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Presentation outline and learning objectives:

1. Discuss the environmental influence upon Developmental
Biology and Human Disease &, Panrokt®
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2. Re-evaluate the relevance of environmental influence in
Gametogenesis and Preimplantation Development

3. Call for research in this area of Clinical Embryology
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DISCLOSURE

CE Plancha does not have any commercial and/or financial
relationship with manufacturers of pharmaceuticals,
laboratory supplies and/or medical devices.
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Organisms respond to challenges over a range of timescales

selecton

Developmental plasticity

HurmioeusLasis _

Seconds Hours Dvays ' Generations Millennia

Figure: Modes of human adaptability

Gluckman PD et al. Towards a new developmental synthesis: adaptive
developmental plasticity and human disease. Lancet 2009; 373: 1654-57.
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Ecological Developmental Biology

Concerns the interactions between developing organisms
and their environmental contexts.

Environmental influences (predators, competitors, symbionts,
toxic compounds, temperature changes, nutritional differences) Can
act upon the developing organism through epigenetic
mechanisms leading to production of additionally different
phenotypes (even from the same genotype).
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Mammals are parent-protected regarding external environment changes, but ...

Environmental stress

Plasticity in
developmental timing

Metamorphosis

Crespi EJ, Denver RJ. Ancient Origins of Human Developmental
Plasticity. Amer J Hum Biol 2005; 17:44-54.
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Mammals are parent-protected regarding external environment changes, but ...

...external factors can still have a major impact

Their different appearance (phenotype) is because of the
diet the mother ate while these embryos gestated in utero.

The sleek brown mouse was born from a mother that had
ample supplementation of methyl groups in her diet (i.e.,
Vitamin B12), whereas the obese yellow mouse was born to
a mother who did not have that supplementation. The methyl
groups bound to DNA and prevented the Agouti gene from
being expressed.

The endocrine disruptor bisphenol-A also acts through DNA
methylation and can undo the gene repression by the methyl
donors, causing those mice to also be yellow and obese.

Discordant appearance of two genetically identical mice

Gilbert SF. When “Personhood” Begins in the Embryo: Avoiding a Syllabus
of Errors. Birth Defects Research (Part C) 2008; 84:164—173.
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Epidemiological evidence to link low (<2,5Kg) and high (>4kg) birth weight and adult diseases

Impact of Low Birth Weight on
Onset of Specific Health Conditions:
Controls for Childhood Family/Neighborhood

Estimaled Imoact of Low Bith Weaght or Onsd of Adhma: Impaczt of Low BirhWeight on Cneal of Hypertansion:
Controla faor Zhildhood Family'Neigh b rhaod Contrals fer Childhood Samrilyihe ghborhoosd

U UV U U= U U U B U U A UL U U VAR U U U

Age n Veers Agen \-en

eerrisl Levay Harra Lo

sirt waight b it wezight i rti wemighit Bith s ght
Ditn: P50, 9642007 Dak: PEIC, 10522007

(IrdRaduciz bom b 1061 - 152K (Acuals bom Bhw 1951 -1962)

3F
s
2

R

]
s
o

Cumumtive Hacard P
L= I I U I ]

=

Impact of Low Bifh Weaight on Impazt of Low BithWeight on Cnset of Diabstas:
Onset of StrokaHeart Attack/'Heat Dissasea: GControls for Ghildhood Samilyive ghborhood
Controle for Zhildhood Family'Meighborhood

Currubivs | lamrd P
Curulative Hazard Fbs

Data: PAD, * S6E 2007
(IrdkduElE bom b 1061 - 198k

Data: PSID, 1968-2007
(Individuals born b/fw 1951-1968)

Hote: Hazard Regression models of onszt of specific health conditions inchade centrols for the following childbood beckground charactenistics: gender, race, child healih
insarance coverage, perental income, parental eduecation, mother's mantal stetus at birth, parertal smoking and aleohol use, year of birth, birth order, regon of birth, chuld
reighborhood povery, child neighborhood crime, housing quality (plumbing/insulstion problems), and neighberkood connestedness to irformal sourees of support
Rucker C. Johnson and Robert F. Schoeni (2010) Early-life origins of adult disease:
National longitudinal population-based study of the U.S.
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Both experimental model and clinical studies

Table 1 Adult phenotypes of intrauterine growth restriction

Metabolic Nonmetabolic

Dyslipidemia Attention deficit disorder
Hypertension Chronic lung disease
Insulin resistance Immunodeficiency

