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The	
  “seven	
  pillars”	
  of	
  aging	
  

Adapted	
  from	
  Kennedy	
  et	
  al.,	
  2014	
  



Is	
  inflammaging	
  (at	
  least	
  in	
  part)	
  linked	
  to	
  
mitochondrial	
  dysfunc4on?	
  

Vitale, Salvioli and Franceschi, Nat Rev Endocrinol, 2013 



However,	
  mitochondria	
  can	
  be	
  determinants	
  of	
  longevity	
  as	
  a	
  mild	
  dysfunc4on	
  can	
  trigger	
  

a	
  number	
  of	
  stress	
  responses	
  (ISR,	
  UPRmt)	
  and	
  the	
  posi4ve	
  effects	
  of	
  these	
  responses	
  can	
  

spread	
  through	
  the	
  organism	
  via	
  soluble	
  mediators	
  indicated	
  as	
  mitokines	
  



[…]	
  Because	
  this	
  signal	
  is	
  the	
  product	
  of	
  perceived	
  mitochondrial	
  stress	
  that	
  
results	
  in	
  increased	
  survival,	
  we	
  have	
  termed	
  this	
  cell-­‐non-­‐autonomous	
  signal	
  
a	
  ‘‘mitokine.’’	
  

	
  “We	
  report	
  that	
  the	
  altera4on	
  of	
  mitochondrial	
  func4on	
  in	
  key	
  4ssues	
  is	
  
essen4al	
  for	
  establishing	
  and	
  maintaining	
  a	
  prolongevity	
  cue.	
  
We	
  find	
  that	
  regulators	
  of	
  mitochondrial	
  stress	
  responses	
  are	
  essen4al	
  and	
  
specific	
  gene4c	
  requirements	
  for	
  the	
  electron	
  transport	
  chain	
  (ETC)	
  
longevity	
  pathway.	
  Strikingly,	
  we	
  find	
  that	
  mitochondrial	
  perturba4on	
  in	
  
one	
  4ssue	
  is	
  perceived	
  and	
  acted	
  upon	
  by	
  the	
  mitochondrial	
  stress	
  
response	
  pathway	
  in	
  a	
  distal	
  4ssue.”	
  



Rose	
  et	
  al.,	
  2016	
  



What	
  about	
  centenarians?	
  
	
  
	
  

Based	
  on	
  this	
  assump4on	
  and	
  on	
  data	
  on	
  
inflamma4on,	
  it	
  could	
  be	
  hypothesised	
  that	
  they	
  are	
  

characterized	
  by	
  mildly	
  defec4ve	
  mitochondria	
  



REMODELING	
  OF	
  MITOCHONDRIAL	
  BIOENERGETICS	
  	
  IN	
  100+	
  
Mitochondria	
  from	
  fibroblasts	
  of	
  100+	
  displayed	
  lower	
  

complex	
  I-­‐driven	
  ATP	
  synthesis	
  and	
  higher	
  H2O2	
  produc.on,	
  
but	
  maintain	
  	
  energe.c	
  competence	
  (ATP	
  produc.on)	
  due	
  	
  	
  
to	
  compensatory	
  mechanisms	
  (maintained	
  supercomplexes	
  
organiza.on,	
  increased	
  	
  mitochondrial	
  mass	
  and	
  autophagy,	
  

with	
  hyperfused	
  elongated/networked	
  mitochondria.	
  	
  



Sgarbi	
  et	
  al.,	
  Aging	
  2014	
  

Mitochondria	
  from	
  DFs	
  of	
  centenarians	
  (LLI)	
  produce	
  more	
  ROS	
  (H2O2)	
  and	
  are	
  
defec.ve	
  in	
  Complex	
  I-­‐driven	
  ATP	
  synthesis,	
  but	
  maintain	
  global	
  energe.c	
  
competence	
  by	
  upregula.ng	
  	
  mitochondrial	
  mass	
  and	
  forming	
  large	
  networks.	
  

