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Importance of Oocyte and sperm 



Embryo implantation 
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•  Even though the blastocyst can implant in 
different human tissues, surprisingly in the 
endometrium, this phenomenon can only 
occur during a self-limited period spanning 
between days 20 and 24 of a regular 
menstrual cycle (day LH+7 to LH+11) 

 
 
Psychoyos et al.,1973 



Human endometrium: US
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ART  and  endometrial  advancement
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ART  and  endometrial  advancement  
an  outcome




Fresh vs Fret: Quid? 



Danish sibling study 

Henningsen AK, et al. Fertil Steril 2011;95:959–63. 



FET vs Fresh, anno 2014 



FET cycle regimen 

Groenwoud et al, 2013 
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study question: Are there any proteomic differences between receptive (R) and non-receptive (NR) endometrial receptivity array
(ERA)-diagnosed endometria obtained on the same day of a hormonal replacement therapy (HRT) treatment cycle?

summaryanswer: There is a different proteomic signature between R and NR ERA-diagnosed endometrium obtained on the same day of
HRT cycles.

what is known already: The human endometrial transcriptome has been extensively investigated in the last decade resulting in the
development of a new diagnostic test based on the transcriptomic signature of the window of implantation (WOI). Much less is known about the
proteomics derived from the transcripts present during the WOI.

study design, size, and duration: This study was a basic proteomic analysis of human endometrial biopsies taken from twelve IVF
patients.

participants/materials, setting, and methods: Human endometrial biopsies were collected during HRT cycles after
5 days of progesterone (P) administration, and diagnosed as receptive (R; n ¼ 6) or non-receptive (NR; n ¼ 6) by the ERA test. Endometrial pro-
teins were extracted, labelled and separated using differential in-gel electrophoresis (DIGE). Proteins were identified using mass spectrometry,
followed up by in silico analysis. Validation studies using western blots and immunolocalization were performed for the progesterone receptor
membrane component 1 (PGRMC1) and annexin A6 (ANXA6) proteins.

main results and the role of chance: DIGE analysis followed by protein identification by MALDI-MS and database searches
revealed 24 differentially expressed proteins in R versus NR samples. In silico analysis showed two pathways which were significantly different
between R and NR samples. Expression of PGRMC1 and ANXA6 was validated and localized by western blots and immunohistochemistry.
These results highlight these proteins as key targets likely to be important in the comprehension of human endometrial receptivity.

limitations, reasons for caution: This was mainly a descriptive study with no functional studies on the proteins found. We also
used a low number of human endometrial samples for the DIGE analysis.

wider implications of the findings: This study identified the proteomic profile associated with receptive or non-receptive human
endometria. Our findings suggest that although histological dating indicates a putative ‘receptive’ status within the WOI, a different transcriptomic and
proteomic profile is observed in these samples. We should move towards using more personalized WOIs, where identification of the correct endo-
metrial receptivity status, and consequently the success of IVF, relies on individual molecular signatures rather than traditional endometrial dating.

study funding/competing interest(s): F.D.’s participation in this work was supported by the Spanish Ministry of Economy and
Competitiveness, through the Miguel Servet Programme (CP13/00075) co-founded by FEDER. The project was also supported by a grant from the
Spanish Ministry of Economy and Competitiveness, through the FIS Programme (PI12/00450). The authors have no financial/commercial conflicts of
interest to declare.
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Predictor classifies the molecular  
receptivity status of the endometrium  
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Personalized embryo transfer (pET) as 
a treatment

P+5P+3 P+7

LH+7LH+5 LH+9
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•  The ERA need further validation in  natural and stimulated 
cycles 

OMICS and ERA 



How to improve the endometrial receptivity? 



How to improve the endometrial receptivity?	
  



How to improve the endometrial receptivity? 



