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Introduc&on	
  

•  Is	
  Inflamma&on:	
  
– A	
  friend?	
  
– A	
  foe?	
  
– Both?	
  	
  

• What	
  provokes	
  and	
  perpetuates	
  it?	
  	
  
• What	
  are	
  the	
  treatments?	
  



Inflamma&on	
  Defini&on	
  

•  A	
  protec&ve	
  &ssue	
  response	
  to	
  injury	
  or	
  
destruc&on	
  of	
  &ssues,	
  which	
  serves	
  to	
  
destroy,	
  dilute,	
  or	
  wall	
  off	
  both	
  the	
  injurious	
  
agent	
  and	
  the	
  injured	
  &ssues.	
  The	
  classical	
  
signs	
  of	
  acute	
  inflamma&on	
  are	
  pain	
  (dolor),	
  
heat	
  (calor),	
  redness	
  (rubor),	
  swelling	
  (tumor),	
  
and	
  loss	
  of	
  func&on	
  (func&o	
  laesa).inflam
´matory	
  



Neuroinflamma&on	
  Defini&on	
  
•  The	
  inflammatory	
  response	
  is	
  an	
  early,	
  non-­‐
specific	
  immune	
  reac&on	
  to	
  &ssue	
  damage	
  or	
  
pathogen	
  invasion.	
  Inflamma&on	
  of	
  the	
  
central	
  nervous	
  system	
  (CNS)	
  is	
  characterized	
  
by	
  increased	
  glial	
  ac&va&on,	
  pro-­‐inflammatory	
  
cytokine	
  concentra&on,	
  blood-­‐brain-­‐barrier	
  
permeability,	
  and	
  leukocyte	
  invasion.	
  	
  



The	
  evolu&on	
  of	
  the	
  danger	
  theory	
  

•  The	
  dominant	
  model	
  of	
  immunity	
  does	
  not	
  
explain	
  a	
  wealth	
  of	
  accumulated	
  data	
  and	
  has	
  
recently	
  suggested	
  an	
  alterna&ve,	
  the	
  danger	
  
model,	
  which	
  suggests	
  that	
  the	
  immune	
  
system	
  is	
  far	
  less	
  concerned	
  with	
  things	
  that	
  
are	
  foreign	
  than	
  with	
  those	
  that	
  do	
  damage.	
  	
  

Matzinger P. Expert Rev Clin Immunol. 2012 May;8(4):311-7. 



Immune	
  System	
  &	
  Nervous	
  System	
  

•  They	
  communicate	
  with	
  each	
  other.	
  
•  Both	
  respond	
  to	
  danger.	
  
•  Both	
  have	
  early,	
  innate,	
  as	
  well	
  as	
  long	
  term	
  
learned	
  adap&ve	
  mechanisms.	
  	
  

•  Pathology	
  occurs	
  with	
  failure	
  to	
  adapt	
  or	
  
excessive	
  reac&vity	
  to	
  danger	
  or	
  adap&ve	
  
mechanisms	
  gone	
  awry,	
  or	
  chronic	
  trauma	
  
from	
  chronic	
  reac&vity	
  to	
  chronic	
  stressors.	
  	
  	
  



Structural	
  and	
  func&onal	
  features	
  
of	
  central	
  nervous	
  system	
  

lympha&c	
  vessels	
  
•  We	
  discovered	
  func&onal	
  lympha&c	
  vessels	
  lining	
  the	
  
dural	
  sinuses.	
  These	
  structures	
  are	
  able	
  to	
  carry	
  both	
  
fluid	
  and	
  immune	
  cells	
  from	
  the	
  cerebrospinal	
  fluid,	
  
and	
  are	
  connected	
  to	
  the	
  deep	
  cervical	
  lymph	
  nodes.	
  
