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How Does Vitamin D work?
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Vitamin D acts as a
molecular switch
regulating more than
1.000 genes.

Carlberg & Velleuer, Nutrients 2024



Epigenetic Programming of Immune Cells by Vitamin D
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How Do We Investigate the In Vivo Function of Vitamin D?

( Longitudinal vitamin D intervention focussing on epigenome changes)

.
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In vitro

Challenging for each
individual the 2 years’
process of epigenetic
programming of
PBMCs at 5 time
points through stimu-
lation with 1,25D

for 24 h

Mechanistic modelling 3}

47 participants recruited

Insilico
Computational modelling
of vitamin D-triggered
epigenetic memory

Started in November 2023

o

In Life

Funded by NCN, OPUS25



Individual’s Vitamin D Response Index:
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The Molecular Story of Life: Genome, Epigenome and Environment

events enwronment exposures pl )mutation

Genetic * Genetics and epigenetics
variations influence life from conception
R to old age.
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* While genetic predispositions
play a role, most disease risks
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Epigenetic Life-long remodelling . .
transgenerational Stable (variable) factors, which are Iargely driven
inheritance

by lifestyle choices.

(incomplete erasure of
parenteral marks and

epimutations in germ cells) Epigenome * This means that, to a significant
Phenotype: e.g., adaption, chronic diseases extent. we have the power to
’
maintain our health and reduce

( Phenotype = Genome + Epigenome + Environment ) the risk of common diseases
through conscious lifestyle
20% 80% decisions

Carlberg et al., Aging 2024



Biological age (years)

Interindividual Variation in Biological Aging
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: This figure illustrates the difference between

Optimal chronological and biological age, highlighting how
lifestyle factors such as diet, physical activity, and
quality can influence the rate of biological aging.
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Chronological age (years) Carlberg et al., unpublished




Molecular Understanding of Healthy Aging
In Life

EIT Food Healthy Ageing Think & Do Tank

EIT Food Healthy Ageing Think & Do Tank brings together strategic and delivery
partners from across Europe to foster effective collaboration, knowledge sharing,

and impactful initiatives that accelerate food system transformation to promote
healthy ageing.
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Co-funded by the
European Union

President: Dr. Annemarie Qosting
Nutrition Development Director, Specialized Nutrition - Cargill Food Solutions

Vice Presidents:

Working Group 1: Dietary Strategies for Preventing Age-Related NCDs
Prof. Carsten Carlberg, ERA Chair for Nutrigenomics - Polish Academy of Sciences, Poland NCDs = non-

communicable

Working Group 2: Targeted Approaches for Healthy Ageing j
diseases

Irini Shoeman Giziakis, Open Innovation Manager — Danone Group

Working Group 3: Enhancing Wellbeing through Microbiome Health
Prof. Luca Coccolin, Department of Agricultural, Forest and Food Sciences, — University of Turin



Ve ( Longitudinal intervention with different nutrients)

Healthy adults (40-70 years, n = 100, in Olsztyn, Poland)
Adults with at least two features of metabolic syndrome (40-70 years, n=100,in Madrld Spain)
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Nutrient 1 (resveratrol®), low levels at recruitment wash-out
M (]
, Phase | ’
Month 0 4

] [
, Phase Il '
5

\\

(Changes in metabolites and microbiome ,

)

abiome diversity (165 rRNA sequencing of fecal samples), inflammatory markers
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ghome of PBMCs (DNA methylation) #
wY
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Modeling of phase | data
(involving public data)

wr4 Data
integration

Model refinement and iteration In silico
based on phase Il data

intervention
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*alternatively to resveratrol also spermindine, DHA and EPA are considered

Intervention Study Planned by the Healthy Aging Think & Do Tank
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in Longitudinal Healthy Aging Interventions?

Which Nutrients Should Be Used
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. . Cost in |Yearly Cost (Industry |Molecular Aggregated |, . ..
Molecul Effi Eff n Limiting F r
olecuie icacy | Effectiveness Use (Est EUR) |Interest (Understanding |Score imiting Factors

Vitamin D ++ +t +t 50 +t + 9 Requires sun_exposure 01_' hlg_h—dose
supplementation for deficiencies.

Plant Sterols ++ + ++ 60 ++ + 8 Absorptlon. varlabllltg.(, needs consistent
intake, mainly effective for cholesterol.

Curcumin ++ o + 120 ++ + 7 Poor b|o_ava|Iab|I|ty, rqulres specialized
formulations for absorption.

. Effectiveness varies with dietary Omega-
- ++ ++ - ++ +

Omega-3 Fatty Acids 180 6 6/0Omega-3 ratio and source.

Probiotics + " _ 250 t + 5 _Stralln-sp(.emﬁc effects, individual variability
in microbiome response.

Quercetin + + + 100 + ) 3 Varlat.JIe .absorptlon,. unclear long-term
benefits in human trials.

Epigallocatechin Gallate (EGCG) + o + 9 + i 3 _Hugh doses required, potential liver toxicity
in excess.

Polyphenols + + + 120 + i 3 _Ef'f(_ac_ts depend on_dlet composition and
individual metabolism.

Resveratrol + o ) 150 + i 1 L|m|t.ed.b|oavallablllty, high doses required
for significant effect.

Spermidine + + _ 200 + i 1 Dietary intake often insufficient,

supplementation research ongoing.

This figure was created by the help of artificial intelligence (Al).
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Thank you

Carsten Carlberg  c.carlberg@pan.olsztyn.pl
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