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HUMAN: FROM INSIDE OR OUTSIDE
HEALTH?




COMPLEX DISEASES: GEN-
ENVIRONMENT

Heart
disease

PKU

Cancer Schizophrenia

Multiple
: ' sclerosis Alzheimer’s
Fragile X Diabetes

Asthma TB K
: Obesity
Rheumatoid Meningococcus Y,
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PLEX DISEASES INCREASE FAST, V




GENETICS

« Human genetics- scientific study of
human variation and Heredity

“+ Medical genetics - study of the heredltary,r
~nature of human disease

linical genetics- Care, diagnosis and
Inseling of patients with congenita
mations or genetic diseases




MUTATIONS

etions- ranging from 1 bp to mega base
rtions- including duplications
e base substitution-

nse mutations, replace one amino acid with
.
“In the gene product

e mutations replace one amino acid codon
codon

"o‘ns create or destroy signals for

ed by deletions,




AUTATION- FUNCTIONAL CHANGE
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Polymorphism

"Paly” many "morphe” form

General
population
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Short stature

Characteristic
facial features
Low hairline ;
Fold of skin
Constriction
Shield-shaped of aorta
oralk i Poor breast
Widely spaced development
nipples !
\™ Ebow
Shortened delormily
metacarpal IV_ Q\f"
0 L)
Small : \/ Rudimentary
finger nails — o ovaries
' Gonadal streak
(Underdeveloped
S gonadal
) structures)
Brown spots (nevi) ———* |/,
No menstruation
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~ MITOCHONDRIAL INHERITANCE

+ Matrineal inheritance

Variable clinical manifestation due to
eteroplasmy '




, small number of mother's G e :
mother with mitochondria, selected randomly,  contribution contribution  possible

mild or no symptoms  goes into each early egq cell from mother from father  outcome
"Bottleneck Effect”

-~ -

number of
mitochondria
increases

mother's cells may have cells that will
20% mutant mitochondria  Hslbe beictiie egg cells

spem cells
{(no mitochondria)

mature egg cells




« RAGGED RED FIBER
CLUMPS OF DISEASED
MITOCHONDRIA

ACCUMULATE IN THE
SUBSARCOLEMMA
REGION OF THE A
FIBER AND APPE
"RAGGED



http://en.wikipedia.org/wiki/Mitochondria
http://en.wikipedia.org/wiki/G%C3%B6m%C3%B6ri_trichrome_stain

Complex traits

- DIABETES MELLITUS,
' - HYPERTENSION, MENTAL
DISORDERS ETC

~« Gene and environment inte
-+ Population studies




"RUCTURE AN
l SYNTH E

DNA Transcription Transcription
stant site Intron Exon stop site
— — ~
\ / Promoter ¢ Transcription
Potential
regulatory Initial transcription product
elements ¢ Splicing

Intron sequences/

removed during Finished transcription product
splicing _—" containing only exons

| i —————— |
* Transiation

Initial transiation
product /

(amino acid chain)
Posttransiational modification
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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




INTRODUCTION TO HGP

- genome.

"The "genome" of any given individual is unique°




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.

] oW the private sector access to the informations and
nologies that arise from this project. p

sequence the genomes of other organisms th

' in medical research such as mouse,



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 1n 1988.




TIMELINE OF HGP




TIMELINE OF HGP

I 1990 — HGP was officially launched with James
Watson as its Project Director.
the 15t gene to be mapped was BRCA1, which is
the gene for breast cancer.
3 - 15t 5 year plan for HGP was published.
Sanger Institute(UK) joins HGP.
1 — HGP’s Human genetic mapping goal was achieved.
- Genetic privacy act was passed.
st bacterial genome was sequenced




TIMELINE OF HGP

I 1997 - NIH becomes NHGRI.
E.coli genome sequenced.
Genoscope, French National Genome
i Sequencing Centre was established.
998 - ond o year plan for HGP was published.
- Japan’s RIKEN Genomic Services Centre was
~ established.
‘ Genome of the roundworm Caenorhabditis elegans




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”.
. — working draft of human genome sequence was
- published in “The Nature” & “Science”.
vorking draft of mouse genome sequence was
mpleted & published.
d version of human genome sequenc

(O




TECHNICAL ASPECTS IN HGP

The process of determining the human genome first
nvolves genome mapping, or characterizing the
romosomes. This is called a genetic map.
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MAPPING STRATEGIES

Genetic markers are invaluable for genome mapping.

Markers are any inherited fphysical 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). 7

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.

30
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OUTCOMES OF HGP
O

e There are approximately 22,300 protein-coding genes in human beings, the same
range as in other mammals. Mouse — 23,000 genes (approx)
e Drosophila — 17,000 genes (approx),
C.elegans - < 22,000 genes
o \éve share many homologous genes (called "orthologs") with both these animals.
ut:-

= many of our protein-encoding genes produce more than one protein product (e.tg.,
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.

r 2022




OUTCOMES OF HGP
O
= 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).

r 2022




APPLICATIONS OF HGP

O

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

Q Helps in identifying disease causing gene.

0 identification of mutations linked to different forms of
cancer.

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

0 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.

Q will allow for advances in agriculture through genetic
modification to yield healthier, more disease-resistant crops.

Q Benefitted the advancement of forensic science.

r 2022




INDIVIDUAL VARIATIONS

Rare
Variants
0.2%
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Genome-wide association defines more than 30 distinct
susceptibility loci for Crohn’s disease

Jeffrey C Barrett™!, Sarah Hansoul?, Dan L Nicolae®, Judy H Cho¥, Richard H Duerr®5, John D Rioux™,
Steven B Brant™ 'Y, Mark 5 Silverberg!, Kent D Taylor!?, M Michael Barmada®, Alain Bitton!,
Themistocles Dassopoulos?, Lisa Wu Datta®, Todd Green®, Anne M Grffiths', Emily O Kistner!5,
Michael T Murtha®, Miguel D Regueiro®, Jerome 1 Rotter'?, L Philip Schumm, A Hillary Steinhart!,
Stephan R Targan'?, Ramnik | Xavier', the NIDDK IBD Genetics Consortium®™, Cécile Libioulle®,
Cynthia Sandor®, Mark Lathrop'”, Jacques Belaiche'®, Olivier Dewit'®, Ivo Gut'?, Simon Heath",

Debby Laukens™, Myriam Mni®, Paul Rutgeerts®!, André Van Gossum??, Diana Zelenilal?,

Denis Franchimont®?, Jean-Pierre Hugot®?, Martine de Vos®, Severine Vermeire?!, Edouard Louis!¥,

the Belgian-French IBD Consortium™*, the Wellcome Trust Case Control Consortium®24, Lon R Cardon’,
Carl A Anderson', Hazel Drummund*" Elaine Nimmo®*, Tarig Ahmad®®, Natalie | Prescott®®,

Clive M Onnie”®, Sheila A Fisher®®, Jonathan Marchini®?, Jilur Ghori*®, Suzannah Bumpa.h:ad‘

Rhian Gwilliam?8, Mark Tremelling®®, Panos Deloukas™, John Mansfield?, Derek Jewell™, Jack Satsang®,
Christopher G Mathew™, Miles Parkes®”, Michel Georges® & Mark | Daly®2

Several risk factors for Cmhn's disease have been identified in recent genome-wide association studies. To advance gene
discovery further, we combined data from three studies on Crohn's disease (a total of 3,230 cases and 4,829 controls) and carried
out replication in 3,664 independent cases with a mixture of population-based and family-hased contmls. The results stromely
confirm 11 previously reported loci and provide genome-wide significant evidence for 21 additional locdi, including the regions
containing STAT3, JAKZ, ICOS G (DKALT and ITLWI. The expanded molecular understanding of the basis of this disease offers
promise for informed therapeutic development.
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DEFINITIONS

%) is a VARIANT

® sequence change of low frequency (<1

a POLYMORPHISM

® A variant whose frequency Is > 1% is

® A MUTATION is a variant that affects/destroys function.

® The different forms of a variant are ALLELES eg ABO blood group, -455G>A




Affected Individuals

Unaffected In'ividuals

SNPs analyzed
and compared
statistically

®

~@Q



MANHATTAN BLOTS

Example: GWAS of Prostate Cancer -

. E >
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19 28 21 e X

chromoss http://cgems.cancer.gov

Multiple prostate cancer
locion 8924
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Examples of common disease alleles

Type 1 diabetes, IBD and other autoimmune diseases HLA, CTLA4,
PTPN22. IRF5. INS, IFIH1, STAT4, TNFAIP3, IL2, IL7R, PTPN2, CD25,
KIAA0350. ERBB3, C120rf30, CD226, SH2B3, NOD2, 5q31, IL23R,
ATG16L1. IRGM, IL12B, NKX2-3, TRAF1, FCGR3B, TNFSF4

OLIG3/TNFAIP3, ARTS1, TSHR, FCRL3, others
Type 2 diabetes: PPARG, KCNJ11, TCF7L2, HHEX, SLC30A8, IGF2BP2,

CKDN2A/2B, CDKAL1, TCF2, WFS1, others

Age related macular degeneration: CFH, LOC387715, C2-CFB, C3, APOE
Myocardial infarction. CDKN2A/2B, PCSKS, others

Prostate Cancer: 8q24, TCF2, others

Breast cancer: 8q24, FGFR2, MAP3K1, LSP1, others

Colorectal cancer: 8q24, SMAD7, others

HIV and AIDS: CCR5, HLA, ZNRD1/RNF39

Asthma: ORMDLS3, IL13, others

Alzheimer's Disease and longevity: APOE
Quantitative traits: APOAS, CETP, APOE, PCSKS and many others with

lipids; HBB, BCL11, HBS1L with hemoglobin F leyg
several with body mass index, etc etc

44
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TOWARDS SNP MARKERS

45

—e



Prostate Cancer Replications

Locus A Freq Association
Cntrl Case OR pvalue Nearby Genes / Fcn

EHBP1: endocytic trafficking

VUL apoptosis

Witte, Nat Rev Genet 2009
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Population Attributable Risks for GWAS

Smoking &
lung cancer

x

BRCA1 &

Breast cancer
Jorgenson & Witte, 2009
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1.a-Adducin
. ACE

. ALOX5AP
. Angiotensin-Rezeptor Typ I

. Angiotensinogen

. ApoAl

. ApoB

. ApoC-III

. ApoE

10. ABCA1

11. ANP

12. ANP Clearance Rezeptor
13.B2-adrenergische Rezeptor
14.p3-adrenergische Rezeptor
15.B-Fibrinogen

16. CD14-Rezeptor

17. CC-Chemokine-Rezeptor 2

18. CETP

19. Extrazelluldre Superoxiddismutase (SOD3)
20. FII

21. FV

22. FVII

23. FXII

24. FXIII A-Untereinheit

25. Connexin 37

O 0O NOUTh~hWN

. eNOS
. Endothelin-1

. E-Selectin

. FABP2

. Fractalkin-Rezeptor

. Glykoprotein Ia

. Glykoprotein Iba

. Glykoprotein IIa

. Glykoprotein IIIa

. Glykoprotein PC-1
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. HFE
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Il

CIL1B
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.IL6

. IL10

. Leptin

. LPL

. LRP

- Lp(a)

. Mangan- Superoxiddismutase

. MMP12
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. MTHFR

. MCP1

. P22

. NPY

. PON

. CD31

. PPARa.

. PPARy2

. PAI1

. PAFAH

. P-Selectin

. SRB1

. Serotonin-Rezeptor
2A

. Stromelysin 1 (MMP3)
. Thrombomodulin

. Thrombopoietin
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73. TGFp1

74. TNFa
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A typical modest effect:
KCNJ11 and type 2 diabetes

—y

-

Meta-analysis, previous data
Scand/C anada samples
USA/Poland samples

R N S y . I

0.0002
0.003
0.001

<107

Meta-analysis, previous data
Scand/Canada samples

- USA/Poland samples

<10’
0.007
0.002

<10” -149
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ICAL ASPECTS OF GENETIC TESTING
CONSUMERS

ARTICLE

APPraiSal of the Scientific Basis A Crila Appraism o Pofles U
ercial Genomic Profiles Useq to Assess

H .
A Cecile J.W. |‘|I1\CH\.I Marta Gwinn,2 Linda A, Bradley,2 Ben A. Oost ra,’} lia M an Duijn 4 | | | k | | || | | |
B y Qostra,* Comel ia M. v ijn,

and Muin |, Khoury2

1* Marta Gwinn2 Linda A. Bradley? Ben A Oostra,? Comelia M. van Duijn 4
The American journal of Human Genetics 82, 593-599, March 2008 593

METHODS: Reviewing meta-analyses of genetic
associations for the genetic variants included in the profiles
-> robust association

- genetic associations to ANY disease

Eraspaus MC



Criginally publizhed in Science Express on 28 April 2007 £ Prev | Table of Contents | Next »
Science 1 June 2007:
Yol 316, no. 5825 pp. 1341 - 1345

ence. 1142382

A Genome-Wide Association Study of Type 2 Diabetes in Finns Detects Multiple
Susceptibility Variants

Laura J. Scott,’ Karen : )
Michael R. Erdos,® He: OPEN 3 ACCESS Frgel ' ~ PLoSone
Ludmila Prokunina-Ol

Rui Xiao," Xiao-¥i Li,"  An Environment-Wide Association Study (EWAS) on Type
' i 2 Diabetes Mellitus

Chirag J. Patel?3, Jayanta Bhattacharya®, Atul J. Butte*3*

1 Department of Pediatrics and Medicine, Stanford University School of Medicine, Stanford, California, United States of America, 25tanford Center for Biomedical
Informatics Research, Stanford University School of Medicine, Stanford, California, United States of America, 3 Lucile Packard Children's Hospital, Palo Alto, California,
United States of America, 4 Center For Primary Care and Outcomes Research, Stanford University School of Medicine, Stanford, California, United States of America

significant findings were validated wi
heptachlor epoxide (adjusted OR in three combined cohorts of 1.7 for a 1 SD change in exposure amount; p<0.001),

the vitamin y-tocopherol (adjusted OR 1.5; p<0.001). Higher concentrations of polychlorinated biphenyls (PCBs) such as
PCB170 (adjusted OR 2.2; p<0.001) were also found. Protective factors associated with T2D included B-carotenes (adjusted
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¥ [ Modern research in genetics and molecular
B biology offers new opportunities for the promation
WX IR® | of populstion heslth, Public Health Genomics
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Das Exposom ist die Summe aller Faktoren, denen unser Kérper
ausgesetzt ist. Dabei spielen zahlreiche Parameter eine Rolle:
was wir essen und tun, unsere Erfahrungen, wo wir leben und
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Epigenetic Transgenerational
Actions of Endocrine Disruptors
and Male Fertility

Matthew D. Anway, Andrea S. Cupp,” Mehmet Uzumcu,
Michael K. Skinner;

Transgenerational effects of environmental toxins require either a chromosomal
or epigenetic alteration in the germ line. Transient exposure of a gestating fe-
male rat during the period of gonadal sex determination to the endocrine dis-
ruptors vinclozolin (an antiandrogenic compound) or methoxychlor (an
estrogenic compound) induced an adult phenotype in the F. generation of
decreased spermatogenic capacity (cell number and viability) and increased
incidence of male infertility. These effects were transferred through the male
germ line to nearly all males of all subsequent generations examined (that is, F,
to F,). The effects on reproduction correlate with altered DNA methylation
patterns in the germ line. The ability of an environmental factor (for example,
endocrine disruptor) to reprogram the germ line and to promote a transgenera-
tional disease state has significant implications for evolutionary biology and
disease etiology.

3 JUNE 2005 VOL 308 SCIENCE www.sciencemag.org
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While pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS:

The mother of this mouse The mother of this mouse

received a normal mouse re
diet w
b

F Mother fed
0 BisphenolA

l

Shift distribution
1 toward yellow

l

Distribution shift
K persists

Yellow Slightly Mottled  Heavily Pseudo-
Mottled Mottled agouti

0% —dp | 00 %
DNA Methylation of the Agouti locus in offspring

F Mother fed folate
0 (methyldonor)

Shift distribution
1 toward pseudo-
agouti

l

Distribution shift
persists




ON. THE DUTCH FAMI

Persistent epigenetic differences associated with
prenatal exposure to famine in humans

Bastiaan T. Heljmans®'2, Elmar W. Tob2, Aryeh D. Stein®, Heln Putters, Gerard J. Blauw®, Ezra 5. Susser?,
F. Elime Slagboom®, and L. H. Lumey™?
Ceinartmients of “Mabsoular Enid smika 23 _r. Sniedical Statist Lo T '!:| LT gy |tl:| agyd red SR, Lalohen i t‘r S eedtica Daerbar, Labhden, T Matinerland,

B inert Denartrent of Goanal =eatn 3 3 T PUnie i T, Eimainy Univgrs ity Atla r|‘|:.1 =Aa enairbment of Epideenia bogy. Madiman Sono0
ot Pubiic Headtin, Cobumibla Uniarsiy, Mees Yo, MY 1003320 and Sos vore State Peytnilatric bratituis, Mheesr Yor, WY 10033

it oy Onarles B Cambar, Sequsnam nd, 5an (D30, T4, and appnoved Septemner 17, 2008 ingoeived har mgviers July 7, 200E)

Table 2. IGFZ2 DMR methylation among individuals exposed to famine late in gestation and their unexposed,
same-sex siblings

Mean methylation fraction [50) ) )
IGF2 DMR - Felative change Cifference

methylation Exposed (n= &2) Controls (n = 62) exposed in 8Os

Ayerage 0.514 0.045 0.519 0036 —0.9% -0.12
Cpi 1 0.460 0.044 0.464 0048 —0.9% —-0.09
pz 2 and 3 0.462 0.039 0.471 0039 —1.7% -0.21
pG 4 0.602 0.085 0.612 0073 —1.5% -0.12
e 5 0.529 0.080 0.531 0.080 —0.3% —-0.02

Fyslues were obisined using 2 linear mixed model and adjusted for age.



Epigenetic differences arise during the lifetime
of monozygotic twins

Mario F. Fraga®, Esteban Ballestar®, Maria F. Paz®. Santiago Ropero®, Fernando Setien®, Maria L Ballestar’,
Damia Heine-Sufier’, Juan £ Cigudosal, Miguel Urioste, Javier Benitez!, Manuel Boix-Chaornet!,

Abel Sanchez-Aguilera®, Charlotte Ling, Emma Carlsson, Pernille Poulsen®®, Allan Waag*®,

Zarko Stephan', Tim D. Spector’’, Yue-Zhong W', Christoph Blass™, and Mane| Esteller=

n=20

3-year-old twins 50-year-old twins

Fig. 3. Mapping chromosomal regions with differential DNA methylation in
MZ twins by using comparative genomic hybridization for methylated DNA.
Competitive hybridization onto normal metaphase chromosomes of the AIMS
products generated from 3- and 50-year-old twin pairs. Examples of the hybrid-
ization of chromosomes 1, 3, 12, and 17 are displayed. The 50-year-old twin pair
shows abundant changes in the pattern of DNA methylation observed by the
presence of green and red signals that indicate hypermethylation and hypom-
ethylation events, whereas the 3-year-old twins have a very similar distribution of
DNA methylation indicated by the presence of the yellow color obtained by equal
amounts of the green and red dyes. Significant DNA methylation changes are
indicated as thick red and green blocks in the ideograms.
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EPIGENETIC MECHANISMS HEALTH ENDPOINTS
are affected by these factors and processes: e » Cancer

- Development (in utero, childhood ) —_— ; « Autoimmune disease
+ Environmental chemicals * Mental disorders

* Drugs/Pharmaceuticals : | * Diabetes

* Aging :

- Diet
' CHROMATIN ﬁ EAPé:('BI%'\Fl{ETIC

DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate or repress genes. HISTONE TAIL

GENE ¢ HISTONE TAIL

T
A%,
&

DNA accessible, gene active

Histone modification

oS lE The binding of epigenetic factors to histone “tails”
99ist8%%s are proteins around which | HISTONE alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.