The	
  discovery	
  of	
  the	
  central	
  nervous	
  system	
  
lympha&c	
  system	
  may	
  call	
  for	
  a	
  reassessment	
  of	
  
basic	
  assump&ons	
  in	
  neuroimmunology	
  and	
  sheds	
  
new	
  light	
  on	
  the	
  ae&ology	
  of	
  neuroinflammatory	
  and	
  
neurodegenera&ve	
  diseases	
  associated	
  with	
  immune	
  
system	
  dysfunc&on.	
  	
  

Louveau A, et al. Nature. 2015 Jun 1. 



Louveau A, et al. Nature. 2015 Jun 1. 

Louveau A, et al. Nature. 2015 Jun 1. 



What	
  Provokes	
  &	
  Weakens	
  the	
  
Immune	
  System?	
  

•  Infec&ons	
  
•  Cancer	
  	
  
•  Allergens	
  	
  
•  Stress	
  
•  Early	
  life	
  stress	
  	
  
•  Sleep	
  depriva&on	
  
•  Vaccina&ons	
  	
  
•  Trauma	
  
•  Toxins	
  
•  Degenera&ve	
  changes	
  
•  T	
  cell	
  dysfunc&on	
  

•  Foehn,	
  barometric	
  
pressure	
  drops	
  

•  Molecular	
  mimicry	
  	
  
•  Low	
  glutathione	
  levels	
  
•  Increased	
  oxida&ve	
  stress	
  
•  Metal	
  toxicity	
  
•  Elevated	
  lep&n	
  levels	
  
•  Obesity	
  
•  Diet	
  
•  Leaky	
  gut	
  	
  
•  Some	
  medical	
  treatments	
  



Environmental	
  Stress	
  
&/or	
  Physiological	
  Stress	
  
(Sickness	
  Syndrome)	
  

	
  	
  Alosta&c	
  Load	
  and	
  Inflamma&on	
  

Inflamma&on	
  



Progressive	
  Inflamma&on	
  is	
  Associated	
  with	
  
Increasing	
  Encephalopathy	
  &	
  	
  Increasing	
  Mental	
  

Symptoms	
  

Mild	
   Moderate	
   Severe	
  

Execu&ve	
  dysfunc&on	
   Increasing	
  cogni&ve	
  
deficits	
  

Demen&a	
  

Reduced	
  frustra&on	
  
tolerance,	
  irritability,	
  
insomnia,	
  dysthymia	
  

Anxiety	
  disorders,	
  
depression,	
  impulsivity,	
  
personality	
  disorders	
  

Major	
  psychiatric	
  
disorders,	
  psychosis,	
  
suicide,	
  homicide	
  
	
  

Increasing	
  Neurological,	
  Mul&systemic	
  Symptoms	
  &	
  Fa&gue	
  



What	
  Supports	
  the	
  Associa&on?	
  

•  Inflammatory	
  agents	
  induce	
  mental	
  symptoms	
  
•  Inflammatory	
  markers	
  are	
  elevated	
  in	
  mental	
  
disorders.	
  

•  Biochemistry	
  
•  Immune	
  dysfunc&on	
  adversely	
  impact	
  brain	
  
development.	
  	
  

•  Psychotropics	
  are	
  an&-­‐inflammatory.	
  

Boorman E et al. Psychiatric Annals. 2015;45(5):240-248. 



Hepa&&s	
  C	
  &	
  Interferon	
  Treatment	
  

•  A	
  good	
  model	
  for	
  inflamma&on	
  mediated	
  
mental	
  symptoms	
  

•  Cogni&ve	
  impairments	
  
•  Symptoms	
  include	
  depression,	
  anxiety,	
  mania,	
  
irritability,	
  impulsiveness,	
  hos&lity,	
  relapse	
  of	
  
substance	
  abuse	
  &	
  lassitude.[1]	
  

[1]	
  Henry,	
  Castera,	
  Demotes-­‐Mainard	
  





Are	
  Mood	
  and	
  Anxiety	
  Disorders	
  
Inflammatory	
  Diseases?	
  

