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Objective To compare the assessment of endometrial maturation
parameters in endometrial secretion samples obtained by a novel
minimally invasive technique with those assessed in tissue
biopsies.

Design Prospective study.
Setting University Hospital.

Population Healthy female volunteers attending a gynaecological
outpatient clinic.

Methods Endometrial secretion fluid and tissue sampling 5 days
after a spontaneous ovulation assessed with ultrasound.

Main outcome measures Progesterone (P) receptor, Ki-67
expression and the Noyes criteria were used to date endometrial
biopsies. In the endometrial fluid samples, glycodelin A (GdA),
leukaemia inhibitory factor (LIF) and P levels were analysed,

and protein content and electrophoresis patterns were
determined.

Results All data were correlated to estradiol (E,) and P serum
concentrations. The dating according to histology and
immunohistochemical staining patterns correlated significantly with
GdA levels (r = 0.376, P = 0.048) in endometrial fluid samples as
well with serum levels of E, (r = 0.568, P = 0.001) and P (r = 0.408,
P =0.023). No correlation was observed between tissue dating and
LIF levels and protein content in endometrial fluid samples.

Conclusions The measurement of GdA in endometrial secretion
samples may provide a less invasive method for assessing
endometrial maturation in potential conception cycles without
disrupting implantation.

Keywords Biopsy, endometrial, glycodelin A, leukaemia inhibitory
factor, maturation, uterine secretion.
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Introduction

Human implantation is a complex process that is dependent on
multiple, successive interactions between the embryo and the
endometrium. It is only successful when it occurs during a brief
period of the secretory phase of the menstrual cycle,? usually
referred to as the ‘implantation window’ or ‘window of recep-
tivity’.? The traditional ‘gold standard’ technique for assessing
endometrial differentiation and maturation was described by

Noyes et al.,* and these histological criteria are widely applied.
However, the clinical value of these criteria in terms of predicting
endometrial receptivity and consequently fertility are limited.>”
Moreover, the histological approach to monitor endometrial
maturation requires an invasive biopsy that excludes its use
during the luteal phase of cycles in which implantation is the
end-point objective as in in vitro fertilization (IVF).2

In recent years, less invasive techniques have become
available to study endometrial maturation. Aspiration and
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flushing of the endometrial cavity in the peri-implantation
period of menstrual cycles has been performed without det-
rimental effect on pregnancy rates.3-° Analysis of endometrial
secretions showed proteins originating from transudate of
serum, leakage products of apoptotic epithelial cells, and
glandular secretion.!! The composition of the secretions
varies during the menstrual cycle as a result of changing ovar-
ian steroid levels. Estradiol (E,) regulates transudation by
blood vessel dilatation and permeability, and progesterone
(P) controls secretory activity of the endometrial glands. Pro-
tein composition analysis has been performed throughout the
spontaneous menstrual cycle and revealed significant protein
pattern changes for normal endometrium transition from
proliferative to secretory.!? Endometrial gene expression
studies have shown glycodelin A (GdA) to be upregulated
during the implantation window,!* and both GdA and
another putative marker of endometrial receptivity, leukae-
mia inhibitory factor (LIF), have been identified in endome-
trial secretions. These markers vary during the menstrual
cycle!*17 and appear to be differentially expressed between
fertile and subfertile women.!®!¥-20 However, the degree of
correlation between the endometrial secretion levels of P,
LIF, and GdA with the endometrial tissue markers of matu-
ration PR and Ki-67, and Noyes criteria, is not known.

The principle aim of this study was to examine whether
putative markers of endometrial maturation obtained in aspi-
rated endometrial secretion fluids correlated with endome-
trial maturation monitored by the traditional histological
Noyes criteria combined with immunohistochemical detec-
tion of endometrial PR and Ki-67 expression. In addition,
markers of endometrial maturation were correlated with
serum E, and P levels.