' THREE MAIN TYPES OF EPIGENETIC
INFORMATION

Ithree main types of epigenetic information

]sine DNA methylation is a covalent modification of DNA, in which

athyl group is transferred from S-adenosylmethionine to the C-5
on of cytosine by a family of cytosine (DNA-5)-methyltransferases.
'}ethylation occurs almost exclusively at CpG nucleotides and has
ortant contributing role in the regulation of gene expression and
ing of repeat elements in the genome.
0 inting is parent-of-origin-specific allele silencing, or relative
e parental allele compared with the other parental allele.
n part, by differentially methylated regions within or near
it is normally reprogrammed in the germline.

uc ing acetylation, methylation and
transcriptional regulation and n

The two main components
of the epigenetic code

ethylation




EPIGENETICS

Ebigenetics : C. H. Waddington in 1942
onceptual model of how genes might interact

ith their surroundings to produce a -1 .

netic: heritable traits (over rounds of « }
ind sometimes transgeneratior
2 changes to the '
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TRANSGENERATIONAL FEPIGENETIC INHERITANCE:
PREVALENCE, MECHANISMS, AND IMPLICATIONS FOR THE
STUDY OF HEREDITY AND EVOLUTION

Eva Jarronsa

The Cohn Institute for the History and Philos nee and Ideas, Tel-Aviv Universif

Israel
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Gar Raz
The Gmduate School of Medicing, Tel-Aviv University, Tel-Aviv Israel
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EEYWORDS
il memory, epigenetics, induced hertable variations, Lamarckism,
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Epigenetics and environmental chemicals
Andrea Baccarelli and Valentina Bollati

Purpose of review
Epigenetics investigates heritable changes in gene expression occurring wit
changes in DNA sequence. Several epigenetic mechanisms, including DNA
methylation, histone modifications, and microRNA expression, can change genome
function under exogenous influence. Here, we review current evidence indicating that
epigenetic alterations mediate toxicity from environmental chemicals.
Recent findings
In-vitro, animal, and human investigations have identified several classes of
environmental chemicals that modify epigenetic marks, including metals (cadmium,
P arsenic, nickel, chromium, and methylmercury), peroxisome proliferators
@. ics D008, 21 {trichloroethylene, dichloroacetic acid, and TCA), air pollutants {particulate matter, black
T PLOS o n e carbon, and benzene), and endocrine-disrupting/reproductive toxicants
(diethylstilbestrol, bisphenol A, persistent organic pollutants, and dioxin). Most studies
conducted so far have been centered on DNA methylation, whereas only a few
investigations have studied environmental chemicalsin relation to histone modifications
and microRNA.
Summary
For several exposures, it has been proved that chemicals can alter epigenetic marks,
and that the same or similar epigenetic alterations can be found in patients with the
disease of concern or in diseased tissues. Future prospective investigations are needed
1o determine whether exposed individuals develop epigenetic alterations over time and,
in turn, which such alterations increase the risk of disease. Also, further research is
needed to determine whether environmental epigenetic changes are transmitted
fransgenerationally.
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ome Browse Articles About For Read For Authors and Review

RESEARCH ARTICLE

Investigating the Epigenetic Effects of a Prototype Smoke-
Derived Carcinogen in Human Cells
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Review

Epigenetic programming of the stress response in male and
female rats by prenatal restraint stress

Muriel Darnaudéry®, Stefania Maccari®":*?

*Perinatal Stress Team, Universi
“Department Human Physialog

AERETICLEINFO

Article higtary:
Accepted 13 Novernber 2007
Available online 3 Movembar X007

Keywards:

Prenatal restraint stress
Cart Tane
Matemal behavor
Circadian thythrm
Depression

Anxisty

Anirial mmodsal
Epigenetic

Aleshel

ABSTRACT

Expesire to heetile cond idons reaults in a series of coordinated responses aimmed at enhancing
the probabdity of survival The activation of the hypothalarme- pindtany-adrenocortical [HPA)
axis plays a pivetal rde in the stre ponse. While the short-tenm activation of the HPA axis
allows adaptive esponses to the challengs, in the long nm this can be devastating for the
orgmism. In particular, ife events socwurming durng the pernatal perded have strong long-
term effects onthe behavioral and newrsendacrine response f szsora. In male and fermale
rals expesed to prenatal restraint stress [PRES), these effects include a long-lasting
hyperactivation of the HPA mspense associated with an altered cireadian rhythom of
coricosterans secretion. Furthermers, male nirmals exhibit sleep dishrhbances In males,
these HPA dyshmctions have been reported ininfant, young, adult and aged animals, thus
sugpesting a permanent efect of early stress. Interestingly, after exposure to an intense
insscapable footshock, female PES mis dumbly exhibit a blmted corticos terone secetion
response to strass. Inomale PRS mats expesed to an aloshel challenge, the HPA axis is similady
hyporesponzive. Rats exposed to PRE also show behavioral dishorbances. Both male and
fernale PRS rats show high armdety levels and depression-like behavior during adulthoed,
although seme studies suggest that famale PES mis presant low anxiety lsvels. With agsing,
male and fernale PES rate exhibit memory impaiments in hip pecampus-dependent tasks,
while female PES rats improve their memory performance during adulthood. The gender
effect on behavior seerrs to be related to a reduction in hippecampal plastisity in male PES
rats, and an increase in female PRS mts. Despite the permanent imprinting induced by eafy
stress, the dysfimctions observed after PRS can be meversed by envimonmental or
pharmacelegeal strategies such as environmental ennchrment or antdepressive and
neirstophic treatments. Mechanisms underlying the affects of PRS on the offspring mmain
largely unknown. However, previous studies have demeonstrated that maternal
fl icoids during pregnancy play an important mele in the HPA dishrbances reported

O \
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The transmission of traits across generations has Current issue
parental generations. However, recent e e suggests that epigenetic mechanisms are capable of mediating this type of transmission
In the case of maternal care, there is evidence for the behavioral transmission of postpartum behavior from mothers to female offspring.
The neuroendocrine and molecular mediators of this transmission have been explored in rats and implicate estrogen-oxytocin inter ; :
tions and the differential methylation of hypothalamic estrogen receptors. These maternal effects can influence multiple aspects of neu- Article Series
robiology offspring and this particular mode of inheritance is dynamic i se 1o environment: ation. In this Podcasts

o T [ achanisms F show that methyl-CpG-binding protein 2
on of m al care and the mech d Posters

Web Focuses Early-life stress (ELS) has long-lasting effects on the
brain, and the epigenetic mechanisms underlying them

are beginning to be unravelled. Murgatroyd et af. now

mediated regulation of arginine vasopressin (4vo) gene
expression in parvocellular hypothalamus neurons
Journal information contributes to the phenotype induced by maternal

Guide to Nature Reviews separation in mice.

: DNA methylat rogen receptor o; Oxytocin: Environment; Cross-fostering Neuroscience

/7 online submission As in previous studies, daily 3-hour separation of
Guidelines for referees mouse pups from their mother persistently altered the
About the journal
Subscribe

[A:Feedback for editors

offspring's hormonal and behavioural responses to

stress; this included elevated Avp mRNA levels in the

hypothalamus. Importantly, treatment with an AvP Vib
receptor antagonist reversed the mice's increased PHOTOALTO
stress responses and impaired memeory, indicating a

NPG services central role for AVP in the ELS phenotype.
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Epigenetic Influence of
Social Experiences Across
the Lifespan

ABSTRACT: The critical role of social interactions in driving phenotypic variation
has long been inferred from the association between early social deprivation and
adverse neurodevelopmental outcomes. Recent evidence has implicated molecular
pathways involved in the regulation of gene expression as one possible route
through which these long-term owtcomes are achieved. These epigenetic effects,
though not exclusive 1o social experiences, may be a mechanism through which the
quality of the soctal environment becomes embedded at a biological level.
Moreover, there is increasing evidence for the transgenerational impact of these
early experiences mediated through changes in social and reproductive behavior
exhibited in adulthood. In this review, recent studies which highlight the epigenetic
effects of parent—offspring, peer and adult social interactions both with and across
generations will be discussed and the implications of this research for under-
standing the developmental origins of individual differences in brain and behavior
will be explored. @ 2010 Wiley Periodicals, Inc. Dev Psychobiol

Keywords: epigenetic: maternal; social; transgenerational: development

o’

Prenatal Mother-
Infant Interactions DNA Methy lation and Histone
Modifications

FIGURE 1 Epigenetic consequences of social experiences
across the lifespan. Emerging evidence suggests that prenatal
environmental exposures, postnatal mother—infant interactions,
juvenile social rearing, and adult social stress can alter
epigenetic processes such as DNA methylation (red circles)
and histone acetylation (green circles)/methylation with long-
term consequences for gene expression, physiology, and
behavior.
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The new science of epigenetics
reveals how the choices you
make can change your genes
—and those of yourkids

BY JOMN CLOUL os/berger 2022




heritable




The term epigenetics, which
was coined by Conrad H.

- Waddington in 1942, was
derived from the Greek word
epigenesis” which originally
scribed the influence of
> processes on
ant. Conrad H.

I, I
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Maternal nutrition

* Over/undernutrition

* Vitamin D status Neonatal and infant nutrition
* Dietary methyl donors « Human milk

* LCPUFA intakes * Formula milk

* Food pollutants ~ = Prebiotics/probiotics

Nutrition

Maternal microbiota
Mode of delivery
Maternal and infant diet
Antenatal and post-natal
antibiotic exposure

* Urban/rural environment

* Human genome
* Environmental factors

Haslberger 2022
HrSE000 days orlite




Dibibs

DNA damage Mitochondrial stress

Mutation of epigenetic factors  Metabolic change

N #
bbb

Epigenetic changes

Transcription dysregulation
Repression of cellular protective programs

B
¢ \ /Mitochondrial stress

Loss of stem cell maintenance and function

Trends in Cell Biology



Epigenetic Clock
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Healthy aging

Methylation fraction

Protective
Risk Factors: Factors:
® Smoking; A
® Drinking; Yot
P - >

Slowed Aging

Accelerated Aging

p O O
TN T

® Methylated O Unmethylated

International Journal of
Molecular Sciences
Review

The Impact of Caloric Restriction on the Epigenetic
Signatures of Aging

Regression slope

UCR

Promoters—2
Promoters—encode

Promoters-1
Histone-H3K4m3
Histone-H3K4m1-m3
Histone-H3K27m3
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Research Paper
Epigenetic clock analysis of diet, exercise, education, and lifestyle
factors
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Global remodeling of the mouse DNA methylome during
aging and in response to calorie restriction

Austin Quach'’, Morgan E. Levine'’, Toshiko Tanaka®, Ake T. Lu’, Brian H. Chen’, Luigi

Ferrucci’, Beate Ritz**, Stefania Bandinelli’, Marian L. Neuhouser®, Jeannette M. Beasley’,
Linda Snetselaar®, Robert B. Wallace®, Philip S. Tsao™’, Devin Absher', Themistocles L.
Assimes’, James D. Stewart'?, Yun Li***, Lifang Hou'**’, Andrea A. Baccarelli”, Eric A.
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'ENETIC DIEASES MENTAL RETARDA
DISORDERS

display an - |
absence of the paternal or maternal copy of a
gene, respectively.



NEUROPSYCHIATRIC DISORDERS

associated schizophrenia anc
d disorders with DNA rearrangeme |
the DNMT genes. |



NEUROPSYCHIATRIC DISORDERS

requwed
for norma r y ry formation
and synaptic pla issue from

patients with schlzophrenla and patients with
bipolar iliness and psychosis.



cells to contrc ,
mechanisms e ression in
eukaryotes, but DN _
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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SYSTEM

» Imprinting

> X chromosome inactivation




« - Imprinting Disorder:

* Beckwith-Wiedemann syndrom (BWS)

* Prader-Willi syndrome (PWS)

e Transient neonatal diabetes mellitus (TNDM)

-- Repeat-instability diseases
* Fragile X syndrome (FRAXA)
Facioscapulohumeral muscular dystroph
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SKENT ERIGENETIC CPG S
o) ZGENES, EG. IN IL-6 PROMO

| CpG sites

inflammatory CpG body weight correlated CpGs X ageing-relevant
Methylation related to IL6 m RNA levels and (Aumueller et al. 2015) € wiale ehaassier

rheumatoid arthritis (Nile et al. 2008)

3!

Metabolic and inflammatory (IL- . heart disease correlated
6 expression relevant) region region

IL-6 methylation increased after energy restriction IL-6 hypomethylation correlated to ischemic
and decreased in the bariatric surgery group i e i
(Rocha et. al 2016)




ETHYLATION: |
LFITE SEQUE

Allele 1 (methylated) Allele 2 (unmethylated)

m
-—=ACTCCACGG---TCCATCGCT--- --=ACTCCACGG—--TCCATCGCT—--
--—TGAGGTGCC-—-AGGTAG%FA-—— --—TGAGGTGCC---AGGTAGCGA---

Bisulfite treament
Alkylation
Spontaneous denaturation

~-=AUTUUAUGG---TUUATCGUT~~~ -==AUTUUAUGG---TUUATUGUT=-~~-

---TGAGGTGUU~---AGGTAGCGA-—- ---TGAGGTGUU-~-~-AGGTAGUGA--~-

\/

Non-methylation-specific PCR
Methylation-specific PCR

Haslberger 2022 l

Differentiation of bisulfite-generated polymorphisms




, TUMOR SUPP
INSTABILITY

Expression of tumor suppressor genes

umoral cell r)%;

Inhibitionof tumor suppressor genes

Silencing of tumor suppression activity
Tumor progresion

Inhibition of repetitive segence
expression l

—--—
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STONE MODIFI

Campbell & Reece 7e - fig. 19.4

Chromosome Chemical
Modification

DNA
double helix \ : — Amino acids

available =
for chemical
modification

(a) Histone tails protrude outward from a nucleosome

w w
Unacetylated histones Acetylated histones

(b) Acetylatiory Eﬂh!stone tails promotes loose chromatin
i ption




ONE MODIFICATION THE
CODE

Table 1| Chromatin modifications

Mark™ Transcriptionally relevant sites{ Transcriptional
roles

DNA methylation

Methylated cytosine CpGislands Repression
(meC)

Histone PTMs

Acetylated lysine H3(9,14,18,56), H4 (5,8,13,16), Activation
(Kac) H2A,H2B

Phosphorylated serine/  H3 (3,10, 28), H2A, H2B Activation
threonine (S/Tph)

Methylated arginine H3 (17 23), H4 (3) Activation
(Rme)

Methylated lysine H3(4,36,79) Activation
(Kme) H3(9,27),H4 (20) Repression

Ubiquitylated lysine H2B (1235/1207) Activation
(Kub) H2A (1199) Repression

Sumoylated lysine H2B(6/7), H2A (126) Repression
(Ksu)

|somerized proline H3(30-38) Activation/




HISTONE MODIFICATION

IS

t not
imite arginine
meth

ination and
sumoylatlon V y

modifications occur prlmarlly within the histone
amino-terminal tails protruding from the surface
of the nucleosome as well as on the globular
core region (Cosgrove 2004).



The seconc |
binding sites for prc 5, such as the
bromodomains or chromaoc at recognize acetylated

lysines or methylated lysine, respectively.



Histone tail

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are
not expressed.

Histone

Histone acetylation results

in loose packing of nucleo-
somes. Transcription factors
can bind the DNA and genes
are expressed.

Acetyl group
"“"DNAaccessible, gene active




EFFECT OF HISTONE
MODIFICATION
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ROLE OF HISTONE
MODIFICATION

. .. A
Gene expression
nscription xpeacdlo
. : Chromatin remodelling
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Transcriptional activaticn
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TONE MODIFICATIONS AND HUMAN

DISEASES

Coffln Lowry syndrome is a rare genetic disorder ‘ ?f :
characterized by mental retardation and i
- abnormalities of the head and facial and other # .
areas. It is caused by mutations in the RSK2 gene *ﬁ ‘
(histone phosphorylation) and is inherited as an X- b
linked dominant genetic trait. Males are usually _
more severely affected than females. ﬁ‘

Ta /bi syndrome is characterized by short
oderate to severe intellectual disability,
lal features, and broad thumbs and

e

2d by mutations in CREB-binding






DDING RNA (NCRNA)-ASSOCIATED

expression
untranslated re |
MRNASs. A growing Dody of ewdence shows that
MIRNASs are one of the key players in cell
differentiation and growth, mobility and apoptosis
(programmed cell death).



ate diverse
levelopment and
o Jy, thus understanding
prtoin iological role is proving
=) more and more important.
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Messenger RNA
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e Lol ItS function can lead to human
mssangor ANA diseases such as cancer,
cardiovascular and metabolic
diseases, liver conditions and
Immune dysfunction.
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< RISC (siRNA) T RISC (miIRNA)
‘v ‘/U/ - ‘ _ SiRNA miRNA
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of target mRBNA

binds perfectly to its mRNA target in animals pairing is imperfect
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HOW PROTEINS ARE MADE

o Messenger RNA (mRNA) carries
instructions for protein creation from
DNA in the nucleus to the ribosomes,
which assemble proteins.

DNA

o Ribosomes read the instructions
and create the required protein.

/ Ribosome — " “Protein
' . penna e eetaea,
Nucleus , T ‘ >

mRNA

HOW PROTEIN CREATION IS BLOCKED
Protein creation can be blocked by using interfering RNA that

carries the same genetic code as the mRNA.

———

.

.‘_.-“" ) e

- -
,. T
T T J 1
Ll Ll L

One strand of the With the help of "silencing”
interfering RNA binds to proteins, the combined complex
the messenger RNA and binds to the messenger RNA
the other strand is dropped. and cuts it in half, preventing
normal protein production.

SOURCES: Andrew Fire; Nobel Foundation: Alnylam Pharmaceuticals;
University of Massachusetts Medical School GLOBE STAFF
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THYLATION ANEC
l l
= gt %

Hypermethylated ¢>> CpG island
pericentromeric (hypomethylated)
heterochromatin

lHypometnylation Hypermethylation

Mitotic recombination, Transcriptional repression,
genomic instability loss of TSG expression
= DNA repeat

1 Methylated

1 Unmethylated
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The Relevance of Epigenetic Biomarkers for
Breast Cancer and Obesity for Personalised
Treatment in Public Healtheare:

A Systematic Review

Andrea Goeffler ", Alexander Haslberger 2, Elena Ambrosino &

Introduction

Biomarkers and their impact on precision medicine

William Slikker Jr.
National Center for Toxicological Research, US-Fi

o

Q\/



-/ l

". k'l
L,/ OM THE SAME TUMOR COMPRISE GEN
Y ENCES, ALREADY FROM TUMORIGENES
|

Number of driver mutations needed for cancer type [ e Sirriibitei

lllllllll
lgnoring gprowth
SUPPIEsSors
.

seweral different cell

ether places in the bady




lll
|
I

(QALYSls USING CELL FREE’
1 l

I
i} !'r

]‘ Plasma & c¢fDNA

< Leukocytes & CTCs
Erythrocytes

Epithelial Apoptotic & Tumor Cells of
Cells NecroticCells Varying Phenotype
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Cetuximab,Panitumumab

Zalutumumab,ABT-806

Necitumumab,Nimotuzumab
|

Bevacizumab
Ramucirumab

Gefitinib
Erlotinib
bbb &b s—— pfatinib
Lapatinib
Afatinib
Dacomitinib

Lapatinib

Wortmannin___ A
LY294002 Ruxolitinib Nilotinib

ofacmmb W Dasatinib
AZDMSO Imatinib

= ocilizumab
Perifosine Fedratlmb '
Rapamycin ‘,_\’//* itk {
/‘msion surgery
Apoptosis Proliferation

Gene Disruption Therapy(RNAi) XOOORQRNS
Gene Addition Therapy sis Angiogenesis i
(adenovirus expressing P53) i ‘ ,\ argeted Radionuclide
Therapy

Epigenetic Modification ¢
Therapy(miRNA)
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Article
Comprehensive Approach to Distinguish Patients with Solid
Tumors from Healthy Controls by Combining Androgen
Receptor Mutation p.H875Y with Cell-Free DNA Methylation
and Circulating miRNAs

Elena Tomeva !, Olivier ]. Switzeny !, Clemens Heitzinger 2, Berit Hippe !> and Alexander G. Haslberger 3*

check for
updates

Citation: Tomeva, E.; Switzeny, O.].;
Heiltzinger, C.; Hippe, B.; Haslberger,
A.G. Comprehensive Approach to
Distinguish atients with Solid

HealthBioCare GmbH, A-1090 Vienna, Austria; et@healthbiocare.at (E.T.); switzeny@healthbiocare.at (0.].5.);
bh@healthbiocare.at (B.1.)

