


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

v" More than 5 million babies have been born worldwide.

v’ 2 —6% live births in Europe by ART.
Mansour et al, Hum Reprod. 2006 ﬂ

v'1,5 million IVF cycles/year worldwide. \



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

Live birth rate, per cycle started
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« Still limited knowledge

* Focus oocyte/embryo
* Neglect the endometrium?
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ivi) Endometrial receptivity

ERA®

1950’s

238 customized genes

related to the WOI 218t century

Receptive vs Non Receptive




G-E-T-P-M
‘Omics’ levels

‘Omics’ studies in human endometrium
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Epigenomics Altmae S et al. Hum Reprod Update 2014;20:12-28.

(Changes in gene octaity that are not coused by changes in DNA

* DNA methylation

* Hstone modifications
* RNA interference (microRNA)
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The endometrial receptivity array for
diagnosis and personalized embryo
transfer as a treatment for patients
with repeated implantation failure

Maria Ruiz-Alonso, M.Sc.,® David Blesa, Ph.D_, &P Patricia Diaz-Gimeno, Ph.D.,>< Eva G&mez, M._Sc.,®
Manuel Fernandez-Sanchez, M.D._ 9 Francisco Carranza, M.D_ 9 Joan Carrera, M.D_,*< Felip Vilella, Ph.D_, =
Antonio Pellicer, M.D., Ph.D_,>P and Carlos Simén, M.D., Ph.D.=-P

® Fundacion Instituto Valenciano de Infertilidad, and Instituto Universitario IVViIncliva, Valencia University, Valencia;
P wiomics, Paterna; © Computational Medicine Institute, Centro de Investigacién Principe Felipe, Valencia:; © Instituto
Valenciano de Infertilidad Sevilla, Seville; and © dlinica Girona Unidad de Reproduccién Humana, Girona, Spain

The age of -OMICS

. HORMONE REPLACEMENT THERAPY CYCLE l
Endometrial biopsy must be taken on day P+5, after proper E;, priming

Metabolome

Transcriptome

1 E,:6 mg/day

@ METABOUTES
B p, :800 mg/day 0w

Pl

TRANSCRIPTION

Transcription

regulation splicing regulation

Hum Reprod. 2014 Sep:29(9):1957-67. doi: 10.1023/humrep/deul17 1. Epub 2014 Aug 8.
Deciphering the proteomic signature of human endometrial receptivity.
Garrido-Goéomez T, Quifionero A2, Antunez O3, Diaz-Gimeno P2, Bellver J2, Simén C°, Dominguez ES.



Personalized embryo transfer (pET) as
a treatment




Implantation is rate-limiting step in ‘Where have all the conceptions gone?’

in vitro fertilisation (IVF) Estiimiated fotal loss

Roberts and Lowe, Lancet 1975;i:498
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England and Wales 1971
Percentage loss 78%

CDC (Center for disease control and prevention) www.cdc.gov



— THIRTY-FOUR FERTILIZED HUMAN OVA, GOOD, BAD AND
Opening the box INDIFFERENT, RECOVERED FROM 210 WOMEN
OF KNOWN FERTILITY
A Study of Biclogic Wastage in Early Human Pregnancy

By A. T. Hertig, M. D_, John Rock, M D_, E_. C. Adams, M.D., and M. CT. Menkin, M.D.
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Hertig et al, Pediatrics 1959; 23202
-107 ‘optimal fertility’ uteri
-34 contained a conceptus

-10 abnormal

-Others: failure of fertilization?

disintegration?
failure to detect?

L)



Incidence of implantation failures A closer look...

Clin Preg Live births

Wilcox et al. N Engl J Med 1988,;319:189-94 Wilcox et al. N Engl ) Med 1988;319:185-94



The pregnancy loss iceberg

99 %

Proportion of
Live birth fetuses with
30% normal
Miscarriage chromosomes
10%
Postimplantation loss
30%

Preimplantation loss

S 4%

CONCEPTIONS

(MacKklon et al, Hum Reprod Update, 2002) (Vanneste et al, Nat Med, 2009)



*What about IVF?



