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Review / Derleme

İrem Demiral1, Murat Doğan2, Ercan Bastu1, Faruk Buyru1

Endomteriyal respetivite, bugün hala gizemi net olarak çözülememiş olan ancak tedavi umudu içinde olan infertil çiftlerde aydınlatılmasını önemli, belki 
de en hayati ehemmiyete sahip olan noktadır. Başarılı bir implantasyon için embriyonun kalitesi değerlendirilebilir iken, endometriyal reseptivite bilinmez 
kalmaktadır. Her geçen gün daha da ilerleyen microarray teknolojisi, endometriyal respetivitenin değerlendirilmesinde ‘omik’ bakış açısını getirmiştir. ‘Omik’, 
bir ailenin bütünü anlamına gelmektedir. Endometriyumun genomik, proteomik ve lipidomik araştırılması, endometriyumun genlerinin, proteinlerin ve 
lipitlerinin tümünün çalışılmasıdır. Reseptivitenin bu üç başlık altında araştırılması, implantasyona olanak sağlayan markerların belirlenmesinde önemli 
bir adımdır. Endometriyumda her gen değişikliği, protein ekspresyonunda değişikliğine neden olmadığından, genomik araştırmaların daha geri planda 
olmasına neden olmuştur. İmplantasyon aralığı boyunca, lipitlerin sıkı kontrol altında olmasının anlaşılması, lipidomik araştırmaların üzerinde daha fazla 
durulmasına neden olmuştur. Özetle, endometriyal reseptivitenin microarray teknolojisi ışığında genomik, proteomik ve lipidomik açıdan araştırılması, 
ilerleyen yıllarda, ‘optimal’ olarak değerlendirilebilecek bir endometriyum için gerekli olan kriterlerin belirlenilmesini sağlayacağına inanılmaktadır. 
Anahtar Kelimeler: Endometriyal reseptivite, genomic, lipidomik, proteomik

Abstract

Endometrial receptivity is a complex phenomenon that plays a vital role in infertility. Although quality of embryo can be evaluated for a successful 
implantation, endometrial receptivity is still an unknown factor. With advances in technology, the microarray approach has provided an ‘omic’ tool to 
evaluate endometrial receptivity. In Latin, ‘omic’ means the whole family. The genomic, proteomic, and lipidomic evaluations of endometrium mean a 
wholesome evaluation of the genes, lipids and proteins of the endometrium. Evaluation of receptivity with this three-way approach may provide insight to 
the potential markers of implantation. Genomic analysis has been limited to date because not every gene alteration affects protein expression. Lipidomic 
analysis has recently gained popularity because lipids are strictly controlled during the implantation period. In summary, with the recent advances in 
microarray technology, genomic, lipidomic, and proteomic analyses of the endometrium may provide ‘optimal’ evaluation tools and criteria to assess 
receptivity in the near future.
Keywords: Endometrial receptivity, genomic, lipidomic, proteomic

Öz

Introduction

Three important events have to occur during the window 
of implantation in order to form a healthy pregnancy:(1) 
proper embryo development(2) development of a receptive 
endometrium, and(3) a successful interaction between the 
embryo and endometrium. Even when optimal conditions were 
met, the pregnancy rate was found to be around 30%(1).
The endometrium undergoes cyclic morphologic and molecular 
changes in preparation for pregnancy. Understanding these 
changes is important in order to clarify the basic biology of 
the uterus and the environment of the endometrial tissue that 

allows implantation. Recent studies showed that the uterine 
environment allows implantation and provides adequate 
nutrition to the embryo to ensure its development(2,3). 
Despite all the advances in reproductive medicine, in vitro 
fertilization (IVF) success rates are still low. It is thought that 
the reason of low pregnancy rates in IVF cycles is largely due 
to problems in endometrial receptivity. In order to access the 
endometrial receptivity, many parameters such as endometrial 
morphology or subendothelial blood flow have been used, 
but their prognostic values were found to be low(4). For the 
last 20 years, regardless of the advances in embryo quality 
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improvement and ‘best’ embryo selection, the progress to a 
better understanding of endometrial function has lagged behind 
the biology of the blastocyst. Even though the endometrium 
can be assessed in a non-invasive way thanks to the current 
imaging methods, endometrial receptivity is still based upon 
morphologic features, which has no clinical reflection(5,6). As a 
result, alternative diagnostic methods to replace or accompany 
conventional methods are needed. Today, we know that the 
endometrium changes its normal structure during the IVF 
cycles as a result of ovarian stimulation(7,8). The endometrium 
responds to exposure of high progesterone levels with the 
premature injection of human chorionic gonadotropin, 
used instead of luteinizing hormone (LH), by changing its 
constitution. When stimulated cycles were compared with 
normal cycles, a significant difference in cytokine levels were 
reported(9,10). This is why markers that reflect endometrial 
receptivity are needed; patients will not be exposed to expensive 
IVF treatments and better success rates will be achieved. 
With the recently increasing use of microarray technology,(11) it 
is possible to analyze thousands of genes in one particular sample. 
By courtesy of this technology, we now have the opportunity 
to analyze the genomics of endometrial development. 
Additionally, in recent years, with the progression seen in 
the domain called ‘omics,’ extensive molecular comparison 
of cells and tissues has been made possible. With the help 
of this technologic evolution in reproductive medicine, the 
opportunity to reveal the molecular signature of many cells and 
organs related to reproduction has arrived. During the stages of 
the menstrual cycle, by analyzing different expression of genes 
in the endometrium with microarray, diagnostic markers that 
reveal the implantation period can be found. With the aid of 
proteomic analyzers, proteins that have effects on reproduction 
can be discovered. In this context, progress by definition has 
occurred in the ‘omics’ world: genomics defines the analysis 
of genes, ‘proteomics’ defines the analysis of proteins, and also 
functional classifications (such as secretomics, metabolomics, 
transcriptomics, epigenomics) have been made. In light of 
this new classification, secretomics is the global definition of 
factors secreted by cells or organs in physiologic or pathologic 
conditions(12,13). If we look at the correlation with the uterus, 
endometrial fluid or tissue samples can be collected using 
minimal invasive methods and by doing so, endometrial 
receptivity can be analyzed. 
The aim of this review was to focus on the potential advantages 
of investigating endometrial receptivity, an area that has been 
studied the least in reproductive medicine, and to scrutinize 
the clinical implications for IVF in view of current methods of 
analysis such as genetic expression (genomics), secretomics, 
proteomics, and lipidomics. 