•  Studies	
  demonstrate	
  increases	
  in	
  inflammatory	
  markers	
  in:	
  
–  Sleep	
  depriva&on:	
  IL-­‐6	
  [1]	
  
–  Stress:	
  IL-­‐1	
  beta,	
  TNF-­‐alpha,	
  IL-­‐6	
  [2]	
  
–  PTSD:	
  IL-­‐1	
  beta,	
  IL-­‐6,	
  TNF-­‐alpha	
  [3]	
  
–  Depression:	
  IL-­‐6,	
  CRP,	
  IL-­‐1,	
  TNF-­‐alpha	
  [3]	
  
–  Bipolar:	
  IL-­‐6,	
  TNF-­‐alpha,	
  CRP,	
  sIL-­‐2R,	
  sIL-­‐6R	
  [3]	
  
–  Schizophrenia:	
  IL-­‐1	
  beta	
  [4]	
  
–  Au&sm:	
  IL-­‐6,	
  autoimmune	
  mechanisms	
  [5]	
  
–  Alzheimer’s:	
  IL-­‐6,	
  TNF-­‐,	
  IL-­‐1,	
  TGF-­‐,	
  IL-­‐12	
  and	
  IL-­‐18	
  [6]	
  

[1] M. Haack, E. Sanchez, J. Broussard, M. Regan, J. Mullington. J Pain. 2004;5(3) 
[2] Raison et al, Arch Gen Psychiatry. 2010;67(12):1211-1224. 
[3] Boorman E et al. Psychiatric Annals. 2015;45(5):240-248. 
[4] Schwieler L, et al. J Psychiatry Neurosci. 2015 Mar;40(2):126-33 
[5] Bransfield R. Pediatric Health. 3(2):125-140. (2009) 
[6] Swardfager W, et al. BIOL PSYCHIATRY 2010. 



Cytokine	
  Ac&va&on	
  Causes	
  Psychiatric	
  
Symptoms	
  

•  Interleukin-­‐6	
  Is	
  Elevated	
  in	
  the	
  
Cerebrospinal	
  Fluid	
  of	
  Suicide	
  Aiempters	
  
and	
  Related	
  to	
  Symptom	
  Severity	
  (1)	
  

•  Interluken-­‐1Beta	
  &	
  Self-­‐Inflicted	
  
Aggressive	
  Behavior	
  (2)	
  

•  Interluken-­‐1Beta	
  Causes	
  Fa&gue	
  (3)	
  
(1)	
  Lindqvist	
  D,	
  Janelidze	
  S,	
  Hagell	
  P,	
  Erhardt	
  S,	
  Samuelsson	
  M,	
  Minthon	
  L,	
  Hansson	
  O,	
  	
  
Björkqvist	
  M,	
  Träskman-­‐Bendz	
  L,	
  Brundin	
  L.	
  Biol	
  Psychiatry.	
  2009	
  Mar	
  6.	
  [Epub]	
  	
  
Lindqvist	
  D.	
  10th	
  Psychoimmunology	
  Expert’s	
  Mee&ng,	
  Gunzburg,	
  2009.	
  
(2)	
  Westling	
  S	
  et	
  al.	
  10th	
  Psychoimmunology	
  Expert’s	
  Mee&ng,	
  Gunzburg	
  2009.	
  
(3)	
  Corwin	
  et	
  al.	
  Ann	
  Behav	
  Med	
  2003;25:41-­‐47.	
  



Inflamma&on	
  in	
  neurodegenera&ve	
  diseases	
  
•  Neurodegenera&on,	
  the	
  slow	
  and	
  progressive	
  
dysfunc&on	
  and	
  loss	
  of	
  neurons	
  and	
  axons	
  in	
  the	
  
central	
  nervous	
  system,	
  is	
  the	
  primary	
  
pathological	
  feature	
  of	
  acute	
  and	
  chronic	
  
neurodegenera&ve	
  condi&ons	
  such	
  as	
  Alzheimer's	
  
disease	
  and	
  Parkinson's	
  disease,	
  neurotropic	
  viral	
  
infec&ons,	
  stroke,	
  paraneoplas&c	
  disorders,	
  
trauma&c	
  brain	
  injury	
  and	
  mul&ple	
  sclerosis.	
  
