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HUMAN: FROM INSIDE OR OUTSIDE 
HEALTH? 
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COMPLEX DISEASES: GEN-
ENVIRONMENT
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COMPLEX DISEASES INCREASE FAST, WHAT
CHANGES IN THE ENVIRONMENT ?
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GENETICS

• Human genetics- scientific study of 

human variation and Heredity

• Medical genetics - study of the hereditary  

nature of human disease

• Clinical genetics- Care, diagnosis and

counseling of patients with congenital

malformations or genetic diseases
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MUTATIONS

• Deletions- ranging from 1 bp to mega base

• Insertions- including duplications

• Single base substitution-

• Missense mutations, replace one amino acidwith

another in the gene product

• Nonsense mutations replace one amino acid codon 

with a stop codon

• Splice site mutations create or destroy signals for

exon/intron splicing

• Frame shifts came be produced by deletions,

insertions or splice mutations
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MUTATION- FUNCTIONAL CHANGE

• Loss of function mutations

• Gain of function mutations
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DOWN SYNDROME
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SNPS ( 90 % OF VARIATION)

• NONSENSE

• MIS-SENSE

• FRAMESHIFT

• REGULATORY

• RNA SPLICING

• EXPANDING 

TRINUCLEOTIDE REPEATS

• OTHERS

Single 
nucleotide 
polymorphis
ms (SNPs) 
are

common DNA 
sequence 
variations 
among 
individuals. 

A tag SNP is a representative single nucleotide polymorphism (SNP) 
in a region of the genome with high linkage disequilibrium (the 
non-random association of alleles at two or more loci)
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DNA REPAIR 
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TURNER

SYNDROM

E
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KLINEFELTER

SYNDROME
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FRAGILE X

SYNDROME
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MITOCHONDRIAL INHERITANCE

• Matrineal inheritance

• Variable clinical manifestation due to 

heteroplasmy
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MITOCHONDRIAL INHERITANCE
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MITOCHONDRIAL DISEASE

• RAGGED RED FIBERS" -

CLUMPS OF DISEASED 

MITOCHONDRIA 

ACCUMULATE IN THE 

SUBSARCOLEMMAL 

REGION OF THE MUSCLE 

FIBER AND APPEAR AS

"RAGGED RED FIBERS"

WHEN MUSCLE IS STAINED 

WITH MODIFIED GÖMÖRI

TRICHROME STAIN
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Complex traits

• DIABETES MELLITUS, 

HYPERTENSION, MENTAL

DISORDERS ETC
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• Gene and environment interaction

• Population studies

• Family studies

• Twin studies



GENES STRUCTURE AND PROTEIN 

SYNTHESIS
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INTRODUCTION TO HGP

❖The Human Genome Project (HGP) was an 
international scientific research project that aimed 
to determine the complete sequence of nucleotide base 

pairs that make up human DNA and all the genes it 
contains.

❖It remains the world's largest collaborative 
biological project.

❖The idea was picked up in 1984 by the US 

government when the planning started, the project 
was formally launched in 1990 and was declared 
complete in 2003.
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INTRODUCTION TO HGP

❖The Human Genome Project originally aimed to map
the nucleotides contained in a human haploid reference

genome.

❖The "genome" of any given individual is unique; 
mapping the "human genome" involved sequencing 

the genomes of a small number of individuals and 
then assembling these together to get a complete 
sequence for each chromosome.

❖The finished human genome is thus a mosaic, not 
representing any one individual.
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GOALS OF HGP

➢ To identify and map all the 20,000-25,000 genes (approx) 
in the human DNA from a physical and functional 
standpoint.

➢ To determine the sequences of the 3 billion chemical base 
pairs that make up the human DNA.

➢ To store these informations in databases.
➢ To discover more efficient technologies for data analysis.
➢Allow the private sector access to the informations and 

technologies that arise from this project.
➢Also to sequence the genomes of other organisms that are 

important in medical research such as mouse, 
Drosophila etc,.

➢ To address ethical, legal and social issues.
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PIONEERS IN HGP

▪ Robert Sinsheimer proposed the idea of sequencing the 
human genome in the year 1985.

▪ Charles DeLisi and David Smith proposed the budget for 
Human Genome Project.

▪ HGP act was passed in the US congress under President

Regan in 1988.

▪ James Watson headed the NIH Genome Program.

▪ Francis Collins succeeded James Watson in 1993 as the 
overall Project Head and the Director of the NIH (which 
later become the National Human Genome Research 
Institute NHGRI) and was in power until the completion 
of HGP in 2003.

Haslberger 2022 24



TIMELINE OF HGP

• 1970 – FREDRICK SANGER DEVELOPED A TECHNIQUE FOR DNA SEQUENCING, 

KNOWN AS THE SANGER’S METHOD OF DNA SEQUENCING.

• 1985 - ROBERT SINSHEIMER AT UCSC PROPOSED THE IDEA OF SEQUENCING THE HUMAN

GENOME.

• 1986 -THE U.S. DEPT OF ENERGY AND THE NATIONAL INSTITUTE OF HEALTH CAME 

FORWARD TO FUND THE HUMAN GENOME PROJECT.

1989 - U.K’s medical research council (MRC) joined the 
Human Genome Project.
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TIMELINE OF HGP

1990 – HGP was officially launched with James 
Watson as its Project Director.
the 1st gene to be mapped was BRCA1, which is 
the gene for breast cancer.

1993 - 1st 5 year plan for HGP was published.
Sanger Institute(UK) joins HGP.

1994 – HGP’s Human genetic mapping goal was achieved.
1995 - Genetic privacy act was passed.

1st bacterial genome was sequenced 
(Hemophilus influenzae)

1996 – 1st Human Gene map was published.
Yeast genome was sequenced.
HGP’s mouse genetic mapping goal was achieved.
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TIMELINE OF HGP

1997 - NIH becomes NHGRI. 
E.coli genome sequenced.
Genoscope, French National Genome 
Sequencing Centre was established.

1998 - 2nd 5 year plan for HGP was published.
Japan’s RIKEN Genomic Services Centre was 
established.
Genome of the roundworm Caenorhabditis elegans 
was sequenced.
SNP sequencing was initiated.
the Chinese National Human Genome Centres were established 
in Beijing and Shanghai.

1999 - sequencing of human chromosome 22 was completed and was 
published in “The Nature.”
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TIMELINE OF HGP

2000 - working draft of human genome completed.
US president Clinton & UK’s PM Blair 
support free access to genome information. 
Genomes of D.melanogaster and A.thaliana 
were sequenced & published in “The Nature”.

2001 – working draft of human genome sequence was 
published in “The Nature” & “Science”.

2002 – working draft of mouse genome sequence was 
completed & published.

2003 - finished version of human genome sequence
was completed.
HGP ended with all the goals achieved.

Haslberger 2022 28



TECHNICAL ASPECTS IN HGP

• The process of determining the human genome first 
involves genome mapping, or characterizing the 
chromosomes. This is called a genetic map.

• The next step is DNA sequencing ,or determining the order 
of DNA bases on a chromosome. These are physical maps.
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MAPPING STRATEGIES

 Genetic markers are invaluable for genome mapping.
 Markers are any inherited physical or molecular

characteristics that are different among individuals of
a population (polymorphic)

▪ A genetic map shows the relative locations of these
specific markers on the chromosomes.

 An example of a marker includes restriction fragment
length polymorphisms
(RFLP).

 Used in RFLP markers are restriction enzymes. These
enzymes recognize short sequences of DNA and cut them
at specific sites, therefore, DNA can be cut into many
different fragments. These fragments are the DNA pieces
used in physical maps

▪ RFLPs reflect sequence differences in DNA sites

which are cleaved by restriction enzymes.
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OUTCOMES OF HGP

 There are approximately 22,300 protein-coding genes in human beings, the same 
range as in other mammals. Mouse – 23,000 genes (approx)

 Drosophila – 17,000 genes (approx),
C.elegans - < 22,000 genes

▪ we share many homologous genes (called "orthologs") with both these animals. 
But:-

▪ many of our protein-encoding genes produce more than one protein product (e.g., 
by alternative splicing of the primary transcript of the gene). On average, each of our 
ORFs produces 2 to 3 different proteins.

▪ So the human "proteome" (our total number of proteins) may be 10 or more times
larger than that of the fruit fly and roundworm.

▪ A larger proportion of our genome :-
encodes transcription factors

is dedicated to control elements (e.g., enhancers) to which these transcription
factors bind
The combinatorial use of these elements provides much greater 
flexibility of gene expression than is found in Drosophila and C.elegans.
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OUTCOMES OF HGP

▪ Gene density :-
23 genes per million base pairs on chromosome 19

5 genes per million base pairs on chromosome 13.
▪ Humans, and presumably most vertebrates, have genes not found in 

invertebrate animals like Drosophila and C. elegans. Few of those 
genes are :-

antibodies and T cell receptors for antigen (TCRs)
the transplantation antigens of the major histocompatibility 
complex (MHC) & human leucocyte antigen (HLA).
cell-signaling molecules including the many types of cytokines 
the molecules that participate in blood clotting.

▪ Human genome comprises of 2% of exons (coding regions) and 98%
of introns (non-coding regions).
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APPLICATIONS OF HGP

❑ The sequencing of the human genome holds benefits for many
fields, from molecular medicine to human evolution.

❑Helps in identifying disease causing gene.

❑ identification of mutations linked to different forms of 
cancer.

❑ The sequence of the DNA is stored in databases available to
anyone on the Internet.

❑ The U.S. National Center for Biotechnology Information (and 
sister organizations in Europe and Japan) house the gene 
sequence in a database known as GenBank, along with 
sequences of known and hypothetical genes and proteins.

❑will allow for advances in agriculture through genetic

modification to yield healthier, more disease-resistant crops.
❑Benefitted the advancement of forensic science.
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INDIVIDUAL VARIATIONS
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FROM HUMAN GENOME PROJECT TO SINGLE GENOME
SEQUENCING;  SNPS
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THE 1000 GENOME PROJECT
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SNPS ( 90 % OF VARIATION)

• NONSENSE

• MIS-SENSE

• FRAMESHIFT

• REGULATORY

• RNA SPLICING

• EXPANDING 

TRINUCLEOTIDE REPEATS

• OTHERS

Single 
nucleotide 
polymorphis
ms (SNPs) 
are

common DNA 
sequence 
variations 
among 
individuals. 

