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The endometrium contains a unique subset of uterine-specific
natural killer (uNK) cells, the proposed functions of which
include a role in decidualization, menstruation, and implan-
tation. These cells increase in number during the mid-late
secretory phase of the menstrual cycle and are also present in
large numbers in early pregnancy. The cyclical nature of uNK
cell appearance suggests hormonal regulation of these cells.
To date, it has not been possible to localize either estrogen
receptors (ERs) or progesterone receptors (PRs) to uNK cells.
In the present study, we have investigated the steroid recep-
tor expression of uNK cells, including not only ER� and PR but
also wild-type ER�1, its variant form ER�cx/�2, and glucocor-
ticoid receptor (GR) using specific monoclonal antibodies and
real-time quantitative RT-PCR.

mRNA encoding ER�, PR, ER�cx/�2, ER�1, and GR were

identified in extracts of human endometrium across the men-
strual cycle and in decidua. Quantitative real-time RT-PCR
demonstrated an absence of ER� and PR mRNA in purified
uNK cells. In contrast, mRNA for ER�cx/�2, ER�1, and GR was
present in uNK cells. ER�, PR, ER�cx/�2, ER�1, and GR pro-
teins were identified in endometrial and decidual biopsies.
Colocalization using specific monoclonal antibodies con-
firmed that uNK cells were immunonegative for ER� and PR
protein. These cells were also immunonegative for ER�cx/�2
but did express ER�1 and GR proteins. These results raise the
possibility that estrogens and glucocorticoids could be acting
directly on uNK cells through ER� and GR, respectively, to
influence gene transcription in the endometrium and
decidua. (J Clin Endocrinol Metab 88: 440–449, 2003)

THE HUMAN ENDOMETRIUM is a dynamic tissue that,
to prepare for implantation, undergoes well defined

cycles of proliferation, differentiation, and degradation in
response to the prevailing steroid environment (1, 2). Leu-
kocyte populations within the endometrial stroma also vary
during the menstrual cycle and throughout pregnancy. En-
dometrial leukocytes include T and B cells, mast cells, mac-
rophages, and neutrophils, but it is the phenotypically
unique uterine natural killer (uNK) cells that make up the
majority of the leukocyte population in the late secretory
phase and early pregnancy (3).

These uNK cells have a unique phenotype (CD56bright,
CD16�, CD3�), which distinguishes them from peripheral
blood NK cells (CD56dim, CD16bright, CD3�). In the prolifer-
ative phase, few cells are apparent, but their numbers in-
crease from day LH�3 and more dramatically in the mid-late
secretory phase (day LH�11–13) where they are found in
close contact with endometrial glands and spiral vessels (4,
5). It remains to be established whether the increase in cell
number is solely the result of in situ proliferation or whether
there is also de novo migration from the peripheral circula-
tion. A precursor cell type might be selectively recruited into
the endometrium where it differentiates to become the uter-
ine-specific NK cell. In support of this theory is the existence

of a subset of peripheral NK cells (around 1% of total cir-
culating NK cells) that express a similar antigenic phenotype
to uNK cells (6). However, proliferation of CD56� cells does
occur in the endometrium because the proliferation marker
Ki67 has been colocalized by immunohistochemistry (7, 8).

The increase in the number of uNK cells coincides with
implantation and the early stages of placentation, and it has
been suggested that this unique cell population may play a
role in these processes (9). A role in endometrial breakdown
and menstruation has also been proposed for uNK cells. In
the nonpregnant cycle, King et al. (3) have observed changes
suggestive of cell death of these cells on day LH�12–13,
before any of the more accepted signs of menstruation such
as neutrophil infiltration, clumping of stromal cells, and in-
terstitial hemorrhage have occurred. The association of uNK
cell demise and falling levels of progesterone as well as the
cyclical nature of their appearance would seem to suggest
hormonal regulation of these cells. However, to date, it has
not been possible to localize either estrogen or progesterone
receptors to these cells (10, 11), and therefore it has been
proposed that estrogen and progesterone may exert their
effects on uNK cells indirectly via cytokines such as IL-15 and
prolactin (PRL) or other soluble factors (12–14).

Glucocorticoids have been shown to exert specific effects
on endometrial cells (15–18), but their role in endometrial
physiology is not well understood. Recently, Bamberger et al.
(19) have briefly reported the immunoexpression of GR
across the menstrual cycle. They found the receptor was
almost exclusively expressed in the stromal compartment,

Abbreviations: ER, Estrogen receptor; GR, glucocorticoid receptor;
HSD, hydroxysteroid dehydrogenase; NK, natural killer; NRS, normal
rabbit serum; PR, progesterone receptor; PRL, prolactin; Q-RT-PCR,
quantitative RT-PCR; RT, reverse transcribed; TBS, Tris-buffered saline;
uNK, uterine NK; VEGF, vascular endothelial growth factor.
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including endothelial and lymphoid cells. However, they did
not investigate the type of lymphocytes that expressed the
GR. It is therefore important to determine which leukocytes
(and whether uNK cells, in particular) express the GR.

Two structurally related subtypes of estrogen receptor
(ER), commonly known as � (ER�, NR3A1) and � (ER�,
NR3A2), have been identified in the human as well as in
other mammals (20–22). Steroid receptors including ER�,
ER�, progesterone receptor (PR), and glucocorticoid receptor
(GR) all act as ligand-activated transcription factors and
share a common arrangement of structure/function domains
with other members of the steroid receptor family (for re-
view, see Ref. 23). In vitro studies have shown that ho-
modimers (ER�-ER� or ER�-ER�) or heterodimers (ER�-
ER�) can be formed when both isoforms are expressed in the
same cell (24, 25) and that the pattern and amount of ex-
pression of each isoform is likely to influence gene transcrip-
tion within that cell. We have previously compared the spa-
tial and temporal expression of ER� and ER� in human
endometrium and found that endothelial cells exclusively
express ER� (26). In the same samples, some immunoposi-
tive staining was also observed in cells that we tentatively
identified as endometrial leukocytes. Recently, Stygar et al.
(27) have reported that within the human cervix ER� can be
localized to cells that express leukocyte common antigen and
macrophage markers.

In 1998, two papers reported that mRNAs encoding iso-
forms of human ER� formed by alternative splicing of the
last (eighth coding) exon were expressed in human tissues
(28, 29). We have recently established that both the mRNA
and protein corresponding to one of these splice variants
(ER�cx/�2) are expressed in human endometrium (30). This
splice variant lacks the ligand binding site and may act as a
negative inhibitor of ER� action (28). One objective of the
current study was to establish whether human uNK cells
express wild-type (ER�1) and/or the variant ER�cx/�2
isoform.

