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Is the lab a conduit from the Ovary to the Uterus?

morula

Blastocyst
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What can we do?

 What do you need to be healthy?
* Good genes
* Good metabolism
* Good environment (for development in vitro and in vivo)
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Science is giving in vitro fertilization industry greater ability |
to screen embryos for illness and to advance stem cell research |

“The Kiss” by Gustav Klimt and illustration by ALLISON GHAMAN / The Chronicle
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Chicken or the Egg?

The treatment or the patient?
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What’s Important ?

The Patient

stimpulation

What culture system

What media
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Which stage
Which embryo

Conditions/Expertise

IVF outcome




How/when can you tell?

* After fertilization
* During pregnancy
e At birth

* Children

* Teen’s

e Adults
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Fertilization

* Pronuclear arrangement
 Fertilization mode/rate

* Genetics
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Pregnancy

* NIPT

e Amnio/ CVS

* Quad screen

* Nuchal translucency
e Gestational age
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Birth

e Gestational age
* Labor

* Baby position

* Type of delivery
* Weight

* Apgars

* Genetics
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Children/Teens

° |Q
 Social
* Development
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Adults

* Social

* Development

* Late onset disease
e Barker Hypothesis
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Estimated IVF Birth Efficiency

* 7% of Follicles

* 13% of Oocytes

e 21% of Embryos (D3)
* 42% of Blastocysts
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Models of Embryo Dysgenesis
e Maternal Nutritional Factors

 Preimplantation maternal protein restriction reduces ICM and
trophectoderm cell numbers in rat blastocysts, and induces
postnatal abnormal growth and hypertension.

* QObese mice produce embryos with reduced IGF-IR, and small
pups that later develop a MBS-like phenotype.

 |VF Culture Conditions
e affect in utero fetal and placental development in mice.

* influence expression of ICM genes (BMP4) crucial for fetal-
placental development.

ﬁ‘;ao‘}g‘.’ﬁ? * Modity birth weight of IVF singletons born after fresh ET
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Fresh vs Frozen Cycle outcomes

* Success rate.
* Birth weight
* Ectopic rate
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Mean Birth Weight of Term IVF Singletons
1100 (N=25,777 births)
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Placental Abnormalities in IVF Pregnancies
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Greater placental thickness, increased bilobate and succenturiate
morphology and abnormal cord insertion

larger placentas and a higher placental weight/birthweight ratios
Decreased second trimester placental perfusion
Placental protein abnormalities

Reduced pregnancy associated plasma protein A
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Jauniaux 1990, Daniel 1999, Sellers-Lopez 2010, Collier 2009, Zhang 2008, Piane 2010, Amor 2009,

Haavaldsen 2012



Serum E2 during IVF & Abnormal Placentation

Elevated E2 during COH-IVF is associated with greater odds of developing pre-
eclampsia and delivery of an SGA singleton, perhaps from abnormal remodeling
of the spiral artery and trophoblast invasion. imudia 2012

Elevated E2 levels in vitro impair growth of human first trimester cytotrophoblast,
suggesting that abnormal spiral artery remodeling from high E2 exposure is due
to impaired trophoblast survival. skafar 2012
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ART-induced embryonic alterations ART-related fetal insult

% Possible interventions

Subc;ptimal = Modification of culture
CURER conditions
conditions
» T Prematurity
= Single embryo transfer : ) .
* 3 days embryo transfer (?) *  Tlow birth weight
*  TPre-eclampsia
Epigenetic :: — Reversal of epigenetic
alterations alterations

l

Altered CV phenotype <= Pharmacologicinterventions = Altered CV phenotype
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Scherrer U, Rexhaj E, Allemann Y, Sartori C, Rimoldi SF. Cardiovascular dysfunction in children conceived by assisted reproductive technologies. Eur Heart J. 2015 Apr 23. [Epub ahead of print]



The Barker Hypothesis

* Fetal under nutrition causes disproportional fetal growth and programs later
coronary heart disease.

Death from CHD rose in individuals small at birth (<2500 gm) due to growth
failure rather than prematurity.

 Trendsin CHD by birth weight are paralleled by similar trends in diabetes
and hypertension (metabolic syndrome).

* Highest prevalence of diabetes occurs in people who are small at birth and
become obese as adults.

 Highest blood pressures occur in people who at birth are small for gestational
age and have large placentas.

Fetal under nutrition slows cell division during critical time intervals in various
target tissues by altering cell number, function or distribution.
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The Barker hypothesis: Low birth weight is
related to increased risk of major organ

disease in the adulthood

| ‘

Low birth weight

Singleton
infants and
multiple
pregnancies
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Congenital
abnormalities
in animals

1

Imprinting genes
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Expression of
imprinted genes
in animal models

mbryo culture/selection
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Dutch Famine 1944-1945

People exposed to famine

* in early gestation have a more atherogenic lipid profile, and a
higher BMI and waist circumference at 50 yrs (women),

* in mid- to late-gestation have reduced glucose tolerance, and

* in |ate gestation with protein restriction have higher blood
pressure.
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Genetic testing explosion

* Preconception carrier screening

e Cancer genetics (BRCA, Lynch)

e Cardiac genetics ( Marfans)

* Neuro developmental genetics (Fragile X)

* High density arrays for fetal/neonatal anomalies
* Whole exome sequencing
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How Can We Optimize the Health of Our IVF
Offspring?