Poor postnatal growth Neurodevelopmental delay
Renal insufficiency Schizophrenia

LA Joss-Moore and RH Lane (2009) The developmental origins of adult disease.
Current Opinion in Pediatrics 21:230-234.
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Ecological Developmental Biology (developmental plasticity)

I BUFFERED DEVELOPMENT
[ | ADAPTIVE RESPONSE

TERATOLOGY

LOWER LIMIT OPTIMUM UPPER LIMIT
ENVIRONMENT

Some effects will be well adapted and advantageous to the developed organism.
Other effects will be maladapted or even pathological to the developed organism.
In either situation natural selection will take place and evolution will occur over generations.

Hamdoun A, Epel D. Embryo stability and vulnerability in an
always changing world. PNAS USA 2007; 104:1745-1750.
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The embryo has not only a plan for development,
but also a battery of defenses in order to survive in its antecipated environment

Bacteria and viruses

Stress _ » Diapause/delay

Y t-;-— Larva — Adult

Alternate paths,
induced defenses

Gilbert S, Epel D. Embryonic Defenses:
survival in a hostile world. In Ecological
Developmental Biology. Sinauer
Associates, Inc. 2009.

Physical forces

Hamdoun A, Epel D. Embryo stability and vulnerability in an
always changing world. PNAS USA 2007; 104:1745-1750.
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The match—mismatch model in mammals:
Prenatal and postnatal factors interaction leading to disease risk in adulthood

The developing organism senses
maternally transmitted environmental
cues, such as undernutrition, during
prenatal and early postnatal life.

Cues, e.g. undernutrition, Matched (healthy)

adjust metabclic setpoints

Inherited genotype :
and epigenolype / N, If the prenatal and postnatal

environments match, the physiological

settings achieved through the processes

of developmental plasticity will leave the
Misimatitiad organism well prepared for the postnatal

(CUENe-s L= X8 environment.
metabollc disease)

If there is a mismatch between the
predicted and actual mature
yRemwpere  environments, particularly if the mature
environment is richer than anticipated,
s b then the risk of metabolic disease is

Developmental environment Mature environment enhanced.

Gluckman PD et al. Early Life Events and Their Consequences for Later Disease: A Life
History and Evolutionary Perspective. Amer J Hum Biol 2007; 19:1-19.
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Human Development can be divided in three periods:
Early, Embryonic and Fetal

2.3 Overview: Early Development

2.4 Overview: Embryonic Period 2.33 Overview: Fetal Period

e Fetal period

Drews U. Color Atlas of Embryology. Thieme. 1995.
Are these periods equaly sensitive to environmental cues?
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Sensitive Phases for Teratogens
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The periods of human development

Early development

Embryonal period

Fetal period

(early, embryonic and fetal)

relate with higher or lower risk of
congenital malformation

Sensitive Phases for Teratogens

’Erly Embryonal period Fetal period
A

Growing risk
Delivery

J A

OEarly3 Embryonal period 8~ Fetal period
Postovulatory weeks

Carnegie stages

[ Double formations

Cerebral vesicles

l Neural tube 1

[ Eye |

[

Heart and vessels |

Labyrinth

Lip-jaw clefts :I
Tracheobronchial groove :I

Cleft palate

[E &

T
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Teeth

Secondary lumen formation [:I
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Intestinal tract

Situs
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Respiratory tract

B

N Gonads

Genital ducts

Genitalia

Thalidomide anomalies:
Heart deformities D

Triphalangia of thumb []

Duodenal atresia
and heart defects

Anal and vaginal atresia

Kidney deformities

Amelia of arms D

Isolated
thumb aplasia

Anotia D

8lth 58 10512

B

/

/|

e

13.

leeks of pregnancy

14.

