
Abstract 
Background Mechanisms of menopausal hormone
replacement therapy (HRT)-related bleeding, undoubtedly
mediated through endometrial steroid receptors, are
poorly understood. We aimed to determine the steroid
receptor expression in HRT-exposed endometrium in
relation to disturbances of bleeding patterns.

Methods Prospective observational study in a tertiary
referral menopause clinic in Western Australia. Thirty-
eight outpatient endometrial biopsies (seven from
women not on HRT, 31 from HRT users) were collected
from 21 postmenopausal women during and outside
bleeding episodes. Eleven women provided multiple
biopsies. We performed an immunohistochemical
analysis of endometrial glandular, stromal, epithelial,
perivascular and endothelial expression of progesterone
receptor (PR), glucocorticoid receptor (GR), androgen
receptor (AR), estrogen receptors α and β (ERα and
ERβ) and studied their relationship to bleeding patterns.
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Introduction
Hormone replacement therapy (HRT) is used by peri- and
postmenopausal women for the relief of menopausal
symptoms and the prevention of osteoporotic fractures. The
main therapeutic benefit is derived from estrogen but
progestogen is necessary to prevent endometrial
hyperplasia and adenocarcinoma. The majority of
postmenopausal women take a continuous combined
estrogen plus progestogen therapy that aims to avoid any
vaginal bleeding. However, unpredictable and unscheduled
vaginal bleeding or spotting is a common side effect
described by up to 60% of HRT users,1 leading to
discontinuation of therapy in up to one in three users.2 Over
30% of cyclic HRT users and nearly half of all continuous
combined HRT users make at least one visit to their
gynaecologist with irregular bleeding.3 In the majority of
cases no pathology is found.4

In the Women’s Health Initiative study, a prospective
double-blinded trial to assess the major health benefits and
risks of the most commonly used combined hormone
preparations in the USA, irregular bleeding was
responsible for un-blinding in almost 40% of women
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assigned to receive estrogen plus progestogen therapy.5
Irregular vaginal bleeding tends to settle with prolonged
use, but since many national guidelines now advise
restricting use of HRT to less than 5 years, unscheduled
bleeding is likely to continue to be a clinical problem.

There are no established ways of predicting, avoiding or
treating unscheduled bleeding on HRT.6,7 Few studies have
addressed the potential mechanisms of HRT-induced
bleeding and the underlying mechanisms are poorly
understood. We have reported changes in endometrial
vascular density and perivascular support as well as increased
numbers of stromal natural killer cells and an altered balance
of matrix metalloproteinases to their tissue inhibitors, which
may contribute to vascular breakdown and unscheduled
bleeding in some HRT users.8,9 Human endometrium is a
target for steroid hormones. Endometrial shedding and repair
are considered inflammatory processes and sex steroids and
glucocorticoids, acting via their receptors, are thought to play
a vital role in the processes involved.10

Sex steroid receptor expression undergoes significant
changes in regular cycling women, after treatment with
exogenous estrogens and progestogens and in the presence
or absence of breakthrough bleeding.10,11 Both
endometrial oestrogen and progesterone receptors (ERα
and PR) are up-regulated in stromal and glandular cells
during the proliferative phase and subsequently down-
regulated in the glandular compartment during the
secretory phase.12 PR expression persists in the stromal
cells in the secretory phase. PR protein has not been
identified in the endometrial vascular endothelium.13

Key message points
� Endometrial steroid receptor expression in hormone

replacement therapy (HRT) users differs from that
observed with normal menstruation and long-term
progestogen-only administration.