A tag SNP is a representative single nucleotide polymorphism (SNP) 
in a region of the genome with high linkage disequilibrium (the 
non-random association of alleles at two or more loci)
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POLYGENETIC DISEASES, GENOME WIDE
ASSOCIATION STUDIES
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DEFINITIONS

Haslberger 2022 40



GENOME WIDE ASSOCIATION STUDIES
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MANHATTAN BLOTS

Haslberger 2022 42



Haslberger 2022 43



CANDIDATE SNPS FOR DISEASES
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TOWARDS SNP MARKERS
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ODDS RATIOS,  MOSTLY < 1,5
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THE RELEVANCE OF SNPS
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e.g. Cardivascular: Polymorphisms and pathways 

1.a-Adducin 

2. ACE 

3. ALOX5AP 

4. Angiotensin-Rezeptor Typ I 

5. Angiotensinogen

6. ApoA1 

7. ApoB

8. ApoC-III 

9. ApoE

10. ABCA1 

11. ANP 

12. ANP Clearance Rezeptor

13.b2-adrenergische Rezeptor

14.b3-adrenergische Rezeptor

15.b-Fibrinogen 

16. CD14-Rezeptor 

17. CC-Chemokine-Rezeptor 2 

18. CETP 

19. Extrazelluläre Superoxiddismutase (SOD3) 

20. FII 

21. FV 

22. FVII 

23. FXII 

24. FXIII A-Untereinheit

25. Connexin 37  

26. eNOS

27. Endothelin-1 

28. E-Selectin

29. FABP2 

30. Fractalkin-Rezeptor

31. Glykoprotein Ia

32. Glykoprotein Iba

33. Glykoprotein IIa

34. Glykoprotein IIIa

35. Glykoprotein PC-1 

36. G-Protein b-3 Untereinheit

37. HFE 

38. HL 

39. IRS1 

40. IL1a 

41. IL1b 

42. IL4 

43. IL6 

44.  IL10 

45. Leptin

46. LPL 

47. LRP 

48. Lp(a) 

49. Mangan- Superoxiddismutase

52. MMP12 

53. Methioninsynthase

54. MTHFR 

55. MCP1 

56. P22 

57. NPY 

58. PON 

59. CD31 

60. PPARa

61. PPARg2 

62. PAI1 

63. PAFAH 

64. P-Selectin

65. SRB1 

66. Serotonin-Rezeptor

2A 

67. Stromelysin 1  (MMP3) 

68. Thrombomodulin

69. Thrombopoietin

70. Thrombospondin 1 

71. Thrombospondin 4 

72. TFPI 

73. TGFb1 

74. TNFa

202  
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Frequencies, ethnic aspects  of typical SNPs   

204  
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HYPE IN MEDIA, E.G.DIABETES, REALITY
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GENETIC TESTING
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THE OUTCOME 23ANDME
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CRITICAL ASPECTS OF GENETIC TESTING FOR
CONSUMERS
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COMPLEX DISEASES: THE NEED TO UNDERSTAND
GENE- ENVIRONMENT INTERACTIONS
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Aims of PHGEN

To conduct a networking exercise  on Public 

Health Genomics (PHG)  covering all EU 

Member States 

To provide an inventory of PHG-issues and 

priorities in Europe. 

To contribute to the co-operation  and exchange 

of information in  order to enhance coherence 

and   disseminate best practice. 

To identify legal diversities and  barriers in a 

cross-border market. 

189  

THE PHGEN EU NETWORK
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GENETIC – ENVIRONMENT, MISSING HERITABILITY
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EPIGENETIC, FIRST EVIDENCES

ENDOGENE 
DIRUPTORS
The fungicide 
vinclozolin, 
which is sprayed on 
vineyards can 
cause fertility 
problems in male 
offspring of 
exposed rats.
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EPIGENETIC PROOF AGOUTI MOUSE, 



EFFECTS FROM THE ENVIRONMENT: PRENATAL
NUTRITION. THE DUTCH FAMINE STUDY
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LIVE TIME: EPIGENETIC DIVERSITY: TWIN STUDIES
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DARWIN, LAMARCK AND EPIGENETICS ?
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EPIGENETICS: SEQUENCE INDEPENDENT REGULATION 
OF GENE EXPRESSION AND DNA STABILITY
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THREE MAIN TYPES OF EPIGENETIC 
INFORMATION

The three main types of epigenetic information

Cytosine DNA methylation is a covalent modification of DNA, in which
a methyl group is transferred from S-adenosylmethionine to the C-5 
position of cytosine by a family of cytosine (DNA-5)-methyltransferases.
DNA methylation occurs almost exclusively at CpG nucleotides and has 
an important contributing role in the regulation of gene expression and
the silencing of repeat elements in the genome.

Genomic imprinting is parent-of-origin-specific allele silencing, or relative
silencing of one parental allele compared with the other parental allele. 
It is maintained, in part, by differentially methylated regions within or near 
imprinted genes, and it is normally reprogrammed in the germline.

Histone modifications — including acetylation, methylation and 
phosphorylation — are important in transcriptional regulation and many 
are stably maintained during cell division, although the mechanism for this 
epigenetic Inheritance is not yet well understood. Proteins that mediate 
these modifications are often associated within the same complexes as 
those that regulate DNA methylation.

RNA (interference)
Andrew P. Feinberg and Benjamin Tycko, 

2004
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EPIGENETICS

Epigenetics : C. H. Waddington in 1942 

conceptual model of how genes might interact 

with their surroundings to produce a phenotype.

Epigenetic: heritable traits (over rounds of cell 

division and sometimes transgenerationally) that 

do not involve changes to the underlying DNA 

sequence
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EPIGENETIC EFFECTS: TRANSGENERATIONAL
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EFFECTS FROM ENVIRONMENT, TOXINS:
EPITOXICOLOGY, BISPHENOLS? 
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EFFECTS FROM THE SOCIAL ENVIRONMENT, 
STRESS
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EPIGENETIC EFFECTS FROM SOCIAL 
ENVIRONMENT: CARE, STRESS
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EPIGENETIC EFFECTS FROM THE 
SOCIAL ENVIRONMENT

Rev., Dev. Psychobiol. 2010Haslberger 2022 71



LIFE TIME CHANGES IN DNA METHYLATION 
EPIGENETIC TISSUE SPECIFIC, 

TRANSGENERATIONAL BUT HOW ? 
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The term epigenetics refers to heritable 

changes in gene expression (active versus

inactive genes) that does not involve 

changes to the underlying DNA sequence;

a change in phenotype without a change 

in genotype.
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• The term epigenetics, which 

was coined by Conrad H. 

Waddington in 1942, was 

derived from the Greek word 

“epigenesis” which originally 

described the influence of 

genetic processes on 

development. Conrad H. 

Waddington and Ernst Hadorn, 

started the study of epigenetics.Haslberger 2022 75



EPIGENETICS IN DIFFERENTIATION
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. For most cell types, four factors (c-Myc, Oct-3/4, SOX2, and KLF4) are used

EPIGENETICS IN RE-DIFFERENTIATION 
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THE FIRST 1000 DAYS OF LIFE
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• Epigenetic tags act as a

kind of cellular memory.

A cell's epigenetic profile --

a collection of tags that

tell genes whether to be

on or off -- is the sum of

the signals it has received

during its lifetime.

• First 100 days of life

imprinting



EVEN INTO OLD AGE, EPIGENETICS AND STEM CELLS

DURING THESE PROCESSES, JUST LIKE DURING 

EMBRYONIC DEVELOPMENT, THE CELL'S

EXPERIENCES ARETRANSFERRED TO THE

EPIGENOME, WHERE THEY SHUT DOWN AND

ACTIVATE SPECIFIC SETS OF GENES.
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Epigenetic clock
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Intrinsic age:  horvath multiple 

tissues.

Extrinsic Hannum,  

blood cell



EPIGENETIC DIEASES MENTAL RETARDATION

DISORDERS

• Epigenetic changes are also linked to several 

disorders that result in intellectual disabilities 

such as ATR-X, Fragile X, Rett, Beckwith-

Weidman (BWS), Prader-Willi and Angelman 

syndromes. For example, the imprint disorders 

Prader-Willi syndrome and Angelman syndrome, 

display an abnormal phenotype as a result of the 

absence of the paternal or maternal copy of a 

gene, respectively.
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NEUROPSYCHIATRIC DISORDERS

• Epigenetic errors also play a role in the 

causation of complex adult psychiatric, autistic, 

and neurodegenerative disorders. Several 

reports have associated schizophrenia and 

mood disorders with DNA rearrangements that 

include the DNMT genes.
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NEUROPSYCHIATRIC DISORDERS

• DNMT1 is selectively overexpressed in gamma-

aminobutyric acid (GABA)-ergic interneurons of

schizophrenic brains,

whereas hypermethylation has been shown to 

repress expression of Reelin (a protein required 

for normal neurotransmission, memory formation 

and synaptic plasticity) in brain tissue from 

patients with schizophrenia and patients with 

bipolar illness and psychosis.
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DNA METHYLATION

• DNA methylation is an epigenetic mechanism used by 

cells to control gene expression. A number of 

mechanisms exist to control gene expression in 

eukaryotes, but DNA methylation is a commonly used 

epigenetic signaling tool that can fix genes in the “off” 

position.
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DNA METHYLATION

• DNA methylation is an epigenetic mechanism used 

by cells to control gene expression. A number of

mechanisms exist to control gene expression in

eukaryotes, but DNA methylation is a commonly

used epigenetic signaling tool

that can fix genes in the “off” position.
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DNA METHYLATION
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NATURAL ROLES OF DNA METHYLATION IN  MAMMALIAN

SYSTEM

➢ Imprinting

➢ X chromosome inactivation

➢ Heterochromatin maintenance

➢ Developmental controls

➢ Tissue specific expression controls
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DNA METHYLATION AND  OTHER HUMAN DISEASES

