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Aging and muscle
Loss of muscle mass, strength and function
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Original Study

Age-Related Variations of Muscle Mass, Strength, and Physical

Performance in Community-Dwellers: Results From the Milan EXPO Crosstterk
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Aging and muscle
Loss of muscle mass, strength and function
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Undernutrition, Sarcopenia andFrailty

European Gernatric Medicine oo (2016]) ioo-xxs

Available online at Elsevier Masson France ﬁ"&?ﬁﬂig
EDICIME
ScienceDirect EM|consulte
www.sciencedirect.com www.em-consulte.com/en

Research paper
Sarcopenia and frailty: From theoretical approach into clinical practice

F. Landi®*, A. Cherubini® M. Cesari®, R. Calvani? M. Tosato?, A. Sisto®, A.M. Martone ?,
R. Bernabei®, E. Marzetti®

! Department of Geriotrics, Newrosciences and Orthopoedics, Catholic University of the Soored Heart, Rome, Iealy
® Geriatric Hospital, ltalion Notional Reseorch Center on Aging {INRCAJ, Ancona, [toly
S Gérontopdle, centre hospitelier universitaire de Toulouse, Toulouse, France
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Undernutrition, Sarcopenia and Frailty

0 Physical inactivity and decreased dietary intake

4

0 Decreased protein synthesis and increased protein breakdown
O Infiltration of fat into muscle

Sedentary lifestyle

' Malnutrition/ Anorexia

Low protein intake
Jvitamin D
hysical perf . . .
Age-related hormonal changes (L physical performance | Physical frailty Negative health
( GH/IGF-1, testosterone, DHEAS, estrogens) [N » Sarcopeni a=a — Weakness outcomes

Slow walking speed (e.g., mobility

Loss of muscle Mass [ L muscle strength ] Balance impairment disability)
lliness/ Injury

>

Inflamm- agmg

7/

’[‘ myostatin

J alpha motor neurons
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PUTATIVRMECHANISMS OF PROTEIN
ACTION ON MUSCLE CELLS

-

Overview of potential pathways whereby resistance exercise and nutritional interventions
may influence cellular events implicated in the regulation of muscle mass

CURRENT NUTRITIONAL RECOMMENDATIONS AND NOVEL DIETARY
STRATEGIES TO MANAGE SARCOPENIA

Cregtine — The Journal of Frailty & Aging

alg 03— - 2013;2(1):38-53

Endogenous
antioxidants

Landi F. et al. The New Metabolic Treatments
Universits Cattolica del Sacro Cuore ForSarcopenia NAPOLI2017
. Aging Clin Exp Re2013
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Nutrition-muscle
connection
The “Pac
Model ”

2013:2(1):38-53

CURRENT NUTRITIONAL RECOMMENDATIONS AND NOVEL DIETARY
STRATEGIES TO MANAGE SARCOPENIA
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New perspective
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The mammalian holobiont

The result of co-evolution of the eukaryotic
and prokaryotic parts of an organism
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Gut microbiota as a part of the gut barrieffe®) Aidi:
Microbiota
N :"'.f-"; ———
Mucosal o Acquired
Barrier  jmmases and
Epithelial & Innate
barrier § S Immunity

Endocrine
system

Vascular and Digestive enzymes
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The gut barrier
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The gut barrier

4 March 207 www.saturr.com/matiee (10
The Catholic church’s unholy mess

The 5 Paul Ryan: the man with the plan
E C 0 no m l S t Generation Xhausted

China, victim of the Olympics?

ALGIEST 1808 3400 2012 Eccnoerhit com On the oﬂgin of Spe(l'e

Microbes maketh man

Thehuman gutmicrobiote: facts and figures

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

The number of bacteria in the human gut exceeds the number of somaticiy
cells in the body by *fbld

The gut microbiome includes 196ld more genes than the humagenome
(Sommer &ackhed Nat RewWlicrobiol2013;11:22¢238; Tremaroliet al., Nature 2012;489:249)
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Phylogenetic diversity of humagut
microbiota
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Faecalibacterium

prausnitzii N Clostridium
leptum (cluster IV)

Firmicutes

Enterococcus ‘\

60 to 80 %

Lactobacillales
Streptococcus & J
thermophilus
" Clostridium
Lactobacillus coccoides (cluster
— XIVa)
Bacteroides 'o” N AR
thetaiotaomicron . .
- *
. 3 \ Actinobacteria prensnssnes s .
E |3 ; Birdabacterkin |
= N \
Bacteroidetes :

