuged at 700
rpm for 10 minutes at room temperature, and extraction
was repeated for the organic phase. The organic phase
was evaporated under nitrogen flow, dissolved in aceto-
nitrile-water (48:52) and centrifuged at 700 rpm for 10
minutes at room temperature. Finally, 50 �l of samples
were applied for HPLC (Waters 2695, Waters Corpora-
tion, Milford, MA) connected with an online �-counter.

Superovulation Treatment

HSD17B1TG females (n � 4) were treated with 5 IU of
pregnant mare serum gonadotropin (PMSG; Sigma-
Aldrich), provided i.p., in 100 �l in PBS. After 49 hours, mice
were injected with 5 IU of hCG (Schering-Plough,
Kenilworth, NJ), i.p., in 100 �l PBS. The length of mouse
estrous cycle typically varies from 4 to 7 days41 and 2
superovulation treatments were performed in a period of 8
days to mimic normal estrous cycle. At day 9 mice were

euthanized as described in Mice section, and ovarian and
uterine samples were dissected for histological analyses.

Progestin Treatment

Medroxyprogesterone acetate (MPA) was delivered for 2
weeks by a subcutaneous pellet that released the hor-
mone 16 mg/kg/d (Innovative Research of America, Sara-
sota, FL). Adult HSD17B1TG mice at age of 4 to 5 months
were anesthetized with 450 to 800 �l 2.5% tribromoeth-
anol, i.p., and the MPA (n � 6) or placebo (n � 7) pellets
were inserted subcutaneously. Anesthetic analgesia was
achieved by giving 0.15 mg/kg buprenorphine (Temge-
sic; Schering-Plough) preoperatively. Postoperative anal-
gesia was obtained by injecting 0.1 mg/kg buprenor-
phine s.c. daily for 3 postoperative days. Two weeks
later, mice were euthanized as described in Mice section,
and ovarian and uterine samples were dissected for his-
tological analyses.

Inhibitor Treatment

Ten mg/kg/d of a specific HSD17B1 inhibitor (compound
49 in reference 43),42,43 effectively shown to decrease
HSD17B1-mediated estrogen-dependent tumor growth
in vivo,42 was delivered in dimethyl sulfoxide/propanediol
(1:1, Merck, Whitehouse Station, NJ) to mice (n � 6 to 7)
for 6 weeks by subcutaneous minipumps (Alzet #2004,
Cupertino, CA). To insert minipumps, the mice were
anesthetized with 450 to 800 �l 2.5% tribromoethanol and
0.15 mg/kg buprenorphine, i.p. Postoperative analgesia
was obtained by providing 0.1 mg/kg buprenorphine s.c.
daily for 3 postoperative days. Additional s.c. analgesia

Figure 1. Endometrial hyperplasia in HSD17B1TG
females. Endometrial hyperplasia was observed in
HSD17B1TG females at the age of 4 months: hy-
perplastic glands growing inwards and normal lu-
minal epithelium (A), hyperplastic glands
growing inwards and nuclear atypia of the
luminal epithelium (B), wild-type endometrium
at proestrous, which corresponds to the human
proliferative phase (C), wild-type endometrium at
diestrous, which corresponds to the human secre-
tory phase (D). The sites of the inserts are shown
with dash-lined boxes. The expression of a prolif-
eration marker PCNA in hyperplasia without atypia
(E), atypical hyperplasia (F), and normal wild-
type (G) at proestrous and diestrous. Exam-
ples of PCNA-positive cells are indicated by
arrows. HSD17B1TG females presented with
anovulatory ovaries lacking CLs (H), whereas CLs
were abundant in the ovaries of the wild-type
littermates (I). CL � corpus luteum.
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was provided when needed with 0.1 mg/kg buprenor-
phine or 5 mg/kg carprofen (Rimadyl, Pfizer, NY). After a
3-week dosing period, minipumps were substituted with
new ones as described above. To obtain samples, mice
were euthanized at the age of 5.5 months as described in
Mice section.

Statistics

Statistical analyses were performed using SigmaStat 3.1
program (SYSTAT Software Inc., CA) using following
tests: Student’s t-test or Mann-Whitney test when appli-
cable to compare two groups and one way analysis of
variance or Kruskal-Wallis one way analysis of variance of
ranks when applicable to analyze many groups. Signifi-
cance was set as P � 0.05, and mean values � SEM are
presented.

