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Key  Factors Determining Clinical 
O  Outcomes 

Embryo Viability 
Identification 

Identification/Modification 
of receptive endometrium

Window of 
Implantation

 60%-90% of transferred embryos do
not implant or die

 15% of cycles end in implantation
failure of endometrial origin

Implantation

not implant or die.failure of endometrial origin.



“We cannot improve our future outcomes 
using the same concepts and 

techniques employed in the past”



The age of OMICSThe age of -OMICS
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O liOutline

 Description of endometrial receptivity

Epigenomics

Genomics in natural and COS cycles.

Proteomics of Endometrial ReceptivityProteomics of Endometrial Receptivity

Secretomics of Endometrial Receptivity 

Translational markers of endometrial receptivity



Human endometrial receptivityHuman endometrial receptivity
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Dating the endometrial biopsy1

• Randomized studies
Interobserver and cycle to cycle (60%) variations2- Interobserver and cycle-to-cycle (60%) variations2

- Endometrial dating is not related to fertility 
status3status

Histological dating is not a valid method for the 
diagnosis of luteal phase deficiency neither 
guidance throughout clinical management in 

infertilityinfertility
2. Murray, et al. Fertil Steril 2004
3  C tif i  t l  F til St il 2004

1. Noyes, et al. Fertil Steril 1950 

3. Coutifaris, et al. Fertil Steril 2004



Single-molecule approach Single molecule approach 
does not work

Giudice, et al. Trends Endocrinol Metab 1995



Epigenetics “ …the branch of biology wich studies the casual interactions 
between genes and their products wich bring the phenotype into being”between genes and their products wich bring the phenotype into being

Conrad Waddington, 1940

Epigenetic landscape

Epigenetics “…the study of changes in gene function that are mitotically and/or p g y f g g f m y
meiotically heritable and that do not entail a change in DNA sequence”

Riggs et al, 1996



The same genetic information leads to different phenotypes The same genetic information leads to different phenotypes 

Distintos tipos celularesDistintos tipos celulares

diciembre de 2010

(Epigenetics,David Allis et al, 2004)enviroment



Epigenetic mechanisms that control gene expresion

(Epigenetics,David Allis et al, 2004)

• DNA methylation: DNA methylation at promoter associated CpG islands is linked
to repression of transcription

(Epigenetics,David Allis et al, 2004)

• Chromatin modifications: Histone modifications include acetylation, methylation, 
phosphorilation, ubiquitylation…

N  di  RN  ll RN  h   i d i h i i l 

diciembre de 2010

• Non coding RNA: Small RNAs that are associated with trasncriptional or
translational repression



Decidualization:
TSA (histone deacetylase inhibitor) potentiates the decidualization process after E+P 
treatment (Sakai et al, 2003)

l  Implantation: 
TSA enhances implantation steps by upregulation of glycodelin (Uchida et al, 2007).
AZA (methylation inhibitor) increases implantation rates in epithelial cell lines (Rahnama et al, 
2009)

Endometriosis: 
Steroidogenic factor-1 (SF-1) is hipomethylated as the estrogen receptor (SR2) in 
endometriosis while the progesterone receptor is hypermethylated  (Xue et al, 2007, Wu et al, 
2006)  2006). 



DNMTs expression during the menstrual cycleDNMTs expression during the menstrual cycle.

Yamagata et al, 2009

Inhibiti n f m th l ti n inc s s nd m t i l c pti it  End m t i l Inhibition of methylation increases endometrial receptivity. Endometrial 
epithelial cell line AN3-CA treated with AZA increases E-cadh expression.

Rahnama et al, 2009,



miRNAs potential regulatory function on endometrial gene expresion

Pan and Chegini, 2008



miRNAs profile in midsecretory epithelium endometrium vs late proliferative

Kuokkanen et al, 2010

miRNAs profile changed in day 5 mouse pregnant uterus miRNAs profile changed in day 5 mouse pregnant uterus 

Hu et al, 2008



miRNA regulatory functions during endometriosis lesion development 

Ohlsson Teague et al  2010Ohlsson Teague et al, 2010



This unidirectional and rigid point of view  has been challenged 
b  h  i d i  f l i   ll  (IPS)by the induction of pluripotent stem cells (IPS)

Yamanaka, 2009Yamanaka, 2009

The maintenance of the pluripotent state requires a specific epigenetic status

diciembre de 2010



Genomics



Window of Implantation

NATURAL CYCLES

Window of Implantation
LH+0hCG injection STIMULATED CYCLESNATURAL CYCLESLH+0hCG injection STIMULATED CYCLES

14 15 16 17 18 19 20 21

hCG 2 hCG 7 Bergh P, Navot D. 
Fertil Steril 1992

LH+2 LH+7hCG+2 hCG+7



JCEM

MHR



Consensus genes: >3.0-fold change
Accession number 

(Function)
Gene name Riesewijk Kao Carson Borthwick

UP-REGULATED GENES PRESENT IN THE FOUR WORKS
AF052124 (Structural protein) Osteopontin    
J02611 (Transporter) Apolipoprotein D    
AB020315 (Signalling) Dickkopf/DKK1 (hdkk-1)    

