
•  Lymph:	
  the	
  extracellular	
  fluid	
  produced	
  con2nuously	
  by	
  
filtra2on	
  from	
  the	
  blood	
  

	
  
•  Three	
  types	
  of	
  lympha0c	
  vessels	
  (or	
  lympha0cs	
  )	
  

1. Ini2al	
  lympha2cs	
  (or	
  lympha2cs	
  capillaries)	
  
2. Collec2ng	
  vessels	
  (afferent	
  and	
  efferent):	
  	
  
Transport	
  lymph	
  through	
  lymph	
  nodes	
  

3. Ducts	
  (thoracic	
  ducts	
  and	
  right	
  lympha2c	
  duct):	
  	
  
Return	
  lymph	
  to	
  blood	
  circula2on	
  

Lymph	
  and	
  lympha2c	
  vessels	
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•  Major	
  role	
  in	
  maintaining	
  inters22al	
  fluid	
  (ISF)	
  balance	
  
•  Prime	
  player	
  in	
  regula2ng	
  immune	
  responses	
  and	
  immune	
  

surveillance	
  of	
  2ssues	
  

The	
  roles	
  of	
  lympha2c	
  system	
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1.  Promote	
  the	
  entry	
  of	
  DCs	
  and	
  T	
  cells	
  into	
  the	
  lympha2c	
  vasculature	
  
2.  Upon	
  an	
  inflammatory	
  s2mulus,	
  facilitate	
  their	
  migra2on	
  through	
  

the	
  lympha2c	
  vasculature	
  
3.  Promote	
  adhesion	
  and	
  entry	
  of	
  the	
  immune	
  cells	
  into	
  the	
  lympha2c	
  

vasculature	
  

LECs:	
  Lympha2c	
  endothelial	
  cells	
  
DCs:	
  Dendri2c	
  cells	
  	
  

Modula2on	
  of	
  immune	
  cell	
  migra2on	
  and	
  func2on	
  by	
  LECs	
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In	
  the	
  lymph	
  nodes:	
  	
  
inhibit	
  the	
  matura2on	
  of	
  DCs	
  and	
  the	
  ac2va2on	
  of	
  T	
  cells	
  

Modula2on	
  of	
  immune	
  cell	
  migra2on	
  and	
  func2on	
  by	
  LECs	
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Paths	
  of	
  CSF	
  drainage	
  

CSF:	
  Cerebrospinal	
  fluid	
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Paths	
  of	
  CSF	
  drainage	
  

•  The	
  CSF,	
  flowing	
  between	
  the	
  arachnoid	
  and	
  the	
  pia	
  
mater	
  of	
  the	
  meninges,	
  can	
  drain	
  into	
  the	
  bloodstream	
  
through	
  the	
  arachnoid	
  granula2ons	
  located	
  along	
  the	
  
superior	
  sagiYal	
  sinus	
  and	
  the	
  transverse	
  sinuses	
  

	
  
•  The	
  CSF	
  reach	
  the	
  lympha2c	
  vasculature	
  of	
  the	
  nasal	
  

mucosa	
  by	
  crossing	
  the	
  cribriform	
  plate,	
  localized	
  under	
  
the	
  olfactory	
  bulbs,	
  along	
  the	
  olfactory	
  nerves	
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Drainage	
  from	
  the	
  CNS	
  

In	
  addi2on	
  to	
  blood,	
  the	
  CNS	
  contains	
  CSF	
  and	
  ISF	
  

1.  The	
  glympha2c	
  system:	
  ISF	
  and	
  macromolecules	
  
2.  The	
  meningeal	
  lympha2c	
  system:	
  macromolecules	
  and	
  

immune	
  Cells	
  
3.  pathway	
  was	
  via	
  the	
  cribriform	
  plate	
  into	
  the	
  lympha2c	
  

system	
  of	
  the	
  nasal	
  mucosa	
  and	
  then	
  to	
  the	
  deep	
  cervical	
  
lymph	
  nodes	
  



Pathways	
  of	
  fluid	
  circula2on	
  and	
  drainage	
  in	
  the	
  brain	
  

The	
  glympha2c	
  system	
  results	
  from	
  the	
  
paravascular	
  bulk	
  flow	
  of	
  ISF	
  into	
  the	
  CSF	
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Perivascular	
  clearance	
  comprises	
  perivascular	
  drainage	
  and	
  
glympha2c	
  pathways	
  

Tarasoff-­‐Conway	
  et	
  al.	
  (2015)	
  Nat	
  Rev	
  Neurol	
  11:	
  457-­‐70	
  Glympha2c	
  =	
  glia	
  +	
  lympha2c	
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Perivascular	
  clearance	
  comprises	
  perivascular	
  drainage	
  and	
  
glympha2c	
  pathways	
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•  The	
  perivascular	
  drainage	
  pathway	
  moves	
  waste	
  into	
  the	
  periarterial	
  
space1	
  and	
  towards	
  the	
  subarachnoid	
  space	
  in	
  the	
  direc2on	
  opposite	
  to	
  
blood	
  flow	
  	
  

