Alzheimer and DNA methylation

[z]JHyperhomocysteinemia is associated with LOAD (risk factor or
consequence?)

(McCaddon et al., 1998; Seshadri et al., 2002)
[z)impairment of Methylation Potential (MP) in ageing, particularly in
LOAD

(Bottiglieri and Hyland, 1994; Morrison et al., 1996)

[z]Low Folate, vitamin B12 and vitamin B6 in LOAD
(Selhub et al., 2000)

Hyperhomocysteinemia ===== -Q'f?-?- =ssP Alzheimer
(HHcy) -

One-carbon metabolism and methylation
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Met, Methionine

SAM, S-adenosylmethionine
SAH, S-adenosylhomocysteine
HCY, Homocysteine

CYS, Cystathionine

GSH, Glutathione

THF, Tetrahydrofolate

MTHF, methyltetrahydrofolate
B12, Vitamin B12

B6, Vitamin B6

3 2 i:l

Methylated DNA
cYs -

GSH Fuso A., Aging and Disease: the Epigenetic Bridge 5, Methionine synthase
V In: Epigenetics and Human Disease; Ed. Tollefsbol T., 2012, 6, Methylenetetrahydrofolate reductase
Elsevier (MTHFR)

1, Methionine adenosyltransferase (MAT)
2, Methyltransferase(s)

3, SAH hydrolase

4, Cystathionine-B-synthase (CBS)
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Alzheimer and DNA methylation:
hypothesis

[2]JHCY involved in methylation metabolism
[2]JDNA methylation regulates gene expression
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Experimental model

@
!

Diet
6 .~THF l Polvaml TgCRND8 mice carrying double
Mat mutated (Swe/lnd) human APP

(@ T transgene.
5-MTHF k 1 decarboxylated [¢]
Remethylation SAM

{ *Rapid Amyloid plaque deposition
HCY @ starting at 2-3 months of age
A Substrates
cYs @ 3 2 (DNA, proteins, *Normal endogenous PSEN1 gene
A, lipids...)
TransulfurationN\T—* SAH . .
Methylated *No deposition of Tau fibrils
CYSTEINE substrates
GSH
Folate (mg/kg) Vitamin B12 (mg/kg) | Vitamin B6 (mg/kg)
Control diet (AIN-93M) 1,98 0,025 7
B vitamin deficient diet 0,11 0,0018 0,85

Fuso et al., NBA 2010
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C1 metabolites in TJCRND8 mice

Brain Blood
SAM SAH SAM/SAH SAM Hcey
(nmol/g) (nmol/g) ratio (uM) (uM)
TgCRNDS8 Ctrl 39.6x1.6 80.0£1.0 0.47+0.08 10.0+3.0 0.41+0.57
B def 52.0+6.8 190.0+£30.0 %y 0.32+0.09 11.0+£7.8 £ 118.75+65.8¢
p<0.05 p<0.05 vs Ctrl),
129Sv Ctrl 70.0£20.0  90.0£10.0  0.63+0.08 7.0£1.0 2.04+0.56
B def 0.16+0.1

28.0+7.0 250.0+70.0
p<0.05 vs Ctrl

p<0.01 vs Ctrl )

9.0+£5.0 # 90.68+34.08
(p<0.05 vs Ctrl )

B vitamin deficiency induces hyperhomocysteinemia and brain SAH accumulation

Fuso et al., NBA 2012

SAM uptake

* HPLC in brain and blood

« Tritiated SAM in brain lysates

 Tritiated CHsin brain DNA

Brain Blood
SAM SAM
(nmol/g) (uM) .
Ctrl 39.6£1.6 10.0£3.0 Measured by:
Ctrl+SAM 175.9+46.4 | 51.66+11.4
(p<0.05 vs. Ctrl)| (p<0.05 vs Ctrl )
B def 52.0+6.8 11.0+£7.8
B def+SAM  127.0+45.6 | 60.37+13.7
(p<0.05 vs B def[(p<0.05 vs Bdef’
-
Q
= . B
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DNA methylation machinery

SAM promotes DNMTs and inhibits demethylase activities
SAH inhibits DNMTs and promotes demethylase activities
(Szyf, 2009; Fuso et al., 2011) .

