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The growing burden of noncommunicable diseases (cardiovascular disease,
obesity, diabetes,...)

Low- and
Middle-Income
Countries

High-Income
Countries

_ Communicable, maternal, perinatal, and nulritional conditions

. Noncommunicable diseases

. Injuries

Lopez et al, Lancet 2006
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Neonatal Mortality
70%: associated with low birth weight



Epigenetic Landscape and Biological Development:
How the environment affects genes regulation

and development

C Waddington



Developmental programming:
A process by which a stimulus applied during a criticial period of sensitivity
during development exerts not only short term, but lifelong effects

The effect of finite periods of undernutrition
at different ages on the composition

and the subsequent development of the rat
Widdowson & Mc Cance, Proc. Roy Soc London 1966

/] Undernutrition

Undernutrition
j|  from3to 6 weeks

- 1 from 9 to 12 weeks
/ => no permanent effect
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CORONARY HEART DISEASE
Standardised mortality ratios in 10141 men & 5585 women

120 Men 120 Women

The effect of birth weight on the mortality ratio

of coronary heart disease in human
Barker et al, Lancet 1989
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OR/ ESRD
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Insuffisance rénale terminale (IRT):
correlation au poids de naissance
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Birth weight (g)

Adapté de Lackland BT et al. Arch Intern Med 2000

Case-control study
Patients = 1230
Controls = 2460

. iy
fid— €l
UNIL | Université de Lausanne \ \\\\\\\



Developmental « programming » &
The Developmental Origins of Health and Disease (DOHaD)

1000 DAYS

Conception

2nd birthday

Adulthood
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Normal variations in nutrition, stress,
environmental toxicants exposure,

Periconceptional & perinatal disorders and
interventions:

Preterm birth, Intra-uterine growth
restriction, Maternal diabetes/overweight,
C-section, ART

Nutrition,
Taste development
Microbiome
Stress
Toxicants

| |

|

phosphorylation, ncRNA

Epigenetic changes: DNA methylation,
histones deacetylation/ methylation,

Non
Communicable
Diseases:

Hypertension,
Kidney disease
Diabesity
Cancer
Broncho-
pulmonary disease
Infertility
Neuro-psychic
vulnerability,
Senescence...

[Doooo.




How the
first nine
months
shape
therest
of your life

The new science
of fetal origins
BY ANNIE MURPHY PAI
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Afghanistan:

After a flawed election,
how the world can help
. |

The Womb.
Your Mother.
Yourself.




The amplifying effect of the cycle of reproduction:
Worldwide Type 2 Diabetes Mellitus Epidemic

(reased prevalence of T2DM>
—

Diabetes in pregnancy

ﬁ

Altered glucose tolerance <
in offspring

Transgenerational transmission




Kidney: Developmental Programming of Hypertension and of Renal Function:
Low maternal protein diet, IUGR & effect of postnatal overfeeding (OF)
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Glomerular sclerosis

Boubred et al., Am J Physiol Renal Physiol 2007, 2009
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Hughson M et al. Kidney Int 2003



Hypertension and Renal Damage:
Effects of high protein intakes

IUGR, Maternal Diabetes

(Inborn nephron deficit)
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glomerular filtration rate blood pressure
(SNGFR)
A \

Glomerular hypertension
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Glomerulosclerosis

RAS
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Is low nephron number preventable?

Effect of postnatal over (breast-)feeding
on normal rat pups kidneys:

Increases glomerular number

but reduces glomerular volume;

leads to glomerular sclerosis in males

Boubred et al Am J Physiol 2007



Kidney: Effect of Postnatal High Protein Diet in IUGR Rat Pups
_ - ,

« Pup-in-the cup model »
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glomerular hyperfiltration, hypertension and long term glomerular sclerosis



Intrauterine growth restricted (IUGR) neonatal rats:
transcriptome analysis

IUGR vs control rats

» 1800 transcripts altered over 2 X

\\\\\\\\\\\\\\\\

» 760 up-regulated » 1040 down-regulated

IUGR kidneys




IUGR-gene expression profiles:

Massive alteration of
coaqulation genes:

1: Pro-thrombotic event:
- CPB2
- SERPINA1

2: inflammatory process:
- strong activation of kinin
kallikrein system

3: Cell lysis:
- Strong activation of
Complement cascade

Kidney

COMPLEMENT AND COAGULATION CASCADES

| Coagulation cascade |
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Epigenetics: a long lasting, heritable molecular translation of early genome-
environment interactions, in the absence of gene sequence alteration