• -- Imprinting Disorder:

• Beckwith-Wiedemann syndrom (BWS)

• Prader-Willi syndrome (PWS)

• Transient neonatal diabetes mellitus (TNDM)

• -- Repeat-instability diseases

• Fragile X syndrome (FRAXA)

• Facioscapulohumeral muscular dystroph

• -- Defects of the methylation machinery

• Systemic lupus erythemtosus (SLE)

• Immunodeficiency, centromeric instability and facial  

anomalies (ICF) syndrome
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DIFFERENT EPIGENETIC CPG SITES IN 
GENES, E.G. IN IL-6 PROMOTOR

inflammatory CpG
Methylation related to IL6 m RNA levels and

rheumatoid arthritis (Nile et al. 2008)

Metabolic and inflammatory (IL-

6 expression relevant)  region
IL-6 methylation increased after energy restriction 

and decreased in the bariatric surgery group 

(Rocha et. al 2016)

heart disease correlated

region
IL-6 hypomethylation correlated to ischemic

heart disease and coronary heart disease (Zuo

et al. 2016, Yang et al. 2016)

body weight correlated CpGs
(Aumueller et al. 2015)

| CpG sites

X ageing-relevant 

CpGs under discussion

X X X



CPG METHYLATION: METHOD

BISULFITE SEQUENCING
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METHYLATION, TUMOR SUPPRESSOR, DNA 
INSTABILITY
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HISTONE MODIFICATIONS
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HISTONE MODIFICATION  THE HISTONE

CODE

– Acetylation

– Methylation

– Phosphorylation

– Ubiquitylation

– sumoylation

• Enzymes catalyzing

– Histone  

acetyltransferase

– Histone deacetylase

– Histone  

methyltransferase

– Histone kinase

Haslberger 2022 93



HISTONE MODIFICATION

• Histones are subject to a wide variety of 

posttranslational modifications including but not 

limited to, lysine acetylation, lysine and arginine 

methylation, serine and threonine 

phosphorylation, and lysine ubiquitination and 

sumoylation (Vasquero 2003). These 

modifications occur primarily within the histone 

amino-terminal tails protruding from the surface 

of the nucleosome as well as on the globular 

core region (Cosgrove 2004).Haslberger 2022 94



HISTONE MODIFICATION

• Histone modifications are proposed to affect chromosome

function through at least two distinct mechanisms. The first

mechanism suggests modifications may alter the electrostatic

charge of the histone resulting in a structural change in histones

or their binding to DNA.

Haslberger 2022 95

• The second mechanism proposes that these modifications are

binding sites for protein recognition modules, such as the

bromodomains or chromodomains, that recognize acetylated 

lysines or methylated lysine, respectively.
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EFFECT OF HISTONE 

MODIFICATION

Methylation turns

off genes.

Acetylation turn  

genes on.

Methylated

DNA

Histone
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HISTONE MODIFICATION STATUS CORRELATES WITH  

TRANSCRIPTIONAL ACTIVITY

• Gene activation correlated with H3-K9 acetylation

• Gene silencing associated with H3-K9 methylation
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ROLE OF HISTONE

MODIFICATION

• DNA transcription

• DNA repair

• DNA replication
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HISTONE MODIFICATIONS AND  HUMAN 

DISEASES

Coffin-Lowry syndrome is a rare genetic disorder  
characterized by mental retardation and  
abnormalities of the head and facial and other  
areas. It is caused by mutations in the RSK2 gene  
(histone phosphorylation) and is inherited as an X-
linked dominant genetic trait. Males are usually  
more severely affected than females.

Rubinstein-Taybi syndrome is characterized by short
stature, moderate to severe intellectual disability,
distinctive facial features, and broad thumbs and

first toes. It is caused by mutations in CREB-binding  

protein (histone acetylation)
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HISTONE MODIFICATION INTERFERS WITH APOPTOSIS
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NON-CODING RNA (NCRNA)-ASSOCIATED GENE

• miRNAs or ncRNA represent small RNA 

molecules encoded in the genomes of plants 

and animals. These highly conserved 22 

nucleotides long RNA sequences regulate the 

expression of genes by binding to the 3'-

untranslated regions (3'-UTR) of specific 

mRNAs. A growing body of evidence shows that 

miRNAs are one of the key players in cell 

differentiation and growth, mobility and apoptosis 

(programmed cell death).Haslberger 2022 102
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• miRNAs regulate diverse

aspects of development and

physiology, thus understanding

its biological role is proving

more and more important. 

Analysis of miRNA expression

may provide valuable

information, as dysregulation of

its function can lead to human 

diseases such as cancer,

cardiovascular and metabolic 

diseases, liver conditions and 

immune dysfunction.

RNA INTERFERENCE



RNA INTERFERENCE
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RNA INTEREFERENCE AND PROTEINS
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DNA METHYLATION AND CANCER
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PRECISION MEDICINE, ESPECIALLY CFDNA
PRECISION NUTRITION
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CELLS FROM THE SAME TUMOR COMPRISE GENETIC 
DIFFERENCES, ALREADY FROM TUMORIGENESIS

Mutations/ cell

Heterogeneity : Mutation 

aquirence/tumor



POSSIBLE ANALYSIS USING CELL FREE DNA
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UPCOMING PRECISION MEDICINE; INTERVENTION ACCORDING 
TO ANALYSIS OF MUTATION, PATHWAYS 
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LIQUID BIOPSY APPROACH WILL RESULT IN EARLY DETECTION OF MAIN 
TUMORS USING ADVANCED,  SENSITIVE  METHODS AND ALGORITHM TO  

SPECIFY LIKELIHOOD AND STAGE OF CANCER 
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CANCER EPIGENETICS

• A COMMON PARADIGM OF CANCER EPIGENETICS IS  

HYPERMETHYLATION OF CPG ISLAND OF TUMOR  SUPPRESSOR GENE

PROMOTER

• HYPERMETHYLATED PROMOTER DNA IS  ASSOCIATED WITH VIRTUALLY 

EVERY TYPE OF HUMAN  TUMOR

• WITH EACH TYPE OF TUMOR HAVING OWN SIGNATURE OF  

METHYLATED GENES
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Cancer Methylated genes

Prostate GSTP1

Renal VHL

Colon and endometrial MLH1 (mismatch repair gene)

Esophageal APC

CANCER EPIGENETICS, EXAMPLES

Glutathione S-transferases

Hippel–Lindau tumor

suppressor

Tumor suppresssor
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• Global hypomethylation: overall in 5-

methylcytosine content in the genome

– Found in premalignant and early stages of some  

neoplasm

– Important in tumor progression

• Gene-specific hypomethylation:

– Often affect promoter region of proto-oncogene  

and oncogene which are normally highly  

methylated

Cancer epigenetics, examples
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DEMETHYLATION IN CANCER

THERAPY
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DANA METHYLATION MODULATION
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HDAC INHIBITORS
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AGING A CURABLE DISEASE? 
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BLUEZONES

Blaue Zonen sind Regionen der Welt in 

denen  Menschen viel länger als der 

Durchschnitt leben sollen. Das Konzept 

wird von Dan Buettner vertreten und 

wurde erstmals im November 2005 im 

Magazin National Geographic in der 

Titelgeschichte „The Secrets of a Long 

Life“ von Buettner vorgestellt.

Buettner identifizierte fünf Regionen, 

die er als „Blaue Zonen“ betrachtet: 

Okinawa (Japan), Sardinien (Italien), die 

Nicoya-Halbinsel (Costa Rica), Ikaria

(Griechenland) und unter den 

Siebenten-Tags-Adventisten in Loma 

Linda, Kalifornien.

Er gibt eine Erklärung, basierend auf 

Daten und Beobachtungen aus erster 

Hand, warum diese Bevölkerungs-

gruppen gesünder und länger leben. 
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VON DEN BLUEZONES LERNEN WIR PERSÖNLICHE, REGIONAL SPEZIFISCHE 
MASSNAHMEN GEGEN VORZEITIGES ALTERN, ALTERS-BEDINGTE 

ERKRANKUNGEN, ZENTRAL: BIOAKTIVE MOLEKÜLE  
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Die Menschen in den Blauen Zonen haben 

gemeinsame Lebensstil-Merkmale, die zu ihrer 

Langlebigkeit beitragen. Sechs gemeinsamen 

Merkmale der Menschen in Okinawa, Sardinien 

und den Blauen Zonen von Loma Linda:
• Familie – wichtiger als andere Anliegen

• Nicht rauchen

• Pflanzenbasierte Ernährung – der Großteil 

der verzehrten Nahrung stammt aus Pflanzen.

• Ständige moderate körperliche Aktivität – ein 

untrennbarer Bestandteil des Lebens.

• Soziales Engagement – Menschen jeden 

Alters sind sozial aktiv und in ihre 

Gemeinschaften integriert.

• Hülsenfrüchte – häufig konsumiert
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Buettner:  Faktoren  die den Lebensstil der Menschen in den blauen 

Zonen behandeln:

• Mäßige, regelmäßige körperliche Aktivität.

• Lebensinhalt.

• Stressabbau.

• Mäßige Kalorienzufuhr.

• Pflanzenbasierte Ernährung.

• Mäßiger Alkoholkonsum; überwiegend Wein.

• Engagement in der Spiritualität oder Religion.

• Engagement im Familienleben.

• Engagement im gesellschaftlichen Leben.Haslberger 2022 124



BLUEZONES FUER SPEZIELLE ERKRANKUNGEN
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STRATEGIEN GEGEN DAS VERGESSEN 

Become a Master (in just about anything!)
Learn a language, pick up an instrument, take a class, or 
find a new hobby. Challenging yourself to master new 
skills can trigger pathways that help you maintain 
cognitive function into old age. No matter your education 
or income, learning something new, reading the 
newspaper, or even watching YouTube videos to learn 
how to garden can protect you from a decline in cognitive 
ability.

Drink Moderately
Your weekly happy hour is good for more than just your 
social circle. Studies show moderate drinkers have a lower 
chance of mortality and an increased chance of 
maintaining cognitive abilities into old age. Red wine, 
particularly Cannonau from Sardinia, is a great choice due 
to its high resveratrol content.