Endometrial environment and reproduction

In humans, the endometrium undergoes two phases during 
the menstrual cycle: the proliferative and secretory phases. 

In each phase, endometrial tissue has its own morphologic 
and physiologic features. In the middle of secretory phase, 
the endometrial secretions that fill the uterine lumen interact 
with the blastocyst. This is called the window of implantation. 
Special interest is given to these secretions for two reasons: 
the first is the molecular content of these secretions may be 
a marker for the endometrium to allow implantation. This 
situation could have a very important diagnostic value for IVF. 
The second revolves around the exact molecular environment 
when the blastocyst enters the uterine lumen; this would give 
us information about how the endometrium becomes receptive 
to implantation and amenable to blastocyst development. 
The role of the endometrial fluid was recently studied for 
its capacity to provide adequate nutrition to the developing 
embryo. This situation is crucial for implantation as much as 
for the subsequent embryo development. According to animal 
studies, changes in the mother’s diet can lead to adverse 
outcomes in infants(14-17). Before implantation, it is understood 
that the embryo makes changes in order to adapt to the 
environment, cellular distribution between trophectoderm and 
inner cell mass, function of mitochondria, and cellular energy 
sensors and signal system sensitivity, each of which is associated 
with metabolism (amino acid cycle, carbohydrate metabolism, 
nutrition transport)(14,18-21).

Analysis of endometrial receptivity 

Endometrial receptivity is mostly dependent on the local 
effects of estrogen and progesterone(22). These effects, through 
stimulation of the cellular and molecular responses of the 
endometrium, can be defined as the endometrial receptivity 
window, which occurs between the 19th and 23rd day of the 
menstrual cycle. For more than 50 years, the gold standard of 
clinical assessment of the endometrium has been the histologic 
criteria described by Noyes et al.(23). These investigators 
described the specific morphologic appearance of the different 
parts of the endometrium during the menstrual cycle. The 
classic work of Noyes et al.(23) has been cited thousands of 
times in the literature and has been accepted worldwide as the 
diagnostic tool in endometrial research. However, in the last 
ten years, some randomized studies reported that the histologic 
analysis per se may not be sufficient to predict receptivity(5,6). 
The fact underlined by these studies was the need for new 
technologies that will enable objective analyses of endometrial 
samples and development. 
Among the new technologies, microarray is undoubtedly 
the most used one in reproductive medicine. Ponnampalam 
et al.(24) were the first investigators to reveal the genomic 
character of the endometrium during the menstrual cycle using 
microarray technology. These investigators reported that it was 
possible to stage the endometrium very acutely according to 
the transcriptional profile, independent of the morphologic 
appearance. Most importantly, by identifying characteristics 
of variant genes in different phases of the menstrual cycle, 
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they showed that gene expression profiling was a potential 
instrument in the analysis of endometrial receptivity.
Some studies reported that in cycles where ovarian stimulation 
was performed, high estrogen and/or progesterone levels 
deteriorated endometrial receptivity(25,26). High estrogen 
concentrations may lead to early endometrial secretion 
by previous stimulation of progesterone receptors in the 
endometrium. Researchers have reported that GnRH agonists 
and antagonists have little effect on receptivity compared 
with natural cycles,(27,28) and others reported a profound 
impact(29-34). Steps that require investigation in the future are 
the similarities or differences of the effects of GnRH agonists 
and antagonists on endometrial receptivity.
As an alternative to genomics analysis, proteomic and/or 
lipidomic analysis of uterine fluid and tissue samples can 
give precious information about molecular phsysiology(35,36). 
During IVF, this kind of small-sample-size and quick-result 
technology can provide a sensitive and accurate assessment 
of endometrial receptivity through easy samples collection 
from the uterus via a minimally invasive approach. Research 
conducted in the last ten years has shown that fluid aspiration 
performed before embryo transfer can be performed with no 
adverse effect on pregnancy rates in IVF cycles(37,38).