Despite	
  different	
  triggering	
  events,	
  a	
  common	
  
feature	
  is	
  chronic	
  immune	
  ac&va&on,	
  in	
  par&cular	
  
of	
  microglia,	
  the	
  resident	
  macrophages	
  of	
  the	
  
central	
  nervous	
  system.	
  	
  

Sandra Amor, Fabiola Puentes, David Baker, Paul van der Valk. Immunology. Vol 129, Issue2,2010.  



LATE-­‐STAGE	
  IMMUNE	
  CNS	
  EFFECTS	
  

•  Mechanisms	
  leading	
  to	
  the	
  injury	
  of	
  neuronal	
  
cells	
  include:	
  	
  
– The	
  secre&on	
  of	
  cytotoxic	
  substances	
  by	
  leucocytes	
  
and	
  glial	
  cells	
  

– Direct	
  cytotoxicity	
  	
  
– Autoimmune-­‐triggered	
  processes	
  via	
  molecular	
  
mimicry	
  

– An	
  interac&on	
  between	
  pathogens	
  and	
  the	
  neural	
  
cells	
  can	
  cause	
  dysfunc&on	
  by	
  adherence,	
  invasion,	
  
and	
  cytotoxicicity	
  of	
  neural	
  cells.	
  

Bransfield RC. Relationship of Inflammation and Autoimmunity to Psychiatric  
Sequelae in Lyme Disease. Psychiatric Annals. 42(9):337-341. September 2012.  



Balanced	
  Inflamma&on	
  
•  Inflamma&on	
  could	
  have	
  a	
  protec&ve	
  role	
  and	
  
promote	
  regenera&on	
  of	
  damaged	
  neurons.	
  We	
  do	
  
not	
  yet	
  know	
  how	
  to	
  achieve	
  a	
  "balanced"	
  
inflamma&on.	
  Because	
  some	
  novel	
  an&-­‐
inflammatory	
  treatment	
  might	
  have	
  detrimental	
  
consequences,	
  carefully	
  monitoring	
  disease	
  progress	
  
in	
  pa&ents	
  treated	
  with	
  this	
  category	
  of	
  drugs	
  is	
  
indispensable.	
  

•  A	
  variety	
  of	
  neurological	
  diseases	
  the	
  ini&al	
  triggers	
  
differ	
  significantly,	
  while	
  the	
  subsequent	
  pathways	
  
involving	
  inflammatory	
  processes	
  and	
  causing	
  brain	
  
damage	
  share	
  certain	
  pathological	
  mechanisms.	
  	
  

Aktas,	
  O.	
  et	
  al.	
  Arch	
  Neurol	
  2007;64:185-­‐189.	
  



Pathophysiology:	
  Autoimmunity	
  

	
  	
  



Autoimmune	
  Encephalopathies	
  

•  Paraneoplas&c	
  limbic	
  encephalopathy	
  
–  autoan&bodies	
  directed	
  against	
  intracellular	
  neuronal	
  
an&gens	
  

•  Nonparaneoplas&c	
  limbic	
  encephali&s	
  
–  voltage-­‐gated	
  potassium	
  channel	
  limbic	
  encephali&s	
  	
  
– Hashimoto’s	
  	
  encephalopathy	
  
– An&-­‐NMDA	
  	
  &	
  other	
  glutamate	
  receptor	
  encephali&s	
  

•  Encephali&s	
  associated	
  with	
  GABAergic	
  signaling	
  

Kayser,	
  Josep	
  Dalmau	
  	
  j;	
  Psychiatric	
  Times.	
  Psychiatric	
  Presenta&ons	
  of	
  Autoimmune	
  	
  
Encephalopathies	
  Vol	
  27(3)	
  2010	
  .	
  	
