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R=	
  Unità	
  geniche/	
  massa	
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•  Microbial	
  body	
  is	
  ten	
  (me	
  cellular	
  body	
  

“Surprisingly,	
  each	
  of	
  us	
  can	
  be	
  iden6fied	
  by	
  the	
  DNA	
  of	
  our	
  gut	
  microbes”.	
  
	
  

George	
  Weinstock,	
  	
  Genoma	
  Ins6tute,	
  Washington	
  University	
  

Cellular	
  body	
  

Microbial	
  body	
  

24000	
  gene=c	
  units	
  

4	
  Million	
  	
  gene=c	
  units	
  

•  It	
  compensates	
  for	
  our	
  gene(c	
  damage	
  

•  It	
  is	
  able	
  to	
  repair	
  our	
  DNA	
  

•  It	
  is	
  able	
  to	
  modify	
  our	
  gene(c	
  expression	
  







Microbial	
  body	
  controls:	
  

Physiological	
  func(ons,	
  i.e.:	
  
•  Blood	
  pressure	
  (Yang	
  T,	
  Zubcevic	
  J.	
  Gut-­‐Brain	
  Axis	
  in	
  Regula=on	
  of	
  Blood	
  

Pressure.	
  Front	
  Physiol.	
  2017	
  Oct	
  25;8:845).	
  

•  Plasma	
  levels	
  of	
  cholesterol	
  (Gérard	
  P.	
  Metabolism	
  of	
  cholesterol	
  and	
  

bile	
  acids	
  by	
  the	
  gut	
  microbiota.	
  	
  Pathogens.	
  2013	
  Dec	
  30;3(1):14-­‐24.)	
  

•  Metabolic	
  diseases	
  (Clavel	
  T,	
  Desmarchelier	
  C,	
  Haller	
  D,	
  Gérard	
  P,	
  Rohn	
  S,	
  

Lepage	
  P,	
  Daniel	
  H.	
  Intes=nal	
  microbiota	
  in	
  metabolic	
  diseases:	
  from	
  bacterial	
  community	
  
structureand	
  func=ons	
  to	
  species	
  of	
  pathophysiological	
  relevance.	
  Gut	
  Microbes.	
  2014	
  Jul	
  

1;5(4):544-­‐519	
  

•  Heart	
  func(ons	
  (Luedde	
  M,	
  Winkler	
  T,	
  Heinsen	
  FA,	
  Rühlemann	
  MC,	
  Spehlmann	
  

ME,	
  Bajrovic	
  A,	
  Lieb	
  W,	
  Franke	
  A,	
  Oc	
  SJ,	
  Frey	
  N.	
  Heart	
  failure	
  is	
  associated	
  with	
  deple=on	
  of	
  

coreintes=nal	
  microbiota.	
  ESC	
  Heart	
  Fail.	
  2017	
  Aug;4(3):282-­‐290)	
  

•  Kidney	
  func(ons	
  (Jiang	
  S,	
  Xie	
  S,	
  Lv	
  D,	
  Wang	
  P,	
  He	
  H,	
  Zhang	
  T,	
  Zhou	
  Y,	
  Lin	
  Q,	
  

Zhou	
  H,	
  Jiang	
  J,Nie	
  J,	
  Hou	
  F,	
  Chen	
  Y.	
  Altera=on	
  of	
  the	
  gut	
  microbiota	
  in	
  Chinese	
  popula=on	
  
with	
  chronic	
  kidney	
  disease.	
  Sci	
  Rep.	
  2017	
  Jun	
  6;7(1):287)0	
  	
  

•  Neuroendocrine	
  system	
  (Farzi	
  A,	
  Fröhlich	
  EE,	
  Holzer	
  P.	
  Gut	
  Microbiota	
  and	
  

the	
  Neuroendocrine	
  System.	
  Neurotherapeu=cs.	
  2018	
  Jan;15(1):5-­‐22)	
  

•  …	
  



Altered	
  Microbiota	
  in:	
  

•  Parkinson’s:	
  Qian	
  Y,	
  Yang	
  X,	
  Xu	
  S,	
  Wu	
  C,	
  Song	
  Y,	
  Qin	
  N,	
  Chen	
  SD,	
  Xiao	
  Q.	
  Altera=on	
  of	
  
the	
  fecal	
  microbiota	
  in	
  Chinese	
  pa=ents	
  with	
  Parkinson's	
  disease.	
  Brain	
  Behav	
  Immun.2018	
  
Mar	
  2.	
  pii:	
  S0889-­‐1591(18)30028-­‐X.	
  	
  

•  Alzheimer’s	
  (Di	
  Saba=no	
  A,	
  Len=	
  MV,	
  Cammalleri	
  L,	
  Corazza	
  GR,	
  Piloco	
  A.	
  Frailty	
  

and	
  the	
  gut.	
  Dig	
  Liver	
  Dis.	
  2018	
  Mar	
  16)	
  

•  ALS	
  (Brenner	
  D,	
  Hiergeist	
  A,	
  Adis	
  C,	
  Mayer	
  B,	
  Gessner	
  A,	
  Ludolph	
  AC,	
  Weishaupt	
  JH.The	
  

fecal	
  microbiome	
  of	
  ALS	
  pa=ents.	
  Neurobiol	
  Aging.	
  2018	
  Jan;61:132-­‐137.)	
  
•  Hun(ngton’s	
  
•  MS	
  (Tremlec	
  H,	
  Waubant	
  E.	
  Gut	
  microbiome	
  and	
  pediatric	
  mul=ple	
  sclerosis.	
  Mult	
  Scler.	
  

2018	
  Jan;24(1):64-­‐68).	
  

•  Au(sm	
  	
  (Campion	
  D,	
  Ponzo	
  P,	
  Alessandria	
  C,	
  Saracco	
  GM,	
  Balzola	
  F.	
  Role	
  of	
  microbiota	
  

in	
  the	
  au=sm	
  spectrum	
  disorders.	
  Minerva	
  Gastroenterol	
  Dietol.	
  2018	
  Mar	
  30.)	
  