Genomic analysis of the endometrium

With the development of new microarray technologies, many 
investigators have started genomic analysis in reproductive 
medicine(39-43). Many important molecules have been identified 
with these studies: genes responsible for lipid metabolism 
(apolipoprotein D), immune response (decay accelerating 
factor-CD55, serine or cysteine proteinase, interleukin (IL)-
15), control of the cell cycle (cell growth arrest and TNF-α-
induced DNA damage), or enzymes whose function differs in 
different tissues (monoamine oxidase). There are many studies 
in the literature about the changes in the endometrium’s gene 
expression profile during the transition from the pre-receptive- 
(LH+1/5) to the receptive period (LH+7/9)(39,44-47). The 
number of genes whose expression differs between these two 
periods varies from 107 to 2878. 
These genes, which might be the specific markers of endometrial 
receptivity, were identified in normal menstrual cycles. It is 
important to know if these genes have clinical value in predicting 
pregnancy in stimulated cycles. In a recently published study, 
the endometrial gene expression profile was analyzed in 
patients for whom ICSI treatment was planned at LH+7/9, 1-2 
cycles before starting GnRH analogs. In patients who became 
pregnant, only 6 genes were found to have increased expression 
in the samples: vascular endothelial growth factor A (VEGFA), 
phospholipase A2 group 2A (PLA2G2A), alkaline phosphatase 
(ALP), leukemia inhibitory factor (LIF), nicotinamide 
N-methyltransferase (NNMT) and stanniocalcin 1 (STC1)(48). 
Extensive cohort studies are needed to identify the predictive 
value of these genes for pregnancy outcomes.

The changes of gene expression seen in the endometrium does 
not always result in changes in proteins. The genomic analysis 
of the endometrium is insufficient to understand and identify 
receptivity in correlation with secreted proteins and other 
agents; this led to a focus on proteomic and lipidomic analysis. 
An interesting result of genomic analysis was the revealing of 
continuous control on lipid metabolism during endometrial 
development and the implantation window(40). In this context, 
the importance of lipidomic analysis of endometrial tissue and 
fluids is underlined. 

Proteomic analysis of the endometrium

As stated before, there is a significant increase in the protein 
content of fluids that fill the uterine lumen during the 
implantation window. As such, the explicit protein profile of 
uterine fluid in fertile women may play an important role in 
identifying the receptive endometrium. Proteomic analysis may 
help to predict the right implantation window or to determine 
how much of the endometrium is ‘open’ to receptivity during 
IVF approaches(49-54). One common protein has been reported 
in studies where proteomic analysis of the endometrium 
was performed from tissue samples: annexin A4(44,46). As 
previously discussed, the genomic changes do not always 
correlate with proteomic changes. For this reason, the results 
of six transcriptomic(39,42-47) and two protemic(44,46) studies 
conducted during the transition of the endometrium from the 
pre-receptive phase to the receptive phase were compared. Only 
gene of one protein (annexin A4) was found to be up-regulated 
in five transcriptomic and both proteomic studies(42-47). This 
protein is thought to play a role in shaping the endometrial 
apical pole for cellular adhesion. Annexin A2 (ANXA2) and 
monoamine oxidase A (MAOA) genes were found over-
expressed in three transcriptomic studies: ANXA2(42,43,47), 
MAOA(42,45,46) and one proteomic study(44). It is shown in the 
literature that patients who experience implantation failures 
have decreased MAOA mRNA and protein expression(55,56). 
Transgelin 2 (TAGLN, TGF-β/Smad-dependent epithelial 
cell migration) and L-plastin (LCP1, a member of the actine-
binding protein family) were found to be over-expressed in 
two transcriptomic studies: TAGLN(42,46), LCP1(43,47) and one 
proteomic study(44). From all these comparisons, information 
about five more genes was obtained; progesterone-receptor-
membrane component 1 (PGRMC 1) and stathmin 1 (STMN) 
was found down-regulated in one transcriptomic study and this 
finding was supported in a proteomic study: PGRMC 1(44,47), 
STMN(43,44). Apolipoprotein L2 (APOL2), an aldehyde 
dehydrogenase 1 family member, A3 (ALDH1A3), and S100-
calcium-binding protein A10 (S100A10) were found to be 
up-regulated in a transcriptomic study, and a proteomic study 
supported this finding(44,46). The function of these five genes is 
as yet undiscovered.
There are some advantages in performing proteomic analysis 
in samples taken from endometrial fluid compared with tissue 
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biopsy: the lower content of cellular protein in endometrial fluid 
makes the analysis more detailed and facilitates the identification 
of proteins and low-concentration post-translational 
modifications. The basic limitation is the lack of consensus on 
the collection of the fluid, which differs between studies. 
The protein content of endometrial fluid was first studied in 
1998 by Beier and Beier-Hellwig(57). In 2009, Chen et al.(58) 
reported 196 different proteins secreted from the endometrium 
during the mid-proliferative phase compared with the mid-
secretory phase.
Proteomic analysis of uterine secretions has been the subject of 
much research(49,52,54). In summary, the information gathered 
from these studies shows us that the main functions of the 
proteins found in uterine secretions are especially related with 
cytoskeleton regulation, cellular adhesion, protein folding, and 
signal transduction. 