The aim of this investigation was thus to determine the
potential steroid responsiveness of uNK cells by using spe-
cific monoclonal antibodies and real-time quantitative RT-
PCR (Q-RT-PCR) to establish whether selected steroid re-
ceptors (ER�, ER�, GR, PR) are specifically expressed in this
cell population.

Materials and Methods
Tissue collection

Endometrial tissue was collected from women undergoing hyster-
ectomy or endometrial investigation for benign gynecological condi-
tions (n � 42). First trimester decidual tissue samples (n � 8) were
collected from patients undergoing surgical termination of pregnancy.
Tissue was snap-frozen in liquid nitrogen before storing at �70 C for
subsequent RNA extraction. Endometrial tissue was also fixed in 4%
paraformaldehyde overnight at 4 C before routinely wax embedding
using an 18-h cycle on a TP1050 machine (Leica Corp., Knowlhill, Milton
Keynes, UK). In addition, decidua and full-thickness endometrial tissue
including stratum functionalis, basalis, and myometrium were collected
at hysterectomy or termination of pregnancy from representative pa-
tients for dual localization immunohistochemical investigations. All
women described regular menstrual cycles and had not received exog-
enous hormones or used an intrauterine contraceptive device in the 3
months before inclusion in the study. Written informed consent was

obtained from all subjects, and ethical approval was granted by the
Lothian research ethics committee.

Endometrial biopsies were dated according to the criteria of Noyes
et al. (1) and were found to be consistent with the patients’ reported last
menstrual period. In addition, all subjects had a serum sample collected
at the time of biopsy for the determination of circulating estradiol and
progesterone levels by RIA as previously outlined (31). Biopsies were
classified as proliferative (n � 8), early (n � 8), mid (n � 8), or late
secretory (n � 10), and a significant reduction in circulating progester-
one levels was evident between biopsies in the mid and late secretory
phases (P � 0.01; Table 1)

Isolation of uNK cells

CD56� decidual NK cells were isolated from first-trimester decidual
tissue as previously described (12). Briefly, 1� 108 decidual cells were
suspended in 300 �l buffer (PBS/2 mm EDTA/1% human AB serum).
After the addition of 0.5% human �-globulins in PBS and 100 �l CD56
magnetic cell sorting microbeads (Miltenyl Biotech, Bergisch Gladbach,
Germany), the suspension was incubated at 4 C for 20 min. The cells were
washed, resuspended in buffer, and applied to a VarioMACS magnet
(Miltenyl Biotech). The column was washed, and the CD56� cells were
eluted and resuspended in RPMI/10% fetal calf serum. The purity of the
decidual NK cells was greater than 97%, as confirmed by flow cytometry.

Analysis of mRNA by real-time Q-RT-PCR

Tissue samples and purified decidual NK cells were immersed in
Trizol RNA isolation reagent (Invitrogen, Paisley, UK), homogenized,
and RNA extracted according to the manufacturer’s instructions. To
remove genomic DNA, RNA was then subjected to DNAse treatment
using DNAse I, Amp grade 1U/�g RNA in DNAse reaction buffer for
15 min at room temperature (Invitrogen). The reaction was stopped by
the addition of EDTA (final concentration, 2.5 mm) followed by heating
to 99 C for 5 min. Using random hexamers, 200 ng RNA was reverse
transcribed (RT) in a buffered solution containing 5.5 mm MgCl2, 2.5 �m
random hexamers, 500 �m of each dNTP, 0.4U/�l Rnase inhibitor, and
1.25 U/�l multiscribe (all from PE Applied Biosystems, Cheshire, UK).
Samples were RT by incubating for 60 min at 25 C, 45 min at 48 C, and
95 C for 5 min. Negative controls were included in every run. An
RT-negative control had template RNA but no multiscribe enzyme in-
cluded, and an RT H2O had template RNA replaced by nuclease free
water.

The primer/probe sets were designed using the Primer express pro-
gram (PE Applied Biosystems) and, where possible, were chosen to span
an intron to further reduce the chance of spurious readings due to
genomic DNA contamination. The sequences of the primer/probe sets
and their location within the specified cDNAs are given in Table 2. The
18S primers and probe were purchased from PE Applied Biosystems.

A Taqman real-time PCR mix was then prepared containing final
concentrations of Taqman universal PCR master mix (1�), ribosomal 18S
forward and reverse primers, and probe (50 nm; PE Applied Biosys-
tems), forward and reverse primers (300 nm), and probe for sequence of
interest (200 nm; PE Applied Biosystems). One microliter of cDNA was
added per 25 �l of reaction volume, and each sample was done in
triplicate. A no-template control (where water replaced cDNA) was
included in every run, and the controls from the RT step were also run

TABLE 1. Circulating estradiol and progesterone levels at the
time of collection of endometrial samples

Study group
(histological stage of cycle)

Estradiol
(pmol/liter)

Progesterone
(nmol/liter)

Proliferative 400.39 (306–1731) 1.75 (1.2–12.17)
Early secretory 449 (206.96–481) 22.4 (2.17–56.2)
Mid secretory 480.50 (120.21–738) 47.27 (23.6–78.1)a

Late secretory 234 (129–507) 8.76 (3.9–22.4)a

Data are expressed as median (range).
a P � 0.01 significant difference between mid and late secretory

groups for progesterone.
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at least once for each set of primers and probes. Wells were sealed with
optical caps, and the PCR was run on the ABI Prism 7700 (PE Applied
Biosystems) using standard conditions.

The linearity of the response of the primers and probe to specific
cDNA was validated either by using serial dilution of a cDNA sample
or by repeating experiments on a 1:5 dilution of all cDNA samples.
Within-assay variation of the PCR measurement for each set of primer/
probes in cDNA was calculated from six replicates (Table 3). Inter-assay
variability for the samples was valued at 3.1% by running cDNA from
one sample over five different Taqman RT-PCR experiments.

Significant difference was determined using one-way ANOVA, and
individual differences were described using the least significant differ-
ence post hoc multiple comparison (SPSS, Inc., Chicago, IL).

Antibodies

Mouse monoclonal antihuman ER� was purchased from DAKO
Corp. (Cambridge, UK; clone 1D5). ER� proteins were detected using
two isotype-specific mouse monoclonal antibodies directed against
ER�1 (peptide P7, IgG2a subtype) and ER�cx/�2 (peptide P8, IgG1
subtype). The monoclonals were prepared and validated as described in
detail by Saunders et al. (32, 33). The specificity of all ER antibodies used
was confirmed previously by Western blotting (32–34). Mouse mono-
clonal antibodies for PR and GR were supplied by Novocastra (New-
castle upon Tyne, UK; PR subtype IgG1, GR subtype IgG2a). Mouse
monoclonal anti-CD56 antibody was supplied by Zymed Laboratories,
Inc. (Cambridge, UK; subtype IgG1) and was used to label uNK cells.