Mitochondrial	
  mass	
  

ATP	
  content	
  Complex	
  I-­‐driven	
  ATP	
  synthesis	
  

YOUNG	
   ELDERLY	
   	
  	
  LLI	
  +	
  



Rambold	
  and	
  Pearce	
  2017	
  



Mitochondrial	
  Fission	
  
(fission	
  inhibitor)	
  

(mitophagy	
  inducer)	
  Centenarians	
  (LLI)	
  have	
  low	
  
levels	
  of	
  mitochondrial	
  fission	
  
and	
  mitophagy	
  



The	
  phenotype	
  of	
  centenarians	
  largely	
  overlaps	
  that	
  of	
  persons	
  under	
  calorie	
  restric4on,	
  

even	
  though	
  they	
  never	
  fasted	
  during	
  their	
  life	
  	
  

(Franceschi,	
  Ostan	
  &	
  Santoro	
  Annu	
  Rev	
  Nutr.	
  2018)	
  



•  a	
  number	
  of	
  mitokines	
  have	
  been	
  iden4fied.	
  Some	
  of	
  them	
  
are	
  nuclear	
  encoded	
  and	
  are	
  expressed	
  in	
  response	
  to	
  
UPRmt.	
  These	
  include	
  Fibroblast	
  Growth	
  Factor	
  21	
  (FGF21)	
  
and	
  Growth	
  Differen4a4on	
  Factor	
  15	
  (GDF15).	
  	
  

•  FGF21	
  is	
  a	
  hormone-­‐like	
  member	
  of	
  FGF	
  family	
  involved	
  in	
  
metabolic	
  processes,	
  also	
  described	
  as	
  stress	
  hormone	
  for	
  
its	
  role	
  as	
  a	
  potent	
  longevity	
  factor.	
  

•  GDF15	
  is	
  a	
  member	
  of	
  the	
  transforming	
  growth	
  factor	
  
(TGF)-­‐β	
  family,	
  produced	
  by	
  several	
  4ssues.	
  It	
  is	
  considered	
  
an	
  indicator	
  of	
  mitochondrial	
  dysfunc4on	
  in	
  muscle	
  and	
  it	
  
has	
  cardioprotec4ve	
  and	
  neuroprotec4ve	
  ac4vity.	
  

•  In	
  addi4on	
  to	
  nuclear	
  encoded	
  mitokines,	
  a	
  number	
  of	
  
pep4des	
  encoded	
  by	
  mitochondrial	
  DNA,	
  including	
  
Humanin	
  (HN),	
  are	
  produced	
  in	
  response	
  to	
  mitochondrial	
  
stress	
  and	
  have	
  an4-­‐apopto4c	
  and	
  neuro-­‐	
  and	
  cardio-­‐
protec4ve	
  effects.	
  It	
  also	
  improves	
  mitochondriogenesis	
  
and	
  insulin	
  sensi4vity.	
  	
  



Lee	
  2015	
  



v Mitokines	
  are	
  part	
  of	
  a	
  stress-­‐induced	
  response	
  that	
  likely	
  
goes	
  beyond	
  mitochondria	
  and	
  entails	
  the	
  involvement	
  of	
  
other	
  organelles	
  (ER,	
  nucleus).	
  It	
  is	
  debated	
  whether	
  they	
  
increase	
  with	
  age	
  and	
  how	
  much	
  they	
  are	
  expressed	
  in	
  
long-­‐lived	
  people.	
  	
  

v Moreover,	
  they	
  are	
  also	
  found	
  associated	
  with	
  a	
  number	
  of	
  
diseases,	
  therefore	
  it	
  is	
  not	
  clear	
  whether	
  this	
  response	
  is	
  
always	
  beneficial	
  or	
  can	
  turn	
  detrimental	
  in	
  certain	
  
condi4ons.	
  