  



An&bodies	
  to	
  surface	
  dopamine-­‐2	
  
receptor	
  in	
  autoimmune	
  movement	
  

and	
  psychiatric	
  disorders	
  
•  Recent	
  reports	
  of	
  autoan&bodies	
  that	
  bind	
  to	
  
neuronal	
  surface	
  receptors	
  or	
  synap&c	
  proteins	
  
have	
  defined	
  treatable	
  forms	
  of	
  autoimmune	
  
encephali&s.	
  	
  

•  We	
  conclude	
  that	
  assessment	
  of	
  dopamine-­‐2	
  
receptor	
  an&bodies	
  can	
  help	
  define	
  autoimmune	
  
movement	
  and	
  psychiatric	
  disorders.	
  	
  

Dale RC et al. Brain. 2012 Nov;135(Pt 11):3453-68. 



Pediatric	
  Autoimmune	
  Diseases	
  
Associated	
  with	
  Strep	
  (PANDAS)	
  

•  Strep	
  infec&ons	
  in	
  a	
  gene&cally	
  suscep&ble	
  individual	
  
at	
  a	
  young	
  age	
  can	
  result	
  in	
  OCD,	
  &cs	
  and	
  some&mes	
  
aien&on	
  span	
  difficul&es	
  

•  Ouen	
  comorbid	
  with	
  Lyme/&ck-­‐borne	
  disease	
  
PITAND	
  (Pediatric	
  Infec&on-­‐triggered	
  Autoimmune	
  
Neuropsychiatric	
  Disorders)	
  

•  Symptom	
  flares	
  follow	
  a	
  strep	
  infec&on	
  and	
  correlate	
  
with	
  increased	
  an&body	
  produc&on	
  

•  ASO	
  &	
  an&-­‐DNA	
  &ters	
  may	
  be	
  elevated	
  
•  An&bio&cs	
  are	
  effec&ve	
  in	
  trea&ng	
  and	
  preven&ng	
  
these	
  symptoms	
  

•  IVIG	
  &	
  plasmapheresis	
  can	
  also	
  be	
  effec&ve.	
  



Pathophysiology:	
  Biochemistry	
  

	
  	
  



Immune	
  Provoked	
  
Pathophysiology	
  

•  Pathophysiologic	
  changes	
  are	
  associated	
  with	
  
oxida&ve	
  stress,	
  excitotoxicity,	
  changes	
  in	
  
homocysteine	
  metabolism,	
  mitochondrial	
  
dysfunc&on	
  and	
  altered	
  tryptophan	
  pathways.	
  





Franklin TC, Wohleb ES, Duman RS. Psychiatric Annals. 2015;45(5)235. 



Oxida&ve	
  Stress	
  

•  “Oxygen	
  free	
  radicals	
  or	
  ac&vated	
  oxygen	
  has	
  
been	
  implicated	
  in	
  diverse	
  environmental	
  
stresses	
  in	
  plants	
  and	
  animals	
  and	
  appears	
  to	
  
be	
  a	
  common	
  par&cipa&on	
  in	
  most,	
  if	
  not	
  all,	
  
degenera&ve	
  condi&ons	
  in	
  eukaryo&c	
  cells.	
  
The	
  peroxida&on	
  of	
  lipids,	
  the	
  cross-­‐linking	
  
and	
  inac&va&on	
  of	
  proteins	
  and	
  muta&ons	
  in	
  
DNA	
  are	
  typical	
  consequences	
  of	
  free	
  radicals”	
  	
  

Bryan	
  D.	
  McKersie	
  Dept	
  of	
  Crop	
  Science,	
  University	
  of	
  Guelph	
  	
  
hip://www.agronomy.psu.edu/Courses/AGRO518/Oxygen.htm#ac&va&on	
  



Excitotoxicity	
  

Bleich	
  S	
  et	
  al.	
  Prog	
  Neuropsychopharmacol	
  Biol	
  Psychiatry.	
  2004;28:453-­‐464.	
  



