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THE FUTURE ROLE OF THE EMBRYOLOGIST
WILL FOCUS ON PROVIDING OUR
PATIENTS

e HIGHER SUCCESS RATES

* MORE PERSONALISED DIAGNOSIS AND
TREATMENT

e AND ONE HEALTHY BABY AT A TIME
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Venn diagram of the Responsibilities
of Implantation Failure
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Venn diagram of the Responsibilities
of Implantation Failure

EMBRYO
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How can the egg and embryo impact the success of
Reproduction?
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Outcomes of ART Cycles Using Fresh Nondonor Eggs or Embryos,

by Stage, 2012
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THE “OMICS” — INVASIVE ASSESSMENT

w OF THE EMBRYO

‘ Transcriptome
Genomics l

Transcriptomics
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The Preimplantation Genetic Screening
Example:
A Strong Hypothesis Can Be A Slave To
Technology
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Pregnancy rate
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Blastocyst Biopsy and aCGH does
appear to limit the effect of age when
performed on Day 5

Ongoing Pregnancy
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Single embryo transfer with

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

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

Table Il Pregnancy outcomes by treatment group.

Control SET CCS-SET
Chemical pregnancy rate 108/ 182 {59.3%) 96/ 140 [68.6%)
Ongoing pregnancy ram 76/ 182 41 8% TT/ 140 (5500
Clinical miscariage rate 357101 [24.8%) 5786 (10.5%)
Monozygotic Dwin rate 0/ To (0%) 7T {1 3%)
Gestational age at delivery (weeld + 50) 3894 |4 386+ 20
Birthwaight (grams + SO 3186 + 511 3281 +.525
“Chi-sguare.
:Fid-u-'l m=act test
ot T
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THE OMICS -
NON-INVASIVE ASSESSMENT
OF THE EMBRYO

Proteins

Proteome /

Metabolome | |
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How many live births occur per
100 oocytes retrieved?

Live Births Per Oocyte Retrieved
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Cumulus or Follicular cells as
surrogate markers of viability

Polar Body

Genes

Mitochondria

Follicular Fluid
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Potential role of CCs as a regulator of oocyte competence and as biomarkers for
oocyte/embryo quality or preghancy outcome.

Cumulus cells as biomarker for oocyte quality,
embryo and pregnancy outcomes

Regulation of Cumulus
cell functions

- Cumulus cells
Oocyte secreted factors -
[:> ﬁﬁ | [ﬁmm |
| [PRox:
Oocyte developmental

competence

Assou S et al. Mol. Hum. Reprod. 2010;16:531-538
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Cumulus or Follicular cells as
surrogate markers of viability

B I
Hamamabh et al. Comparative protein gliLl
expression profiling in human cumulus | 22 %
cells in relation to oocyte fertilization Y
and ovarian stimulation protocol. ;
Reprod Biomed Online. 2006 13:807-14.
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BMP15

N Cumulus

Feuerstein et al. Gene expression in human
cumulus cells: one approach to oocyte
competence. Hum Reprod. 2007
22:3069-77.

Hamel et al. Identification of differentially
expressed markers in human follicular

: . CD24
cells associated with competent

Activin A
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Real Time Morphology

PRIMO VISION TIME-LAPSE
EMBRYO MONITORING SYSTEM
4 =‘ ‘ 7 qb'_,_,_—-——--—35“ —

6RBOSTONIVF



BOSTON IVF
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Auxogyn

e Using a Day 2 algorithm they can predict with over 90%
efficiency which day 2 embryo will develop to a blastocyst

e \Wong et al. Nat Biotechnol. 2010
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Is there still a place for
morphology and will real time
imaging replace it?
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Utility of the national embryo morphology
data collection by the Society for Assisted
Reproductive Technologies (SART):
correlation hetween day-3 morphology
grade and live-birth outcome