Immunohistochemistry

All antibodies were tested individually at a range of dilutions and with
different antigen retrieval conditions to determine the protocol that gave the
least background and highest specific signal before additional optimization
of double staining conditions. All sections were dual immunohistochemi-
cally stained with each of the steroid receptors and anti-CD56 antibody
using 3,3-diaminobenzidine and fast blue (ER�1/CD56 and GR/CD56;
data not shown.) Additionally, ER�1/CD56 and GR/CD56 coexpression
was investigated using dual immunofluorescence.

Dual immunohistochemistry

Paraffin sections (5 �m) were dewaxed in Histoclear (National Di-
agnostics, Atlanta, GA) for 10 min before rehydrating in descending
grades of alcohol to distilled H2O. Sections were washed in Tris-buffered
saline [TBS; 0.05 m Tris (pH 7.4), 0.85% saline] for 10 min before antigen
retrieval by pressure cooking in 0.01 m sodium citrate (pH 6) for 5 min
at setting 2/high (Tefal, Clipso, Nottingham, UK) for ER� and PR and
0.05 m glycine/0.01% EDTA (pH 8) for 7 min at setting 2 for ER�cx/�2.
Sections were blocked for endogenous peroxidase in 3% hydrogen per-
oxide for 10 min before applying normal horse serum (Vector Labora-
tories, Inc., Peterborough, UK) for ER� and PR or a 1:5 dilution of normal
rabbit serum (NRS; Diagnostics Scotland, Carluke, Lanark, UK) in TBS
with 5% BSA (NRS/TBS/BSA) for ER�cx/�2. Sections were incubated
overnight at 4 C in a 1:400 dilution of mouse anti-ER�, a 1:40 dilution
of mouse anti-PR, or a 1:20 dilution of mouse anti-ER�cx/�2 antibody.
Sections were incubated in biotinylated horse antimouse antibody for
ER� and PR (prepared following manufacturer’s instructions; Vector
Laboratories, Inc.) or a 1:500 dilution of biotinylated rabbit antimouse
antibody for ER�cx/�2 (DAKO Corp.) followed by an avidin biotin
peroxidase complex (ABC Elite, Vector Laboratories, Inc., for ER� and
PR; and ABC DAKO Corp., for ER�cx/�2) all for 60 min at room
temperature. The sections were developed using 3,3-diaminobenzidine,
before washing for 20 min in 0.05 m glycine/0.01% EDTA (pH 3). They
were incubated sequentially in avidin, then biotin (Vector Laboratories,
Inc.) for 15 min at room temperature, followed by normal horse serum,
before applying monoclonal mouse anti-CD56 antibody at a 1:250 di-
lution overnight at 4 C. After washing, biotinylated horse antimouse
antibody was applied, followed by an avidin biotin alkaline phosphatase
complex (DAKO Corp.), both for 30 min at room temperature. The signal
was developed using fast blue reagent (Sigma, Poole, Dorset, UK) before
the sections were mounted in permafluor (Immunotech-Coulter, High
Wycomb, Bucks, UK).

Negative controls were performed in which the primary antibodies
were replaced with mouse IgG at a matched antibody concentration or
blocking serum. Each antibody was also run separately to confirm the
immunostaining pattern.

Dual immunofluorescence

Sections were dewaxed, and endogenous peroxidase was blocked as
above. Sections were pressure cooked in 0.05 m glycine, 0.01% EDTA (pH
8) for 7 min at setting 2 for ER�1 or 0.01 m sodium citrate (pH 6) for 5
min at setting 2 for GR before washing in TBS. They were then incubated
in NRS/TBS/BSA for 30 min at room temperature before applying either
a 1:20 dilution of mouse anti-ER�1 antibody or a 1:10 dilution of mouse
anti-GR antibody in NRS/TBS/BSA overnight at 4 C. Thereafter, sec-
tions were washed in TBS with Tween 20 (100 �l/liter) before the
addition of a biotinylated rabbit antimouse antibody (DAKO Corp.) at
a 1:500 dilution in NRS/TBS/BSA for 30 min at room temperature. After
a further wash in TBS, followed by PBS [0.01 m PBS (pH 7.4), Sigma] the
fluorochrome streptavidin 546 Alexafluor (Molecular Probes, Inc., Lei-

TABLE 2. Steroid receptor primer and probe sequences used for amplification by real time Q-RT-PCR

Primer/probe Sequence Position Accession no.

ER�1 forward CCTGGCTAACCTCCTGATGCT 1459–1480 AB006590
ER�1 reverse CCACATTTTTGCACTTCATGTTG 1529–1552 (r) AB006590
ER�1 probe AGATGTTCCATGCCCTTGTTACTCGCA 1499–1525 (r) AB006590
ER�cx/�2 forward ATCCATGCGCCTGGCTAAC 2628–2647 AB006589
ER�cx/�2 reverse GAGTGTTTGAGAGGCCTTTTCTG 2684–2707 (r) AB006589
ER�cx/�2 probe TCCTGATGCTCCTGTCCCACGTCA 2648–2671 AB006589
ER� forward TGATTGGTCTCGTCTGGCG 1523–1541 NM_000125
ER� reverse CATGCCCTCTACACATTTTCCC 1602–1624 (r) NM_000125
ER� probe TGCTCCTAACTTGCTCTTGGACAGGAACC 1572–1600 NM_000125
PR forward CAGTGGGCGTTCCAAATGA 2151–2170 NM_000926
PR reverse TGGTGGAATCAACTGTATGTCTTGA 2209–2233 (r) NM_000926
PR probe AGCCAAGCCCTAAGCCAGAGATTCACTTT 2170–2199 NM_000926
GR forward GCGATGGTCTCAGAAACCAAAC 4236–4257 NM_000176
GR reverse GCAGAGGATAACTTCCTCTGTAATCTC 4332–4358 NM_000176
GR probe TCAGAGCCTCAGCAACCTTCACTGCA 4300–4325 (r) NM_000176

The positions of the sequences are given within the cDNA identified by the accession number; r denotes reverse strand.

TABLE 3. Steroid receptor intra-assay variability values for real
time Q-RT-PCR

Primer/probe set Intra-assay variability (%)

PR 0.8
ER� 4
ER�1 2.1
ER�cx/�2 1.7
GR 4.5
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den, The Netherlands) was added at a 1:200 dilution in PBS for 2 h at
room temperature. Thereafter, the sections were incubated in 4
drops/ml biotin in TBS (Vector Laboratories, Inc.) for 15 min at room
temperature. A 1:1000 dilution of mouse IgG (Vector Laboratories, Inc.)
in NRS/TBS/BSA was then added at room temperature for 30 min. After
blocking in NRS/TBS/BSA, a 1:250 dilution of CD56 antibody in NRS/
TBS/BSA was added overnight at 4 C. Thereafter, the sections were
incubated for 1 h at room temperature with a 1:100 dilution of rabbit-
antimouse IgG1 subtype specific horseradish peroxidase-linked anti-
body (Zymed Laboratories, Inc.) made up in NRS/TBS/BSA. The sec-
tions were washed as before and incubated with Tyramide-Cyanine 5
fluorescent complex (kit NEL745, NEN Life Science Products, Boston,
MA) at a 1:50 dilution for 10 min at room temperature. Sections were
mounted in permafluor and left to dry in the dark.