We	
  then	
  wondered	
  whether	
  centenarians	
  were	
  characterized	
  by	
  elevated	
  levels	
  of	
  these	
  

mitokines	
  with	
  respect	
  to	
  elderly	
  persons	
  



FGF21,	
  Humanin	
  and	
  GDF15	
  
Studied	
  cohort	
  

Test	
  di	
  normalità	
  (Shapiro-­‐Wilk) 
Le	
  variabili	
  non	
  sono	
  distribuite	
  normalmente. 

Conte,	
  Ostan	
  J.	
  Gerontol,	
  2018	
  Median	
  and	
  [interquar4le	
  range]	
  



FGF21,	
  Humanin	
  and	
  GDF15	
  plasma	
  levels	
  
show	
  a	
  posi.ve	
  correla.on	
  with	
  age	
  	
  

Rho	
  0,471	
   Rho	
  	
  0,445	
  

Rho	
  0,805	
  

Conte,	
  Ostan	
  J.	
  Gerontol,	
  2018	
  



Nonagenarians	
  and	
  centenarians	
  with	
  low	
  
level	
  of	
  mitokines	
  (LL)	
  have	
  a	
  slight	
  but	
  

significant	
  survival	
  advantage	
  
Nonagenarians	
   Centenarians	
  

Es4mated	
  survival:	
  	
  
LL	
  1,142	
  days	
  
HL	
  691	
  days	
  

Es4mated	
  survival:	
  	
  
LL	
  530	
  days	
  
HL	
  386	
  days	
  



Elderly	
  subjects	
  with	
  low	
  levels	
  (LL)	
  of	
  FGF21	
  and	
  
GDF15	
  have	
  beger	
  biochemical	
  parameters	
  than	
  

those	
  with	
  high	
  levels	
  (HL)	
  	
  
Median	
  [interquar4le	
  range]	
  

Conte,	
  Ostan	
  J.	
  Gerontol,	
  2018	
  



v Centenarians	
  are	
  characterized	
  by	
  elevated	
  levels	
  of	
  mitokines,	
  
sugges4ng	
  that	
  they	
  have	
  a	
  working	
  mechanism	
  of	
  response	
  to	
  
(mitochondrial)	
  stress.	
  	
  

v The	
  preponderant	
  and	
  most	
  upregulated	
  mitokine	
  appears	
  to	
  be	
  
GDF15,	
  which	
  is	
  also	
  emerging	
  as	
  the	
  most	
  altered	
  serum	
  protein	
  
during	
  aging.	
  

v However,	
  high	
  levels	
  of	
  mitokines	
  are	
  correlated	
  with	
  diseases	
  
and	
  mortality	
  (in	
  par4cular	
  GDF15)	
  indica4ng	
  a	
  compromised	
  
health	
  condi4on	
  that	
  is	
  not	
  rescued	
  by	
  the	
  posi4ve	
  effect	
  of	
  
these	
  mitokines.	
  	
  

v GDF15	
  is	
  more	
  sensi4ve	
  to	
  mitochondrial	
  stress	
  and	
  health	
  status	
  
than	
  FGF21	
  and	
  HN.	
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Looking	
  for	
  metabolic	
  markers	
  that	
  could	
  discriminate	
  age	
  
groups,	
  we	
  studied	
  Vola4le	
  Organic	
  Compounds	
  (VOCs)	
  in	
  
feces	
  and	
  urine	
  of	
  73	
  volunteers	
  from	
  24	
  to	
  106	
  years	
  of	
  age,	
  
including	
  CO	
  and	
  their	
  spouses…	
  



v  A	
  total	
  number	
  of	
  110	
  VOCs	
  were	
  detected	
  in	
  fecal	
  samples	
  and	
  33	
  in	
  urine	
  
samples	
  by	
  means	
  of	
  microextrac4on-­‐gas	
  chromatography-­‐mass	
  spectrometry	
  
technique	
  (SPME-­‐GC/MS)	
  .	
  

v  	
  Some	
  of	
  these	
  VOCs	
  were	
  present	
  only	
  in	
  specific	
  age	
  groups,	
  sugges4ng	
  that	
  
they	
  can	
  be	
  used	
  as	
  markers	
  of	
  age.	
  

v  Rela4ve	
  abundance	
  is	
  also	
  modified	
  according	
  to	
  age	
  for	
  specific	
  classes	
  of	
  VOCs,	
  
in	
  par4cular	
  in	
  feces.	
  