Hysteroscopy prior to the first IVF cycle: A systematic review 
and meta-analysis  
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Van Mourik et al, 2009 



Human	
  ovarian	
  steroidogenesis	
  

This	
  part	
  takes	
  place	
  in	
  both	
  theca	
  and	
  granulosa	
  cells.	
  
Enzymes	
  are	
  in	
  essense	
  unidirec;onal.	
  	
  
Progesterone	
  is	
  a	
  final	
  product.	
  



Intrafollicular	
  concentra;ons	
  of	
  progesterone	
  in	
  rela;on	
  to	
  
follicular	
  development	
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Van Vaerenbergh et al 2011 

•  Patients were divided into three groups: 
•  (A) P <= 0.9 ng/mL 
•   (B) 1 <= P <= 1.5 ng/mL 
•   (C) P > 1.5 ng/mL 

 
•  Gene expression analysis: 

•  a small number of significantly differentially expressed probe sets between 
groups A and B (5 up/23 down in B) and a large difference between groups B 
and C (607 up/212 down) (P<=0.05,FC>=1.4) 

     This is the first study to demonstrate a distinct difference in endometrial gene 
expression profile between patients with a P serum level above and 

•  below the threshold of 1.5 ng/mL on the day of hCG administration 





High Progesterone and gene-expression 

• Maximal LH at 4 h vs. 14h 
• Progesterone	
  rise	
  on	
  HCG	
  day	
  in	
  GnRH	
  
antagonist/rFSH	
  s;mulated	
  cycles	
  affects	
  
endometrial	
  gene	
  expression. 

Van vaerenbergh et al, 2011 



Bosch et al., 2010 



Bosch et al., 2010 



Geva et al., 1998 



Probability of high P levels versus E2 levels and  
number of follicles on day hCG 

•  A logistic regression model was performed to assess the relationship between 
E2 and number of follicles on hCG day with progesterone rise >1.5 ng/mL 

     A significant effect on progesterone rise was observed for both E2  
     (p <0.001) and number of follicles (p=0.041)  

Kyrou	
  et	
  al.	
  2012	
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Area under the ROC curve for serum E2 and 
number of follicles on day of hCG 

•  Cut-off for serum E2 on day hCG = 2428 pg/ml. 

•  Specificity = 0.821; sensitivity = 0.436 (AUC=0.625, PPV=51%, NPV=77%) 

•  Cut-off for the number of follicles (≥ 11mm) = 12 follicles 

•  Specificity =0.635; sensitivity = 0.548 (AUC=0.608, PPV=39%, NPV=77%) 
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“It	
  is	
  clear	
  that	
  high	
  serum	
  progesterone	
  during	
  the	
  follicular	
  phase	
  jeopardizes	
  the	
  
endometrial	
  recep*vity”	
  
	
  
	
  
	
  
	
  
	
  
Fatemi	
  and	
  Van	
  Varenbergh,	
  2015	
  



Conclusion1: 

• Ovarian stimulation changes the endometrial 
environment 

•   Implantation requires a reciprocal interaction 
between blastocyst and endometrium, 
culminating in a small window of implantation 

•  Genetic information of the embryo is a contributing 
factor to implantation 

•  Implantation itself is governed by an array of 
endocrine, paracrine and autocrine modulators 
of embryonic and maternal origin. 



Conclusion2: 

• Need for further research on 
endometrial “inflammation” prior IVF 

• Importance of Progesterone! 
 
•  High serum progesterone levels prior hCG administration is a 

frequent event 

•  Independently from the GnRH analogue used 
 
•  Related to the total FSH dose and number and size the 

of oocytes  
 



Conclusion3: 

•  High serum progesterone levels prior hCG 
administration is associated with a decreased 
pregnancy rate 

 
•  Most probably due to a negative impact on the 

endometrium 

 
•   IVF treatment: Optimisation and individualisation of 

ovarian stimulation and final oocyte maturation 

•  Possible solution: Segmentation of IVF? 
                      “Natural Endometrium” 
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