Do embryos trigger a selective transcriptional
response in decidualizing endometrial stromal cells?

Day 4 human IVF Decidualized HESCs
embryos cultured No embryo incubated
individualy in 30 (control)  with unconditioned
mlaodroolc(s for3 embryo culture
medium
Decidualised stromal cell
Incubated with pooled
conditioned media
from DCEs and DIEs

Coculture incubations
repeated 3 times

Total RNA harvested after 12 h incubation

Subjected to genome-wide expression profiling
DCE, developmentally competent embryo; DIE, developmentally incompetent embryo; HESC, human embryonic stem cell

DIEs trigger far greater transcriptional response than DCEs

Developmentally competent

embryos

Developmentally impaired
embryos

¥ Metabolism

M Cell adhesion

M Cell cycle

u Cell death/apoptosis
W Proteolysis

M Translation

W Transcription

PCR, polymerase chain reaction Brosens et al 2014 SCIENCE Report



Stromal cells don’t migrate to low quality
embryos

Low-quality (BPN) embryo
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38-39yrs 40-41yrs 42-43yrs 44-46 yrs

No. of cycles 163

% of embryo transfers 85.3

Mean embryos tr. (SD) 1.6 (0.5)

% of abnormal embryos 60.4
PR/ transfer

% of miscarriages

Implantation rate

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




X Preimplantation Genetic Screening

* Only morphological criteria
fails selecting the best
embryo.

* Transference of “good
morphology’”’ embryos not
always means “good quality”
embryos.

A

g O =

Figure 2 Rep 2CGH data ob!f d from he blastocysts via trophectoderm blopsy performed on post-fertilization day 3.
While sandard microacopy confirmed good morphology (Grade 5 for both blastocysts, ploidy status was not untfoen. Using aCGH 10 screer

r but not i B (45 Xv-12

Yang et al., 2012






« Abnormal Female
e +14, +17, +18, +21






e 46 XX,
* Normal embryo!



Aims of Preimplantation Genetic

Screening
Expected advantages in IVF
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Preimplantation Genetic Screening

Assesment of embryo viability:

v" Improve implantation

v Decrease miscarriage rates iy j ‘

v' Decrease risk of abnormal offspring

* Advanced maternal age (=38 years)

* Prior pregnancy /child chromosomally abnormal
Indications = Multiple implantation failures (=2 failed IVF)

* Recurrent miscarriage (=2 miscarriages)

= Severe male factor (low sperm count)




PGS: How !

1991-1995
2008 2010 2012
FISH M\
Array o
Comparative  Quantitative Single-nucleotide
Genomic polymerase polymorphism Next-
Hybridization chain reaction (SNP) microarray Generation
(aCGH) (qPCR) Sequencing
(NGS)

24 chromosomes
+

Mito DNA; mutations



100
90
80
70
60
50
40
30
20
10

2011-2014 percentage of abnormal embryos (5115 cycles)

66,6

44,4

<= 35 years

4918 cycles wi

th day-3 biopsies

197 cycles with day-5/6 biopsies

72,8

36-37 years

m % Abnormal Day-3

86,2
78,4
I 65’7 I i

38-39 years 40-41 years

m % Abnormal Day-5/6

93,4

73,1

>=42 years

28



PGS: To whom !

RCT, blastocyst biopsy with single embryo transfer (SET)

Table 1 Characteristics of patients whose embryos were randomized to assessment by
‘ A ' morphology with aCGH (Group A) and blastocyst morphology only (Group B)
omen < 3 5 Years Group A (n=155) Group B(n=48)
H Age (yrs) 31225 31.5=27
F ' rSt IVF attem P Total oocytes retrieved 19.5=8.2 19.3=8.1
No prev|ous mlscarrlages MII (mature? f)ocy'tes 16.6=7.8 16.3=7.6
OQocytes fertilized (2pn) 13.1x6.7 128=6.4
(Yang et al., 20/2) Day 3 embryos 12018 126=1.9
Day 5 blastocysts 83=21 8.1=x24

blastocyst morphology alone (Group B)