•  Epilepsy	
  (Xie	
  G,	
  et	
  al.	
  WJ.	
  Ketogenic	
  diet	
  poses	
  a	
  significant	
  effect	
  on	
  imbalanced	
  gut	
  

microbiota	
   in	
   infants	
   with	
   refractory	
   epilepsy.	
  World	
   J	
   Gastroenterol.	
   2017	
   Sep	
   7;23(33):
6164-­‐6171)	
  

•  PANDAS	
   (Quagliariello	
  A,	
   	
   et	
  al.	
  Gut	
  Microbiota	
  Profiling	
  and	
  Gut–Brain	
  Crosstalk	
   in	
  

Children	
   Affected	
   by	
   Pediatric	
   Acute-­‐Onset	
   Neuropsychiatric	
   Syndrome	
   and	
   Pediatric	
  
Autoimmune	
   Neuropsychiatric	
   Disorders	
   Associated	
   With	
   Streptococcal	
   Infec=ons.	
   Front.	
  
Microbiol.	
  9:675.)	
  



Intes(nal	
  Microbiota:	
  	
  
A	
  moderator	
  in	
  health	
  and	
  diseases.	
  

Feng	
  Q,	
  Chen	
  W-­‐D	
  and	
  Wang	
  Y-­‐D	
  (2018)	
  Gut	
  Microbiota:	
  An	
  Integral	
  Moderator	
  in	
  Health	
  and	
  
Disease.	
  Front.	
  Microbiol.	
  9:151	
  

4573	
  ar=cles	
  on	
  pubmed	
  



…	
  Gut	
   	
  microecological	
   	
   imbalance	
  	
  
caused	
   	
  by	
   	
  various	
   	
  biogenic	
   	
  and	
  	
  
abiogenic	
  	
  agents	
  	
  and	
  	
  factors	
  	
  can	
  
produce	
   different	
   epigene(c	
  
abnormali(es	
   and	
   the	
   onset	
   and	
  
progression	
   of	
   metabolic	
   diseases	
  
associated	
  …	
  

Shenderov	
  BA	
  et	
  al:	
  Gut	
  indigenous	
  microbiota	
  and	
  Epigene(cs.	
  Microbial	
  Ecology	
  in	
  Health	
  &	
  Disease	
  2012,	
  	
  23:	
  17195	
  -­‐	
  

THE	
  GUT	
  MICROBIOTA	
  

Cells	
   Bacteria	
  

Enviroment	
  



Cells	
   Bacteria	
  

Enviroment	
  

Malada	
   Salute	
  



grouped	
  by	
  evolu=onary	
  distance	
  and	
  not	
  by	
  taxonomy	
  

there	
   is	
   a	
   large	
   new	
   branch,	
   described	
   as	
  
"candidate	
   phyla	
   radia=on",	
   only	
   recently	
  
discovered	
   and	
   composed	
   only	
   of	
   symbiont	
  
extremophile	
  bacteria	
  

“This	
  incredible	
  diversity	
  means	
  that	
  there	
  is	
  a	
  very	
  incredible	
  number	
  of	
  organisms	
  we	
  
are	
   just	
   beginning	
   to	
   learn	
   about	
   the	
   peculiari:es,	
   which	
   could	
   change	
   our	
  
understanding	
  of	
  biology,"	
  

A	
  new	
  tree	
  of	
  life:	
  





Wexler	
  HM.	
  Bacteroides:	
  the	
  Good,	
  the	
  Bad,	
  and	
  the	
  Nicy-­‐Gricy.	
  Clinical	
  Microbiology	
  Reviews.	
  2007;20(4):593-­‐621.	
  	
  



ü  Oltre	
  tre	
  miliardi	
  di	
  anni	
  di	
  evoluzione	
  hanno	
  affinato	
  le	
  capacità	
  di	
  baceri	
  di	
  
sfrucare	
  i	
  loro	
  ambien=.	
  	
  

ü  Milioni	
  di	
  anni	
  di	
  coevoluzione	
  di	
  baceri	
  e	
  dei	
  loro	
  ospi=	
  presumibilmente	
  
hanno	
  selezionato	
  quei	
  baceri	
  che	
  meglio	
  manipolano	
  i	
  loro	
  ospi=	
  

Posi(ve	
  feedback	
  between	
  gut	
  microbiota	
  and	
  appe(te:	
  
	
  

Un	
  sistema	
  di	
  selezione	
  basato	
  su	
  un	
  feedback	
  tra	
  i	
  nutrien:	
  consuma:	
  e	
  la	
  
composizione	
   ba@erica	
   intes:nale	
   porta	
   ad	
   una	
   stabile	
   a@razione	
   verso	
  
par:colari	
  alimen:	
  determinando	
  il	
  comportamento	
  alimentare.	
  
	
  

Bacteria	
  influence	
  host	
  appe(te:	
  
The	
  bacteria	
  in	
  the	
  gut	
  possess	
  several	
  mechanisms	
  for	
  influencing	
  the	
  physiology	
  
of	
  their	
  hosts	
  and,	
  in	
  par=cular,	
  can	
  influence	
  the	
  preferences	
  of	
  their	
  hosts	
  for	
  
certain	
  nutrients	
  

I	
  baJeri	
  vivono	
  sulla	
  Terra	
  da	
  3.5	
  miliardi	
  di	
  anni,	
  l’uomo	
  da	
  mezzo	
  milione	
  di	
  anni	
  



Selec(ve	
  influence	
  of	
  diet	
  on	
  microbiota:	
  
	
  

Carbohydrates	
  Prevotella	
  	
  

Fibers	
  Bifidobacteria	
  	
  

Wu	
  GD,	
  Chen	
  J,	
  Hoffmann	
  C,	
  et	
  al.	
  Linking	
  Long-­‐Term	
  Dietary	
  Pacerns	
  with	
  Gut	
  Microbial	
  Enterotypes.	
  Science	
  (New	
  York,	
  N.y).	
  