Methods

Subjects

This prospective study was approved by the local ethics com-
mittee of the Erasmus Medical Centre. Women attending the
fertility clinic were asked to participate in the study. To limit
the heterogeneity of the study population, inclusion criteria
were: age between 18 and 40 years, normal regular menstrual
cycles (ranging between 25 and 35 days), no uterus anomaly
detectable by ultrasound, no hormonal contraception for at
least 2 months before the study, and negative chlamydia
screening by polymerase chain reaction analysis. Further
exclusion criteria were evidence of endometriosis or a medical
history of disease that may impair implantation or pregnancy.
Thirty-four women meeting the inclusion and exclusion cri-
teria consented to participate in the study.

Assessments
Ovarian follicle development was monitored by transvaginal
ultrasound (TVS) by a single operator (M.H.v.d.G.) on cycle

Endometrial maturation assessment by secretions

day 2 and 8, and then daily until the diameter of the leading
follicle measured 18 mm. As changes in endometrial markers of
maturation and receptivity were to be related to the day of
ovulation, daily TVS was continued until spontaneous follicle
rupture had been identified by the disappearance of the leading
follicle and the presence of free fluid in the pouch of Douglas.?!
This validated method has been shown to be a reliable means of
detecting ovulation for the purposes of endometrial dating.?>?3
On the fifth day after ovulation, the endometrial cavity and
cervix length were measured by TVS, blood sampling was per-
formed and transcervical aspiration of endometrial secretion
fluid was carried out, as described previously.? In short, after
removal of excessive cervical mucus, an insemination catheter
(ASSA med GmbH, Bexbach, Germany) was cautiously
inserted in the uterine cavity at a depth of the measured cervix
length and 1 cm beyond. Suction was gently applied while
simultaneously rotating the catheter. Immediately after the
aspiration, the outside of the tip of the double outlet soft
insemination catheter was cleaned with a sterile cloth. The
tip containing the secretion fluid was cutoff into an Eppendorf
cup and stored at —20°C until final assessment. Immediately
following aspiration, an endometrial biopsy was obtained using
a suction curette (Pipelle de Cornier®; C.C.D. Laboratoire,
Paris, France).

Each specimen was labelled using a coding system for
which the observers in the laboratory were blinded.

Serum hormone assay

Blood was centrifuged for 10 minutes at 1500 X g immediately
after obtaining the samples, and the aliquots of serum were
extracted and stored at —20°C until assessment. Serum E, and
P were measured by an immunofluorometric assay (Immulite
2000; Diagnostic Products Corp., Los Angeles, CA, USA) per-
formed in the same laboratory. Respective intra- and inter-
assay coefficients of variation for P were less than 10% for
both, and less than 5 and 7% for E,.

Endometrial tissue analysis

After fixation in neutral buffered 3.7% formalin, the biopsied
tissue samples were dehydrated with increasing ethanol con-
centration before they were embedded in paraffin. A portion
of endometrial tissue from each specimen was routinely cut,
mounted and stained with haematoxylin—eosin for histolog-
ical dating according to the criteria of Noyes et al.

For immunohistochemistry, 5-micrometer-thick paraffin
sections were cut, deparaffinised and rehydrated in phosphate-
buffered saline (PBS). The slides were heated in citrate buffer
by microwave (4 X 5 min; 600 W) for epitope retrieval and
the immunohistochemical staining was performed by a strepta-
vidin-biotin—peroxidase method (Histostain-SP Kit; Zymed
Laboratories Inc., Berlin, Germany).

The primary monoclonal antibody MIB-1 (M 7240; Dako-
Cytomation, Hamburg, Germany) that was used to detect the
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nuclear proliferation marker Ki-67 in endometrial tissue was
diluted 1:100 in PBS/1.5% bovine serum albumin and applied
overnight at 4°C. Visualisation of the Ki-67 antigen was
performed by peroxidase catalysing the substrate and con-
verting the chromogen aminoethylcarbazole (AEC) (Zymed
Laboratories Inc., Berlin, Germany) to a red deposit.

For the detection of estrogen and P receptor (ER and PR),
the same immunohistochemical procedure was used as
described for Ki-67. The primary monoclonal anti-PR anti-
body (clone PgR 636, M 3569, DakoCytomation), which rec-
ognises the A and B isoform, was diluted 1:50. The anti-ER-«a
antibody (clone ER 6 F11; Novocastra, Newcastle upon Tyne,
UK) was diluted 1:40.