ﬁ{\}\f b De novo methylation
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Bisulfite assay and sequencing (experimental samples)
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PSEN1 expression
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PSEN1 methylation in old (10 mo.) TJCRND8 mice

Figure 1
Figure 2
A TGERVE TeTOV
TgCRND8 mice 129S8v mice
A 3 months (o3 3 months
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Z 40 Z 40
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PSEN1 methylation pattern is stable
during aging although PSEN1 expression
is up-regulated.
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TgCRNDS 129Sv TgCRND8 1295y Fuso et al., CAR 2011

Methylation and Tau
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PP2A methylation promotes phosphatase activity and Tau dephosphorylation

*Downregulation of neuronal PPMT and PP2A methylation occur in affected brain
regions from AD patients.

*Reduced PP2A methylation promotes the accumulation of both phosphorylated
tau and APP isoforms and increased secretion of amyloid-R peptides.

*S-adenosylmethionine enhance PP2A methylation. This leads to the
accumulation of dephosphorylated tau and APP and increased secretion a-
secretase-cleaved APP fragments.
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Tau phosphorylation in TJCRND8 mi
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training

Water-maze test

Fuso et al., NBA 2012
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Water-maze test: trained mice (SAM supplemented, obviously!!!)

Fuso et al., NBA 2012

Cognitive improvement with SAM
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SAM supplementation improves cognitive performance in the cued task of the
water maze test.

Fuso et al., NBA 2012
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Transcriptomic analysis in mice brain

Control vs. B deficient

Control vs. B deficient+SAM

B deficient vs. B deficient+SAM

Ctrl
Ctrl
+SAM

B def.
+SAM
B def.

?

Only 1% of
genes on the
array are

modulated!!!

Fuso et al., NBA 2012
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NUTRITION, EPIGENETICS AND
NEURODEGENERATION...

...AND THE GUT MICROBIOME
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Microbiome-epigenetics-neurodegeneration
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Microbiota regulates brain development, aging and neurodegeneration

Prenatal Infancy Childhood Adolescence Adulthood Ageing

Neurodevelopment Neurodegenerative
disorders disorders
The Journal of
Physiology

Figure 1. We are living in a microbial world throughout our lifespan

A growing body of evidence suggests that gut microbiota is essential to human health and is a key player in the
bidirectional communication across the gut-brain axis. The microbiota dynamically changes across the lifespan,
establishing its relationship with the host at critical windows during infancy, adolescence and ageing. At these
time windows, there is an increased vulnerability to external insults, which may result in enhanced susceptibility to
brain disorders. Early life disturbance of the developing gut microbiota has the potential to significantly impact on
neurodevelopment and potentially lead to adverse mental health outcomes later in life. Similarly, the microbiota
may contribute to the ageing process and the trajectory of neurodegenerative disorders.

Dinan & Cryan J. Physiol. 2017
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The Gut-Brain axis

The Bidirectional Gut-Brain Axis

The ability of the brain to The ability of the
influence the intestinal microbiota to influence
microbiota e brain, behavior, and mood
Perturbation of your cea|t
normal habitat via stress- ‘

induced changes in

gastrointestinal: Activation of neural

pathways to the brain

* Physiology fo ./
+  Epithelial function i ;
P 3 i Activation of musosal
* Mucin production : ’ immune responses
* EE cell function / '
Microbiota-
*  Motility gut '"'°’P"Y‘/ Production of metabolites
that directly affect the CNS
Release of L J
Neurotransmitters
Grenham S, Clarke G, Cryan JF, Dinan TG. Brain nd disease
Front Physiol. 2011;2.94 Epub2011Dec 7 P\.b‘,!ed P‘HD 22162969 aubh’ed Cenlral P‘(CID
PMC3232439

The Gut-Brain axis and the epigenetics
* Epigenetic changes are responsible for normal/aberrant development and for disease
onset

* Epigenome is a dynamic entity, modulated by particular stimuli.

