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Abstract: Failure of the embryo to implant now constitutes the major limiting step in IVF treatment. Successful
implantation requires a vital embryo and an effective molecular dialogue with a ‘receptive’ endometrium. However,
what precisely constitutes a receptive human endometrium remains poorly defined. Several observations have
indicated that ovarian stimulation for IVF may impair endometrial receptivity. The histological approach to moni-
tor 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 IVF. In recent years, several studies have been reported that the
removal of endometrial secretions immediately prior to embryo transfer provides sufficient material for analysis of
markers of receptivity without disrupting embryo implantation. Therefore, analysis of protein patterns in endometrial
secretion fluid may offer a relatively non-invasive means of assessing endometrial receptivity during fertility treat-
ment cycles. Several studies have shown that protein profile expression in endometrial secretions undergo cyclical
changes, and demonstrated significant differences between the natural cycle and stimulated cycle. These findings
suggest that endometrial secretion analysis provide a novel means of investigating the effect of ovarian stimulation
on the intrauterine environment at the time of embryo transfer, which may help to develop less disruptive ovarian
stimulation protocols for IVF in the future.
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Introduction

Despite many advances in assisted reproduc-
tion techniques, implantation rates are still low
after in vitro fertilization (IVF) and controlled
ovarian stimulation [1]. Embryo implantation
failure remains the major rate-limiting step in
IVF success [2]. Although the quality of the
embryo is considered to be the principle deter-
minant of successful implantation, appropriate
endometrial maturation and receptivity are
necessary. Successful implantation and preg-
nancy require a vital embryo and an effective
molecular dialogue with a ‘receptive’ endome-
trium [3]. However, what precisely constitutes a
receptive human endometrium remains poorly
defined.

Human implantation is a complicated process
which is dependent on multiple, successive
interactions between the embryo and the endo-

metrium. It is only successful when it occurs
during a brief period of the secretory phase of
the menstrual cycle [4], usually referred to as
the ‘window of implantation’ or ‘window of
receptivity’ [5]. The duration of this putative
‘window of implantation’ is primarily determined
by sex steroids [6], which regulate the expres-
sion of locally acting growth factors, transcrip-
tion factors, cytokines and chemokines [3, 6].

Ovarian stimulation is used in IVF programs to
collect multiple oocytes and to produce multi-
ple embryos per cycle of treatment. Although
this procedure enables selection of high quality
embryos for transfer, ovarian stimulation also
results in supraphysiological levels of P and E2.
These elevated sex steroid concentrations may
impair endometrial receptivity [6].

Many approaches to assessing endometrial
maturation and receptivity have been described
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[8]. Still the most widely used method remains
that introduced by Noyes et al. [9], who defined
maturation in terms of histological criteria.
However, 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 IVF [10]. In recent
years, less invasive techniques have become
available to study endometrial maturation.
Aspiration and flushing of the endometrial cav-
ity in the peri-implantation period of menstrual
cycles has been performed without detrimental
effect on pregnancy rates [10-12]. Analysis of
protein patterns in endometrial secretion fluid
may offer a relatively non-invasive means of
assessing endometrial receptivity during fertili-
ty treatment cycles. This technique therefore
offers a useful alternative to histological evalu-
ation of endometrial biopsies. Several studies
have indicated that protein profile expression in
endometrial secretions undergo cyclical chang-
es, and demonstrated significant differences
between the natural cycle and stimulated cycle
[12-14]. Endometrial secretion analysis may
open a new ‘window’ on endometrial receptivi-
ty, implantation and the factors which modu-
late this complex and elusive process. These
may provide diagnostic markers of endometrial
receptivity, critical for improving current assist-
ed reproductive technologies. In this review, we
summarize current knowledge concerning cha-
nges in the protein expression of endometrial
secretion in the natural cycle and stimulated
cycle.

Endometrial secretion in the natural cycle

The viscous fluid secreted by the endometrium,
which reflects endometrial function as well as
the embryo-endometrial dialogue prior to
implantation, is important compartment in the
assessment of endometrial maturation and dif-
ferentiation. The cross-talk that occurs between
the embryo and endometrium prior to and dur-
ing the process of implantation results in pro-
duction and release of molecules into endome-
trial secretion. The expression of these mole-
cules is temporally related to the phase of
endometrial development [10]. During the peri-
od of the secretory phase of the menstrual
cycle, the secretions are rich in carbohydrates,
glycoproteins, lipids, binding and nutrient trans-
port proteins, ions, glucose, cytokines, enzym-
es, hormones, growth factors, proteases and
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their inhibitors and other substances [15, 16].
Therefore they may provide an important
source of nutrients for energy and elements for
anabolic pathways within the feto-placental
unit, regulate placental development, and also
modulate maternal immunological responses
to the placental tissues [15]. In particular,
these secreted proteins are believed to play
broader roles in regulating endometrial recep-
tivity. Endometrial secretion has been shown to
undergo significant changes in protein content
in the transition from the proliferative into the
secretory phase [17]. Endometrial secretion
composition varies during the menstrual cycle
as a result of changes in ovarian steroid serum
concentration [18].