As a negative control, the primary antibodies were replaced
with nonimmune mouse immunoglobulin G at the same con-
centration. None of the negative controls revealed a positive
staining. As a positive control, we used archival endometrial
paraffin blocks with known positive reactivity for the studied
antibodies.

All endometrial tissue assessments were performed by two
observers (I.C-L., C.A.K.) who were blinded for the results of
endometrial secretion fluid assessment and E and P serum
levels. Since all samples were taken exactly on the fifth day
after ovulation, we looked for the typical criteria according
to Noyes ef al.,* that is, the occurrence of glycogen vacuoles
that first appear subnuclear and then shift from a subnuclear
to a supranuclear location.?* This has also been taken into
account by a recent study by Tuckermann et al.!” In addition
to these data, we evaluated immunohistochemical staining
of Ki-67 to obtain the proliferation status of epithelial versus
stromal cells as well as the PR and ER expression in the
glands. Endometrial epithelial expression of PR and ER
was graded on a scale of 0—2+, based on the intensity of cells
with positive nuclear staining: 0 if none stained, 1+ if weak
staining, and 2+ if strong staining. The expression of Ki-67
in the glandular epithelium was graded on a scale of 0-3+
based on the percentage of cells with positive nuclear stain-
ing: 0 if none stained, 1+ if <10% stained, 2+ if 10-50%
stained and 3+ if >50% stained. The correlation between
the scorings of the two independent observers assessing
Ki-67 staining was 95%.

Sodium dodecyl sulphate—polyacrylamide gel
electrophoresis and laser densitometry

Secretion fluids were removed from the tip of the catheter,
incubated for 10 minutes in an ultrasound bath at 4°C and
then centrifuged at 20 800 X g (10 minutes, 4°C). Protein
concentration of the supernatant was determined? and the
protein composition was analysed by sodium dodecyl sul-
phate—polyacrylamide gel electrophoresis (SDS-PAGE) using
8.3-16.6% acrylamide separating gel with 5% acrylamide
containing stacking gel.?® Each lane was loaded with 50-
microgram protein diluted with sample buffer. The gels were

stained with Coomassie brilliant blue. Molecular weight was
estimated by comparison with protein standards electro-
phoresed in adjacent lanes of the gel. Many protein bands
appear among the lower molecular weight fractions (68-and
6.5-kDa area) in electrophoresed endometrial secretions.!?
The most pronounced and heavily staining are albumin at
68 kDa and the two of a- and B-chains of haemoglobin,
close to the position of 12.5 kDa. Bands below 68 kDa that
form three groups of similarly sized, partly faintly staining
bands are the focus of our assessments. Group A is repre-
sented by bands between 45 and 34 kDa, group B from 29 to
25 kDa, and group C from 18 to 12 kDa. Group C awaits its
completion at the time of about 2 days after ovulation. Par-
ticular attention is paid to the three intensely staining bands
in the range of 15-18 kDa. The 12.5-kDa protein fraction
decreases in width during the periovulatory period and
remains less prominent during the luteal phase. Such pattern
of the luteal phase is designated as ‘optimal luteal phase
pattern’. Suboptimal or impaired luteal phase patterns
showed some or significant changes in groups B and C
fractions.

The relative density of each band was measured using
a scanning laser densitometer, He-Ne-Laser 633 nm (LKB
Ultrascan XL; Pharmacia-LKB, Freiburg, Germany) and the
GelScan XL software package. Protein pattern analyses were
scored semiquantitatively as an optimal, suboptimal, or non-
luteal protein pattern, according to previously published cri-
teria.?” All samples were analysed independently by two
observers (K.B-H. and H.M.B.), who were blinded to the
endometrial tissue assessment results.

LIF, GdA, and P assessment in endometrial
secretions by enzyme-linked immunosorbent

assay

The intra- and interassay variations of the LIF enzyme-linked
immunosorbent assay (ELISA) (R&D Systems, Wiesbaden-
Nordenstadt, Germany) were 2.4 and 6.1%, respectively.
The detection limit was 8 pg/ml. The intra- and interassay
variation of the GdA ELISA (BIOSERV, Rostock, Germany)
was 8.3 and 4.58%, respectively.