Center for Artificial Intelligence and Machine Learning (CAIML), TU Wien, A-1040 Vienna, Austria;
clemens.heitzinger@tuwien.ac.at

Department of Nutritional Sciences, University of Vienna, A-1090 Vienna, Austria
Correspondence: alexander.haslberger@univie.ac.at

Simple Summary: Blood-based tests for cancer detection are minimally invasive and could be useful
for screening asymptomatic patients and high-risk populations. Since a single molecular biomarker
is usually insufficient for an accurate diagnosis, we developed a multi-analyte liquid biopsy-based
classification model to distinguish cancer patients from healthy subjects. The combination of cell-
free DNA mutations, miRNAs, and cell-free DNA methylation markers improved the model’s
performance. Moreover, we demonstrated that the androgen receptor mutation p.H875Y is not only
relevant in prostate cancer but had a strong predictive value for colorectal, bladder, and breast cancer.
Our results, although preliminary, showed that a single liquid biopsy test could detect multiple
cancer types simultaneously.
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CANCER EPIGENETICS

- A COMMON PARADIGM OF CANCER EPIGENETICS IS ‘
HYPERMETHYLATION OF CPG ISLAND OF TUMOR SUPPRESSO

PERMETHYLATED PROMOTER DNA IS ASSOCIATED WITH
Y TYPE OF HUMAN TUMOR 4
".' TYPE OF TUMOR HAVING OWN SIGNATURS




Prostate

Renal

Colon and endometrial

Esophageal

Haslberger 2022

MLH1 (mismatch repair gene)

APC
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Global hypomethylation: overall in 5-
methylcytosine content in the genome

— Found in premalignant and early stages of some

4
I

neoplasm
— Important in tumor progression

Gene-specific hypomethylation:

\Q affect promoter region of proto-c '
1d oncogene which are no ’

—
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ETHYLATION IN C
THERAPY

T Chemosensitivity
M —_— T Adhesion
§ T IFN response
T Immunogenicity




Inhibitor
S5-Azacytidine

5-Aza-2-deoxycytidine

5-Fluoro-2-deoxycytidine

5.6-Dihydro-S-azacytidine

Zebularine

Structure

Dose range

Cunical trials

Phase LILI
haematological
malignancies

Phase L 1L HI:
malignancies: cervical,

non-=mallcell lung
cancer

Phase L II: ovarian cancer
and ymphomas

Preclinical

References
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Inhibitor Structure

Hydralazine

Procainamide

_A.__OH

ul
HO\/\l/o\..p - o OH
| | |
- & = s
i \/kHo—" x /{ OH
OH o &
OH

Psammaplin A

Dose range Clinical trials

um Phase |: cervical cancer

Preclinical

Preclinical

nM-uM Preclinical

N/A Phase |: advanced/
metastatic solid tumours

uM Preclinical

References
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Oxamflatin Preclinical

TPX-HA analogus Preclinicat
(CHAF)

PDX 101 Phase |

Trapexin o Preclinical

Preclinical
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dinaline) tumours
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ING A CURABLE DISEA

? frontiers
in Genetics

Prof. Dr. David A.Sinclair S e . i ) a
endiiodeiliidindontosds \ _ . It is time to classﬁy blOlOQIcal aging

as a disease

Sven Bulterijs?*, Raphaella S. Hull**, Victor C. E. Bjérk*° and Avi G. Roy?*°

' Faculty of Science, Ghent University, Ghent, Belgium, * Heales vzw, Brussels, Belgium, * Biochemistry Departrment,
University of Oxford, Oxford, UK, * The Biogerontology Research Foundation, London, UK, ® Institutionen fér Biologisk

D A S E N D E gﬁ'ﬂ“ﬁ;ﬁ"ﬁﬁ‘;ﬁi ’Uzzersity. Uppsala, Sweden, ® Institute for Transfational Medicine, School of Science, University of
DES ALTERNS
If they could turn back time: how tech
billionaires are trying toreverse the |
ageing process

Jeff Bezos and Peter Thiel are pouring huge sums intostartups =~ 1,9
aiming to keep us all young - or even cheat death. And the
scienceisn't as far-fetched as you might think




BLUEZONES

Sardinia
Loma Linda | Italy
California
Y Nicoya
Costa Rica

|Car|a Okinawa
) Greece Japan




L]
LOMA LINDA, CALIFORNIA
Stress-reducing, healthy diet
practices of local
Seventh Day Adventists rub
off on the whole town

@ !
UEZONES LERNEN WIR PERSONLICHE, REGIONAL

AHMEN GEGEN VORZEITIGES ALTERN, ALTERS- BE
ERKRANKUNGEN ZENTRAL: BIOAKTIVE MOLEKUL

Loma Linda, United States

Healthy social circle
Eat nuts

SARDINIA, ITALY
Daily wine and laughter

help Sardinian men enjoy
the longest male lifespan

v
& KARIA, GREECE

Napping, occasional

fasting and drinking ®. OKINAWA, JAPAN

goat milk may add Dedication to family

years to life and friends lifts

€ NICOYA, COSTARICA Okinawan women to

Water naturally rich in the longest female
calcium and magnesium lifespan

may help prevent heart
disease and weak bones

Sardinia, _ bl 3 ,'::L SHEMENR % No "time
Fava beans

Italy g ~ urgency”

High polyphenol - T - .
wine ‘ owered - Likeability

Turmeric
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Prevent Alzheimer’s Disease with 4 Brain-

Boosting Habits

If you ask the very old in the blue zones region of lkaria how they live to be 100, they might say
it’s the leisurely pace of island life, the ocean breeze, the wine consumed with friends, wild herbal
tea, or perhaps, as one lkarian woman put it, “We just forget to die.” Their extreme longevity is a
combination of many lifestyle habits, leading them to experience a life virtually free from age-
related diseases, including dementia, which affects more than 5 million people in the United

States.

Hasit¥NDidg bhere is currently no cure and no single silver bullet to prevent dementia and Alzheimer’s
disease, there is a combination of many simple lifestyle factors that can help you live a longer,




STRATEGIEN GEGEN DAS VERGESSEN

er (in just about anything!)
3, pick up an instrument, take a class, or
.. Challenging yourself to master new
athways that help you maintain
1to old age. No matter your education
omething new, reading the
atching YouTube videos to learn
g0 from a decline in cognitive

e than just your
1ave a QAVA

Eat Like You're Greek
Similar to the traditional Me
lkarians eat wild greens, be:
fruits, whole grains, and ol
these foods are high in fc
been shown to imoro
Olive oil, nuts, and se

Say “Om”
Chronic stres
the foun



https://www.hsph.harvard.edu/news/press-releases/cognitive-activity-dementia-risk-blacker/
https://www.sciencedaily.com/releases/2017/08/170801131212.htm
https://www.damngoodvino.com/products/holiday-offer?_pos=1&_sid=d3346687f&_ss=r
https://psychcentral.com/lib/folic-acid-supplements-could-prevent-dementia/
https://www.bluezones.com/exploration/sardinia-italy/
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ION: TELOMERE, MI1

/ ROS \

Mitochondrial dysfunction y ' ,r\

A\

Telomere shortenmg .
D
].Sédamage .~

o

Senescence

v
Persistent damage to irreversible senescent and surrounding cells

v
Dysregulation of physiological functions

v
Incrensadarisboof age-related frailty, disability and disease
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Primary Antioxidants
Naturally produced by
our body

Secondary
Carotenoids, Flavonoids Antioxidants

Vitamins C, A, E Only from food
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—— Improved metabolism

— Enhanced immune system

Mortality (Events)

A

Linear
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Mitochondria and
telomeres come together

ORIGINAL RESEARCH PAPER Sahin, E. et al.

Telomere dysfunction induces metabolic and

mitochondrial compromise. Nature 470, 359-365
(2011)

There are mixed views as to what
makes us age: one hypothesis pro-
poses that ageing is caused by accu-
mulating genotoxic stress provoked
by the progressive loss of telomeres,
which leads to replicative senescence
“ and apoptosis, whereas another
postulates that ageing is the result of
progressive mitochondrial malfunc-
tion. A study by DePinho and col-
leagues now brings these two theories
) together by identifying a direct
defects in molecular link between telomere D)
mitochondrial and mitochondrial dysfunction.

biolo In highly proliferative tissues, i
&Y , age-related telomere decline is associ- ¢

ated with telomere dysfunction and

telomere
dysfunction
can lead to
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Germ cells: telomerase ON

Somatic cells:
telomerase OFF

Immortal cells:
Oncog Il
oy telomerase ON

transformed cells:
bypass senescence,  Sm—-" l

telomerase OFF
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RE SHORTENING,

Normal tissue

| < |
, L o | o |
Telomere shortening

2OVIVIUIVIUI UGV &3 S5 chromosomal perturbation
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Activation of oncogenes

Initiated cell
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\ Additional oncogenic
stress

Bypass of senescence

Senescent cell
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Malignant transformation Fro




Table 1. Summary of the advantages and drawbacks of the main telomere length measurement methods

Telomere Restriction
Fragment (TEF)

Telomere measurement
by quantitative PCE

Single Telomere Length
Amnalysis (STELA)

Southern blot
hybridization using probes
against telomere repeats.

It measures the ratdo of
telomere repeat copy mumber to
single copy gene copy mumber.

Based on the determination
of telomere flnorescence m
individual interphase cells
nusing fluorescence-

activated cell sortng (FACS)
technology.

Baszed on the use of digital
finorescence microscopy to
determine telomers
finorescence after hybridization
of metaphase spreads with a
fuorescent PN A telomeric
probe.

Itis a ligation PCE-based
method

-Well known and
widely nzed techniqus.
-It has no special
TEqUITEmants

n terms of reagents or
equipment

-Simpla
-Fast
-%ralable to achieve a high

Q o
repracdncible, and acourate.

-Permits the SUTEment
of telomere length at each
individual

chromosome end.

-Allows quanfification of
the mumber of “signal-free

-It requires no specialized
equipment.
- It requires very limited

-Difficnlt to quantfy.
-Flequires many calls
{~106).

-Provides and estimate of
the average telomere length
per sample

-Subtelomeric

polymorphism.

-It quanfifies the sverage
telomere length per sample
and cannot quantify

individual telomares.

-Fiesmictad to isolated cells,
and cell suspensions.
-Flequires expensive and
technical demanding
System.

-Mot many samples |

are processed and analyzed
at the same time.

-It quantifies the average
telomere lensth per cell

-Labor-intensive and time
consuming (week:
-Flequires expensive and
techmical demanding
system.

-Externsl calibration (from
auf o kb)

-Many controls required o
avoid interintra-session
wariability.

-Very few samples are
analyzed at the same time.

-It i= msnally restricted to
several well characterized
chromoesome ends: XpYp,
2p, 11g and 17p.

-It is limited in the analysis
of long telomeres (oypically
=20kb).

-Labor intensive and low
thronghpat




|G, INFLAMMATION
DNA DAMAGE

Mitochondrial
dysfunction

Protein misfolding
\and aggregation

‘ ATP N:'odegenerative
- \ Persistent DNA Damage
Metabolic " = Diseases

Syndrome D] DD
reduced )

DNA repair l’
nucleus

Inflammation ? \ cytoplasm
\ / . Cancer
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Apoptosis Senescence
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AGEING: CHRONIC INFLAM
ARDIOVASCULAR DISEASE, A

Visceral fat tissue
infiltrated by B cells,
T cells, and macrophages

(IFNy, CCL2, CCL5, CXCL9,

and CXCL10)

Adipocyte pro-inflammatory
phenotype
(IL-1B, IL-6, TNF,
and CCL2)

MicroRNAs
(miR-126-3p
and miR-21-5p)
wéhdtit predisposition
(IL1RN, IL6R,
and IL6)

A Inflammageing “<__

Visceral obesity

A J
Mitochondrlal\‘
t
retion Oxidative

‘(f"-' stress
y

NLRP3 inflammasome
activation

(IL-1B and IL-18) ceuular‘/_>
senescence

4

‘/SASP

Epigenetic
alterations

Paracrine
senescence

Changes in gut
microbiome and
permeability

Chronic infections
(HIV and human CMV)

Intrinsic immune
cell defects




e

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

=g

PORY e 120 J
P IL-18 118
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ENESCENCE CAN BE BENEFICIAL, THUS ELIMINATING
, WHEREAS AN ACCUMULATION CAN BE DETRIMENT
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OMPLEX DISEASES E.G

Years of exposure to
inflammatory
proteins

Oxidative stress DNA damage

Inflammaging Immunosenescence

of the aging
process

related
chronic
diseases

Sarcdp‘enia'
Cardiovascular diseases
Cancer
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Cell Cycle
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DNA Oncogene
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dysfunction
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stress Telomere
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53

Senescence
Angiogen esis

1
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@) arest DNA repair

Autophagy Mlgratlon

Tumor suppression
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t cells negatively affect their surrounding tissue by losing their cell
nctionality and by secreting a pro-tumorigenic and pro-
ory mixture of growth hormones, chemokines, cytokines and
ermed the senescence-associated secretory phenotype (SASP)




SENESCENCE UNTIL BE

Proliferating State Early Senescence Late Stage Senescence

‘ /4 ;&#z}

Activating Signals;
Oncogene inactivation
Nucleolar stress
Epigenetic stress
Spindle stress

Tumour suppressor loss
Oncogene activation
Chronic mitogen signalling
Telomere damage
Oxidative stress

DNA damage

Activated Pathways;

p53-p21 or

p 1 6L\l\-l

Activation of pRB through CDK

Senescense Associated Secretory
Phenotype

Release of inflammatory cytokines,
growth factors and proteases.

At this stage; cell are SA-B-gal
positive.

Existence of SASP is conserved in
mammals and some of the released
proteins recurrent, total content of
secretome heavily depends on cell
type and microenvironment.
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Molecular Sciences

Review

An Interplay between Senescence, Apoptosis and
Autophagy in Glioblastoma Multiforme—Rnle in
Pathogenesis and Therapeutic Perspective

Elzbieta Pawlowska !, Joanna Szczepanska 2, Magdalena Szatkowska 3 and Ja
Cell cycle

arrest
G1/S, G2/M

J' \
« Autophagy —\

Senescence Programmed
cell death
(apoptosis)

o
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Epigenetic Regulation of Cellular
Senescence and Aging

Corinne Sidler, Olga Kovalchuk and Igor Kovalchuk™

Review Article
MicroRNA Regulation of Oxidative Stress-Induced Cellular
Senescence

Huaije Bu, Sophia Wedel, Maria Cavinato, and Pidder Jansen-Diirr

Institute for Biomedical Aging Research and Center for Molecular Biosciences Innsbruck (CMBI), Universitiit Innsbruck,
Innsbruck, Austria
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Protein quality control
miR-184 3 Rabla, Rab31
miR-150 3 Rabla, Rab31
miR-216a 5 BECLINI, ATGS

Mitochondrial metabolism Redox homeostasis
miR-1282 3 Bmi-1 miR93 3 MGSTI, SIRTI
miRk-15b 5 SIRT: miR214 3 GSTZI
miR-669c 5 GSTMI
mik-34a 3 SIRT1,SOD2, TXNRI
miR-34 5 SOD2, TXNRD2
miR217 5 SIRTI
miR-335 3 SOD2, TXNRD2
miR92a 5 SIRTI, KLE2, KLF4
mik2l 5 SOD2
miR-494 5 SIRT1, c-MYC, DJ-1
miR-144 3 NRE2
miR-1462 5 NRF2, NOX4

DNA quality control

miR24 5 TOPI, H2AX
miR-182 "5 BRCAI, FOXO3, RARG

Other mechanisms

miR200c 3 ZEBL miR429 5 p3a  miR186 5 CKI  miR-337-3p > CKIl
miR-141 5 ZMPSTE24 miR-106a 3 p21 miR-216b 3 CKII ~ miR-760 3 CKII
miR205 5 p3ba miR-182 3 p21

FIGURE 3: MicroRNAs and their mRNA targets as modulators of redox biology, mitochondrial metabolism, and quality control of DNA and
proteins. The maintenance of DNA and protein quality is crucial for the preservation of youthful physiology in animals. Accordingly,
mechanisms of DNA and protein quality control (QC) were identified as key targets for cellular senescence and aging. The performance of
both QC mechanisms is affected by both mitochondrial and cytosolic ROS. Depicted here are known functions of microRNAs as
mediators between ROS production and QC mechanisms. The final outcome of this regulatory circuit is further modulated by other
(additional) mechanisms which are currently incompletely understood.
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TABLE 1 | Epigenetic regulators associated with autophagy and immunity.

Histone modification
Histone modification Regulator

SIRTE
SIRT1/HDAC
HIF-1a, KDMs
TFEB/co-activator-
associated anginine
methyttransferase 1

H4R3me2 C/EBPR/PRMTS

Multiple

one deacetylase

Drug

Worinostat

Worinostat

Vorinostat

Tubastatin A

Panobinostat

Multiple

Multiple HDACs

microRNA (miRNA) regulation of autophagy

miRNA

miR

miR-106b, miR-93

miR-142-3p
miR-30c, miR-130a

miR-196

mil .
miR-UL148d (HOMY)
miR-1303

miR-471-5p
miR-155

Effect on autophagy

1ATGS
TAutophagy
1BNIP3
1ATG14

Unknown
SQSTM1 autophagic clearance

Effect on autophagy
tAutophagosome formation (ATGS)
Unknown

tAutophagy (ATGS)

tAutophagy (ATGT)

tAutophagy (LC3

thAutophagic fiu (ULK1/ATGT)
|Autophagy (ATG7)

Effect on autophagy
|BECNI1 (Jautophagy)
1Autophagy (JATG12, BECN1)
1Autophagy (JATG16L1)
JATG16L1

lAutophagy (JATGS, ATG1

JIRGM (|autophagy)

1Bci-2
JIL-12p35, |Bd-2

1S0STM1

1PPP2RSA (|autophagy)
JERN1 (Jautophagy)
LATG28 (lautophagy)

IATG12, |BECN1
1ATG3 (lautophagy)
JRHEB (tautophagy)

Immune phenotype

Inhibition of NOTGH/NF-x8 signaling
Inflammation

Reactive axygen species response
Myeloid differentiation, SWI/SNF

IL-8, TNFa expression
Interferon response pathway

Immune phenotype

Viral myocarditis

CD4 and CD8 tumor immunity
NF-x8 signaling, VSV onc
TNFa, IL-6 cispilatin tox
Lymphocyte tumor kil
Reverse HIV-1 latency
Apoptosis induction

Immune phenotype

Unknown

Intracellular survival of Helicobacier pylon

Defects in bacterial clearance, inflammation
Intestinal inflammaton

Invasive Eschericiia coli, NF-xB activation,
inflammation

Mitochondrial function, ineffective Mycobactenium
tuberculosis (Mib) and E. colf control

HIF-1a pathways, hypoxda-induced apoptosis,
TH;; differentiation

NF-xB activation, impaired anti-mycobacterial

T cell responses

Bevated P-ERK levels, enhanced hematopoiesis
LJAK-STAT PWNT-SHH, Th2 polarization
Inhibition of apoptosis, impaired anti-viral response
Suppression of mycobactena-nduced autophagy,
ITNF-a

LC3-assodciated phagocytosis, apoptotic genm cells
Suppression of anti-Mtb dendritic cell response
Enhanced killing of intracedular Mib

Disease implicated

Proteinuric kidney disease
Diabetic retinopatiy
Traumatic brain injuny/tumors
Unknown

Unknown
Viralbactenial clearance

Diseases treated with HDACi
Cutaneous T-cell ymphoma
Metasiatic colorectal cancer

See diseases treated above

Acute kadney injury/pancreatic cancer
Hodgkin mphoma/multiple mysloma
Peripheral T-cell ymphoma

DS-AMKL (proposed)

Disease implicated
Cancer

Cancer

Crohn's disease
Crohn's disease
Crohn's disease

Crohn's disease

Traumatic brain injury

Mib infection, asthma

Acuie myeloid leukemia

Mycobacteria, Shigela, [ istena infection
HCMV infection

Mib infection

Male infertility

Mit» infection

Mit> infection
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Formation of reactive oxygen spiées (ROS)

CE||U|HI' Ultraviolet (UV) Iomzlng Mutagenic ‘ _— _ |
metabolism IIght radiation chemicals Viral infections

Antioxidant ' DNA repair \ > Apoptosis
Direct reversal
defense SYStem‘ +  Base excision repair (BER)

Nucleotide excision repair (MER)
Mismatch repair (MMR)
Double-strand break repair (DSBR)

A
Py




Epigenetic Clock

@ & O O @
INH NN IR [I.IY]IE[’L-.LLL_LLTL_LLE%

Age-related disease (e.g.. CVD) Healthy aging

Protective
Risk Factors: W\ Factors:
® Smoking; '\ B
® Drinking;
e ?