The importance of uterine secretions is empha-
sized in a sheep model, where uterine gland
formation is inhibited and pregnancy cannot be
established [19]. Deficient glandular activity,
usually described as a ‘secretory phase defect’,
has been hypothesized to be an underlying
cause of early pregnancy failure in humans
[20]. Disrupted secretion of individual soluble
factors including cytokines and growth factors
into the uterine lumen has been correlated with
infertility [12, 21, 22].

Previous studies have shown that expression of
glycodelin A (GdA) [23], leukaemia inhibitory
factor (LIF) [24-26], macrophage colony-stimu-
lating factor (M-CSF), epidermal growth factor
(EGF), vascular endothelial growth factor
(VEGF) [27], interleukins [28], prolactin, insulin-
like growth factor binding protein-1 (IGFBP-1)
and human chorionic gonadotrophin (HCG) [29]
were detected in the endometrial secretion
fluid, obtained during the luteal phase. In recent
years, an approach has been described where-
by endometrial secretion directly aspirated
from uterine cavity can be analyzed for the pro-
tein expression. Several studies have demon-
strated quantitative and qualitative changes of
the protein patterns of endometrial secretion
during the menstrual cycle. Particular attention
has been paid to LIF and GdA, which have been
shown to be crucial for successful implanta-
tion. These proteins vary during the menstrual
cycle [13, 25, 30, 31], and appear to be differ-
entially expressed between fertile and subfer-
tile women [13, 25, 32-34]. Macklon and col-
leagues have reported detectable expression
of LIF in aspirated endometrial secretions in
women with endometrial tissue dating of 2
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days or later after ovulation [13]. This is consis-
tent with previous studies which have shown
that LIF appears in endometrial flushings in the
early luteal phase from postovulatory day 2 and
onwards [25, 33]. However, Macklon et al
showed no correlation between LIF levels in
endometrial secretion samples with the pro-
gesterone serum concentration in the early
luteal phase, as well as, no significant correla-
tion between LIF and endometrial maturation.
This may be because of the large range of the
LIF concentrations observed in endometrial
secretions [11, 25, 26, 33]. Therefore, the LIF
content of endometrial secretion fluids does
not appear to reflect endometrial maturity [13].
However, LIF concentrations in flushings from
women with unexplained infertility were signifi-
cantly lower than those in flushings from nor-
mal fertile women, suggesting that LIF play an
important role in human embryo implantation.
Further studies are needed to clarify this
discrepancy.

Global gene profiling studies revealed a signifi-
cant increase of GdA expression during the win-
dow of implantation [35]. Furthermore, endo-
metrial gene expression studies suggest that
sex steroids play an important role in regulating
endometrial GdA expression [36]. GdA was
detected in endometrial secretions when the
endometrium was dated as postovulatory day 2
and onwards, and GdA expression increased
together with the endometrial maturation
detected at the tissue level [13]. This is consis-
tent with a study showing a positive correlation
between GdA levels in endometrial flushings
and endometrial maturation [30]. Moreover,
fertile patients showed higher levels of GdA in
uterine flushings compared with the subfertile
controls [37], suggesting that an increase of
GdA might facilitate implantation. These find-
ings support a possible role for endometrial
secretion GdA level as a marker of endometrial
maturation [13].

Hannan and colleagues assessed the prote-
ome of endometrial secretions using 2D-diff-
erential in gel electrophoresis (2D-DiGE) [38].
Comparison of protein abundances between
either different cycle stages, or fertile and infer-
tile women, revealed that several proteins are
present at altered levels dependent on cycle
stage or fertility status. These proteins were
identified by mass spectrometry, including anti-
thrombin Il and alpha-2-macroglobulin, whose
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production was confirmed in endometrial epi-
thelium. Their staining pattern suggests roles
during embryo implantation. Assessment of the
human endometrial secretome has identified
differences in the protein content of endome-
trial secretions with respect to receptivity and
fertility. However, no cytokines or growth fac-
tors were identified in this study. This is likely to
reflect the limited sensitivity of the 2D-DiGE
approach, rather than their absence, particu-
larly for proteins of lower molecular mass.
Further studies including fractionation of the
lower molecular weight range and specific mul-
tiplex analysis of cytokines and growth factors
in the endometrial secretions are needed to
identify such regulatory proteins, and whether
their abundance changes in endometrial secre-
tions during the menstrual cycle.