Statistical analysis

Because of the novel nature of this study, it was not possible to
carry out an appropriate power calculation. However, it was
considered that the study of 30 subjects would be sufficient to
reveal important correlations.

Pearson’s correlation coefficients were used for relation
analysis of endometrial dating (histological Noyes criteria
and cellular maturation markers), serum steroid levels, and
endometrial secretion P, LIF, and GdA levels. In all statistical
analyses, P < 0.05 was considered statistically significant.
The analysis was performed with a commercially available
software package (GraphPad Prism 3.00).
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Results

Of the 34 women recruited to the study, three yielded insuf-
ficient endometrial tissue and these were excluded from fur-
ther analysis. The median age was 32 years (range 21-38) and
the median luteal cycle length was 14 days (range 11-16)
(Table 1).

Although the endometrial biopsy and the endometrial secre-
tion samples had been taken on the 5th day after ovulation as
checked by TVS, the stage of endometrial maturation differed
substantially between subjects with respect to both Noyes cri-
teria combined with immunohistochemical markers. Glycogen

Table 1. Characteristics of 31 women

Endometrial maturation assessment by secretions

vacuoles in the endometrial glandular epithelium were
observed in all but one subject (patient 23 showed already
a nonvacuolated secretory appearance). Since glycogen
vacuoles are the hallmark of the early secretory phase (post-
ovulatory days 2-5) and disappear after postovulatory day 5, all
biopsies could be dated between postovulatory days 2 and 5.
Analysis of tissue Ki-67 and PR expression enabled more
precise assessment of maturation. When Ki-67 staining cells
within the glandular epithelium were few or absent, the endo-
metrium was dated as postovulatory days 4-5.5, reflecting ‘ade-
quate’ endometrial maturation. When 10-50% of glands
showed Ki-67-positive cells, the endometrium was dated as

No. Age Parity Cycle length (days) Serum Endometrial Endometrial secretion
(years) tissue,
Follicular  Luteal E, P dating SDS-PAGE P Protein LIF GdA
(pmol/ml) (nmol/ml) (POD) scored protein (ng/ml) (mg/ml) (pg/ml) (ng/ml)
profile
1 28 0 14 16 315 50.4 3.0 2 0.61 0.19 — —
2 28 1 16 15 264 40.5 2.5 3 0.74 1.06 5.23 14.26
3 38 0 11 14 295 29.4 3.5 3 0.37 0.36 19.25 18.58
4 28 0 17 13 305 16.1 2.0 1 0.79 0.77 10.35 8.39
5 34 1 13 16 293 50.1 3.0 3 0.60 0.62 7.27 5.87
6 29 0 12 15 555 52.1 4.5 1 0.34 0.32 19.5 14.26
7 30 0 16 14 307 20.5 2.5 2 0.51 0.39 11.56 1.15
8 24 0 16 15 314 34.5 2.0 2 0.48 0.46 7.54 0.13
9 37 2 10 16 269 22.7 2.5 3 0.55 0.86 5.64 217
10 21 1 19 15 594 29.0 3.5 3 0.30 0.5 7.62 1.92
11 32 0 18 14 464 28.4 2.5 1 0.31 0.27 16.7 5.61
12 34 1 9 13 314 34.9 2.5 3 0.47 0.44 6.29 —
13 34 0 13 14 547 30.8 3.5 3 0.33 0.32 8.66 0.38
14 26 1 16 15 250 21.9 2.5 2 0.45 0.4 16.47 0.60
15 33 3 14 16 295 28.5 3.0 3 0.48 0.65 7.46 1.66
16 31 0 16 14 404 15.5 2.5 3 0.59 0.65 8.54 3.06
17 33 0 10 16 264 28.6 2.5 3 0.35 0.41 13.54 3.19
18 35 0 12 13 590 191 4.5 2 0.96 0.67 10.86 4.21
19 26 0 17 15 402 53.8 4.5 3 0.60 0.59 12.93 —
20 27 0 19 13 602 100 5.0 3 0.71 0.47 8.85 2.04
21 31 1 21 12 459 33.9 3.0 1 0.48 0.78 9.78 4.09
22 27 2 13 14 324 33.4 2.5 3 0.92 1.01 2.74 4.73
23 24 1 22 11 576 431 5.5 2 0.31 0.51 6.78 4.98
24 36 2 17 14 362 21.1 3.5 2 0.31 0.54 13.48 1.40
25 38 2 10 16 324 22.8 3.5 3 0.63 0.63 10.46 14.35
26 38 7 14 "1 358 20.5 3.5 1 0.44 0.45 7.71 14.35
27 32 2 15 13 462 42.2 4.5 2 0.21 0.34 15.55 3.2
28 32 2 14 13 1177 53.0 5.0 2 0.40 0.64 6.50 25.76
29 38 1 16 13 256 20.9 5.0 3 0.33 1.09 8.25 4.13
30 32 2 13 13 402 27.6 4.5 2 0.61 0.75 — 28.76
31 32 2 15 1 392 36.5 4.5 3 0.30 0.52 — 40.18