T Proteobacteria

20 to 40 % /N

......................................
------------------------------

2 major phyla: Firmicutes and Bacteroidetes (>70%)
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Immunologicaldysregulationassociated
with dysbiosisof the Gut Microbiota

Immunological equilibrium
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Symbionts Commensals Pathobionts
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Regulation

Immunological dysequilibrium

Pathogens with pro-
inflammatory properties

Regulation
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The human gumicrobiote and

|
humandiseases
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GMB as master Regulator of Immunity
and Inflammation

V Activation of complement Clq
V Inflammation signals Receptors

-

MUSCLE

v A Microbial molecules SCFA (butyrate,acetate)
antimicrobial and phagocytosed Diet (AHR, Vitamin A) oo
j peptides midrooranisme microorganisms

- kA

GMB metabolites and
psictnes !nflammatlo_n signals
into systemic

Y . .
% L2y \e circulation
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\ : =, \f / TGFp— IFNY TNE
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Western-style diet
Rich in fat (in particular saturated fatty acids)
Rich in sugars (in particular fructose)
Poor in fibers

7 L
Energy-dense food uptake Translocation of bacteria and
Inadequate energy balance bacterial products in the
N intestine
v

Change in microbiota composition

in the intestine Enhanced endotoxin in the

(e.g. Induction of firmicutes) portal vein

¥ ¥
Enhancement of energy harvest Low-grade liver
High energy load Inflammation
¥ ¥

Obesity
Joint disease nsulin resistance
Depression Metabolic disease
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The interaction between sarcopenia and 4
diabetes |

-

4 Skeletal muscle
insulin resistance

B cell activity

B cell failure

+Skelatal muscle 1‘ Plasma insulin
insulin sensitivity concentration

* Expression
myostatin mRNA

4 Protein synthesis

SARCOPENIA DIABETES
A
% \ Catabolic effect € Insulin deﬁciencylA/ T

t Plasma free fatty acid

t Inflammatory cytokines

+ Fat oxidation

¥ Mitochondrial oxidative capacity

| §Daily protein intake |
: $Physical activity / Exercise |
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Factors responsible for inducing the
variability in the human gut microbiota

Geographical
location,
Region-
specific diet
Mode of
delivery
Host genetlcs>
£ D\
/ \
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(vaginal or

cesarean),
Hospital
environment /
( Variability in gut \
\ microbiota /

\\ / Exposure to
y antibiotics,

Feeding type

Age, Health

Use of
prebiotics
/probiotics
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Aging and variablility in the human gut
microbiota

EUBIOSIS

¥

Modification of MICROBIOTA-HOST equilibrium
during lifetime

o

Quali-guantitative alteration of
gut microbiota and its functions

¥

NAGEDoO GUT I\/IICROBIOTA
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Development of human gut microbiota
from prenatal to elderly

- Sterile gastrointestinal track

Pregnancy
*Cesarean delivery - Bifidobacteria, Bacteroides Staphylococcus,
Corynebacterium, Propionibacterium spp.®
*Vaginal delivery - Lactobacillus, Prevotella, Sneathia spp., Clostridium difficile ¥

Birth
B Nrus I *Enterobacteria®
(1 month)

-

LN «Bifidobacteria §
CLLELLUDR «Bacteroides T

‘—> LIEG « Firmicutes
(24 months) %acteroidetes'

*Firmicutes §
eBacteroidetes ¥
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Aging compromise the homeostatic
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equilibrium between microbiota and host*=
r— 161 ELDERLY IRISH
elderly 04N E02%, hrev young o o 111.9% 0.001% SUBJECTS:

The individual composition
datasets showed

extraordinary variation, with
the proportion of the
Bacteroidetes ranging from
3% to 92% and the
proportion of the phylum
Firmicutes ranging from 7%
to 94%

More than one-half of the core microbiota (53%) in the elderly subjects-comprised
Bacteroidetes were made up by the genera Bacteroides (29%), Alistipes (17%), and

Parabacteroides (7%) compared with 8-27% in the younger adults.
PHYLUM GENUS CLOSTRIDIUM CLUSTER

= Bacteroidetes=FirmicutessProteobacteria - ActinobacteriasVerrucomicrobias Lentisphaeraes Fusobacteria
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Aging compromise the homeostatic P
equilibrium between microbiota and host*®” “ ™"

367 .Jananese individuals: 6 centenarians {104 vears old) and 7 individuals >95 year:

H
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Microbiota correlated with residence
location
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(1) communitydwelling

(2) attending an owpatient day hospital

(3) in shortterm (<6 weeks) rehabilitation hospital care
(4) in longterm residential care (lorstay)

Microbiota composition in
elderly people living in long
stay residential care facilities
was different from that of the
free living elderly, within the
same ethnegeographic region.