UP-REGULATED GENES PRESENT IN THREE OUT OF FOUR WORKS
J04129 (Secretory protein) Placental protein-14/Glycodelin   p y

M31516 (Immunomodulator) Decay-accelerating factor for 
complement (CD55, Cromer blood 
group system)

  

M84526 (Complement protein) Adipsin/complement factor D   

M55543 (GTP-binding protein) Guanylate-binding protein 2, 
interferon-inducible

  

AB000712 (Receptor) Claudin 4/CEP-R   

AA420624 (Signalling) Monoamine oxidase A (MAOA)   ( g g) Monoamine oxidase A (MAOA)   
M60974 (Regulatory protein) Growth arrest and DNA-

damage-inducible protein 
(gadd45)

  

AB002365 (Cell death factor) Nip2   

TOTAL GENES ANALYSED 153 60 120 85
DOWN-REGULATED GENES PRESENT IN THE FOUR WORKS
U79299 (Secretory protein) Olfactomedin-related ER 

localized protein
   

p
TOTAL GENES ANALYSED 58 87 153 40

Horcajadas/ Simón, J Reprod Immunol 2004 



MHR
HR



GENE EXPRESSION PROFILING DURING THE  WINDOW OF 

IMPLANTATION IN NATURAL versus STIMULATED CYCLESIMPLANTATION IN NATURAL versus STIMULATED CYCLES

EXPERIMENTAL DESIGN

FIVE ENDOMETRIAL

BYOPSIES AT EACH TIME POINT
AFFIMETRIX

HG-133A
50 WOMEN

>22,000 genes

LH Day  1   2   3   4   5   6   7   8  9  LH Day  1   2   3   4   5   6   7   8  9  

hCG Day  1   2   3   4   5   6   7   8  9  

PRE-RECEPTIVE RECEPTIVE

Caucasian
Fertile women with normal cycles
23 39 23–39 years
body mass index:19-25 kg/m2

Horcajadas JA/ Simon C. JCEM 2008



PCA OF THE ENDOMETRIAL SAMPLES
FROM LH+1 TO LH+9FROM LH+1 TO LH+9

LH+1

LH 3LH+3

LH+5

LH+7LH+7

LH+9



PATHWAYS STATISTICALLY OVER-EXPRESSED IN 

THE SHIFT FROM PRE- TO RECEPTIVE ENDOMETRIUM



TGF-BETA PATHWAY: MOLECULES OVER-EXPRESSED 
INTHE RECEPTIVE HUMAN ENDOMETRIUM



Day LH/hCG+1



Day LH/hCG+3



Day LH/hCG+5



Day LH/hCG+7



Day LH/hCG+9



Natural/LH vs IVF across the WOI



MOST DIFFERENTIATED FUNCTIONALITIES IN 
RECEPTIVE ENDOMETRIUM IN NATURAL versus RECEPTIVE ENDOMETRIUM IN NATURAL versus 

STIMULATED CYCLES

GO biological process GO biological process GO biological process 

NATURAL CYCLE STIMULATED CYCLE

GO terms over-expressed: 

1. antigen processing, endogenous antigen via MHC class I
2. antigen presentation, endogenous antigen

GO terms over-expressed: 

1. mitotic checkpoint
2  antigen p ocessing  endogeno s antigen ia MHC class I

GO terms over-expressed: 

1. mitotic checkpoint
2. antigen processing, endogenous antigen via MHC class I

3. complement activation, classical pathway 
4. response to drug
5. regulation of DNA metabolism
6. mitosis
7. DNA replication
8  ll GTP  di t d i l t d ti

2. antigen processing, endogenous antigen via MHC class I
3. spindle organization and biogenesis
4. antigen presentation, endogenous antigen
5. mitotic sister chromatid segregation 
6. regulation of DNA metabolism
7  microtubule based movement

g p g, g g
3. spindle organization and biogenesis
4. antigen presentation, endogenous antigen
5. mitotic sister chromatid segregation
6. regulation of DNA metabolism
7. microtubule-based movement

8. small GTPase mediated signal transduction
9. cell division
10. negative regulation of progression through cell cycle
11. skeletal development
12. DNA repair
13  amino acid metabolism

7. microtubule-based movement
8. cell division
9. phosphoinositide-mediated signaling
10. DNA-dependent DNA replication
11. regulation of development
12  nucleotide metabolism 

8. cell division
9. phosphoinositide-mediated signaling
10. DNA-dependent DNA replication
11. regulation of development
12. nucleotide metabolism

13. amino acid metabolism
14. cytoskeleton

12. nucleotide metabolism 
13. DNA repair
14. cell proliferation
15. regulation of signal transduction
16. carboxylic acid metabolism
17. positive regulation of cellular process

13. DNA repair
14. cell proliferation
15. regulation of signal transduction
16. carboxylic acid metabolism
17. positive regulation of cellular process
18  i  l i  f ll l  h i l i l 17. positive regulation of cellular process
18. negative regulation of cellular physiological process 18. negative regulation of cellular physiological 
process 



1 1

GENE CLUSTERING IN NATURAL versus STIMULATED CYCLES

1 11 11

95%

1

2 2

3 33 3

92%

Horcajadas JA/ Simon C. JCEM 2008



Horcajadas JA/ Simon C. JCEM 2008





Proteomic of Endometrial receptivity 

PROTEIN EXTRACT

Gel 2D-DIGE

SELDI Extract Gel 1D

PROTEIN ARRAY Protein digestion 

DIVISION

Digestion spots

Liquid Chromatography

ANALYSIS BIOINFORMATICS
ESI-Ion trap

MALDI-TOF/TOF
ESI Ion trap



Proteomic of Endometrial receptivity 



Conclusions

We identified 32 proteins with different expression between pre-receptive 
endometrium and refractory.