� Different mechanisms are likely to be involved in HRT-
related unscheduled bleeding.
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Progesterone receptors are, however, abundantly expressed
in the perivascular endometrial cells throughout the
cycle.14,15 We have previously shown that both forms of
the ER are expressed in the perivascular cells, but only
ERβ is present in endometrial endothelial cells.15

Endometrial stromal and endothelial cells express the
GR.16,17 During the menstrual cycle, the AR is expressed
in endometrial stromal cells and intensity of AR
immunostaining is greater during the proliferative as
compared to the secretory phase.18

The aim of this study was to investigate whether a
relationship exists between endometrial steroid receptor
expression and bleeding patterns in HRT users.

Methods
Thirty-eight endometrial biopsies were obtained from 21
postmenopausal women. Biopsies were obtained from
seven postmenopausal women with at least 12 months of
amenorrhea who had not been exposed to any hormonal
treatments in the previous 90 days. These latter
postmenopausal subjects, not receiving HRT, were
included as controls for comparative purposes of the effects
of HRT exposure on the postmenopausal endometrium. A
further 31 biopsies were obtained from 14 postmenopausal
women using continuous combined HRT. Eleven women
gave multiple biopsies (Table 1). Multiple biopsies were
obtained in order to compare sex steroid receptor
expression during and outside a bleeding episode in the
same subject. Biopsies with adequate tissue for analysis
were selected to represent the clinical categories of no HRT
use (Group 1), HRT use with no bleeding (Group 2), HRT
use with irregular bleeding (Group 3) and HRT use with
irregular bleeding biopsied during a bleeding episode
(Group 4) (Table 2). A detailed medical history including
bleeding patterns and current and previous HRT use was
obtained from all the women. Bleeding diaries were
prospectively completed over a 90-day reference period
and bleeding patterns classified as either ‘no bleeding’ or
‘irregular bleeding’. Irregular bleeding was defined as any
vaginal bleeding occurring in postmenopausal continuous
combined HRT users after at least 3 months of HRT use.
The study was restricted to those women using oral or
transdermal HRT and the range of products used are
documented in Table 3. Women were excluded if they were
taking any herbal or other therapy that might alter
endometrial histology.

Compliance with the HRT medication was monitored
during this period and women were excluded if they did not

take their HRT preparation strictly according to the
manufacturer’s instructions (daily for oral preparations or
twice-weekly for transdermal preparations). Those with
irregular bleeding were asked to contact the research nurse
during bleeding episodes so that biopsies could be obtained
both during and outside bleeding episodes. Irregular
bleeding in HRT users was investigated according to
standard hospital protocols. In brief, a Pap smear was
obtained and transvaginal pelvic ultrasound arranged. If the
endometrial thickness was ≤6 mm, an endometrial biopsy
was obtained to assess histology. If the endometrium was
>6 mm, hysteroscopy and endometrial biopsy were
performed.

These women represent a subset from a larger study of
bleeding mechanism on HRT from the Menopause Clinic at
King Edward Memorial Hospital (KEMH, Perth, Western
Australia) between 2003 and 2005.8,9

Biopsies were fixed immediately in 10% formalin for
18 hours and tissue was then embedded in paraffin.
Sections were cut at 5 µm. The sections were dried at 37°C
overnight. All biopsies had a standard haematoxylin and
eosin section submitted to an experienced histopathologist
for classification according to Noyes criteria19 and for
identification of any pathological features.

Immunohistochemistry
Immunostaining for the tissue localisation of each steroid
receptor was performed separately. Paraffin-embedded
tissue sections were dewaxed, rehydrated and an antigen
retrieval step performed to expose the epitope (steroid
receptor protein) under study. The sections were transferred
into a Bond™ automated immunohistochemistry staining
system (Vision BioSystems, Newcastle upon Tyne, UK).
The immunostaining procedures were performed as
described previously.17,20 The antigen–antibody complex
was detected using a high-contrast polymer that included
diaminobenzidine to identify positive immunoreactivity as
indicated by presence of brown staining on tissue sections.
Table 4 summarises the conditions for immunolocalisation
of each of the epitopes studied.