Drews U. Color Atlas of Embryology. Thieme. 1995.
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Postovulatory weeks

1
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10.1 Sensitive phases for teratogenesis in human development
(after Hinrichsen, Schumacher and Lenz)
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«—— Embryonic period (weeks) ~Fetal period(weeks) 7/ /»Fu]l term
4 5 6 7 16 20-36

Cleavage,
implantation, CNS
gastrulation Heart Eye Heart Eye Teeth Ear Palitf Ear

-

/

Limbs External Igenitalia

Central nervous syste
1 1

Heart
|

Upper limbs
L)

Eyes
I

Lower limbs
1
Teeth
I
Palate

I 1
lEx’:emal genitalia
I I

' Ear
L 1 I I ! | [

-
Disruption e Common site of  [] Major congenital ~ [] Functional defects
results in death teratogen action anomalies and minor anomalies

Gilbert S, Epel D. Teratogenesis: environmental assaults on
Development. In Ecological Developmental Biology. Sinauer

The sensitive phases to teratogens may  Associates, inc. 2009.

reflect sensitivity to environmental cues g"gg;fegg’r:;;zﬁggy’g:;;gﬁ g el T el
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Periods of Human Development and degrees of sensitivity to teratogens

«—— Embryonic period (weeks)

< Fetal period(weeks) 7/ /»Full term
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¢t 1 Eye
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I
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Ear
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(implantation
failures)

Cli

=
Disruption
results in death

inical

o Commuon site of
teratogen action

] Major congenital

anomalies

[] Functional defects
and minor anomalies

Gilbert S, Epel D. Teratogenesis: environmental assaults on
Development. In Ecological Developmental Biology. Sinauer

Associates, Inc. 2009.

Moore KL, Persaud, TNV. The Developing Human: Clinically

mbryology

Oriented Embryology. Elsevier. 2007.
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In mammalian experimental models:

Maternal protein diet plan codes:
Day 20 Birth - NPD

Diet - LPD

! codes - Emb-LPD
m ]

Iu‘lallng +3.5 days
‘ Implantation

'/ 18 % casein diet (Emb-LPD) .
| |

TABLE 1. Litter size and birth criteria (= SEM) of offspring for different treatment groups.”

Treatment group Litter no. Gestation length (days) Mean litter at birth
NPD 19 11.11 571 211 0.97 = 0.102
LPD 19 2

9.89 . 188 0.893 + 0.110
Emb-LPD 19 10.32 . 196 1.031 = 0.103

* No differences were observed between treatment groups for gestation length, litter size, or gender ratio (P > 0.05).

Offspring no. at birth Male:female ratio

Watkins AJ et al. Adaptive Responses by Mouse Early Embryos to Maternal Diet Protect
Fetal Growth but Predispose to Adult Onset Disease. Biol Reprod 2008; 78:299-306.
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In mammalian experimental models:

A Maternal protein diet plan codes:
Mating  +3.5days Day 20 Birth -NPD

J ¥ Diet -LPD

i . I codes - Emb-LPD
1

[ 1

l Implantation

|/ 18 % casein diet  (NPD) (just during preimplantation development)
LS AN

9 % casein diet  (LPD)

9 % diet

TABLE 1. Litter size and birth criteria (= SEM) of offspring for different treatment groups.”

Treatment group Litter no. Gestation length (days) Mean litter at birth Offspring no. at birth Male:female ratio

NPD 19 20 11.11 £ 0.571 21 0.97 = 0.102
LPD 19 20 9.89 = 0.55 188 0.893 + 0.110
Emb-LPD 19 20 10.32 = 0.622 196 1.031 = 0.103

* No differences were observed between treatment groups for gestation length, litter size, or gender ratio (P > 0.05).

Watkins AJ et al. Adaptive Responses by Mouse Early Embryos to Maternal Diet Protect
Fetal Growth but Predispose to Adult Onset Disease. Biol Reprod 2008; 78:299-306.
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Mating +3.5 days
‘ ‘ Implantation

1

I : //“ 18 % casein diet  (NPD)
l,// 9 % casein diet  (LPD)

I 9 % diet | // 18 % casein diet (Emb-LPD)

Day 20 Birth

(@)

Males

1l

Weeks of age

eeS22F

==}
<

2358

Systolic blood pressure (mmHg)

Females , &

Life
Weeks of age

il

g

Weight (g)

F
(0]
L

2l
o
1

3

Weeks of age =

10 12 14 16
Weeks of age

3 Weeks of age

18 20 22

24 26

28

w)

Heart:body weight ratio
{x1000)

12 14 16
Weeks of age

18 20 22 24 26 28

Females
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Maternal protein diet

during mouse
preimplantation development
affects postnatal parameters

B) Birth weight and growth profiles
of offsprings are increased in
females

C) Sistolic Blood Pressure at 9,
15, and 21 wk; are increased in
both sexes

D) Heart:body weight ratio at 28
wk is increased in females

Data sets derive from 19 litters per
treatment with litter size controlled to six
after birth weight determination;

*P, 0.05

Watkins AJ et al. Adaptive
Responses by Mouse Early
Embryos to Maternal Diet Protect
Fetal Growth but Predispose to

Adult Onset Disease. Biol Reprod
2008; 78:299-306.