Eat Like You’re Greek
Similar to the traditional Mediterranean diet, 
Ikarians eat wild greens, beans, nuts, seeds, 
fruits, whole grains, and olive oil. Many of 
these foods are high in folate, which has 
been shown to improve cognitive processes. 
Olive oil, nuts, and seeds

Say “Om”
Chronic stress leads to inflammation and is 
the foundation for every age-related 
disease, including Alzheimer’s and dementia. 
Centenarians in the blue zones regions of 
the world have effective ways to manage 
stress on a daily basis. For Sardinians, this 
means a glass of wine and a chat with 
friends at the end of the day.
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ALZHEIMER, VITAMIN, MINERALSTOFFE  ;-(
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WENN NICHT SPURENELEMENTE, VITAMINE : 
VIELLEICHT BIOAKTIVE MOLEKÜLE ?
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HALLMARKS
OF AGING
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AGING, OLD THEORIES, CHROMATIN INSTABILITY
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ROS  OXYDATION: TELOMERE, MITOCHONDRIA
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OXYDATION, ROS
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MITOHORMESIS, LOW ROS
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AGEING: NATURE: TELOMERS AND GENOTOXIC
STRESS ?
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TELOMERS, IMMORTALISATION
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Telomere Structure und Function

Nabetani A , and Ishikawa F J Biochem 2011;149:5-14

Consist of repeat sequences and
associated proteins

Cap the ends of chromosomes -
protection against end-end-fusions, 
recombinations, degradation

Essential for chromosomal integrity
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Telomerase, TERT

Composed of RNA subunits (hTR)
Reverse transcriptase catalytic
subunit (hTERT)

Telomerase elongates telomeres 
which are shortened after 
each replication cycle

Journal of clinical oncology, Vol 18, Issue 13(Huly), 2000: 2626-2634

Haslberger 2022 137



ROS: TELOMERE SHORTENING, SENESCENCE

Frontiers in Bioscience 14, 4044-4057, January 1, 2009 
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METHODS FOR TELOMERE ANALYSIS
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AGEING, INFLAMMATION AND
DNA DAMAGE
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INFLAMMAGEING: CHRONIC INFLAMMATION IN 
AGEING, CARDIOVASCULAR DISEASE, AND FRAILTY
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INFLAMMASOME

The inflammasomes are innate 

immune system receptors and 

sensors that regulate the 

activation of caspase-1 and 

induce inflammation in 

response to infectious 

microbes and molecules 

derived from host proteins
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AGING MECHANISMS AND SENESCENCE
„IN GENERAL SENESCENCE CAN BE BENEFICIAL, THUS ELIMINATING DAMAGED 

CELLS, WHEREAS AN ACCUMULATION CAN BE DETRIMENTAL”

Domhnall McHughand Jesús Gil, JCB 2017

replicative senescence, DNA damage induced senescence, stress 

induced senescence and oncogene induced senescence

Senescence : The good, the bad, 

the carefully regulated
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INFLAMM-AGEING IN CENTER OF AGEING AND
MANY COMPLEX DISEASES E.G. OBESITY
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SENESCENCE INVOLVED PATHWAYS: SIRT AND MTOR PATHWAY; P53-
HSP70-AUTOPHAGY; NRF2-ROS, HSP90-STRESS, CDKS,…

Senescence is a cellular program that induces a stable growth 

arrest chromatin remodeling, metabolic reprogramming, 

increasedautophagy, and the implementation of a complex 

proinflammatory secretome. first identified by Hayflick

and Moorhead (1961)
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SENESCENCE AND THE SENESCENCE
ASSOCIATED SECRETORY PATHWAY

Senescent cells negatively affect their surrounding tissue by losing their cell 

specific functionality and by secreting a pro-tumorigenic and pro-

inflammatory mixture of growth hormones, chemokines, cytokines and 

proteases, termed the senescence-associated secretory phenotype (SASP)

SASP recruits immune cells  to

eliminate senescent cells but also 

contributes to inflammaging
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THE SEQUENCE OF SENESCENCE UNTIL BETA-GAL POSITIVE
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BALANCED REGULATION BETWEEN SENESCENCE,CELL
CYCLE ARREST, AUTOPHAGY AND APOPTOSIS

( and mitophagy ?) 
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EPIGENETIC REGULATION OF SENESCENCE: 
CPG METHYLATION, HISTONE MODIFICATION AND MIRNAS
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AUTOPHAGY IS REGULATED EPIGENETICALLY
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EPIGENETICS AND AUTOPHAGY
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EPIGENETICS REGULATES DNA REPAIR
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DNA BREAKS, REPAIR
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AGING AND CPG METHYLATION, 
THE EPIGENETIC CLOCK
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BIOLOGICAL AGE: 
NICE TO KNOW OR BIOLOGICAL RELEVANCE? E.G. RISK FOR

COMPLEX DISEASES
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CLOCKS 
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CLOCKS AND PREDICTION OF MORTALITY
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NUTRIEPIGENETICS
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NUTRITION FOODS 

Nutrition is the biochemical 

and physiological process by 

which an organism uses food 

to support its life.

Hippocrates, “Let food be thy 

medicine, and let medicine be 

thy food”
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FUNCTIONAL FOOD
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FUNCTIONAL
FOODS AND 

HEALTH CLAIMS
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EPIGENETIC DIETS FOR PREVENTION AND 
CO- THERAPY ?
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EFFECT OF PLANT INGREDIENTS ON ALL EPIGENETIC 
MECHANISMS

167Haslberger 2022
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POLYPHENOLS

Polyphenols are molecules chemically 

characterized by the presence of at least one 

aromatic ring with one or more hydroxyl groups 

attached . Polyphenols are plant secondary 

metabolites that are thought to help plants to 

survive and proliferate, protecting them against 

microbial infections or herbivorous animals, or 

luring pollinators . Polyphenols are found in many 

medicinal and edible plants which represent 

important alimentary sources, including fruits, 

vegetables, beverages (such as tea and red wine) 

and extra virgin oil 
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TYPES AND CLASSIFICATION OF BIOACTIVE
COMPOUNDS FROM FOOD
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BIO-ACTIVE
FOODS

ANTI-OXYDATIVE, 
EPIGENETICALLY

ACTIVE
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NUTRACEUTICALS 
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NUTRACEUTICALS FOR AGING
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DISCUSSED ACTIVITIES OF NUTRACEUTICALS ALONG
THE HALLMARKS OF AGING, AGE RELATED COMPLEX

DISEASES, FACTS OR HYPOTHESIS ?

Anti oxydative Epigenetic active

inflammation neuroinflammation

Telomers Mitochondria

Autophagy Apoptose

Senolytic DNa repair

Immune senescence Nuro infl

Anti bacterial Anti viral 

AGING
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EGCG TELOMERASE, C-MYC, H-TERT
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• After 6 months of administration (TimeBlock©) there is a significant

increase in telomere length of approximately 17 %, p=0,004* ANOVA

EGCG/TIMEBLOCK INCREASE TELOMERE
LENGTH AND AFFECTS EPIGENETIC MARKERS
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POLYPHENOLS AND AUTOPHAGY
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APOPTOSIS, P53 AND POLYPHENOLS
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POLYPHENOLS AND INFLAMMATION:   
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POLYPHENOLS AND NRF2
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NRF2 AGONISTS, ANTIAGONISTS

Haslberger 2022 180

NRF2 (or NFE2L2) is a protein, 

naturally found within the body. It's job 

is to help regulate the work of 

antioxidant proteins that can help 

protect against oxidative damage.

This oxidative damage can be 

triggered by injury and inflammation 

and involves the production of free 

radicals.



NOVEL FOODS, FUNCTIONAL FOODS AND 
EPIGENETICS
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EGCG AND NEURO- INFLAMMATION, COGNITIVE DECLINE
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POLYPHENOLS AND MICROGLIA
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AGING DNA-DAMAGE RESPONSE, DNA-
REPAIR, EPIGENETICS, POLYPHENOLS
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EPIGENETICS REGULATES DNA REPAIR
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MGMT AND MLH1 DNA REPAIR ENYMES AND 
PROMOTOR METHYLATION, EGCG
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Liver
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HIGH FAT MICE: EGCG REDUCES ROS INDUCED DNA BREAKS, 
INCREASES DNA REPAIR ENZYM MLH1 AND  IMPROVED DYSBALANCED

GI- MICROBIOTA
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DNA, CPG METHYLATION
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EFFECTS ON HISTONES, CHROMATIN
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HISTONES, ACETYLASES, DEACETYLASES,
SIRTUINS, NAD
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SIRTUINS
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POLYPHENOLS, AGING SENESCENCE
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SENESCENCE AND POLYPHENOLS
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POLYPHENOLS AND SENESCENCE
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IMMUNO SENESCENCE AND NUTRACEUTICALS
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POLYPHENOLS JUVENTION OF TISSUES AND CANCER
PREVENTION
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EXERCISE INHIBITS SENESCENCE
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POLYPHENOLS AND MICROBIOTA STRUCTURE
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POLYPHENOLS, MICROBIOTA AND THEIR METABOLITES
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PFLANZENINHALTSSTOFFE REDUZIEREN 
SENESZENTE ZELLEN 
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POLYPHENOLS IN FOOD PRESERVATION, 
PROCESSING
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ANTI BACTERIAL POLYPHENOLS

Haslberger 2022 202



ANTIVIRAL NUTRACEUTICALS

Haslberger 2022 203



RNA AND CORONA VIRUSES
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Influenca, Dengue, 



Haslberger 2022 205



Haslberger 2022 206

https://www.sciencedirect.com/science/

article/pii/S004896972104794X
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COVID , SARS-2
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NUTRACEUTICALS, EPIGENETICS AND INHIBITION OF 
RNA VIRUSES
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EXAMPLES, RESVERATROL

Previous studies have demonstrated that resveratrol is well-

absorbed following oral administration, with ~75% of the dose 

absorbed. Following absorption, resveratrol undergoes rapid and 

extensive metabolism leading to low bioavailability

Haslberger 2022 212



GREEN TEA EXTRACT, EGCG, CATECHINES
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EGCG II
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EGCG
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GALLIC ACID
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ASTAXANTHIN
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QUERCETIN
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PHLORETIN
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FISETIN
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CURCUMIN
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BERBERIN, BERBERITZE 
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ANTHOCYANS 
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SPERMIDIN
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SPERMIDINE MECHANISMS

Molecular and cellular mechanisms of spermidine in age-related disease

s. Spermidine is an inducer of autophagy, which is the main mechanism of 

anti-aging. First, spermidine triggers autophagy by modulating the exp

ressions of Atg genes. Second, it regulates transcription factor elF5A t

o promote the synthesis of transcription factor TFEB. Third, spermidine

inhibits EP300, which directly promotes the acetylation of Atg genes

and indirectly stimulates deacetylation of tubulin due to inhibition of 

aTAT1. Besides, spermidine exerts potent anti-inflammatory roles by sup

pressing of multiple inflammatory cytokines, such as ROS, NF-κB, IL-

1β and IL-18. Moreover, it is involved in regulation of cell proliferation, 

differentiation, senescence, apoptosis and necrosis, ultimately promoti

ng cell growth and inhibiting cell death. 

