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Infertility

ü  48 million Infertile couples in 2010 worldwide.  
        Mascarenhas et al, PLoS Med. 2012

ü   More than 5 million babies have been born worldwide. 
ü   2 – 6% live births in Europe by ART. 
       Mansour et al, Hum Reprod. 2006

ü 1,5 million IVF cycles/year worldwide. ONONE HEALTHY 
BABY AT HOME
E HEALTHY BABY AT HOME



•   1991- 2015: pubmed 19000 publications 
on IVF, however: 

HFEA, 2011 



Why?  

• Still limited knowledge 

• Focus oocyte/embryo 
• Neglect the endometrium? 



Zondek et al. 1930 
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Endometrial  Histology:  Noyes  et  al  1950




PILOT STUDY 

Recep%ve	
  vs	
  Non	
  Recep%ve	
  

Endometrial receptivity  
ERA® 

1950’s 
 
 
 
 
21st century 

238 customized genes 
related to the WOI 



What about Omics? 



Transcriptome Proteome Metabolome

The age of -OMICS

TRANSCRIPTION TRANSDUCTION 

Transcription 
regulation

Alternative 
splicing

Transduction 
regulation

DNA RNA mRNA Protein METABOLITES



ERA 

 
 



Personalized embryo transfer (pET) as 
a treatment

P+5P+3 P+7

LH+7LH+5 LH+9

P      E      T



Human fertility efficiency 









• What	
  about	
  IVF?	
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Endometrium and embryo communication 



Endometrium and embryo communication 



≤35	
  yrs	
   36-­‐37	
  yrs	
   38-­‐39	
  yrs	
   40-­‐41	
  yrs	
   42-­‐43	
  yrs	
   44-­‐46	
  yrs	
  

No.	
  of	
  cycles	
   163	
   137	
   225	
   383	
   213	
   76	
  

%	
  of	
  embryo	
  transfers	
   85.3	
   78.1	
   68.4	
   49.9	
   31.4	
   14.5	
  

Mean	
  embryos	
  tr.	
  (SD)	
   1.6	
  (0.5)	
   1.6	
  (0.6)	
   1.5	
  (0.5)	
   1.4	
  (0.5)	
   1.3	
  (0.4)	
   1.2	
  (0.5)	
  

%	
  of	
  abnormal	
  embryos	
   60.4	
   66.5	
   75.3	
   81.8	
   88.9	
   93.9	
  

PR/	
  transfer	
   59.0	
   57.0	
   50.6	
   44.5	
   58.2	
   54.5	
  

%	
  of	
  miscarriages	
  	
   7.3	
   3.2	
   11.5	
   6.2	
   7.7	
   16.7	
  

ImplantaNon	
  rate	
   50.0	
   47.9	
   47.7	
   40.3	
   57.5	
   53.8	
  

Clinical outcome by aCGH according to maternal age (Dec 2012) 

Ongoing pregnancies: two of them in 44 yrs old women, two in 45 yrs and one in 46 yrs 



Preimplantation Genetic Screening 

§ Only morphological criteria 
fails selecting the best 
embryo. 

§ Transference of “good 
morphology” embryos not 
always means “good quality” 
embryos. 

Yang	
  et	
  al.,	
  2012	
  	
  



Good  embryo  development
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PGS  result:


•  	
  Abnormal	
  Female	
  
• +14,	
  +17,	
  +18,	
  +21	
  



Limited  embryo  development


	
  



• 46	
  XX,	
  
•  	
  Normal	
  embryo!	
  



PGS


Page	
  25	
  

	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  



Preimplantation Genetic Screening 

Indications 

§ Advanced maternal age (≥38 years) 

§ Prior pregnancy /child chromosomally abnormal 

§ Multiple implantation failures (≥2 failed IVF) 

§ Recurrent miscarriage (≥2 miscarriages) 

§  Severe male factor (low sperm count) 

ü  Improve implantation 

ü  Decrease miscarriage rates 

ü  Decrease risk of abnormal offspring 

Assesment of embryo viability: 



PGS: How ? 

2014 

2008 2010 2012 

1991-1995 

FISH	
  
Array 

Comparative 
Genomic 

Hybridization 
(aCGH)  

Single-nucleotide 
polymorphism 

(SNP) microarray  

Quantitative 
polymerase 

chain reaction 
(qPCR)	
  

Next-
Generation 
Sequencing 

(NGS)	
  

2-12 chromosomes 24 chromosomes	
  

PCR	
  

Analysis of a identified single gene disease	
   24	
  chromosomes	
  
+	
  

Mito	
  DNA;	
  muta%ons	
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4918 cycles with day-3 biopsies 
197 cycles with day-5/6 biopsies 

2011-2014 percentage of abnormal embryos (5115 cycles) 

PGS:  When ? 