Accelerated Aging
Slowed Aging

® Methylated O Unmethylated




Login ¥ | Register ¥ | Subscribe

T | Privacy and cookies | Jobs | Dating | Offers | Shop | Puzzles | Investor

Che Telegraph

Home Video N€WS world Sport Business Money Comment Culture Travel Life Women Fashion Luxury Tech Film

Politics =~ Investigations Obits Education Seience Earth \t’eadxerm Royal Celebrity Defence Seotland

HOME » NEWS » HEALTH » HEALTHNEWS

Drop of blood can show biological age and predict
Alzheimer's Disease

True biological age is written in the genes and can now be read by scientists
using a simple blood test

0660 o @D @50 9710 @Email

Search this site

NORTHWESTERN NOW

University Health Science & Tech Arts & Humanities Nation & World

New Predictor of Cancer

When your biological age is older than your chronological
age, the risk of getting and dying of cancer rises

February 17, 2016 | By Marla Paul u m

Trending

Myopia cell discovered in retina

February 6, 2017 — Health




2013 > 2018

Horvath's pan Hannum's Horvath's skin  PhenoAge
tissue clock and blood clock by Levine

353 CpGs 513 CpGs 1030 CpGs 94 CpGs

' Tisswe independent Whole blood ' Tissue independent  Tissue independent Tissue independant Buccal epithelial cells
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Haslberger 2022 and on potential developmental déécts

Measure aging rate
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NUTRITION FOODS

Nutrition is the biochemical Hippocrates, “Let food be thy
and physiological process by | medicine, and let medicine be
which an organism uses food |thy food”

to support its life.

i}

Dinkel ist das Hildegard-Getreide schlechthin.

Sie schatzte das Korn fir seine warmen, kréftigen und
fetten Eigenschaften. Dinkel sei zudem sehr mild und

%, sorge fiir ein gutes Blut und Fleisch. Heute wissen wi,

Jl‘i-'ﬁ( 25742 dass Dinkel eine tolle Altemative zum Klassischen

Weizen ist. Er gilt als robuster und weniger
schadstoffbelastet im Vergleich zum konventionellen
Weizen. Der Dinkelanbau ist weniger auf kiinstliche

Diinger und Pestizide angewiesen, auerdem schiitzt seine besonders dicke Getreidehillse (Spelze)

das Korn gut vor schadiichen Einflissen

SPELT - THE SUPER FOOD

Dr. Wighard Strehlow

Knoblauch ist laut Hildegard von Bingen roh,
frisch und in MaBen zu verzehren.

Halt man sich an diese Regeln, soll die pikante Knolle
das Blut erwéirmen und gut fir die Augen sein. Dem
Knoblauch wird heutzutage auch eine besonders
antibiotische und antioxidative Wirkung zugeschrieben.
Also darf er doch gerne auf dem Teller landjn

sollten wir es mit dem Verzehr nicht iibertreiben und ihn
maBvoll essen - wie Hildegard empfiehlt. Dann bleiben

uns und unserem Umfeld auch die knoblauchtypischen

&



Dietary
supplement

Novel food

Functional
food

@

» Products contains nutrients derived from
food products that are concentrated in
liquid or capsule form

» Foods and food ingredients that have e *
not been used for human consumption s
to a significant degree in the EU before -
15 May 1997. -

efsam

European Food Safety Authority

» Functional foods have been either :
enriched or fortified, a process called J
nutrification



Novel food

 Foods and food ingredients
« with a new or intentionally modified primary
molecular structure (eg, fat substitutes);
» consisting of microorganisms, fungi or algae, or
cglgm be isolated from this (for example, microalgae
oil);
« consisting of plants or isolated (eg phytosterols),
and isolated from animals food ingredients.

®

~ @



INTRODUCTION

. Fﬁnctional foods are defined as “any food and food
ingredients that may provide health benefit beyond
the traditional nutrition that it contains”.

Japan was the first country to recognize functional
foods as a separate category when in 1991 it

introduced the FOSHU (Foods for Specific Health
Use) system to evaluate health claims.

FSSAl issues Gazette notification for regulations on
Nutraceuticals, Functional Foods, Novel Foods and
others on 23 December 2016.
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Food of ' Botanical R Herbal
Botanical Medicine
Source @ o

Botanical Nutraceutical occupies position between food and medicine



Content | Structure/Function

! !

American claims

‘Nutrient content claims ' ‘Structure/function claims’ ‘Health claims’

* Food with health claims

"

Food with nutrient Food with specified
Jfunction claims health uses (FOSHU)
(health claims)

Japanese claims

¢ N

‘Authorized ‘Qualified
health claims’  health claims’

¢ N

‘SSA health claims’ ‘FDMA health claims’

Food for special dietary uses

!

Claims for special dietary use

7/ \\

Regular/ordinary  Qualified  Standardized
FOSHU FOSHU FOSHU

Reduction of disease risk FOSHU

(reduction of disease risk claims)

European claims

1 Content

!

‘Nutrition claims’

7\

Content claims Comparative claims

" Function

!

Health claims

|\

‘Health claims’ ‘Reduction b65
disease risk claims’

Claims growth and
development of children




Examples of dietary ingredients with epigenetic and
chromatin remodeling properties

Sulforanes from Brassica — HDAC inhibitors
EGCG from green tea — DNA demethylation
Genistein from soy — DNA methylation/demethylation

Resveratrol from red grapes — affects NAD+ dependent
histone deacetylases (i.e., SIRT1) that deacetylates
histones and regulatory proteins like PGC-1a

Lunasin from soy — chromatin binding peptide and
inhibitor of histone acetylation

) /7
Alfredo Galvez 10/13/2007 J '
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\T INGREDIENTS O
MECHANISMS

Histone Amino Acids Modifications

Allicin, Allyl mercaptan,
s v ol R R Apigenin, Butiric Acid,
sahokookoLokosAr RERKVLRD - ' Catechin, Curcumin,
Daidzein, Diallyl disulfide,
LTy o A ; Dindalylmethane,
akhigrakititectaphigLATEAARKEAPATGEVELD ._,,_.-:'Lm“:_}wﬂ# FroRkBAPASY il EE:IWH Em:uhm-
3-carbinal,
Me: Methylation Ac: Acetylation I.W. Quercetin,
Uk Ubiquitination F. Phosphorylation  Ci: Gilrullination Resveratrol, Sulforaphane

DNA Methylation

Apigenin, Curcumin, Daidzein,
Genistein, Epicatechin,
Epicatechin-gallate,
Lycopena, Quercetin,
Resveratrol, Sulforaphane
Transcsiplion

\ Apigenin, Curcumin, Diallyl disulfide,

RNA <
MIcroRNA 7 Dindolylmethane, Epicatechin,
Epicatechin-gallate, Indole-3 carbinol,
_A‘lihlm f"\‘:} Genistein, Luteolin, Lycopene, Phenethyl
N iscthiocyanate A, Quercelin, Resveratral,
mRNA Protein Sultoraphane
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Polyphenols

Phenolic acids Flavonoids Non-flavonoids

Hydroxybenzoic acid Hydroxycinnamic acid Stilbenes Lignans Others

.n’-?]l Eg. Diarylheplanoids
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Gallic acid Ferulic acid Resveratrol Secoisolariciresinol Curcumin

Flavenol Flavone Flavanol Flavanone Isoflavene Anthocyanidin
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Major Food Bioactive Compounds (FBCs) sources
and classification
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Condensed

ORIGIN
O=— Plant
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O=— Fungi
Haslberger 2022 O= Bacteria
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Therapeutic efficacy
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Clinical study
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Clinical data
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DMA Methyltransferase Histone acetylriransferase
(DNMT] [4] (HAT) 4]

hTERT (catalytic Subunit of telomerase)
Promoter methylation [}) Histone H3 & H4 deacetylation
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Figure 12, Mechanism of EGCG-induced apoptosis in cancer cells through epigenetic regulation of te-
lomerase. EGCG inhibits both deoxyribonucleic acid (DNA) methyltransferase (DNMT) and histone
acetyltransferase (HAT), leading to the DNA demethylation and histones H3 and H4 deacetylation of the
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human telomerase— reverse transcriptase (WTERT) promoter, respectively. These events result in the epige-

PRIMARY CELLS CANCER CELLS

ES-1 Caco-2

36, 72, 144 h incubation

Telomere length

Telomere length {3 ﬂ
Telomerase activity

Telomerase activity @

hTERT methylation & @ hTERT methylation
c-Myc methylation 4ap 4 c¢Myc methylation

The green tea polyphenol EGCG is differentially associated
with telomeric regulation in normal human fibroblasts versus
cancer cells

Angelika Pointner?, Christine M&lzer'?, Ulrich Magnet', Katja Zappe'”, Berit Hippe®, Anela
Tosevska', Elena Tomeva’, Elisabeth Dum?, Stephanie Lilja*, Ulrike Krammer®, Alexander




Pointner et al., J Nutr Food Sd 2017, 7:1
DOI: 10.4172/2155-9600.1000577

Research Article OMICS International

EGCG Containing Combined Dietary Supplement Affects Telomeres and

Epigenetic Regulation
Angelika Pointner, Ulrich Magnet, Elena Tomeva, Elisabeth Dum, Christina Bruckmueller, Christine Mayer, Eva Aumueller and Alexander

Haslberger*
Department of Nutritional Sciences, University of Vienna, Austria

Telomere length and TimeBlock@
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P R, Therapeutic targeting of the NRF2
Gl and KEAP 1 partnership in chronic
diseases

Antonio Cuadrado’?, Ana I. Rojo’, Geoffrey Wells(®3, John D. Hayes?*,
Sharon P. Cousin®, William L. Rumsey®, Otis C. Attucks’, Stephen Franklin®,
Anna-Liisa Levonen®, Thomas W. Kensler'® and Albena T. Dinkova-Kostova@m*!'*

Abstract | The transcription factor NF-E2 p45-related factor 2 (NRF2; encoded by NFEZL2) and its
principal negative regulator, the E3 ligase adaptor Kelch-like ECH-associated protein 1 (KEAP1),

are critical in the maintenance of redox, metabolic and protein homeostasis, as well as the

regulation of inflammation. Thus, NRF2 activation provides cytoprotection against numerous 17
pathologies including chronic diseases of the lung and liver: autoimmune, neurodegenerative

and metabolic disorders; and cancer initiation. One NRF2 activator has received clinical approval
and several electrophilic modifiers of the cysteine-based sensor KEAP1 and inhibitors of its
interaction with NRF2 are now in clinical development. However, challenges regarding target
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Figure 4. Polyphenols address all epigenetic mechanisms.
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S ON HISTONES, CHROA

Genistein Curcumin EGCG
(soybeans) (curry) (green tea)

Resveratrol Sulforaphane  Selenium Curcum Genistein  Allyl Mercaptan
(grapes) (broccoli)  (Brazilian nut)  (curry) (soybeans) (garlic)

Figure 6. Effects of epigenetic active plant ingredients on histones, chromatin,

and gene expression




Nutrients SIRTUIN HISTONE TARGETS
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Extra virgin olive oil Oleuropein, Hydroxytyrosol
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Figure 8. Sirtuins and NAD




TOP 20 SIRTFOODS
Bird’s-eye chilli
Buckwheat
Capers
Celery
Cocoa
Coffee
Extra virgin olive oil
Green tea (especially
matcha green tea)
Kale
Lovage
Medjool dates
Parsley
Red chicory
Red onion
Red wine
Rocket
Soy
Strawberries
Turmeric
Walnuts

Bioactive Compounds in Health and Disease

Increased Sirtuin expression, senescence regulating miRNAs,
mtDNA, and bifidobacteria correlate with wellbeing and skin
appearance after Sirtuin- activating drink

Stephanie Lilja, Hanna B&ck, Carinna Stoll, Anna Mayer, Angelika Pointner, Berit Hippe, Ulrike
Krammer, Alexander G. Haslberger®
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Figure 16. Clearance of senescent cells and therapeutic options. Cellular senescence is more than an
anti-proliferative program. Senescent cells secrete factors that constitute the senescence-associated se-
cretory phenotype (SASP). Cellular senescence is followed by senescent cell clearance within those
processes that are considered beneficial. However, if the elimination of senescent cells does not oceur,
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Review

Natural Polyphenols Targeting Senescence: A Novel
Prevention and Therapy Strategy for Cancer
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Abstract: Cancer is one of the most serious diseases endangering human health. In view of the side
effects caused by chemotherapy and radiotherapy, it is necessary to develop low-toxic anti-cancer
compounds. Polyphenols are natural compounds with anti-cancer properties and their application is
a considerable choice. Pro-senescence therapy is a recently proposed anti-cancer strategy and has been
shown to effectively inhibit cancer. It is of great significance to clarify the mechanisms of polyphenols
on tumor suppression by inducing senescence. In this review, we delineated the characteristics of

Figure 2. Potential functions of resveratrol in anti-tumor therapy. Resveratrol inhibit tumor microenvironment
for cancer prevention, reduce drug/radiation resistance and induce cancer cell senescence for cancer therapy.
SASP, senescence-associated secretory phenotype; DLCI, deleted in liver cancer1; ROS, reactive oxygen species.
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Concentration

I5/50 (uM)

Epithelial
cells

50 (uM)
30 (uM)

Resveratrol 100 {uM) ROS/DLC1/SASP

Telomere shortening
Oncogene
Oxidative stress

Resveratrol and
its derivatives 620 (M) Histone H2B
100 (M)
2550 (uM)

Proinflammatory
molecules

50 (uM)

Plerostilbene 2 5/5(50 (M)
Pauciflorol B 10 (M) pl&Rb Senescent
3,3 4,4 ™tetrahydroxy-trans-stilbene 10/50/100 (uM) ROS DDR cells

Quercetin 50/100/200 (M)

Beta-naphthoflavone 10 (M) PBK/AKT/cycinD1/D3

DEPP/RAS/Raf MEK/ERK Senescence

Baicalin 10/20/40 (M) DEPP/p14/Rb

1dB 1016 63.2/126.5 (ug/mL)

5/10 (M) DDR

Above 25 (uM)

pléjcyclin DI/p-Rb
p2ljcyclin Ejp-Rb

CKIROS/pS3/p2l

50 (M)

0.4 (uM)
igallocatechin gallate 10 (M) DDR
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to reduce senescent cell number in white
adipose tissue of weight-cycled mice

Relative EGFP mRNA Level

Edward O. List*™**_Elizabeth Jensen®, Jesse Kowalski®, Mathew Buchman®,
Darlene E. Berryman®©< and John J. Kopchick®<9

SA-{I-Gal Positive Cells/Field

SA [1-gal Positive Cells (%)
Relative mRNA Level

er 2022Figu‘e 4—Exercise prevents diet-induced cellular senescence and the SASP within visceral adipose tissue. A: Compared with the ND, the
FFD caused a marked increase in the activity of the senescence-associated p16"“* promoter, as measured by EGFP expression. B:
Representative images show the abundance of cells positive for SA-B-gal (arrow) in harvested visceral adipose tissue further validated the
pro- and antisenescent effects of nutrient excess and exercise, respectively (summary data, C). D: The expression of SASP and d
inflammatory factors was also increased in response to FFD, and these increases were attenuated by exercise. For all analyses, n = 6-7 ! I )
mice/group. *P < 0.05, P < 0.01, *™"P < 0.001.

O \



Dietary polyphenols

Modulation of the gut microbiota

Antibacterial effect Growth of beneficial bacteria

Akkermansia

Barrier integrity Immune response Resident gut microbiota

Inhibits fat storage
Haslberger 2022 Enhances insulin sensitivity
Anti-inflammatory
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senescence | Research Article

| Epigallocatechin Gallate Effectively Affects Senescence and Anti-
SASP via SIRT3 in 3T3-L1 Preadipocytes in Comparison with
Other Bioactive Substances
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Fasting and fasting mimetic supplementation address sirtuin
expression, miRNA and microbiota composition
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H.pylori - S.aureus - L.acidophilus
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C.pneumonia

Adenovirus- Enterovirus ~Flu virus

Candida albicans
Microsporum gypseum
Trichophyton mentagrophytes
Trichophyton rubrum

S.mutans
E.coli
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influenza A virus
type -1 herpes simplex virus (HSV)

Different strains of :
Salmonella - Staphylococcus
Helicobacter - E.coli - Bacillus
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E.coli - Paeruginosa

Different strains of :
Mycobacterium tuberculosis

Curtent Opinion in Biotechnology




Fermented products

Probiotics enhance gut bacteria

& gut-lung axis-related
respiratory fitness
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Herbs & roots
Prevent viral replication,
enhance anti-influenza virus
1gG and IgA antibodies
production & T-cell function

Dairy products
Vitamin D lowers viral
replication, reduce
infection rate & lung
pneumonia

Fish, chicken & meat
immune defence; peptides
enhance monocytes &
macrophages functions &
prevent infected lung injury

Antiviral Functional Foods

Fruit and vegetables
Vitamins & minerals antioxidant
immune protection of respiratory
system. Plant cyclotides prevent
T-cells malfunction

Coffee
Decreases progeny virus yield,
neutrophil & monocyte chemotaxis,
lipopolysaccharide & prevent mucosal

Nuts & seeds
Immuno-protective
phenolic compounds for
high-risk groups

Olive Oil
Prevents respiratory syncytial
virus & influenza A, B,
parainfluenza 1, 2 & 3 viruses
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Name Abbrev. Accession Length Base composition

SARS coronavirus Urbani SARS AY278741 29,727 (0.28, 0.20, 0.21,0.31)
Avian infectious bronchitis virus AIBV NC_001451. 27,608 (0.29, 0.16, 0.22, 0.33)

~ Bovine coronavirus BCoV NC_003045. 31,028 (0.27, 0.15, 0.22, 0.36)
Human coronavirus 229E HCoV NC_002645. 27,317 (0.27,0.17, 0.22, 0.35)
Murine hepatitis virus MHV NC_001846 31,357 (0.26, 0.18, 0.24, 0.32)
Porcine epidemic diarrhea virus PEDV NC_003436. 28,033 (0.25,0.19, 0.23, 0.33)
ransmissible gastroenteritis virus TGV NC_002306. 28,586 (0.29, 0.17,0.21, 0.33)

g _ Rubella virus RUV NC_001545. 9,755 (0.15, 0.39, 0.31, 0.15)
A s Equine arteritis virus EAV NC_002532. 12,704 (0.21, 0.26, 0.26, 0.27)
A ) Rabies virus RV NC_001542. 11,932 (0.29, 0.22, 0.23, 0.26)
Human immunodeficiency virus 1 HIV-1 NC_001802. 9,181 (0.36, 0.18, 0.24, 0.22)
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S. No. | Molecule Target | Type of Study/ Results Study,
Techniques Used Year,
Reference
| Luteolin SARS- |® Frontal-affinity chromato- |® Luteolin-inhibited SARS-CoV infection in a dose-depen- | Yi et al,
CoV 52 graphy-mass spectrometry dent manner. 2004"
protein |® HIV-luc/SARS pseudotype |® ECs,was 10.6 yM. CCs was 0.155 mM. LDsg in mice was
virus assay 232.2 mglkg
® MTT assay with wild-type
SARS-CoV
2 Quercetin SARS- HIV-luc/SARS pseudotype ECsp of 83.4 uM and CCsp of 3.32 mM Yietal,
CoV S2 | virus assay 2004"
protein
Viral infection ( : AR 3 GCG SARS- |® Expression of recombinant [® 91% inhibition by 200 uM. Nguyen et
- * ) Rl | ) (gallocatechin | CoV 3CLPro in Pichia pastoris  |® |Csq of 47 uM. al, 2012"
T AL ’/../ gallate) 3CLPro and its inhibition. ® Binding energy of —14 kcal/mol
R =¥ ® Molecular docking
Dengue Virus Bioactive phenolic compounds Cell
4 Quercetin SARS- |® Expression of recombinant (® 80% inhibition at 200 pM. Nguyen et

1 ; i in Pichi 7 . 14
Mechanism of action CoV 3CLPro in Pichia pastoris I1C50 of 23.8 uM al, 2012
3CLPro and its inhibition. ® Binding energy —10.2 kcal/mol
® Molecular docki

. » IFN dNK cells 5 EGCG SARS- |® Expression of recombinant |® 85% inhibition at 200 uM. Nguyen et
HAPILRETRRRD. “andivhce Cov 3CLPro in Pichia pastoris  |® ICso of 73 M al, 2012
» Fusion to cell membrane steps » Nuclear HMGB1 3CLPro and its inhibition. ® Binding energy —11.7 keal/mol
® Molecular docking
» Amount of lipid droplets » Dissociation of the structural protein
Capsid (C) from thelipid droplets 6 Resveratrol MERS- [® MTT assay using vero-E6 [® Found to be effective in the 125-250 pM range on viral | Lin et al,
» Viral protein expression (NS1and NS3) CoV cell line titre as well as viral RNA amount. 2017"

> Modulation of endosomal pH NP ® Nucleocapsid protein |® Inhibits caspase 3 cleavage.

» Expression of NF-«xB

» Expression of PKR and P-elF2a staining

» Envelope protein expression
AR P Hesperetin SARS- Cell free and cell-based I1Csp of 60 uM in cell free assay, ICso of 8.3 pM in cell-based | Lin et al,

» Expression of RIG-I which induces
CoV cleavage assays assay and a CCsq of 2718 pM 2005'*

» Virus-induced apoptosis positive regulation of IRF-3 and IRF-7

Quercetin ® Gene silencing ® Quercetin affected ACE2 expression. Glinsky,
and ® Expression studies ® In addition, it was found to alter the expression of 98 of | 2020'¢
FURIN |® Transgenic mouse models 332 (30%) genes encoding human proteins that serve as
target for the SARS-CoV-2.