POD, postovulatory days. Each serum, endometrial and secretion sample was obtained on the fifth day after spontaneous ovulation. Endometrial
tissue dating (POD), assessed with histological Noyes criteria and immunohistochemical markers, is expressed in POD. SDS-PAGE scored protein
profile of the endometrial secretions means: 1, impaired; 2, suboptimal; 3, optimal luteal phase pattern.
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postovulatory days 3—4, characterising slightly retarded matu-
ration since proliferation was continuing. When more than
50% of glands showed Ki-67-positive cells, the endometrium
was dated as postovulatory days 2-3 referring to retarded mat-
uration (Figure 1).

Strong staining of PR in the glands was dated as post-
ovulatory days 2—4. Less intense staining of the PR in the
glandular epithelial cells in contrast to the stromal cells, indi-
cating the down-regulation of PR, was dated as postovulatory
day 4-5.5 (Figure 1).

All results combined resulted in the final dating of the
endometrial biopsies as given in Table 1.

Endometrial tissue dating relation with serum
hormone levels

Serum E, and P levels showed a significant positive correla-
tion with endometrial dating by Noyes criteria in combina-
tion with the immunohistochemical assessment of markers
Ki-67 and PR (r = 0.568 P = 0.006 for serum E,, and r =
0.408 P = 0.023 for serum P; Figure 2A, B).

Endometrial tissue dating relation with proteins
and endometrial secretion fluid marker levels
Endometrial dating using the histological Noyes criteria com-
bined with PR and Ki-67 immunostaining showed no corre-
lation to the protein content in endometrial secretion fluids
(r = 0.013, P = 0.945; Figure 3C). In the ten subjects who
demonstrated adequate or advanced endometrial maturation

at the tissue level, analysis of USE revealed an optimal pattern
in four (40%), a suboptimal pattern in five (50%), and an
impaired luteal phase pattern in only one subject (10%)
(Figure 4).

Of the 21 subjects with slightly delayed endometrial matu-
ration according to the dating of endometrial biopsies, 12
(57%) subjects showed an optimal luteal phase pattern, 5
subjects (24%) a suboptimal, and 4 subjects (19%) an
impaired luteal phase pattern according to the assessments
of the endometrial secretion samples (Figure 4).

Endometrial secretion levels of GdA revealed a positive
correlation with endometrial dating (r = 0.376 P = 0.048;
Figure 3B). In contrast to GdA, secretory LIF (r = 0.105,
P =0.594 in Figure 3A) was not correlated with endometrial
dating.

Discussion

The principle aim of this study was to compare the assessment
of endometrial maturation parameters that can be measured
in endometrial secretion samples obtained by minimally inva-
sive techniques with those assessed in tissue biopsies. The
results of endometrial dating assessed by the combination
of the Noyes criteria and the immunohistochemical staining
patterns of endometrial PR and Ki-67 expression were com-
pared with the overall protein content, the one-dimensional
gel electrophoresis protein pattern as well as LIF and GdA
content of endometrial secretion fluids. As far as we are aware,