Lisbon, Portugal, 9-10 October, 2010
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T Maternal protein-deficient diet during

20 - . mouse preimplantation development leads
to altered anxiety-related behavior in

15- female offspring

e Mean responses to open-field behavioral tests; white, black,

and gray bars correspond to NPD, LPD, and Emb-LPD
treatments, respectively.

Per 3 minutes

5 4

. _D. a s 4 Veloci 0 R ) Data sets derive from 19 litters per treatment with litter size
\slance - Secon elocity ears umps controlled to six after birth weight determination;

ti m/3 mi
(cm) resting (cm/3 mins) *P 0.05.

_ Females
>

g8 8 8 8 &

Per 3 minutes
8

5

g

Watkins AJ et al. Adaptive Responses by Mouse Early Embryos
to Maternal Diet Protect Fetal Growth but Predispose to Adult
Onset Disease. Biol Reprod 2008; 78:299-306.

0

Distance Seconds Velocily
(cm) resting (cm/3 mins)
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O NPD
EEmb-LPD

Conceptus Fetus Placenta

3152135121016 9 141 6 1711

Mother

2827 32 31 33 29 30 22 40 17 41 25 39 37 38

Day 17 P<0.05  Mother

- e
NPD Emb- LPD LPD NPD Emb-
LPD LPD

*

Preimplantation responses to maternal diet are
inherent to the embryo and lead to changes in
Visceral Yolk Sac Endoderm nutrient uptake
capacity

A) Weight of conceptuses and their component parts at Day 17 postcoitus derived
from NPD and Emb-LPD blastocysts after transfer to NPD recipients.

B) Endocytic index (EI "4 Il fluid captured hr/mg protein) of isolated yolk sacs at
Day 12 and 17 postcoitus following culture in medium containing the fluid-phase
endocytic marker, [14C]-sucrose.

C) Representative ultrastructure of Visceral Yolk Sac Endoderm derived from
LPD and NPD mothers; note the enrichment of apical translucent endocytic
vesicles (arrows) within LPD sample.

D) Number of endocytic vesicles/unit area is increased in LPD-derived Visceral

Yolk Sac Endoderm cells; six yolk sacs, from separate mothers, per treatment.

E) Expression of megalin protein is increased in yolk sacs following maternal LPD
and Emb-LPD treatments; eight yolk sacs, from separate mothers, per treatment.

F) Immunoperoxidase labeling of megalin (arrows) at apical membrane and

o

cytoplasm within NPD-derived and LPD-derived Visceral Yolk Sac Endoderm:;

IDV ratio
>

* P, 0.05 compared with NPD.

o
o

E
o
o

NPD LPD Emb-LPD
Diet

©

Watkins AJ et al. Adaptive Responses by Mouse Early Embryos

to Maternal Diet Protect Fetal Growth but Predispose to Adult
Onset Disease. Biol Reprod 2008; 78:299-306.

-

Endocyticvesicles U
[l -

per unit area
eo-‘u-N:ua.bo.m
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Main conclusions:

Maternal protein-deficient diet during mouse preimplantation period:

1. Affects postnatal health parameters particularly in female offspring

2. Induces adaptive response within the blastocyst

3. Alters nutrient retrieval capacity of the visceral yolk sac endoderm

Preimplantation responses to maternal diet are inherent to the embryo and lead
to changes in Visceral Yolk Sac Endoderm nutrient uptake capacity

Watkins AJ et al. Adaptive Responses by Mouse Early Embryos to Maternal Diet Protect
Fetal Growth but Predispose to Adult Onset Disease. Biol Reprod 2008; 78:299-306.
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Challenge to research: to extend findings from maternal diet to culture conditions

Embryo environment
Glucose, energy substrates
In vitro culture Amino acids In vivo environment
Protein supplements Growth factors Diet
Media composition Steroid hormones Body composition
Cytokines
Metabolic regulators

TP Fleming et al. The

Embryo and Its Future. Biol
Reprod 2004;71:1046-1054.