Fluorescent images were taken on a Zeiss LSM 510 confocal laser
scanning microscope (Carl Zeiss, Thornwood, NY). The alexafluor 546
(ER�1) was visualized using a helium/neon 1 laser with an excitation
beam of 546 nm and detected using a band-pass filter from 560–615 nm.
Cyanine 5 (CD56) was visualized using the helium/neon 2 laser with an
excitation beam of 633 nm and detected using a long pass filter at 650 nm.

Results
mRNA expression quantified by real-time RT-PCR

All primer/probe sets were run on the same cDNA sam-
ples prepared from extracts of endometrium recovered at
different stages of the cycle and from decidua. uNK cell RNA
was extracted from purified CD56� cells from first-trimester
decidua. All figures are given relative to a comparator used
in all experiments that was a sample taken from the mid
proliferative stage of the menstrual cycle.

Expression of ER� mRNA in human endometrium/decidua
and uNK cells (Fig. 1A)

ER� mRNA levels in endometrial extracts were highest in
the proliferative phase and fell (although not significantly) in
the early secretory phase. Levels had fallen significantly by
the mid and late secretory phases (P � 0.01) and were again
further reduced in decidua (P � 0.01). uNK cell message
levels were very low (0.03� levels found in the comparator).

Expression of PR mRNA in human endometrium/decidua
and uNK cells (Fig. 1B)

The pattern of PR mRNA closely mirrored that of ER�.
Levels were high in the proliferative phase of the cycle but
fell significantly by the early secretory stage (P � 0.05). Levels
were again reduced in the mid and late secretory phase and
in the decidua samples compared with the proliferative stage
(P � 0.01). uNK message levels were very low (0.02� levels
found in comparator) when compared with the proliferative
and early secretory phase, but they were similar to late se-
cretory and decidual tissue levels.

Expression of ER�cx/�2 mRNA in human endometrium/
decidua and uNK cells (Fig. 1C)

ER�cx/�2 showed moderate levels of mRNA in the pro-
liferative, early, and mid secretory and decidual samples. An

FIG. 1. Quantitative evaluation of steroid receptor mRNA by real-
time Q-RT-PCR. All samples were compared with an internal control
(comparator) obtained during the mid proliferative phase of the men-
strual cycle. A, ER� across the menstrual cycle and in uNK cells. ER�
mRNA levels fell significantly (P � 0.01) from the proliferative to the
mid and late secretory phase endometrium and decidua. Levels were
low in uNK cells. B, PR across the menstrual cycle and in uNK cells.
PR mRNA levels fell from the proliferative to early (P � 0.05), mid,
and late secretory phase endometrium and decidua (P � 0.01). Levels
were again low in uNK cells. C, ER�cx/�2 across the menstrual cycle
and in uNK cells. ER�cx/�2 message rose in late secretory phase
endometrium, and mRNA was present in uNK cells. D, ER�1 across

the menstrual cycle and in uNK cells. ER�1 mRNA was significantly
increased in the late secretory phase (P � 0.05) and was high in uNK
cells and decidua. E, GR across the menstrual cycle and in uNK cells.
GR mRNA was present across the cycle and in decidua. High levels
were present in uNK cells. P, Proliferative; ES, early secretory; MS,
mid secretory; LS, late secretory; D, decidua.

Henderson et al. • Steroid Receptor Expression in uNK Cells J Clin Endocrinol Metab, January 2003, 88(1):440–449 443

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/1/440/2846094 by guest on 16 August 2022



increase in levels was apparent in the late secretory phase,
following a similar pattern to our previous results (30) with
similar levels present in the uNK cell mRNA (1.92� levels
found in the comparator).

Expression of ER�1 mRNA (wild-type receptor) in human
endometrium/decidua and uNK cells (Fig. 1D)

ER�1 mRNA levels were low in the proliferative and early
secretory phases but showed a slight increase in the mid
secretory phase of the menstrual cycle. A significant increase
in mRNA levels was apparent by the late secretory phase of
the cycle (P � 0.05), showing close agreement with previous
observations (30). Levels were elevated compared with the
early or mid secretory phase in the decidual samples and in
the uNK cell mRNA (2.14� levels found in the comparator).

Expression of GR mRNA in human endometrium/decidua
and uNK cells (Fig. 1E)

GR mRNA was present in all stages of the menstrual cycle
and in decidua. Levels were high in the proliferative phase,
maintained in the early and late secretory phases, but ap-
peared to decrease (although not significantly) in the mid
secretory phase. Decidua samples also showed significant
levels of mRNA. High levels of mRNA (4.78� levels in com-
parator) were found in the purified uNK cells compared with
all stages of the cycle and decidua.

A summary of the results given in Fig. 1 is presented in
Table 4.

Protein expression as defined by double
immunohistochemical labeling

Full-thickness endometrial biopsies from across the men-
strual cycle and biopsies from first-trimester decidua were
used for double immunohistochemical labeling.

ER�/CD56 colocalization

ER� was immunolocalized to the nuclei of stromal and
glandular cells in the proliferative phase endometrium, but
its expression declined in the mid and late secretory phase
and in early decidua. As expected, the number of CD56� cells
was greatest in the late secretory phase endometrium and
decidua, and colocalization showed an absence of ER� in the
CD56� cells (Fig. 2, a and b).

PR/CD56 colocalization

PR was immunolocalized to cell nuclei in endometrial
glands and stroma of proliferative phase endometrium but
was present only in the stromal compartment of mid and late

secretory phase endometrium and decidua. The CD56 stain-
ing again followed a pattern similar to that seen using stan-
dard immunohistochemistry (data not shown) with strong
cell surface localization. Dual immunohistochemistry re-
vealed that PR immunoexpression was not present in the
CD56� cells in endometrium (Fig. 2, c and d) or decidua.

ER�cx/�2/CD56 colocalization

ER�cx/�2 again showed specific nuclear localization to
endometrial and decidual cells using both antibodies. Im-
munostaining was seen in the glands, stroma, and vessels.
However, ER�cx/�2 did not colocalize to the CD56� cells
(Fig. 2, e and f).

