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Age Related Diseases

Alzheimer’s Disease
O The most common cause of dementia
0 Neurodegenerative disease

O Progessive and Irreversible

0 Cognitive Impairment and behavioural abnormalities

0 Neuropathological alterations: -amyloid, Tau hyperphosphoryation and cell
death.

O Sporadic Alzheimer’s disease 99% of cases

The greatest risk factor for AD is
advanced age
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The hallmarks of aging

Culprits of the
phenotype Stem cell

T exhaustion

Response to

damage Deregulated Mitochondrial
1‘ nutrient-sensing dysfunction

Causes of w&

damage Genomic instability Telomere attrition Epigenetic alterations J| Loss of proteostasis

The hallmarks of aging, Lopez-Otin et al., Cell 2013



Epigenetic mechanisms

A consensus definition of the concept of epigenetic trait as "stably heritable phenotype
resulting from changes in a chromosome without alterations in the DNA sequence" was
formulated at a Cold Spring Harbor meeting in 2008.
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Beyond the Genome: Epigenetic Mechanisms in Lung Remodeling. Physiology. James S. Hagood, 2014.


https://en.wikipedia.org/wiki/Cold_Spring_Harbor_Laboratory

Epigenetics and Brain

The human brain expresses numerous genes;
approximately 80-95% of protein-coding
genes are expressed in at least one brain
region during at least one period of
development or adulthood.

One the most important findings that supports
the importance of epigenetics in the
functioning of the brain has been the discovery
that neuronal activity per se modifies DNA
methylation and  histone  modifications
patterns, and further, that learning and
memory depend on these epigenetic changes.

Bae B, Jayaraman D, Walsh CA. Genetic Changes Shaping the Human Brain. Developmental cell. 2015;32(4):423-434.
Levenson J. M., Sweatt J. D. (2005). Epigenetic mechanisms in memory formation. Nat. Rev. Neurosci. 6 108—118.



Epigenetics and life

A.

Germiine Parental ganomic
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Developmental tissue-specific epigenetic programming
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What causes AD?
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Progress in Neuro-Psychopharmacology & Biological
Psychiatry

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

Ageing Research Reviews

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

Review

Epigenetic mechanisms in Alzheimer's disease: Implications for @mm

pathogenesis and therapy Epigenetics in neurodegeneration: A new layer of complexity
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Neurobiology of Aging
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Review
Epigenetic regulation in the pathophysiology of Alzheimer's disease Epigenetically regulated microRNAs in Alzheimer’s disease
Leonidas Chouliaras™', Bart P.F. Rutten ™', Gunter Kenis®, Odette Peerbooms*, Pieter Jelle Visser ™, . b . e A .
Frans Verhey?, Jim van Os®¢, Harry W.M. Steinbusch®, Daniel L.A. van den Hove *4 Daniel L. len citl'n Hove ™", I(pnstanlm()s Kompotis®, Roy I.__e?rclenuue s (‘_xun_ter K(‘.‘I'!L‘i .
Jonathan Mill*“, Harry W. Steinbusch®, Klaus-Peter Lesch ™", Carlos P. Fitzsimons*,
Bart De Strooper “#, Bart PF. Rutten *



The SAMP8 Mouse Model
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The SAMP8 Mouse Model

CHARACTERISTICS OF AGE-RELATED BEHAVIORAL CHANGES
IN SENESCENCE-ACCELERATED MOUSE SAMP8 AND SAMP10

rter™", Jennifer A Greenhall®*", Shigeo Yoshida®, Sebastian Fuchs”
Iton”, Anand Swaroop', David J Lockhart? and Carrolee Barlow”
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Senescence-Accelerated Mouse (SAM) Strains e e o 5 2008 e _ i
Haruo Kitado, Keiichi Higuchi, Toshio Takeda B ——
Mini review
Journal of Gerontology, Volume 49, Issue 6, 1 November 1994, Pages B247-B254, The senescence-accelerated prone mouse (SAMPS8): A model of
https://doi-org.sire.ub.edu/10.1093/geronj/49.6.8247 age-felated cognitive decline with relevance to alterations of the gene
Published: 01 November 1994  Article history v xpression and protein abnormalities in Alzheimer’s disease
D. Allan Butterfield®, H. Fai Poon
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The SAMP8 Mouse Model

{romiders in ORIGINAL RESEARCH ARTICLE %
Epigenetics can explain in part the AGING NEUROSCIENCE s oo LD
= senescent phenotype that Epigenetic alterations in hippocampus o_f SAMP8 senescent
& :( characterizes SAMPS mice and modulation by voluntary physical exercise

Table 1. Epigenetic alterations presented by SAMP8 in comparison with SAMRL1.