FIGURE 1

(A) Relationship between embryo quality (grade) and the percentage of live births/embryo transfers in patients receiving two day-3 embryos of
the same grade. Embryo quality (grade) was positively correlated with the percentage of live births/embryo transfer. Groups with different
letters indicate statistical difference (P<.0001). (B) Relationship between embryo quality (grade) and maternal age in patients in whom two
day-3 embryos of the same grade were transferred. Embryo quality (grade) was positively correlated with the percentage of live births/embryo
transfer for the <35 year olds (P=.011), with a positive trend (not statistically significant) with the >35 year olds (P=.299). Groups with different
letters are statistically significantly different from one another.
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Hisman Reprodietlon, Vol2s, Mol pp. 3209-1204, 2011
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Trophectoderm morphology: an
important parameter for predicting

live birth after single blastocyst transfer

A. Ahlstrom®, C. Westin, E. Reismer, M. Wikland, and T. Hardarson
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Table | Patient and morphology characteristics of
transferred embryos divided by live birth ouwtcome.

Variable MNo live birth Live birth (n = 4112)
(n = 495)
Expansion”, (n) %
0 3.0 1) 0.0 {0)
| 6.4 (46) 5.7 (24)
4 1 7.3:(120) Bol (34)
3 37.3 (259) 35.1 (1 48)
4 35.8B (24%) Sl (215)
Inner coll frass”, (1) %
A 71.7 (364) B2.7 (301)
B 27.2 {138) 17,0 (62)
5 1.2 (&) 23 (N
Trophectoderm cells®, {n) %
A 46.3 (235) &4.3 (134)
B 49.2.(250) 352 (128)
L5 4.5 @3) 0.5 (D)
Mo seore for [CM and |87 58

e



Morphology and Real Time Imaging

e Morphology has been assisting embryologists
for many years to improve embryo selection.

— It may be logical that by providing more detailed
information concerning cleavage patterns and
times that morphokinetics has the potential to
improve the chance of live birth

— No large RCT has yet compared MORPHOKINETICS
against SET with blastocyst
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Non-Invasive: Part 2

Proteins
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CHANGES IN THE CULTURE MEDIA INDICATING THE
VIABILITY OF EMBRYOS
Uptake Production

Lactate

Glucose (47,49)
Ammonium

Pyruvate (45)
Amino Acids (50,51)

Amino Acids (51) Enzymes, eg LDH

Other Sugars SHLA-G (56-58)

HOXA10 regulator (59)
Oxygen

PAF

v

Other Peptides

ul drop of defined culture & Factors
medium

[Gardner and Leese, Handbook of IVF. 2000]
[Sakkas and Gardner, Curr. Opin. Obstet. Gynecol. 2005]



Normalized Peak Ion Intensity
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PROTEOMICS AND ANEUPLOIDY

Aneuploid

31kba  Examples of biomarkers that
were differentially expressed in
the secretome signatures of
euploid blastocysts (n = 19)

(<00 compared with the secretome

29kDa  signature of aneuploid
blastocysts (n = 14) (P < 0.05).

(P < 0.002)
5.2kDa

(P <0.0009)

Euploid

[Katz-Jaffe et al. Mol Hum Rep 2009]



The effect of the biochemical marker

Other soluble human leukocyte antigen G
on pregnancy outcome in assisted
reproductive technology—a

Candidates multicenter study

Dirk Kotze, Ph.D.® Thinus F. Kruger, MD., Ph.D,, D.5¢.,” Carl Lombard, Ph.D,* Trishanta Padayachee, M.Sc.*
Levent Keskintepe, D.V.M,, Ph.D," and Geoffrey Sher, M.B.Ch.B.**
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Stamatkin et ol Reproductive Biology and Endocrinoiogy 2011, 963 -
hittpwww rbef com/content/a/1 63 : L = REPRODUCTIVE BIOLOGY
a-—lﬂd-—ﬁ AND ENDOCRINOLOGY

= 4 -
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Candidates

Prelmplantation Factor (PIF) correlates with early
mammalian embryo development-bovine and
murine models

Chistopher W Stamatkin', Boumen G Roussev', Mike Stout”, Victor Absalon-Meding®, Sivakurnar Ramu’,
Chelsl Goodman ', Caralyn B Coulam', Robert O Gilbert”, Robent A Godke” and Eytan R Barnea™™
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The Metabolism of
Embryos

e Assessment of specific metabolic pathways, their

relative activities and their regulation in relation to
embryo viability

e Example:
— Glucose, Lactate, Pyruvate

— TCA Cycle functions before 8-cell stage and
— Glycolysis functions after the 8-cell stage

