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A kora1 hatasok késo1 kovetkezményei

Genetics  External Internal  Stochastic
environment environment events

Voo v o

LIFE COURSE

s Stable
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Demetriou CA et al, Eur J Clin Invest 45: 303-332, 2015
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The Advanced Fetal Programming Hypothesis
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Developmental Adaptation
sIndependent of the inheritance of maternal genes
*Altered organ structure and function
*Modification of homeostasis maintaining physiological
systems
*Putative mechanisms: epigenetics, developmental toxicity
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A szoptatas sikeret befolyasolo tenyezok

Successful Lactation Lactation Insufficiency

Functional
mammary gland

Impaired mammary gland
differentiation and milk secretion

Genetics

Prolactin Recepior signaling:

PRLr, Jak2, SOCS2, STAT3,

STATSA, STATSB, ATF4, IGFEP4,

IRF1, LIFR, OSMR, PTK2

Other signaling pathways:
mTOR, Gsk3, LeuRS, PPARy
GH, OXTR, FGF2

Mitk protain:
a-lactalbumin, a-casein,

B-casein, k-casein,

Nitrient Transport:
VDR, ZnT2, DGAT1
Apod, ApoE, FADS1, FADS2

e

Diet

Micronutrienis:
Vitamins A, D. By B, B;
Iron, Zinc, lodine, Calcium

Macronutrients:
Protein, Lactose, Glucose
Fatty Acids (LCPUFA, DHA, EPA,
Al MCFA)

Energy Balance:
Obesity
Fasting/Starvation
Physical Activity

Environment

Environmental toxins
Atrazine, dioxin , BPA,
Dibutylphthalate, Nonylphenol,
PBDE, PFOA, PCDD,
PCDF, PCE, DDE

Heavy Metals:
Copper, Zinc, Selenium,
Lead, Cadmium, Mercury

Lee etal, AmJ
E422, 2016

Phys Endocrinol Metab 311(2): E405—



A biologiailag aktiv molekulak
epigenetikal modosulasa

Maternal environment Fetal environment
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Bioactive molecules/ inadequate Epigenetic regulation

condition of nutrition

EP——— ; DNA methylation
Folate, riboflavin, pyridoxine, 9
{mmm, choline, betaine, J : > [ Histone modification J

Expression of non coding RNAs
methionine and vitamin D Recruitment of histone acetylases

l

[ Genomic stability ]

Altered gene expression

X
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Mathias és mtsai, Eur J Nutr 53: 711-722, 201
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A nol te] szerepe a
programozodas jelenségében
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Gén-taplalék kolcsonhatas

Food Components _

Nutrigenomjeg
R anscripto,,, .

Dictlovn Begulation, Genetic Components

“Gene-Diet Regulation

SNPs
Nutrigenetics

Garg R, Acta Med Intern 1: 124-130, 2014



A genom valtozasahoz hozzajarulo tényezok

cELL DEATY

GENOMIC
INSTABILITY

Cantarella CD et al, Genes & Nutrition 12:14, 2017



A taplalkozas és a genek
egymasra hatasat vizsgalo modszerek

FIGURE 3. The steps in gene expression and the
‘omics” descriptor
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Harland JI: Nutrition and genetics. Mapping individual health. ILSI Europd, 2005



Ataplalkozas és a genek
egymasra hatasat vizsgaldo modszerek
\ l{ e O Coraan 0, o2}

Nutritional Imbalance

Micro-nutrien Minerals
- (Cakcium, non, etc.)

econdary compounds
from plant
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Zhao Y et al, Studying the relationship between genetics

and nutrition in the improvement of human health.
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A metilacid hatasa a gen expresszivitasara
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Cantarella CD et al, Genes & Nutrition 12:14, 2017



A folsav sejten bellli hatasal

1. Purine biosynthesis

_dTMP |

Al e Folic acid

Cantarella CD et al, Genes & Nutrition 12:14, 2017



Egy taplalekosszetevo, a folsav
potencialis szerepe a genom valtozekonysagaban
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A fehérjek expresszojat befolyasol6 taplalkozasi hatasok

FIGURE 7. Pathway of protein expression showing where regulation occurs by nutrients

BLUEPRINT
DNA
NUTRITIONAL IMPACT l
TEMPLATES
RNA Synthesis and degradation
High saturated fat Retinoids
Oxidised lipid n-6/n-3 PUFA
Redox stress Phytosterols
Excess energy Environmental oestrogens
Heterocyclic amines Selenium
Y Iron
BUILDING BLOCKS OR TOOLS
mMmRNA translation = Proteins
I—— Low essential amino acids l Iron
Leucine
PROTEIN ACTIONS
Posttranslational modifications
Low folate Iron
. Low antioxidants Leucine

PHENOTYPE OUTCOME

~

Reduced disease risk

—

High disease risk

Shown in blue are where nutrients can impact

Source: Clarke, S.D. (2001). The Human Genome and Nutrition. In Bowman, B.A. and Russell, R.M. ed. Present Knowledge in
Nutrition, 8th ed., ILSI Press, Washington, DC. Reproduced with permission from ILSI Press.