—




Tabde 1

Driflerent Ll ies and type of viruses, their spacilic vings and the role of polyphenols a8 a possible sltemative o reat virus

Type ol virus

Spedlle virus

Disexde charaderstics

Conventional trestment

Alernative treatimeant with
polyphenals

Reference

Respiratory infedions

Contents lists available at ScienceDirect

Science of the Total Environment

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

Review

Polyphenols and their potential role to fight viral diseases: An overview ‘;_)_
aria Fernanda Montenegro-Landivar *®, Paulina Tapia-Quirés *°, Xanel Vecino **<, Monica Reig *®,
ésar Valderrama *®, Mercé Granados ¢, José Luis Cortina *>¢*, Javier Saurina ¢

Ch Escolad't

(EEBE), CH, ¢/

de Catalunya (UPC)

10-14, Campus D

Gastrointestinal infections

Hepatic infections

science
94X

Exanthematous infedions

Influenza virus (A Band C)

Coronavirus {HCaW-229E, HOaV-0C43,
HCaV-NLG3, HGaV-HKLU 1, severe aaite
respiratary syndrome coronavirus
[SARS-CaV L Middle Exat respiratory
syndiome eoranavirus [MERS-CoV' ) and
the novel SARS-CaV-2)

Rhinavirus

He patitis virus (A.Band C)

Human eytomegalovirs

Herpes simples virus [H5V-1 and H5V-2)

W arioella- pos ter virs

Annually responsibile for high manality
in both humans and animals worklwide

Respiratory tract infections in humans
with outhreaks anound the warld
e pacially in winter

The main cause of the comman cold,
among other respiratory disexes, alio
produdng shormess of breath in
sthmatic people, scue otitis and
bronchiolitis

Causes infedions in infnts and the
elderly, causing not only scute morbidity
but also recurment bresthing problems

Causes de hydrating gastroentaritis,
espacially in children under five years of
age

Cause high maridity and mornality
arouid the warkl

Infects human epthelisl and lymphaid
cells. Infaction i Maocisted with &
number of human cancers, such a3
Hadgkin's disexe

Kot present alwiows symploms, but
infection causes morbidity and moriality
in transplant recipients o patients with
sequired immunadeliciensy syndrame
[AIDS)

R panaible far arolstisl aned ge il
disexses producing, in general bengn
lesians but, in some cases, puling the like
of patients at risk if the infections are
recurrent

Causes fever and vesicular rash. Once the
disesie has disappeared. the virs enters
inta a state of Wency, but it can be
resctivated due 1o siress, cnsing hempes

KA inhibitors and M2 protein channel
blackers afer infection, while
vacanation i the mast ellective
therapy

Currently there are na spacifie
trestment for the CaV infection and
preventive vacdnes are being
devalapad

There are na vadocines or andiviral
Fents for the prevemion or ireatment
afl this virs

There i nosafe and elledive
trestmeant

Camicosteraids was treated children of
predchaal-xge wha had early
branchitis, but the results were nat
satislaary and lxiled 1o reduce the
infection or breathing prablems

There i a vaccine agxinst rotains but
annually the marality is sraumd
200,000 deaths workdwide The
trestment fcuses on dehydration and
not on the use af antiviral agents
Anti-hepatitis virus drugs are
members of nuclaotides ar nuclemide
analegs wihidh inhibit the aaivity of
polymerase of reverse RaNsCrplise,
bt the prolongsd use giving fise 1o
the existence af mulant viruses

A vaccing i nol yet approved

Drugs such as cidofovir, valgandclvir
and ganciclvir, which target viral
DNA polymerase but their side-e fects
indude langterm toxicity. low
iasvailability, fus drug resistance 1o
the virs

There is novacdne and existing drugs
[eg. scyclovir) do not eradicate the
wirud infection and ciuse redEne 1o
drugs

Generally, wmes drugs suchas acyclovir,
valscidavir, ete, which are oftan
cambrined with analgesics for pain and
comicosteraids lor inflammation

12,346 Penta-O-gal byl B-o-glucase (10 af
236pg/ml) purilled fom Ehinacea
puspurea, Phylanthus embbica Linn inhibits
virus re plication

Polyphenol extraa from Echinacea purpurea
against SARS-CaV-2 provided S0% af
inthilyitian

Eaam [Ierd &l quermin Tram Froustaneta
papyrifera it MERS-Cal and SARS-CoV!
ellectively inhibied with an 10 of 27.9 pM
andd 30.2 P, respectively

Resveratrol showed a ther apeutic approach
tareducs infeetion when the sq was S0pM
Gallic acid, extraaed (100pg/mL) fram
Woad fordia fruticase llowers, repored 551
virus indibitian

Resveratral (1Ca; 189 piml) inhilits 0%
virus re plication and dovn-regul ates the
TiR-damain-containing sdapter indudng
interferan- [TRIF) complex, which sends
signals for the sctivation al innate immune
clls

Polyphenals | heocoumarane. glyeyrin,
among others ) extracted fom Ghycyrrhiza
walessis 1001 [ECag 187-69.5 pM) can inhibit
S0 virus absor Fl.il‘.'l'l. and repucnim alver the
ll's entry

Curcurmin {150 pM) inhilbits hepatitis B virus

{— 1-Epigallocate chin gallate [EGCG)
extraded from greentea (50 pM) blocked the
EBV Iytic eyde, inhibiting the transeription of
imum edliate-early genes in a range of 40-50%
Curcurmin, using a low dose of 02 pg/ml.
inhibits virus protein sxpression

Ent-epakelechin- (4« — 8 )-epialzelechin
extracted from Cassia javanica leaves [250M
al) inhibits mare than 30% af H5V-2
mmr.nianw e hast call

Resveratral (219 M of) inhilits 1005 virs
replication

[ Fox and Chri senson, 2004; L
&l al, 2011 ; Mascona, 2008)

[Chview et a, 2016; Livet al,
IR Park et A 2017; Signar
&1 al, 2020)

[Chai &t a1, 2010;
Matromarinoet al, 2015;
Ruuskanen et al, 2013)

[Beigelman et 2l 2014;
T@.Im’:l &l al, 2014; Xieear &l
2012)

[Crawfard et al, 2017;
Cushmie and Lamb, 2005
Kwon et al_ 2010)

[Mouler Rechiman et al,
2000 Sukawwati et al, 2016;
Yugaet al, 2016)

[Abba et al, 2015; Chang
et al, 2003; Cahen, 2018)

[Ahmed, 2012, Evers & al,
2005, Lv et al, 2014)

[Cheng et al, 2006; Marin
Al Thon, 2003 Piret and
Baivin, 201 1)

[ Docherty &t al., 2006;
Jahndon and Whittan, 2004)
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https://www.sciencedirect.com/science/article/pii/S004896972104794X
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viruses

Article
Quercetin as an Antiviral Agent Inhibits Influenza A
Virus (IAV) Entry

Wenjiao Wu !, Richan Li !, Xianglian Li !, Jian He !, Shibo Jiang %3, Shuwen Liu ** and
Jie Yang /2%

Received: 10 October 2015; Accepted: 30 November 2015; Published: 25 December 2015
Academic Editor: Curt Hagedorn

Abstract: Influenza A viruses (IAVs) cause seasonal pandemics and epidemics with high morbidity
and mortality, which calls for effective anti-IAV agents. The glycoprotein hemagglutinin of influenza
virus plays a crucial role in the initial stage of virus infection, making it a potential target for
anti-influenza therapeutics development. Here we found that quercetin inhibited influenza infection
with a wide spectrum of strains, including A /Puerto Rico/8/34 (HIN1), A/FM-1/47/1 (HIN1),
and A/Aichi/2/68 (H3N2) with half maximal inhibitory concentration (ICsg) of 7.756 + 1.097,
6.225 + 0.467, and 2.738 + 1.931 pug/mL, respectively. Mechanism studies identified that quercetin
showed interaction with the HA2 subunit. Moreover, quercetin could inhibit the entry of the H5N1
virus using the pseudovirus-based drug screening system. This study indicates that quercetin
showing inhibitory activity in the early stage of influenza infection provides a future therapeutic
option to develop effective, safe and affordable natural products for the treatment and prophylaxis of
IAV infections.

Anti-influenza virus activity of EGCg

Kyushu University of Health and Welfare

Data of Professor Kurokawa's study group at

Virus EC50, ppm (Effective conc. for 50% plaque reduction)

(MVirus+EGCg @ Virus+Solvent  QEGCg+Cells @ Virus+Cells
—Cells —Cells —Virus —EGCg

Influenza virus type A

Bangkok/93/03(H1N1) 1.41£0.17 >30 >30 19.3%1.8
PR8/8/34(H1N1) 2.19+0.09 >30 >30 >30
Aichi/2/68(H3N2) 2.76+0.23 >30 >30 229+t14

Influenza virus type B
Singapore 0.93+0.35 >30 >30 11.1£1.6

CC50 value (cytotoxic conc. for 50% reduction of cell growth) of EGCg was 85.6 ppm.
Summary of Methods and Results
(DEGCg-treated virus was adsorbed to cells.
EGCg was significantly effective in inhibiting the adsorption and/or invasion of influenza virus
type Aand B to cells. EC50 values of EGCg were 31 to 92-folds lower thatn the CC50 value.
@sSolvent-treated virus was adsorbed to cells. Components of solvent except EGCg did not show
any anti-influenza virus activity

@Virus was adsorbed and infected to EGCg-treated cells.
EGCg was not effective in interfering with virus adsorption and/or invasion in EGCg-pretreated
cells.

@Virus-adsorbed and infected cells were incubated in the presence of EGCag.
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Epigallocatechin gallate from green tea 2
effectively blocks infection of SARS-CoV-2
and new variants by inhibiting spike binding

to ACE2 receptor

Jinbiao Liu', Brittany H. Bodnar', Fengzhen Meng', Adil . Khan', Xu Wang', Sami Sal
Saroj Chandra Lohani®, Peng Wang', Zhengyu Wei', Jinjun Luo', Lina Zhou', Jiangug
Qingsheng Li*", Wenhui Hu' and Wenzhe Ho'" ®

Abstract

Background: Asthe COVID-19 pandemic rages on, the new SARS-CoV-2 variants have emerged in the different
regions of the world. These newly emerged variants have mutations in their spike (S) protein that may confer resist-
ance to vaccine-elicited immunity and existing neutralizing antibody therapeutics. Therefore, there is still an urgent
need of safe, effective, and affordable agents for prevention/treatment of SARS-CoV-2 and its variant infection.

Results: \We demonstrated that green tea beverage (GTB) or its major ingredient, epigallocatechin gallate (FEGCG),
were highly effective in inhibiting infection of live SARS-CoV-2 and human coronavirus (HCoV OC43). In addition,
infection of the pseudoviruses with spikes of the new variants (UK-B.1.1.7, SA-B.1.351, and CA-B.1.429) was efficiently
blocked by GTB or EGCG. Among the 4 active green tea catechins at noncytotoxic doses, EGCG was the most potent
in the action against the viruses. The highest inhibitory activity was observed when the viruses or the cells were pre-
incubated with EGCG prior to the infection. Mechanistic studies revealed that EGCG blocked infection at the entry
step through interfering with the engagement of the receptor binding domain (RBD) of the viral spikes to angioten-
sin-converting enzyme 2 (ACE2) receptor of the host cells.

S

Conclusions: These data support further clinical evaluation and development of EGCG as a novel, safe, and cost-
effective natural product for prevention/treatment of SARS-CoV-2 transmission and infection.

Keywords: Epigallocatechin gallate, Green tea, SASR-CoV-2, Variants, Receptor binding domain
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MODULATOR
Fir eine normale DNA Synthese

Nahrungsergdnzungsmittel
Dietary Supplement

i inD3 | i ) 20
e — THE VIRUSES BEHIND COLDS AND FLU
Zink / Zinc 14 mg

f;;;ﬂhi’::;f;‘ / Sage extract 140myg ADULTS HAVE 2-5 30-50% OF ALL COLDS 10-15% OF ALL COLDS
COLDS EVERYYEAR 3SPECIES AFFECT HUMANS 7SPECIES AFFECT HUMANS
CHILDREN HAVE 7-10 DIAMETER: 30 NANOMETRES DIAMETER: 120 NANOMETRES

Griintee Extrakt / Green tea extrakt 125mg
(EGCG)

- s .** ‘.**‘.** "**' The 3 species of rhinovirus that affect humans contain around Coronaviruses cause colds with major symptoms, including
Be rb erin , Befberlﬂ‘e & mg OVER 200 DIFFERENT VIRAL TYPES ARE ASSOCIATED WITH COLDS 150 different serotypes (viruses that differ in their surface fever, and can also cause pneumonia. Major outbreaks

proteins). Rhinoviruses replicate best at temperatures found in including SARS and the 2019-20 viral outbreak in China were

Apfel Extrakl ! Apple exh-act 40 mg ‘**' ***‘* **' ‘**. the nose (33-35°C); their name comes from the Greek rhinos, caused by coronaviruses. They're named from the Latin corona,

= meaning ‘of the nose’. T'\Ey"E one of the smallestviruses. meanlngcmwn, for their characteristic SII"ECEP’OJEC"DHS.
(Phloretin)

[ 88 | PEAK OF SYMPTOMS
Zwiebel Extrakt / Onion extract 140 mg 2-4DAYS AFTER ONSET

[Quercetin) 5-15% OF ALL COLDS RESPIRATORY SYNCYTIAL VIRUS
Holunderbeeren Extrakt / Elderberry extract 110mg 7-10 DAYS w ER[?E E gg'ﬁ? TIon JSPECIES AFFECT HUMANS * :.:l::g:rl:ﬂi!;,\vmusm

(Anthocyanin) DIAMETER: 120 NANOMETRES OTHER ENTEROVIRUSES.

. i i ?
Trauben ha ul-Exl rakt f Grape sk;n extract I 40 mg Due to the number of viruses and their rapid mutation, METAPNEUMOVIRUS....... %

vaccination against colds is very difficult. As colds are caused Infections with the influenza virus are commonly referred to as

[Re sveratrol] by viruses, not bacteria, antibietics can't be used to treat them. flu. Influenzavirus A, which has 12 known serotypes in humans,

There's limited evidence that zinc acetate lozenges can reduce is the most common in humans and causes yearly flu outbreaks
the duration of a cold if taken from when symptoms start. around the world. Due to the more serious symptoms, flu The virus causing a cold can be identified using several

vaccinations are produced each year based on predictions of the complex techniques. These are rarely used as the treatment is

strains of the virus most likely to be circulating. However, it does often independent of virus type. 5% of patients with colds are

ZUTATEN: Salbel Extra kt, ZWIebeI Extra kt‘ Trau benha ut Extra kt, Gru ntee EXtra k‘t’ . x % x In , not confer protection against other strains and s the viruses infected with two or more viruses simultaneously, and other

LT UL — . || Y

-1 mutate, doesn't protect against them in subsequent years. cold-causing viruses may still be identified in the future.

Holunderbeeren Extrakt, Zinkgluconat, Apfel Extrakt, Trennmittel: Magnesiumstearat,

©Andy Brunning/Compound Interest 2020 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook.com/compoundchem @@

This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 licence. BY NC WD

Trennmittel: Siliciumdioxid, Vitamin D3-Cholecalciferol, Quatrefolic Vitamin B9
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NF-kB

Resveratrol < N vy

Anti-

5 5 ¢ Anti-agin :
Resveratrol is a stilbenoid, a type of natural phenol, 9ing Ll

and a phytoalexin produced by several plants in
response to injury or when the plant is under attack by
pathogens, such as bacteria or fungi. Sources of
resveratrol in food include the skin of grapes,
Hédlbebaerid@2Raspberries, mulberries, and peanuts. ,
Wikipedia ' ¢ )
o

Anti-cancer
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Epigallocatechin gallate <

Epigallocatechin gallate, also known as
epigallocatechin-3-gallate, is the ester of
epigallocatechin and gallic acid, and is a type of
catechin. EGCG — the most abundant catechin in tea
— is a polyphenol under basic research for its potential
0 affect human health and disease. Wikipedia

slberger

Inhibiting DNA
methylation

g —— N A -

o - Increasing SAH and
e ,‘/ inhibiting DNMTs
g o =y

1 W, ol -
. f E-.. I

Suppressing VEGF
Inhibiting migration
Inhibiting tumor

angiogenesis

i

Anti-inflammation

Down-regulating NF-xB, TNF-a
pathways

Enhancing antioxidant enzymes;
Scavenging carcinogenesis induced ROS ;
Chelate metal ions: Promoting DNA repai

Anti-oxidation and pro-oxidation

Anti-Proliferation;
Inducing apoptosis and cell
cycle arrest

Promoting tumor protein
/Caspase-mediated apoptosis;
Downregulating anti-apoptotic

factors; Regulating FAS and
NO/NOS system

Modulating proteolytic enzymes;
Suppressing EMT process

Anti-metastasis
syndrome




EGCG I

F F I I Research Article
‘ EGCG Prevents High Fat Diet-Induced Changes in Gut

Microbiota, Decreases of DNA Strand Breaks, and Changes
in Expression and DNA Methylation of Dnmtl
and MLHI1 in C57BL/6] Male Mice

Functional Foods in Health and Disease

The green tea polyphenol EGCG is differentially associated
with telomeric regulation in normal human fibroblasts versus
cancer cells

Marlene Remely,' Franziska Ferk,” Sonja St‘erﬂedgr_.l Tahereh Setayesh,’
Angelika Pointner?, Christine Mélzer®?, Ulrich Magnet?, Katja Zappe®?, Berit Hippe, Anela Sylvia Roth,’' Tatjana I(epcija_.l Rahil Noorizadeh,? Irene Rebhan,' Martina Greunz,'
. . . .. 2
Tosevska'*, Elena Tomeval, Elisabeth Dum?, Stephanie Lilja!, Ulrike Krammer?, Alexander Johanna Beckmann,' Karl-Heinz Wagner,] Siegfried Knasmiiller,
Haslberger'” and Alexander G. Haslberger'

. Piperine enhances the bioavailability of the tea
Research Article polyphenol (-)-epigallocatechin-3-gallate in mice

Epigallocatechin Gallate EffectiVEIY Aﬁects Senescence and Anti_ Joshua D Lambert 1, Jungil Hong, Dou Hwan Kim, Vladimir M Mishin, Chung S Yang

Affiliations + expand

SASP via SIRT3 in 3T3-L1 Preadipocytes in Comparison with PMID: 15284381 DOE 10.1093/jn/1348.1548
Other Bioactive Substances Abstract

(-)-Epigallocatechin-3-gallate (EGCG), from green tea (Camellia sinensis), has demonstrated
chemopreventive activity in animal models of carcinogenesis. Previously, we reported the
bioavailability of EGCG in rats (1.6%) and mice (26.5%). Here, we report that cotreatment with a

* sgs 1 . 1 & s 1 1 s 1 second dietary component, piperine (from black pepper), enhanced the bioavailability of EGCG in
Sttphamt Lli]ﬂ, IUha Dldenbulrg’ Mgtl‘lkﬂ Pﬂlnmtr, Lal.lrﬂl Dewald'—' Mariam [’er‘:h'-' mice. Intragastric coadministration of 163.8 micromol/kg EGCG and 70.2 micromol/kg piperine to
Berit Hippe,” Olivier Switzeny,” and Alexander Haslberger

male CF-1 mice increased the plasma C(max) and area under the curve (AUC) by 1.3-fold compared t4
mice treated with EGCG only. Piperine appeared to increase EGCG bioavailability by inhibiting
glucuronidation and gastrointestinal transit. Piperine (100 micromol/L) inhibited EGCG

lucuronidation in mouse small intestine (by 40%) but not in hepatic microsomes. Piperine (20
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ALLIC ACID

Gallic acid, a common dietary phenolic protects against high fat diet

HO

HO OH
OH HO [z] More images Beaew

Gallic acid

Gallic acid is a trihydroxybenzoic acid with the formula
CeH:(OH):CO:H. It is classified as a phenolic acid. Itis
found in gallnuts, sumac, witch hazel, tea leaves, oak
bark, and other plants. It is a white solid, although
samples are typically brown owing to partial oxidation.
Wikiped-i'@slberger 2022

Chinese aganv

induced DNA damage

Tahereh Setayesh' - Armen Nersesyan' - Miroslav Misik' - Rahil Noorizadeh's - Elisabeth Haslinger! -
Tahereh Javaheri?? - Elisabeth Lang' - Michael Grusch' - Wolfgang Huber' - Alexander Haslberger*-

Siegfried Knasmiiller'

White tea

SOURCES OF GALLIC ACID
& ITS DERIVATIVES

74

Indian Gooseberry  Common Walnut Witch Hazel

O

Oxidative stress
Dyslipidemia

Hepatosteatosis

Food
preservatives

Lauryl gallate
Propyl gallate
Octyl gallate
Tetradecyl gallate
Hexadecyl gallate

Anti-melanogenesis
Anti-angiogenesis
Anti-inflammatory
Anti-mutation

OH

OH
Gallic acid

Anti-fungal,
Anti-chloasma

Anti-cancer

Lauryl gallate
Octyl gallate

Oral treatment

n-Propyl gallate
Methyl gallate
Ethyl gallate
Butyl gallate

Anti-H5N1
Anti-ulcer
Anti-oxidant
Anti-acne
Anti-HBY

Allergan dea@il§or,
treatment of fatty liver
and diabetes
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Biological Activities

Antioxidant activity
~ Protection from UV rays
Anti-skin cancer
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....... Rl -] More images
Anti-inflammatory

Astaxanthin < Anti-gastric activity
Bl eampan Anti-hepatoprotective

. o Anti-diabetes
Astaxanthin is a keto-carotenoid with various uses

including dietary supplement and food dye. It belongs Cardiovascular preventmn ®
to a larger class of chemical compounds known as Immune response

terpenes built from five carbon precursors, . E)
«siRRepdenyl diphosphate, and dimethylallyl Neuroprotection

diphosphate. Wikipedia p :
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QUERCETIN

Quercetin Benefits Additional Information

Anti-inflammatory and Immune Boosting
Research has shown that quercefin displays anti-<inflammatory and immune
strengthening capabilifies. One study even shows how quercetin was able to
mifigate the inflammatory responses stinulated by the popular food additive

carrageenan. Quercetin was also shown to be able to decrease the clinical
mndicators of arthntis.