Figure 1. Immunostaining for the proliferation marker Ki-67 (MIB-1) (A, C) and the PR (B, D). Representative staining of two differently dated
endometrial biopsies obtained on the fifth day after ovulation (postovulatory days). Sample A, B was dated as postovulatory days 2—-3 (retarded
maturation) according to strong staining of PR and Ki-67 in the glands. Samples C and D was dated as postovulatory days 4-5 (adequate maturation)
according to weak staining of PR and no staining of Ki-67 in the glands. Magnification: 400x.
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Figure 2. Correlations between the endometrial tissue dating (postovu-
latory days) with the serum concentration of estradiol (E,) (A; r = 0.568,
P=0,001) and with the serum concentration of P (B; r = 0.408, P=0.023).

these factors have never been studied simultaneously in endo-
metrial secretions (obtained by aspiration or flushing) and
conventional endometrial maturation parameters in tissue
from the same subject.

Endometrial biopsy before embryo transfer in IVF cycles
negatively affects implantation rates.»!®?® In contrast, no
decrease in pregnancy rates have been observed following
transcervical aspiration of endometrial secretion fluids imme-
diately before embryo transfer.%!%28 This technique can be
applied during the window of implantation without disrupt-
ing the implantation process,®1%?8 and is associated with less
discomfort than endometrial suction microbiopsy.® More-
over, a single aspiration sample from 1 cm above the internal
os and a single tissue biopsy was previously observed in
hysterectomy specimens to be representative of other areas
sampled within the uterine cavity (H. Beier, pers. comm.).
No major complications following this approach have been
reported.

Endometrial dating by assessment of the protein patterns
of endometrial secretion fluids did not significantly corre-
late to that based on the combination of Noyes criteria and
immunohistochemical PR and Ki-67 staining patterns. Pre-

Endometrial maturation assessment by secretions
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Figure 3. Correlations between the endometrial tissue dating (postovu-
latory days) and LIF in endometrial secretions (A; r = 0.105, P = 0.594),
GdA (B; r = 0.376, P = 0.048) in endometrial secretions and protein
content in endometrial secretions (C; r = 0.013, P = 0.945).

vious studies have indicated that protein profile expression
in endometrial secretions undergo cyclical changes, demon-
strating significant differences between the proliferative,
periovulatory, and late secretory phases.?””? However,
the resolution of one-dimensional SDS-PAGE may be
insufficient to demonstrate changes in protein profile
expression within only few days between the early to
midluteal phase.

E, and P are the key modulators of endometrial matura-
tion. Consistent with this, a significant correlation was
observed between endometrial maturation determined by
the Noyes criteria combined with immunohistochemical
assessments, and serum E and P levels.

The total protein content of endometrial secretion samples
did not vary according to endometrial dating at the tissue
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Figure 4. Number of women with optimal luteal phase pattern (black
bars), suboptimal (grey bars), and impaired luteal phase pattern (white
bars) according to scored protein profiles in endometrial secretions com-
pared with endometrial dating (postovulatory days) determined in endo-
metrial tissue obtained on the fifth day after ovulation. Only five women
showed an impaired luteal phase pattern but independent of the endo-
metrial dating.

level. This finding is consistent with several other studies that
did not find a significant cycle-dependent variation of the
total protein content of endometrial flushings.**-*? In con-
trast, two studies reported a higher protein content in endo-
metrial secretion samples retrieved from secretory phase.’®3*
This discrepancy may be because of differences in analysing
techniques. Moreover, different proteins may subtly vary dur-
ing the menstrual cycle without measurable variations in the
total protein content. It is likely that changes are too small and
the present method of analysis too crude to discriminate
cyclic variation.

Two specific proteins reported to have key roles in implan-
tation, GdA and LIF,* were analysed in the endometrial
secretion samples. LIF has been shown to be essential for
implantation in mice*® and is upregulated in the human
endometrium at the time of implantation.?”*® LIF modulates
the invasiveness of trophoblast cells*® and affects immune
tolerance by controlling human leucocyte antigen G expres-
sion of invasive cytotrophoblast cells** during implantation.
It has been suggested that impaired LIF production may
underlie some cases of recurrent miscarriage.*"*> Further-
more, the amount of LIF in endometrial flushings was
described to be highly predictive for pregnancy in the future
menstrual cycles.*> However, this study was based on returned
voluntary questionnaires.