Harland JI: Nutrition and genetics. Mapping individual health. ILSI Europe,2005



A fehérjék expresszojat befolyasolo taplalkozasi hatasok
tamadaspontjai

Points in the pathway of protein expression regulated
by dietary constituents

Targeted Site Examples of Nutrient Regulator

Gene transcription Fatty acids, glucose, cholesterol,
retinoids, vitamin D

MRNA stability Fatty acid, glucose, selenium, iron

MRNA processing Polyunsaturated fatty acids,
glucose

MRNA translation lron, amino acids

Post-translational Vitamins and minerals

modification

Harland JI: Nutrition and genetics. Mapping individual health. ILSI Europe,2005



Taplalékokkal 0sszefliggd genetikal polimorfizmusok
potencialis egéeszsegugyi kdvetkezmeényel

Examples of known cellular processes and genetic polymorphism with direct consequences for nutrition

Cellular Process Gene with known polymorphisms Nutrition/health Impact
Folate metabolism Methylene tetrahydrofolate reductase, cystathione beta- Risk of neural tube defect,
synthase, methionine synthase, Down'’s syndrome, CVD and cancer

glutamate carboxy-peptidase |l

[ron homeostasis Hereditary haemochromatosis, linked gene HFE Effect on iron requirements, anaemia,
and transferrin receptor and iron overload
Bone health Vitamin D receptor, oestrogen receptor, type | collagen Effect on bone metabolism, osteoporosis,

mediation of calcium and phosphorus
translocation

Lipid metabolism Apolipoprotein (AIV, B, C3, E), low density Etfect on blood cholesterol and other
lipoprotein receptor, lipoprotein lipase cardiovascular risk factors
Immune function HLA (MHC), tumour necrosis factor o and other cytokines | Susceptibility to various food allergies

(such as coeliac disease) and modified
susceptibility to cancer through diet

Source: Derived from Elliott, R. and Ong, T.). (2002). Nutritional genomics, BMJ 324, 1438-42, with permission from BM] Publishing Group.

Harland JI: Nutrition and genetics. Mapping individual health. ILSI Europe,2005



Ataplalék magas zsirtartalma ées a diabetes kialakulasa:

biokemiai es|genetikai mechanizmusok
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Zhao Y et al, Studying the relationship between genetics
and nutrition in the improvement of human health.
Genes & Nutrition10:31, 2015



Bokor Sz, Csernus K, Erhardt E, Burus |, Molnéar D,
Decsi T:

Association of n-6 long-chain polyunsaturated fatty
acids to —866G/A genotypes of the human
uncoupling protein 2 gene in obese children

Acta Paediatrica, 96: 1350-1354, 2007.



UCP 2 function

MNatochondrimn

P B

Respiratory chain

Bokor et al, Acta Paediatrica, 96: 1350-1354, 2007



-866 G/A polymorphism of the UCP2

A allele variant:

+ Enhanced transcription of the UCP 2 gene
Risk of obesity |

Risk of type 2 diabetes
Glucose oxidation t

$  » »

Lipid oxidation |

Bokor et al, Acta Paediatrica, 96: 1350-1354, 2007



Dihomo-gamma-linolenic acid (C20:3n-6) In
plasma phospholipids and sterol esters

*P <0.05

—

I -866 G/G (n= 34)
B -866 G/A (n = 34)
W -866 A/A (n = 12)

w/w %, median (IQR)

Phospholipids Sterol esters

Bokor et al, Acta Paediatrica, 96: 1350-1354, 2007



Spearman rank correlation coefficients between DHGLA and AA
values in plasma sterol esters and insulin contrentations measured
during OGTT (N = 80)