As an anti-aging agent, spermidine suppresses histone acetylation. More

over, spermidine regulates lipid metabolism. On the one hand, it promote

s the differentiation of preadipocytes into mature adipocytes. On the oth

er hand, it alters lipid profile, modulates lipogenic gene expressions, and 

represses lipid accumulation. Furthermore, spermidine can delay aging th

rough specific signaling pathways, such as SIRT1/PGC-1α, insulin/ IGF, A

MPK-FOXO3a, and CK2/MAPK signaling pathways. 
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FISHOIL, EPA, DHA 
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FISHOIL II

Haslberger 2022 227



BIOAVAILABILITY, STABILITY
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EXERCISE INHIBITS SENESCENCE
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IMPROVEMENT OF STABILITY POLYPHENOLS, LIPOSOMES, 
NANOPARTICLES
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SOY, GENISTEIN, EQUOL, E.R., MICROBIOTA, ETHNIC
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CR, FASTING AND FASTING MIMETICS
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Caloric restriction improves healthy aging, role for
epigenetic regulation as seen in epigenetic clock
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Also true for mi RNA- marker



CALORIC RESTRICTION AND AGING CHANGE
EPIGENETIC CPG -METHYLATION STRUCTURE
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CR, FASTING PATHWAYS
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FASTING PATHWAYS: SIRT, MTOR PATHWAYS
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CALORIC RESTRICTION, KETOGENIC DIET INVOLVE SIRTS 
(+NAD, CLOCK GENES) + MTOR PATHWAYS (METFORMIN). 
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CALORIC RESTRICTION: REJUVENETION BY
SENOLYSIS? ROLE FOR AUTOPHAGY ? 

83rd ICREA Colloquium, 2018
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FASTING AND MICROBIOTA
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CALORIC RESTRICTION- LONGEVITY
FASTING MIMETICS AND SENOLYTICS ?  

http://longevitydiet.info/images/TLD_Cover.jpg
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SENOLYTICS
QUECETIN,CURCUMIN, 
CATECHINS, FISETIN,… 

+ DASATINIB
MARKETS
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ANTI SENESCENCE STRATEGIES
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CR- MIMETICS
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Phloretin, BHB, Butyrate (Merck)

STUDY SENOLYTICS,  SENESCENCE MARKERS IN 
BRDU TREATED PRE-ADIPOCYTES, ADIPOCYTES, 3T3
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B-Gal, senescence

Adipocytes, 

fat droplets



CASE STUDY: COMPARING FASTING AND A FASTING MIMETIC SIRT-FOOD 
SHOT: MICROBIOTA, EPIGENETICS

Haslberger 2022 245

Active (N. 131) Placebo (n: 30) 

Intervention 3 months

Feces, Blood spots before,  after 1,3 month

Buchinger Fasting < 120 kcal/day

n: 22 in  Pernegg Monastery 

Feces , blood spots, before and 

After the end, first sold feces

Illuminia sequencing, Line 1 methylation bisulfite qPCR,  HR-MCA, 

RNA, MiRNA RT QPCRi



BUCHINGER FASTING RESULTED IN A RISE IN THE DISTRIBUTION OF 
PROTEOBACTERIA, INCREASED MICROBIOTA DIVERSITY AND A 

SIGNIFICANT INCREASE IN CHRISTENSENELLA
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3M SIRT INDUCING DRINK INCREASED ACTINOBACTERIA. 
FIRMICUTES/BACTEROIDETES RATIO DECREASED AND CORRELATED 
WITH BMI. ONLY FASTING INCREASED BUTYRATE SIGNIFICANTLY 
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POSITIVE CORRELATION OF THE ABUNDANCE OF BUTYRATE-PRODUCING 
BACTEROIDETES WITH MIR125, SIRT-1 EXPRESSION, TELOMERE LENGTH 
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CONCLUSIONS

In conclusion fasting and to some extend 

fasting mimetics result in beneficial 

modulation of microbiota ( e.g diversity, 

SCFA, BHP)  and metabolism ( e.g SIRTS, 

mtDNA, telomer length )

Microbiota structure seems to interfere 

with the expression of Sirtuins and 

metabolism relevant miRNAsHaslberger 2022 249



MICROBIOTA
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MICROBIOTA IN MOST COMPLEX DISEASES INVOLVED ?
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BACTERIA, CULTIVATION : 16S RRNA  IDENTIFICATION
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DEVELOPMENT OF MICROBIOTA,  I.S., 
AND EPIGENETIC SYSTEM, IMPRINTING

Development prenatal, Interaction with I.S., epigenetic maternal factors, 

Diversity:delivery, breastfeeding, imprinting in 1000 days of life

I.S.

Haslberger 2022 253



MICROBIOTA: THE ROLE OF THE DISTRIBUTION
OF GROUPS (AND THEIR FUNCTIONS ?)   
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Colon

1010 – 1012 CFU/mL

Bacteroides  

Prevotella  

Facaelbacterium  

Ruminococcus  

Roseburia  

Clostridium  

Bifidobacteria

Collinsella  

Desulfovibrio  

Bilophila  

Akkermansia  

Methanobrevibacter

Jejunum & Ileum

104  – 108 CFU/mL

Bacteroides  

Streptococcus  

Lactobacillius  

Bifidobacteria  

Fusobacteria

Stomach &  

Duodenum

101– 102 CFU/mL

Helicobacter  

Streptococcus

7

GUT MICROBIOTA

Haslberger 2022 255



Haslberger 2022 256



WAYS OF DELIVERY AND MICROBIOTA:  
A LONG LASTING DIFFERENCE 

INFANTS BORN BY ELECTIVE CESAREAN DELIVERY HAD PARTICULARLY LOW BACTERIAL RICHNESS AND DIVERSITY. 
FORMULA-FED INFANTS HAD INCREASED RICHNESS OF SPECIES, WITH OVERREPRESENTATION OF CLOSTRIDIUM 

DIFFICILE.

CHILD involves more than 10 000 people, 

including 3 500 infants
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CORE MICROBIOTA 

• BACTEROIDETES (22,9 %) 

• FIRMICUTES (64 %) 

(32 % OF C. CLUSTER IV, 36 % OF C. CLUSTER  XIVA AND 5 % OF   

LACTOBACILLI) 

(MARIAT ET AL., 2009)

• ACTINOBACTERIA (1- 4 %)

• VERRUMICROBIALES (1- 4 %)

• ARCHAEAL DOMAIN (1- 2,5 %)

• EUKARYOTIC MICROORGANISMS (< 0,1 %) 

(GERRITSEN ET AL., 2011)



 Protective functions

 Structural functions

 Metabolic functions

 Fermenting dietary fiber into 

 short-chain fatty acids  

 Synthesizing vitamins





Grenham S, Front Physiol, 2011

MICROBIOTA FUNCTIONS

8

• BACTEROIDETES (22,9 %) 

• FIRMICUTES (64 %) 

(32 % OF C. CLUSTER IV, 36 % OF C. CLUSTER  XIVA AND 

5 % OF   LACTOBACILLI) 

• ACTINOBACTERIA (1- 4 %)

• VERRUMICROBIALES (1- 4 %)

• ARCHAEAL DOMAIN (1- 2,5 %)

• EUKARYOTIC MICROORGANISMS (< 0,1 %) 

(GERRITSEN ET AL., 2011)
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Despite high variation,  GI microbiota

depend on :

1.Individuum

2.Area and lifestyle

3.Diet

4.Interventions

VARIATION IN MICROBIOTA STRUCTURE IS HIGH 
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GI MICROBIOTA:  DIVERSITY OF GROUPS AND
FUNCTIONS IMPORTANT FOR HEALTH
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COOPERATION BETWEEN MICROBIOTA AND THE I.S.:  
PAMPS , TLRS, ADAPTOR MOLECULES
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INTERACTION MICOBIOTA IMMUNE SYSTEM, IS
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TOLL-LIKE AND NOD-LIKE RECEPTORS

PATTERN RECOGNITION RECEPTORS (PRRS) 

• PRRS RECOGNIZE PATHOGEN-ASSOCIATED MOLECULAR PATTERNS (PAMPS) SUCH AS 

LIPOPOLYSACCHARIDE, FLAGELLIN, BACTERIAL DNA AND RNA

• PRRS FALL INTO THREE FAMILIES

• TOLL-LIKE RECEPTORS (TLRS)

• NOD-LIKE RECEPTORS (NLRS)

• RETINOICACID-INDUCIBLE GENE I (RIG-I)-LIKE RECEPTORS (RLRS)
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TIGHT JUNCTIONS. LEAKY GUT
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DAMAGE OF GUT WALL: MICROBIOTA INDUCE NRLP3 
INFLAMMASOME AND INFLAMMATION
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TLR2, TLR4 LIGANDS (ENDOTOXINS, LONG CHAIN FATTY
ACID) TRIGGER INFLAMMATION, GPR43 INTERFERS?  