In a study, Elortza described a comprehensive
catalogue of proteins of the endometrial secre-
tions during the secretory phase of the men-
strual cycle [39]. Three different but comple-
mentary strategies were used. The combina-
tion of the three strategies led to the success-
ful identification of 803 different proteins in the
International Protein Index (IPl) human data-
base. An extensive description of the endome-
trial secretions proteome will help provide the
basis for a better understanding of a number of
diseases and processes, including endometrio-
sis, endometrial cancer and embryo implanta-
tion. Therefore, the thorough catalogue of pro-
teins presented can serve as a valuable refer-
ence for the study of embryo implantation and
for future biomarker discovery involved in
pathologic alterations of endometrial function.

Endometrial secretion in the stimulated cycle

It has been indicated that the removal of endo-
metrial secretions immediately prior to embryo
transfer provides sufficient material for analy-
sis of markers of receptivity without disrupting
embryo implantation. This approach may over-
come one of the barriers to the in-vivo investi-
gation of endometrial receptivity in conception
cycles: disruption of the process of implanta-
tion. No discomfort or side effects of the aspira-
tion were reported by any of the patients [10].
With this technique, factors that are involved in
endometrial differentiation and receptivity can
be directly related to the outcomes of embryo
transfer. Previous studies employing Noyes’ cri-
teria to date endometrium at the time of oocyte
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retrieval have shown ovarian stimulation to be
associated with advancement of endometrial
maturation [40-43]. However, it is uncertain to
what extent data derived from the peri-ovulato-
ry period can be extrapolated to the peri-
implantation phase. Recently, the impact of
ovarian stimulation on endometrial maturation
during the luteal phase has been studied in
both endometrial biopsies and in endometrial
secretions. It has been demonstrated that
ovarian stimuialion has little impact on tissue-
derived markers of endometrial maturation or
on LIF, GdA, and progesterone concentrations
in the uterine secretion during the window of
implantation [44]. Another study also showed
no difference in LIF concentrations in endome-
trial secretions after IVF stimulation compared
with the group without stimulation [11].

Boomsma and colleagues have elucidated the
impact of ovarian stimulation on the levels of
key regulatory cytokines, chemokines, and
growth factors in endometrial secretion at the
time of embryo transfer [12, 14, 45]. Endom-
etrial secretions aspirated in the spontaneous
cycle 6 days after the LH surge or prior to
embryo transfer were analyzed by a multiplex
immunoassay. The profile of 17 soluble media-
tors included IL-1B, IL-5, IL-6, IL-10, IL-12, IL-15,
IL-17, IL-18, tumor necrosis factor-oo (TNF-),
interferon-y (IFN-y), macrophage migration
inhibitory factor (MIF), eotaxin, interferon-y
inducible protein-10 (IP-10), monocyte chemo-
tactic protein-1 (MCP-1), Dickkopf homolog-1
(Dkk-1), heparin-binding epidermal growth fac-
tor (HbEGF) and vascular endothelial growth
factor (VEGF) in endometrial secretions have
been characterized. A number of mediators
were excluded from the panel, either because
appropriate antibodies were not available (gly-
codelin), or because of problems arising from
cross-interference (IL-11, LIF and M-CSF). It
has been shown that ten mediators (IL-1(, IL-6,
IL-12, IL-18, TNF-a, MIF, eotaxin, MCP-1, IP-10,
VEGF) were detectable in 90-100% of the sam-
ples. HbEGF, IL-5, IL-17, IL-10, Dkk-1 and IL-15
were detected in 23-76%, whereas IFN-y was
not detectable in any of the samples. The endo-
metrial cytokine profile differed significantly
from cervical mucus [12]. Moreover, significant-
ly higher concentrations of IL-13, IL-5, IL-10,
IL-12, IL-17, TNF-a, eotaxin, Dkk-1, and heparin-
binding EGF were present in endometrial secre-
tions obtained in stimulated compared with
natural cycles. The IL-6, MIF, and VEGF-A were
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also differentially expressed after ovarian stim-
ulation, although not significantly after correc-
tion for multiple testing. The VEGF-A was the
only mediator that demonstrated a reduced
concentration after ovarian stimulation [14]. An
explanation for the increase in the concentra-
tions of most mediators after ovarian stimula-
tion may be an increased cytokine expression
by endometrial stromal and epithelial cells
under the influence of high E2 and P levels.
However, it may also be caused by an increased
number of uterine natural killer (UNK) cells
present in the endometrium under the influ-
ence of supraphysiological levels of E [46] and
after ovarian stimulation [47]. This is unconsis-
tent with previous studies which have shown
that secretion levels of LIF and glycodelin A are
investigated by ELISA and no significant differ-
ences are observed when comparing natural
with stimulated cycles. However, this may be
attributed to the low number of patients includ-
ed in previous studies (n=8) [48, 49].