Results

Endometrial Hyperplasia in HSD17B1TG Mice

We recently generated several transgenic (TG) mouse
lines that express human HSD17B1 at various levels.17

Histological analysis revealed that HSD17B1TG females
invariably suffer from endometrial hyperplasia at the age
of 4 months (Figure 1, A�D). The prevalence of endo-
metrial hyperplasia and anovulation was 100% in
HSD17B1TG animals and hyperplasias with and without
nuclear atypia were detected (Table 1). The proliferation
of the hyperplastic glands was confirmed by immuno-
staining for Pcna expression (Figure 1, E�G). While ap-
proximately 25% of animals developed atypical hyperpla-
sia, progression to endometrial carcinomas was not
observed by the age of 12 months. These mice also
presented from early adulthood with anovulation, charac-
terized by inefficient luteinization of ovarian follicles (Fig-
ure 1, H�I). At 1 month of age, before the onset of
puberty, the endometrium was entirely normal on histol-
ogy. Although our analyses were performed predomi-
nantly in a mouse line that strongly expresses human
HSD17B1 (line 013), endometrial hyperplasia and anovu-
lation were also observed in low-expressing HSD17B1TG
lines (data not shown).

HSD17B1 Enhances Uterine Estrogen Action
in Vivo

To examine if HSD17B1 modulates estrogen responses
in the uterus, immature (age of 15 days) HSD17B1TG

females and wild-type littermates were treated for 5 days
with vehicle (placebo), 1 �g/kg/d of E1, or 50 �g/kg/d of
E2. Uterine weight, which serves as a classical bioassay
for estrogen action in this tissue, increased in both E1-
treated wild-type and HSD17B1TG animals (Figure 2,
A�C). However, the relative increase in weight was four
times higher in HSD17B1TG animals (Table 2). As ex-
pected, E2 also markedly stimulated uterine growth, and
the magnitude of this response was identical between
wild-type and HSD17B1TG mice. Notably, uterine weight

Table 1. Prevalence of Endometrial Hyperplasia in
HSD17B1TG Mice

Age
(months)

No
hyperplasia

Hyperplasia
without
atypia

Hyperplasia
with

atypia

TG 1 (n�5) 100% 0% 0%
4 (n�8) 0% 75% 25%

Wild-type 1 (n�4) 100% 0% 0%
4 (n�6) 100% 0% 0%

Figure 2. Human HSD17B1 expression enhances uterine response to weak
estrogen estrone. Estrogen action was enhanced in the presence of E1 in
HSD17B1TG uterus as indicated by the fact that the uterus weight of
HSD17B1TG females increased more with a small dose of E1 than the weight
of wild-type uterus. The different growth response was observed in the
weights both by including (A) and excluding (B) the uterine secretory
products, ie, full and empty uterus, respectively. Macroscopic images (C) of
wild-type and HSD17B1TG uteri treated with placebo, and with equal dose
of E1 (1 �g/kg/d) and E2 (50 �g/kg/d). E1 � estrone, E2 � estradiol, Pla �
placebo, *P � 0.05, ***P � 0.001.
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was modestly higher in placebo-treated HSD17B1TG
mice, possibly reflecting more efficient conversion of en-
dogenous E1 to E2. To test this formally, we analyzed the
reductive HSD17B capacity, ie, conversion of E1 sub-
strate to E2, in the uterus and other tissues of wild-type
and HSD17B1TG mice in vivo. Tissue samples were col-
lected 15 minutes after i.v. injection of radioactive E1 (61
�g/kg). Compared with wild-type animals, the E2/E1 ratio
in HSD17B1TG mice was significantly higher in all tissues
examined, except for the ovaries (Figure 3). As men-
tioned, the ovaries of wild-type mice express high levels
of Hsd17b1.

HSD17B1TG Mice Serve as a Model for Human
Endometrial Hyperplasia

We reasoned that endometrial hyperplasia in HSD17B1TG
mice could, as is the case in humans, be a conse-
quence of persistent anovulation, which abolishes cyclic
progesterone secretion and results in unopposed estro-
gen action in target tissues like the uterus. To test this
conjecture, animals were treated with exogenous gonad-
otropins to induce ovulation and consequent luteinization
of ovarian follicles. Two PMSG/hCG injections were given
at a 4-day interval to mimic the normal estrous cycle in
mice. Induction of ovulation was sufficient to reverse
endometrial hyperplasia in HSD17B1TG mice (Figure 4,

