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in health promotion is considered less promising in the disease
state. Conventional physical examination methods that utilize
disease biomarkers are ineffectual in distinguishing the pre-
disease state from the disease state. Therefore, to maintain
human health, it is important to develop a method for
assessing the transition from the healthy to the pre-disease
state, which signifies a deterioration in health. To that end, it
is considered that the health maintenance system, which
should decline in advance of disease commencement, is useful
for assessing health and can be utilized for health promotion.
Autophagy is an intracellular protein degradation system in-
volved in maintaining health, preventing disease, and extend-
ing lifespan. Additionally, it is considered an attractive target
system for improving health through food.

The present paper focuses on autophagy and reviews recent
research on the link between autophagy and food; it can be

considered a starting point for examining the utility and issues
of autophagy in extending health span using functional food.

Autophagy in Disease Prevention
and Longevity

Autophagy is associated with various diseases such as neuro-
degenerative diseases, tumor development, metabolic dis-
eases, heart diseases, and muscular atrophy. Because autoph-
agy is driven by autophagy-related (Atg) genes, analysis of
Atg gene–deficient mice has revealed the physiological and
pathological roles of autophagy [2–8]. Thus far, over 30 types
of systemic Atg-deficient mouse models and over 150 types of
tissue-specific Atg-deficient mouse models have been devel-
oped [9]. Almost all organs and tissues have been analyzed for

Fig. 1 Application of autophagy for health promotion. A Autophagic activity in the transition from health to disease. B Molecular mechanism of
autophagy induction and degradation. C Control of autophagy by food ingredients
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- Aumento massa muscolare
- Miglioramento sensibilità 

all'insulina
- Miglioramento DMO
- Miglioramento forza e riduzione

rischio cadute
- Miglioramento composizione corporea
- Effetto su SNC
- Effetti su pressione arteriosa

- Miglioramento capillarizzazione
- Riduzione pressione arteriosa
- Miglioramento composizione 

corporea
- Miglioramento sensibilità 

all'insulina
- Effetto su SNC
- Miglioramento efficienza SCV
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Exercise is powerful! but is it long lasting?

Effetti a lungo termine
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Which came first? 
genetic or epigenetic (training) 

Telomere length is genetically 
determined, with heritability 

estimates ranging from 44% to 80%, 
and is highly variable between 

individuals;

It can not be entirely excluded that 
master athletes have longer 

telomeres due to being born with 
longer telomeres!!
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DNA methylation plays key roles in gene expression and regulation. It is an epigenetic
signaling tool that locks genes in the “off position” and is an important component in 
various cellular processes

People with a lifelong history of physical activity display lower DNAm levels on gene 
promoters in muscle tissue

Differential methylation occurs mostly in genes involved in the electron transport
chain, insulin signaling, and oxidative stress resistance. 

Effetti epigenetici
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1) The effect of exercise on the epigenome is not uniform across the body; 

2) In adipose tissue physical activity has been reported to increase DNAm
levels on gene promoters 

3) Aging has been associated with global hypomethylation of the genome
although a recent study in aging humans suggest that DNA in muscle is
generally hypermethylated as we age 

Effetti epigenetici
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significant associations were reported between buccal
cell DNA methylation and both objectively measured
cardiovascular fitness and PA at baseline while only the
change in PA duration was associated with a decrease in
methylation after 12 months. These results lead to the
speculation that higher levels of PA may be needed to
achieve a “healthier” methylation profile at CpG islands
of genes associated with carcinogenic processes. More
recently, White and colleagues [74] investigated the as-
sociation between self-reported PA at different life stages
(e.g. childhood, adolescent, and previous 12 months)
and LINE-1 methylation in a sample of 600 non-
Hispanic white women with a family history of breast
cancer. PA medians in hours per week were 12.5 for past
12 months, 5.9 for adolescent, and 9.8 for childhood.
The women that reported a PA status above the median
for all three periods, showed a significant higher LINE-1
methylation than those below the median, while no stat-
istical differences were found in women who were at or
above the median, for 1 or 2 of the time periods.
So far, no human studies show direct correlation be-

tween PA, miRNAs and cancer diseases. Nevertheless, it
has been shown that brief, acute exercise (ten 2-min bouts
of cycle ergometer exercise at a constant sub-maximal
workload interspersed with 1-min rest) significantly alters

the expression of 986 genes and 23 miRNAs predomin-
antly associated with cancer and cell communication in
natural killers (NK) cells of 12 healthy men [44]. More-
over, in 2016, Isanejad et al. [75] demonstrated in a typical
animal model of breast cancer that the reduction of tumor
growth determined by 5 weeks of interval training inter-
vention in combination with the hormone therapy was as-
sociated with the decreased expression of miRNA-21 and
the increased expression of miRNA-206 and miRNA let-7.
Therefore, it seems that the modulation of pathways re-
lated to miRNAs expression might be involved in anti-
tumorigenic effects of exercise.
Most of the borderline/contradictory findings summa-

rized here have emerged from small studies requiring
replication in larger clinical trials. Despite the limitations
of the current literature and the need for replication,
these studies, in general, suggest a long physically active
lifestyle could be very important in inhibiting tumor
proto-oncogene and decreasing cancer risk (Fig. 1).