2011;334(6052):105-­‐108.	
  doi:10.1126/science.1208344.	
  

Some	
  Fats	
  Bacteroidetes	
  	
  

•  Microbi	
  che	
  digeriscono	
  alghe	
  marine	
  in	
  Giappone	
  

•  Microbi	
  che	
  digeriscono	
  la	
  cellulosa	
  in	
  Africa	
  



village	
  of	
  Boulpon	
  	
  
in	
  Burkina	
  Faso	
  

Firenze	
  

De	
  Filippo	
  C,	
  et	
  al.	
  Impact	
  of	
  diet	
  in	
  shaping	
  gut	
  microbiota	
  revealed	
  by	
  a	
  compara=ve	
  study	
  in	
  children	
  from	
  Europe	
  and	
  rural	
  Africa.	
  
Proceedings	
  of	
  the	
  Na=onal	
  Academy	
  of	
  Sciences	
  of	
  the	
  United	
  States	
  of	
  America.	
  2010;107(33):14691-­‐14696.	
  



An	
  altered	
  F/B	
  ra=o	
  carry	
  out	
  to	
  altered	
  metabolism	
  	
  

F/B	
  γ-­‐PAN	
  <	
  F/Bctr	
  	
  

Tryptophan	
  metabolism	
  

Tyrosine	
  metabolism	
  



Urinary	
  metabolites	
  in	
  Chocolate	
  indifferent	
  and	
  Chocolate	
  desidering	
  

Rezzi	
  S,	
  et	
  al.	
  Human	
  metabolic	
  phenotypes	
  link	
  directly	
  to	
  specific	
  dietary	
  preferences	
  in	
  healthy	
  individuals.	
  J	
  Proteome	
  Res.	
  2007	
  Nov;6(11):
4469-­‐77.	
  	
  

Microbiota	
  dei	
  golosi	
  diverso	
  da	
  quello	
  dei	
  non	
  golosi	
  



Queipo-­‐Ortuño	
  MI,	
  Seoane	
  LM,	
  Murri	
  M,	
  et	
  al.	
  Gut	
  Microbiota	
  Composi=on	
  in	
  Male	
  Rat	
  Models	
  under	
  Different	
  Nutri=onal	
  
Status	
  and	
  Physical	
  Ac=vity	
  and	
  Its	
  Associa=on	
  with	
  Serum	
  Lep=n	
  and	
  Ghrelin	
  Levels.	
  Sanz	
  Y,	
  ed.	
  PLoS	
  ONE.	
  2013;8(5):e65465.	
  

Gut	
  Microbiota	
  modifies	
  Serum	
  Lep=n	
  and	
  Ghrelin	
  Levels	
  	
  



Taste	
  receptors	
  to	
  produce	
  an(cipatory	
  response	
  to	
  foods	
  or	
  pathogens.	
  

•  They	
  recognize	
  food	
  
•  Memorized	
  it	
  
•  To	
  produce	
  fast	
  response	
  

ü  The	
  main	
  role	
  of	
  diges(ve	
  system	
  is	
  to	
  

protect	
  gut	
  ecosystem	
  

ü  By	
  the	
  food	
  we	
  can	
  talk	
  with	
  microbiota	
  

ü  Food	
   informa(on	
   goes	
   beyond	
   the	
  
nutri(onal	
  aspect	
  

Let	
  the	
  food	
  to	
  be	
  the	
  medicine	
  and	
  the	
  medicine	
  to	
  be	
  the	
  food.	
  
Hippocrates	
  



ü  The	
  subjec=ve	
  process	
  of	
  feeling	
  emo=ons	
  requires	
  the	
  par=cipa=on	
  of	
  brain	
  regions	
  that	
  
are	
  involved	
  in	
  the	
  mapping	
  and/or	
  regula=on	
  of	
  our	
  con(nuously	
  changing	
  internal	
  states	
  
—	
  that	
  is,	
  in	
  homeostasis.	
  	
  

ü  These	
  feelings	
  help	
  to	
  guide	
  behavioural	
  decisions	
  that	
  affect	
  survival	
  and	
  quality	
  of	
  life	
  
by	
   producing	
   a	
   ‘perceptual	
   landscape’	
   that	
   represents	
   the	
   emo=onal	
   significance	
   of	
   a	
  
par=cular	
  s=mulus	
  that	
  is	
  being	
  experienced,	
  or	
  of	
  a	
  projected	
  future	
  ac=on	
  by	
  means	
  of	
  a	
  
further	
  ‘as-­‐if-­‐body	
  loop’	
  mechanism.	
  

L’interocezione	
   è	
   una	
   consapevolezza	
   interna	
  
soggeKva	
   nel	
   	
   momento	
   in	
   cui	
   si	
   sente	
  
un’emozione	
  nel	
  corpo.	
  
Di	
   contro	
   le	
   posture,	
   espressioni	
   facciali	
   ed	
   i	
  
ges:,	
   esprimono	
   esternamente	
   sta:	
   emo:vi	
  
interni,	
  comunicandoli	
  agli	
  altri	
  	
  



Questo	
  in:mo	
  colloquio	
  regola	
  i	
  normali	
  processi	
  diges:vi	
  e	
  li	
  integra	
  con	
  il	
  completo	
  
stato	
  fisico	
  ed	
  emozionale	
  del	
  corpo.	
  



Weltens	
  N	
  et	
  al.	
  The	
  gut-­‐brain	
  axis	
  in	
  health	
  neuroscience:	
  implica=ons	
  for	
  func=onal	
  gastrointes=nal	
  disorder	
  and	
  appe=te	
  regula=on.	
  
Ann.N.Y.	
  Acad	
  Sci.	
  1428	
  (2018)	
  129-­‐150.	
  

il	
   cibo	
   e	
   il	
   sesso	
   hanno	
   la	
   stessa	
  
localizzazione	
   cerebrale,	
   gli	
   stessi	
   circui=	
  
neuroendocrini	
   e	
   gli	
   stessi	
   ormoni	
   che	
   li	
  
controllano,	
   di	
   conseguenza	
   sono	
  
s=molate	
  le	
  stesse	
  molecole	
  del	
  cervello.	
  