It was first shown in 1980 that Glucose metabolism is linked
with the viability of embryos

6RBOSTONIVF



Glucose consumption of single post-compaction human embryos

is predictive of embryo sex and live birth outcome. (Gardner et al.,
Human Reproduction 2012)
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Clinical Performance Summary of
Metabolomics by Near Infra Red

TYPE OF NIR STUDY MORPHOLOGY | MORPHOLOGY BENEFIT
INSTRUMENT | TYPE PLUS VIAMETRICS
(NIR)
Prototype Single Live Birth Day 2: 22/83 Day 2:27/ 87 YES
Hardarson et al. Embryo | Rate (26.5%) (31.0%)
(Human Reprod 2012) | rpy.ansfer Day 5: 36/80 Day 5: 30/77 NO
(45.0%) (39.0%)

Prototype Single Live Birth Day 3: 68/163 Day 3:61/146 NO
Vergouw et al. Embryo | Rate (41.7%) (41.8%)
(Human Reprod, 2012, T f
2014) ransicer
Commercial Double | Clinical 8/28 16/28 YES
Economou et al. Embryo Pregnancy (29% ) (57 %)
(ESHRE) Transfer Rate
Commerecial Multiple | Clinical 41/86 (47.7%) 21/39 (53.9%) YES
Sfontouris et al Embryo P;gg“ancy 66/257 (25.7%) 35/102 (34.3%)
(J Reprod Fertil 2013) Transfer ;lmplantaﬁon

Rate
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The Non- invasive Proteomics/ Metabolomics

Example:
A Strong Hypothesis Can Be A Slave To
Technology
‘a ey P
A N 0

INCONSISTENT
RESULTS



EMBRYO ASSESSMENT FOR SINGLE EMBRYO TRANSFER

Real Time
Morphology

PR

Waveuength( ) assessment
or imaging
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Transcriptomics and Genomics



Selection Methods to 1solate the best sperm
Proteomics

Bl
Density — Gradient Separation

Surtace Charge — Electrophoresis, Zeta Method
Morphological Characteristics — IMST
Motility Characteristics — Zech Selector,
Microfluidics

Membrane Integrity — Hyaluronan Binding,
HOST

Surgical — Testicular Surgery
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Venn diagram of the responsibilities

of Reproduction Failure:
UTERUS 10%

Attachment

Apposition

What molecular changes
define receptivity of the
endometrium?
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The endometrial receptivity array for diagnosis and personalized
embryo transfer as a treatment for patients with repeated
implantation failure

A Clinical outcaome of non receptive RIF and control patients that underwent pET B Principal compornent analysis with ERA samples
PCA normalized data
No. of patients :: = | mmmuvl] [noumuml ( .
No. of previous failed cycle RIF Patents 5.0+1.8 2 3
No. of previous falled cycle Control Patients 0.3:0.6 0 e
ERA Prediction .l lo®
Pre-receptive 21/25(84.0) 5 =
Post-receptive 4/25 {16.0] 3
20 ERA at the specified day (P+4,P+6;P47;LH+9) " 1B } by o
Months batwesn 1 and 2 ERA 2.642.8 H 0 ‘®
2" ERA Receptive at the specified day 15 5 - O%
Pabients with pET® after 2" RECEPTIVE ERA 8 g ©
Manths between 2™ RECEPTIVE ERA and pET 18407 - e 8 &
Implantation rate using pET 5/13{385) '
Pregnancy rate using pET 4/8 (50.0) éo
Biochemical pregnancies (%) 0/4(0.0) 74 - 4
Clinical abortions (%) 0/4 (0.0) -® -le 0

PCL: 51% explained variance

Ruiz-Alonso et al. Fertility and Sterility, Volume 100, Issue 3, 2013, 818 - 824



The “Omes and Omics”

Proteins
Metabolites

Genome
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Transcriptome
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Transcriptomics Proteomics subalalomics




THE FINAL AND
THE BIGGEST “OMICS”

Genome sequencing cost as estimated by NHGRI
(September 2001 to April 2013)

 “ECONONICS’

Cost per genome (USD)



OMICS technologies used to improve
Singleton Live Birth Rates

Live Birth Rate
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Thank you
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