Furthermore, Boomsma et al explored whether
a cytokine profile predictive of implantation and
clinical pregnancy can be identified in endome-
trial secretions. It has been indicated signifi-
cant associations (negative and positive asso-
ciation, respectively) between MCP-1 and IP-10
levels and implantation, and between IL-13 and
TNF-« levels and clinical pregnancy. The predic-
tive value for pregnancy of IL-13 and TNF-a was
observed to be equivalent and additive to that
of embryo quality [45]. MCP-1 has been shown
to be a potent attractant and activator of uter-
ine natural killer (uNK) cells [50]. High numbers
of uNK cells have been related to miscarriage
and infertility [51], which may be consistent
with lower secretion levels of MCP-1 being
associated with higher implantation rates.
IP-10 was demonstrated to stimulate the
expression of integrin subunits in trophoblast
cells, and recombinant IP-10 promoted adhe-
sion of trophoblast cells to endometrial epithe-
lial cells [52]. The observation that the levels of
IL-1B and TNF-o are significantly related to
achieving a clinical pregnancy and not embryo
implantation suggests that these mediators
may have a more important role in later stages
of implantation rather than initial apposition
and adhesion of the embryo. These results also
suggest that the ratio of TNF-a and IL-13 may
serve as an indicator of endometrial receptivity,
rather than individual absolute values of these
mediators, since both coefficients are fairly
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similar in magnitude but opposite in direction.
Although the predictive value of the markers
selected in these studies is too low to be clini-
cally useful, it is noteworthy that the predictive
values of the cytokine secretion profile and
embryo quality were ‘additive’, indicating that
the endometrium is not simply facilitatory in the
implantation process, but is also itself an inde-
pendent determinant of outcome. In the same
study, Boomsma also further confirmed that
pregnancy rates were not reduced in women
undergoing this procedure prior to embryo
transfer in a larger cohort of patients.

Bacterial vaginosis (BV) has been reported to
be associated with a significant increased risk
of miscarriage in the first trimester in women
undergoing IVF, independent of other risk fac-
tors [53, 54]. The mechanism by which BV may
diminish IVF outcome is unclear. A study has
been undertaken to elucidate whether BV is
associated with a proinfammatory endometrial
secretion cytokine profile and whether there is
a relationship between BV and the concentra-
tions of a number of key regulatory cytokines,
chemokines and growth factors. It has been
indicated that BV is associated with higher con-
centrations of IL-1B in endometrial secretions
compared with women without BV. However, no
significant differences were found in the ratios
of distinct pro- and anti-inflammatory cytokines
in endometrial secretions from women with or
without BV [55]. It has been able to show that
BV does not significantly affect the intrauterine
cytokine profile, since only marginal differenc-
es towards a pro-inflammatory milieu were
observed. Therefore, it can be concluded that
the impact of BV on endometrial receptivity is
likely to be minor. Screening for BV in women
with implantation failure is not recommended
on the basis of these results.

In conclusion, endometrial secretion analysis
provides a novel means of investigating the
effect of ovarian stimulation on the intrauterine
environment at the time of embryo transfer,
which may help to develop less disruptive ovar-
ian stimulation protocols for IVF in the future.

Prospect

The continuing high rate of implantation failure
observed in assisted reproduction technolo-
gies has driven the search for clinical markers
of endometrial receptivity. Many candidate
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markers have been proposed, including integ-
rins, glycodelin and LIF [26, 56, 57]. However,
none have as yet been shown to be valuable
clinically.

