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Parvalbumin	
  (PV)	
  neurons	
  are	
  a	
  
specific	
  type	
  of	
  inhibitory	
  neuron	
  
that	
  have	
  been	
  implicated	
  in	
  
learning	
  and	
  development.	
  The	
  
role	
  of	
  PV	
  neurons	
  in	
  plas=city	
  is	
  
not	
  understood.	
  (Morellini	
  2010)	
  

Perineuronal	
  Nets	
  (PNNs)	
  are	
  
sugar-­‐protein	
  complexes	
  that	
  
surround	
  neurons	
  in	
  the	
  adult	
  
cortex.	
  Degrada=on	
  of	
  PNNs	
  has	
  
previously	
  been	
  shown	
  to	
  
reac=vate	
  certain	
  types	
  of	
  
plas=city.	
  (Pizzorusso	
  2002)	
  

Perineuronal	
  nets	
  oIen	
  surround	
  
cor=cal	
  	
  parvalbumin	
  neurons,	
  
especially	
  in	
  sensory	
  systems.	
  
However,	
  the	
  func=onal	
  effects	
  
PNNs	
  play	
  on	
  PV	
  neurons	
  (and	
  the	
  
link	
  to	
  plas=city)	
  has	
  never	
  been	
  
studied.	
  

The	
  human	
  brain	
  is	
  plas=c	
  –	
  it	
  can	
  change	
  the	
  way	
  it	
  responds	
  
to	
  the	
  same	
  input	
  over	
  =me.	
  	
  	
  
	
  
Neuroplas=city	
   is	
   a	
   central	
   mechanism	
   by	
   which	
   our	
   brains	
  
develop,	
   learn	
  new	
  things,	
  and	
  recover	
  from	
  injury.	
  Plas=city	
  
requires	
   specific	
   =ming	
   of	
   inputs	
   in	
   order	
   to	
   change	
   the	
  
strength	
  and	
  loca=ons	
  of	
  synapses.	
  	
  
	
  
However,	
  plas=city	
  in	
  the	
  adult	
  brain	
  is	
  largely	
  limited	
  in	
  favor	
  
of	
   stability.	
   In	
  certain	
   situa=ons	
   (i.e.	
  when	
   interfacing	
  with	
  a	
  
neural	
   prosthe=c,	
   or	
   aIer	
   an	
   injury	
   or	
   stroke)	
   it	
   would	
   be	
  
useful	
   to	
  be	
  able	
  to	
  control	
   the	
   level	
  of	
  plas=city	
   in	
  an	
  adult	
  
brain.	
   	
  The	
  long-­‐term	
  goal	
  of	
  this	
  project	
  is	
  to	
  understand	
  the	
  
regula=on	
  of	
  plas=city	
  in	
  the	
  brain	
  well	
  enough	
  that	
  it	
  can	
  be	
  
ac=vely	
  controlled	
  (for	
  review	
  see	
  Spolidoro	
  2009).	
  
	
  
By	
   studying	
   the	
   transi=on	
   between	
   high	
   levels	
   of	
   plas=city	
  
during	
   developmental	
   ‘cri=cal	
   periods’	
   to	
   low	
   levels	
   of	
  
plas=city	
   in	
   the	
   adult,	
   we	
   can	
   begin	
   to	
   understand	
   how	
  
plas=city	
   is	
   regulated.	
   Perineuronal	
   net	
   forma=on	
   is	
   an	
  
important	
  event	
  that	
  causes	
  the	
  close	
  of	
  these	
  cri=cal	
  periods.	
  

Example	
  Response	
  to	
  Single	
  Whisker	
  Deflec@on	
  

Because	
  the	
  brain	
  encodes	
  informa=on	
  in	
  neuron	
  
membrane	
  voltages,	
  we	
  use	
  a	
  voltage	
  sensi=ve	
  
fluorescent	
  dye	
  (applied	
  to	
  the	
  brain)	
  to	
  image	
  brain	
  
ac=vity.	
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A	
  bacterial	
  enzyme,	
  chondroi=nase	
  ABC	
  (chABC),	
  is	
  injected	
  in	
  the	
  
barrel	
  cortex.	
  chABC	
  breaks	
  down	
  the	
  bonds	
  between	
  the	
  sugars	
  
and	
  proteins	
  that	
  comprise	
  PNNs.	
  Five	
  days	
  aIer	
  injec=on	
  PNN	
  
staining	
  disappears,	
  showing	
  that	
  PNNs	
  no	
  longer	
  exist.	
  

The	
  whisker	
  map	
  is	
  preserved	
  along	
  all	
  points	
  in	
  the	
  anatomical	
  
pathway.	
  Specifically	
  a	
  single	
  whisker	
  on	
  the	
  face	
  maps	
  to	
  a	
  single	
  
‘barrel’	
  in	
  the	
  cortex	
  of	
  the	
  brain.	
  This	
  discre=za=on	
  
allows	
  us	
  to	
  provide	
  precise	
  inputs	
  (moving	
  a	
  single	
  whisker	
  at	
  a	
  
known	
  velocity).	
  

The	
  part	
  of	
  the	
  cerebral	
  cortex	
  that	
  processes	
  informa=on	
  related	
  to	
  
the	
  whiskers	
  is	
  known	
  as	
  the	
  barrel	
  cortex.	
  