Long-stay microbiota had a
higher proportion of phylum
Bacteroidetes compared to the
proportion of phylunfirmicutes
and unclassified reads in
communitydwelling subjects

Policlinico Agostino Gemelli
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The composition of the microbiota is determinega. i
by the composition and diversity of the diet
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EI

R
&

Community
Low-medium fat
High fruit/fiber dietsg

Overall Long-stay
9. High fat
Low fiber diet

|

The most discriminating food types were vegetables, fruit
Policlinico Agostino Gemelli and meat
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Ageinginevitably affects gutmicrobiota

(. MASTICATORY i) /" DIETARY CHANGES:
DYSFUNCTION REDUCTION IN FRUITS
. REDUCTION OF APPETITE AND VEGETABLES
. CONSTIPATION
. REDUCTION OF MOTILITY v
- DEPRESSION E \_  LOWFIBER DIET

MICROBIOTA
REARRANGEMENT

PRO-INFLAMMATORY ' /,
il DYSBIOSIS _—

Policlinico Agostino Gemelli
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Gut microbiota andnflammation

A%Z%SEE ‘ LIVER l
IMMUNE |
— L. Ll MUSCLE
* /
INFLAMM-AGEING

(Circulating molecular mediators)

Site-restricted
inflammation:

brain 2dementia;

uscl c;opern’a; )

Universita Cattolica del Sacro Cuors ANTI-INFLAMMATORY NAPOLI2017
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Muscle wasting: the gumicrobiotaas a new
therapeutic target?

Prebiotics Probiotics Bacteriocins FMT ¢
i.e. fructans i.e. lactobacilli | |i.e. Abp118
o e

"~~

gw

Gut microbiota

g

Muscle

Laure BBindelsand Nathalie MDelzenne
e o e The International Journal of Biochemistry & Cell Biology NAPOLI2017
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Muscle wasting: the gut microbiota as a new
therapeutic target?
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Gut microbiota

Pro-inflammatory
cytokines

Metabolites
i.e. bile acids

Amino acids

PAMPs
(LPS, flagellin,

peptidoglycan)

Laure BBindelsand NathalieM. Delzenne
Peliclinie Agostine Semell cwore T HeEINternational Journal of Biochemistry & (&ibblogy

s . http://dx.doi.org/doi:10.1016].biocel 2013.06.021 NS
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Possible influence of the gut microbiota on

musclephysiology

Protective effect of Peroxisom
proliferator-activated receptor
gamma ceactivator l-alpha
(PGCGlalfa) overexpression in
mice towards skeletal muscle
atrophy achieved through the
reduction of the impact of
denervation and fasting on
muscle fiber diameter and on
the ubiquitin-proteasome
pathway activity, consequently
Inhibiting protein catabolism

Policlinico Agostino Gemelli
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Gut microbiota andprotein metabolism

U The gut microbiota can modulate amino acids availability.
Antibiotics have been shown to increase the levels of circulating
amino acids, which would have been otherwise degraded by
Intestinal bacteria.

U On the other hand, the administration of specific probiotic strains
such as Lactobacilli is associated with a specific faecal amino ac
pattern.

U Furthermore, the gut microbiota exerts indirect effects on protein
synthesis through the release of linoleic acid, acetate and bile s
able to reach skeletal muscle tissue and producing metabolic
effects.

e PuimanAmJPhysiolGastrointest_iverPhysiol 2013
oliclinico Agostino Gemelli
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Gut microbiota andmuscle i/

Leading Edge

Microbiome and Longevity: Gut Microbes
Send Signals to Host Mitochondria

Jan Gruber'2 and Brian K. Kennedy'#4*

'Department of Biochemistry, Yong Loo Lin School of Medicine National University of Singapore, National University of Singapore,
MD 7, 8 Medical Drive, Singapore 1175986, Singapore

2Ageing Research Laboratory, Science Division, Yale-NUS College, Singapore 138527, Singapore

*Department of Physiology, Yong Loo Lin School of Medicine National University of Singapore, National University of Singapore,
MD 9, 2 Medical Drive, Singapore 1175986, Singapore