•  The	
  glympha0c	
  pathway	
  clears	
  waste	
  from	
  the	
  ISF	
  through	
  the	
  brain	
  
parenchyma,	
  and	
  comprises	
  three	
  func2onal	
  components	
  
ü CSF	
  influx,	
  unidirec2onally	
  with	
  blood	
  flow,	
  into	
  the	
  periarterial	
  
space2,	
  where	
  the	
  water	
  component	
  of	
  CSF	
  crosses	
  astrocy2c	
  AQP4	
  
channels	
  to	
  enter	
  the	
  brain	
  parenchyma	
  
Ø  CSF	
  solutes	
  can	
  be	
  cleared	
  with	
  astroglial	
  transporters	
  or	
  

channels,	
  or	
  can	
  pass	
  through	
  the	
  astrocy2c	
  endfeet	
  clebs	
  	
  
ü CSF–ISF	
  exchange	
  within	
  the	
  brain	
  parenchyma	
  
ü CSF–ISF	
  movement	
  into	
  the	
  perivenous	
  space	
  of	
  deep-­‐draining	
  veins	
  

Ø  Effluxed	
  waste	
  can	
  then	
  recirculate	
  with	
  the	
  CSF,	
  or	
  eventually	
  
be	
  absorbed	
  into	
  the	
  lympha2c	
  system	
  

1Periarterial	
  space:	
  located	
  along	
  smooth	
  muscle	
  cells	
  and	
  the	
  capillary	
  basement	
  membrane	
  
2Periarterial	
  space:	
  between	
  the	
  basement	
  membrane	
  of	
  smooth	
  muscle	
  cells	
  and	
  pia	
  mater	
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Raper	
  et	
  al.(2016)	
  Trends	
  in	
  neurosciences	
  39:	
  581-­‐6	
  

Produc2on	
  and	
  circula2on	
  of	
  CSF	
  within	
  the	
  CNS	
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•  CSF	
  is	
  produced	
  by	
  the	
  choroid	
  plexus	
  of	
  the	
  lateral	
  and	
  fourth	
  
ventricles,	
  and	
  flows	
  from	
  the	
  third	
  ventricle	
  to	
  the	
  fourth	
  
ventricle	
  through	
  the	
  cerebral	
  aqueduct	
  	
  

	
  
•  Aber	
  circula2ng	
  over	
  the	
  hemispheres,	
  CSF	
  absorp2on	
  into	
  the	
  
superior	
  sagiYal	
  sinus,	
  transverse	
  sinus,	
  and	
  sigmoid	
  sinuses	
  is	
  
via	
  arachnoid	
  granula2ons,	
  as	
  well	
  as	
  efflux	
  from	
  the	
  CNS	
  along	
  
the	
  olfactory	
  nerves	
  through	
  the	
  cribriform	
  plate	
  

Produc2on	
  and	
  circula2on	
  of	
  CSF	
  within	
  the	
  CNS	
  

Raper	
  et	
  al.(2016)	
  Trends	
  in	
  neurosciences	
  39:	
  581-­‐6	
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Raper	
  et	
  al.(2016)	
  Trends	
  in	
  neurosciences	
  39:	
  581-­‐6	
  

Produc2on	
  and	
  circula2on	
  of	
  CSF	
  within	
  the	
  CNS	
  

•  CSF–ISF	
  flow	
  from	
  and	
  to	
  the	
  
subarachnoid	
  space	
  

•  CSF	
  can	
  diffuse	
  in	
  and	
  out	
  of	
  
the	
  brain	
  parenchyma	
  along	
  
the	
  perivascular	
  space	
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•  Lympha2c	
  vasculature	
  drains	
  inters22al	
  fluids,	
  which	
  contain	
  the	
  
2ssue’s	
  waste	
  products,	
  and	
  ensures	
  immune	
  surveillance	
  of	
  the	
  
2ssues,	
  allowing	
  immune	
  cell	
  recircula2on	
  

	
  
•  In	
  the	
  meninges	
  of	
  a	
  lympha2c	
  network	
  that	
  drains	
  the	
  CNS	
  calls	
  

into	
  ques2on	
  classic	
  models	
  for	
  the	
  drainage	
  of	
  macromolecules	
  
and	
  immune	
  cells	
  from	
  the	
  CNS	
  

	
  
•  In	
  the	
  context	
  of	
  neurological	
  disorders,	
  the	
  presence	
  of	
  a	
  

lympha2c	
  system	
  draining	
  the	
  CNS	
  poten2ally	
  offers	
  a	
  new	
  player	
  
and	
  a	
  new	
  avenue	
  for	
  therapy	
  

Conclusions	
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