Endometrial secretion aspiration immediately
prior to embryo transfer is well tolerated, safe
to perform, and the aspiration provides suffi-
cient material for analysis. This technique may
therefore offer a clinically useful approach to
study the endometrial factor in embryo implan-
tation. Several studies have been undertaken
to explore that protein profile expression in
endometrial secretions. Although further work
will be required to confirm the findings of above
preliminary study, this approach opens the pos-
sibility for studying the complex intrauterine
regulatory networks before implantation and
the identification of further important regula-
tors of endometrial maturation and receptivity.
In contrast to more invasive techniques, endo-
metrial secretion aspiration may make it possi-
ble to correlate such markers directly with suc-
cessful implantation. Clinical applications
could include the assessment of endometrial
maturation during an IVF treatment cycle, allow-
ing embryos to be frozen rather than trans-
ferred to a suboptimal intrauterine milieu, and
the evaluation of interventions designed to
improve endometrial receptivity. However, as
yet, the clinical value of endometrial secretion
analysis in terms of predicting endometrial
receptivity and consequently fertility are limit-
ed. Although it is a promising technique, endo-
metrial secretion analysis has a number of limi-
tations amenable to improvement. First, cer-
tain proposed markers of the window of implan-
tation were excluded in the multiplex immuno-
assay. In order to refine the array, novel poten-
tial markers for endometrial receptivity should
be included in future studies. In addition, one-
quarter of endometrial secretions showed visu-
al signs of blood contamination, which was
shown to affect the results of a number of
mediators. The other problem was that concen-
trations of certain mediators were frequently
below the reliable detection limit, which may
complicate statistical analyses. Furthermore,
as yet, proteomic analysis of endometrial secre-
tions using proteomic techniques has not been
able to constitute a potentially valuable means
of assessing endometrial receptivity. Therefore,
further development and application of such
techniques are required to elucidation of what
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constitutes the optimal periconceptional uter-
ine environment for implantation, and the
impact of ovarian stimulation on endometrial
receptivity. In particular, future studies should
be performed to ascertain more specific and
sensitive predictors of implantation. Such mar-
kers would be of significant clinical value, espe-
cially for women undergoing IVF procedures.

Acknowledgements

This work is supported by National Natural
Science Foundation of China No. 31170870 (to
L-P Jin) and Natural Science Foundation of
Shanghai 10ZR1405100 (to L-P Jin).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Li-Ping Jin, Labo-
ratory for Reproductive Immunology, Hospital and
Institute of Obstetrics and Gynecology, Fudan
University Shanghai Medical College, Shanghai
200011, China. E-mail: zjplp2004@yahoo.com.cn

References

[1] Donaghay M, Lessey BA. Uterine receptivity:
alterations associated with benign gynecologi-
cal disease. Semin Reprod Med 2007; 25:
461-475.

[2] Macklon NS, Stouffer RL, Giudice LC, Fauser
BC. The science behind 25 years of ovarian sti-
mulation for in vitro fertilization. Endocr Rev
2006; 27: 170-207.

[3] Wang H, Dey SK. Roadmap to embryo implan-
tation: clues from mouse models. Nat Rev
Genet 2006; 7: 185-199.

[4]  Wilcox AJ, Baird DD, Weinberg CR. Time of im-
plantation of the conceptus and loss of pre-
gnancy. N Engl J Med 1999; 340: 1796-1799.

[5] Psychoyos A. The implantation window: basic
and clinical aspects. In: Mori T, Aono T,
Tominaga T, Hiroi M, editors. In Perspectives in
Assisted Reproductio. Rome: Ares Serono
Symposia 1993; 4: pp: 57-62.

[6] Dey SK, Lim H, Das SK, Reese J, Paria BC,
Daikoku T, Wang H. Molecular cues to implan-
tation. Endocr Rev 2004; 25: 341-373.

[7]1 Bourgain C, Devroey P. The endometrium in sti-
mulated cycles for IVF. Hum Reprod Update
2003; 9: 515-522.

[8] Diedrich K, Fauser BC, Devroey P, Griesinger G.
The role of the endometrium and embryo in
human implantation. Hum Reprod Update
2007; 13: 365-377.

[91 Noyes RW, Hertig AT, Rock J. Dating the endo-
metrial biopsy. Fertil Steril 1950; 1: 3-25.

1969

(10]

(11]

[12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

van der Gaast MH, Beier-Hellwig K, Fauser BC,
Beier HM, Macklon NS. Endometrial secretion
aspiration prior to embryo transfer does not
reduce implantation rates. Reprod Biomed
Online 2003; 7: 105-109.

