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INTRODUCTION 
 

2008, 2009 e 2010 

> 4 x 106  cycles 

> 1 x 106 live births 

Take home baby  < 20,0% 

 Most embryos produced in vitro fail to implant 

ESHRE ASRM RED LARA 

Pregnancy per ovum pick up (%) 29.4 35.0 30.2 

Pregnacy per embryo transfer (%) 30.9 43.2 33.5 
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Selection of  the most viable embryo: Main Challenge in ART 



INTRODUCTION 

• Prolonging the embryo culture period enables a better 

selection of embryos for transfer 

• Inability to predict which blastocyst presents the higher 

implantation potential 

embryo genome expression  

? 

CRUCIAL 

• Development of reliable and non-invasive 

methods of embryo evaluation  



GENOMIC 

~25,000 GENES 

TRANSCRIPTOMIC 

~100,000 

PROTEOMIC 

~1,000,000 

METABOLOMIC 

~2,500 

INTRODUCTION 
 

Non-invasive approaches for embryo 

development assessment  
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INTRODUCTION 
 

Metabolites detected in the embryo 

culture medium: carry important 

information about the embryo 
 

Changes in embryo metabolism: 

viable embryos present a different 

metabolic profile from non viable 

embryos.  
 



INTRODUCTION 
 

Lipids 

Cell 
membrane 
structure  

 Energy 
storage 

Cell 
proliferation  

signaling 

Gene 
transcription 

signaling 

Anti and pro-
inflammatory 

agents 

Apoptosis 
signaling  



INTRODUCTION 
 

LIPIDOMICS 

• Large-scale study of lipid species and their related networks and 
metabolic pathways 

 

• Mass spectrometry: study of intact lipid molecular species from very 
small amounts of samples 

 

• Powerful approach for the understanding of cellular biology and 
integrate the investigation of the role of genomics, transcriptomics, 
proteomics, and metabolomics in cell function. 

 



OBJECTIVE 
 

Identify lipid markers of blastocyst implantation and live 

birth by day three culture medium mass spectrometry 

fingerprinting 

 



MATERIALS AND METHODS 

• STUDY DESIGN 

Samples of D3 
embryo culture 

media 

Embryo that did not 
reach blastocyst 

stage 

33 samples from 
transferred 
blastocysts. 

22 pacientes 

Positive Implantation 
(n=19) 

100% implantação 

Negative 
Implantation (n=14) 

0% implantação 

X 
Live births 



-20º C 

ICSI 

FERTILIZATION 

D2 

D3 

D5 – Transfer 

MATERIALS AND METHODS 

• SAMPLES COLLECTION 

Lipid extraction  

(Bligh and Dyer, 1959) 



Q-TOF Data acquisition Nanomate 
automated injector 

MATERIALS AND METHODS 

• MASS SPECTROMETRY AND LIPID PROFILE 

Positive 
ionization 

mode 

Negative 
ionization 

mode 



Data 
normalization 

by Log 

Data 
Standardization 

by z score  
PCA PLS-DA VIP escores 

Value given to each 
ion according to its 

potential for 
discriminating the 

samples 

14 

 

Metaboanalyst 3.0 

MATERIALS AND METHODS 

• DATA ANALYSIS 

To detect clustering 
and the 

discrepancies 
between the 

samples 
To maximize the 
variations and to 

guarantee the 
discriminatory effect 
of the components  
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Clustering of the samples from the negative implantation group  on 

positive and negative ionization modes  

+ ionization mode - ionization mode 
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Negative Implantation
Positive  Implantation

Negative Implantation
Positive  ImplantationA B

PLS-DA 

+ ionization mode 

Discrimination of the samples from the negative implantation group  on 

positive and negative ionization modes  

- ionization mode 



RESULTS 

• The main ions responsible for the discrimination of the negative implantation group 

AUC: 72,0% AUC: 73,5% 

Positive mode Negative mode 



RESULTS 

• Ions identification 

LIPIDMAPS 

Glycerophosphoglycerol 

Dicarboxylic acids, 

Glycerophosphocholine Phosphoethanolamine 

Unsaturated fatty acids 
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LIPID 
INTERACTIONS 

Biosynthesis of 
GPI anchors 

Synthesis of 
inositol 

phosphate 

Synthesis of 
glycerophospho

lipids 

Lipids Involved in 
cellular restructuring 

Embryos with poor 
implantation potential 

Machinery to 
exhaustion 
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DISCUSSION 

• Metabolomic profile of embryo culture media by MS as a predictive toll of embryo 

viability 
 



DISCUSSION 

• Lipid profile was accessed using mass spectrometry to  predict which embryo is 

able to reach the blastocyst stage 



DISCUSSION 

• To access  the lipid profile and determine which blastocysts is able to implant 

Source: The cell 

• Predictive power of this model was not totally conclusive 

Implantation  

Adequate embryo 
development 

Receptive endometrium 

Dialogue between 
embryo and endometrium  

• Blastocysts capable of leading to a successful pregnancy and live births 



DISCUSSION 

• Culture media from embryos that reached the  blastocysts stage and were 

selected for transfer, were analyzed. 

• The strategy used here was able to identify differentially represented lipids in the 

culture medium of blastocysts that implanted vs those that did not implant. 

 

 

• Embryos selected according with the morphology on days one, two, three and five  



DISCUSSION 

Expensive 

Robust 

Complicated 

Difficult Access 

New platforms 

Available in surgical 
rooms 

Real-time analysis 

Adapted in assisted 
reproduction centers 



CONCLUSION 

DAY THREE CULTURE MEDIA LIPIDOMIC BY  MASS 
SPECTROMETRY  

• Fast, non invasive and viable predictive toll for blastocyst implantation, successful 
pregnancy, and live birth; 

 

• Incorporated in the laboratory routine, adjunct to morphology evaluation to identify 
embryos that should not be transferred; 

 

• Increasing implantation and also reducing the rate of multiple pregnancies  
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