Scoring and analysis of immunoreactivity
The immunostaining intensity of epitopes in all tissue
sections was assessed in a standard semi-quantitative
manner on a four-point scale: 0 = no immunostaining,
1 = mild immunostaining, 2 = moderate immunostaining
and 3 = intense immunostaining. All tissue sections were
scored blind by two observers. We had previously validated
this scoring system in a subset of tissue sections in which
immunoreactivity was measured with a computerised
image analysis system and a strong correlation between
quantitative data derived from image analysis and
subjective scores by a trained observer was obtained.21

Statistics
Multiple measurements on the same subjects in the same
group were averaged before analysis. Wilcoxon signed-
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Table 1 Details of endometrial biopsy numbers

Women (n) Biopsies (n)

Women providing one biopsy 10 10
Women providing two biopsies 5 10
Women providing three biopsies 6 18
Total 21 38

Table 2 Group numbers and definitions

Group Women (n) Group definitions Biopsies (n)

Hormone replacement therapy History of unscheduled Bleeding at time
treatment >3 months bleeding of endometrial biopsy

1 7 No No No 7
2 8 Yes No No 9
3 9 Yes Yes No 12
4 9 Yes Yes Yes 10
Total 38
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ranks tests were used for comparisons between Groups 3
and 4 for which the measurements were made on biopsies
from the same subjects, while the other five pair-wise
comparisons of groups (i.e. Group 1 vs Group 2, Group 1
vs Group 3, etc.) were made using Mann-Whitney tests
since all subjects in Groups 1 and 2 differed from all those
in Groups 3 and 4. Two subjects contributed data to both
Groups 1 and 2, and their measurements were excluded
from the comparison of these two groups. Dunn’s multiple
comparison correction was then applied to the p values
from each set of six tests.

Ethical approval
The study was approved by the institutional ethics
committee of King Edward Memorial Hospital, WA,
Australia and all subjects provided informed consent.

Results
Endometrial biopsies were separated into four groups on the
basis of bleeding patterns. Of the 38 biopsies analysed,
seven were from postmenopausal women not using HRT
(18%, Group 1), nine were from continuous combined HRT
users with no bleeding in the previous 3 months (24%,
Group 2), 12 were from continuous combined HRT users
with a history of irregular bleeding in the previous 3 months
(31%, Group 3) and 10 were from HRT users with irregular
bleeding biopsied during a bleeding episode (26%, Group 4)
(Table 2). The median age of women not using HRT was 52
years [interquartile range (IQR) 49–57, range 45–59 years].
The median age of women on HRT was 54 years (IQR
53–57, range 42–62 years) and the median duration of HRT
use was 34 months. There were no statistically significant

differences between the ages of HRT users and non-users (p
= 0.445), time since menopause or body mass index of
women between the groups. All HRT users were taking
continuous combined HRT but as in normal clinical practice
they were using a range of products (Table 3).

Endometrial histology
Of the 38 biopsies examined, 22/38 (58%) were classified
as weakly proliferative, 14/38 (37%) were classified as
atrophic, one appeared decidual and one appeared
secretory. No relationship was observed between the
histological appearance and bleeding patterns or to the type
of estrogen or progestogen in the HRT used.

Immunohistochemistry
We examined the immunoexpression of PR, GR, AR, ERα
and ERβ at five cellular locations (i.e. in the endometrial
glands, stroma, surface epithelium, vascular endothelium
and in perivascular cells).