Olivennes F, Lédée-Bataille N, Samama M,
Kadoch J, Taupin JL, Dubanchet S, Chaouat G,
Frydman R. Assessment of leukemia inhibitory
factor levels by uterine flushing at the time of
egg retrieval does not adversely affect pre-
gnancy rates with in vitro fertilization. Fertil
Steril 2003; 79: 900-904.

Boomsma CM, Kavelaars A, Eijkemans MJ,
Amarouchi K, Teklenburg G, Gutknecht D,
Fauser BJ, Heijnen CJ, Macklon NS. Cytokine
profiling in endometrial secretions: a non-inva-
sive window on endometrial receptivity. Reprod
Biomed Online 2009; 18: 85-94.

van der Gaast MH, Macklon NS, Beier-Hellwig
K, Krusche CA, Fauser BC, Beier HM, Classen-
Linke I. The feasibility of a less invasive method
to assess endometrial maturation-compari-
son of simultaneously obtained uterine secre-
tion and tissue biopsy. BJOG 2009; 116: 304-
312.

Boomsma CM, Kavelaars A, Eijkemans MJ,
Fauser BC, Heijnen CJ, Macklon NS. Ovarian
stimulation for in vitro fertilization alters the
intrauterine cytokine, chemokine, and growth
factor milieu encountered by the embryo. Fertil
Steril 2010; 94: 1764-1768.

Hempstock J, Cindrova-Davies T, Jauniaux E,
Burton GJ. Endometrial glands as a source of
nutrients, growth factors and cytokines during
the first trimester of human pregnancy: a mor-
phological and immunohistochemical study.
Reprod Biol Endocrinol 2004; 2: 58.

Kane MT, Morgan PM, Coonan C. Peptide
growth factors and preimplantation develop-
ment. Hum Reprod Update 1997; 3: 137-157.
Beier HM, Beier-Hellwig K. Molecular and cel-
lular aspects of endometrial receptivity. Hum
Reprod Update 1998; 4: 448-458.

Maathuis JB, Aitken RJ. Protein patterns of hu-
man uterine flushings collected at various
stages of the menstrual cycle. J Reprod Fertil
1978; 53: 343-348.

Gray CA, Burghardt RC, Johnson GA, Bazer FW,
Spencer TE. Evidence that absence of endo-
metrial gland secretions in uterine gland knoc-
kout ewes compromises conceptus survival
and elongation. Reproduction 2002; 124:
289-300.

Burton GJ, Jauniaux E, Charnock-Jones DS.
Human early placental development: potential
roles of the endometrial glands. Placenta
2007; 28 Suppl A: S64-S69.

Mikolajczyk M, Wirstlein P, Skrzypczak J.
Leukaemia inhibitory factor and interleukin 11

Int J Clin Exp Pathol 2013;6(10):1964-1971


mailto:zjplp2004@yahoo.com.cn

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Changes in endometrial secreted proteins

levels in uterine flushings of infertile patients
with endometriosis. Hum Reprod 2006; 21:
3054-3058.

Dimitriadis E, Stoikos C, Stafford-Bell M, Clark
I, Paiva P, Kovacs G, Salamonsen LA.
Interleukin-11, IL-11 receptor alpha and leuke-
mia inhibitory factor are dysregulated in endo-
metrium of infertile women with endometriosis
during the implantation window. J Reprod
Immunol 2006; 69: 53-64.

Li TC, Dalton C, Hunjan KS, Warren MA, Bolton
AE. The correlation of placental protein 14
concentrations in uterine flushing and endo-
metrial morphology in the peri-implantation
period. Hum Reprod 1993; 8: 1923-1927.
Cullinan EB, Abbondanzo SJ, Anderson PS,
Pollard JW, Lessey BA, Stewart CL. Leukemia
inhibitory factor (LIF) and LIF receptor expres-
sion in human endometrium suggests a poten-
tial autocrine/paracrine function in regulating
embryo implantation. Proc Natl Acad Sci U S A
1996; 93: 3115-3120.

Laird SM, Tuckerman EM, Dalton CF, Dunphy
BC, Li TC, Zhang X. The production of leukae-
mia inhibitory factor by human endometrium:
presence in uterine flushings and production
by cells in culture. Hum Reprod 1997; 12: 569-
574.

Ledee-Bataille N, Lapree-Delage G, Taupin JL,
Dubanchet S, Frydman R, Chaouat G. Concen-
tration of leukaemia inhibitory factor (LIF) in
uterie flushing fluid is highly predictive of em-
bryo implantation. Hum Reprod 2002; 17: 213-
218.