A�B, Table 3), indicating that the endometrial phenotype
was indeed a consequence of ovarian dysfunction. Treat-
ment with a high dose of progestin (MPA) for 2 weeks
also reversed the endometrial hyperplasia but, as antic-
ipated, did not induce ovulation (Figure 4, C�D, Table 3).
To test if HSD17B1 could serve as a drug target for the
treatment of endometrial hyperplasia, HSD17B1TG fe-
males were treated with a specific HSD17B1 inhibitor for
6 weeks. Similarly to MPA, the HSD17B1 inhibitor com-
pletely reversed the hyperplastic morphology of the glan-
dular endometrial compartment without inducing lutein-
ization of ovarian follicles in HSD17B1TG animals (Figure
5, A�F, Table 3). The endometrial luminal epithelial cells,
however, remained prolonged proestrous-like in 50% of
animals treated with this inhibitor (Figure 5, B�C) and this
was often associated with focal endometrial inflamma-
tion, characterized by the accumulation of eosinophilic
granulocytes and other leukocytes (data not shown).
However, significant difference in the expression of
PCNA was not found between inhibitor- and placebo-
treated groups as analyzed by immunohistochemistry
(data not shown). The data indicate that endometrial
hyperplasia in HSD17B1TG mice is the sum of the effects
of ovarian dysfunction and enhanced local E2 production
in response to endometrial HSD17B1 expression.

Table 2. Uterus Weight and Magnitude of E1-Induced
Uterine Growth

Uterus weight (mg) E1-induced
growth (mg)Placebo E1

TG (n � 7) 11.1 (�0.39) 19.5 (�0.78)*** 8.4
Wild-type

(n � 8)
9.8 (�0.38) 11.8 (�0.79) 2

***P � 0.001 between E1 treated TG and wild-type uterus weight
containing secretory products. Average uterus weight (mg) � SEM and
the magnitude of E1-induced uterine growth (mg) are presented.

Figure 3. Human HSD17B1 induces estradiol production from estrone in
vivo. Increased conversion of E1 to E2 was observed in HSD17B1TG mice in
all extra-gonadal tissues studied, as compared with wild-type littermate
tissues. E1 � estrone, E2 � estradiol, white bars represent wild-type mice,
black bars represent HSD17B1TG mice, *P � 0.05, ***P � 0.001.

Figure 4. Treatment of endometrial hyperplasia of HSD17B1TG females with
progestins. Multiple CLs were induced in adult HSD17B1TG ovaries by
gonadotophin (PMSG/hCG) treatment (A). The gonadotrophin treatment
also reversed endometrial hyperplasia in HSD17B1TG mice (B). Treating
HSD17B1TG mice with progestin (MPA) also reversed endometrial hyper-
plasia (C), but the ovary remained anovulatory (D). CL � corpus luteum.

Table 3. Endometrial Hyperplasia After Different Treatments
In HSD17B1TG Mice

Treatment
No

hyperplasia

Hyperplasia
without
atypia

Hyperplasia
with

atypia

PMSG/hCG 100% 0% 0%
MPA (n � 5) 100% 0% 0%
HSD17B1

inhibitor
(n � 6)

100% 0% 0%

Placebo (n � 7) 0% 57.1% 42.9%

PMSG/hCG � pregnant mare serum gonadotropin, hCG � human
chorion gonadotropin, MPA � medroxyprogesterone acetate.
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Discussion

Endometrial hyperplasia is a precursor of endometrial
carcinoma and is caused by imbalanced actions of es-
trogens and progestins. Thus, both increased estrogen
and decreased progestin concentrations can induce en-
dometrial hyperplasia and cancer. This type of hormonal
imbalance could be caused, for example, during estro-
gen replacement therapy or tamoxifen treatment, which
both increase the risk for endometrial carcinoma.7,9,10

Endometrial cancer is more prevalent after menopause,
but obese women with increased estrogen production in
the adipose tissue and polycystic ovary syndrome pa-
tients with anovulatory menstrual cycles are at increased
risk already during reproductive years.8 The correlation
between serum E2 levels and the risk of endometrial
cancer is controversial44–46 and increased intratissular
E2 concentrations are considered a more definite risk
factor.44,46 Progestins antagonize estrogen-mediated
cell proliferation in the endometrium47,48 and are, there-
fore, widely included in hormone replacement therapy to
decrease the risk of endometrial hyperplasia and can-
cer.49,50 The endocrinology of the mouse endometrium
closely resembles that of humans. As in humans, endo-
metrial hyperplasia and carcinoma can be induced by
continuous estrogen exposure in rodents.51 In line with
this, mice lacking Esr1 are resistant and the uterus re-
mains hypoplastic,52 whereas progesterone receptor
knockout mice respond to combined estrogen and pro-
gestin stimulation by developing abnormally enlarged
uteri and endometrial hyperplasia, indicative of unop-
posed estrogen stimulation.53

