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Nature — Nurture - Epigenetics
Epigenetic revolution




Nature — Nurture
you are what you eat




Nature — Epigenetics

The genome’s dark matter - Lamarck revisited

)

Mother - 1st generation
Fetus - 2nd generation

Reproductive cells - 3rd generation



Epigenetics
Waddington‘s landscape

Waddington’s epigenetic landscape, from C.H. Waddington. The strategy of genes: a
discussion of some aspects of theoretical biology (Allen & Unwin, 1957)



Epigenetics 2

The genomes’s hidden agenda

ecological interactions
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Nature — Nurture — Epigenetics
is there a choice...







Epigenetics

back into future

irreversible - convertible

*Age
*Memory
*Fitness
Immunity






Chromosomale Enden / ,, Kappen”

Telomere

Chromosome

Ce

Cell

@@@@

Q00 COEY

As cells divide

Telomeres

end caps that protect ... telomeres shorten, and eventually cell division stops.
the chromosomes




Telomerverkirzung

in Beziehung zu Pflegestress
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Alters-assozierte Pathologien

mit kurzen Telomeren

Heart failure
mmunesenescence

Digestive tract atrophies
nfertility

Viability of stem cells, reduced
Angiogenic potential, reduced
Wound healing, reduced
Body mass, reduced

Infections
ulcers




Telomer Verkilirzung

... replikative Seneszenz

a Nomal somatic cells
Telomere

repeat sequences ‘
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Senescence

Kurze Telomere signalisieren der Zelle: Wachstumsstopp




Zellulare Seneszenz

Cells divide until they completely cover the dish and conlinue to divide After a finite number of cell multiplications,
when placed in fresh culture medium cells stop dividing
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Seneszente Zellen
... €s gibt siein vivo - 1

Evidence of senescence in human plague VSMCs. (A) Human normal or (B) plaque VSMCs
in culture, showing typical morphological features of senescence, including large flattened
shape and SABG activity as shown in blue in the perinuclear region of the plaque cells.

Cardiovasc Res (2006) 72 (1): 9-17. doi: 10.1016/j.cardiores.2006.06.004




Seneszente Zellen

... €s gibt sie in vivo - 2

The images show senescence-associated 13-
galactosidase staining (blue) in neointimal
lesions that develop following balloon
denudation of the endothelium.

(Top panel) Re-grown endothelial cells are
stained brown. Note that some endothelial cells
are senescent. The underlying blue cells are
senescent vascular smooth muscle cells.
(Bottom panel) A leukocyte (stained red) is
adhering to the surface of the neointima where
senescent smooth muscle cells have emerged.
The red arrow points to the internal elastic
lamina

www.ucl.ac.uk/wibr/research/mito/sm/senesce
nce-mechanisms/




Seneszenz

... ein Tumorsuppressor Mechanismus

Malignant

Cancer cells

Premalignant

Senescent cells

Aberrant cell proliferation

Loss of tumor

Growing cells
suppressors

Senescence
barrier




Telomerase
... Krebspromotion

Immortal cancer cells

The presence of telomerase in cancer cells allows them to
maintain telomere length while they proliferate



Telomerase

... replikatives Zellteilungspotential

Soma -

Post-mitotic cells Quiescent, Stem cells
(e.g., neurons) Replication-competent (e.g., early hematopoietic
Somatic cells precurcurs, gut-lining cells)
(e.g., fibroblasts)

Telomerase - Telomerase +
Telomerase -
v




Biomedical ageing research

,inevitable consequences’

* Genotoxic scarification — cancer & neoplasia

 Molecular damage — cellular dysfunction
e Cellular dysfunction — organ derailment
* Endocrine lapse — hyper/neoplasia

* Immune fade — chronic infection

* Somatic decay — frailty




Biomedical ageing research 2

natural programes for compensation

e Genotoxic scarification — celular senescence

* Molecular damage — 2ggregates

e Cellular dysfunction — encapsuiation
* Endocrine lapse — organ remoceliing
* Immune fade — anti-autoimmunity
 Somatic decay — retirement




Biomedical ageing research 3

Putative de-ageing measures

* Genotoxic scarification — DNA repair/telomerase

* Molecular damage — proteasome / autophagy
* Cellular dysfunction — apoptosis / replacement
* Endocrine lapse — exocrine reprogramming

* Immune fade — haematopoietic fitness

* Somatic decay — stem cell protection




Biomedical ageing research

,inevitable consequences’

* Genotoxic scarification — cancer & neoplasia
 Molecular damage — cellular dysfunction

e Cellular dysfunction — organ derailment

* Endocrine lapse — hyper/neoplasia

* Immune fade — chronic infection

* Somatic decay — frailty




Biomedical ageing research 2

natural programes for compensation

e Genotoxic scarification — cellular senescence
* Molecular damage — 2ggregates

e Cellular dysfunction — encapsuiation

* Endocrine lapse — organ remoceliing

* Immune fade — anti-autoimmunity

* Somatic decay — retirement




Biomedical ageing research 3

Putative de-ageing measures

* Genotoxic scarification — DNA repair/telomerase
* Molecular damage — proteasome / autophagy

* Cellular dysfunction — apoptosis / replacement

* Endocrine lapse — exocrine reprogramming

* Immune fade — haematopoietic fitness

* Somatic decay — stem cell protection




Stammazellen

. ,#Jungbrunnen” oder die Antithese des Alterns

“backup-Zellen”

Stammzellen erganzen
und erneuern
kontinuierlich
Gewebe und Organe

und erneuern
gleichzeitig die eigene
Zellpopulation

Reservezellen, die auf Stressoren/Stresssituationen
spezifisch reagieren




Biological Tissue Age

... rejuvenation - regeneration - repair

cerebral cortex

cerebellum visual cortex
little younger than age of the individual
age of the individual

eye inner lens

age of the individual liver ~1y

gut epithelium 5d
gut 15.9a

proximal part of
femur ~100d
bone ~10y

red blood cells 120d
skin (outer layer) 14d



Muskelstammzellen

... Funktionsbeintrachtigung durch Serumkomponenten
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Conboy et al., Nature 433, 760-4 (2005)




Parabiose
.. ,Doppelorganismus”

Haessler HA Ann. NY Acad. Sci. 131: 476-84 (1965)



Generate Injure
parabiotic mice leg muscle

Young Young

Young Old

Impaired
regeneration

Bob Crimi



Serumbestandteile

... Muskelheilung

Young Aged

180, Hetarc] 180, Heatero]

Hagematoxylv/uosa

e Young Aged

*
s

3

12y

3

M=

Delta* satelita colls (%6)
&
o

o

Iso. Hete«1 Iso Hatml

Externes Milieu bzw Umweltfaktoren etc

Conboy et al., Nature 433, 760-4 (2005)



Mesenchymal Stem Cell (MSC)
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Marrow  Tendogenesis/
Osteogenesis Chondrogenesis Myogenesis Stroma  Ligamentogenesis
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Age-online Monitoring

... Stem Cell fate / Physiological Fitness

in vitro

INn VIiVO

In coop with AIT (R.Heer/P.Ertl), Lepperdinger stem cell Lab — LaL®



perception matters