MICROBIAL METABOLITES REGULATE TREG-TH17 BALANCE, 
COGNITIVE RESILIENCE, MICROBIOTA AND METABOLITES

The gut brain axis: microbiota regulate bio-availability of 

polyhenol metabolites and their activity in neurological disorders, 

Giulio M Pasinetti, Icahn School of Medicine at Mount Sinai, USA 

Scheme of Synbiotic-Derived Metabolites’ 
Action on AHR-Mediated Treg/Th17 Ratios 
for the Promotion of Cognitive Resilience in 
Response to Stress. Synbiotic-derived 
metabolites promote cognitive resilience to 
stress-induced anxiety and depression by 
altering tryptophan metabolism, 
modulating aryl hydrocarbon receptor 
(AHR) activity and/or affecting the 
inflammatory activity of antigen presenting 
cells
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Bacterial cell wall components and Inflammation: 
dysbiosis, LPS and gut permeability;  obesity as a model
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OBESITY: FIRMICUTES: BACTEROIDETES;
AKKERMANSIA AND THE CELL WALL 
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MICROBIOTA METABOLITES: SCFAS BIND TO
G-PROTEIN-RECEPTORS GPR 41/43 (FFARS) 

Anti-inflammatory; 

Inhibition of NFκB
(Huster et al., 2013; Flint et al., 2009, 
Nature Rev) 



MICROBIOTA AND FERMENTATION
PRODUCTS E.G. SCFAS

(Louis and Flint, 2009, FEMS)

Clostridial cluster IV

(Rumminococaceae)

Clostridial cluster XIVa

(Lachnospiraceae)

Faecalibacterium
prausnitzii

Butyricoccus

Clostridium Leptum

Eubacterium hallii

Anaerostipes coli

Roseburia spp.

E. rectale spp. 

Resistent starch
Non starch

Polysaccharides



PATHWAYS AND CROSS FEEDING FOR
SCFAS/ BUTYRATE
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BUTYRATE AND EPIGENETICS
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BUTYRATE: APOPTOSIS, AUTOPHAGY, MI- RNAS 
REGULATING INFLAMMATION, VITRO  
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BUTYRATE: WHERE AND HOW MUCH ? 

For good reason it is not possible with 

current technologies to perform direct 

measurements of the variation in the 

butyrate concentration in the portal 

vein of human subjects, but short-

chain fatty acid levels in portal blood 

from sudden-death victims, subjects 

undergoing emergency surgery or 

planned surgery have indicated a 

higher gut production and absolute 

and relative concentration of butyrate 

in non-fasted as compared with fasted 
human subjects
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MECHANISM OF ACTION OF FIBRE: SHORT-
CHAIN FATTY ACIDS (SCFAS)?

• SCFAS ARE MAJOR METABOLITES PRODUCED BY THE MICROBIOTA

Commensal 

bacteria

Dietary fibre

SCFAs

Propionate

Acetate

Butyrate

GPCR activation

GPR43

GPR41

GPR109a

?

Haslberger 2022 277



GPR RECEPTORS
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GPRS AND THERAPY, STILL MANY UNCLEAR

GPR41 AND GPR43 

EXPRESSION IS

TISSUE-SPECIFIC

GPR41 AND GPR43 AS 

POTENTIAL

THERAPEUTIC TARGETS FOR 

OBESITY,

COLITIS, ASTHMA, AND 

ARTHRITIS

REPORTS ON GPR41 AND 

GPR43

KNOCKOUT MICE PHENOTYPES 

ARE

IN CONSISTENT Zhiwei Ang and Jeak Ling Ding*

Front. Imm. 2016Haslberger 2022 279



MICROBIOTA AND SCFA RESPONSES
VARY VERY INDIVIDUALLY
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SCFAS PRODUCERS, PHYLOTYPES DIFFER IN 
OBESE, DIABETES
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DIET DICTATES THE PRODUCTION OF SCFAS, DIVERSITY 
OF THE MICROBIOTA, MANY TYPES OF COMPLEX CARBS  
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ENDOTOXINS, SATURATED FATS/ CHYLOMICRONS
TRIGGER INFLAMMATION, INSULIN RESISTANCE;  

SCFAS MAY TRIGGER GLP1 ACTIVATION

GLP1: incretin

improves DMII and 

obesity
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GLP1, ANALOGS
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MICROBIOTA AND METABOLOMICS
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AGING AND MICROBIOTA
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SCFAS IN ELDERLY:
DECREASE IN SCFAS PRODUCERS AND „BUTYRATE GEN 

PRODUCING GENE“ IN ELDERLY



MICROBIOTA REGULATE NOT ONLY SCFAS BUT ALSO 
KETONE BODIES IN CALORIC RESTRICTION, BETA 

HYDROXY BUTYRATE , BHB 

Crawford PA et al, 2009). Regulation of myocardial ketone

body metabolism by the gut microbiota during nutrient

deprivation. Proceedings of the National Academy of  
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KETONE BODY Β-HYDROXYBUTYRATE BLOCKS THE 
NLRP3 INFLAMMASOME-MEDIATED INFLAMMATORY 

DISEASE( CASPASE SUBUNIT ) 

Yun-Hee Youm et al. 

Nat med. 2015

Ketogeneic diet may improve

inflammation via epigenetics, 

but can also lead to an 

overload of LPS thru high 

SFA and low vegtable intake
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MICROBIOTA MODULATED BILE ACIDS ARE EPIGENETICALLY
ACTIVE AND VIA FXR REGULATE INFLAMMATION

Bile acid control of metabolism 

and inflammation in obesity, type 

2 diabetes, dyslipidemia and 

NAFLD

Oscar Chávez-Talavera,  et al, 

2017
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BILE ACIDS

Primary bile acids are synthesized by the 

liver. Secondary bile acids result from 

bacterial actions in the colon. In humans, 

taurocholic acid and glycocholic acid 

(derivatives of cholic acid) and 

taurochenodeoxycholic acid and 

glycochenodeoxycholic acid (derivatives 

of chenodeoxycholic acid) are the major 

bile salts in bile and are roughly equal in 

concentration
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GUT BRAIN / IMMUNE- AXIS 
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 Bidirectional communication

 Central nervous system (brain and 

spinal cord)

 Autonomic nervous system 

(sympathetic and  

parasympathetic)

 Enteric nervous system (intrinsic 

nervous system  of GI tract)

 Hypothalamic pituitary adrenal axis

(HPA)

 Microbiome (collection of 

microorganisms and  their genomes 

in the gut)

11

Gut-Microbiota-Brain Communication
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BUTYRATE, BETA-HYDROXYBUTYRATE AND THE BRAIN
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 Major nerve of the parasympathetic division of the autonomic  

nervous system

 Important pathway for bidirectional communication between the  

gut microbes and the brain

 Preclinical/animal studies demonstrate that probiotic effects on  

brain are dependent on vagal afferent signals





Lactobacillus rhamnosus directly activates vagal neurons  

Induces region-dependent alterations in GABA receptor

expression in the brain and reduced stress-induced  

corticosterone and anxiety- and depression-like symptoms via  

vagus nerve signaling in mice

 Vagotomized mice do not exhibit this effect

Bravo, Javier A., et al. Proceedings of the National Academy of Sciences 108.38 (2011): 16050-16055.

VAGUS NERVE

12
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 Acetylcholine

 Noradrenaline

 Adrenaline

 Gamma-amino

butyric  acid

(GABA)

 Serotonin

13Burokas et al., Advances in Applied Microbiology. 91 (2015): 1-62

Neurotransmitter and the

gut
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Neurotransmitter Genus

GABA

Norepinephrine

Acetylcholine  

Serotonin

Lactobacillus,  
Bifidobacterium

Escherichia, Bacillus,  
Saccharomyces

Lactobacillus

Candida, Streptococccus,  
Escherichia, Enterococcus

Lyte, Mark. Bioessays 33.8 (2011): 574-581. 15

Bacteria & Neurotransmitters
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 Biogenic amine that functions as a neurotransmitter










Tryptophan is precursor

Involved in GI secretion

Gut motility

Pain perception

Maintenance of mood and cognition

 95% of serotonin is contained in the gut in the mucosa and  

nerve terminals of the enteric nervous system

 Alterations in serotonin transmission may underlie  

pathological symptoms
 Selective serotonin reuptake inhibitors are known to modulate psychiatric  

and GI disorders (e.g., IBS)

O’Mahony, S. M., et al. Behavioural brain research 277 (2015): 32-48.

SEROTONIN

16
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18

FUNCTIONS OF GUT BRAIN AXIS, APPETITE
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Holzer, Peter, Florian Reichmann, and Aitak Farzi. "Neuropeptide Y, peptide YY and pancreatic polypeptide in  

the gut–brain axis." Neuropeptides 46.6 (2012): 261-274. 17

Gut Hormones and Neuropeptides
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19

Neuro-

peptide Y 

and the gut
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ALLERGY, MICROBIOTA, BIFIDOB., BUTYRATE
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LIFESTYLE: EXERCISE MODULATES
MICROBIOTA, METABOLITES AND 

EPIGENETICS (MIRNAS)

Enhanced amount of SCFA producers by exercise ?  

Production of metabolites decides effectivity of 

exercise against diabetes
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COVID, LONG COVID, MICROBIOTA AND EPIGENETICS

The Promise of Microbiota Modulation during COVID-19 Pandemic 

Siew C Ng, University of Hong Kong, Hong Kong 



3 MIRNAS MONITOR SARS-COV-2 INFECTION, 
MIRNAS MONITOR ANTI-VIRAL IMMUNE- RESPONSES



MODULATION OF I.S. -, AND VIRAL INFECTION RELEVANT MIRNAS
AND INFLAMMATION RELATED NFKB AFTER 2 M

miRNA30e5

p= 0,01

miRNA101

p= 0,014

NFkb mRNA

p= ,050



AGING, BACTERIAL DIVERSITY, UNIQUENESS AND 
HEALTH



BACTEROIDETES DECIDE UPON HEALTHY AGING ? 