Women < 35 years 
First IVF attemp 
No previous miscarriages 
(Yang et al., 2012)	
  

PGS: To whom ? 
RCT, blastocyst biopsy with single embryo transfer (SET) 



Women 21-42 years 
First IVF attempt 

No previous miscarriages 
(Scott et al., FS 2013) 

Women <43 years 
AMH ≥1.2 ng/ml 

FSH <12 IU/L 
(Forman et al., FS 2013) 

PGS: To whom ? 
Single embryo transfer (SET) 



PGS: How ? 

PGS with aCGH achieves better reproductive 
outcome  than FISH (24-chr. vs 9 chr. Panel) 

 



Preimplantation Genetic Screening 

PGS 

§  24-chromosome analysis by Array-CGH à NGS mitDNA 

PGS: How ? 

PGS: When ? 

To whom ? 

§ High aneuploidy risk:  AMA, RM, RIF, MF, PTP 

§ Young good prognosis patients 

§  Single embryo transfer 

§ PGD +PGS 

§ Day-3 or trophectoderm biopsies offer similar results in 
similar good prognosis population. 

§  For AMA and low ovarian response day-3 could be more 
informative. 



PGS: How ? 

Cy3 Cy5 

24sure 
BlueGnome 
2684 clones 
1Mb coverage 

BlueFuse Multi  
software 

Biopsy 

Cell (s) loading 

Amplification (~ 3 hrs) (98.3%) 

Labelling (2 hrs) 

DNA precipitation (~ 1 hrs) 

Hybridisation (5–12 hrs) 

Washing (~ 1/2 hr) 

Scanning 

Sample 1 Sample 2 

Array CGH Work-flow 



PGS: How ? 

Par%al	
  gain	
  chromosome	
  2p	
  

Euploid	
  embryo	
  

Complex	
  aneuploidy	
  

Chao%c	
  paCern	
  

Loss	
  of	
  chromosome	
  13	
  

Gain	
  of	
  chromosome	
  21	
  

Array CGH profiles 



PGS: How ? 

Where are we? Where we go? 

ü  For blastomere and trophectoderm samples 

ü  For whole-chr and segmental aneuploidies 

ü  Validated technology 

ü  Mitochondrial DNA analysis 

ü      Embryo viability markers 

ü  Single gene disorders 

Personalized	
  
Reproduc%ve	
  
Medicine	
  

NGS 



PGS: How ? 

*p	
  =	
  0.0012	
  	
  

**p	
  =	
  0.027	
  	
  

Day-3 biopsies Trophectoderm 

Mitocondrial DNA cuantification 

(Diez et al., FS in press 2015)	
  

N= N= 
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The  PR  per  transfer  was  higher  in  the  NGS  group  (84.4%  vs.  41.5%).  The  
implantaRon  rate  (61.5%  vs.  34.8%)  was  higher  in  the  NGS  group.  The  
miscarriage  rate  was  similar  in  the  2  groups  (2.8%  vs.  4.6%).  
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The	
  PR	
  per	
  transfer	
  was	
  higher	
  in	
  the	
  PGS	
  group	
  (84.4%	
  vs.	
  41.5%).	
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•  Multifactorial

•  Monogenic 

•  Chromosomal

•  Mitochondrial

•  Somatic mutations (cancer)* 

+ Environment factors

MALE

Genetic Conditions- CLASSIFICATION 



CGT:  Data  Results
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Pediatric Hospitalizations 18%

Infant mortality  
 (developed 
countries) 

20%

hXp://www.who.int/genomics/public/geneNcdiseases/en/index2.html	
  	
  

Single Gene Disorders



Goal of the Carrier Genetic Test (CGT)

ü  To promote health and prevent inherited single gene 
diseases 
!  Autosomal Recessive 
!  X-linked 

ü  To offer family-planning reproductive choices to patients
!  Natural conception and Prenatal Diagnosis
!  ART and Preimplantation Genetic Diagnosis
! ART and Gamete Donation 



How often mutations are found?

1.584

2.1
Pathogenic 

or likely 
pathog

Positive: 1471 (92,9%)
Negative:  113 (7.1%)



How Many Couples have shared risk?

85couples
170 CGTs

8%

Haemophilia A (F8 gene): 1
Smith-Lemli-Opitz (DHCR7 
gene): 1
Polycystic Kidney disease 
(Recessive; PKHD1 gene): 2
Fragile X (FMR1 gene): 1
Cystic fibrosis (CFTR gene): 1
Retinitis pigmentosa (Blindness; 
ABCD4 gene): 1



47	
  

SRll  far  away  Future:




Future  of  IVF:Conclusions


•  Endometrial	
  assessment:	
  ERA	
  

• Chromosomal	
  screening:	
  PGS	
  
•  Avoiding	
  mulNples:	
  SET	
  
	
  

• CGT:	
  PGD	
  

• Oral	
  sNmulaNon:	
  SNll	
  far	
  away	
  