*Nutrition and diet can influence development and aging. Dietary exposures can have
consequences even many years later.

*The gut microbiota is now known to have a crucial role in the development and
functionality of innate and adaptive immune responses and in regulating gut motility,
intestinal barrier homeostasis, nutrient absorption and fat distribution.

* Impact of enteric microbiota on brain and behavior = the gut—brain axis

*Diet can substantially affect microbiota composition, in a sort of mutual regulation
existing between colonizing microbiota and the host organism.

*Microbiota can influence the epigenetic signature, particularly the DNA
methylation, by altering nutrient absorption (Cryan, 2012). Colonization by
different microbiota can result in differential gut development and regulate
nutrient absorption.

*Low-molecular-weight substances of indigenous gut microbiota origin should be

considered one of the main endogenous factors actively participating in
epigenomic mechanisms that are responsible for the mammalian genome
reprograming
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Gut microbiome influences epigenetic marks

Paul et al. Clinical Epigenetics (2015) 7:112

Page 5 of 11

i

Epigenetic Modifiers _

Fig. 2 The molecular interaction of the gut microbiota is greatly influenced by the dietary compounds consumed. The microbes residing in the
human gut produce a number of low molecular weight molecules such as butyrate, folate, propionate, and biotin. These compounds either
directly bring about epigenetic modifications such as changes in DNA methylation and histone acetylation or indirectly act via activation or
inhibition of certain enzymes such as DNMTs, HDACs, or even hTERTs. Me DNA methylation, Ac histone acetylation

Produce folate,
propionate, butyrate,
biotinand other low
molecular weight
compounds

Gut microbiome alterations in disease

Table 1 Alteration of gut microbiome in human diseases

Disease

Microbiome alteration

Reference

Irritable bowel syndrome

Crohn's disease
Gastric cancer

Colorectal cancer
Obesity
Type 1 diabetes

Atherosclerosis
Rheumatoid arthritis

Autism

Chronic fatigue syndrome

Alzheimer's disease

Increased ratio of the Firmicutes to Bacteroidetes

Increased Clostridium species, Ruminococcus torques,
and E. coli

H. pylori induces production of pro-inflammatory
cytokines

Abundance of Fusobacteria and Coriobacteria
Reduced ratio of Bacteroidetes to Firmicutes
Altered gut permeability to mannitol and lactulose

Metabolism of phospholipids by gut microbiota to
trimethylamine-N-oxide

Less Bifidobacteria and bacteria of the Bacteroides-
Porphyromonas-Prevotella

Higher number of Clostridium species known to
produce tetanus neurotoxin (TeNT)

Lower levels of Bifidobacteria and small-intestinal
bacterial overgrowth

Excess ammonia production by gut microbiota

(Rajilic-Stojanovi¢, Biagi et al. 2011) [70]
(Martinez-Medina, Aldeguer et al. 2006) [53]

(Tsuji, Kawai et al. 2003) [88]

(Castellarin, Warren et al. 2012) [9]
(Ley, Béckhed et al. 2005) [44]
(Kuitunen, Saukkonen et al. 2002) [41]
(Loscalzo 2011) [48]

(Vaahtovuo, Munukka et al. 2008) [90]

(Parracho, Bingham et al. 2005) [64]
(Bolte 1998) [4]
(Logan, Venket Rao et al. 2003) [47]

(Samsel and Seneff 2013) [76]

Genes involved in regulation of gut function and maturation (APC, Sfrp1, DKK1) and

in neurodevelopment (BDNF, Reelin), and that are already known to be modulated by

DNA methylation (Licchesi 2008, Matrisciano 2011).
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Thank you for your attention

If they ask you anything you don’t know, just
say it's due to epigenetics.

Questions welcomed!
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