Classen-Linke 1, Alfer J, Krusche CA, Chwalisz
K, Rath W, Beier HM. Progestins, progesterone
receptor modulators, and progesterone anta-
gonists change VEGF release of endometrial
cells in culture. Steroids 2000; 65: 763-771.
Simén C, Moreno C, Remohi J, Pellicer A.
Molecular interactions between embryo and
uterus in the adhesion phase of human im-
plantation. Hum Reprod 1998; 13 Suppl 3:
219-232; discussion 233-236.

Licht P, Lésch A, Dittrich R, Neuwinger J,
Siebzehnribl E, Wildt L. Novel insights into
human endometrial paracrinology and em-
bryo-maternal communication by intrauterine
microdialysis. Hum Reprod Update 1998; 4:
532-538.

Tuckerman E, Laird SM, Stewart R, Wells M, Li
TC. Markers of endometrial function in women
with unexplained recurrent pregnancy loss: a
comparison between morphologically normal
and retarded endometrium. Hum Reprod
2004; 19: 196-205.

Li TC, Ling E, Dalton C, Bolton AE, Cooke ID.
Concentration of endometrial protein PP14 in
uterine flushings throughout the menstrual

1970

[32]

(33]

(34]

[35]

(36]

(37]

(38]

[39]

[40]

[42]

cycle in normal, fertile women. Br J Obstet
Gynaecol 1993; 100: 460-464.

Mackenna A, Li TC, Dalton C, Bolton A, Cooke |.
Placental protein 14 levels in uterine flushing
and plasma of women with unexplained inferti-
lity. Fertil Steril 1993; 59: 577-582.
Mikolajczyk M, Skrzypczak J, Szymanowski K,
Wirstlein P. The assessment of LIF in uterine
flushing—-a possible new diagnostic tool in
states of impaired fertility. Reprod Biol 2003;
3:259-270.

Dalton CF, Laird SM, Serle E, Saravelos H,
Warren MA, Li TC, Bolton AE. The measure-
ment of CA 125 and placental protein 14 in
uterine flushings in women with recurrent mis-
carriage; relation to endometrial morphology.
Hum Reprod 1995; 10: 2680-2684.

Kao LC, Tulac S, Lobo S, Imani B, Yang JP,
Germeyer A, Osteen K, Taylor RN, Lessey BA,
Giudice LC. Global gene profiling in human en-
dometrium during the window of implantation.
Endocrinology 2002; 143: 2119-2138.
Horcajadas JA, Pellicer A, Simon C. Wide geno-
mic analysis of human endometrial receptivity:
new times, new opportunities. Hum Reprod
Update 2007; 13: 77-86.

Dalton CF, Laird SM, Estdale SE, Saravelos HG,
Li TC. Endometrial protein PP14 and CA-125 in
recurrent miscarriage patients; correlation
with pregnancy outcome. Hum Reprod 1998;
13: 3197-3202.

Hannan NJ, Stephens AN, Rainczuk A, Hincks
C, Rombauts LJF, Salamonsen LA. 2D-DiGE
Analysis of the Human Endometrial Secretome
Reveals Differences between Receptive and
Nonreceptive States in Fertile and Infertile
Women. J Proteome Res 2010; 9: 6256-6264.
Casado-Vela J, Rodriguez-Suarez E, lloro |,
Ametzazurra A, Alkorta N, Garcia-Velasco JA,
Matorras R, Prieto B, Gonzalez B, Nagore D,
Simoin L, Elortza F. Comprehensive Proteomic
Analysis of Human Endometrial Fluid. J
Proteome Res 2009; 8: 4622-4632.
Develioglu OH, Hsiu JG, Nikas G, Toner JP,
Oehninger S, Jones HW Jr. Endometrial estro-
gen and progesterone receptor and pinopode
expression in stimulated cycles of oocyte do-
nors. Fertil Steril 1999; 71: 1040-1047.
Kolibianakis E, Bourgain C, Albano C, Osm-
anagaoglu K, Smitz J, Van Steirteghem A,
Devroey P. Effect of ovarian stimulation with
recombinant follicle-stimulating hormone, go-
nadotropin releasing hormone antagonists,
and human chorionic gonadotropin on endo-
metrial maturation on the day of oocyle pickup.
Fertil Steril 2002; 78: 1025-1029.

Saadat P, Boostanfar R, Slater CC, Tourgeman
DE, Stanczyk FZ, Paulson RJ. Accelerated en-
dometrial maturation in the luteal phase of

Int J Clin Exp Pathol 2013;6(10):1964-1971



[43]

[44]

[45]

[46]

[47]

(48]

[49]

Changes in endometrial secreted proteins

cycles utilizing controlled ovarian hyperstimu-
lation: impact of gonadotropin-releasing hor-
mone agonists versus antagonists. Fertil Steril
2004; 82: 167-171.