PR immunoexpression 
(Figures 1A, 2A and 2B, Table 5)
No PR expression was observed in the vascular
endothelium and perivascular cells in any of the biopsies.
In the absence of HRT: moderate to intense PR expression
was seen in the endometrial glands, stroma and surface
epithelium.
In the HRT-treated endometrium: in all endometrial
biopsies performed outside a bleeding episode, strong
immunoexpression was observed in the endometrial
glands, stroma and surface epithelium. The least amount of
glandular PR expression was observed in women where the
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Table 3 Estrogen and progestogen components of hormone replacement therapy (HRT) preparations used

Estrogen Biopsies (n) Progestogen Biopsies (n)

Oral estradiol 1 mg 11 Duphaston® 10 mg 4
Oral estradiol 2 mg 5 Norethisterone acetate 250 µg 14
Transdermal estradiol 50 µg 10 Cyproterone acetate 5 mg 1
Premarin® 0.625 mg 3 Provera® 5 mg 11
Premarin 1.25 mg 2 Provera 10 mg 1
Total biopsies from HRT users (n) 31 31

Table 4 Immunohistochemistry protocols

Protein of interest

Progesterone receptor (PR)

Glucocorticoid receptor (GR)

Androgen receptor (AR)

Estrogen receptor α (ERα)

Estrogen receptor β (ERβ)

Antigen retrieval

Pressure-cook
Buffer: 0.01 M 
Na citrate pH 6.0

Pressure-cook
Buffer: 0.01 M 
Na citrate pH 6.0

Pressure-cook
Buffer: 0.01 M 
Na citrate pH 6.0

Pressure-cook
Buffer: 0.01 M 
Na citrate pH 6.0

Pressure-cook
Buffer: 0.05 M 
glycine/0.01% EDTA

Primary antibody

Monoclonal mouse anti-PR
antibody 
(Novocastra, Newcastle, UK)
1:400 in BAD

Monoclonal mouse anti-GR
antibody 
(Novocastra, Newcastle, UK)
1:40 in BAD

Monoclonal mouse anti-AR
antibody 
(Biogenex, CA, USA)
1:360 in BAD

Monoclonal mouse anti-ERα
antibody 
(Dako, Cambridge, UK)
1:1200 in BAD

Monoclonal mouse anti-ERβ
antibody 
(Serotec, Oxford, UK)
1:40 in BAD

Negative control

Mouse immunoglobulin
IgG (Sigma, Dorset, UK)
1:8000 in BAD

Mouse immunoglobulin
IgG (Sigma, Dorset, UK)
1:320 in BAD 

Mouse immunoglobulin
IgG (Sigma, Dorset, UK)
1:450 in BAD

Mouse immunoglobulin
IgG (Sigma, Dorset, UK)
1:7200 in BAD

BAD
Specificity of antibody as
previously reported17

BAD, Bond® Antibody Diluent; EDTA, ethylenediaminetetraacetic acid.
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Figure 1 (A) Progesterone receptor (PR), (B) glucocorticoid receptor (GR), (C) androgen receptor (AR), (D) estrogen receptor α (ERα) and (E)
estrogen receptor β (ERβ). Semi-quantitative immunoreactivity scores in endometrial glands, stroma and surface epithelial compartments in four
groups of women. Group 1: no hormone replacement therapy (HRT) use and no history of unscheduled bleeding. Group 2: HRT use >3 months
with no history of unscheduled bleeding. Group 3: HRT use >3 months with a history of unscheduled bleeding. Endometrial biopsy conducted
outside a bleeding episode. Group 4: HRT use >3 months with a history of unscheduled bleeding. Endometrial biopsy conducted during a
bleeding episode. Box-and-whisker plots: box represents the 25th and 75th percentiles, whiskers represent the 10th and 90th percentiles and
the heavy bar represents the median. NB. The n numbers represent the total number of biopsies studied in each group. The n numbers vary
because in some biopsies that particular cell type was not reliably identified.
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Figure 2 Immunohistochemical localisation of steroid receptors in human menopausal endometrium. Positive immunoreactivity indicating localisation
of steroid receptor protein is indicated by brown staining. (A) Progesterone receptor (PR) immunostaining in endometrium from women on hormone
replacement therapy (HRT) with no bleeding (Group 2). Note high level of glandular immunoreactivity. (A) Inset: PR negative control – no
immunoreactivity. (B) PR immunostaining in endometrium from women on HRT with bleeding, biopsy conducted during a bleeding episode (Group
4) demonstrating decreased glandular immunoreactivity. (C) Glucocorticoid receptor (GR) immunostaining in endometrium from women on HRT with
no bleeding (Group 2) illustrating down-regulation of glandular immunoreactivity. (C) Inset: GR negative control – no immunoreactivity. (D) GR
immunostaining in endometrium from women on HRT with bleeding, biopsy conducted during a bleeding episode (Group 4) displaying increased
glandular immunoreactivity. Note positive immunostaining in endothelial cells (arrow). (E) Androgen receptor (AR) immunostaining in endometrium
from women not on HRT with no bleeding (Group 1). Note low level of immunoreactivity in glands and stroma. (E) Inset: AR-negative control – no
immunoreactivity. (F) AR immunostaining in endometrium from women on HRT with bleeding, biopsy conducted during a bleeding episode (Group
4) illustrating low immunoreactivity in glands, stroma and surface epithelium. Scale bar = 50 µm. G, glands; S, stroma; SE, surface epithelium
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endometrial biopsy was taken during a bleeding episode. In
comparison to biopsies from women with no bleeding,
biopsies performed during a bleeding episode showed a
strong trend (non-significant) towards down-regulation of
endometrial glandular PR expression (p = 0.064). The
surface and glandular epithelia showed identical trends,
while the stroma showed no differences between groups.