New outcome markers

Detect and Register more parameters

ESHRE Campus — Everything you forgot about gamete physiology and its impact on embryo quality Lisbon, Portugal, 9-10 October, 2010
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Human Repreoduction, Vol.24, No.4 pp. 922-928, 2009
Advanced Access publication on January 16, 2009 doi: 10.1093/humrep/dendé6

human
II'EDroduction ORIGINAL ARTICLE Reproductive biology

Effect of in vitro maturation of mouse
oocytes on the health and lifespan
of adult offspring

J.). Eppig', M.J. O’Brien, K. Wigglesworth, A. Nicholson,
W. Zhang, and B.A. King

The Jackson Laboratory, Bar Harbor, ME 04609, USA

'Correspondence address. E-mail: john.eppig@jax.org

Mouse oocytes were matured in vitro using both an established optimized system
and in the absence of amino acids to produce a suboptimal condition for maturation.

Oocytes induced to mature in vivo with gonadotrophins were the control group.

All M-I oocytes were fertilized in vitro and transferred at the 2-cell stage to the
oviducts of pseudo-pregnant foster mothers for development to term.

ESHRE Campus — Everything you forgot about gamete physiology and its impact on embryo quality Lisbon, Portugal, 9-10 October, 2010
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Effect of amino acid deprivation during in vitro oocyte
maturation on developmental competence

Table | Developmental competence of mouse oocytes
matured in vitro (IYM) in the presence (+ ) or absence

(=) of amino acids (AA)

% 2-Cell’ % 2-Cell to % Total
blastocyst® blastocyst®

VM + A& 7554307 794 1.35 327+ 217
IVM — AA 577+ 544 BL7 +3.7I 475+ 473
P-value 00312 0.3661 0.0575

'"Mean percentage + SEM of Mil cocytes developing to the 2-cell stage after IVF.
*Mean percentage + SEM of 2-cell stage embryos developing to the blastocyst stage.
‘Mean percentage + SEM of Mil cocytes developing to the blastocyst stage.

JJ Eppig (2009) Effect of in vitro maturation of mouse oocytes on the
health and lifespan of adult offspring. Hum Reprod 24 (4):922—-928.
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Offspring physiological and behavioral testing:
No differences were detected, except for a reduction in
pulse rate and cardiac output

Table Il Results of physiological and behavioral testing

Measurements In vive versus IVM 4+ AA 1

Physical Weight MND (dns) 0*9_
Metabolic Comprehensive cage monitoring system Volume of O, consumed MND {dns)
Valume of CO; praduced MDD (dns) 0.8
Respiratory exchange ratio MND (dns)
Heat ND (éns) 0.7
Accumulated feed ND (dns) bl 1
Accumulated drink ND (dns) E 0.6
Ambulation MND {dns) (=
Cardiopulmanary Blectrocardiography Heart rate MND {dns) g 05"
Echocardiography Heart rate MND {dns) E ':} 4
Left ventricke % ejection fraction MD (dns) = W
Left ventricle % fractional shortening MND {dns) n C' 3
© Cardiac output P=0.0197 (Fig. 1B) et r
Blood pressure Systolic pressure MND {dns) 0 5] In Ulvo
@ Fuke rate P=0.0119 (Fig. 1A) i In Vitro + Amino Acids
MNeuromuscular Grip-strength Force. MND {dns) 0.1 = In Vitro - Aming Acids
Rorod Duration MND {dns)
Behaviaral SHIRPA, Aggressian MND (dns) 04— — " B T ’
e espanse N e 500 600 700 800 900 1000 1100
Transfer arousal MND {dns)
Exploratory Board Stretched attends MND {dns) Age (Da?s)
Hale visit MND {dns)

Defecation MND {dns) - . , - . .
Ufesan Age atdesth NO (e 2 Figure 2 Effect of in vitro maturation on lifespan of the offspring.

ND, nct signiicantly iffeent; dns, data nat shown. No differences were observed.

JJ Eppig (2009) Effect of in vitro maturation of mouse oocytes on the
health and lifespan of adult offspring. Hum Reprod 24 (4):922—-928.
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Surprisingly, these differences were abrogated by in vitro
maturation in the absence of amino acids.

1B Cardiac Output
25

g 8

(%3
a2
miiminute

o
S
£
@
3
o

&

In Vivo In Vitro + AA In Witro - AA In Vivo In Vitro + AA In Vitro - AA

Figure 1 Effect of in vitro maturation on (A) pulse rate and (B) cardiac cutput. The same letter above the bars indicates that the groups are not

M ai n CO n Cl u S i O n S o significantly different. Pulse rate P = 00119, cardiac output P = 0.0197. Bars indicate the mean + SEM. AA, amino acids.