We detected LIF in aspirated endometrial secretions in all
women with endometrial tissue dating of 2 days or later after
ovulation. This is consistent with previous studies which have
shown that LIF appears in endometrial flushings in the early
luteal phase from postovulatory day 2 and onwards.!®2° How-
ever, the present study showed no correlation between LIF
levels in endometrial secretion samples with the P serum con-
centration in the early luteal phase. Furthermore, we found no
significant correlation between LIF and endometrial matura-

tion based on the combined assessments at the tissue level.
This may be because of the large range of the LIF concen-
trations observed in endometrial secretions.!®10:20:44 Fur-
thermore, there is evidence that LIF expression is not
primarily modulated by steroid hormones,*> but by trans-
forming growth factor-B, tumour necrosis factor-a and
interleukin 1B.%¢ Although LIF has been shown to be crucial
for implantation in mice,* its importance and regulation
pathways in human implantation remains unclear. In
a recent study, LIF therapy failed to improve the outcome
of IVF treatment in women with recurrent implantation
failure.*” In our study, we could not show a distinct corre-
lation between endometrial maturation and LIF content of
endometrial secretion fluids, probably because LIF is also
strongly regulated by cytokines. In conclusion, the LIF con-
tent of endometrial secretion fluids does not appear to
reflect endometrial maturity.

The second candidate marker for endometrial maturation
was GdA. Global gene profiling studies revealed a significant
increase of GdA expression during the window of implanta-
tion.!? Furthermore, endometrial gene expression studies sug-
gest that sex steroids play an important role in regulating
endometrial GdA expression.?® Like LIF, GdA may also sup-
press the maternal immune response possibly through sup-
pression of the natural killer cells,*’ and an immunoprotective
role for GdA during implantation and placentation has been
proposed.>®

In this study, GdA was detected in endometrial secretions
when the endometrium was dated as postovulatory day 2 and
onwards. Additionally, GdA expression increased together
with the endometrial maturation detected at the tissue level.
This is consistent with a previous study showing a positive
correlation between GdA levels in endometrial flushings and
endometrial maturation.!” Other studies have identified GdA
in uterine flushings 3-4 days after ovulation.!”! Moreover,
fertile patients showed higher levels of GdA in uterine flush-
ings compared with the subfertile controls,>? suggesting that
an increase of GdA might facilitate implantation. In the pres-
ent study, GdA protein levels in the endometrial fluid clearly
correlated with the combined endometrial dating using the
Noyes criteria and immunohistochemical marker. These find-
ings support a possible role for endometrial secretion GdA
level as a marker of endometrial maturation. Further studies
are required to ascertain whether endometrial secretion GdA
concentrations provide a more specific and sensitive predictor
of implantation.

Although the study subjects met certain inclusion and
exclusion criteria and were similar in terms of cycle character-
istics, they differed in cause of subfertility. However, since
both endometrial secretion and biopsy material were com-
pared within each subject and each subject was its own con-
trol, the effect of heterogeneous fertility on the presented
analysis is likely to be limited.
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Conclusions

In conclusion, we showed that putative secretory receptivity
markers can be simultaneously analysed in endometrial secre-
tions, which can be retrieved without disrupting endometrial
receptivity. Only the GdA level was significantly correlated
with endometrial dating. Therefore, the measurement of
GdA in noninvasively obtained endometrial secretion samples
may represent a novel diagnostic tool to monitor endometrial
maturation in a way that does not affect implantation. This
study also demonstrated that it is possible to assess a small
array of putative receptivity markers simultaneously in a single
endometrial secretion sample. Although further work will be
required to confirm the findings of this preliminary study,
this approach opens the possibility for studying the complex
intrauterine regulatory networks before implantation and the
identification of further important regulators of endometrial
maturation and receptivity. In contrast to more invasive tech-
niques, endometrial fluid aspiration may make it possible to
correlate such markers directly with successful implantation.
Clinical applications could include the assessment of endo-
metrial maturation during an IVF treatment cycle, allowing
embryos to be frozen rather than transferred to a suboptimal
intrauterine milieu, and the evaluation of interventions
designed to improve endometrial receptivity.
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