Il	
  cibo	
  ed	
  il	
  sesso	
  fondamentali	
  per	
  garan(re	
  la	
  sopravvivenza	
  della	
  specie.	
  



ü  These	
   deep-­‐rooted	
   connec=ons	
   between	
   the	
   senses	
   and	
   the	
   brain	
   can	
   make	
   it	
  

hard	
  to	
  change	
  dietary	
  habits	
  

ü  	
  Junk	
  foods	
  and	
  sweet	
  drinks	
  are	
  o{en	
  described	
  as	
  addic=ve.	
  	
  

ü  It’s	
  not	
  a	
  classic	
  chemical	
  addic=on,	
  where	
  a	
  single	
  drug	
  hits	
  a	
  single	
  receptor,	
  but	
  

a	
  widespread	
   ac=va=on	
  of	
   eager	
   taste	
   receptors	
   supercharging	
   a	
  powerful	
   brain	
  

response.	
  

	
  



6	
  gus(:	
  	
  
o  dolce,	
  	
  
o  aspro,	
  	
  
o  salato,	
  	
  
o  amaro,	
  	
  
o  saporito	
  (umami)	
  	
  
o  e	
  grasso.	
  



6	
  gus(:	
  	
  
Ø  dolce,	
  	
  
o  aspro,	
  	
  
Ø  salato,	
  	
  
o  amaro,	
  	
  
Ø  saporito	
  (umami)	
  	
  
o  e	
  grasso.	
  

ü  scatenano	
  una	
  frene=ca	
  a|vità	
  cerebrale	
  che	
  influenza	
  profondamente	
  gli	
  
sta=	
  d'animo,	
  le	
  emozioni	
  e	
  i	
  ricordi	
  (regioni	
  emo=ve	
  del	
  	
  cervello)	
  



6	
  gus(:	
  	
  
o  dolce,	
  	
  
o  aspro,	
  	
  
o  salato,	
  	
  
Ø  amaro,	
  	
  
o  saporito	
  (umami)	
  	
  
o  e	
  grasso.	
  

ü  una	
  potente	
  salvaguardia	
  contro	
  il	
  consumo	
  di	
  cibi	
  potenzialmente	
  pericolosi.	
  

ü  Alcuni	
  cibi	
  amari	
  causano	
  una	
  risposta	
  molto	
  rapida	
  –	
  nausea	
  e/o	
  	
  vomito	
  

I	
   bambini	
   tendono	
   ad	
   evitare	
   cibi	
   che	
   hanno	
   sostanze	
   chimiche	
   amare,	
   come	
   i	
   cavolini	
   di	
  
Bruxelles	
  

in	
  dosi	
  ges=bili,	
   i	
   sapori	
  amari	
  possono	
  essere	
  tollera=	
  e	
  persino	
  assapora=	
  -­‐	
  come	
   il	
  sacro	
  
caffè	
  macu=no.	
  



A	
  becer	
  understanding	
  of	
  what	
  they	
  do	
  and	
  how	
  they	
  work	
  could	
  have	
  implica=ons	
  
for	
  trea=ng	
  condi=ons	
  ranging	
  from	
  allergy,	
  diabetes	
  to	
  infer=lity.	
  

Not	
  only	
  on	
  the	
  tongue	
  

ü  the	
   receptors	
   that	
  detect	
  bicer,	
   sweet	
  and	
  umami	
  are	
  not	
   restricted	
   to	
   the	
  
tongue	
  

ü  They	
  are	
  distributed	
  throughout	
  the	
  stomach,	
  intes=ne	
  and	
  pancreas,	
  where	
  
they	
  aid	
   the	
  diges=ve	
  process	
  by	
   influencing	
  appe(te	
  and	
  regula=ng	
   insulin	
  
produc=on.	
  

ü  They	
  have	
  also	
  been	
  found	
  in	
  the	
  airways,	
  where	
  they	
  have	
  an	
  impact	
  on	
  
respira=on,	
  and	
  even	
  on	
  sperm,	
  where	
  they	
  affect	
  matura=on	
  



When	
   are	
   s=mulated	
   by	
   bicer	
   compounds,	
   such	
   as	
  
nico=ne	
   or	
   quinine,	
   the	
   cilia	
   waved	
   back	
   and	
   forth	
  
vigorously,	
   helping	
   to	
   clear	
   the	
   airways	
   of	
   irrita(ng	
  
compounds	
  

Taste	
  receptors	
  response	
  to	
  biJer-­‐tas(ng	
  compunds	
  in	
  airway	
  

Bicer	
   receptors	
   are	
   also	
   found	
   on	
   cilia	
   on	
  
human	
  airway	
  epithelium	
  cells	
  

“they	
  stop	
  breathing,	
  
they	
  cough	
  and	
  sneeze,”	
  

This	
  response	
  is	
  to	
  stop	
  the	
  irritant	
  from	
  being	
  inhaled	
  deep	
  into	
  the	
  lungs	
  



The	
  bicer	
  receptor	
  T2R5	
  is	
  also	
  found	
  in	
  the	
  testes;	
  
dele=ng	
   these	
   cells	
   leads	
   to	
   smaller	
   testes	
   and	
   a	
  
huge	
  reduc=on	
  in	
  the	
  number	
  of	
  mature	
  sperm	
  

Taste	
  receptors	
  response	
  to	
  biJer-­‐	
  and	
  umami	
  tas(ng	
  compunds	
  in	
  testes	
  

The	
  umami	
   receptor	
  keeps	
   the	
   sperm	
   in	
  a	
  quiet	
  
state	
  un=l	
  it	
  reaches	
  an	
  egg.	
  

Mammary	
  epithelial	
  cells	
  express	
  Tas2Rs,	
  and	
  their	
  expression	
  is	
  downregulated	
  in	
  
breast	
  cancer	
  cells.	
  	