Conte	
  M	
  et	
  al.,	
  	
  
Geroscience	
  2019,	
  in	
  press	
  



v  Accordingly,	
  a	
  discriminant	
  analysis	
  is	
  able	
  to	
  clearly	
  separate	
  the	
  4	
  groups	
  
(young,	
  elderly,	
  centenarians	
  and	
  centenarians’	
  offspring).	
  

For	
  feces…	
  



…	
  and	
  for	
  urine	
  



v  Taking	
  advantage	
  of	
  the	
  presence	
  of	
  trios	
  centenarian-­‐offspring-­‐spouse,	
  we	
  
were	
  able	
  to	
  iden4fy	
  VOCs	
  that	
  are	
  shared	
  by	
  couples	
  (family	
  trait)	
  or	
  trios	
  
(environmental	
  influence).	
  	
  





FECES%
VOC% ASSOCIATION%WITH%

formic'acid,'butyl'ester' Healthy'aging'and'longevity'
48carene' Healthy'aging'and'longevity%
1H8indole,'5'methyl' Healthy'aging'and'longevity%
butanoic'acid'methyl'ester' Age'(within'familiar'longevity)'
ethanol' Age'(within'familiar'longevity)'
butanoic'acid'ethyl'ester' Age'(within'familiar'longevity)'
butanoic' acid,' 38methyl8,' 28methyl' propyl'
ester'

Age'(within'familiar'longevity)'

dimethyl'trisulfide' Aging''
1H8indole,'3'methyl' Aging'

URINE%
VOC' ASSOCIATION%WITH'

28butanone' Aging'
isopropyl'alcohol' Aging'
28pentanone' Aging'
38penten818ol' Aging'
pyrrole' Aging'
carbon'dioxide' Healthy'aging'and'longevity'
benzaldehyde'2,3,68thrichloro' Healthy'aging'and'longevity'
acetone' Healthy'aging'and'longevity'
trichloromethane' Healthy'aging'and'longevity'
benzaldehyde' Healthy'aging'and'longevity'
butanoic'acid' Healthy'aging'and'longevity'

'

v  As	
  a	
  whole,	
  the	
  most	
  discrimina?ve	
  VOCs	
  associated	
  with	
  the	
  different	
  aging	
  
phenotypes	
  appear	
  to	
  be	
  the	
  following:	
  

Discrimina4on	
  

EC	
  from	
  ECO	
  and	
  CENT	
  

CENT	
  from	
  ECO	
  	
  

Y	
  from	
  CENT,	
  ECO,	
  EC	
  

Y	
  from	
  CENT,	
  ECO,	
  EC	
  

CENT	
  and	
  ECO	
  from	
  EC	
  	
  



v VOCs	
  can	
  be	
  a	
  mirror	
  of	
  the	
  organismal	
  metabolism	
  and	
  
proved	
  to	
  be	
  able	
  to	
  discriminate	
  age	
  groups.	
  	
  

v Interes4ngly,	
  VOCs	
  appear	
  able	
  to	
  discriminate	
  also	
  health	
  
status	
  (EC	
  vs	
  ECO)	
  and	
  are	
  affected	
  by	
  familiar	
  components	
  
(gene4cs?).	
  

v All	
  together,	
  mitokines	
  and	
  VOCs	
  could	
  add	
  up	
  to	
  the	
  list	
  of	
  
biomarkers	
  of	
  age	
  useful	
  to	
  dissect	
  chronological	
  and	
  
biological	
  age,	
  and	
  to	
  iden4fy	
  subjects	
  at	
  higher	
  risk	
  for	
  age-­‐
related	
  diseases.	
  Further	
  studies	
  are	
  needed	
  to	
  formally	
  
prove	
  their	
  predic4ve	
  capacity	
  as	
  biomarkers.	
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