ER�1/CD56 colocalization

ER�1 showed specific nuclear localization in the glands,
stroma, and endothelial cells of endometrium across the
menstrual cycle (Fig. 3a, inset) and decidua. Again, CD56
immunostaining was specifically localized to the cell surface
of a population of stromal cells. Dual immunofluorescence
confirmed intense nuclear expression of ER�1 by some, but
not all, of the CD56� cells in endometrium (Fig. 3a) and
decidua (data not shown).

GR/CD56 colocalization

The results show specific nuclear staining for GR in the
stroma and endothelium of the endometrium (Fig. 3b, inset)
and in the stroma, endothelium, and glandular epithelium of
decidua. The endometrial glandular epithelium was nega-
tive for GR. CD56 was expressed on the cell surface of certain
stromal cells. The dual immunofluorescence showed intense
nuclear GR staining within cells stained for the CD56 cell
surface marker in endometrium (Fig. 3b) and decidua (data
not shown).

A summary of the results presented in Figs. 2 and 3 is given
in Table 5.

Discussion

uNK cells are the major leukocyte population present in
the endometrial stroma at the time when implantation, pla-
centation, and decidualization occur. They have been pro-
posed to have a function in all of these areas and might also
be important in the initiation of menstruation. However,
although their cyclical appearance indicates that they may be
regulated by ovarian hormones, to date neither estrogen nor
progesterone receptors have been localized to these cells.

This study has investigated the steroid receptor expression
of uNK cells, including not only ER� and PR, but also wild-
type ER�, its variant form, ER�cx/�2, and GR. ER� and PR
mRNA levels followed a similar pattern, showing significant
amounts in the proliferative phase of the menstrual cycle,
declining to low levels in the late secretory and decidual
samples when uNK cells are most abundant. The expression
of ER� and PR is tightly regulated by estrogen and proges-
terone, with estrogen inducing transcription and translation
of both ER� and PR, whereas progesterone causes their
down-regulation (35, 36). Therefore, the presence of high
levels of ER and PR mRNA in the estrogen-dominated pro-

TABLE 4. Summary of steroid receptor mRNA expression across
the cycle, in uterine endometrium from the proliferative and the
secretory phase, in decidua, and in uNK cells

mRNA expression Proliferative Secretory Decidua uNK cells

ER� � �/� � �
PR � �/� � �
ER�cx/�2 � � � �
ER�1 �/� � � �
GR � � � �

444 J Clin Endocrinol Metab, January 2003, 88(1):440–449 Henderson et al. • Steroid Receptor Expression in uNK Cells

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/1/440/2846094 by guest on 16 August 2022



FIG. 2. Dual immunohistochemical localization of steroid receptors and uNK cells. Steroid receptor protein was expressed in the nuclei of
endometrial cells (brown staining). uNK cells were visualized by staining for the cell surface marker CD56 (blue staining). A, ER� protein was
present in the glands and stroma of proliferative phase endometrium. uNK cells showed no ER� immunoexpression. B, uNK cells were again
immunonegative for ER� protein in the late secretory phase of the cycle. C, PR was expressed in the glands and stroma of proliferative phase
endometrium but was absent from uNK cells. D, PR was again absent from uNK cells in the late secretory phase endometrium. E, ER�cx/�2
was present in the glands, stroma, and endothelium of proliferative phase endometrium but was absent from uNK cells. F, uNK cells were
immunonegative for ER�cx/�2 in the late secretory phase. Insets are negative controls. Magnification, �40; scale bar, 50 �m.
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liferative phase followed by a fall in their levels in the
progesterone-regulated secretory phase is as expected. uNK
cells exhibited very low levels of message for ER� and PR.
Dual immunohistochemistry indicated that uNK cells were
immunonegative for ER� and PR protein. These results con-
firm previously published data in which uNK cells have been
reported to be negative for ER� and PR protein (10, 11).

Our results confirm that uNK cells do express GR
mRNA and protein. GR, but not PR, mRNA and protein
have been localized to normal human lymphocytes iso-
lated from peripheral venous blood (37). Results published
by Bamberger et al. (19) have described GR expression in
endometrial leukocytes but did not specify which leuko-
cyte subtypes were involved. The role of glucocorticoids
in endometrial immune function has not been extensively
studied, although in other systems their immunosuppres-
sive effects have led to their wide application in the treat-
ment of inflammatory states. Glucocorticoids have been
shown to exert specific effects on endometrial cells by
several groups. Suggested roles include effects on implan-

tation (15), endometrial cellular proliferation (16), apo-
ptosis (17), and endometrial remodeling (18). Glucocorti-
coids have also been shown to repress the decidual PRL
promoter (38) and CRH promoter (39), both of which are
markers of decidualization. This and the expression of GR
in the endometrial stroma exclusively (19) mean that they
may have a role in the process of decidualization. In this
context, it is interesting that uNK cells, which strongly
express GR, also have proposed roles in decidualization
(5) and have recently been shown to express the PRL
receptor (14). We have also found GR protein in the glan-
dular epithelium of decidua, in contrast to the exclusively
stromal expression pattern found in endometrium.

The effects of glucocorticoids on uNK cells are likely to be
regulated not only by GR expression but also by the expres-
sion of steroid metabolizing enzymes. The 11�-hydroxys-
teroid dehydrogenase (HSD) family modulates the action of
glucocorticoids by either converting cortisone to cortisol
(11�HSD1) or cortisol to cortisone (11�HSD2). Smith et al.
(40) reported that levels of the glucocorticoid-metabolizing
enzyme 11�HSD2 are higher across the menstrual cycle than
11�HSD1. 11�HSD2 was present in the luminal and glan-
dular epithelium, with raised levels in the secretory phase of
the cycle. Smith et al. suggest that the expression of 11�HSD2
could facilitate trophoblast invasion by removing the glu-
cocorticoid-mediated inhibition of matrix metalloprotein-
ases. It is interesting, therefore, that GR-expressing uNK cells
are found aggregated close to the glandular epithelium and
also have proposed roles in controlling trophoblast invasion
(40). Further investigations into the effects of glucocorticoids

FIG. 3. Dual immunofluorescent localization of steroid receptors and uNK cells. Steroid receptor protein was expressed in the nuclei of
endometrial cells (red fluorescence). uNK cells were visualized by staining for the cell surface marker CD56 (blue fluorescence). A (inset), ER�1
was localized to the glands, stroma, and endothelium of late secretory phase endometrium. A, ER�1 was colocalized to uNK cells. B (inset), GR
was localized to the stroma and endothelium of mid secretory phase endometrium. B, GR was colocalized to uNK cells. Magnification, �40; scale
bar, 50 �m. Ec, Endothelial cells; Ep, epithelium; S, stroma.