Lipidomic analysis of the endometrium

Compared with genomic and proteomic analysis, lipidomic 
analysis has thus far been the least used method among all the 
research on the endometrium(59). On the other hand, we know 
that the endometrium has a very important lipid component 
for reproduction. Triglycerides and eicosanoids can be counted 
among the lipid mediators secreted from the endometrium. 
From the eicosanoid family, prostaglandins, thromboxanes, 
leukotrienes, endocannabinoids and sphingolipids have been 
observed to play a role in reproduction(60-64). Among them, 
endocannabinoids especially, lysophosphatidic acid (LPA) and 
prostaglandins (PG) were the most studied agents(65). The 
consistency of results of research conducted on different animal 
models supports the hypothesis that lipids could be critical for 
implantation. 
Two basic endocannabinoids were found to play a role 
in implantation in rodents: anandamide N-arachidonoyl 
ethanolamine (AEA) and 2-arachidonoylglycerol. Abnormal 
levels of these two lipids lead to the postponing of implantation 
and a decrease in pregnancy outcomes(66). The basic enzyme 
that degrades endocannabinoids is fatty acid amide hydrolase 
(FAAH) and it was understood that this enzyme was associated 
with high pregnancy rates after IVF and embryo transfer (ET)(65). 
It is reported that low FAAH levels leads to an increase in AEA 
and subsequent decrease in uterine receptivity(67).
Lysophosphatidic acid is a water-soluble phospholipid. It 
is a signal transduction molecule that has many functions in 
different organs. In a study conducted in mice, LPA was shown 
to be necessary for normal embryo size by stimulating its 
receptor LPA3,(61) which is a positive factor for implantation. 
According to a recent study, lysophosphatidic acid regulates 
the endometrium for implantation during the receptive period 
by controlling levels of endocannabinoid and prostaglandin 
mediators via its receptor LPA3(64,65).
Prostaglandins (PG) are the final products of arachidonic acid 
metabolism. Phospholipids present in membranes turn into PG 

with phospholipase A2 (PLA2) and COX-2. With these enzymes, 
PG levels in the lumen and stroma increase. Animal studies reported 
interesting results about the effects of PG and COX enzymes on 
reproduction. For example, it was observed in mice that the PG 
increase is limited in the area where the blastocyst implants(68). 
In that study, pregnancy in mice was totally ‘prevented’ with the 
inhibition of COX-1 and COX-2, thus showing the importance of 
prostaglandins during pregnancy(68). The prevention of pregnancy 
was restored partially with the exogenous application of PGI2 
and PGE2. In this case, prostaglandins must play an important 
role in embryo implantation in mice. In another study, PGE2 was 
found increased in the implantation area, whereas PGF2-α was 
mostly found between implantation areas(69). However, in 2006, 
Cong et al.(70) reported that when the implantation period was 
compared with other periods of the menstrual cycle, PGF2-α was 
not increased; the highest increase was seen in PGI2 followed 
by PGE2. PGI2 and PGE2 is known to increase the vascular 
permeability, which is necessary for ovulation and the start of 
implantation(71). However, in one study conducted on mice, the 
mediator that increased vascular permeability in the implantation 
area was found to be PGE2, not PGI2(59). PGE2 was found to play 
a positive role in implantation in different kinds animals(60,72,73). 
In 2013, Vilella et al.(74) collected 51 endometrial fluid samples 
from women and observed that PGE2 and PGF2α levels were 
significantly increased during the implantation window.
In a recent study, a relation between defective endometrial 
prostaglandin synthesis and repeated implantation failure was 
established in women undergoing IVF treatment(75). This study 
showed that prostaglandins were important mediators at early-
stage pregnancy. 