In	
  normal	
  animals,	
  if	
  two	
  s=muli	
  occur	
  close	
  together	
  the	
  
response	
  to	
  the	
  second	
  is	
  less	
  than	
  the	
  first	
  due	
  to	
  local	
  
inhibitory	
  input	
  (i.e.	
  parvalbumin	
  neurons).	
  (Simons	
  1985)	
  
	
  
By	
  quan=fying	
  how	
  long	
  it	
  takes	
  for	
  the	
  neural	
  network	
  to	
  return	
  
to	
  baseline	
  we	
  can	
  quan=fy	
  the	
  rela=ve	
  effect	
  of	
  the	
  inhibitory	
  
input.	
  

Animals	
  that	
  do	
  not	
  have	
  PNNs	
  in	
  the	
  barrel	
  cortex	
  return	
  to	
  a	
  
baseline	
  faster	
  than	
  those	
  with	
  intact	
  PNNs.	
  This	
  is	
  interes=ng	
  
because	
  more	
  “excitable”	
  neural	
  networks	
  are	
  generally	
  
considered	
  to	
  be	
  more	
  plas=c.	
  

Perineuronal	
  Nets	
  reduce	
  neural	
  plas=city	
  by	
  func@onally	
  stabilizing	
  
parvalbumin-­‐expressing	
  inhibitory	
  neurons.	
  	
  When	
  PNNs	
  are	
  
degraded,	
  the	
  inhibitory	
  influence	
  is	
  reduced	
  -­‐-­‐	
  resul=ng	
  in	
  greater	
  
neuroplas=city.	
  

While	
  these	
  results	
  show	
  that	
  PNN	
  degrada=on	
  has	
  an	
  
overall	
  effect	
  on	
  the	
  balance	
  between	
  excita=on	
  and	
  
inhibi=on,	
  we	
  have	
  not	
  conclusively	
  shown	
  that	
  this	
  is	
  
caused	
  by	
  parvalbumin	
  neurons.	
  
	
  
	
  Future	
  studies	
  will	
  be	
  designed	
  to	
  understand	
  the	
  
func=on	
  of	
  PNNs	
  on	
  these	
  neurons	
  directly	
  and	
  to	
  try	
  to	
  
establish	
  a	
  causal	
  link	
  between	
  excitability	
  and	
  plas=city.	
  
Longer	
  term	
  studies	
  will	
  focus	
  on	
  tes=ng	
  the	
  clinical	
  
implica=ons	
  of	
  this	
  discovery.	
  

This	
  is	
  the	
  first	
  study	
  to	
  show	
  a	
  func=onal	
  effect	
  of	
  PNN	
  
degrada=on	
  prior	
  to	
  sensory	
  depriva=on.	
  It	
  is	
  a	
  first	
  step	
  to	
  
understanding	
  how	
  PNNs	
  restrict	
  plas=city.	
  The	
  results	
  of	
  this	
  
study	
  have	
  given	
  rise	
  to	
  two	
  significant	
  hypotheses	
  that	
  will	
  help	
  
guide	
  further	
  clinical	
  studies.	
  
	
  
1)  The	
  extracellular	
  matrix	
  plays	
  a	
  func)onal	
  role	
  for	
  neural	
  

circuitry,	
  not	
  just	
  a	
  structural	
  one.	
  
2)  Parvalbumin	
  neurons	
  may	
  play	
  a	
  more	
  important	
  role	
  in	
  

regula=on	
  of	
  neuroplas=city	
  than	
  previously	
  thought.	
  

These	
  both	
  suggest	
  novel	
  pharmacological	
  methods	
  of	
  regula=ng	
  
plas=city.	
  

Children	
  who	
  are	
  implanted	
  with	
  
neuroengineered	
  devices,	
  like	
  the	
  
cochlear	
  implant,	
  prior	
  to	
  the	
  end	
  
of	
  cri=cal	
  periods	
  have	
  greater	
  
success	
  with	
  them	
  (Sharma	
  2002).	
  If	
  
we	
  can	
  turn	
  an	
  adult’s	
  brain	
  into	
  
a	
  “highly-­‐plas=c”	
  state,	
  we	
  could	
  
increase	
  success	
  with	
  these	
  and	
  
other	
  neural	
  prosthe=cs.	
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Addi=onally,	
  since	
  plas=city	
  is	
  the	
  mechanism	
  for	
  central	
  
nervous	
  system	
  regenera=on,	
  by	
  controlling	
  plas=city	
  we	
  
could	
  increase	
  success	
  with:	
  
•  Rehabilita=on	
  aIer	
  stroke	
  or	
  trauma=c	
  brain	
  injury	
  
•  Minimizing	
  deficits	
  from	
  developmental	
  disorders	
  
•  Preven=ng	
  seizures	
  
•  …and	
  possibly	
  many	
  other	
  central	
  nervous	
  system	
  

disorders.	
  	
  
(Widenberg	
  2010)	
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Each	
  ‘barrel’	
  is	
  the	
  
part	
  of	
  the	
  brain	
  
that	
  responds	
  to	
  a	
  
specific	
  whisker	
  on	
  
the	
  face.	
  

Adapted	
  from	
  Diamond	
  2008	
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