Possible Cancer fighting properties
Studies have shown that quercetin was able to restrain the growth of cancer

4 Vierianen i o . - i s
@ @ : and as such prevent the proliferation of cancer cells especially asitrelates to

{ Sanddus . - .
. QUERCETIN L certain types of cancers — colorectal, ovarian and breast cancer cells.
ahd B ZINc : Cardiovascular Health
FLAVONOID QUERCETIN QUERCETIN Research shows that quercetin was able to reduce some of the major risks
: = e % factors of heart disease such as high blood pressure, oxidative stress and

inflammation.

(&) More images

Anti-viral properties
Studies have shown that quercetin was effective in the prevention of viral or
respiratory conditions as well as well as fight against viruses such as herpes
< and parainfluenza type 3.

Quercetin

Asthma
W L Research shows that quercetin is able to reduce inflammatory cells of the
Quercetin is a plant flavonol from the flavonoid group immune system as well as decrease the histamine levels which thenhelps to

; . . th the muscles of the airways and helps with breathing
of polyphenols. It is found in many fruits, vegetables, S0t Teistes o7 The slrays sne eips wih ream

leaves, seeds, and grains; capers, red onions and ;
Almondsandolivez.com

erglgarlgdajg common foods containing appreciable

amounts of quercetin. Wikipedia 0

O | 7




PHLORETIN

Phloretin

Phloretin is a dihydrochalcone, a type of natural
phenal. It can be found in apple tree leaves and the
Manchurian apricot. Wikipedia

| Anti-inflammatory Activity | )

Y

\ J  Antioxidant Activity
]
"\ I Antidiabetic Activity

Immunosuppressive agent J
(S —— \
(| Hepatoprotective Activity |
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Fisetin <

Chemical compound

Fisetin is a plant flavonol from the flavonoid group of
polyphenols. It can be found in many plants, where it
serves as a yellow/ochre colouring agent. It is also
found in many fruits and vegetables, such as
strawberries, apples, persimmons, onions and
cucumbers. Wikipedia

FISETIN

Activation of neurite
growth

Induction of
intracellular levels of
glutathione

Enhancement of

Suppression of
intracellular immune
cell activation

Antidepressant
effacts

Protection against
ischemic reperfusion
imjury
Reduction in
behavioral deficits
following stroke
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TURMERIC
CURCU' N |

Curcumin

Chemical compound

Curcumin is a bright yellow chemical produced by
plants of the Curcuma longa species. It is the principal
curcuminoid of turmeric, a member of the ginger
family, Zingiberaceae. It is sold as an herbal

bslberger| @@t cosmetics ingredient, food flavoring, and

food coloring. Wikipedia

e

Biological Effects of Turmeric/Curcumin

Enhance Anti- inflammatory

wound healing o .
\ / Anti-oxidant activity
Immunomodulatory

- ¥

Prevents IR/ g—
Neuroprotection

Turmeric/ Curcumin  |——» Anti- mutagenic

| A Anti-metastatic

Anti- viral 9,

Anti-fungal

Anti-bacteria Anti- angiogenic ()
’
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Cell signaling pathways

VEGF/EGFR l
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Caspase-dependent
mitochondrial
pathway

[&] More images

Inhibition of
proliferation

Berberine (Berberin) <

Inhibition of
invasion

Apoptosis
induction

Cell cycle arrest

Berberine is a quaternary ammonium salt from the
o Slggpégpgmine group of benzylisoquinoline alkaloids

found in such plants as Berberis, such as Berberis /‘
[
vulgaris, Berberis aristata, Mahonia aquifolium, ... \)

Wikipedia \_) O /

O \

D
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Anthocyanin

Chemical compound

Anthocyanins are water-soluble vacuolar pigments
that, depending on their pH, may appear red, purple,
blue, or black. In 1835, the German pharmacist
Ludwig Clamor Marquart gave the name Anthokyan to
a chemical compound that gives flowers a blue color
for the first time in his treatise “Die Farben der

Lo 3I9g39n". Wikipedia

ANTHOCYANS

HEAHH BENEFITS OF 4

anthocyanins ¢

= antioxidants that give plants :
their rich purple, blue or red color

® boost immune system

¢ improve brain functions

¢ prevent cancer development
¢ anti-inflammatory

¢ protect from diseases

¢ fight viruses

¢ balance blood sugar

* maintain healthy weight

¢ fight free radicals

e support heart health

SOURCES:

¢ elderberry

¢ black mulberry

* acai berry

¢ cranberry

* goji berry

* black raspberry

* blackberry

* blueberry

* red onion

¢ red cabbage

* red beans

® black rice

* pomegranate !

* grape seed extract (&8
...and more!

&
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Spermidine (Spermidin) <

Chemical compound

Spermidine is a polyamine compound found in

Hasdibérzrerzonand living tissues and having various
metabolic functions within organisms. It was originally
isolated from semen. Wikipedia
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Function

Slowing Cardiac

Hypertrophy

Spermidine

Cholesterol Efflux

Increased Nitric
Oxide Levels

Increased Left-
Ventricular Elasticity

Improved
Mitochondrial
Function

Upregulated
Autophagy
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Fish oil <

Fish oll is oll derived from the tissues of oily fish. Fish
oils contain the omega-3 fatty acids eicosapentaenoic
acid and docosahexaenoic acid, precursors of certain
eicosanoids that are known to reduce inflammation in
the body and improve hypertriglyceridemia. Wikipedia

Neuronal
dysfunctions

L

Brain response

— Depression

— Cognitive function
— Impulse controls

C-SFA

PUF A -C {Phospholipids)

C-P-base

QOOQOAQAQAAAQ
cPLA2
> \ Inflammation,

infection,
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Systemic

inflammation

Physical
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immune
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Conclusion

* Quite less ambiguity persists about a true place for marine m% to prevent IR

* In healthy humans, 1.8 g/d modestly increase insulin sensitivity

* But 850 mg/d aggravate dexamethasone-induced IR

* The most recent and complete meta-analysis conclude to their preventive effect
towards IR
4 Meta-analysis conclude to a protective effect in Asian but potentially deleterious in

Westemn populations towards the risk of T2D, probably due to the heterogeneity of
western studies and a high n-6/n-3 ratio in westemn populations

Marine w3 are certainly useful useful if given early and throughout life cycle, probably
at least > 1g/d in adults AND in combination with exercise and maintenance of

normal weight.

Personalized dosage should also be considered, which requires further studies

Marine »3 increase insulin sensitivity in people

with metabolic disorders
omega-3 LCPUFA : osition and activi
« influence the microbiome kA position

__________________________ omegas 3
in poly unsatu ~
e Cha'm : pt:ntaenoic acid (20:5 n-3) D Table 3 Subgroup analysis of fish oil consumption and insulin sensitivity
+ EPAeicosa s | Subgroup No. O studies igesti
) 6n- o e ubgrouy No. dies S 4l + digestion
oic acid (22:6 n-3) _inflammatory R ; i
+ DHA docosahexaen anti-infl " (5] '\Q Methods of insulin sensitivity + intestinal absorption - « improve balanced microbiome com
T .“- . : ; ic
- — R § h Qamps 0.10(-0.18-044) y . + innate immunity and speci
— 3 5
[ omega-3 FA increased intake/supplementati o"t, HOMA 028(-008-063) immune responses
o ation
+ promising considering the reduction of inflamm QUICK i -
|+ positive influence on skeletal muscle T letol Gucose tolerance 0.19(-005-042) 79 omega-3
commendations for a non-pharmacological re Population Faecalibacterium \ supplementation:
o Ve ; s in
T20M 012(-022-045) Bacteroidetes /' common fhalzqet
53(0.17~ . ; the gut microbiota
053(0.17-088) butyrate-producing bacteria (Lachnosplraceae)f g

+ included in re
CFS symptoms . -
| Metabolic disorders
-0.15(-053-024)

Metabolites & conjugates
oo DHA % EPA )  impact on health iealypeone
0 eicosanoids, resolvins, .. pose
20 carbon endocannabionoids: DHA-serotonine, DHA- 229 4 0.17(-0.11-046)
<29 026(-004-056) g = =
llnvolved in *

)
\__Haslberger 2022 | dopamine
6 double bonds
i Duration
) 212w 009(-025-044)
031(-001-061)

htt:www.susufa.euro‘ect ERA-Net SUSFOOD2, Horizon 2020 SUSPUFA
—

|
|

+ maintaining intestinal wall integrjty
interactions with host immune cells
* influencing the gut-brain axis

0 A\ 2
{4

Costantini, L, Molinari, R., Farinon, B., & Merendino, N. (2017). Impact of omega-3 fatty acids on the gut microbiota International journ
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Figure 4—Exercise prevents diet-induced cellular senescence and the SASP within visceral adipose tissue. A: Compared with the ND, the
FFD caused a marked increase in the activity of the senescence-associated p16™“* promoter, as measured by EGFP expression. B:
Representative images show the abundance of cells positive for SA-B-gal (arrow) in harvested visceral adipose tissue further validated the
pro- and antisenescent effects of nutrient excess and exercise, respectively (summary data, C). D: The expression of SASP and
inflammatory factors was also increased in response to FFD, and these increases were attenuated by exercise. For all analyses, n = 6-7
mice/group. *P < 0.05, P < 0.01, "™P < 0.001.
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NAD" and sirtuins in aging/longevity control
S Imai and L Guarente
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output

SIRT1-regulated
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Figure 3. Circadian regulation of NAD* biosynthesis and metabolism
by NAMPT and sirtuins. Nampt is one of the SIRT1/CLOCK/BMAL1-
regulated circadian genes, and SIRT1 and NAMPT comprise a novel
circadian regulatory feedback loop, producing the circadian
oscillation of NAD™. This circadian oscillation of NAD" drives SIRT1,
SIRT3, and SIRT6 activities. SIRT1 feedbacks the key circadian
transcription factors CLOCK/BMAL and regulates genes related to
peptide and cofactor biosynthesis in the liver. SIRT1 also regulates
Bmall expression through PGC-1a in the suprachiasmatic nucleus.
SIRT6 controls the chromatin recruitment of CLOCK/BMAL1 and
SREBP1 and regulates genes related to lipid and carbohydrate

atty acid oxidation T Ketogenesis - metabolism. SIRT3 regulates oxidative metabolism in mitochondria
f Glutami is T through circadian deacetylation of mitochondrial oxidative
Ketogenesis T utaminolysis enzymes. All these circadian activity changes of sirtuins produce
Glutaminolysis - Glyealysis T robust metabolic outputs in many different tissues and organs.
Gl lysis b Proliferation T NAD®, nicotinamide adenine dinucleotide; NAMPT, nicotinamide
yealysis phosphoribosyltransferase.
Lipogenesis -
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Studien aus der Tierwelt haben schon éfters bewiesen, dass Fasten
Marlene Remely - Berit Hippe - Isabella Geretschlaeger - Sonja Stegmayer - Ingrid Hoefinger - e W das Leben verldngern kann. Untersuchungen zu Menschen gibt es
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Why Your Gut Microbes Love Conclusions Our results show that caloric restriction
Intermittent Fasting affects gut microbiota by proliferating mucin-degrading
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aren't human at all? Some of them are microbial... and when you with a p[ﬂhiﬂﬁE formula increased pruhiuti:-ﬂflmi.nis-
fast with the LIFE Fasting Tracker app, they fast too. . . .
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RESEARCH HIGHLIGHT OPEN

/ Step further towards targeted senolytic therapy: therapeutic
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interventions. Statistical significance between timepoint 1 (T1) and end (T2 or T3) of the intervention was 9 Q 9" Q

determined using paired t-test for parametric values and Wilcoxon test for nonparametric values.
Figure 6: Abundance microbiota by phyla for fasting group (A), SIRTFOOD shot (ST1 vs ST3) (B) and placebo group
(PT1 vs PT3) (B). Results are expressed in percentage of the mean of relative abundance for the different phyla.
Statistical significance between timepoint 1 (T1) and end (T2 or T3) of the intervention was determined using paired

t-test for parametric values and Wilcoxon test for nonparametric values.
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MICROBIOTA FUNCTIONS

BACTEROIDETES (22,9 %)
FIRMICUTES (64 %)

5 % OF LACTOBACILLI)
ACTINOBACTERIA (1- 4 %)
VERRUMICROBIALES (1- 4 %)
ARCHAEAL DOMAIN (1- 2,5 %)

Grenham S, Front Physiol, 2011



Despite high variation, Gl microbiota
depend on:
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Area and lifestyle
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Figure 1| Distribution of low and high gene count individuals (n= 292),
a, Gene counts from all uniquely matched reads. b, Gene counts adjusted to
11 million uniquely mapped reads per individual. Vertical line indicates the =
threshold of the LGC and the HGS individuals; the observed bimodal (Le Chatelier E. et al., 2013)
distribution was not statistically significant by the dip-test. MetaHitConsortium
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FIGURE 1 | Schematic representation of microbial metabolic pathways and cross-feeding mechanisms, contributing to SCFA formation in the human
gut. Shaded geometric shapes summarize routes of formation for each of the three man SCFA: acetate, propionate, and butyrate.
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(butyrate-producing bacteria)
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Butyrate production 1J

~ Epigenetic regulation of gene expression -
‘ involved in:
» Anticarcinogenic and chemopreventive effects

» Anti-inflammatory effects
» Effects on obesity, insulin resistance

»Effects on cardiovascular diseases
» Effects on immune system

» Effects on inherited disorders

» Neuroprotective effects

» Effects on stem cells

Figure 1 Diet influences intestinal microflora composition, which has an important role In the fermentation of dietary fibers leading
10 the production of short chain fatty acids (SCFAs), such as butyrate. Butyrate exents multiple beneficial effects at intestinal and
extrantesing level, related a8 least In DAt 10 the epigenetic regudation of gene expression

YRATE AND EPIGENETI‘
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REVIEW Open Access

The epigenetic effects of butyrate: potential
therapeutic implications for clinical practice

Roberto Berni Canani'~", Margherita Di Costanzo' and Ludovica Leone'




Table 1. Anti-cancer properties of butyrate through regulating miRNA and gene expression.

TREATMENT TYPE OF

STUDY
NaB In vitro

NaB In vitro

NaB, EGCG In vitro

NaB In vitro

Butyrate, TSA In vitro

NaB In vitro

NaB In vitro

METHODS

PCR
RT-PCR

PCR

RT-PCR, Western blot assay,

MTT proliferation assay

Morthern blot analyses, H-thymi-
dine assay, DNA transfer analysis

Western blot assay, qRT-PCR

Western blot analyses, PCR

CANCER CELLS

HT-29 (human CRC cells)

HCT-116, AW480 (human
CRC cells)

HCT-116, RKO, HT-29
(human CRC cells)

DU145, PC3 cells (human
prostate cancer cells)

HT-29, HT-116 (human CRC

cells)

Burkitt lymphoma cell line
Raiji
MDA-MB-231 and MCF7

(human breast cancer cells)

TARGETS

MUC2 gene

Dynamin-related protein
1 (DRP1)

P21, P53, NF-kB-p65,
HDAC1, DNMTH1, survivin

ANXA1

P21 mRNA

c-Myc protein

EFFECT OF BUTYRATE

MNaB can inhibit MUC2 gene expression
MaB induces apoptosis in CRC

MNaB promotes apoptosis and inhibits DNA
damage, cell cycle arrest in CRC cells
NaB inhibits proliferation and cell survival
in DU145 cells and upregulates ANXA1

expression in prostate cancer

Butyrate induces P21 mRNA expression in
an immediate early fashion

Butyrate upregulates miR-143, miR-145,
and miR-101

NaB upregulates miR-31

CITATIONS

39

40

41

42

Abbreviations: ANXA1, lipocortin 1; DNMT 1, DNA (cytosine-5)-methyltransferase 1; HDACI, histone deacetylase inhibitors; MUC 2, mucin 2; NaB, sodium butyrate; NF-«B, nuclear factor «B; PCR, polymerase chain reaction;
qRT-PCR, reverse-transcription quantitative PCR; RT-PCR, real-ime PCR; TSA, trichostain A (histone hyperacetylating agent).

Epigenetic Regulation of Gene Expression Induced by
Butyrate in Colorectal Cancer: Involvement of MicroRNA

Karen S Bishop', Huawen Xu? and Gareth Marlow?®
Auckland Cancer Society Research Centre, Faculty of Medical and Health Sciences, University




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-

vailable in PMC 2015 April 14
i:10.1126/scitransimed. 3009759,
The gut microbiota influences blood-brain barrier permeability in

mice

Viorica Braniste' 1". Maha Al-Asmakh'"". Czeslawa Kowal’". Farhana Anuar'. Afrouz




JANISM OF ACTION OF FIBRE: SHORT-
' CHAIN FATTY ACIDS (SCFAS)?

* SCFAS ARE MAJOR METABOLITES PRODUCED BY THE MICROBIOTA
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SCFAs

e

GPR43
GPR41

Promote the
section of GLP1 and
PYY from L cells.

4 Glucose uptake in
muscle and adipose
tissue.

W Gastric motility and
slows the rate of gastric
emptying after meals.

GPR43
GPR41
GPR109A

¥ Lipolysis.

W Lipogenesis.
Insulin signaling.
Production of

Leptin.

Enhance glucose and
lipid utilization by the
muscle.

LS ——

GPR109A Alfactory receptor

[t ]

?

Reduced hepatic
cholesterol efflux
to HDL.

Regulate HDL
metabolism.

Stimulate renin
production.

degranulation.

W Activation of
nuclear factor Kappa
B.

4 Secretion of IL-10
from macrophages.

W TNFa release.
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TABLE 1 | Contradictory findings on the inflammation phenotypes of
Gprd3-- and Gprd1- mice.

Gprd3-~ mice display increased chronic inflammation
Meslowsk Exacerbatad «
Reduced ne
ith et al. Exacerbatec

Mesui of &l Exacerbated «

Macia et &l Exacerbatec
Reduced IL-15 ax n presumably due to
reduced inflamm athon in epithel

Gpr#3-~ mice display reduced chronic inflammation

theation in epithelial celle
Reduced joint inflemmation in mouse model of
Impaired inflammasome formti
Gpr43-~ mice display increased obesity markers
tal |
Tolhurst et al.

Kirmura et al

Mechelis et /.