1. The use of the mouse model suggests that the in vitro maturation of oocytes
has minimal effects on the long-term health of offspring.

2. A finding of slight reductions in pulse rate and cardiac output may focus
future clinical attention.

3. Culture media composition during the last stages of gamete differentiation

can have long-term effects. : - :
JJ Eppig (2009) Effect of in vitro maturation of mouse oocytes on the

health and lifespan of adult offspring. Hum Reprod 24 (4):922-928.
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Commercial companies that sell embryo culture media:
Must disclose precise and full media composition

Table 41.1 Media Formulations,
published Symbols are as fol lows:

in the United States, Actual concentrations are included (mM, g/L or as indicated) if
“ne’ designates non essential amino acids, e designates essential amino acids

IFICLE 1L TGE U A T Vg LU Vit
Witro Sage Life  TIrvine Trvine  Many Medicuh Cook Sage
Suge Life  Irvine Ivine  Many Medicult Cook Sage Quinn's Quinn's
Advantage Universal Sydney advantage
Cuinn's Quinn’s fedilizaion GIVF Pl HTF HFID IVF fertilization ol eavage
f\d.\fu..nlnsc Universal S}d_r:.:}' ) advaniage  pondue @
fentilization GIVF Pl HTF HF10 IWF fetilization cleavage Hyalurorn
Mgrgang sal Lipoic acid
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Birthweight of singletons from Vitrolife were compared with singletons from Cook.

Human Reproduction, Vol.25, No.3 pp. 605-612, 2010
Advanced Access publication on January |8, 2010 doi:10.1093/humrep/dep456

human
Ireproductiun ORIGINAL ARTICLE Embryology

Effect of in vitro culture of human
embryos on birthweight of newborns

——Vitrolite John C. Dumoulin’2¢, Jolande A. Land?, Aafke P. Van Montfoort'?,
e SR SO0k Ewka C. Nelissen'2, Edith Coonen'-?, Josien G. Derhaag'?,
Inge L. Schreurs', Gerard A. Dunselman'-2, Arnold D. Kester?,
Joep P. Geraedts?®, and Johannes L. Evers'?
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Comparisons were done after adjustment for gestational age and gender, together with other
variables that could affect birthweight as covariates, by multiple linear regression analysis.

Singleton birthweights were found to be significantly higher in the Vitrolife group.
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Birthweight of singletons from Vitrolife were compared with singletons from Cook.

Human Reproduction, Vol.25, No.3 pp. 605-612, 2010
Advanced Access publication on January |8, 2010 doi:10.1093/humrep/dep456
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Effect of in vitro culture of human
embryos on birthweight of newborns
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e SR SO0k Ewka C. Nelissen'2, Edith Coonen'-?, Josien G. Derhaag'?,
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“The use of optimal culture media during IVF treatment may
help to avoid low birthweight (... and ...) place a huge
responsibility on the shoulders of manufacturers of culture

. g media for human IVF and on those of the IVF practitioners
FES PSP S L LS LS ESL P that use them.”
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Comparisons were done after adjustment for gestational age and gender, together with other
variables that could affect birthweight as covariates, by multiple linear regression analysis.

Singleton birthweights were found to be significantly higher in the Vitrolife group.
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Challenge to find other factors involved: Effects of exposure to light on
development of hamster and mouse zygotes

Cool White Fluorescent Light Warm White Fluorescent Light
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Spectral of cool and warm white fluorescent light

Incubator for light exposure of zygotes

Takenaka M et al. Effects of light on development of mammalian zygotes.
PNAS USA 2007; 104:14289-14293.
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Preimplantation development of hamster and mouse zygotes
after 15 min exposure to fluorescent (cool + or warm —) light

No. (%) of zygotes developed to

Species  Exposure of zygote to light* No. of zygotes cultured Two-cell Morulae  Blastocysts

Hamster 37 36 (97) 34 (92) 25 (68)
37 36 (97) 0 (0)* 0"

Mouse 41 41(100) 41 (100) 40 (98)
40 40 (100) 40 (100) 40 (100)

[C] Shield from light (control) [C] Exposed to warm white

[ Exposed to cool white fluorescent light
fluorescent light

36T 357

*k
k¥

30T 3.0

257 25

207
15} Production of ROS in hamster

and mouse zygotes after 15 min
exposure to fluorescent light

207
1.5 F

1.0

0.5}

0

Relative conc. of reactive oxygen species
Relative conc. of reactive oxygen species

Mouse zygotes Takenaka M et al. Effects of light on development of mammalian
zygotes. PNAS USA 2007; 104:14289-14293.