Metabolic disease
There is also emerging evidence that epigenetic factors
may, at least in part, explain not only the beneficial
effects of exercise on the prevention and treatment of

Fig. 1 Small-scale intervention protocols from human and animal studies focusing on the exercise-related epigenetic modulations in human
diseases and/or in specific disease candidate genes. * Exercise-induced hypermethylation (ADAMT59, CPEB4, GRB14, ITPR2, LY86, LYPLAL1, MAP2K5,
MSRA, MTIF3, MRXN3, PRKD1, SOCCAG8, STAB1, TBX15, TMEM160, ZNF608) or hypomethylation (GPRC58, TUB) in obesity candidate genes [85].
**Exercise-induced hypermethylation (ADAMT59, ADCY5, ARAP1, BCL11A, CDKAL1, CDKN2A, DGKB, DUSP8, FTO, HHEX, HMGA2, IGF2BP2, JAZF1,
KCNQ1, PRC1, PROX1, PTPRD, TCF7L2, THADA, WFS1, ZBED3) or hypomethylation (KCNQ1, TCF7L2) in T2D candidate genes [85]
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age	 (Figure	5).	For	sedentary	 individuals,	 the	respective	chronologi-
cal and predicted ages were 37.54 ± 20.88 and 46.34 ± 26.48 years. 
For	aerobic	exercise-trained	individuals,	the	respective	chronological	
and predicted ages were 37.35 ± 19.82 and 40.91 ± 18.48 years. The 
delta between chronological and predicted age was significantly dif-
ferent	 between	 the	 sedentary	 and	 aerobic	 exercise-trained	 groups	
(p-value	 =	 6.7E–5).	 The	 predicted	 age	 difference	 between	 aerobic	
exercise-trained	and	sedentary	individuals	was	5.43	years.

Interestingly,	many	of	 the	proteins	 contained	 in	our	491-entry	
clock	 were	 previously	 used	 by	Williams	 et	 al	 to	 generate	 plasma	
protein models that can accurately predict various health outcomes 
(Williams	 et	 al.,	 2019).	We	 found	 that	many	 of	 the	 proteins	 used	
to predict the following health outcomes were also present in our 
highly	predictive	 clock:	 alcohol	 consumption,	 cardiopulmonary	 fit-
ness,	cardiovascular	primary	event	 risk,	current	cigarette	smoking,	
diabetes	diagnosis	within	10	years,	energy	expenditure	from	physi-
cal	activity,	kidney	filtration,	lean	body	mass,	liver	steatosis,	percent	
body	fat,	and	visceral	adipose	tissue.	The	specific	overlapped	pro-
teins	for	each	health	outcome	predictor	are	listed	in	Table	S10.

2.8  |  Proteins associated with signal 
transduction or immune system pathways are 
especially adept at predicting human age

Our	 aging	 clock	 data	 (Figure	 3)	 demonstrate	 that	 some	 pathways	
are more capable of predicting human age than others. To test this 

F I G U R E  4 Plots	of	predicted	age	vs.	chronological	age	are	shown	for	the	most	predictive	aging	clock	identified.	The	most	accurate	
aging	clock	was	identified	by	LASSO	modeling	of	all	2978	proteins	available	for	measurement	in	the	plasma	proteomic	dataset	derived	from	
3301	human	participants	(age	range	of	18–76	years).	This	clock	used	491	SOMAmers,	had	a	Pearson	correlation	of	0.98	in	the	learning	
set	(a),	a	median	absolute	error	of	1.84	years	in	the	learning	set	(a),	a	Pearson	correlation	of	0.96	in	the	test	set	(b),	and	a	median	absolute	
error	of	2.44	years	in	the	test	set	(b).	2178	subjects	were	utilized	for	the	learning	set	(a)	and	1123	subjects	were	utilized	for	the	test	set	(b).	
MAE	=	median	absolute	error

F I G U R E  5 We	used	our	ultra-predictive	aging	clock	to	predict	
age in a human plasma proteomic dataset containing sedentary 
subjects	as	well	as	individuals	that	are	aerobic	exercise-trained.	For	
sedentary	subjects,	their	respective	chronological	and	predicted	
ages were 37.54 ± 20.88 and 46.34 ± 26.48 years. For aerobic 
exercise-trained	subjects,	their	respective	chronological	and	
predicted ages were 37.35 ± 19.82 and 40.91 ± 18.48 years. Results 
are presented as mean ± standard deviation. The difference in 
delta	age	(i.e.,	the	difference	between	chronological	and	predicted	
age)	between	sedentary	and	aerobic	exercise-trained	subjects	was	
statistically significant (p-value	=	6.7E−5)
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Ultra-predictive agingclock to 
predict age in a human plasma 
proteomic dataset containing
sedentary subjects as well as
individuals that are aerobic exercise-
trained. 

For sedentary subjects, their
respective chronological and 
predicted ages were 37.54 ± 20.88 
and 46.34 ± 26.48 years. 