Conclusion

Endometrial receptivity is a crucial process during embryo 
implantation. The common result of all the genomic analyses 
mentioned in this review is that endometrial receptivity is a 
complex process that involves countless genes. Some studies 
report that some genes are continuously expressed in the 
endometrium and modifications in these genes can help us to 
better understand endometrial receptivity.
Proteomic and lipidomic research has started to find its place in 
reproductive medicine. It will take time for the results of research 
to become a specialized tool for diagnosis and treatment. At the 
same time, even potential suppositions are exciting. For example, 
drugs that women use during IVF treatment might change the 
molecular composition of endometrial tissue and secretions by 
altering the physiology of the endometrium. With the help of 
proteomic and lipidomic analysis, objective treatment protocols 
developed according to the patient’s personal features can be 
identified. In this context, genomic, proteomic, and lipidomic 
analysis will probably have to be used together. 
In conclusion, the genomic, proteomic, and lipidomic analysis 
of endometrial tissues and secretions can provide investigators 
with important information about how genes, protein, and 
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lipid mediators work and how they can enable endometrial 
receptivity ready for embryo implantation. Thus, effective 
treatment protocols can be developed in order to increase the 
basic aim of IVF strategies, the pregnancy rate. The subsequent 
step is testing the endometrium in terms of receptivity and 
guiding modifications of ovarian stimulation and luteal phase 
support protocols.

Authorship Contributions

Concept: Ercan Baştu, Design: Ercan Baştu, Data Collection: İrem 
Demiral, Analysis: İrem Demiral, Literature Search: Murat Doğan, 
İrem Demiral, Writing: Murat Doğan, İrem Demiral, Peer-review: 
Externally peer-reviewed, Conflict of Interest: No conflict of Interest 
was declared by authors, Financial Disclosure: The authors declared 
that this study has received no financial support.

References

1. Macklon NS, Geraedts JP, Fauser BC. Conception to ongoing 
pregnancy: the ‘black box’ of early pregnancy loss. Hum Reprod 
Update 2002;8:333-43.

2. Fleming TP, Kwong WY, Porter R, Ursell E, Fesenko I, Wilkins A, et 
al. The embryo and its future. Biol Reprod 2004;71:1046-54. 

3. Fleming TP, Velazquez MA, Eckert JJ, Lucas ES, Watkins AJ. 
Nutrition of females during the peri-conceptional period and effects 
on foetal programming and health of offspring. Anim Reprod Sci 
2012;130:193-7.

4. Aghajanova L, Hamilton AE, Giudice LC. Uterine receptivity to 
human embryonic implantation: histology, biomarkers biomarkers, 
and transcriptomics. Semin Cell Dev Biol 2008;19:204-11. 

5. Coutifaris C, Myers ER, Guzick DS, Diamond MP, Carson SA, Legro 
RS, et al. Histological dating of timed endometrial biopsy tissue is not 
related to fertility status. Fertil Steril 2004;82:1264-72.

6. Murray MJ, Meyer WR, Zaino RJ, Lessey BA, Novotny DB, Ireland K, 
et al. A critical analysis of the accuracy, reproducibility, and clinical 
utility of histologic endometrial dating in fertile women. Fertil Steril 
2004;81:1333-43.

7. Devroey P, Bourgain C, Macklon NS, Fauser BC. Reproductive 
biology and IVF: ovarian stimulation and endometrial receptivity. 
Trends Endocrinol Metab 2004;15:84-90.

8. Kolibianakis EM, Bourgain C, Platteau P, Albano C, Van Steirteghem 
AC, Devroey P. Abnormal endometrial development occurs during 
the luteal phase of nonsupplemented donor cycles treated with 
recombinant follicle-stimulating hormone and gonadotropin-
releasing hormone antagonists. Fertil Steril 2003;80:464-6.

9. Haouzi D, Dechaud H, Assou S, De Vos J, Hamamah S. Insights into 
human endometrial receptivity from transcriptomic and proteomic 
data. Reprod Biomed Online 2012;24:23-34.

10. Horcajadas JA, Sharkey AM, Catalano RD, Sherwin JRA, Dominguez 
F, Burgos LA, et al. Effect of an intrauterine device on the gene 
expression profile of the endometrium. J Clin Endocrinol Metab 
2006;91:3199-207.

11. Schena M, Shalon D, Davis RW, Brown PO. Quantitative monitoring 
of gene expression patterns with a complementary DNA microarray. 
Science 1995;270:467-70.

12. Dominguez F, Gadea B, Mercader A, Esteban FJ, Pellicer A, Simon C. 
Embryologic outcome and secretome profile of implanted blastocysts 
obtained after coculture in human endometrial epithelial cells versus 
the sequential system. Fertil Steril 2010;93:774-82.

13. Garrido-Gomez T, Dominguez F, Lopez JA, Camafeita E, Quinonero 
A, Martinez- Conejero JA, et al. Modeling human endometrial 
decidualization from the interaction between proteome and 
secretome. J Clin Endocrinol Metab 2011;96:706-16.

14. Kwong WY, Wild AE, Roberts P, Willis AC, Fleming TP. Maternal 
undernutrition during the preimplantation period of rat development 
causes blastocyst abnormalities and programming of postnatal 
hypertension. Development 2000;127:4195-202.

15. Kwong WY, Osmond C, Fleming TP. Support for Barker hypothesis 
upheld in rat model of maternal undernutrition during the 
preimplantation period: application of integrated ‘random effects’ 
statistical model. Reprod Biomed Online 2004;8:574-6.