DHGLA AA
UCP2 -866 -866 G/A | -866 A/A | -866 -866 G/A | -866 A/A
genotype: |G/G G/G
Insulin 0> | -0.06 0.39 0.2 0.01 -0.06 -0.80%*
Insulin 30 | 0.31 0.03 0.32 -0.27 0.37 =0.75%*
Insulin 60> | 0.51%* 0.48%* 0.42 -0.08 0.43* =(.75%*
Insulin 90 | 0.22 0.26 0.28 -0.33 0.17 -0.68*
Insulin 120 | 0.34 0.29 0.15 -0.07 0.19 -0.44
Insulin 180” | 0.09 0.12 -0.35 -0.03 0.07 -0.59

*P < 0.05; **P < 0.001

Bokor et al, Acta Paediatrica, 96: 1350-1354, 2007




Insulin area under the curve

-866 G/A genotype
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Bokor et al, Acta Paediatrica, 96: 1350-1354, 2007



Insulin area under the curve

-866 G/G genotype
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Insulin area under the

curve
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y =-4978.1x + 60879
r=-0.80
P =0.003
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Bokor et al, Acta Paediatrica, 96: 1350-1354, 2007



Magyar fituk és lanyok zsirsavellatottsaga
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Magyar iskolds lanyok (n = 43) és fitk (n = 48) plazmaarachidonsav értékei Riilonbozo
lipidfrakciokban [% tomeg/tomeg, medidn, 3. és 1. kvartdlis Riilonbsége)

Molnar Sz, Minda H, Burus I, Decsi T: A plazma lipidjeinek
zsirsavosszetétele altalanos iskolas gyermekekben Magyarorszagon
Gyermekgyogyaszat, 52: 260-265, 2001.



Pathways of LCPUFA synthesis

N-6 FATTY ACIDS

Linoleic acid
(C18:2n-6, LLA)

l A-6 desaturation

v-linolenic acid
(C18:3n-6, GLA)

l elongation

Dihomo-vy-linolenic acid
(C20:3n-6, DHGLA)

l A-5 desaruration

Arachidonic acid
(C20:4n-6, AA)

l elongation

Adrenic acid
(C22:4n-6)

N-3 FATTY ACIDS

a-linolenic acid
(C18:3n-3, ALA)

Stearidonic acid
(C18:4n-3)

l

Eicosatetraenoic acid
(C20:4n-3)

Eicosapentaenoic acid
(C20:5n-3, EPA)

l

Docosapentaenoic acid
(C22:5n-3, DPA)

J' elongation, ff-oxidation l

Docosapentaenoic acid
C22:5n-6

Docosahexaenoic acid
(C22:6n-3, DHA)



Estimated net fractional inter-conversion of the
tracer [U-13C] alpha-linolenic acid

SiIx women and six men

700 mg [U-13C] alpha-
linolenic acid

blood samples collected 24, 48
and 72 hoursand 1, 2 and 3
weeks

data shown from day 21

B Women
B Men

Burdge et al, Brit J Nutr 88: 335-363 and 411-420, 2002
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Effect of DHA-Containing Formula on Growth of
PRETERM Infants to 59 Weeks Postmenstrual Age

Males Females

- healthy, preterm infants
- fed formula with DHA (n =

31, A)

-or fed formula without
1 DHA (n = 32, )
- AA contents were

1 1dentical in both formulae

35 40 45 50 55 60 35 40 45 50 55 60
PMA. wks PMA, wks Ryan et al, Am J Hum Biol 11: 457-467, 1999



Early Human Development 91 (2015) 587-591

Contents lists available at ScienceDirect

Early Human Development

journal homepage: www.elsevier.com/locate/earlhumdev

Neonatal fatty acid status and neurodevelopmental outcome at 9 years
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A vizsgalat menete

Healthy term infants enrolled at birth n=474

Umbilical cord available at birth n=317

Lost to follow-up n=27 i

f
1
|
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18 months Infants with follow- up data and umbilical cord data available n=290

Breastfed n=99

LCPUFA fed n=94

Control formula fed n=97

Lost fo follow-up n=48
Witharew consent n=r

Infants with follow-up data and umbilical cord data available n=235

r

Breastfed n=94
Boys n=51
Girls n=43

LCPUFA fed n=67
Boys n=32
Girls n=35

Control formula fed n=74

Boys n=42
Girls n=32

Corina de Jong, Hedwig K. Kikkert, Jorien Seggers, Gunther Boehm, Tamas Decsi, Mijna Hadders-Algra: Neonatal fatty acid
status and neurodevelopmental outcome at 9 years. Early Human Development, Volume 91, Issue 10, 2015, 587-591




DHA Ujszulottkorban —
neuroldgial teszt eredmeénye 9 éves korban
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