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Hallmarks of Alzheimer’s Disease  

 β-amyloid containing plaques

 Neurofibrillar tangles

 Neurodegeneration 

Brain amyloidosis and gut bacteria in humans 



Peripheral and Central Inflammation in 

Alzheimer’s Disease

 Neuritic amyloid plaques co-localize with reactive microglia and 

astrocytes

 complement proteins 

 Increased pro-inflammatory cytokines 
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Is amyloid 

deposition 

causing 

inflammation or 

is inflammation 

promoting Aβ

oligomers 

aggregation?

Pro-inflammatory 

stimuli


Peripheral and Central Inflammation in 

Alzheimer’s Disease



Synapse formation requires nutritional 

precursors and cofactors

• Synapses are continuously being 
remodeled 

• Synapses are part of the neuronal 
membrane

• Membranes consist of phospholipids
• Phospholipid synthesis depends on the 
presence of uridine, choline and DHA

• Co-factors facilitate phospholipid 
synthesis by enhancing precursor 
bioavailability
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I circuiti nervosi coinvolti nei comportamenti alimentari sono coordinati in 

modo preciso con i centri cerebrali che regolano l’omeostasi energetica e 

la funzione cognitiva. 

Synapse formation requires nutritional 

precursors and cofactors
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Gut-brain 
connection 
The “Pachinko 
Model”

Calvani R, Landi F et al. 2013

Potential therapeutic strategies



Gut microbiota as a part of the gut barrier
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The gut barrier

The human gut microbiote: facts and figures 

• The total weight of the microbiota biomass in the human gut may reach up 
to 1.8 kg 

• The number of bacteria in the human gut exceeds the number of somatic 
cells in the body by 10-fold

• The gut microbiome includes 100-fold more genes than the human genome

(Sommer & Bäckhed. Nat Rev Microbiol 2013;11:227–238; Tremaroli et al., Nature 2012;489:242–9)



Phylogenetic diversity of human gut 
microbiota

Ley et al., Science, 2008, 20;320(5883):1647-51



Immunological dysregulation associated 
with dysbiosis of the Gut Microbiota

Immunological equilibrium

Immunological dysequilibrium

Pathogens with pro-

inflammatory properties

Symbionts

Commensals

Pathobionts



Heinz & Mair, Cell 2014;156:408-11

Immunological dysregulation associated 
with dysbiosis of the Gut Microbiota



The human gut microbiote and 
human diseases

• Rheumatoid arthritis 
• Atherosclerosis
• Obesity
• Non-alcoholic steatohepatitis
• Frailty in older persons

J Exp Med 1994;180:2359-64

Bacterial DNA in atherosclerotic plaques

Koren et al., PNAS 2011Henao-Mejia et al., Nature 2012

Percent increase in total body 
fat after
colonization of germ-free 
mice with microbiota
harvested from “humanised” 
mouse donors fed a Western 
or a low-fat, plant 
polysaccharide–rich diet

Turnbaugh et al., Sci Transl Med. 2009 

Claesson et al., Nature. 2012;488:178-84



THE GUT MICROBIOTE AND 
BRAIN DISEASES



GMB as master Regulator of Immunity 
and Inflammation

 Activation of complement C1q

 Inflammation signals Receptors

GMB metabolites and 

inflammation signals 

into systemic 

circulation 

BRAIN

GUT
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Metagenomic Analyses in AD patients and 
controls

9 CTRL Amy-

34 AD Amy+AD HC P-value

Gender	(M/F) 20/14 4/5 P>0.05

Age	(mean±SD) 71±6.5 69±6.3 P>0.05

MMSE 22±4.5 28±1.1 P<0.05



Meta-genomic Analyses in AD patients and controls:
Differences in genus abundances

HC

Ab+

Firmicutes Proteobacteria

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

0,50

Bacteriodetes



Meta-genomic Analyses in AD patients and controls:
Differences in genus abundances



Factors responsible for inducing the 
variability in the human gut microbiota



Aging and variability in the human gut 
microbiota

Modification of MICROBIOTA-HOST equilibrium

during lifetime

Quali-quantitative alteration of 

gut microbiota and its functions

“AGED” GUT MICROBIOTA

EUBIOSIS



Development of human gut microbiota 
from prenatal to elderly



Aging compromise the homeostatic 
equilibrium between microbiota and host 

Odamaki et al. BMC Microbiology, 2016

367 Japanese individuals: 6 centenarians (100-104 years old) and 7 individuals >95 years



Microbiota correlated with residence 
location

Microbiota composition in 

elderly people living in long-

stay residential care facilities 

was different from that of the 

free living elderly, within the 

same ethno-geographic region. 

Claesson et al, Nature 2012

Long-stay microbiota had a 

higher proportion of phylum 

Bacteroidetes, compared to the 

proportion of phylum Firmicutes

and unclassified reads in 

community-dwelling subjects

(1) community-dwelling

(2) attending an out-patient day hospital

(3) in short-term (<6 weeks) rehabilitation hospital care 

(4) in long-term residential care (long-stay)



The composition of the microbiota is determined 
by the composition and diversity of the diet

Claesson et al, Nature 2012

Community

Low-medium fat

High fruit/fiber diet

Long-stay

High fat

Low fiber diet

Overall

The most discriminating food types were vegetables, fruit 

and meat



Ageing inevitably affects gut microbiota 

Candela M et al. Mech Ageing Dev 2013 



Factors proposed to support the gut barrier 

Bischoff et al. BMC Gastroenterology 2014, 14:189 



Probiotics as New therapies ?

PROBIOTICS (“living organisms that can 

provide benefit to the Host”)

PREBIOTICS (“substances that are 

present in the food that is not absorbed 

by the Host but that it is used by the gut 

bacteria”)



Potential therapeutic strategies

 Lactobacillus Plantarum LP01: modulazione della flogosi per 
positivo rapporto tra citochine antinfiammatorie e pro-
infiammatorie

 Lactobacillus Buchneri LB26: probiotico inattivato che 
internalizza Selenio e Zinco per aumentarne la biodisponibilità

 Bifidobacterium Animalis specie lactis BS05: effetto 
antiossidante per produzione GSH e SOD

Lactobacillus and Bifidobacterium are the 
most commonly used probiotic bacteria



Lactobacillus Plantarum LP01



Lactobacillus Buchneri LB26



Bifidobacterium Animalis (lactis BS05)



PROBIOTICS & malattie psichiatriche



PROBIOTICS & Demenza



PROBIOTICS & Demenza



TAKE HOME MESSAGE

Cell 169, 1249–1262, June 15, 2017



TAKE HOME MESSAGE



TAKE HOME MESSAGE

The age-tailored and personalized modulation of the gut microbiota will be 

aimed at maintaining the microbial profile with the highest probability to 

help the host in preventing diseases and promoting (brain) health

Nikoletopoulou V et al. 
Trend in Endocrinology and Metabolism 2014



TAKE HOME MESSAGE