HEALTH ENDPOINTS
+ Cancer

* Autoimmune disease

+ Mental disorders

+ Diabetes

EPIGENETIC Royal geIIy fed bees

EPIGENETIC MECHANISMS

a5, are affected by these factors and processes:
& + Development (in utero, childhood)

* Environmental chemicals

* Drugs/Pharmaceuticals

* Aging

CHROMATIN

(g METHWLGROP | @ Non coding RNAs /

| EXON- b EXON b E¥ON e DNA /

I——\/\/\/\/\/\/\/\/ mRNA — Protein
Transcription

' DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

HISTONE TAIL

A "

HISTONE TAIL

become bigger,
DNA accessible, gene active

live longer
Histone modification .
The binding of epigenetic factors to histone “tails” and are fertile.
Histones are proteins around which alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA

gene regulation. to be activated.




Epigenetic effectors: IUGR rats

Analysis of specific groups of genes : epigenetic regulators
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Apoptosis and
P53 gene methylation
In [IUGR rat kidney

Pham et al, Am J Physiol 2003;285:R962



Systolic blood pressure (mmHg)

Intergenerational programming
of impaired nephrogenesis
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Harrisson & Langley-Evans, Br J Nutr 2009



Environnement précoce
Exposition a des stress
nutritionnels, toxiques, psychosociaux,...

< impact

VY VYV VY

Epigénome
Marques et machinerie Flexible, dynamique
epigénétiques tout au long de la vie

(archive des impacts
environnementaux)

Activation
ou
Gé inhibition
. enome Sensibilité a des
Sequence ADN comportements

Génes ﬁ Protéines ﬁ PhénOtype et a des

Immuable environnements
(sauf cancer)

Expression Structure et
des génes fonctions
des organes
Altérations qui
peuvent
étre irréversibles



Developmental programming and plasticity:
Early adaptive predictive responses and later mismatch

Environment;G Environment: @

Fetal life and
early infancy Later development




Prevalence of hypertension

80,
60!
Yo 40, 3.0
3.5 .
201 Birth
-weight
>4.0
01 (kg)
M -74.8 -81.5 -88.0 -96.5 >96.5M
F -62.6 -68.7 75.2 -83.9 >83.9F

Fifths of current weight (kg)

Barker DJ, Osmond C, Forsen TJ, Kajantie E, Eriksson JG. N Engl.J Med. 2005;353:1802-9



Capital fonctionnel

d’un organe
ﬂ\
Différents effets de I'environnement
au cours de la vie adulte sur un
méme organe 1
Différents effets de
I'environnement
au cours
du développement
de l'organe
Niveau d’apparition
des symptdmes de
\ la maladie
- Age de
- individu
ch’anolde dem - Phase de déclin du capital
eveloppeme fonctionnel de 'organe

de 'organe



Rate of
Return to
Investment
in Human
Capital

Rates of Return to Human Capital Investment Setting
Investment to be Equal across all Ages

First Trimester

‘/'
. Second
\/ Trimester
‘\‘ Third
Trimester

- --- Investment begins
in Antenatal Period
Preschool Investment begins

Programs after Birth

Schooling

\‘\ Opportunity
\ \~\ cost of funds

Preschool

\«‘\~~ Job Training

e ————

School Post-School

Conception 0

Age

Rates of return to human capital investment setting investment to be equal across all ages

Source: Carneiro and Heckman, 2003.




Conclusions

» Le risque d’insuffisance rénale chronique a I'age adulte a des
origines precoces, au cours du développement, lié a I'exposition
aux facteurs environnementaux affectant celui-ci (stress,
nutrition, contaminants toxiques, mode de vie) et a la
transmission intergénérationnelle de marques épigenetiques.

« Des programmes de recherche sont nécessaires pour identifier
des biomarqueurs performants et repérer les sujets a risque, et
des cibles thérapeutiques potentielles.

» Des stratégies de prevention précoce, orientées vers les meres,
enfants, et futurs parents sont nécessaires pour interrompre
I'incidence croissante de l'insuffisance rénale chronique et des
maladies non transmissibles.



Improvmg nutrition for mothers and l
children is one of the most cost-effective

and lmpactful tools'we have for poverty
DAYS allewiation and sustainable development.”

=May, 2012

Leaders’ Declaration
G7 Summit
7-8 June 2015

G7 GERMANY

2015 | Schloss Elmau

Think Ahead. Act Together.

An morgen denken. Gemeinsam handein.

« We affirm a life-long approach with

A focus on the nutrition of women

of reproductive age, pregnant women,
nursing mothers and children under five,
with particular attention to the first 1000
days from pregnancy to a child’s second
birthday. »