The identified microbiome pattern of healthy ageing 

is characterized by a depletion of core genera found 

across most humans, primarily Bacteroides. Retaining a 

high Bacteroides dominance into older age, or having 

a low gut microbiome uniqueness measure, predicts 

decreased survival in a 4-year follow-up



TOXINS: GLYPHOSATE, BISPHENOLS, MICROBIOTA
AND EPIGENETICS

Lisa Buchenauer, Helmholtz Centre for

Environmental Research Leipzig, Germany 
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INTERACTIONS DIET MICROBIOTA AND 
EPIGENETICS, EXPERIENCE

Dina Bellizzi, University of Calabria, Italy , Annalisa 

Terranegra, Sidra Medical and Research Center, Qatar 
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CONCEPT: DIETS AFFECT EPIGENETIC REGULATION
(ALSO) VIA GI-MICROBIOTA- METABOLITES ?

Nutrition

Feremnted milk 

products

GI microbiota, metabolites, 

e.g.SCFAs

Epigenetic regulation

Inflammation, DNA damage, 

ageing
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MICROBIOTA PREDICT PERSONAL 
RESPONSES TO DIETS

Eran Elinav and Eran Segal, 

Weizmann Institute of monitoring 

the blood sugar, diets, and other 

traits of 800 people, they built 

an algorithm that can accurately 

predict how a person's blood-

sugar levels will spike after 

eating any given meal.

They also used these 

personalized predictions to 

develop tailored dietary plans 

for keeping blood sugar in 

check.
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PROBIOTIC

• POSITIVE EFFECTS ON HEALTH ALREADY 100 YEARS AGO SUGGESTED BY NOBEL PRIZE WINNER ELIE 

METCHNIKOFF [METCHNIKOFF, 2004]

• DEFINITION: “LIVE MICROORGANISMS THAT,  WHEN  ADMINISTERED  IN  ADEQUATE  AMOUNTS,  

CONFER  A  HEALTH  BENEFIT  ON  THE  HOST” [FAO/WHO, 2002]

• OVER 8000 RESEARCH ARTICLES PUBLISHED SINCE 2002 → SEVERAL PROBIOTIC PRODUCTS ON THE 

MARKET [HILL ET AL., 2014]

• CELL COMPONENTS OF PROBIOTICS ABLE TO INDUCE EFFECTS IN HOST [DOTAN AND 

RACHMILEWITZ, 2005] BUT REQUIREMENT FOR SURVIVABLE CELLS REMAINS A CRUCIAL FACTOR FOR 

EFFICACY [MA ET AL., 2004]
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ANTIMICROBIAL SUBSTANCES

• PROBIOTICS PRODUCE VARIOUS ANTIMICROBIAL ACTING SUBSTANCES

• EXAMPLES: LACTIC ACID, HYDROGEN PEROXIDE, MICROCINES, DECONJUGATED BILE ACIDS

[OELSCHLAEGER, 2010], BACTERIOCINS [MAQUEDA ET AL., 2008]

• ANTIBIOTICS ALSO PRODUCED BY PROBIOTICS → REUTERIN:

• BROAD-SPECTRUM ANTIBIOTIC

• ACTIVE AGAINST YEAST, GRAM-POSITIVE AND GRAM-NEGATIVE BACTERIA, FUNGI, VIRUSES, 

PROTOZOA

• PRODUCED BY STRAIN ATCC55730 FROM L. REUTERI [CLEUSIX ET AL., 2007]
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SPECIES

• LACTOBACILLI:

• PRESENT IN GIT, ORAL CAVITY AND VAGINA OF HUMANS [WALTER, 2008]

• WIDESPREAD USE IN PRODUCTION AND FERMENTATION OF FOODS → ABILITY TO CONVERT

HEXOSE SUGARS TO LACTIC ACID → PRESERVATION [FIJAN, 2014]

• EXCELLENT FOR USE AS PROBIOTICS: HIGH TOLERANCE TO ACID AND BILE, CAPABILITY TO ADHERE

TO INTESTINAL SURFACES [TULUMOGLU ET AL., 2013]

• BIFIDOBACTERIA:

• FIRST COLONIZERS OF THE HUMAN GUT TOGETHER WITH LACTOBACILLI [TURRONI ET AL., 2012]

• WELL KNOWN FOR RESISTANCE AGAINST BILE SALTS [FIJAN, 2014]
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SPECIES

• BACILLUS SPECIES:

• EITHER SPORE-FORMING AEROBIC OR FACULTATIVE AEROBIC, GRAM POSITIVE BACTERIA

• B. SUBTILIS, B. CEREUS, B. COAGULANS ARE MEMBERS WITH PROBIOTIC CHARACTERISTICS [FIJAN, 

2014]

• ESCHERICHA COLI NISSLE 1917:

• ABLE TO COLONIZE THE GUT AND COMPETE WITH RESIDENT AND PATHOGENIC BACTERIA THROUGH

MULTIPLE FITNESS FACTORS [BEHNSEN ET AL., 2013]

• STIMULATION OF EPITHELIAL DEFENSIN PRODUCTION → RESTORATION OF DISTURBED GUT BARRIER

• „SEALING EFFECT“ ON TIGHT JUNCTIONS OF ENTEROCYTES [SONNENBORN AND SCHULZE, 2009]
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PROBIOTIC :  SPECIES : STRAIN SPECIFICITY
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FIGURE 2. VARIOUS WAYS OF IMMUNE MODULATION BY E. COLI NISSLE 1917 (SUMMARY OF DATA FROM IN VITRO AND IN VIVO 

EXPERIMENTS) [BEHNSEN ET AL., 2013]
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TREATMENT OF ANTIBIOTIC ASSOCIATED DIARRHEA
WITH PROBIOTICS - META-ANALYSES

Figure 5. Efficacy

results of probiotics

[Hempel et al., 

2012]

Figure 6. Developement

of antibiotic associated

diarrhea [Videlock and

Cremonini, 2012]

Haslberger 2022 320



TREATMENT OF ACUTE DIARRHEA WITH PROBIOTICS –
META-ANALYSES

Figure 10. 

Duration of

diarrhea [Salari

et al., 2012]

Figure 11. Duration of

hospitalization [Salari et al., 

2012]
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PROBIOTIC NEW WAYS
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SPORES 
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PREBIOTICS WHAT IS IT?
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FIBERS AND SCFA
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FIBERS AND OBESITY, BUTYROGENIC
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FORUMLA DIETS, THE WAY TO MIMIC BREAT MILK
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SYNBIOTICS
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POSTBIOTICS
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POSTBIOTICS

•Bacteriocins (protective compounds that make life hard for 

the bad guys)*

•Enzymes (help to digest food, get rid of toxins and assist 

other metabolic processes)*

•Vitamins (like the B’s and vitamin K)*

•Amino acids (building blocks of protein)*

•Neurotransmitters (carry messages between the nerves and 

brain and can even affect appetite)*

•Immune-signaling compounds (they support the body’s 

immune cells)*

•Short-chain fatty acids (created from fiber, they keep the 

intestinal lining strong and healthy)*

•Nitric oxide (crucial for cardiovascular health)*

•Organic acids (such as Fulvic and Humic acid. They combine 

with minerals, making them easier to absorb and help 

maintain the correct pH in the GI tract)*
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AGING, AGEOTYPES AND PREVENTION
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Special diets

High protein, fasting, exercise

Haslberger 2022



SCIENCE: HIGHLY DIFFERENT PERSONAL RESPONSES TO DIETS, 
EG POST- PRANDIAL GLYCEMIC RESPONSES, EXPLANATIONS ?   

Haslberger 2022 334

Different people have

different, opposite

responses to

standardized meal, 

bread, Zeevi et al., 

2015, Cell



GWAS : SNPS, COMMON VARIANTS HAVE OFTEN ONLY
MODERATE EFFECTS; IN DIFFERENT METABOLIC AREAS
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DESPITE LOW PENETRANCE OF SNPS, 
D-T-C GENETIC TESTING FOR NUTRITIONAL ADVICE

Haslberger 2022 336

For diseases controlled by 1000 loci of mean relative 

risk of only 1.04, a case-control study with 10,000 

cases and controls can lead to selection of ∼75 loci that 

explain >50% of the genetic variance. The 5% of 

people with the highest predicted risk are three to 

seven times more likely to suffer the disease than the 

population average, depending on heritability and 

disease prevalence. Whether an individual with known 

genetic risk develops the disease depends on known 

and unknown environmental factors.

But:

FTO+MC4R : 1.7 % 

increase in fat mass



MISSING HERITABILITY: WHAT IS MISSING TO UNDERSTAND
A PHENOTYPE:  GENE- ENVIRONMENT INTERACTIONS,  

EPIGENETICS, REVERSIBILITY
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HIGH INDIVIDUAL DIVERSITY OF GUT MICROBIOTA
REFLECTS NUTRITION AND LIFESTYLE , RESULTS IN 

DIFFERENT EXPRESSION OF METABOLITES ESP. SCFAS
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HIGHLY PERSONALDIFFERENT RESPONSES OF 
MICROBIOTA TO DIETS, ( CROSSFEEDING) AND 

METABOLISATION OF FOODS

Haslberger 2022 339

H. Flint 



CORRELATION VON MICROBIOTA STRUCTURE WITH
GLYCEMIC RESONSES USED FOR ALGORITHMS FOR

DIETARY ADVICE

Haslberger 2022 340

Eran Elinav and Eran Segal, 

Weizmann Institute of monitoring 

the blood sugar, diets, and other 

traits of 800 people, they built an 

algorithm that can accurately 

predict how a person's blood-sugar 

levels will spike after eating any 

given meal.