Reduced bata call mass and axpression of
differan

Priyedarshini et sl

Gprdi-- mice display increased inflammation
Trompette et al. (57 Exacerbated asthma
Impaired dendiitic cell generation
Gprdi-~ mice display reduced inflammation
Kim et al. (3 Reduced cofti
Reduced ERK and p thation in epithelal cells
Gprdi-~Gpr43-~ mice display reduced cbesity markers
Tang &t al. [(46) : and improved glucoss

GPR41 AND GPR43
EXPRESSION IS
TISSUE-SPECIFIC
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ODULATED BILE ACIDS J
ID VIA FXR REGULATE INF
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Effects of intestinal microbiota on anxiety-like behavior
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found between mood and

biota in the immediate postnatal
period has a defining impact on the
development and function of many
immune and metabolic systems inte-
gral to health and well-being. Recent
research has shown that the presence of
gut microbiota regulates the set point for
hypothalamic-pituitary-adrenal  (HPA)
axis activity.! Accordingly, we sought to
investigate if there were other changes
of brain function such as behavioral
alterations in germ free (GF) mice, and
if so, to compare these to behavior of
mice with normal gut microbi Our

anxiety disorders and both inflammatory
bowel disease and the functional bowel
disorders.”* Indeed the focus of Rome I11,
a diagnostic instrument designed to aid
linici: in the diagnosis of ional
bowel disorders such as irritable bowel
syndrome (IBS), is on gut, brain and spi-
nal cord interactions and their invelve-
ment in the generation of symptoms of
pain and intestinal dysfunction? Luminal
contents have also become a focus of study
in the etiology of functional bowel disor-
ders, with a number of studies pointing
to variations in the composition of gut

recent paper showed reduced anxiety-
like behavior in the elevated plus maze
(EPM) in adult GF mice when compared
to conventionally reared specific patho-
gen-free (SPF) mice.” Here, we present
data collected when we next colonized
the adult GF mice with SPF feces thereby
i ducing normal gut microbiota, and
then reassessed anxiety-like behavior.
1L Iy, the behavioral
phenotype abserved in GF mice persisted
after colonization with SPF intestinal
microbiota. These data show that gut-
brain interactions are important to CNS
development of stress systems and that
a critical window may exist after which
reconstitution of microbiota and the
immune system does not normalize the
behavioral phenotype.

microbiota in patients suffering from IBS
compared to controls.® A recent report
found that compared to specific patho-
gen-free (SPF) mice, adult germ free mice
showed an exaggerated stress response, as
evidenced by increased plasma corticoste-
rone (CORT) and adrenocorticotrophic
hormone (ACTH) levels in response to
restraint stress.” Clearly the study of the
impact of gut microbiota on the develop-
ment of HPA dysfunction and potentially
anxiety-like behavior has important clini-
cal applications in the study of both gas-
trointestinal and psychiatric health and
disease, as they are essentially involved in
the communication between the gut and
the brain.

We propose that the intestinal micro-
biota housed within the gastrointestinal

)
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VAGUS NERVE

- Major nerve of the parasympathetic division of the autonomic
nervous system

¢

Important pathway for bidirectional communication between the
gut microbes and the brain

brain are dependent on vagal afferent signals
-/ Lactobacillus rhamnosus directly activates vagal neurons

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

Neurotransmitter
GABA

~ Norepinephrine

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

Genus

Lactobacillus,
Bifidobacterium

Escherichia, Bacillus,
Saccharomyces

Lactobacillus

Candida, Streptococcc
Escherichia, Enterc




Biogenic amine that functions as a neurotransmitter
/ Tryptophan is precursor

Involved in Gl 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
athological symptoms

erotonin reuptake inhibitors are known to modula
rders (e.g., IBS) y

O’Mahony, S. M., et al. Behavioural brain research 277 (2015): 32-48. 16
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Appetite and energy homeostasis

Emotionality and mood

Stressresilience and recovery

Learning and memory Food intake, energy homeostasis Sensation
Sensation and pain Anxiety, mood, cognition Pain

Microbial factors Y1,Y2,Y4,Y5

X i i Gut hormones Autonomic neurons R
M Cytokines Neuroendocrine factors Spinal cord

Sensoryneurons
Sensory neurons i

Enteric neurons
Gastrointestinal muscle

Gut immune system
Gutmotility

] Gutsecretion NPY
Gut mucosa - Blood fiow Entericneurons

! ' : | Y1,Y2,Y4
Gut microbiota Mucosal L cells immune system

Holzef, Peter, Florian Reichmann, and Ait arzi. "Neuropeptide Y, peptide YY a -

the gyt—brain axis." Neuropeptides 46.6 (2012): 261-274. - -
Gutmicrobiota
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Physiological adaptations to endurance Central role of the gut
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T Ce“ Metab0||5m Journal of the International Society of Sports Nutrition

Gut Microbiome Fermentation Determines the miRNA-based "fitness score" to assess the individual response to diet, metabolism and
Efficacy of Exercise for Diabetes Prevention " exert_:if[e) .
--ilanuscript bralt—

bacteria

i Eookid Graphical Abstract Authors
I modifications Yan Liu, Yao Wang, Yuegiong Ni, ...,

Michael Andrew Tse, miRNA-based "filness score” to assess the individual response to diet, metabolism and
Gianni Panagiotou, Aimin Xu exercise
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N bol | a
metabolism _ Correspondence

X matse@hku.hk (M.AT.),
FIGURE 2 | Ecosystem level adaptation of gut microbiota in athietes. Recent research indicates that unique gut microbiota may be present in eiite athletes, and ) 138 gianni.panagiotou@hki-jena.de (G.P.),
special and unique species can positively impact the host, providing metabolites from the fermentation of dietary fiber. Ecosystem level syntrophy: gut bacterial amxu@hku.hk (AX.)
species can hydrolyze fibers and subsequently ferment the sugar monomers into SCFA, while other fermentative species depend upon the hydrolytic ones. Such a Glycemic control 4
syntrophy have been described between Bacteroides and Bifidobacterium strains. Modified from Aya et al. (40), with permission. .
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Figure 10. The properties of the individual miRNAs and their importance and classification as sporf_c—re!mAJamm*ers.
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Viral entry receptor (ACE-2) is highly expressed

in the human gut . . "
R Patients with Long COVID has distinct gut

microbiome dysbiosis
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ONITOR SARS-COV-2 |
OR ANTI-VIRAL IMMUNE

RESEARCH ARTICLE

Altered microRNA expression in COVID-19
patients enables identification of SARS-CoV-2
infection

Ryan J. Farr(', Christina L. Rootes ', Louise C. Rowntree 2, Thi H. O. Nguyen 2,
Luca Hensen 2 Lukasz Kedzierski>*, Allen C. Chen :f
Gough G. Au', Glenn A. Marsh>'

Christopher Cowled', Cameron

1 CSIRO Health & Biosecurity, Australian Centre for Disease Preparedness, Geelong, Victoria, Australia,
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uniqueness: a clear signature of aging in the gut
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Combined PCR-DGGE fingerprinting and quantitative-PCR indicates shifts
in fecal population sizes and diversity of Bacteroides, bifidobacteria and
Clostridium cluster IV in institutionalized elderly

Jutta Zwielehner ?, Kathrin Liszt®, Michael Handschur?, Cornelia Lass]?®, Alexander Lapin®,
Alexander G. Haslberger**

*Department of Nutrtional Sciences, University of Vienna, Austria
"Soziakmedizinisches Zentrum Sophienspital. 1070 Wein, Apollogasse 19, Austria
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0.50

Bacteroides
(Relative Abundance)

MrOS cohort

©20 00 020

0.40

uniqueness pattern is associated with reduction in

healthy less healthy

indoxyl sulfate




o

k DECIDE UPON HE

Bacteroides abundance predicts survival in 4 year

follow-up of MrOS subjects

Kaplan Meier Curve

Cox Proportional Hazards Regression models
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Article | Published: 18 February 2021

Gut microbiome patternreflects healthy ageing and
predicts survival in humans

Tomasz Wilmanski, Christian Diener, Noa Rappaport, Sushmita Patwardhan, Jack Wiedrick, Jodi Lapidus

John C. Earls, Anat Zimmer, Gustavo Glusman, Max Robinson, James T. Yurkovich, Deborah M. Kado, Jane

A. Cauley, Joseph Zmuda, Nancy E. Lane, Andrew T. Magis, Jennifer C. Lovejoy, Leroy Hood, Sean M.
Gibbons &, Eric . Orwoll & & Nathan D. Price

Nature Metabolism 3, 274-286 (2021) | Cite this article

Ehe New Hork Times

A Changing Gut Microbiome May
Predict How Well You Age

People whose gut bacteria transformed over the decades tended
10 be healthier and live longer.

ﬁ By Anahad O'Connor
March 18, 2021
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Bacteroides declines with extreme age in healthiest
subjects, but not in the less healthy subjects
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The identified microbiome pattern of healthy ageing

is characterized by a depletion of core genera found
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Different bisphenols including the metabolite BPA
induce non-monotonous changes in miRNA
and CpG methylation in HLF and Caco-2 cell
lines, a pilot study
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Different bisphenols induce non-monotonous changes in miRNA expression and
LINE-1 methylation in two cell lines.

Julia Oldenburg®, Maria Firhacker®*, Christina Hartmann®**, Philipp Steinbichl***, Rojin

Banaderakhshan**, Alexander Haslberger *




Microbiota as Important Mediator Between Diet and DNA Methylation and Histone Modifications in Host
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OBIOTA PREDICT PERSONA
'RESPONSES TO DIETS

baseline blood analytes were not predictive of weight loss
(independent of BMI), while baseline metagenomes were

Biood glucose (mg/dl)

Time (min)

4 weight Jos +

BMI + Syage

]
export fluxes (what microbiome is producing)

‘l

Beispiel - Personalized Nutrition by Prediction of Glycemic Responses
David Zeevi, 2016
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SPECIES

ACILLI:
ENT IN GIT, ORAL CAVITY AND VAGINA OF HUMANS [WALTER, 2008]

PREAD USE IN PRODUCTION AND FERMENTATION OF FOODS = ABILITY TO Cco \
U_GARS TO LACTIC ACID -> PRESERVATION [FIJAN, 2014]

‘0 USE AS PROBIOTICS: HIGH TOLERANCE TO ACID AND BILE, CAPA'
B URFACES [TULUMOGLU ET AL., 2013]

{UMAN GUT TOGETHER WITH LACTOBAC




SPECIES

S SPECIES:
R SPORE-FORMING AEROBIC OR FACULTATIVE AEROBIC, GRAM POSITIVE BACTERIA
ILIS, B. CEREUS, B. COAGULANS ARE MEMBERS WITH PROBIOTIC CHARACTERIST

OLI NISSLE 1917:




Produktdetails & Pflichtangaben

Zur digtetischen Behandlung von entziindlichen Darmschleimhauten
verursacht durch Stress

Wirkstoffe & Hilfsstoffe

Wirkstoffe

Bakterienstaemme

« Lactobacillus casei
Lactobacillus acidophilus

« Lactobacillus paracasei
Bifidobacterium lactis
Lactobacillus salivarius

« Lactococcus lactis
Lactobacillus plantarum
Bifidobacterium bifidum

Unsere Empfehlungen fur Sie

OMNI BIOTIC® 10
AAD

(143)

30 St | Beutel
€42.057 €39,23

OMNi-BiOTiC®
metabolic

(93)

30x3 g | Beutel
€44.567 €37,32

OMNi-BiOTiC®6

(162)

2x60 g | Pulver
€74:507 € 66,22

L. salviarius (LS04):

L. paracasei (101/37):

L. rhamnosus (LR1):

L. plantarum (14D):

B. longum ssp. infantis (Bi-26):

B. animalis ssp. lactis (Bi1):

B. longum (BL21):

B. bifidum (BB04):

Streptococus thermophilus (Z57):

wirkt bei der Milchzuckerverdauung mit.

besitzt die Féhigkeit, wichtige Vitamine wie Folsdure, Vitamin B3 und B6 herzustellen, um
sie dann dem Organismus zuzufihren.

ist in der Lage, Milchzucker in Milchsdure umzusetzen.

besitzt die Fahigkeit, den pH-Wert in einem glnstigen Bereich zu halten, somit wird
schédliches Bakterienwachstum eingeddmmt.

spielt bei der Abwehr von Salmonellen oder &hnlichen schédlichen Bakterien eine sehr
wichtige Rolle

trégt dazu bei, gravierende Infektionen zu verhindern.

wirkt generell positiv auf den Zustand der Haut.

starkt die Mundschleimhaut und hilft, Zahnfleischbluten vorzubeugen bzw. zu verhindern.

wirkt bereits im Mund und beugt der Entstehung von Karies vor.

verbessert die Immunabwehr gegen eine Vielzahl von Krankheitserregern.

sehr widerstandsféhig gegeniiber Magenséure und Gallenséften im Dinndarm. Es schitzt
dadurch andere Milchsdurebakterien auf ihrem Weg durch den Dickdarm.

wirkt bei der Verdauung von Milch mit und hat eine positive Wirkung auf den
Cholesterinspiegel.

ist ein wichtiger Vitaminproduzent (Folsdure, Vitamin B1, Niacin, B6 und Biotin).
kann Durchfall entgegenwirken, indem es die ausldsenden Bakterien verdréngt.
bildet keine Gase und wirkt somit Bl&hungen entgegen.

heftet sich an die Darmschleimhaut an und steuert dort die Durchldssigkeit.
stimuliert die Immunabwehr.

hat eine hohe Bedeutung fir die Immunabwehr und die Bildung von Vitaminen.
unterstiitzt die Aufnahme von Calcium (Anzahl verringert sich im Alter).

verarbeitet viele schwerverdauliche Substanzen und verbessert somit die Darmtétigkeit.

verringert sowohl das Auftreten von Durchfall, als auch von Verstopfung.
verringert Allergien (Uberreaktion von Immunzellen wird gehemmt — Anzahl verringert sich
im Alter).

kann verschiedene S&uren produzieren und hat einen positiven Einfluss auf die
Immunabwehr.

lindert Antibiotika-assoziierten Durchfall.
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Roture * nature medicne ? leters  arice Probiotika: Sind tote Bakterien wirksamer als
Letter ‘ Published: 01 July 2019 leben de?

Supplementation with Akkermansia muciniphilain
overweight and obese human volunteers: a proof-of- Das Prinzip von Probiotika kennt jeder - egal ob als Joghurt oder Supplement: Dem Kor-

concept exploratory stud . . AP
ptexp y y per werden mit der Nahrung Bakterien zugefiihrt, die sich im Darm vermehren und ge-

sundheitsforderlich sein sollen. Soweit die Theorie. Doch eine aktuelle Studie wirft Fra-

Michel P. Hermans, Jean-Paul Thissen, Willem M. de Vos & Patrice D. Cani
gen auf.
Nature Medicine 25, 1096-1103 (2019) ‘ Cite this article

Commensal Obligate Anaerobic Bacteria and
Health: Production, Storage, and Delivery
Strategies

42 José Carlos Andrade!,  Diana Almeida®,  Melany Domingos?, [fj] Catarina Leal Seabra,
Al Daniela Machado?, [l Ana Cristina Freitas” and ¥ Ana Maria Gomes?
ICESPU, Instituto de Investigacio e Formacao Avancada em Ciéncias e Tecnologias da Sadude, Gandra, Portugal

2CBGF - Centro de Biotecnologia e Quimica Fina - Laboratério Associado, Escola Superior de Biotecnologia, Universidade

Catolica Portuguesa, Porto, Portugal

In the last years several human commensals have emerged from the gut microbiota studies as
potential probiotics or therapeutic agents. Strains of human gut inhabitants such as
Akkermansia, Bacteroides, or Faecalibacterium have shown several interesting bioactivities
and are thus currently being considered as food supplements or as live biotherapeutics, as is

already the case with other human commensals such as bifidobacteria. The large-scale use of




SPORES

The ingredient

According to Deerland, DE111 is a genome sequenced strain of Bacillus subtilis. The genome
sequencing confirmed the strain contained no plasmids, antibiotic resistant or deleterious genes;
the human clinical studies showed the strain’s ability to control microbial populations, aid in
digestion and maintain general health. Because the strain is a spore former it remains viable under
a wide temperature and pH range, making it ideal for use in supplements as well as food and
beverages.

. Source: Journal of Probiotics & Health
Whole spore E 4 2017, 5:4, doi: 10.4172/23
: “The Effect of Bacillus sub 1 th s Bowel Movement Profile for Peaple with Occasional
Decoating Gastrointestinal Irregularity”
Authors: A.M. Cuentas et al.
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Pharmacokinetic study of butyric acid administered
in vivo as sodium and arginine butyrate salts

Philippe Daniel "*, Michel Brazier ?, Italina Cerutti *, Frangois Pieri ',
Isabelle Tardivel *, Gérard Desmet ?, Jean Baillet * and Charles Chany *
! Laboratoire Central de Virologie and * Laboratoire & Hormonvlogie, C.H.R.U. d’Amiens,
Hépital Sud, Amiens, 1 INSERM Unité 43, Hépiral Saint Vincent de Paul, Paris
and * Service de Médecine E, C.H.R.U. #AMIENS, Hépital Nord, Amiens (France)
{Received 10 Apnl 1988; revision received 6 January 1989; accepted 18 January 1989)

Key words: Pharmacokinetics; Butyrate; Experimental animal; Man

Summary

Considering that butyrate-treated malignant cells can recover in a transitory
fashion a non-cancerous phenotype, the authors carried out a pharmacokinetics
study of butyric acid injected as sodium or arginine salts for possible antitumor
therapies.

In the case of 1-'*C-labelled butyrate, the appearance of radioactivity in the
blood of injected mice is rapid and some of it is maintained for relatively long
periods in different organs, mainly the liver. However, no precision can be given
about the structure of radioactive compounds in blood and tissues.

Using gas-liquid chromatography, the authors studied the metabolism of butyrate
in both animals and man. In mice and rabbits, the half-life is < 5 min. In man, the
butyric acid elimination curve can be divided into two parts corresponding to two
half-lives: for the first (0.5 min), the slope suggests an accelerated excretion, while
for the following (13.7 min), a slow plateau is observed.

The rapid elimination of butyrate is a limiting factor for practical applications.
However, the lack of toxicity supports its use in human therapy.
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SYNBIOTICS

Probiotics

Live bacteria!

Probiotics are
active bacterial
cultures.
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»What explains the variability in people‘s response to the same food?*
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A survey of direct-to-consumer genotype data, and quality control tool )
(GenomePrep) for research

ABSTRACT

Two major forces have contributed 1o the fast growth of human genetic data. One from medical research " SRS S B P M S B
supported by governments and academic institutes; the other from direct-10-consumer (DTC) sequencing
companies. While the former benefits f neticulously designed sequencing standards and quality con- ;:::7:(\;:1;"““ of MC4R and FTO common genetic variants on obesity in European general

trol procedures, the latter comes in various formats and sequencing methods which are subject to
changes over time and the particular needs of different companies. Thanks to the general public who Cauchi 8", Shizmann ¥, Cavalcant-Proenca G Duand €. Pouta A Harikanen AL Mare M. Yol Tammein T, Lasinen J, Gonzaiez-zuisrdo A Biskemore
&, ESO1P. Mevre © Bakau . Jarvein MR, Froquei P

shared their DNA data without constraint, here we provide a review for over 7000 genomes made public

Personal genome
SNP arrays

between 2011 and 2020, and produced by over six DTC sequencing companies. An open source tool-kit to
systematically parse, quality check and filter genome files and statistically problematic alleles is provided
1o prepare consumer DNA datasets for research. The GenomePrep output is available in two common DNA
datafile formats to enable further analysis with other tools, We also provide for download the combined
output for all OpenSNP array genomes processed in this paper in a single data freeze file.