GR immunoexpression 
(Figures 1B, 2C and 2D, Table 5)
In the absence of HRT: GR expression in the endometrial
glands was negligible. Mild to moderate GR
immunoreactivity was observed in the stroma, endothelium
and surface epithelium.
In the HRT-treated endometrium: In biopsies obtained
during a bleeding episode, a non-significant trend towards
greater GR expression was observed in the endometrial
glands compared to subjects with no bleeding (p = 0.087).
The stromal expression of GR was variable. The
immunoexpression in surface epithelium was mild to
moderate in all groups of women, and more intense in the
endothelium. Presence or absence of HRT, vaginal
bleeding and the timing of the biopsy had no impact on the
GR immunoexpression in the vascular endothelium and
surface epithelium.

AR immunoexpression 
(Figures 1C, 2E and 2F, Table 5)
In all the biopsies, AR expression in the endometrial
perivascular cells and vascular endothelium was negligible.
In the absence of HRT: mild AR expression was observed
in the endometrial glands and stroma. AR expression in the
surface epithelium was moderate.
In the HRT-treated endometrium: AR expression in the
endometrial glandular epithelium and stroma in all groups
of women was consistently at a low level.

Estrogen receptor αα and ββ expression 
(Figures 1D and 1E, Table 5)
In the absence of HRT: moderate to intense

immunoreactivity for ERα and ERβ was observed in the
endometrial glands, stroma, perivascular cells and surface
epithelium. Only ERβ immunostaining was present in
vascular endothelial cells.
In the HRT-treated endometrium: In all the groups of
women, consistently strong ERα and ERβ expression was
observed in the endometrial glandular epithelium, stroma
and the surface epithelium.

Discussion
This study provides a detailed description of PR, GR, AR,
ERα and ERβ receptor protein expression in endometrial
cell components (glands, stroma, surface epithelium,
perivascular and endothelial cells) of postmenopausal HRT
users. Steroid receptor expression has been described in the
context of bleeding patterns reported by subjects.

We have been unable to demonstrate significant
differences in steroid receptor expression in endometrium
of women using HRT who report unscheduled bleeding
episodes.

We have described interesting trends (non-significant)
in endometrial expression of glandular PR (decrease) and
GR (increase) in postmenopausal HRT users who report
unscheduled bleeding. These patterns of steroid receptor
expression in HRT users (with and without unscheduled
bleeding) differ from those seen in premenopausal women
using progestogen-only contraception, with bleeding from
an apparently ‘atrophic’ endometrium. Different
mechanisms likely underlie abnormal bleeding in
postmenopausal HRT users.