Stathmin 1 and annexin A2 have opposite regulation in receptive 
endometrium compared with the pre-receptive endometrium.

These proteins appear to be disregulated in refractory 
endometrium induced by the IUD insertion.

The application of proteomics technology can potentially be used for:

Search for new biomarkers to determine the endometrial receptivity.

Identify key molecules to improve implantation in infertile patients.

Investigate interceptive molecules to prevent implantation of the embryo.



Endometrial biopsy Isolated stromal 
cells DECIDUALIZATION

In vitro decidualizated with P + E2

DECIDUALIZATION

In vitro decidualizated with P + E2

CONTROL DECIDUAL

Conditioned 
media

Cells

SECRETOMIC 
ANALYSIS

PROTEOMIC 
ANALYSIS

Protein array 2D-DIGE

ANALYSISANALYSIS

N =7 N= 11 

Tamara Garrido & Carlos Simón. JCEM March 
2011



Up-regulated proteins

Down-regulated 
proteins

TFsE2 
“DECIDUALIZATION INTERACTOME”

TFs

Connecting proteins

E2 
+ P

Hormonal receptors

Direct 
interaction
Interaction connecting
protein 

Protein-TF 
interaction

TIMP1

Tamara Garrido & Carlos Simón. JCEM 2011



Secretomics of endometrial receptivityp y
Non-invasive diagnosis

Aspiration of endometrial secretion does not 
affect pregnancy rates

Van der Gaast et al. RBmOnline 2002
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The profile of cytokines can be determined 

Van der Gaast MH, et al. BJOG 2009

The profile of cytokines can be determined 
in endometrial secretions

Simón C, et al. J Reprod Immunol 1996
Boomsma CM et al. RBmOnline  2009Boomsma CM et al. RBmOnline  2009



Proteomics



Lipid mics Lipidomics 
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http://www.etegritytest.com.
Patterns of Integrin Expression

Endometrial quality isEndometrial quality is
identified during the window
of implantation. It is crucial
that the patient have a
carefully timed endometrialcarefully timed endometrial
biopsy. The specimen must
be collected on cycle days
20–24 (7–11 days post LH
surge).surge).



Endometrial Function Test® (EFT®) 
endometrialfunctiontest comendometrialfunctiontest.com

Cyclins expression a long of the menstrual cycle (Kliman y cols, 2006) 



Endometrial Receptivity Array (ERA)Endometr al ecept ty rray (E )



Endometrial Receptivity Array (ERA)Endometr al ecept ty rray (E )

https://earray.chem.agilent.com/earray/https://earray.chem.agilent.com/earray/Agilent e-array: https://earray.chem.agilent.com/earray/

-238 Genes
-Probe selection: “Cross-linking”
-569 probes

-238 Genes
-Probe selection: “Cross-linking”
-569 probes569 probes
-8 copies per probe
-Controls

569 probes
-8 copies per probe
-Controls



Endometrial Receptivity Array (ERA)Endometrial Receptivity Array (ERA)
Predictor

Customized microarray

Bioinformatic analysis of data obtained by the customized microarray

Classification and prediction from gene expression.

Predictors: Characterization of transcriptome phenotype of normality



Diagnosis Report



Genomic Analysis of Endometrial
Receptivity (ERA)

To score the Receptive status

-400 10000 400

EndoIF

ReceptivityNo receptivity

Diaz P/ Simon C. Fertil Steril 2010





ConclusionsConclusions

 Endometrial histology as a diagnostic tool is not useful. 
Single molecule approach is limitedSingle molecule approach is limited.

 The wide-genomic approach is increasing our knowledge  on  The wide-genomic approach is increasing our knowledge  on 
the genes governing endometrial receptivity being used as a 
new diagnostic technique.

 Secretomics of endometrial fluid is a potential non 
di ti  di ti  t l f  h  d t i l ti itdisruptive diagnostic tool for human endometrial receptivity.



P ibl  Cli i l I tPossible Clinical Improvements

Embryo 
Identification 
Viable/Normal

Identification/Modification 
of receptive endometrium

Viable/Normal

Ventana de 
implantación

30% increase pregnancy rate 10% Pregnancy rate
implantación



 1. Key points of established knowledge
 Genomics of endometrial receptivity

 2. Unresolved areas
 Epigenomic
 Secretomic Secretomic

 3. Further Research questions
 Non invasive diagnosis of human endometrial receptivity Non-invasive diagnosis of human endometrial receptivity



C. Simón A. Pellicer