16. Kwong WY, Miller DJ, Wilkins AP, Dear MS, Wright JN, Osmond 
C, et al. Maternal low protein diet restricted to the preimplantation 
period induces a gender-specific change on hepatic gene expression 
in rat fetuses. Mol Reprod Dev 2007;74:48-56.

17. Kwong WY, Miller DJ, Ursell E, Wild AE, Wilkins AP, Osmond 
C, et al. Imprinted gene expression in the rat embryo-fetal axis is 
altered in response to periconceptional maternal low protein diet. 
Reproduction 2006;132:265-77.

18. Mitchell M, Schulz SL, Armstrong DT, Lane M. Metabolic and 
mitochondrial dysfunction in early mouse embryos following 
maternal dietary protein intervention. Biol Reprod 2009;80:622-30.

19. Eng GS, Sheridan RA, Wyman A, Chi MM, Bibee KP, Jungheim ES, 
et al. AMP kinase activation increases glucose uptake, decreases 
apoptosis, and improves pregnancy outcome in embryos exposed to 
high IGF-I concentrations. Diabetes 2007;56:2228-34.

20. Wyman A, Pinto AB, Sheridan R, Moley KH. One-cell zygote 
transfer from diabetic to nondiabetic mouse results in congenital 
malformations and growth retardation in offspring. Endocrinology 
2008;149:466-9.

21. Van Winkle LJ, Tesch JK, Shah A, Campione AL. System B0,+ 
amino acid transport regulates the penetration stage of blastocyst 
implantation with possible long-term developmental consequences 
through adulthood. Hum Reprod Update 2006;12:145-57.

22. Critchley HO, Saunders PT. Hormone receptor dynamics in a 
receptive human endometrium. Reprod Sci 2009;16:191-9.

23. Noyes RW, Hertig AT, Rock J. Dating the endometrial biopsy. Am J 
Obstet Gynecol 1975;122:262-3. 

24. Ponnampalam AP, Weston GC, Trajstman AC, Susil B, Rogers PA. 
Molecular classification of human endometrial cycle stages by 
transcriptional profiling. Mol Hum Reprod 2004;10:879-93.

25. Krikun G, Schatz F, Taylor R, Critchley HO, Rogers PA, Huang J, et al. 
Endometrial endothelial cell steroid receptor expression and steroid 
effects on gene expression. J Clin Endocrinol Metab 2005;90:1812-8. 

26. Liu Y, Lee KF, Ng EH, Yeung WS, Ho PC. Gene expression profiling 
of human peri-implantation endometria between natural and 
stimulated cycles. Fertil Steril 2008;90:2152-64.

27. Mirkin S1, Nikas G, Hsiu JG, Díaz J, Oehninger S. Gene expression 
profiles and structural/functional features of the peri-implantation 
endometrium in natural and gonadotropin- stimulated cycles. J Clin 
Endocrinol Metab 2004;89:5742-52.

28. Simon C, Oberye J, Bellver J, Vidal C, Bosch E, Horcajadas JA, et 
al. Similar endometrial development in oocyte donors treated 
with either high- or standard-dose GnRH antagonist compared to 
treatment with a GnRH agonist or in natural cycles. Hum Reprod 
2005;20:3318-27.

29. Haouzi D, Assou S, Dechanet C, Anahory T, Dechaud H, De Vos J, et 
al. Controlled ovarian hyperstimulation for in vitro fertilization alters 
endometrial receptivity in humans: protocol effects. Biol Reprod 
2010;82:679-86.



242

Turk J Obstet Gynecol 2015;12:237-43 İrem Demiral et al. Endometrial Receptivity and ‘Omics’

30. Horcajadas JA, Riesewijk A, Polman J, van Os R, Pellicer A, 
Mosselman S, et al. Effect of controlled ovaria hyperstimulation 
in IVF on endometrial gene expression profiles. Mol Hum Reprod 
2005;11:195-205.

31. Horcajadas JA, Mínguez P, Dopazo J, Esteban FJ, Dominguez 
F, Giudice LC, et al. Controlled ovarian stimulation induces a 
functional genomic delay of the endometrium with potential clinical 
implications. J Clin Endocrinol Metab 2008;93:4500-10.

32. Macklon NS, van der Gaast MH, Hamilton A, Fauser BC, Giudice 
LC. The impact of ovarian stimulation with recombinant FSH in 
combination with GnRH antagonist on the endometrial transcriptome 
in the window of implantation. Reprod Sci 2008;15:357-65.

33. Ruan HC, Zhu XM, Luo Q, Liu AX, Qian YL, Zhou CY, et al. Ovarian 
stimulation with GnRH agonist, but not GnRH antagonist, partially 
restores the expression of endometrial integrin beta3 and leukaemia-
inhibitory factor and improves uterine receptivity in mice. Hum 
Reprod 2006;21:2521-9. 

34. Van Vaerenbergh I, Van Lommel L, Ghislain V, In’t Veld P, Schuit 
F, Fatemi HM, et al. In GnRH antagonist/rec-FSH stimulated 
cycles, advanced endometrial maturation on the day of oocyte 
retrieval correlates with altered gene expression. Hum Reprod 
2009;24:1085-91.