Homocysteine	
  Metabolism	
  
in	
  the	
  Brain	
  

Inadequate	
  remethyla9on	
  leads	
  to	
  increased	
  Hcy	
  levels	
  which	
  
are	
  excitotoxic.	
  



Homocysteine,	
  depression	
  and	
  
cogni&ve	
  func&on	
  in	
  older	
  adults	
  

•  Depression	
  and	
  high	
  total	
  plasma	
  homocysteine	
  
are	
  independently	
  associated	
  with	
  cogni&ve	
  
impairment	
  in	
  older	
  adults.	
  	
  

•  Elevated	
  total	
  plasma	
  homocysteine	
  was	
  
associated	
  with	
  weaker	
  performance	
  in	
  tests	
  of	
  
immediate	
  and	
  delayed	
  memory	
  and	
  global	
  
cogni&ve	
  performance	
  when	
  compared	
  to	
  those	
  
with	
  normal	
  total	
  plasma	
  homocysteine	
  
independent	
  of	
  the	
  presence	
  of	
  major	
  depression	
  
or	
  the	
  severity	
  of	
  depressive	
  symptoms.	
  	
  

Ford AH, Flicker L, Singh U, Hirani V, Almeida OP. J Affect Disord. 2013 Aug 5. pii: S0165-0327(13)00565-X. 



IDO	
  shius	
  tryptophan	
  metabolism	
  from	
  
serotonin	
  to	
  quinolinic	
  acid	
  	
  



IDO	
  and	
  interferon-­‐-­‐induced	
  depressive	
  
symptoms:	
  a	
  shiu	
  in	
  hypothesis	
  from	
  
tryptophan	
  deple&on	
  to	
  neurotoxicity	
  

•  	
  

	
  The	
  enzyme	
  indoleamine	
  2,3-­‐dioxygenase	
  (IDO),	
  which	
  
converts	
  tryptophan	
  (TRP)	
  into	
  kynurenine	
  (KYN)	
  and	
  
which	
  is	
  s&mulated	
  by	
  proinflammatory	
  cytokines,	
  may	
  
be	
  implicated	
  in	
  the	
  development	
  of	
  IFN-­‐-­‐induced	
  
depressive	
  symptoms,	
  first	
  by	
  decreasing	
  the	
  TRP	
  
availability	
  to	
  the	
  brain	
  and	
  second	
  by	
  the	
  induc&on	
  of	
  
the	
  KYN	
  pathway	
  resul&ng	
  in	
  the	
  produc&on	
  of	
  
neurotoxic	
  metabolites.	
  	
  	
  

•  This	
  study	
  does	
  support	
  a	
  role	
  for	
  IDO	
  ac&vity	
  in	
  the	
  
pathophysiology	
  of	
  IFN-­‐-­‐induced	
  depressive	
  symptoms,	
  
through	
  its	
  induc&on	
  of	
  neurotoxic	
  KYN	
  metabolites.	
  

M	
  C	
  Wichers,	
  G	
  H	
  Koek,	
  G	
  Robaeys,	
  R	
  Verkerk,	
  S	
  Scharpé,	
  M	
  Maes.	
  	
  
Molecular	
  Psychiatry	
  (2005)	
  10,	
  538–544.	
  doi:10.1038/sj.mp.4001600	
  Published	
  online	
  19	
  October	
  2004	
  
	
  



Pathophysiology:	
  Clinical	
  
Presenta&ons	
  



Chronic	
  Stress,	
  Insomnia,	
  Sickness	
  
Syndrome	
  &	
  Fa&gue	
  



Disease	
  Precipita&on	
  vs.	
  Disease	
  
Perpetua&on	
  &	
  Disease	
  Progression	
  

•  What	
  precipitates	
  a	
  disease	
  process	
  may	
  not	
  
be	
  exactly	
  the	
  same	
  as	
  what	
  causes	
  the	
  
perpetua&on	
  and	
  progression	
  of	
  the	
  disease.	
  

