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Alzheimer and DNA methylation 

Hyperhomocysteinemia 
(HHcy) 

Alzheimer ??? 

� Hyperhomocysteinemia is associated with LOAD (risk factor or 
consequence?) 

(McCaddon et al., 1998; Seshadri et al., 2002) 
� Impairment of Methylation Potential (MP) in ageing, particularly in 
LOAD 

(Bottiglieri and Hyland, 1994; Morrison et al., 1996) 
� Low Folate, vitamin B12 and vitamin B6 in LOAD 
(Selhub et al., 2000) 

1, Methionine adenosyltransferase (MAT) 
2, Methyltransferase(s) 
3, SAH hydrolase 
4, Cystathionine-β-synthase (CBS) 
5, Methionine synthase 
6, Methylenetetrahydrofolate reductase 
(MTHFR) 

One-carbon metabolism and methylation 
Met, Methionine 
SAM, S-adenosylmethionine 
SAH, S-adenosylhomocysteine 
HCY, Homocysteine 
CYS, Cystathionine 
GSH, Glutathione 
THF, Tetrahydrofolate 
MTHF, methyltetrahydrofolate 
B12, Vitamin B12 
B6, Vitamin B6 

Fuso A., Aging and Disease: the Epigenetic Bridge 
 In: Epigenetics and Human Disease; Ed. Tollefsbol T., 2012, 

Elsevier 



29

Alzheimer and DNA methylation: 
hypothesis 

� HCY involved in methylation metabolism 
� DNA methylation regulates gene expression 

HHcy ??? Alzheimer Methylation 
impairment 

Gene 
expression 

Experimental model 

x 

x 

x 
TgCRND8 mice carrying double 
mutated (Swe/Ind) human APP 
transgene. 
 
• Rapid Amyloid plaque deposition 
starting at 2-3 months of age 

• Normal endogenous PSEN1 gene 

• No deposition of Tau fibrils 

Folate (mg/kg) Vitamin B12 (mg/kg) Vitamin B6 (mg/kg) SAM

Control diet (AIN-93M) 1,98 0,025 7
0,4 mg/day

B vitamin deficient diet 0,11 0,0018 0,85

Fuso et al., NBA 2010 
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C1 metabolites in TgCRND8 mice 

B vitamin deficiency induces hyperhomocysteinemia and brain SAH accumulation  

Brain Blood 

Fuso et al., NBA 2012 

SAM uptake 
Brain Blood 

Measured by: 
•  HPLC in brain and blood 
•  Tritiated SAM in brain lysates 
•  Tritiated CH3 in brain DNA 

Fuso et al., NBA 2012 
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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)  

Fuso A., Aging and Disease: the Epigenetic Bridge 
 In: Epigenetics and Human Disease; Ed. Tollefsbol T., 2012, 

Elsevier 

DNA methylase and demethylase activity in mice brain 

Fuso et al., JNB 2010 
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In vitro emimethylated, non methylated and H3-methylated 
DNA is mixed to nuclear extracts from TgCRND8 mice 
brain to asses, respectively, maintenance and de novo 
methylation and demethylation.
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Bisulfite assay and sequencing (experimental samples) 

Hypermethylated 

Hypomethylated 

PSEN1 methylation 
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Control + SAM 
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B def + SAM 
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B deficient 

Overall CpG methylation 

Fuso et al., NBA 2011 
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PSEN1 expression 

Fuso et al., NBA 2012 

Amyloid plaques 

Fuso et al., NBA 2012 
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PSEN1 methylation in old (10 mo.) TgCRND8 mice 

PSEN1 methylation pattern is stable 
during aging although PSEN1 expression 
is up-regulated. 

Fuso et al., CAR 2011 

Methylation and Tau 

PP2A methylation promotes phosphatase activity and Tau dephosphorylation 
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Tau phosphorylation in TgCRND8 mice 

Nicolia et al., JAD 2010 

Water-maze test: training 

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 

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 

Only 1% of 
genes on the 

array are 
modulated!!! 

Fuso et al., NBA 2012 

Proteomic analysis in mice brain 

Borro et al., JAD 2010 Only 16 proteins are modulated!!! 
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C1 metabolism alteration 
in AD 

B vitamin 
deficiency 

(-CH3) 

PSEN1 promoter PSEN1 promoter 

γ-secretase 

Aβ
Aβ

Aβ
Aβ Aβ

Aβ
Aβ

Aβ

HCY 

Transsulfuration Remethylation 

SAH 

DNA 
Demethylase 

DNA 
MTASE 

  SAM supplementation restores 
methyltransferase/demethylase 
homeostasis. As a consequence, 
control levels of PSEN1 methylation 
and expression and Aβ production 
were restored 
  SAM or B vitamin supplementation 
could be considered as therapeutic 
or, at least, co-adjuvant agent in 
LOAD treatment and prevention 

PP2A 

Exogenous 
SAM 

Exogenous 
SAM 

NUTRITION, EPIGENETICS AND 

NEURODEGENERATION… 

…AND THE GUT MICROBIOME 
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Microbiome-epigenetics-neurodegeneration 

Dinan & Cryan J. Physiol. 2017 

Microbiota regulates brain development, aging and neurodegeneration 
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The Gut-Brain axis 

• 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  

The Gut-Brain axis and the epigenetics 
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Gut microbiome influences epigenetic marks 

Gut microbiome alterations in disease 

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 

Questions welcomed! 