35. Urzua MA, Stambaugh R, Flickinger G, Mastroianni Jr L. Uterine 
and oviduct fluid protein patterns in the rabbit before and after 
ovulation. Fertil Steril 1970;21:860-5.

36. Ulbrich SE, Schulke K, Groebner AE, Reichenbach HD, 
Angioni C, Geisslinger G, et al. Quantitative characterization of 
prostaglandins in the uterus of early pregnant cattle. Reproduction 
2009;138:371-82.

37. Boomsma CM, Kavelaars A, Eijkemans MJ, Lentjes EG, Fauser 
BC, Heijnen CJ, et al. Endometrial secretion analysis identifies a 
cytokine profile predictive of pregnancy in IVF. Hum Reprod 
2009;24:1427-35.

38. 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;7:105-9.

39. Carson DD, Lagow E, Thathiah A, Al-Shami R, Farach-Carson 
MC, Vernon M, et al. Changes in gene expression during the early 
to mid-luteal (receptive phase) transition in human endometrium 
detected by high-density microarray screening. Mol Hum Reprod 
2002;8:871-9.

40. Kao LC, Tulac S, Lobo S, Imani B, Yang JP, Germeyer A, et al. 
Global gene profiling in human endometrium during the window 
implantation. Endocrinology 2002;143:2119-38.

41. Borthwick JM, Charnock-Jones DS, Tom BD, Hull ML, Teirney R, 
Phillips SC, et al. Determination of the transcript profile of human 
endometrium. Mol Hum Reprod 2003;9:19-33.

42. Riesewijk A, Martín J, van Os R, Horcajadas JA, Polman J, Pellicer A, 
et al. Gene expression profiling of human endometrial receptivity on 
days LH+2 versus LH+7 by microarray technology. Mol Hum Reprod 
2003;9:253-64.

43. Mirkin S, Arslan M, Churikov D, Corica A, Diaz JI, Williams S, et 
al. In search of candidate genes critically expressed in the human 
endometrium during the window of implantation. Hum Reprod 
2005;20:2104-17.

44. Domínguez F, Garrido-Gómez T, López JA, Camafeita E, Quiñonero 
A, Pellicer A, Simón C. Proteomic analysis of the human receptive 
versus non-receptive endometrium using differential in-gel 
electrophoresis and MALDI-MS unveils stathmin 1 and annexin A2 
as differentially regulated. Hum Reprod 2009;24:2607-17. 

45. Díaz-Gimeno P, Horcajadas JA, Martínez-Conejero JA, Esteban FJ, 
Alama P, Pellicer A, et al. A genomic diagnostic tool for human 
endometrial receptivity based on the transcriptomic signature. Fertil 
Steril 2011;95:50-60, 60.e1-15.

46. Haouzi D, Assou S, Mahmoud K, Tondeur S, Rème T, Hedon B, 
et al. Gene expression profile of human endometrial receptivity: 
comparison between natural and stimulated cycles for the same 
patients. Hum Reprod 2009;24:1436-45.

47. Talbi S, Hamilton AE, Vo KC, Tulac S, Overgaard MT, Dosiou C, 
et al. Molecular phenotyping of human endometrium distinguishes 
menstrual cycle phases and underlying biological processes in 
normo-ovulatory women. Endocrinology 2006;147:1097-121.

48. Allegra A, Marino A, Coffaro F, Lama A, Rizza G, Scaglione P, et al. 
Is there a uniform basal endometrial gene expression profile during 
the implantation window in women who became pregnant in a 
subsequent ICSI cycle? Hum Reprod 2009;24:2549-57.

49. Scotchie JG, Fritz MA, Mocanu M, Lessey BA, Young SL. Proteomic 
analysis of the luteal endometrial secretome. Reprod Sci 2009;16:883-
93.

50. Aghajanova L. Leukemia inhibitory factor and human embryo 
implantation. Ann N Y Acad Sci 2004;1034:176-83.

51. Ametzazurra A, Matorras R, Garcia-Velasco JA, Prieto B, Simon 
L, Martinez A, et al. Endometrial fluid is a specific and non-
invasive biological sample for protein biomarker identification in 
endometriosis. Hum Reprod 2009;24:954-65.

52. Casado-Vela J, Rodriguez-Suarez E, Iloro I, Ametzazurra A, Alkorta 
N, Garcia-Velasco JA, et al. Comprehensive proteomic analysis of 
human endometrial fluid aspirate. J Proteome Res 2009;8:4622-32.

53. Olivennes F, Ledee-Bataille N, Samama M, Kadoch J, Taupin JL, 
Dubanchet S, et al. Assessment of leukemia inhibitory factor levels 
by uterine flushing at the time of egg retrieval does not adversely 
affect pregnancy rates with in vitro fertilization. Fertil Steril 
2003;79:900-4.

54. Hannan NJ, Stephens AN, Rainczuk A, Hincks C, Rombauts LJ, 
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;9:6256-64.