TABLE 5. Summary of steroid receptor protein expression across
the cycle, in uterine endometrium from the proliferative and the
secretory phase, in decidua, and in uNK cells

Protein
expression

Proliferative Secretory Decidua uNK
cellsGlands Stroma Glands Stroma Glands Stroma

PR � � � � � � �
ER� � � �/� �/� � �/� �
ER�1 � � � � � � �
ER�cx/�2 � � �/� � � � �
GR � � � � � � �
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in the endometrium are necessary to elucidate their role in
uNK cell physiology.

Consistent with our previous data (30), ER�1 and
ER�cx/�2 mRNAs were detected in endometrial extracts
from all stages of the menstrual cycle and showed an increase
in levels in the late secretory phase. Significant levels of
mRNA were also seen in decidual samples for ER�1. A
sample of purified CD56� uNK cells also showed high levels
of mRNA for both ER�1 and ER�cx/�2. These results were
consistent with our previous findings in which we suggested
that the increased levels of mRNA observed in total uterine
extracts at the end of the secretory phase may be due to the
influx of an undefined ER�-positive cell subpopulation (30).
In the present study, we have also confirmed that the protein
for ER�1 is expressed by some uNK cells using double im-
munostaining (data not shown) and dual immunofluores-
cence. Similar results have recently been published by Stygar
et al. (27), describing the coexpression of ER� with CD45
leukocyte common antigen and CD68 macrophage-specific
antigen in lymphoid cells infiltrating the cervix during preg-
nancy. However, it appears from the present immunohisto-
chemical studies that uNK cells do not express the protein for
the variant isoform of ER�, known as ER�cx/�2, suggesting
that the mRNA for this receptor is not translated efficiently
(29). Taken together, these results suggest that estrogens
could act directly on uNK cells via ER�1 receptor ho-
modimers that have been shown previously to activate re-
porter gene transcription in vitro (24, 25, 41).

The response of a cell to estrogens depends not only on the
estrogen receptor expression of that cell but also the avail-
ability of ligand able to bind to those receptors. ER� and ER�
exhibit different affinities for some ligands, notably genest-
ein, raloxifene, and tamoxifen (42, 43), and novel ligands that
act as selective estrogens or antiestrogens for ER� and ER�
have been identified (44). Estradiol is the physiologically
important form of estrogen. Both estrone and estradiol can
bind to ER� and ER�, but estrone displays only around 1%
of the biological potency of estradiol (45). The conversion of
estrone to estradiol and vice versa is dependent on 17�HSDs,
a family of enzymes of which there are at least eight mem-
bers. The important isoforms present in the endometrium are
17�HSD type 1, which preferentially converts estrone to
estradiol, and 17�HSD type 2, which primarily converts es-
tradiol to estrone and testosterone to androstenedione. Hu-
man endometrial epithelial cells produce both 17�HSD1 and
17�HSD2, but 17�HSD2 is produced in much higher levels
in the mid-late secretory phase. Its production has been dem-
onstrated to be progesterone dependent (46). Therefore, at
the time of uNK cell infiltration, the dominant estrogen at
least in the surrounding tissue would seem to be estrone
formed by oxidation from estradiol.

Estrogen is involved in the regulation of fundamental pro-
cesses, including proliferation and vascularization. Impor-
tantly, uNK cells are present in large numbers in the endo-
metrium at the time when implantation, placentation, and
decidualization occur. Many studies have focused on the role
of uNK cells in trophoblast invasion (9). Precise control of
this process is vital to successful pregnancy, and under- or
overinvasion of trophoblast can lead to a number of preg-

nancy-related health problems (preeclampsia, intrauterine
growth retardation). It has been proposed that uNK cells may
exert control over trophoblast invasion after interactions be-
tween NK cell receptors belonging to the CD94/NKG2, kill-
er-Ig receptor, and Ig-like transcript families binding to hu-
man leukocyte antigen class 1 molecules expressed by
extravillous trophoblast (9). Furthermore, the cyclic traffic of
uNK cells in the nonpregnant uterus and their apparent
death premenstrually implies a role in endometrial differ-
entiation and menstruation (3).

Endometrial differentiation, menstruation, and placenta-
tion all involve the remodeling of endometrial vasculature.
The angiogenic factor vascular endothelial growth factor
(VEGF)-A plays an important role in new blood vessel for-
mation inducing endothelial cell proliferation, migration,
and differentiation in the endometrium and also affects vas-
cular permeability. VEGF-A has been shown to be regulated
by estradiol in isolated human endometrial cells, causing
increased mRNA and protein levels (47). Interestingly,
VEGF-A has also been localized to individual cells, thought
to be leukocytes, scattered in the endometrial stroma. These
cells have been identified as neutrophils through dual im-
munohistochemical staining by Mueller et al. (48). VEGF-A
has also been reported in uterine macrophages in the secre-
tory phase of the cycle (49). VEGF-C and other angiogenic
factors, placenta growth factor, and angiopoietin 2 mRNA
are expressed in uNK cells (50). VEGF-C was originally char-
acterized as a growth factor for lymphatic vessels, but it can
also stimulate endothelial cell proliferation and migration
(51). This pattern of growth factor expression and the close
spatial association of uNK with spiral arterioles is suggestive
of a role for these cells in endometrial angiogenesis. In this
context, it is interesting that both ER� and ER� have been
shown to induce luciferase expression when cotransfected
into Ishikawa cells with a human VEGF-A promoter-lucif-
erase reporter construct (52). ER� induced a 3.2-fold induc-
tion in reporter activity, whereas ER� increased levels by 2.3
times. It is possible, therefore, that ER� could induce the
production of VEGF-A from endometrial cells. Little is
known about steroid control of VEGF-C in the endometrium.
Ruohola et al. (53) have demonstrated the regulation of
VEGF-C by estrogen in human breast carcinoma cells.
VEGF-C exhibited a decrease in mRNA after addition of
estrogen. Further investigation into the effects of estrogen
and ER subtype on uNK cell expression of angiogenic factors
is required.

In summary, this study has demonstrated that uNK cells
express both mRNA and protein for ER�1 and GR. This
expands previous published data (19) showing GR localiza-
tion in endometrial lymphoid cells. In addition, we have
demonstrated that ER�1 is expressed by uNK cells. We there-
fore predict that any estrogen-regulated gene transcription in
these cells will be mediated through ER�1 homodimers.

Acknowledgments

We thank Prof. Rodney Kelly for advice on real-time Q-RT-PCR and
Mr. Mike Millar and Mrs. Sheila MacPherson for advice on dual
immunohistochemistry.

Henderson et al. • Steroid Receptor Expression in uNK Cells J Clin Endocrinol Metab, January 2003, 88(1):440–449 447

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/1/440/2846094 by guest on 16 August 2022



Received July 29, 2002. Accepted September 30, 2002.
Address all correspondence and requests for reprints to: Prof. Hilary

Critchley, Obstetrics and Gynaecology, Centre for Reproductive Biol-
ogy, The Chancellor’s Building, The University of Edinburgh Medical
School, 49 Little France Crescent, Edinburgh, EH16 4SB, United King-
dom. E-mail: Hilary.Critchley@ed.ac.uk.