Papanikolaou EG, Bourgain C, Kolibianakis E,
Tournaye H, Devroey P. Steroid receptor ex-
pression in late follicular phase endometrium
in GnRH antagonist IVF cycles is already alte-
red, indicating initiation of early luteal phase
transformation in the absence of secretory
changes. Hum Reprod 2005; 20: 1541-1547.
van der Gaast MH, Classen-Linke |, Krusche
CA, Beie-Hellwig K, Fauser BCJM, Beier HM,
Macklon NS. Impact of ovarian stimulation on
mid-luteai endometriai tissue and secretion
markers of receptivity. Reprod Biomed Online
2008; 17: 553-563.

Boomsma CM, Kavelaars A, Eijkemans MJC,
Lentjes EG, Fauser BCJM, Heijnen CJ, Macklon
NS. Endometrial secretion analysis identifies a
cytokine profile predictive of pregnancy in in-
vitro fertilization. Hum Reprod 2009; 24:
1427-1435.

Deloia JA, Stewart-Akers AM, Brekosky J,
Kubik CJ. Effects of exogenous estrogen on
uterine leukocyte recruitment. Fertil Steril
2002; 77: 548-554.

Lukassen HG, Joosten |, van Cranenbroek B,
van Lierop MJ, Bulten J, Braat DD, van der
Meer A. Hormonal stimulation for IVF treat-
ment positively affects the CD56bright/
CD56dim NK cell ratio of the endometrium
during the window of implantation. Mol Hum
Reprod 2004; 10: 513-520.

van Mourik MSM, Heijnen CJ, Macklon NS.
Embryonic implantation: cytokines, adhesion
molecules and immune cells is establishing an
implantation environment. Leukocyte Biol
2008; 85: 4-19.

Van der Gaast MH, Classen-Linke |, Krusche
CA, Beier-Hellwig K, Fauser BC, Beier HM,
Macklon NS. Impact of ovarian stimulation on
mid-luteal endometrial tissue and secretion
markers of receptivity. Reprod Biomed Online
2008; 7: 553-563.

1971

(50]

(51]

[52]

(53]

[54]

[55]

[56]

[57]

MacLaughlin DT, Richardson GS. Analysis of
human uterine luminal fluid proteins following
radiolabeling by reductive methylation: compa-
rison of proliferative and secretory phase
samples. Biol Reprod 1983; 29: 733-742.
Moffett A, Regan L, Braude P. Natural killer
cells, miscarriage, and infertility. BMJ 2004;
329: 1283-1285.

Nagaoka K, Nojima H, Watanabe F, Chang KT,
Christenson RK, Sakai S, Imakawa K. Regu-
lation of blastocyst migration, apposition and
initial adhesion by a chemokine, IFN-gamma-
inducible protein 10 kDa (IP-10), during early
gestation. J Biol Chem 2003; 278: 29048-
29056.

Ralph SG, Rutherford AJ, Wilson JD. Influence
of bacterial vaginosis on conception and mis-
carriage in the first trimester: cohort study.
BMJ 1999; 319: 220-223.

Eckert LO, Moore DE, Patton DL, Agnew KJ,
Eschenbach DA. Relationship of vaginal bacte-
ria and inflammation with conception and ear-
ly pregnancy loss following in-vitro fertilization.
Infect Dis Obstet Gynecol 2003; 11: 11-17.
Boomsma CM, Kavelaars A, Bozkurt N, Eijke-
mans MJC, Fauser BCJM, Heijnen CJ, Macklon
NS. Is bacterial vaginosis associated with a
pro-inflammatory cytokine profile in endome-
trial secretions of women undergoing IVF?
Reprod Biomed Online 2010; 21: 133-141.
Lessey BA, Castelbaum AJ, Sawin SW, Sun J.
Integrins as markers of uterine receptivity in
women with primary unexplained infertility.
Fertil Steril 1995; 63: 535-542.
Chryssikopoulos A, Mantzavinos T, Kanakas N,
Karagouni E, Dotsika E, Zourlas PA. Correlation
of serum and follicular fluid concentrations of
placental protein 14 and CA-125 in in vitro fer-
tilization-embryo transfer patients. Fertil Steril
1996; 66: 599-603.

Int J Clin Exp Pathol 2013;6(10):1964-1971