  

Tas2Rs	
  act	
  on	
  apoptosis	
  signaling.	
  



Taste	
  receptors	
  response	
  to	
  carbohydrates	
  and	
  proteins	
  

T1R3	
   receptors	
   secrete	
   ghrelin,	
   encouraging	
   ea(ng	
  
when	
  important	
  nutrients	
  are	
  available	
  .	
  

ü  Blocking	
   or	
   dele=ng	
   these	
   sweet	
   receptors	
   decreases	
   insulin	
  
release	
  

ü  This	
   ‘second	
   tas=ng’	
   triggers	
   glucose	
   transport	
   into	
   the	
   cells	
   and	
  
bloodstream,	
  and	
  the	
  faster	
  this	
  happens,	
  the	
  more	
  insulin	
  will	
  be	
  
released.	
  	
  

It	
  was	
  surprising	
  that	
  ar:ficial	
  sweeteners,	
  which	
  were	
  thought	
  to	
  influence	
  only	
  the	
  tongue,	
  also	
  trigger	
  
changes	
  in	
  the	
  gut	
  

The	
  sweet	
  receptor	
  on	
  L	
  cells	
  produce	
  the	
  gastrointes=nal	
  
incre=n	
   hormone	
   GLP-­‐1,	
   which	
   s=mulates	
   insulin	
  
produc=on	
  and	
  sends	
  a	
  sa(ety	
  signal	
  to	
  the	
  brain	
  

Jang,H.J.etal.Proc.NatlAcad.Sci.USA104,	
  15069–15074	
  (2007).	
  

Margolskee,	
  R.	
  F.	
  et	
  al.	
  Proc.	
  Natl	
  Acad.	
  Sci.	
  USA	
  104,	
  15075–15080	
  (2007).	
  



Taste	
  receptors	
  response	
  biJer-­‐tas(ng	
  compunds	
  

Ini=ally,	
   T1R3	
   receptors	
   secrete	
   ghrelin,	
  
encouraging	
  ea(ng	
  when	
  important	
  nutrients	
  are	
  
available	
  .	
  

This	
   curbs	
   the	
   appe=te	
   by	
   prolonging	
   the	
   sense	
   of	
   fullness	
  
and	
  sa=ety	
  —	
  perhaps	
  to	
  prevent	
  the	
  inges=on	
  of	
  toxic	
  food.	
  

Margolskee,	
  R.	
  F.	
  et	
  al.	
  Proc.	
  Natl	
  Acad.	
  Sci.	
  USA	
  104,	
  15075–15080	
  (2007).	
  

But	
  a{er	
  30	
  minutes,	
  food	
  intake	
  decreased,	
  as	
  
did	
   gastric	
   emptying,	
   keeping	
   the	
   food	
   in	
   the	
  
stomach	
  

The	
  Romans	
  drank	
  wine	
  infused	
  with	
  bi@er	
  herbs	
  to	
  prime	
  the	
  appe:te	
  and	
  prevent	
  
over-­‐ea:ng.	
  	
  



Microbiota	
  alters	
  taste	
  receptors	
  

•  Germ-­‐free	
  mice	
  had	
  altered	
  TRs	
  for	
  fat	
  on	
  tongues	
  and	
  on	
  intes=ne.	
  
(Duca	
  FA	
  et	
  al.	
  2012	
  Increased	
  oral	
  detec=on,	
  but	
  decreased	
  intes=nal	
  signaling	
  for	
  fats	
  in	
  mice	
  lacking	
  gut	
  microbiota.	
  PLoS	
  ONE	
  7:	
  
e39748)	
  

•  Germ-­‐free	
  mice	
  preferred	
  more	
  sweets,	
  have	
  more	
  sweet	
  TRs	
  in	
  gut	
  vs	
  normal	
  
mice.	
  

(Swartz	
   T	
   et	
   al.	
   2012	
   Up-­‐regula=on	
   of	
   intes=nal	
   type	
   1	
   taste	
   receptor	
   3	
   and	
   sodium	
   glucose	
   luminal	
   transporter-­‐1	
   expression	
   and	
  
increased	
  sucrose	
  intake	
  on	
  mice	
  lacking	
  microbiota.	
  Br	
  J	
  Nutr	
  107:621)	
  

•  Gastric	
  bypass	
  surgery	
  modifies	
  TR,	
  change	
  microbiota	
  and	
  alters	
  sa=ety	
  and	
  
food	
  preferences.	
  

(Miras	
  AD,	
  Ie	
  Roux	
  CW.	
  2013	
  Mechanisms	
  underlying	
  weight	
  loss	
  a{er	
  baria=c	
  surgery.	
  Nat	
  Rev	
  Gastroenterol	
  Hepatol	
  10:)575-­‐84	
  

Microbes	
  could	
  influence	
  food	
  preferences	
  by	
  altering	
  receptor	
  expression	
  or	
  transduc:on	
  



Microbiota	
  can	
  influence	
  hosts	
  through	
  neural	
  mechanisms	
  

ü  The	
  vagus	
  nerve	
  is	
  a	
  central	
  actor	
  in	
  this	
  comunica=on,	
  connec=ng	
  100	
  million	
  neurons	
  
of	
  ENS	
  to	
  the	
  brain	
  

ü  Enteric	
   nerves	
   have	
   receptors	
   that	
   react	
   to	
   par=cular	
   bactera	
   and	
   to	
   bacteria	
  
metabolites,	
  i.e.	
  SCFAs	
  

ü  Vagus	
   nerve	
   regulates	
   ea=ng	
   behaviour	
   and	
   body	
  
weight:	
  