This work was supported by Medical Research Council Program
Grant no. 0000066.

References

1. Noyes RW, Hertig AT, Rock J 1950 Dating the endometrial biopsy. Fertil Steril
1:3–25

2. Buckley CH, Fox H 1989 Biopsy pathology of the endometrium. London:
Chapman and Hall Medical

3. King A, Wellings V, Gardner L, Loke YW 1989 Immunocytochemical char-
acterization of the unusual large granular lymphocytes in human endome-
trium throughout the menstrual cycle. Hum Immunol 24:195–205

4. King A, Burrows T, Verma S, Hiby S, Loke YW 1998 Human uterine lym-
phocytes. Hum Reprod Update 4:480–485

5. King A 2000 Uterine leukocytes and decidualization. Hum Reprod Update
6:28–36

6. Lanier LL, Le AM, Civin CI, Loken MR, Phillips JH 1986 The relationship of
CD16 (Leu-11) and Leu-19 (NKH-1) antigen expression on human peripheral
blood NK cells and cytotoxic T lymphocytes. J Immunol 136:4480–4486

7. King A, Balendran N, Wooding P, Carter NP, Loke YW 1991 CD3-leukocytes
present in the human uterus during early placentation: phenotypic and mor-
phologic characterization of the CD56�� population. Dev Immunol 1:169–190

8. Kammerer U, Marzusch K, Krober S, Ruck P, Handgretinger R, Dietl J 1999
A subset of CD56� large granular lymphocytes in first-trimester human de-
cidua are proliferating cells. Fertil Steril 71:74–79

9. Moffett-King A, Entrican G, Ellis S, Hutchinson J, Bainbridge D 2002 Natural
killer cells and reproduction. Trends Immunol 23:332–333

10. King A, Gardner L, Loke YW 1996 Evaluation of oestrogen and progesterone
receptor expression in uterine mucosal lymphocytes. Hum Reprod 11:1079–
1082

11. Stewart JA, Bulmer JN, Murdoch AP 1998 Endometrial leucocytes: expression
of steroid hormone receptors. J Clin Pathol 51:121–126

12. Verma S, Hiby SE, Loke YW, King A 2000 Human decidual natural killer cells
express the receptor for and respond to the cytokine interleukin 15. Biol Reprod
62:959–968

13. Dunn CL, Critchley HO, Kelly RW 2002 IL-15 regulation in human endo-
metrial stromal cells. J Clin Endocrinol Metab 87:1898–1901

14. Gubbay O, Critchley HO, Bowen JM, King A, Jabbour HN 2002 Prolactin
induces ERK phosphorylation in epithelial and CD56(�) natural killer cells of
the human endometrium. J Clin Endocrinol Metab 87:2329–2335

15. Hoffman LH, Davenport GR, Brash AR 1984 Endometrial prostaglandins and
phospholipase activity related to implantation in rabbits: effects of dexameth-
asone. Biol Reprod 30:544–555

16. Bigsby RM 1993 Progesterone and dexamethasone inhibition of estrogen-
induced synthesis of DNA and complement in rat uterine epithelium: effects
of antiprogesterone compounds. J Steroid Biochem Mol Biol 45:295–301

17. Jo T, Terada N, Saji F, Tanizawa O 1993 Inhibitory effects of estrogen, pro-
gesterone, androgen and glucocorticoid on death of neonatal mouse uterine
epithelial cells induced to proliferate by estrogen. J Steroid Biochem Mol Biol
46:25–32

18. Salamonsen LA 1996 Matrix metalloproteinases and their tissue inhibitors in
endocrinology. Trends Endocrinol Metab 7:28–34

19. Bamberger AM, Milde-Langosch K, Loning T, Bamberger CM 2001 The
glucocorticoid receptor is specifically expressed in the stromal compartment
of the human endometrium. J Clin Endocrinol Metab 86:5071–5074

20. Green S, Walter P, Kumar V, Krust A, Bornert JM, Argos P, Chambon P 1986
Human oestrogen receptor cDNA: sequence, expression and homology to
v-erb-A. Nature 320:134–139

21. Mosselman S, Polman J, Dijkema R 1996 ER�: identification and character-
ization of a novel human estrogen receptor. FEBS Lett 392:49–53

22. Ogawa S, Inoue S, Watanabe T, Hiroi H, Orimo A, Hosoi T, Ouchi Y,
Muramatsu M 1998 The complete primary structure of human estrogen re-
ceptor � (hER�) and its heterodimerization with ER � in vivo and in vitro.
Biochem Biophys Res Commun 243:122–126

23. Beato M, Klug J 2000 Steroid hormone receptors: an update. Hum Reprod
Update 6:225–236

24. Cowley SM, Hoare S, Mosselman S, Parker MG 1997 Estrogen receptors �
and � form heterodimers on DNA. J Biol Chem 272:19858–19862

25. Pettersson K, Grandien K, Kuiper GG, Gustafsson JA 1997 Mouse estrogen
receptor � forms estrogen response element-binding heterodimers with es-
trogen receptor �. Mol Endocrinol 11:1486–1496

26. Critchley HO, Brenner RM, Henderson TA, Williams K, Nayak NR, Slayden

OD, Millar MR, Saunders PT 2001 Estrogen receptor �, but not estrogen
receptor �, is present in the vascular endothelium of the human and nonhuman
primate endometrium. J Clin Endocrinol Metab 86:1370–1378

27. Stygar D, Wang H, Vladic YS, Ekman G, Eriksson H, Sahlin L 2001 Co-
localization of oestrogen receptor � and leukocyte markers in the human
cervix. Mol Hum Reprod 7:881–886

28. Ogawa S, Inoue S, Watanabe T, Orimo A, Hosoi T, Ouchi Y, Muramatsu M
1998 Molecular cloning and characterization of human estrogen receptor �cx:
a potential inhibitor of estrogen action in human. Nucleic Acids Res 26:3505–
3512

29. Moore JT, McKee DD, Slentz-Kesler K, Moore LB, Jones SA, Horne EL, Su
JL, Kliewer SA, Lehmann JM, Willson TM 1998 Cloning and characterization
of human estrogen receptor � isoforms. Biochem Biophys Res Commun 247:
75–78

30. Critchley HO, Henderson TA, Kelly RW, Scobie GS, Evans LR, Groome NP,
Saunders PT 2002 Wild-type estrogen receptor (ER�1) and the splice variant
(ER�cx/�2) are both expressed within the human endometrium throughout
the normal menstrual cycle. J Clin Endocrinol Metab 87:5265–5273