55. Henriquez S, Tapia A, Quezada M, Vargas M, Cardenas H, Rios M, et 
al. Deficient expression of monoamine oxidase A in the endometrium 
is associated with implantation failure in women participating as 
recipients in oocyte donation. Mol Hum Reprod 2006;12:749-54. 

56. Tapia A, Gangi LM, Zegers-Hochschild F, Balmaceda J, Pommer 
R, Trejo L, et al. Differences in the endometrial transcript profile 
during the receptive period between women who were refractory 
to implantation and those who achieved pregnancy. Hum Reprod 
2008;23:340-51. 

57. Beier HM, Beier-Hellwig K. Molecular and cellular aspects of 
endometrial receptivity.Hum Reprod Update 1998;4:448-58.

58. Chen JI, Hannan NJ, Mak Y, Nicholls PK, Zhang J, Rainczuk A, et 
al. Proteomic characterization of midproliferative and midsecretory 
human endometrium. J Proteome Res 2009;8:2032-44.

59. Wenk MR. The emerging field of lipidomics. Nat Rev Drug Discov 
2005;4:594-610.

60. Wang H, Dey SK. Lipid signaling in embryo implantation. 
Prostaglandins Other Lipid Mediat 2005;77:84-102.

61. Ye X, Hama K, Contos JJ, Anliker B, Inoue A, Skinner MK, et al. LPA3-
mediated lysophosphatidic acid signalling in embryo implantation 
and spacing. Nature 2005;435:104-8.

62. Maccarrone M. Endocannabinoids: friends and foes of reproduction. 
Prog Lipid Res 2009;48:344-54.



243

Turk J Obstet Gynecol 2015;12:237-43İrem Demiral et al. Endometrial Receptivity and ‘Omics’

63. Paria BC, Ma W, Tan J, Raja S, Das SK, Dey SK, et al. Cellular and 
molecular responses of the uterus to embryo implantation can be 
elicited by locally applied growth factors. Proc Natl Acad Sci U S A 
2001;98:1047-52.

64. Mizugishi K, Li C, Olivera A, Bielawski J, Bielawska A, Deng CX, et 
al. Maternal disturbance in activated sphingolipid metabolism causes 
pregnancy loss in mice. J Clin Invest 2007;117:2993-3006.

65. Sordelli MS, Beltrame JS, Cella M, Gervasi MG, Perez Martinez 
S, Burdet J, et al. Interaction between lysophosphatidic acid, 
prostaglandins and the endocannabinoid system during the window 
of implantation in the rat uterus. PLoS One 2012;7:e46059. 

66. Maccarrone M, DeFelici M, Klinger FG, Battista N, Fezza F, Dainese 
E, et al. Mouse blastocysts release a lipid which activates anandamide 
hydrolase in intact uterus. Mol Hum Reprod 2004;10:215-21.

67. Schmid PC, Paria BC, Krebsbach RJ, Schmid HH, Dey SK. Changes 
in anandamide levels in mouse uterus are associated with uterine 
receptivity for embryo implantation. Proc Natl Acad Sci U S A 
1997;94:4188-92.

68. Reese J, Zhao X, Ma WG, Brown N, Maziasz TJ, Dey SK. 
Comparative analysis of pharmacologic and/or genetic disruption 
of cyclooxygenase-1 and cyclooxygenase-2 function in female 
reproduction in mice. Endocrinology 2001;142:3198-206.

69. Pakrasi PL. Prostaglandins and ovum implantation in mice. J Exp 
Zool 1997;278:53-7.

70. Cong J, Diao H-L, Zhao Y-C, Ni H, Yan Y-Q, Yang Z-M. Differential 
expression and regulation of cylooxygenases, prostaglandin E 
synthases and prostacyclin synthase in rat uterus during the peri-
implantation period. Reproduction 2006;131:139-51.

71. Lim H, Paria BC, Das SK, Dinchuk JE, Langenbach R, Trzaskos 
JM, et al. Multiple female reproductive failures in cyclooxygenase 
2-deficient mice. Cell 1997;91:197-208.

72. Kennedy TG, Gillio-Meina C, Phang SH. Prostaglandins and 
the initiation of blastocyst implantation and decidualization. 
Reproduction 2007;134:635-43.

73. Waclawik A, Jabbour HN, Blitek A, Ziecik AJ. Estradiol-17, 
prostaglandin E2 (PGE2), and the PGE2 receptor are involved 
in PGE2 positive feedback loop in the porcine endometrium. 
Endocrinology 2009;150:3823-32.

74. Vilella F, Ramirez LB, Simón C. Lipidomics as an emerging tool to 
predict endometrial receptivity. Fertil Steril 2013;99:1100-6.

75. Achache H, Tsafrir A, Prus D, Reich R, Revel A. Defective endometrial 
prostaglandin synthesis identified in patients with repeated 
implantation failure undergoing in vitro fertilization. Fertil Steril 
2010;94:1271-8. 