For aerobic exercise-trained subjects, 
their respective chronological and 
predicted ages were 37.35 ± 19.82 
and 40.91 ± 18.48 years. 
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removed all jewelry and wore minimal clothing, such as a 

bathing suit or spandex shorts and a sports bra for females, as 

well as a swim cap. Initially, 2 measurements of body volume 

were recorded, followed by a third measurement conducted 

with a breathing tube to calculate lung volume. Body fat 

percentage was calculated using 3 different equations depend-

ing on the subject’s sex and ethnicity: Siri was used for all 

Caucasians, Ortiz for African American women, and Shutte 

for African American men. Intrasubject reliability within the 

laboratory demonstrated an interclass correlation coeffi cient 

of 0.98 and standard error of measurement of 0.47 BF.

Bilateral magnetic resonance imaging (MRI) scans of 

both thighs were conducted. The MRI scans were performed 

on a 3.0 Tesla scanner (Siemens Trio, Berlin, Germany) 

using the whole body transmit/receive coil; T2 fat images 

were acquired at mid-thigh (acquisition parameters: 5 slices; 

TR = 1500 ms; TE = 5 ms; fl ip angle = 90°; FOV = 20°). Mid-

thigh total muscle area (TMA), quadriceps area (QA), sub-

cutaneous adipose tissue (SCAT), and intramuscular adipose 

tissue (IMAT) were determined from the MRI using medical 

imaging processing, analysis, and visualization (MIPAV) 

software (National Institutes of Health, Bethesda, MD). 

Examples of thigh MRI scans are presented in Figure 2.

Statistical Analysis
One-way analysis of variance (ANOVA) testing was per-

formed to examine differences across age groups with both 

sexes combined. Due to the small sample size, analyses of 

differences across sex and individual age groups at the same 

time were not performed. Sex differences (all ages combined) 

were performed using independent t tests. On the ANOVA 

tests, if assumptions were not met, comparisons between 

groups were performed with the Welch adaptation of the 

ANOVA test. Post-hoc tests were performed with the Tukey-

Kramer honestly signifi cant adjustment. Pairwise correlations 

were performed with the Spearman rho correlation. The 
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Figure 2. Lean mass by age group and sex.  When both sexes were pooled together, 
LM was not signifi cant between age groups. Men had more overall LM than women. 
Group mean is represented by a dot and median as a line inside the box, which 
corresponds with 50% of the distribution.

Abbreviation: LM, lean mass.

70-year-old triathlete

74-year-old sedentary man

40-year-old triathlete

Adipose tissue Quadriceps

Figure 1. Typical quadriceps MRI scan of a 40-year-old triathlete compared with the 
quadriceps MRI scans of a 70-year-old triathlete and a 74-year-old sedentary man. 
Note the signifi cant visual difference between the SCAT and IMAT of the sedentary 
man versus masters athletes. 

Abbreviations: IMAT, intramuscular adipose tissue; MRI, magnetic resonance 
imaging; SCAT, subcutaneous adipose tissue.T
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Effetti su cervello ma non solo…
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Il volume della materia grigia (GM) si riduce durante l'invecchiamento spesso 
precedendo e conducendo ad una condizione di decadimento cognitivo. 
La partecipazione all'attività fisica ed all'esercizio è stato ipotizzato poter agire 
come fattore preventivo nei confronti del deterioramento del tessuto 
cerebrale. 

Farokhian et al. Aging Dis. 2017 Dec 1;8(6):899-909
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Short Article

Running-Induced Systemic Cathepsin B Secretion Is
Associated with Memory Function

Graphical Abstract

Highlights
d Proteomics of AICAR-treated L6 muscle cells reveals

myokine cathepsin B (CTSB)

d Exercise increases CTSB levels in mouse, monkey, and

human plasma

d Running does not improve memory or adult neurogenesis in

CTSB knockout mice

d CTSB enhances neurotrophin levels in adult hippocampal

progenitor cells

d In humans, plasma CTSB levels are positively correlated with

fitness and memory
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In Brief
Moon et al. show that cathepsin B (CTSB),

an exercise myokine, has beneficial

effects on cognition such as enhanced

adult hippocampal neurogenesis and

spatial memory in mice. Treadmill

exercise elevated plasma CTSB in

monkeys and humans. In humans, CTSB

levels correlated with fitness and

hippocampus-dependent memory

function.

Moon et al., 2016, Cell Metabolism 24, 332–340
August 9, 2016 Published by Elsevier Inc.
http://dx.doi.org/10.1016/j.cmet.2016.05.025

Moon et al., 2016, Cell Metabolism 24, 332–340

Moon e colleghi hanno dimostrato che la 
catepsina B (CTSB) (una miochina 
prodotta durante l'esercizio) ja effeftti 
positivi sulla funzione cognitiva come un 
aumento della neurogenesi ippocampale 
negli adulti ed un miglioramento della 
memoria spaziale nei topi. 

La corsa sul treadmill aumenta I livelli di 
CTSB in scimmie ed umani. 

In quest'ultimi I livelli di CTBS correlano con 
la fitness e le funzioni di memoria 
dipendenti dall'ippocampo. 
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