•  Chronic	
  stress	
  and	
  non-­‐restora&ve	
  sleep	
  
contribute	
  to	
  disease	
  perpetua&on	
  &	
  are	
  
associated	
  with:	
  
– Decreased	
  regenera&ve	
  func&oning	
  
–  Compromised	
  immunity	
  	
  
– Decreased	
  resistance	
  to	
  infec&ous	
  disease	
  
–  Fa&gue	
  



Central	
  pathways	
  causing	
  fa&gue	
  in	
  neuro-­‐
inflammatory	
  and	
  autoimmune	
  illnesses	
  
•  It	
  is	
  concluded	
  that	
  peripheral	
  inflamma&on	
  
and	
  immune	
  ac&va&on,	
  together	
  with	
  the	
  
subsequent	
  ac&va&on	
  of	
  glial	
  cells	
  and	
  
mitochondrial	
  damage,	
  likely	
  account	
  for	
  the	
  
severe	
  levels	
  of	
  intractable	
  fa&gue	
  and	
  
disability	
  seen	
  in	
  many	
  pa&ents	
  with	
  
neuroimmune	
  and	
  autoimmune	
  diseases.	
  This	
  
would	
  also	
  appear	
  to	
  be	
  the	
  case	
  for	
  many	
  
pa&ents	
  afforded	
  a	
  diagnosis	
  of	
  Chronic	
  
Fa&gue	
  Syndrome.	
  

Morris G, Berk M, Walder K, Maes M. BMC Med. 2015 Dec;13(1):259. BMC Med. 2015 Dec;13(1):259. 



Sleep	
  Drives	
  Metabolite	
  Clearance	
  
from	
  the	
  Adult	
  Brain	
  

•  Sleep	
  is	
  associated	
  with	
  a	
  60%	
  increase	
  in	
  the	
  
inters&&al	
  space,	
  resul&ng	
  in	
  a	
  striking	
  increase	
  
in	
  convec&ve	
  exchange	
  of	
  cerebrospinal	
  fluid	
  
with	
  inters&&al	
  fluid	
  which	
  increases	
  clearance	
  of	
  
β-­‐amyloid.	
  The	
  restora&ve	
  func&on	
  of	
  sleep	
  may	
  
be	
  a	
  consequence	
  of	
  the	
  enhanced	
  removal	
  of	
  
poten&ally	
  neurotoxic	
  waste	
  products	
  that	
  
accumulate	
  in	
  the	
  awake	
  central	
  nervous	
  system.	
  

Xie L(1), Kang H, Xu Q, Chen MJ, Liao Y, Thiyagarajan M, O'Donnell J, Christensen DJ, Nicholson C,  
Iliff JJ, Takano T, Deane R, Nedergaard M. Science. 2013 Oct 18;342(6156):373-7.  



Diurnal	
  Physiological	
  Varia&on	
  of	
  
Immune	
  Parameters	
  in	
  Humans	
  	
  

•  Sleep	
  ini&ates	
  Th1	
  response	
  in	
  lymph	
  nodes.	
  
•  Early	
  nocturnal	
  sleep	
  promotes	
  T	
  cell	
  &	
  
proinflammatory	
  cytokines	
  &	
  naïve	
  T	
  cell	
  
dendri&c	
  cell	
  interac&on.	
  	
  

•  Sleep	
  promotes	
  immunosuppor&ve	
  hormones	
  
such	
  as	
  GH	
  &	
  prolac&n	
  to	
  suppress	
  an&-­‐
inflammatory	
  hormones	
  such	
  as	
  cor&sol,	
  
norepinephenrine	
  and	
  epinephrine.	
  	