ü  Its	
  transec=on	
  cause	
  dras=c	
  weight	
  loss	
  
ü  Its	
   s=mula=on,	
   i.e.	
   by	
   NE,	
   drive	
   to	
   excessive	
  

ea=ng	
  behaviuors	
  

•  Then,	
   gut	
   microbes	
   producing	
   adrenergic	
   neurochemicals	
   may	
   contributes	
   to	
  
over.ea:ng	
  by	
  Vagus	
  nerve	
  

•  Microbes	
  have	
  oppor:nites	
   to	
  manipulate	
  vagus	
  nerve	
   traffic	
   in	
  order	
   to	
   control	
  host	
  
ea:ng	
  



Microbiota	
  can	
  influence	
  hosts	
  through	
  neural	
  mechanisms	
  

ü  The	
  vagus	
  nerve	
  is	
  a	
  central	
  actor	
  in	
  this	
  comunica=on,	
  connec=ng	
  100	
  million	
  neurons	
  
of	
  ENS	
  to	
  the	
  brain	
  

ü  Enteric	
   nerves	
   have	
   receptors	
   that	
   react	
   to	
   par=cular	
   bactera	
   and	
   to	
   bacteria	
  
metabolites,	
  i.e.	
  SCFAs	
  

Intriguingly,	
  many	
   prac:ces	
   that	
   are	
   known	
   to	
   enhance	
   parasympathe:c	
   ouUlow	
  
from	
   the	
   vagus	
   nerve,	
   e.g.	
   exercise,	
   yoga,	
   and	
   medita:on,	
   are	
   also	
   thought	
   to	
  
strengthen	
   willpower	
   and	
   improve	
   accuracy	
   of	
   food	
   intake	
   rela:ve	
   to	
   energy	
  
expenditure	
  	
  

WARNING:	
  to	
  increase	
  vagus	
  ac=vity	
  is	
  not	
  always	
  associated	
  with	
  health.	
  	
  
One	
  study	
  linked	
  parasympathe=c	
  vagus	
  ac=vity	
  with	
  weight	
  loss	
  in	
  pa=ents	
  with	
  anorexia	
  
nervosa.	
  	
  

Il	
  Microbiota	
  altera	
  la	
  percezione	
  di	
  se	
  stessi	
  



Koh,	
   J.	
   H.,	
   &	
   Kim,	
   W.-­‐U.	
   (2017).	
   Dysregula=on	
   of	
   gut	
   microbiota	
   and	
   chronic	
   inflammatory	
   disease:	
   from	
   epithelial	
   defense	
   to	
   host	
  
immunity.	
  Experimental	
  &	
  Molecular	
  Medicine,	
  49(5),	
  e337–.	
  

In	
   addi:on	
   to	
   their	
   barrier	
   func:on,	
   Intesinal	
   Epithelial	
   Cells	
   (IECs)	
   serve	
   as	
  

‘mediators’,	
  maintaining	
  a	
  balanced	
   rela6onship	
  between	
  gut	
  microbes	
  and	
  

the	
  host	
  immune	
  system	
  by	
  secre:ng	
  cytokines,	
  chemokines	
  and	
  hormones.	
  	
  

	
  

Dysregula(on	
  of	
  gut	
  microbiota	
  and	
  chronic	
  inflammatory	
  disease	
  

Microbiota	
  orchestrates	
  inflammatory	
  processes	
  

Thus,	
  dysfunc:on	
  of	
  the	
  IECs	
  leads	
  to	
  perturba:on	
  of	
  the	
  gut	
  microbiota	
  and	
  enhances	
  

suscep:bility	
  to	
  intes6nal	
  inflamma6on	
  



 Andreasen AS, Krabbe KS, Krogh-Madsen R, Taudorf S, Pedersen BK, Møller K.  Human Endotoxemia as  a model of systemic  
inflammation. Curr Med Chem. 2008;15(17):1697-705. 

Inflammatory cascade: 

P r o -  a n d  a n t i - i n f l a m m a t o r y  
M o d u l a t e  f r o m  A P R  t o  C P R  

APR: Acute Phase Reaction 
CPR. Chronic Phase Reaction 

•  The Pro-Inflammatory Cytokines produce necrosis 
•  The Anti-infllammatory Cytokines rebuild tissues 

In CNS:  
•  The Pro-inflammatory cytokines inhibit synaptogensis and neurogenesis, 

•  The Anti-inflammatory cytokines restart Synpatogenesis and neurogenesis processes 



S6g	
  Bengmark,	
  Acute	
  and	
  ‘‘chronic’’	
  phase	
  reac(on	
  -­‐	
  a	
  	
  mother	
  of	
  disease.	
  	
  
Clinical	
  Nutri6on	
  (2004)	
  23,	
  1256–1266	
  

In	
  Chronic	
  Inflamma=on	
  are	
  produced	
  different	
  an=-­‐inflammatory	
  cytokines:	
  unable	
  to	
  rebuilt	
  
=ssues,	
  unble	
  to	
  restart	
  synaptogenesis	
  and	
  neurogenesis	
  processes	
  in	
  CNS	
  



-­‐	
   Cytokines	
   par=cipate	
   in	
   neuronal	
   development	
   in	
   brain	
   func=oning.	
  
Inappropriate	
  ac=vity	
  can	
  produce	
  different	
  neurological	
  symptoms	
  



Udagawa	
  J,	
  Hino	
  K.	
  Impact	
  of	
  Maternal	
  Stress	
  in	
  Pregnancy	
  on	
  Brain	
  Func=on	
  of	
  the	
  Offspring.	
  Nihon	
  Eiseigaku	
  Zasshi.	
  2016;71(3):188-­‐194.	
  	
  

•  Impact	
  of	
  Maternal	
  Stress	
  in	
  Pregnancy	
  on	
  Brain	
  Func(on	
  of	
  the	
  Offspring	
  

when	
  does	
  the	
  problem	
  originate?	
  



Metabolic	
  changes	
  during	
  pregnancy:	
  
-­‐  Same	
  nutri=onal	
  intake	
  
-­‐  Increased	
  energy	
  extrac=on	
  by	
  foods:	
  

•  the	
  microbiota	
  undergoes	
  profound	
  changes	
  in	
  T3	
  vs	
  T1	
  
•  It	
   is	
   not	
   due	
   to	
   nourish	
   the	
   fetus,	
   but	
   to	
   realize	
   his	
   (ssues	
   by	
   an(-­‐inflammatory	
  

citokines	
  

No-­‐problems	
  

Houston,	
  we	
  have	
  a	
  problem!	
  