All HRT users in this study were using continuous
combined HRT, which has a predominantly progestogenic
effect on the endometrium.22 We might have expected to
observe similar steroid receptor changes as those in the
secretory phase of the normal menstrual cycle. In the latter,
there is a down-regulation of ERα in the glands and
stromal cells and of PR in glandular epithelium.15 The
endogenous and exogenous hormonal milieu in
postmenopausal HRT users is, however, quite different
from that seen in the secretory phase in premenopausal
women where the specific sequential pattern of ovarian
steroid production is tightly regulated.

An interesting, albeit non-significant, observation was
that with HRT, strong immunoexpression of PR in
endometrial glands was maintained but in the presence of
reported unscheduled bleeding glandular PR expression
declined. Unlike the premenopausal state, in the
postmenopausal untreated endometrium, strong glandular
PR expression is maintained. In the absence of significant
circulating levels of progestogens, the progestogenic
stimulus to the endometrium is negligible. In regular
cycling women, PR is down-regulated in the glandular
compartment during the secretory phase by progesterone
acting at both the transcriptional and post-transcriptional
level.10,12 Since these were observational studies, we
cannot confirm whether the reduction in PR was a cause
or a result of unscheduled bleeding, or if present whether
the PR is functional. In premenopausal women using
long-acting progestogen-only contraceptives (POC), a
decrease in PR is observed even after short-term use of
progestogen but this has not been shown to relate to
bleeding patterns.23,24 In depot medroxyprogesterone
acetate users, stromal PR are reported to be reduced in
those with irregular bleeding.25 Another interesting
observation was the absence of PR expression in the
perivascular cells in all studied biopsies. No perivascular
PR expression was observed irrespective of the presence
or absence of HRT and with or without bleeding. This
observation appears to be a feature of postmenopausal

Table 5 Values of p from the 90 statistical tests performeda

Tissue Comparison PR GR AR ERαα ERββ

Glandular 1 vs 2 0.90 1.00 0.29 1.00 0.69
1 vs 3 0.86 0.94 0.39 0.53 0.76
1 vs 4 0.44 0.28 0.46 0.33 0.47
2 vs 3 0.54 0.47 0.68 0.47 0.96
2 vs 4 0.064* 0.087* 0.68 0.30 0.81
3 vs 4 0.256* 0.10 0.93 0.70 0.70

Stroma 1 vs 2 0.34 0.20 0.89 0.73 0.66
1 vs 3 0.36 0.90 0.46 0.90 0.92
1 vs 4 0.61 0.62 0.95 0.61 0.76
2 vs 3 0.95 0.27 0.69 0.84 0.74
2 vs 4 0.69 0.57 0.95 0.76 0.81
3 vs 4 0.47 0.58 0.52 0.46 0.18

Surface 1 vs 2 0.41 0.73 0.90 1.00 1.00
epithelium 1 vs 3 0.44 0.90 0.09 0.35 0.84

1 vs 4 0.11 0.22 0.18 0.21 0.84
2 vs 3 0.68 0.76 0.11 0.35 0.84
2 vs 4 0.06 0.12 0.14 0.21 0.76
3 vs 4 0.12 0.17 0.74 0.76 0.32

aFigures shown are uncorrected p values from Mann-Whitney or
Wilcoxon signed-ranks tests comparing each pair of study groups,
except in the case of those asterisked (*) for which Dunn’s
correction was applied because the uncorrected p values were
significant.
AR, androgen receptor; ERα, estrogen receptor α; ERβ, estrogen
receptor β; GR, glucocorticoid receptor; PR, progesterone
receptor.
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endometrium in contrast to premenopausal endometrium
since, in the premenopausal state, at least in women with
regular cycles, progesterone receptors are abundantly
expressed in the perivascular endometrial cells
throughout the cycle.14,15