2021 MRC Laboratory of Molecular Biology. Published by Elsevier B.V. on behalf of Research Network of
Computational and Structural Biotechnology. This is an open access article under the CC BY license

1. Format check

 Accepts ASCII, gzip, zi p2
« Parse 23andMe-like formats
« Parse VCF format

95% (6720)
23andMe-like

1.5% (108)
VCF-format

3.5% (248)

228 Invalid
- PDF, word etc. (119)
- Not genetic data (109)

20 Failed to parse

7076 open genomes
5784 OpenSNP, 1292 PGP

2. File sanity check
« Identify assembly
- Check against reference genome
-Reversestrand

Passed genotyping data
GRCh37
GRCh36
GRCh38
Imputation
Failed
Assembly problem
Failed by similarity to reference
Failed by reverse strand
Incomplete
VCF genotyping
VCF NGS

3. SNP sanity check

« Array cluster identification
« Genotyping SNP sanity check

91.6% (6477) genotyping data

Cluster ID Percentage
c1, 23andMe 35%

c3, ancestrydna-v1 13%

c4, 23andme, 1M 27%

c5, ancestrydna-v2 9%

v5, lllumina-GSA 15%
Un-clustered <1% (56)

0.6% (44) NGS

0.2% (17) Imputation
3.1% (219) Incomplete
4.3% (307) Excluded
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< G HERITABILITY: WHAT IS MISSING TO

HENOTYPE: GENE- ENVIRONMENT INTER
CS, REVERSIBILITY

common genetic
variation

(rare) genetic
variation

non-genetic
variation

Epigenetic differences arise during the lifetime
of monozygotic twins

Miarin £ Fragar, Esteban Ballestar, Maris . Pz, Santiage Azpera®, Femands Setient, Maris L Ballestar’,
Damia Heine-Surier’, uan €. Cigudasal, Migusl Urioste!, lavier Benites”, Manusl Boix-Charnst’,

o1 Sanchez. A 3. Emms Carhson Pernile Poulsents, Allan Vasg**,
Zarks Stephan . =-Zhang Wa', Christaph Flass ", and Manel Estalier-tt

Bl :

3-year-old twins 50-year-old twins

Fig. 3. Mapping chromosomal regions with differential DNA methylation in
MZ twins by using comparative genomic hybridization for methylated DNA. [\
Competitive hybridization onto normal metaphase chromosomes of the AIMS
products generated from 3- and 50-year-old twin pairs. Examples of the hybrid-
ization of chromosomes 1, 3, 12, and 17 are displayed. The 50-year-old twin pair
shows abundant changes in the pattern of DNA methylation observed by the
presence of green and red signals that indicate hypermethylation and hypom-
ethylation events, whereas the 3-year-old twins have a very similar distribution of
DNA methylation indicated by the presence of the yellow color obtained by equal
amounts of the green and red dyes. Significant DNA methylation changes are
indicated as thick red and green blocks in the ideograms.
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Article | Open Access | Published: 12 March 2018

Understanding the prebiotic potential of different
dietary fibers using an in vitro continuous adult
fermentation model (PolyFermS)

Sophie A. Poeker, Annelies Geirnaert, Laura Berchtold, Anna Greppi, Lukasz Krych, Robert E. Steinert,
Tomas de Wouters & Christophe Lacroix ™
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Beispiel - Personalized Nutrition by Prediction of Glycemic Responses
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ABOUTUS OUR ACHIEVEMENTS GET INVOLVED NEWS & MEDIA

IMPROVING HEALTH & MEDICINE

Israeli Startup DayTwo Offers
Personalized Nutrition

Globes
By Gali Weinreb , November 02, 2016
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http://www.weizmann.ac.il/immunology/elinav/
http://www.wisdom.weizmann.ac.il/~/eran/
http://www.cell.com/abstract/S0092-8674(15)01481-6

Extrinsic Intrinsic
Epigenetic Age 1 Insulin & glucose Epigenetic Age

T C-reactive protein
w T BMI & Waist-to-hip ratio
1 Triglycerides
A A ’-K 1 Systolic blood pressure

1 HDL cholesterol
| Fish

1 Fruits & vegetables

Immunity pathways (88)
(C20; CL1; M2; P7; T59)

1 Poultry

1 Moderate alcohol

1 Education & income
| Exercise .
a J

Figure 4. Pictorial summary of our main findings. The blue and red arrows depict anti-

aging and pro-aging effects in blood respectively. The two clocks symbolize the extrinsic

epigenetic clock (enhanced version of the Hannum estimate) and the intrinsic epigenetic clock
(Horvath 2013) which are dependent and independent of blood cell counts, respectively.

Liver dys-
function (40)
(C13; CL1; M2; P6; T18)

FOCUS | LETTERS
b, fiorg/ O I03BA4ISF 01907195

Metabolism and
inflammation (32)
(C7; CL1; MO; P15; T9)

Personal aging markers and ageotypes revealed

by deep longitudinal profiling

Sara Ahadi'%, Wenyu Zhou', Sophia Miryam Schilssler-Fiorenza Rose ©', M. Reza Sailanf,

Kévin Contrepois @', Monika Avina', Melanie Ashland', Anne Brunet ©' and Michael Snyder ' .
Kidney dys-

function (16)

(C5; CL1; M1; P3; T6)

Venn diagram showing the number of analytes (C, cytokines; CL, clinical laboratory values; M, metabolites;
P, proteins; T, transcripts) in each of the four ageotypes and the overlaps among them.
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N: COMPLEX DISEASES ( AGING) CAN
PERSONAL DIVERSE CAUSES, AN ARGU
' SPECIFIC INTERVENTIONS ( E.G. MET

Ad . .
S | | Metabolic disorder

Exposures (1)

impact on Hereditary SNPs Symptomatic treatment

Development

finciading gem Somatic mutatiions

cells)
O Epigenetic (hereditary) or Causative treatment 2

Impact on Germ Cells

DNA Methylation acuqired mismethylations, Epigenetic active additives?
ncRNAs
Other Epigenetic Signals Histone modifocations or mMTOR — Inhibitors 2
——— ncRNA structure Nutrition, Lifestyle

Environmental
Factors (2)

Delivery or accessed Causative treatment ¢ pro-,
microbiota dysbiosis pre, postbiotics¢ Nutrition,
Lifestyle

Adult Offspring
Metabolic Disease (3)
Obesity

Glucose Intolerance
Impaired Insulin Secretion
Transcriptional Dysregulation

Epigenetic Mechanisms of Transmission
of Metabolic Disease across Generations

Psycho- neuro- immune
endocrine axis
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Does personalised nutrition work?

Professor John Mathers. Newcastle University. UK

John Mathers leads work on the design, delivery and
evaluation of outcomes from the Food4Me project’s Proof-
of-Principle study. He is professor of human nutrition and
director of the Human Nutrition Research Centre,
Newcastle University, UK.

FEA

Interventions

Effect of personalized nutrition on health-
related behaviour change: evidence from the
Food4Me European randomized controlled trial

Carlos Celis-Morales,™" Katherine M Livingstone,™’

Cyril FM Marsaux.” Anna L Macready.” Rosalind Fallaize,

Clare B O'Donovan,* Clara Wonlh nd Hannah Forster,*
Marianne C Walsh,* S. go Navas-Carretero,”
Rodrigo San-Cristobal.” Lydia Y:lrigo:i. Christina P Lambrinou,”®
Christina Mavrogianni,® George Moschonis,® Silvia Kolossa,
Jacqueline Hallmann,” Magdalena Godlewska,” Agnieszka Surwitto,”
Iwona Traczyk," Christian A Drevon.” Jildau Bouwman,”
Ben van Ommen, ' Keith Grimaldi,'* Laurence D P-m-m

J AlfredoMartinez.” Julie A Lovegrove,” Eileen R Glbn-v
i Mike Gibney* and
John C Mathers:'* on behalf of t

Can genetic-based advice help you lose weight? Findings from the
Food4Me European randomized controlled trial'

Carlos Celis-Morales,*'*'" Cyril FM Marsaux,'>'* Katherine M Livingstone.*'*'* Santiago Navas-Carretero.”
Rodrigo San-Cristobal,” Rosalind Falla wna L Macready.” Clare 0"Donovan.” Clara Woolhead,” Hannah Forster”
Silvia Kolossa,"’ Hannelore Daniel,"’ George Moschonis,"’ Christina Mavrogianni,'" Yannis w.mm.

* wona Traczyk,"? Christian A Drevon,"" Keith Grimaldi,'* Jildau Bowwman,” Mike 1 Gibney,”
Marianne C Walsh,” Eileen R Gibney,” Lorraine Brennan,” Julie A Lovegrove,* J Alfredo Martinez.” Wim HM Saris,*''*
and John € Mathers*"
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ABOLOMICS BASED INF
 METABOTYPING

Medication
Gut
microbiome

Diet

Metabotyping
Anthropometric data, clinical markers,
biochemical markers, etc.

Metabotypes used to deliver
personalised nutrition

Metabotypes with similar risk of Dietary advice tailored to the
diet-related diseases metabotype

Early risk identification

Response to dietary challenges and
interventions

Metabotypes with differential responses

Physical
activity

Genes

Delivery of targeted advice

Molecular Nutrition

Research Article @ Open Access @ ® @ @
Evaluation of the Metabotype Concept Identified in an Irish
Population in the German KORA Cohort Study

Anna Riedl, Elaine Hillesheim, Nina Wawro, Christa Meisinger, Annette Peters, Michael Roden, Florian
Kronenberg, Christian Herder, Wolfgang Rathmann, Henry Vélzke, Martin Reincke ... See all authors

First published: 11 February 2020 | https://doi.org/10.1002/mnfr.201900918 | Citations: 1

Hillesheim et al. Nutr Metab (Lond)  (2020) 17:82

hitps/doi.0rg/10.1186/512986-020-00499 -2 Nutrition & Metabolism

RESEARCH Open Access

Optimisation of a metabotype approach
to deliver targeted dietary advice

Elaine Hillesheim'?, Miriam F. Ryan', Eileen Gibney', Helen M. Roche®® and Lorraine Brennan'?"®

METABOTYPES FROM ! i




ENCES OF METABOTY

NEXT STEP TRACKERS
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https//doi.org/10.1186/512986-020-00499-2

Nutrition & Metabolism

Open Access

Optimisation of a metabotype approach 2

Carbo Types Mixed Types Profein Types | aaiver Groeied dhetary mavice

Elaine Hillesheim'?, Miriam F. Ryan', Eileen Gibney', Helen M. Roche”? and Lorraine Brennan'"¢

RESEARCH

Increasing need for Carbohydrates Relatively balanced need for Increasing need for Proteins,
Decreasing need for Proteins, Carbohydrates, Proteins, Fats & Purines  Fats & Purines
Fats & Purines Decreasing need for Carbohydrates

< < < < 4 4 > 4 "

(arbo Type Characteristics: Mixed Types: Protein Type Characteristics:
* Casval relationship with food Can identify with some * Infense relationship with food -
* Skipping a meal is vsvally not o characleristies of heth loves to eat & fends to eat fast
big deal ; * Skipping « meal IS a big deal
Hq'slugggé high-ayality Vegetable Carko Types & Protem * Needs some high quality animal
and|or Fruit nutrifion af their Types - but, typically Protein & Fat af every meal fo
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address specific mechanisms
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gatec“‘ REVIEW
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Reduces risk of heart il -~ ». o’b@ anti-cancer actions of
diseases and certain
cancers

o . bioactive food components o Mechanisms of selected functional foods against viral
Maintains brain - the implicaﬁons in E infections with a view on COVID-19: Mini review
function and cancer prevention
heart health :

Alexander Hasiberger G.", Ursula Jacob’, Berit Hippe™*, Heidrun Karlic*

>, REVIEW

Z
Anticarcinogens ?’ Therapeutic perspectives of 2 Research Article
- ag : : . . EGCG Prevents High Fat Diet-Induced Changes in Gut
nramm
fla .ato'v eplg,enetlca"y active Microbiota, Decreases of DNA Strand Breaks, and Changes
_ neuroprotective nutrients in Expression and DNA Methylation of Dnmt1

N Petertin and MLH1 in C57BL/6) Male Mice

Marlene Remely, Franziska Ferk.” Somja Sterncder,' Taherch
Sylvia Roth,' Tatjana Kepeija,' Rahil Noorizadeh.” Irenc Rebhan. u-.-h.cmn.'
Johanna Beckmann,' xunm-xw-pn Wxn—q

O - and Alexander G. Haslberger'

Gallic acid, a common dietary phenolic protects against high fat diet
induced DNA damage

Taheroh Sotayesh' - Arman Nersesyan' - Miroslav Meik' - Rahd Noorizadeh . Elsabeth Haslinger”
Tohrsh Jmshed- BacchLsng! Mkl Gruc Wollong b mw
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Use sparingly

Milk, Yogurt, and
Cheese Group
2-3 Servings

Key (The symbols show fats and added sugars in foods):
© Fat (Naturally occurring and added) v Sugars (Added)

FIGURE 2
1992 Foop PYRAMID

S TO OUR PYRAMIDE2 BUT ALF

Anatomy of MyPyramid

One size doesn't fit all
ISDA’s new MyPyramid symbolj

@@ d to re:
Meat, Poultry, Fish, Dry ECELLSHY

Beans, Eggs & Nuts Group

2-3 Servings
represented by the steps and the
Fruit Group
2-4 Servings importance of daily physical activity.
Moderation
Moderation is represented by the
narrowing of each food group from
bottom to top. The wider base stands for
foods with little or no solid fats or added
sugars. These should be selected more
often. The narrower top area stands for
foods containing more added sugars and
solid fats. The more active you are, the
more of these foods can fit into your diet.

Bread, Cereal,
Rice, & Pasta
Group

6-11 Servings

Personalization

Personalization is shown by the person
on the steps, the slogan, and the URL.
Find the kinds of amounts of food to eat
each day at www.MyPyramid.gov.

Graing (half should be whole grains)
Vegetables ups

Frults s

Milk Jeups

Meat and beans. 6507

oil S1sp.

Discretionary 410 calories (extra fats and sugars)

LsDA

Total daily calories 2,600

Tapie 2

Samere MENU Tt Meets Te MyPyravin
RECOMMENDATIONS FOR HEALTHY EATING FOR 4 38-
YEAR-OLD MALE W0 EXERCISES AN AVERAGE OF
30-60 MiNures Per Dav.*

Breakfast

ed, no fat added, 1 cup

person climbing them, as a reminder of the |

+MyPyramid.gov

STEPS TO A HEALTHIER YOU

- group. The v

ALUES 1992 US USDA-PYRAMIC
SED APPROACH, AGE, LIFESTYL

personalized approach to healthy eating and physical activity. The symbol has been designed to be simple. It has
ts to make healthy food choices and to be active every day. The different parts of the symbol are described below.

Proportionality

Proportionality is shown by the
different widths of the food group
bands. The widths suggest how much
food a person should choose from each
ths are just a general
guide, not exact proportions. Check the
website for how much is right for you.

Variety

Variety is symbolized by the 6 color
bands representing the 5 food groups
of the Pyramid and oils. This
illustrates that foods from all groups
are needed each day for good health.

Gradual Improvement

Gradual improvement is encouraged by
the slogan. It suggests that individuals
can benefit from taking small steps to
improve their diet and lifestyle each day.
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The Relevance of Epigenetic Biomarkers for
Breast Cancer and Obesity for Personalised
Treatment in Public Healthcare:

A Systematic Review
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scussion: Prevention, interventic
nal or precision medicine, synon
onal or precision nutrition, synon

¢

Precision vs Personalized Medicine...synonymous?

Application of Molecular Medicine towards
personalised treatment

PATIENT A

MUTATION A

Current health care Desirable health care

PATIENT B MUTATION B DRUGB

Life quality

Development of pathologies, years Development of pathologies, years

The Paradigm Shift from Reactive to Predictive, Preventive and Personalized Medicine

PART |

Photo Source: Boston Children's Hospital
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Metagenomics Epidemiological
studies application
Personalized
nutrition New population advice?
Omics technologies Bioinformatics tools

. : Ethical
Functional foods Genetic tests Valid biomarkers guidelines
Internet tools
General Challenges

recommendations

Personalisierte Erndhrung und Einteilung/ Klassifizierung von me-
tabolischen Typen basierend auf genetischen, epigenetischen und
mikrobiologischen Analysen

Personalized nutrition and classification of metabolic types based
on genetics, epigenetics and gut microbiota

Stephanie Lilja, Diana Gessner, Christina Schnitzler, Nicola Stephanou-Rieser,
Claudia Nichterl, Angelika Pointner, Elena Tomeva, Marlene Remely, Alexander Haslberger
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Nutrigenetic, nutrigenomic and nutriepigenetic
knowledge for actions

Age, gender, ethnicity
SNPs and other structural variants Physiopathological status
DNA methylation, histone Microbiome
modifications, and miRNA Nutrition (dietary intake,

expression absorption, transport, metabolism,

Gene expression profiles excretion)
Physical activity

Precision
nutrition

¥

Disease risk prediction
Genotype- and phenotype-based personalized treatment
Therapy responsiveness

Obesity
Dyslipidemia
NAFLD
cvD
T20M
Cancer
Others

'WAY WE MAY GO

|

Mobile apps an'd'

assessment
provide fe

O \




Cell Physiology and
Phenotype

Subcellular Systems

Signaling Pathways and Networks

Proteins and Metabolites

Genes and Their Control Systems

Haslberger 2022

Experimental Methods

High-throughput Omics Technologies

Low-throughput High-fidelity Experiments

5

Single Cell Analysis

Computational Approaches

Bioinformatics and Statistical Models

Graph Theory and Network Analysis

Dynamical Models

&=

PK/PD Models

Genes - DNA :
s _ Mutations
L3 Genomics Epigenelic modifications
A ;

By @
mMRNA Post-transcriptional
(\& Transcriptomics modmcofi’ons
Proteins :
- 2 Post-translational
Yo Proteomics modifications
@b% @
Metabolites
ﬁ,ﬁ' Metabolomics



Prisoner’s dilemma (PD)

Rational Qecision terative PD
making

n-person PD

Bounded Game

rationality Irrational

Theory behavior

Cooperationversus  Spatial/network
competition game theory

Evolutionary
game theory

Time series analysis

Ordinary differential equations

Iterative maps Phase space

Nonlinear susit
- analysis
Dynamics

Population dynamics

Attractors

Chaos

Multistability Bifurcation
Coupled map
lattices
Homeostasis
Feedbacks  Self-reference

Goal-oriented/
guided behavior

Sense Syste ms Entropy
making
Th eo ry Autopoiesis

Systemdynamics

Cybernetics Reaction-diffusion systems

Information theory ~ COMPutation Partial differential equations

theory
Complexity Dissipative

measurement structures Patte rn

Spatial fractals

Social dynamics
Collective intelligence

Herd
Self-organized criticality mentality

orace COllective  agent
g ~ based
tansiton - Bahavior modeling

Synchronization  ant colony optimization

Particle swarm optimization
Swarm behavior Scale-free networks

Small-world

Social network analysis ol

Community identification ~ Centrality

. Graph
Motfs  Networks teey

Scaling

Robustness/vulnerability
Systems
biology  Dynamical networks

Adaptive networks

Attificial neural networks
Evolutionary computation

Genetic algorithms/programming

Arti_ficial EVO|Ution & Mach.ine
life Adaptation learning

Evo-Devo Artificial intelligence
Barcolation Evolutionary robotics

Cellular Evolvability

Formation auomata

Spatial ecology

Self-replication

Spatial evolutionary biology

Geomorphology
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Aging |
theories

I

Program | Combined‘ Damage
theories  theories theories

Internal External

@

Definition of aging and non-aging
systems in reliability theory

e Aging: increasing risk of failure with
the passage of time (age).

e No aging: 'old is as good as new'
(risk of failure is not increasing with
age)
e Increase in the calendar age of a
system is irrelevant. ®
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f Metabolite ' Genomics ' Selecting the most promising combination
of biomarkers capable to predict any

Identification o sty

- - Modelling higher-order organ
’ Transcriptomics . dysfunctions

Network-based methods Multi-layered networks
Unrevealing phenotype-specific
trajectories

Proteomics ! i l
" L

= Individual risk profile
Tensor decomposition Machine learning &
Deep learning approaches

Metabolomics ! Sample blood biomarkers
Metabolic profiles

Nutrition

Genetics

’ Epigenomics ‘
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Sanger sequencing

* Low-throughput, but accurate and can handle up to 1000bp
 Still standard for small-scale laboratory use

ANGER METHOD

: G
8 9 o e
? ? © THE SANGER METHOD: Single-stranded DNA is
paret mixed with a primer and spiit imo?our aliquots, each

containing DNA polymerase, four deoxyribonucleotide triphos-
phates and a replication terminator. Each reaction proceeds until a replication-terminating
nucleotide is added. The mixtures are loaded into separate lanes of a gel and electrophoresis is used to
separate the DNA fragments. The sequence of the original strand is inferred from the results. (See p. 40
for an illustration of a high-speed DNA sequencer.)

Components:

* DNA to be sequenced

* Primer

* Free nucleotides that allow

further extension (dNTP, circles):
= N=A,C, Gor T, all four
types are present
* Free nucleotides that terminate
extension (ddNTP, rhombuses):
= N=A,C,Gor T, only one

type is present

DNA polymerase

See these videos for animations:

http://www.youtube.com/watch?v

=oYplIblOgF8

http://www.youtube.com/watch?v

Fasioerger ZUZZ

Image credit: the-scientist.com

ast updste: 6-5ep-2

=6ldtdWiDwes

Kevin Yip-cse-cuhk | Fall 2015



SANGER SEQUEN

4 x PCR (+ one dideoxynucleotide)
\ [ ]
f | \ 1
Use a k \ £ XK\

seqguencing —

ddTTP  ddATP ddGTP  ddCTP Fachiha C cCT

DNA sequence

& Il B B B B

$

Separate
with a gel
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Haslberger 2022
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MOVIES

view of gPCR - YouTube

Al
' Sequencing by Synthesis - YouTube

a
“

apy - YouTube

A ijrh CRISPR-Cas? - YouTube
“1“
3 od‘ Using CRISPR - YouTube

T
=

=

e . iy



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