Hamster zygotes
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Apoptotic cells in mouse blastocysts after
exposure to light as zygotes

£ Sunlight

1 Cool white fluorescent light
g Warm white fluorescent light
©' Cool white under red filter

O Cool white + polyphenol

£ Light shielding (control)

A |n vivo-developed blastocyst

Exposed to cool Control
fluorescent light (no exposure)
(15min)
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01030 60sec 10 15
Duration of exposure to light

Takenaka M et al. Effects of light on development of mammalian zygotes.
PNAS USA 2007; 104:14289-14293.
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Postimplantation development of mouse zygotes after 15 min
exposure to fluorescent light (or after 1 min in sunlight)

Total no. blastocysts Total no. (%, mean + SEM)
transferred No. of

Zygotes exposed to* (no. of replications) recipients’ Live term fetuses* Resorbed fetuses*

No light (control) 107 (4) 10 73(66 = 13) 18 (20 = 7)
Warm white fluorescent light 100 (4) 10 58 (58 = 17) 19 (25 + 16)
Cool white fluorescent light 108 (3) 10 44 (42 * 14)s 20(24 = 23)
Sunlight 100 (4) 10 25 (25 = 14)% 35 (57 = 24)5

Main conclusion:

Light is one of the physical factors affecting embryonic
environment and its effects on cultured mammalian
zygotes and embryos should not be overlooked.

Takenaka M et al. Effects of light on development of mammalian zygotes.
PNAS USA 2007; 104:14289-14293.
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Cardiometabolic Differences Approached cohort: |
in Children Born After in Vitro NE Control |y conmma o e

children children sDeceased: 3 controls

Fertilization: Follow-Up Study. N=354 N-ds4

!

Responders: Non-participants: Returned
questionnaires:

IVF Control IVF Control IVF Control
chiidran § childran children  children children  children
N=342 N=420 N=06 N=187 N=62 N=117

{

Total number of
participants:

IVF Control
children children
N=246 N=233
(69%) (51%)

v

Currently used subpopulation

Age- and sex~- Participants with

matched pairs: Pubertal blood withdrawal:
subset

IVE Control > 1vF Control
children children children children
N=225 N=225 N=131 N=131

FIG. 1. Overview of the inclusion process.

Ceelen M et al. Cardiometabolic Differences in Children Born After in Vitro
Fertilization: Follow-Up Study. J Clin Endocrinol Metab 2008; 93:1682-1688.
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Differences in blood pressure and fasting glucose between IVF children and
control children after adjustment for confounders: multivariate analysis.

Unstandardized
Multivariate models regression coefficient 95% Cl P value

SBF difference (mm Hg) after adjustment for birth weight, gestational 3.0 1.1-5.0 0.003
age, and sum of skinfalds

DBP difference (mm Hgj after adjustment for birth weight, gestational 1.4 0.03-2.8 0.046
age, parity, and sum of skinfolds

Glucose difference (mmol/liter) after adjustment for subfertility cause 0.11 0.02-0.21 0.02

DBP, Diastolic blood pressure; SBP, systolic blood pressure.

Main conclusion:

These findings highlight the importance of continued cardiometabolic
monitoring of IVF-conceived children and might contribute to current
knowledge about periconceptional influences and their consequences
in later life.

Ceelen M et al. Cardiometabolic Differences in Children Born After in Vitro
Fertilization: Follow-Up Study. J Clin Endocrinol Metab 2008; 93:1682-1688.
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Periconceptional environmental factors (in vivo /in vitro) on
embryo development and adult cardiovascular phenotype

Periconceptional environment Potential programming effects

N

Elevated lung/serum
ACE activity

Altered heart structure

‘ ’ Altered nephron number

Endothelial dysfunction

and altered vascular
responsiveness _/

CARDIOVASCULAR
>— DISEASE AND

HYPERTENSION

In vitro culture conditions

Watkins AJ, Fleming TP. Blastocyst environment and its influence on offspring
cardiovascular health: the heart of the matter. J Anat 2009; 215:52-59.
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The challenge for all of us (clinical team and embryologists) will be how to
integrate the different aspects of short-term monitoring presently used ...