The mechanisms of bleeding with both POC and HRT
are not fully understood but the endometrial changes
associated with bleeding in HRT users appear to show
some differences to those seen in younger women with
progestogen-related irregular bleeding, suggesting that
different mechanisms may be involved.9,26 Dahmoun and
colleagues have reported that PR expression in the
epithelium and stroma is unchanged before and during
HRT administration in subjects with no bleeding.27 Our
findings are in agreement with this report, but we have the
added advantage of samples from subjects with irregular
bleeding patterns and also biopsies specifically obtained
during a bleeding episode. The results from the present
study add to the body of knowledge that bleeding episodes
in HRT users are associated with distinct endometrial
changes. We have previously demonstrated changes in
endometrial leukocyte populations during bleeding in HRT
users with an increase in uterine natural killer cells8 and
changes in stromal expression of matrix metalloproteinases
and their tissue inhibitors.9,28

GR expression in endometrium is normally localised to
stromal and endothelial cells.16,17 The role for GR and
glucocorticoids in human endometrium has not been
defined. Increased GR expression may potentiate effects of
endogenous/locally derived cortisol thus suppressing
angiogenesis29,30 and aggravating potential for
unscheduled bleeding. Augmented local cortisol action
may also disturb local endometrial prostaglandin
production. Prostaglandins play an important role in
endometrial bleeding.31 Disturbance in the balance of local
factors maintaining endometrial blood vessel integrity and
stability could be another possible mechanism responsible
for unscheduled bleeding.

In postmenopausal endometrium studied here there
were no differences in AR or ER (α and β) expression,
irrespective of presence or absence of HRT and bleeding
pattern. In postmenopausal untreated endometrium,
Dahmoun and colleagues observed high levels of ERα
expression in glandular epithelium but with HRT treatment
a decrease in expression was seen.27 We did not observe
any down-regulation of expression of ERα or ERβ in either
glandular or stromal cells with HRT. Presence or absence
of bleeding also did not make any significant difference to
endometrial ER (ERα or ERβ) expression. Dahmoun and
colleagues used only two preparations of HRT in their
study.27 In our study, five different preparations of
continuous combined HRT preparations were used. This
may have contributed to the differences in these findings.
Alternatively it may suggest variable functional alterations
of ER and PR in the postmenopausal endometrium during
exposure to differing hormonal preparations.

We acknowledge that the sample size in our study is
small. A reason why so few studies have addressed the
mechanisms of irregular bleeding in HRT users is that
adequate endometrial samples from postmenopausal
women with no endometrial pathology and a thin
endometrium can be extremely difficult to obtain.
Furthermore, obtaining samples during a bleeding episode
requires particular vigilance and a high level of compliance
amongst postmenopausal women.

A variety of HRT preparations were used by the women
taking part in this study. This may have influenced the
endometrial cellular response. Nevertheless, irregular
bleeding is common to all HRT preparations and hence it is
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reasonable to work on the assumption that common
mechanisms may underlie these phenomena.

Conclusions
The present study of endometrial steroid receptor
expression and bleeding patterns in HRT users has failed to
demonstrate significant differences in steroid receptor
protein expression in those women who report unscheduled
bleeding episodes. These observations differ from the
endometrial steroid receptor expression observed with
normal menstruation and long-term progestogen-only
administration, suggesting that different local mechanisms
are involved in HRT-related bleedings.

We have observed, however, interesting trends (non-
significant) in endometrial expression of glandular PR
(decrease) and GR (increase) in postmenopausal HRT users
who report unscheduled bleeding. These observations
warrant further investigation among a larger group of HRT
users with an endometrial biopsy during a bleeding episode
to explore the mechanisms underlying problematic
unscheduled bleeding. It is unlikely that effective strategies
for the treatment or prevention of abnormal bleeding on
HRT will be developed unless the underlying local
mechanisms are understood.
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