31. Yong EL, Glasier A, Hillier H, Ledger W, Caird L, Beattie G, Sweeting V,
Thong J, Baird DT 1992 Effect of cyclofenil on hormonal dynamics, follicular
development and cervical mucus in normal and oligomenorrhoeic women.
Hum Reprod 7:39–43

32. Saunders PT, Millar MR, Williams K, Macpherson S, Harkiss D, Anderson
RA, Orr B, Groome NP, Scobie G, Fraser HM 2000 Differential expression of
estrogen receptor-� and -� and androgen receptor in the ovaries of marmosets
and humans. Biol Reprod 63:1098–1105

33. Saunders PT, Millar MR, Macpherson S, Irvine DS, Groome NP, Evans LR,
Sharpe RM, Scobie GA 2002 ER�1 and the ER�2 splice variant (ER�cx/�2)
are expressed in distinct cell populations in the adult human testis. J Clin
Endocrinol Metab 87:2706–2715

34. Saunders PT, Sharpe RM, Williams K, Macpherson S, Urquart H, Irvine DS,
Millar MR 2001 Differential expression of oestrogen receptor � and � proteins
in the testes and male reproductive system of human and non-human pri-
mates. Mol Hum Reprod 7:227–236

35. Clarke CL, Sutherland RL 1990 Progestin regulation of cellular proliferation.
Endocr Rev 11:266–301

36. Chauchereau A, Savouret JF, Milgrom E 1992 Control of biosynthesis and
post-transcriptional modification of the progesterone receptor. Biol Reprod
46:174–177

37. Bamberger CM, Else T, Bamberger AM, Beil FU, Schulte HM 1999 Disso-
ciative glucocorticoid activity of medroxyprogesterone acetate in normal hu-
man lymphocytes. J Clin Endocrinol Metab 84:4055–4061

38. Gellersen B, Kempf R, Telgmann R, DiMattia GE 1994 Nonpituitary
human prolactin gene transcription is independent of Pit-1 and differen-
tially controlled in lymphocytes and in endometrial stroma. Mol Endocrinol
8:356 –373

39. Makrigiannakis A, Zoumakis E, Margioris AN, Stournaras C, Chrousos GP,
Gravanis A 1996 Regulation of the promoter of the human corticotropin-
releasing hormone gene in transfected human endometrial cells. Neuroendo-
crinology 64:85–92

40. Smith RE, Salamonsen LA, Komesaroff PA, Li KX, Myles KM, Lawrence M,
Krozowski Z 1997 11 �-Hydroxysteroid dehydrogenase type II in the human
endometrium: localization and activity during the menstrual cycle. J Clin
Endocrinol Metab 82:4252–4257

41. Hall JM, McDonnell DP 1999 The estrogen receptor �-isoform (ER�) of the
human estrogen receptor modulates ER� transcriptional activity and is a key
regulator of the cellular response to estrogens and antiestrogens. Endocrinol-
ogy 140:5566–5578

42. Kuiper GG, Carlsson B, Grandien K, Enmark E, Haggblad J, Nilsson S,
Gustafsson JA 1997 Comparison of the ligand binding specificity and tran-
script tissue distribution of estrogen receptors � and �. Endocrinology 138:
863–870

43. Barkhem T, Carlsson B, Nilsson Y, Enmark E, Gustafsson J, Nilsson S 1998
Differential response of estrogen receptor � and estrogen receptor � to partial
estrogen agonists/antagonists. Mol Pharmacol 54:105–112

44. Sun J, Meyers MJ, Fink BE, Rajendran R, Katzenellenbogen JA, Katzenel-
lenbogen BS 1999 Novel ligands that function as selective estrogens or an-
tiestrogens for estrogen receptor-� or estrogen receptor-�. Endocrinology 140:
800–804

45. Johnson MH, Everitt BJ 1992 Essential reproduction, 4th Ed. Oxford, Blackwell
Science Ltd.

46. Maentausta O, Svalander P, Danielsson KG, Bygdeman M, Vihko R 1993 The
effects of an antiprogestin, mifepristone, and an antiestrogen, tamoxifen, on
endometrial 17 �-hydroxysteroid dehydrogenase and progestin and estrogen
receptors during the luteal phase of the menstrual cycle: an immunohisto-
chemical study. J Clin Endocrinol Metab 77:913–918

47. Shifren JL, Tseng JF, Zaloudek CJ, Ryan IP, Meng YG, Ferrara N, Jaffe RB,
Taylor RN 1996 Ovarian steroid regulation of vascular endothelial growth
factor in the human endometrium: implications for angiogenesis during the

448 J Clin Endocrinol Metab, January 2003, 88(1):440–449 Henderson et al. • Steroid Receptor Expression in uNK Cells

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/1/440/2846094 by guest on 16 August 2022



menstrual cycle and in the pathogenesis of endometriosis. J Clin Endocrinol
Metab 81:3112–3118

48. Mueller MD, Lebovic DI, Garrett E, Taylor RN 2000 Neutrophils infiltrating
the endometrium express vascular endothelial growth factor: potential role in
endometrial angiogenesis. Fertil Steril 74:107–112

49. Charnock-Jones DS, MacPherson AM, Archer DF, Leslie S, Makkink WK,
Sharkey AM, Smith SK 2000 The effect of progestins on vascular endothelial
growth factor, oestrogen receptor and progesterone receptor immunoreactiv-
ity and endothelial cell density in human endometrium. Hum Reprod 15(Suppl
3):85–95

50. Li XF, Charnock-Jones DS, Zhang E, Hiby S, Malik S, Day K, Licence D,
Bowen JM, Gardner L, King A, Loke YW, Smith SK 2001 Angiogenic growth

factor messenger ribonucleic acids in uterine natural killer cells. J Clin Endo-
crinol Metab 86:1823–1834

51. Olofsson B, Jeltsch M, Eriksson U, Alitalo K 1999 Current biology of VEGF-B
and VEGF-C. Curr Opin Biotechnol 10:528–535

52. Mueller MD, Vigne JL, Minchenko A, Lebovic DI, Leitman DC, Taylor
RN 2000 Regulation of vascular endothelial growth factor (VEGF) gene
transcription by estrogen receptors � and �. Proc Natl Acad Sci USA
97:10972–10977

53. Ruohola JK, Valve EM, Karkkainen MJ, Joukov V, Alitalo K, Harkonen PL
1999 Vascular endothelial growth factors are differentially regulated by steroid
hormones and antiestrogens in breast cancer cells. Mol Cell Endocrinol 149:
29–40

Henderson et al. • Steroid Receptor Expression in uNK Cells J Clin Endocrinol Metab, January 2003, 88(1):440–449 449

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/1/440/2846094 by guest on 16 August 2022