Lee	
  JH,	
  et	
  al.	
  Neonatal	
  inflammatory	
  pain	
  and	
  systemic	
  inflammatory	
  responses	
  as	
  possible	
  environmental	
  factors	
  in	
  the	
  development	
  of	
  au=sm	
  spectrum	
  disorder	
  of	
  
juvenile	
  rats.	
  J	
  Neuroinflamma=on.	
  2016	
  May	
  16;13(1):10	
  	
  

when	
  does	
  the	
  problem	
  originate?	
  

The	
  first	
  1000	
  days	
  of	
  life	
  set	
  the	
  tone	
  for	
  the	
  whole	
  of	
  the	
  lifespan.	
  

May	
  be	
  linked	
  with	
  the	
  bacterial	
  phylogene(c	
  diversity?	
  

•  Neonatal	
  inflammatory	
  pain	
  and	
  systemic	
  inflammatory	
  responses	
  as	
  possible	
  
environmental	
   factors	
   in	
   the	
   development	
   of	
   au(sm	
   spectrum	
   disorder	
   of	
  
juvenile	
  rats.	
  



In	
  the	
  first	
  1000	
  days	
  of	
  life,	
  new	
  born	
  	
  arrives	
  to	
  have	
  a	
  	
  microbiota	
  like	
  mother’s	
  one	
  	
  	
  at	
  T1	
  

By	
  Caesaream	
  sec=on	
  or	
  too	
  medicalized	
  deliveries	
  risks	
  taking	
  the	
  midwife's	
  one	
  	
  	
  



Infants:	
  N=21,	
  from	
  3	
  weeks	
  to	
  10	
  months	
  
Adults:	
  N=21:	
  from	
  25	
  to	
  45	
  years	
  
Elders:	
  N=20:	
  from	
  70	
  to	
  90	
  years	
  

Firmicutes/Bacteroidetes	
  ra(o	
  vs	
  ageing	
  

geTng	
  old	
  you	
  will	
  be	
  children	
  again	
  

Mariat	
  D,	
  Firmesse	
  O,	
  Levenez	
  F,	
  Guimarăes	
  V,	
  Sokol	
  H,	
  Doré	
  J,	
  Corthier	
  G,	
  Furet	
  JP.	
  The	
  Firmicutes/Bacteroidetes	
  ra=o	
  of	
  
the	
  human	
  microbiota	
  changes	
  with	
  age.	
  BMC	
  Microbiol.	
  2009	
  Jun	
  9;9:123	
  

Bacteroidetes	
  

Firmicutes	
  



Frailty	
  in	
  older	
  people	
  

Frailty	
  is	
  the	
  most	
  problema=c	
  expression	
  of	
  popula=on	
  ageing.	
  	
  

It	
  is	
  a	
  state	
  of	
  vulnerability	
  to	
  poor	
  resolu(on	
  of	
  homeostasis	
  following	
  a	
  stress	
  and	
  	
  

is	
   a	
   consequence	
   of	
   cumula(ve	
   decline	
   in	
   mul(ple	
   physiological	
   systems	
   over	
   a	
  

lifespan.	
  	
  



The	
  frail	
  gut	
  is	
  characterised	
  by	
  a	
  low-­‐grade	
  chronic	
  mucosal	
  inflamma(on,	
  impaired	
  
immune	
  response,	
  increased	
  permeability,and	
  reduced	
  microbiota	
  diversity	
  

Di	
  Saba=no	
  A,	
  Len=	
  MV,	
  Cammalleri	
  L,	
  Corazza	
  GR,	
  Piloco	
  A.	
  Frailty	
  and	
  the	
  gut.	
  Dig	
  Liver	
  Dis.	
  
2018	
  Mar	
  16.	
  pii:	
  S1590-­‐8658(18)30228-­‐7.	
  

A	
  reduced	
  microbiota	
  diversity	
  carry	
  out	
  to	
  Chronic	
  Inflamma(on:	
  
A	
  type	
  of	
  inflamma=on	
  unable	
  to	
  repair	
  =ssues	
  con=nually	
  damaged	
  by	
  stressor	
  	
  

Fintanto	
  che	
  sono	
  capace	
  a	
  ripararmi,	
  l’agente	
  stressogeno	
  non	
  mi	
  causa	
  problemi	
  



Frailty	
  in	
  older	
  people	
  

Frailty	
   is	
   the	
   most	
   problema=c	
   expression	
   of	
   popula=on	
   ageing.	
   It	
   is	
   a	
   state	
   of	
  
vulnerability	
  to	
  poor	
  resolu(on	
  of	
  homeostasis	
  following	
  a	
  stress	
  and	
  is	
  a	
  consequence	
  
of	
  cumula=ve	
  decline	
  in	
  mul=ple	
  physiological	
  systems	
  over	
  a	
  lifespan.	
  	
  

LIKE	
  VULNERABILITY	
  IN	
  THE	
  FIRST	
  1000	
  DAYS	
  OF	
  LIFE	
  



Frailty	
  in	
  newborns	
  and	
  in	
  infants	
  
•  Weaning	
  ends	
  at	
  7	
  years	
  
•  It	
  is	
  equivalent	
  to	
  bring	
  the	
  diges=ve	
  system	
  to	
  gym:	
  it	
  has	
  to	
  be	
  gradual	
  and	
  progressive.	
  
•  Microbiota	
   has	
   to	
   be	
   perturbed	
   by	
   stressful	
   agents,	
   but	
   the	
   strength	
   of	
   stress	
   must	
   be	
  

comparable	
  with	
  that	
  of	
  the	
  microbiota.	
  	