 Optimize maternal nutrition and lifestyle before conception.

* |nvestigate in vitro conditions that alter genes crucial for fetal-
placental development.

* Reduce supraphysiological levels of circulating estradiol that
accompany ovarian stimulation for IVF.

* Single embryo transfer
* Frozen embryo transfer
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Reproductive BioMedicine Online (2014) 28, 162—182
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REVIEW

Health outcomes of children born after IVF/ICSI: () cosven
a review of current expert opinion and
literature

BCJM Fauser ®*, P Devroey °, K Diedrich €, B Balaban 9, M Bonduelle ©
HA Delemarre -van de Waal f, , C Estella &, D Ezcurra ! ., JPM Geraedts ’,

CM Howles ', L Lerner- Geva , J Serna ' D Wells ™ Ev1an Annual
Reproduction (EVAR) Workshop Group 2011
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Table 2 Birth defect rates in infants (singletons and multi-
ples) after transfer of frozen and fresh IVF and ICSI early
cleavage-stage embryos.

Group Cryopreserved Fresh cycles
cycles
Belva et al. (2008)
IVF 12/390 (3.1) 112/2955 (3.8)
ICSI 35/547 (6.4) 96/2840 (3.4)
Kallén et al.
(2005)@
IVF 81/1055 (7.7) 832/10,228
(8.1)
ICSI 36/419 (8.6) 392/4530 (8.7)

Values are n/total (%).

ICSI = intracytoplasmic sperm injection.

®Fresh IVF=1.00, adjusted for year of birth, maternal age and
number of infants in birth.
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Figure 1  Odds ratios for birth defects after transfer of frozen
and fresh IVF and ICSI early cleavage-stage embryos.
ICSI = intracytoplasmic sperm injection (Belva et al., 2008;
Kallén et al., 2005).



intrinsic factors

extrinsic factors

fetal factors:
chromosomal disorders

- chronic fetal infections

- congenital malformations

- genetic variation

maternal factors:

before pregnancy:

— stature and pre-pregnancy
weight

— age and parity

- periconceptional nutritional
status (e.g. folate status)

during pregnancy:

- cardiovascular iliness
(e.g. pre-eclampsia,
diabates, renal diseasea)

- decreased oxygen
availability (e.q. severs
anemia, high altitude)

— poor maternal nutrition

- smoking

— use of alcohol, medication
or other chemical agents

uterine and placental
factors:
placental insufficiency
abnormal placentation
- multiple pregnancies

Prenatal growth and development

Figure 2 Biological factors influencing growth and develop-

ment. Adapted from: Ceelen et al., 2008b.
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Oocyte survival rate

Fertilization rate i—.—l
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Day-2 embryo cleavage rate I —e—
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Day-3 embryo cleavage rate | ——
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Top-quality embryo rate : I L
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Figure 3 Results from a meta-analysis of five studies involv-
ing 4282 vitrified oocytes, 3524 fresh oocytes and 361 slow-fro-
zen oocytes (2005—-2009). Adapted from: Cobo and Diaz, 2011.
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direct
changing of epigenetic patterns due to
insults from the technigue itsalf:
* ovarian stimulation
* freezing and thawing of gametes and
embryos

* ex-vivo manipulation and maturation
of gametes and embryos

indirect
allowance of propagation of abnormal
epigenetic patterns associated with
underlying infertility

l

potential impact on:
* embryo development
* child/adult health

* transgenerational phenotypes

Figure 4 Assisted reproduction treatment and potential

alterations of the phenotypical fetal/adult programme.
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Figure 5 Stages of imprinting in early life. Adapted from: Gosden et al., 2003.
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Perinatal outcomes associated with
assisted reproductive technology:
the Massachusetts Outcomes Study
of Assisted Reproductive
Technologies (MOSART)
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Gestational age distribution, by fertility groups, singletons, and twins.
Solid black: fertile twin; dashed blue: subfertile twin; dashed red:
assisted reproductive technology (ART) twin; solid purple: fertile
singleton; solid teal: subfertile singleton; solid orange: ART singleton.

Declercq. Pennatal outcomes associated with ART. Fertil Steril 2015.



Conclusions

* People don’t do IVF because they don’t like sex
* If you need IVF it’s safe when performed responsibly

* I[VF does contribute to poorer neonatal (and potentially long term)
outcomes.

e Difficult to separate the chicken and the egg
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