Table 3 Comparison of laboratory findings and clinical outcome among IVF patients
undergoing SET with embryo assessment by aCGH + morphology (Group A) and

A B p

Fresh blastocyst transfer according to morphology assessment:
Grade 5/6

Grade 4

Grade 3

Clinical pregnancy

Ongoing pregnancy (=20wks GA)

Missed abortion

55 (100) 48 (100)

31 (56.4) 28 (58.3)
21(38.2) 19 (39.6 ) 0.677
3(54) 1.1

39 (70.9) 22 (45.8) 0.017°
38 (69.1) 20 (41.7) 0.009
1(2.6) 2(9.1) 0.597°

Notes: All data reported as n (%). SET = single embryo transfer: aCGH = array comparative
genomic hybridization: GA = gestational age * by Chi-squared test ® by Fisher’s exact test




PGS: To whom !

Single embryo transfer (SET)

Women 21-42 years Women <43 years
First IVF attempt AMH >1.2 ng/ml

No previous miscarriages FSH <12 IU/L
(Scott et al, FS 2013) (Forman et al., FS 2013)

1: A Pregnancy Outcome Per Randomized Patient (Intention-to-Treat)
% m Single euploid blastocysttransfer (N=89) [ Untested 2-blastocyst transfer (N=86)
70
0 e 81%

50 mccs 80%
P = Control 70% 65%
30 61%
60%
20
10 0%
0 40%
Chemical Chinical Delivarad® 30%
Outcome per ftreatment cycle: Delivery rates are statistically
significantly increased in treatment cycles in which embryos e
undergo comprehensive chromosome screening (P=.03). The initial 10%
chemical and clinical pregnancy rates were not different. %




PGS: How !

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

Pregnancy Rate/transfer Implantation Rate

60 B accH 60 B accH

FISH FISH
50 50
40 40
% — % —
30 30
20 20
10 10
0 o)

<40 years 240 years <40 years 240 years

N¢ cycles-AMA: 880, |F:187, RM:204, MF:116
Pregnancy of 12 weeks gestation or more



Preimplantation Genetic Screening

» 24-chromosome analysis by Array-CGH - NGS mitDNA

PGS:When?

" 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.

* High aneuploidy risk: AMA, RM, RIF, MF, PTP
* Young good prognosis patients

» Single embryo transfer

= PGD +PGS



PGS: How !

Array CGH Work-flow

Sample | Sample 2 1Biopsy \
@% ®% 1Cel| (s) loading
Ampllfcatlon (=~ 3 hrs) (98.3%)

A lLabelllng (2 hrs)
: }‘ k 1 DNA precipitation (~ | hrs)

Hybridisation (5—12 hrs)

24sure
BlueGnome
2684 clones

IMb coverage 1 Washing (~ 1/2 hr)
BlueFuse Multi K lv Scanning /
software




PGS: How !

Array CGH profiles

Euploid embryo
Pitt
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PGS: How !

v" For blastomere and trophectoderm samples v Mitochondrial DNA analysis

v" For whole-chr and segmental aneuploidies

v' Embryo viability markers

v" Validated technology v" Single gene disorders
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PGS: How !

Mitocondrial DNA cuantification

*p =0.0012

**p =0.027

(Diez et al., FS in press 2015)
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Human Reproduction, Yol27, No.4 pp. 1217-1222, 2012
Advanced Access publication on February 16. 2012 doi: 10.1093/humrep/desD20

I&Wucm ORIGINAL ARTICLE Reproductive genetics

Single embryo transfer with

comprehensive chromosome screening
results in improved ongoing pregnancy
rates and decreased miscarriage rates

E.). Forman'?* X. Tao!, K.M. Ferry!, D. Taylor'23, N.R. Treff!23,
and R.T. Scott Jr':2

Table Il Pregnancy outcomes by treatment group.