  





PROGRAMMA	
  DI	
  MATURAZIONE	
  FETALE	
  

PROGRAMMA	
  DI	
  MATURAZIONE	
  POST-­‐NATALE	
  
the	
  neonatologist,	
  and	
  then	
  the	
  pediatric	
  neurologist,	
  must	
  know	
  the	
  
en=re	
  clinical	
  history	
  of	
  the	
  child.	
  



ü  Adolescents	
   that	
   were	
   born	
   premature	
   tended	
   to	
   have	
   body	
   weights	
   other	
  
than	
  the	
  normal	
  ranging	
  either	
  too	
  high	
  or	
  too	
  low.	
  

ü  These	
  results	
  suggest	
  that	
  prematurity	
  may	
  play	
  some	
  role	
  in	
  weight	
  gain	
  

The	
  rela:onship	
  between	
  premature	
  birth	
  and	
  obesity	
  among	
  children	
  aged	
  10	
  to	
  17	
  
years	
  in	
  the	
  U.S.	
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Bristol	
  Stool	
  Test	
  to	
  explore	
  the	
  Gut	
  Microbiota	
  



Pat.	
  

H+	
  Mucin	
  

Mucus	
  

pH=7.0	
  

pH=8.2	
  

“good”	
  Bacteria	
  

“Bad”	
  Bacteria	
  

Gastric	
  Juices,	
  biliary	
  salts	
  

SCFAs:	
  
The	
  nutrients	
  of	
  
the	
  cells	
  of	
  
diges=ve	
  system	
  
of	
  all	
  mammals	
  

First	
  of	
  all:	
  Nourish	
  
the	
  cells	
  of	
  diges=ve	
  
system	
  

Protonic	
  pumps	
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  Gut	
  Microbiota-­‐Derived	
  Short-­‐Chain	
  Facy	
  Acids,	
  T	
  Cells,	
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  Inflamma=on.	
  Immune	
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SCFAs:	
   FANS	
  

VPA	
  

•  Bu(rric	
  acid	
  
•  Ace(c	
  acid	
  
•  Propionic	
  acid	
  
•  Valeric	
  acid	
  

SCFAs=	
  Histone-­‐deace=lase	
  inibitor	
  =	
  Intes(nal	
  disinflamma(on	
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  of	
  histone-­‐deacetylase	
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  short-­‐
chain	
  facy	
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  and	
  some	
  polyphenol	
  metabolites	
  formed	
  in	
  the	
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Saturated	
  fats	
  in	
  the	
  diet	
  allow	
  us	
  to	
  obtain	
  SCFAs.	
  
	
  
Ketogenic	
  diet:	
  Fats/Carbohydrates	
  ra=o	
  4:1	
  or	
  3:1	
  

Does	
  the	
  buJer	
  hurt?	
  

Then,	
  rich	
  in	
  saturated	
  fats	
  and	
  buJer	
  	
   KD	
  nourishes	
  and	
  disinflammes	
  intes=ne	
  



•  as	
  an	
  alterna=ve	
  approach	
  in	
  autoimmune	
  and	
  inflammatory	
  diseases,	
  
•  against	
  bacterial	
  infec(ons,	
  
•  reduce	
  cell	
  prolifera=on	
  in	
  colon	
  cancer,	
  
•  reduce	
  blood	
  sugar,	
  
•  insulin	
  resistance,	
  
•  dyslipidemia	
  and	
  gluconogenesis	
  comparable	
  to	
  me�ormin.	
  
•  has	
  protec=ve	
  ac=on	
  in	
  experimental	
  models	
  of	
  muscular	
  spinal	
  atrophy,	
  
•  as	
  well	
  as	
  reducing	
  muscular	
  atrophy	
  from	
  aging,	
  
•  has	
  therapeu=c	
  ac=on	
  on	
  allergic	
  rhini(s,	
  
•  improves	
  cardiac	
  func(ons,	
  
•  reduces	
  alcohol	
  intake	
  in	
  dependent	
  animals,	
  
•  protects	
  against	
  severe	
  acute	
  lung	
  injury	
  at	
  a	
  distance	
  caused	
  by	
  burns.	
  
•  ...	
  

Butyric	
  acid	
  has	
  been	
  suggested:	
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La	
   dieta	
   odmale	
   deve	
   nutrire	
   le	
   cellule	
   del	
  
digerente	
   e	
   mantenerlo	
   allenato	
   ad	
   affrontare	
  
cibi	
  complessi	
  



Azioni	
  intes(nali	
  dell’alfa-­‐laJoalbumina	
  

•  gastrite	
  cronica	
  
•  atrofia	
  gastrica	
  
•  …	
  

Stomaco	
  

Corpus	
   Antrum	
  
Duodeno	
  

Digiuno	
  

Ileo	
  

Colon	
  

gel	
   sol	
  



pH	
  7	
  
pH	
  5-­‐6	
   pH	
  1.2	
  

pH	
  5-­‐	
  7	
   pH	
  1.2	
  
pH	
  2	
  

pH	
  7	
  

H+	
  

HCO3
-­‐	
  

H2O	
  +	
  CO2	
  

Demolisce	
  cibo	
  e	
  
Agen6	
  patogeni	
  

Pompa	
  protonica	
  

muco	
  



Alpha-­‐lactalbumin	
   protects	
   in	
   a	
   dose-­‐dependent	
   manner	
   from	
   gastric	
   ulcers	
  
induced	
  by	
  alcool	
  or	
  stress	
  



Looking	
  towards	
  a	
  new	
  medicine:	
  
•  MORE	
  POWERFUL	
  THAN	
  ANY	
  DRUGS	
  	
  

Take	
  –	
  home	
  message:	
  
Cure	
  the	
  microbiota	
  to	
  allow	
  it	
  to	
  take	
  care	
  of	
  
you.	
  

restore	
   the	
   powerful	
   of	
   endogenous	
   self-­‐
repair	
  and	
  control	
  mechanisms	
  

THANK 	
  YOU	
  FOR 	
  YOUR 	
  ATTENT ION 	
  