They also used these personalized 

predictions to develop tailored 

dietary plans for keeping blood 

sugar in check.

http://www.weizmann.ac.il/immunology/elinav/
http://www.wisdom.weizmann.ac.il/~/eran/
http://www.cell.com/abstract/S0092-8674(15)01481-6


PERSONAL DIFFERENT RESPONSES TO NUTRITON AFFECT AGING, 
E.G. CLOCK AND OTHER HALLMARKS OF AGING. STHIS RESULT IN 

PERSONAL TYPES OF AGING, AGEOTYPES ?  
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FACES OF PERSONAL AGING: CORRELATIONS OF 
AGE WITH TELOMERS, CPG-METHYLATION, 

INFLAMMATION, MIRNAS( N>500) 
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Correlation age with telomere-shortening

Correlation age with miRNA-127

Correlation age with CPG methylation ASPA 

Correlation age with CPG methylation IL6 



AGE DEPENDENT EPIGENETIC MARKERS: IN THE METABOLIC

DISEASE GROUP (MD) CORRELATIONS ARE DISRUPTED, N>300  
Marker direction

All HC MD all HC MD

ASPA --

IL6 --

TNF --

miR-19b --

miR-let-7a-5p ++

miR-877 ++

miR-151a ++

miR-127 -+

miR-30e-5p --

miR-150

miR-21

miR-101

age group 

comparison

correlation 

analysis

All Healthy controls Metabolic disorders

<0,001 <0,001 <0,001

Trend (pearson: -0,127, 

p=0,079) Pearson -0,73, p=0,412 Pearson -0,201, p=0,108

Trend (spearman -0,054, 

p=0,384)

spearman -0,053, p= 

0,491 pearson -0,105, p=318

Linear regression: p= 

0,018; (spearman -

0,298**, p=0,005)

Linear regression: p= 

0,027 (spearman -

0,352** p=0,008)

spearman -0,174, 

p=0,341

Linear regression: p= 

0,028 (pearson 0,236*, 

p=0,028)

Linear regression: p= 

0,001 (pearson 0,445** 

p=0,001) pearson -0,085, p=0,613

Trend (spearman 0,207, 

p=0,058)

Trend Linear regression: 

0,054 (spearman 

0,288*, p=0,047) spearman 0,105, p=0,544

Trend (spearman 0,151, 

p=0,166)

Linear regression 0,033 

(spearman 0,295* 

p=0,039) spearman 0,059, p=0,727

Trend (pearson 0,288, 

p=0,055) pearson 0,196, p=0,336

Trend pearson 0,444, 

p=0,057

Trend (spearman -0,246, 

p=0,163)

Trend spearman-0,436, 

p= 0,055 spearman 0,048 p =0,869

Trend (pearson -0,114, 

p=0,522) pearson 0,082, p=0,731 pearson -0,416, p=0,139

Trend (pearson, -0,091, 

p=0,153) pearson -0,094, p=0,233 pearson -0,098, p=377

Trend (pearson: -0,228, 

p=0,195)

Trend: pearson -0,317, 

p=0,173 pearson -0,074, p=0,803

correlation

ASPA

IL6

TNF

miR-19b

miR-let-7a-5p

miR-877

miR-151a

miR-127

miR-30e-5p

miR-150

miR-21

miR-101

All Healthy controls Metabolic disorders

p=0,000, korr. R2=0,185

0,001, korrR2 =0,207, überall 

9<0,001, außer zwischen 

40:59 zu 60-79:0,013

korrR2 = 0,140, 20-

39:40-59: p = 0,041; 20-

39:60-79: p=0,002 ANOVA Univariat

Sign. (20-39:60-79, p= 

0,029) korr R2=0,026 Trend means Trend means ANOVA Univariat

Trend means Trend means Trend means Kruskal Wallis

Sign. 20-39:40-59 p=0,047 Trend p=0,06 Kruskal Wallis

Trend means

sign. (20-39:40-59: p=0,023); 

sign. (20-39:60-79: p=0,028) 

korrR2 = 0,162

sign. (20-39:40-59: 

p=0,027) korrR2 = 0,145 ANOVA Univariat

X Trend means X Kruskal Wallis

X Trend means X Kruskal Wallis

Sign. (40-59:60-79, p= 

0,016) korr R2=0,133

Sign. (40-59:60-79 p=0,046) 

korrR2= 0,167 X ANOVA Univariat

Trend means Trend means Trend means Kruskal Wallis

Age Group
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DIFFERENT AGING PATTERNS ( AGE RELATED MIRNAS) IN 

METABOLIC DISEASE GROUP

Marker All

healthy 

controls

metabolic 

disorders

mi-181a 0,454* (Pearson) x 0,777**

mi-378a

0,396* (Pearson), 

Linear regression 

(p=0,28) x 0,864**

mi30e-5p -0,339 -0,429 0,357

mi30e-3p

0,361* 

(spearman), Linear 

regression 

(p=0,042) x 0,573

mi122 x -0,359 x

mi101 x -0,353 x

let7g x -0,360* x

mi139* p=0,007 p=0,004

*Kruskal Wallis test between BMI groups

20-29 30-39 40-49 50-59 60-69 70-80 20-29 30-39 40-49 50-59 60-69 70-80

ZmiR877 0 0 0 0 0 0

Zlet7a5p 0 1 0 0 0 0

ZmiR378a 0 2 -1 0 -1 0

ZmiR30e3p 0 # DIV/ 0 ! 0 0 0 0

ZmiR15a 0 1 1 0 0 1

ZmiR151a 0 0 0 0 0 0

ZmiR328 0 0 0 0 0 -1

ZmiR132 2 1 -1 0 0 1

ZmiR122 1 0 0 0 0 0

ZLine1_methylation 0 0 0 0 0 0

ZTNF_methylation 0 1 0 0 0 -1

ZmiR142 0 2 1 0 0 0

ZmiR16 1 1 1 0 0 1

ZmiR181a 1 2 0 1 -1 0

ZmiR139 -1 1 0 0 -1 0

ZmiR155 0 0 0 0 0 1

Zlet7g -1 1 0 0 0 0

ZmiR126 0 1 1 0 0 0

ZmiR106b 0 1 1 0 0 1

ZmiR19b 0 1 1 0 0 0

ZmiR29c 1 1 1 0 0 0

ZmiR26b 1 1 1 0 0 0

ZmiR21 0 0 0 0 0 0

ZmiR146a 0 -1 0 0 0 0

ZmiR127 0 -1 0 0 0 1

ZmiR150 1 1 -1 1 -1 0

ZIL6_methylation 0 0 0 0 -1 0

ZmiR10 0 0 0 0 0 0

ZASPA_methylation 1 1 0 0 0 -1

ZmiR30e5p -1 0 -1 0 0 -1

ZmiR101 0 0 -1 0 0 -1

Healthy controls Metabolic disease
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CONCLUSION: COMPLEX DISEASES ( AGING) CAN ARISE FROM (A 
MIXTURE OF) PERSONAL DIVERSE CAUSES, AN ARGUMENT IN FAVOR 

OF PERSONALLY SPECIFIC INTERVENTIONS ( E.G. METABOLIC DISEASE )

Metabolic disorder

Hereditary SNPs

Somatic mutatiions

Symptomatic treatment

Epigenetic (hereditary) or

acuqired mismethylations,

Histone modifocations or

ncRNA structure

Causative treatment ? 

Epigenetic active additives?

mTOR – Inhibitors ?

Nutrition, Lifestyle 

Delivery or accessed

microbiota dysbiosis

Causative treatment ? pro-, 

pre, postbiotics? Nutrition, 

Lifestyle

Psycho- neuro- immune 

endocrine axis
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CONEQUENCES FOR INTERVENTION: FLAGSHIP EU-
FOOD4ME STUDY RESULTS PROVE „PERSONAL NUTRITION

DOES BETTER THAN ON SIZE FITS ALL“, J. MATHERS
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Changs of dietary intake

after personalised advice

Healthy eating index

Changes in adiposity markers were 

greater in participants who were 

informed that they carried 

the FTO risk allele (level 3 AT/AA 

carriers) than in the nonpersonalized

group 



DEFINITION OF METABOTYPES FROM GENETIC-, 
MICROBIOTA- METABOLOMICS BASED INFORMATION,  

METABOTYPING
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CONSEQUENCES OF METABOTYPES, DIETS
NEXT STEP TRACKERS

Haslberger 2022 348



Personalisation of additives for Prevention
Monitoring basic hallmarks of health/aging. Use of mixes of supplements, 

functional foods which address specific mechanisms „Achilles Fersen Concept“

Haslberger 2022
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AND WHAT HAPPENS TO OUR PYRAMIDE? BUT ALREADY THE DIETARY
REFERENCE VALUES1992 US USDA-PYRAMIDE, USED AN 
INDIVIDUALISED APPROACH, AGE, LIFESTYLE (WORK) 
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John Neustadt

Integrative Medicine 2005



IMPORTANCE OF GOOD MARKERS, NUTRITION: FOLLOWING
THE WAY OF PERSONALISED, PREZISION MEDICINE, CFDNA) ?

Epigenetic markers, quite

stable, eg condens events

over longer time spans

Metabolomic marker

reflect more immediate 

events
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Discussion: Prevention, intervention: 
personal or precision medicine, synonyme?
personal or precision nutrition, synonyme? 
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PRECISION, PERSONALISED NUTRITION, 
WHERE WE ARE, WHERE TO GO
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PRECISION-, PERSONALISED NUTRITION, 
THE WAY WE MAY GO
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Mobile apps and wearable 
devices facilitate real-time 
assessment of dietary intake and 
provide feedback which can 
improve glycaemic control and 
diabetes management. 

By integrating these technologies 
with big data analytics, precision 
nutrition has the potential to 
provide personalised nutrition 
guidance for more effective 
prevention and management of 
complex metabolic diseases 

(D. D. Wang & Hu, 2018). 



SYSTEM THEORY AND OMICS 
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DATA PROCESSING INTERATION
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SELF LEARNING ALGORITHMS
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SHOTGUN METHOD
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SANGER METHOD
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SANGER SEQUENCING
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MOVIES

(85) Illumina Sequencing by Synthesis - YouTube

(85) Overview of qPCR - YouTube

(85) Gene Therapy - YouTube

(85) Genome Editing with CRISPR-Cas9 - YouTube

(85) Gene Editing Inside the Body Using CRISPR - YouTube

https://youtu.be/DDiQGn72Z8M
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https://www.youtube.com/watch?v=fCd6B5HRaZ8&t=4s
https://www.youtube.com/watch?v=1kvy17ugI4w
https://www.youtube.com/watch?v=f6UdOk9a--I
https://www.youtube.com/watch?v=2pp17E4E-O8
https://www.youtube.com/watch?v=EPTeaXMVcyY


www.alexander-haslberger.at

www.my-personal.health

http://www.alexander-haslberger.at/