‘Buck Institute for Research on Aging, Novato, CA 94945, USA

*Correspondence: bkennedy@buckinstitute.org

http://dx.doi.org/10.1016/.cell.2017.05.048

The microbiome has emerged as a major determinant of the functioning of host organisms, affecting
both health and disease. Here, Han et al. use the workhorse of aging research, C. elegans, to identify

| specific mechanisms by which gut bacteria influence mitochondrial dynamics and aging, a first
step toward analogous manipulations to modulate human aging.
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Understanding Longevity
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microbiota gh %
lg?w ‘,‘: A
>4
subdominant
variable fraction
105-109y
LONGEVITY:

* CORE MICROBIOTA SHRINKAGE
* ACQUISITION OF A LONGEVITY-
ADAPTED SUBDOMINANT FRACTION

Policlinico Agostino Gemelli
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Accommodating
opportunistic
and allochthonous bacteria
might possibly support
health maintenance during
aging, such as an
enrichment and/or higher
prevalence of health
associated groups (e.g.,
Akkermansia ,
Bifidobacterium
and Christensenellaceae).
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Factors proposed to support the gut barridE e

i

Dietetic
approach

Avoidance of high amounts of sugar and fat

Avoidance of energy-dense Western-style diet
FODMAP diet

Prebiotics/fibers

Glutamine

Other immune-modulating formula

Probiotic
approach

Selected probiotics

Probiotic cocktails (multispecies concept)

Synbiotics (combination of probiotics and prebiotics)

Drugs/others

Short-chain fatty acids (SCFA)
Metformin

Quercetin and other flavonoids

Policlinico Agostino Gemelli
Universita Cattolica del Sacro Cuore

Gemelli
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Potential therapeutic strategies

U Lactobacillu®’lantarumLR)1: modulazionealella flogosi per
positivo rapporto tra citochine antinflammatoriepo-
iInflammatorie

U Lactobacillug8uchneriLB6: probioticoinattivato che
internalizzaSelenio e Zinco per aumentarnedi@disponibilita

U BifidobacteriumAnimalisspecielactisBR)5: effetto
antiossidante per produzione GSK@D

Lactobacillus andifidobacteriumare the
most commonly used probiotic bacteria
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PROCEEDINGS Open Access

Genomic diversity and versatility of Lactobacillus
plantarum, a natural metabolic engineer

Roland J Siezen'**%", Johan ET van Hylckama Viieg'~

From 10th Symposium on Lactic Acid Bacterium
Egamond aan Zee, the Netherlands. 28 August - 1 September 2011

Abstract

In the past decade it has become clear that the lactic acid bacterium Lactobacilius plantarum occupies a diverse
range of environmental niches and has an enormous diversity in phenotypic properties, metabelic capacity and
industrial applications. In this review, we describe how genome sequencing, comparative genome hybridization
and comparative genomics has provided insight into the underlying genomic diversity and versatility of L
plantarum. One of the main features appears to be genomic life-style islands consisting of numerous functional
gene cassettes, in particular for carbohydrates utilization, which can be acguired, shuffled, substituted or deleted in
response 1o niche requirements. In this sense) L plantarum can be considered a “natural metabolic engineer”.

"
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Lactobacillu€BBuchneriLB26
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Selenium and Zinc Internalized by Lactobacillus buchneri
Lb26 (DSM 16341) and Bifidobacterium lactis Bb1
(DSM 17850)

Improved Bioavailability Using a New Bjological Approach

Luca Mogna, BS,* Stefania Nicola, PhD,* Marco Pane, BS,* Paola Lorenzini, BS,*
Gianpaolo Strozzi, BS,T and Giovanni Mogna, BSt

Background: Minerals, often referred to as micronutrients, are one
of the 5 fundamental groups of nutrients needed to sustain life.
Micronutrient malnutrition affects > 50% of the worldwide pop-
ulation. In particular, zinc (Zn) deficiency is considered an
emerging public health problem in India and in other developing
countries. Selenium (Se) is another trace mineral essential for
humans and animals. Dietary Se exists primarily as selenomethio-
nine and selenocysteine. In addition, Se may be present in its
inorganic form (selenite) in some vegetables. To increase the daily
intake of these minerals, numerous food supplements containing
different inorganic and organic forms of Zn or Se are commercially
available. At any rate, it is quite well known that inorganic salts
have a very low bicavailability. Organic salts, commonly based on
gluconate, orotate, citrate, or other molecules, are characterized
by a higher systemic effect. The innovative opportunity of using
certain species of probiotics enriched with the 2 minerals could

were predominantly found in the apical compartment, thus dem-
onstrating their poor ability to diffuse into the cell and become
bioavailable in all subcellular areas.