CCS-SET

96/ 140 (68.6%)

77/140 (55.0%)
9/86 (10.5%)
1/77 (13%)
386 4+ 20
3281 + 525

Control SET
Chemical pregnancy rate 108/ 182 (59.3%)
Ongoing pregnancy rate 76/182 (41.8%)
Clinical miscarriage rate 25/101 24.8%)
Monozygotic twin rate 0/76 (0%)
Gestational age at delivery (weeks + SD) 389+ 14
Birthweight (grams + SD) 3286 + 522
*Chi-square.
FFisher's exact test
*rtest



Fertility OPEN ARCHIVE! Click here

All issues over 12 months old to view

and Sterility. are now freely available to all readers. past issues

ADVERTISEMENT

- geem—
TN SN vem) .
Fe rt I I It 259N &g W |[E] rssFeedsE] Mobile[]
=/ 2
19 ul ! Login | Register | Subscribe

and Sterility. © L/
\ 2\ - /S

X )

y" >

Articles & Issues v Collections v For Authors v For Patients Journal info v Subscribe  ASRM -~ Aslan Edition More Periodicals -

' | All Content :J | Search | Advanced Search

< Previous Article ril 2015Volume 103, Issue 4, Pages 1031-1036 Next Article > | £l =]

You do not have access to the content that you requested. Please review your options for gaining access at the bottom of the

page. Access this article on
ScienceDirect

Routine use of next-generation sequencing for preimplantation
genetic diagnosis of blastomeres obtained from embryos on day

3 in fresh in vitro fertilization cycles X PDF (217 kB)
Krzysztof ukaszuk, M.D., Ph.D.EJ. Sebastian Pukszta, Ph.D., Dagan Wells, Ph.D., Celina Cybulska, Ph.D., Joanna (gl Email Article

Liss, Ph.D., kukasz Ptéciennik, Ph.D., Waldemar Kuczyriski, M.D., Ph.D., Judyta Zabielska, M.Sc.

: Add to My Reading List
Received: June 25, 2014; Received in revised form: November 24, 2014; Accepted: December 26, 2014; Published Online: —
January 23, 2015 := Export Citation

& Create Citation Alert

The PR per transfer was higher in the PGS group (84.4% vs. 41.5%).
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Blastocyst biopsy and aCGH appear to limit the
effect of age when performed on Day 5

80%
70%
60%

50%
40%
30%
20%
10%

0%

= day 3, per transt

dav 5, per cvcle

Pregnancy rate

35-37 38-40 41-42 >42

Maternal age
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Multifactorial + Environment factors

Monogenic ‘ ‘ ’
ALE

Chromosomal  ({ft) (i
Mitochondrial

Somatic mutations (cancer)*



CGT Data Results

'I 471 immmmmn

Somp es

Igenomix Match allows you
fo use any donor even if

they carry pathogenic

85

Clinical Incompatibility

8% In our last study (of 85 couples) we
found that 8% are incompatible

Haemophilia A (F8 gene)
Smith-Lemli-Opitz (DHCR7 gene)
Polycystic Kidney disease (Recessive; PKHD1 gene)

CGT[5~ o pmexmimon
cgl.igenomix.com mm% ABCD4 gene)
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Unaffected
No Carrier

25%

FATHER CARRIER MOTHER CARRIER

Unaffected
Carrier

S50%

Affocted

25%



Pediatric Hospitalizations

Infant mortality
(developed
countries)

Ve \ \

http://www.who.int/genomics/public/geneticdiseases/en/index2.html




v" To promote health and prevent inherited single gene
diseases

o Autosomal Recessive
o X-linked

v" To offer family-planning reproductive choices to patients
o Natural conception and Frenatal Diagnosis
o ART and Preimplantation Genetic Diagnosis
o ART and Gamete Donation



Pathogenic
or likely
pathog

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



» The majority of genetic mutation carriers
don't have a family history of these disorders

85couples -
170 CGTs 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




FSH Ll-zlfLCG
1 2 3 4 5 6 7 8 9 10
oo o oo

GnRH antagonist



e Endometrial assessment: ERA

* Chromosomal screening: PGS
e Avoiding multiples: SET

* CGT: PGD

* Oral stimulation: Still far away