Several human HSD17Bs are capable of converting
E1 to E2, including HSD17B1,15–17 HSD17B7,33 and
HSD17B12,35 but the role of each of these enzymes in
extra-gonadal E2 formation remains still unclear. Al-
though HSD17B1 expression in various peripheral tis-
sues is low, its catalytic efficacy is markedly higher than
that of HSD17B7 or HSD17B12,35 suggesting a central
role for this enzyme in peripheral E2 formation. We re-
cently reported that HSD17B1 expression increases es-
trogen responses in target cells in the presence of E1
in vivo.16,42 However, we also recently demonstrated that

the enzyme is not fully specific for estrogenic substrates,
as previously thought, but rather it also activates andro-
gens.17,19 The enhanced sex steroid action resulting in
estrogenization or androgenization depends on the avail-
ability of substrates. Thus, during fetal life there are
androgenic precursors available for masculinization of
HSD17B1TG females, while after the onset of puberty
there is plenty of 17-keto estrogen (E1) available to be
further activated to E2 by HSD17B1. The observation that
a small dose of E1 suffices to markedly increase uterine
weight of immature HSD17B1TG mice further demon-
strates the ability of HSD17B1 to enhance estrogen ac-
tion in target tissues. Increased local E2 production in
response to E1 was apparent in all TG tissues with the
exception of the ovaries, which in mice express high
levels of endogenous Hsd17b1.54 Our data suggest that
HSD17B1 plays a major role in determining the gradient
between the E2 concentrations in serum and peripheral
tissues, as has been reported for postmenopausal
breast cancer,55 a tissue with abundant HSD17B1
expression.56,57

We have shown that overexpression of human
HSD17B1 in mice enhances estrogen action in the uterus
and, in combination with persistent anovulation, that this
invariably causes endometrial hyperplasia with and with-
out atypia. However, endometrial carcinomas were not
observed in HSD17B1TG mice, indicating that other
mechanisms, such as phosphatase and tensin homolog
inactivation, loss of forkhead box O subclass transcrip-
tion factor 1, and hyperactivity of phosphoinositide-3 ki-
nase pathway, are key to endometrial carcinogenesis.58

Endometrial hyperplasia in HSD17B1TG mice closely re-
sembled human disease and was efficiently reversed on
normalizing the estrogen/progestin ratio in response to
either ovulation induction or exogenous progestins.
Treatment with an HSD17B1 inhibitor also restored endo-
metrial glandular morphology, but incompletely blocked
proliferation of luminal epithelial cells. Targeting activity
with this compound was insufficient to induce ovulation.
One explanation for this could be a failure in the program-
ming of the hypothalamus-pituitary-gonadal axis, known
to be induced by abnormal concentrations of estrogen

Figure 5. Treatment of endometrial hyperplasia
of HSD17B1TG females with an HSD17B1 inhib-
itor. The treatment with an HSD17B1 inhibitor
reversed the hyperplastic glandular morphology
in adult TG females to normal (A, B), while the
luminal epithelium appeared as normal or pro-
longed proestrous-like (C). The sites of the in-
serts in C are indicated with dash-lines boxes in
A and B. Several stages of hyperplasia were ob-
served in placebo-treated HSD17B1TG females:
hyperplasia without atypia (D) and hyperplasia
with atypia (E). The inhibitor did not induce ovu-
lation in the HSD17B1TG ovary (F). N � normal,
P � prolonged proestrous.
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and androgens during development and after birth,59

and consequent lack of luteinizing hormone surge, which
would normally induce ovulation. The compound also
often caused an endometrial inflammatory response for
reasons as yet unclear.

Expression of HSD17B1 in human endometrium and
endometrial cancer is contentious, with some studies
reporting expression at mRNA or protein level and others
not.2,4,22–32,60–62 Also other estrogen-metabolizing en-
zymes, for example HSD17B7, HSD17B12, HSD17B5,
HSD17B2, HSD17B4, HSD17B8, aromatase, steroid sul-
fatase, and estrogen sulfotransferase have been de-
tected in the endometrium under different pathological
conditions, such as endometrial cancer,4,36,63 endome-
triosis,2,36,64 and polycystic ovary syndrome.65,66 Thus,
the combination of the activities of these various steroid-
metabolizing enzymes ultimately determines the hor-
monal status of the endometrium. Studies have indicated
that oxidative activity is higher in the endometrium than
reductive activity, and therefore, estrogen inactivation
is higher than synthesis,67 and the current data sug-
gest that HSD17B1 is not the main enzyme in the
estrogen production of the normal and malignant en-
dometrium, but nevertheless, the enzyme is expressed
in both tissues, and significant reductive activity has
been detected in the human endometrium.67,68 There-
fore, the inhibition of HSD17B1-induced reductive ac-
tivity would further decrease the estrogen synthesis,
and thus, decrease local estrogen concentration, and
consequently, estrogen-dependent proliferation. Fur-
thermore, due to the inevitable role of HSD17B1 in
ovarian E2 biosynthesis, HSD17B1 inhibitors could
also decrease estrogen action via decreasing both
local and circulating E2 concentration when used in
premenopausal patients.
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