Related Aberrant Epigenetic Alteration = References
Epigenetic Mark and
Regulators
DNA methylation Global levels of 5-mC [233]
A and 5-hmC W
Histone modifications H3K24, H3K27, H3K36, [242]

H3K79, H3R128,
H4K20 and H2AR89 W
Global acetylation
levels of H3 and H4 A

miRNAs miR-16, miR-9 and [246, 247,
miR-139 W 249]
DNTMs and HDACs Dnmt3b A4 [233, 25]
Sirtl, Hdac5 and
Hdacé W

LUTEL DUMCHU AU VICTUE Fallas

*Department of Pl dogy, Toxicology and Therapewtic Chemistry (Pharmacology Section) and Institute of
Newroscience, Uni v oaf Barcelona and CIRERNED, Barcelona, Spain

Pinstitut d Investigacions Biomédiques de Barcelona (HIBE), CSIC, HNBAPS and CIBERESE, Barcelona, Spain

Accepled 11 January 2018



Epigenetic study in SAMPS8

Analysis of early and late-onset epigenetic alterations
in female SAMP8 a model of age-related cognitive
decline

C. Grifidn-Ferré M. Cosin-Tomds™, M.J. Alvarez-Lépez!, J. Companys-Alemany?, P.
Kaliman?, C. Gonzalez-Castillo?, D. Ortufio-Sahagin? and M. Pallas?.
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Epigenetic Landscape
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Epigenetic Landscape
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MRNA-mMIRNA expression

MRNA microarray
SAMR1 2 and 9 months (n=6)
SAMPS 2 and 9 months (n=6)

M

1,062 mRNAs differentially expressed in SAMP8 vs. SAMR1 at 2 months
1,033 mRNAs differentially expressed in SAMPS8 vs. SAMR1 at 9 months
92 mRNAs differentizlly expressed in both 2 and 9 months

(Figure 1 and Suppl. Material 3)

microRNA PCR array
SAMR1 2 and 9 months (n=6)
SAMPS 2 and 9 months (n=6)

4

28 miRNAs differentally expressed in SAMPS8 vs. SAMR1 at 2 months
17 miRNAs differentally expressed in SAMP8 vs. SAMR1 at 9 months
6 miRNAs differentially expressed in both 2 and 9 months
(Figure 4 and Suppl. Material 4)




MRNA-mMIRNA expression

Hl Altered (1062 genes; 4.8%)
Up-regulated: 571

B Altered (17 miRNAs; 20.2%)
Down-regulated: 491

Up-regulated: 13
Down-regulated: 4

3 Non-altered (20938 genes) 3 Non-altered (67 miRNAs)

Genes altered in /((D MiRNAs altered in 2 5 %@
2-month-old SAMP8

9-month-old SAMP8

@ Altered (1033 genes; 4.7%)
Up-regulated: 346

Bl Altered (28 miRNAs; 33.3%)
Down-regulated: 687 Up-regulated: 6
Down-regulated: 22
3@ Non-altered (20967 genes)

(3 Non-altered (56 miRNAs)

Genes altered in MiRNAs altered in
9-month-old SAMP8 2-month-old SAMPS8

We found 174 mRNA targets We found 37 miRNAs altered
altered in SAMPS8 i in SAMPS
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Regulatory networks
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Validation of mMRNA:miRNA

The selected mRNA:mMiRNA pairs are involved in brain aging and neurodegeneration.
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Validation of mMRNA:miRNA
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Conclusions

Our data indicate the reciprocal interaction between non-genetic factors and
epigenetic mechanisms that can explain the senescence process in the SAMPS8, and
specifically the main role of miRNA in gene regulation, supported their use as

biomarkers for aging and their importance for developing novel therapeutic
interventions for AD, based on epigenetics.
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