Conclusions: The opportunity of delivering minerals in a highly
bioavailable form by means of a probiotic bacterium has not been
deeply investigated to date. This is the first study reporting quan-
titative data on the bioavailability and percentage of absorption of

minerals internalized by specific probiotics. The most noticeable
aspect is the significantly higher absorption of both probiotic Se
and Zn compared with their organic forms, with particular refer-
ence to seleno-L-methionine, seleno-L-cysteine, and zinc gluconate.

represent an interesting alternative to these preparations. Diet
integration with bacteria able to internalize Zn and Se may embody
a new application of probiotics.
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Key Words: probiotic strain, selenium and zinc, organic form,
Transwell system, bioavailability

(J Clin Gastroenterol 2012;46:541-845)
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Appl Microbiol Biotechnol (2013) 97:809-817
DOT 10.1007/500253-012-4241-7

APPLIED MICROBIAL AND CELL PHYSIOLOGY

Antioxidant properties of potentially probiotic bacteria: in vitro

and in vivo activities

Alberto Amaretti - Mattia di Nunzio - Anna Pompei -
Stefano Raimondi + Maddalena Rossi +
Alessandra Bordoni

Received: 7 May 2012 /Revised: 11 June 2012 / Accepted: 13 June 2012 /Published online: 12 July 2012

i Springer-Verlag 2012

Abstract Thirty-four strains of lactic acid bacteria (seven
Bifidobacterium, 11 Lactobacillus, six Laciococeus, and 10
Streptococcus thermophilus) were assaved in vitro for anti-
oxidant activity against ascorbic and linolenic acid oxida-
tion (TAA,s and TAA; ), trolox-equivalent antioxidant
capacity (TEAC), intracellular glutathione (TGSH), and su-
peroxide dismutase (SOD). Wide dispersion of each of
TAA .., TAA; o, TEAC, TGSH, and SOD occurred within
bacterial groups, indicating that antioxidative properties are

strain specific. The strains Bifidobacterium animalis subsp.
factis DSMZ 23032, Lactobacillus acidophilus DSMZ
23033, and Lactobacillus brevis DSMZ 23034 exhibited
among the highest TAA .., TAA; ., TEAC, and TGSH
values within the lactobacilli and bifidobacteria.

Universita Cattolica del Sacro Cuore
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mixture effectively reduced doxorubicin-induced oxidative
stress. Probiotic strains which are capable to limit excessive
amounts of reactive radicals in vivo may contribute to
prevent and control several diseases associated with oxida-
tive stress.

Kevwords Bifidobacterium - Lactobaciilus - Probiotic -
Antioxidant - In vivo - In vitro
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Microbial Genetic Composition Tunes Host
Longevity

Graphical Abstract Authors

Bing Han, Priya Sivaramakrishnan,
- HyfR . Chih-Chun J. Lin, ..., Jin Wang,

% : ._.__,Eja;{,_ Christophe Herman, Meng C. Wang

%_ Co ,-. Acid Corre,spﬂndence
L]

%W é} ‘e ;: In Brief

[ ] The genetic composition of gut microbes

»g:) wf e . controls the production of metabolites

ﬁ % o . that impact host longevity.
g .

...~ HOST LONGEVITY "u..—
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Microbial Genetic Composi' summary
Longevity

Homeostasis of the gut microbiota critically influ-
Graphical Abstract ences host health and aging. Developing genetically
engineered probiotics holds great promise as a new
- |therapeutic paradigm to promote healthy aging.
s N \=akesi1 Here, through screening 3,983 Escherichia coli mu-

comni- o tants, we discovered that 29 bacterial genes, when
f =D * ¢ « deleted, increase longevity in the host Caenorhabdi-

v s =~ ﬁ * tis elegans. A dozen of these bacterial mutants also
% / g : protect the host from age-related progression of tu-

» mor growth and amyloid-beta accumulation. Mecha-
= @-’ @i - nistically, we discovered that five bacterial mutants

ﬁ GE@_ . promote longevity through increased secretion of

%Q E i = ' ) the polysaccharide colanic acid (CA), which regu-
L]

lates mitochondrial dynamics and unfolded protein

N o .. response (UPR™) in the host. Purified CA polymers
ﬁ R . . "= are sufficient to promote longevity via ATFS-1, the
L ~. host UPR™-responsive transcription factor. Further-

( y! P P .
i ) more, the mitochondrial changes and longevity ef-

fects induced by CA are conserved across different
..~ HOST LONGEVITY ™. |
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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 (muscle) health

Antibiotic
Lifestyle Nutrition

Probiotic Prebiotic
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