\ Equipment
validation
o

. No. incubators I No. embryologists _
Technical Hormonal and training level Air quality

Life-style| | Diet | interventions stimulation

Training level
Patological situation Culture system

S | .
/ \ | Oil overlay ‘ /| Gas phase ‘\

Tissue culture ware/
Reproductive deficit | | Other |

contact supplies

| Culture medial | No. embryos/drop |

7 N

Water H Reagents |

Modified from: Lane M et al. To QC or not to QC: the key to a consistent laboratory?
Repr Fert Dev 2008; 20:23-32.
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... with the knowledge that environment-embryo interactions, besides
short-term responses, may also have long-term consequences.

Embryo environment
Glucose, energy substrates
In vitro culture Amino acids In vivo environment
Protein supplements Growth factors Diet
Media composition Steroid hormones Body composition
Cytokines
Metabolic regulators

Potential short-term responses
‘developmental plasticity’

Epigenetic modifications

Altered intracellular signalling

Metabalic stress

Gene expression changes

Apoptosis
Cell proliferation disturbed

¢

Potential long-term consequences
Reduced implantation capacity

Unbalanced fetal/placental allocations )

Altered maternal nutrient provision TP Fleming et al. The
Abnormal fetal growthrate Embryo and lts Future. Biol
Altered setting of neurcendocrine axes

Abnermal birth weight and pestnatal growth Reprod 2004;71:1046-1054.
Cardiovascular and metabolic syndromes

ESHRE Campus — Everything you forgot about gamete physiology and its impact on embryo quality Lisbon, Portugal, 9-10 October, 2010




Biology of Reproduction Unit

2 ¢
3 SN
QS Y/a) ADE 0‘"

Research agenda in the area of Ecological Assisted Reproduction

Basic research

« Which mechanisms link early-gamete and early-life events with long-term effects?

» Can the developmental pathways be altered or reversed?

» What are best gamete, embryo and fetal development?

« I[dentify the indicators of best pregnancy outcome. - eg, birth size?

 Could markers of specific nutrient status before and during pregnancy inform us about
long-term outcomes?

Applied research

» What is the weight of early-gamete and early-life events in adult-onset diseases?
 Define approaches to intervene during different stages of the life-course.
- Q. preconception, pregnancy, lactation, childhood, adult, parent?
» How can developmental interventions be made context-specific, balancing prevention of
undernutrition against the later-life consequences of rapid postnatal weight gain?

Modified from: Gluckman PD et al. Towards a new developmental synthesis: adaptive
developmental plasticity and human disease. Lancet 2009; 373: 1654-57.
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In Vitro Fertilization Improves Childhood Growth
and Metabolism

Harriet L. Miles, Paul L. Hofman, John Peek., Mark Harris, Dyvanne Wilson, Elizabeth M. Robinson,
Peter D. Gluckman, and Wayne S. Cutfield

ith and Development and Liggins Institute (H.L.M., PLH., M.H., D.W., PD.G.,

d Dppm'hm- nt of Community Health (E.M.R.), University of Auckland, Aucklan el 1010, New Zealand: and
ssoctates (J.P.), Auckland 1051, New Zealand

Main conclusions:

IVF children are taller with higher IGF-1 and IGF-II levels and have a slightly
more favorable lipid profile.

The authors speculate that IVF results in epigenetic change through altered
methylation of genes involved in growth and metabolism.

IVF programs should consider long-term longitudinal follow-up of IVF offspring.

HL Miles et al. (2007) /n Vitro Fertilization Improves Childhood Growth and Metabolism.
J Clin Endocrinol Metab 92:3441-3445.
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Take-home messages:
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1. Environmental cues modify developmental patterns in several organs,
influencing susceptibility to adult onset diseases.

2. These cues are relevant even during Gametogenesis and
Preimplantation Development.

3. The challenge for all of us (clinical team and embryologists)
will be how to integrate our current knowledge regarding
environment-embryo interactions, to understand and compensate
their long-term consequences.
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Ecological Clinical Embryology

Carlos E. Plancha’2

1 Unidade de Biologia da Reproducdo, Inst. Histologia e Biologia do Desenvolvimento,
Faculdade de Medicina de Lisboa, Portugal

2 CEMEARE — Centro Médico de Assisténcia & Reproducéo, Lisboa, Portugal
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