  

Lange T et al. Neurology, Psychiatry, and Brain research. 20(2014) 2.  



Bidirec&onal	
  Communica&on	
  between	
  the	
  Brain	
  and	
  
the	
  Immune	
  System:	
  Implica&ons	
  for	
  Physiological	
  

Sleep	
  and	
  Disorders	
  with	
  Disrupted	
  Sleep	
  

•  Cytokines	
  produced	
  by	
  cells	
  of	
  the	
  immune	
  and	
  
nervous	
  systems	
  regulate	
  sleep.	
  	
  

•  par&cularly	
  interleukin-­‐1beta	
  and	
  tumor	
  necrosis	
  
factor-­‐alpha,	
  signal	
  neuroendocrine,	
  autonomic,	
  
limbic	
  and	
  cor&cal	
  areas	
  of	
  the	
  CNS	
  to	
  affect	
  neural	
  
ac&vity	
  and	
  modify	
  behaviors	
  (including	
  sleep),	
  
hormone	
  release	
  and	
  autonomic	
  func&on.	
  

•  Sleep	
  disorders	
  are	
  commonly	
  associated	
  with	
  
chronic	
  inflammatory	
  diseases	
  and	
  chronic	
  age-­‐	
  or	
  
stress-­‐related	
  disorders.	
  	
  The	
  best	
  studied	
  are	
  
rheumatoid	
  arthri&s,	
  fibromyalgia	
  and	
  chronic	
  
fa&gue	
  syndromes.	
  	
  

Lorton	
  D	
  et	
  al.	
  Neuroimmunomodula&on.	
  2006;13(5-­‐6):357-­‐74.	
  Epub	
  2007	
  Aug	
  6.	
  	
  





Variability in Sleep Patterns in a Normal Adult vs a 
Patient With Major Depression

Adapted with permission from Winokur A, Reynolds CF III. Primary Psychiatry. Nov/Dec 1994:22-27.
Please see important safety information on accompanying slides and full prescribing information.
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Delta	
  Sleep	
  
•  Sleep	
  restric&on	
  increases	
  IL-­‐6	
  and	
  pain-­‐related	
  
symptoms	
  in	
  healthy	
  volunteers	
  (1)	
  

•  Impaired	
  Sleep	
  Correlates	
  with	
  Impaired	
  Immune	
  
Func&oning	
  (2)	
  

•  Growth	
  hormone	
  is	
  dependent	
  upon	
  delta	
  sleep	
  &	
  
modulates	
  immune	
  response	
  (3)	
  

•  Increasing	
  delta	
  sleep	
  is	
  therapeu&c	
  

(1)	
  M.	
  Haack,	
  E.	
  Sanchez,	
  J.	
  Broussard,	
  M.	
  Regan,	
  J.	
  Mullington	
  
J	
  Pain;	
  April	
  2004,	
  Supplement	
  1	
  •	
  Volume	
  5	
  •	
  Number	
  3	
  	
  

(2)	
  Modolfsy	
  H.	
  Sleep	
  and	
  the	
  immune	
  system.	
  Int	
  J	
  Immunopharmacol	
  1995;17:649-­‐54.	
  
(3)	
  Kelley	
  KW.	
  Ann	
  N	
  Y	
  Acad	
  Sci.	
  1990;594:95-­‐103.	
  

	
  



A	
  Meta-­‐Analysis	
  of	
  Cytokines	
  in	
  Major	
  
Depression	
  	
  

•  This	
  meta-­‐analysis	
  (24	
  studies)	
  reports	
  
significantly	
  higher	
  concentra&ons	
  of	
  the	
  
proinflammatory	
  cytokines	
  TNF-­‐α	
  and	
  IL-­‐6	
  in	
  
depressed	
  subjects	
  compared	
  with	
  control	
  
subjects.	
  While	
  both	
  posi&ve	
  and	
  nega&ve	
  
results	
  have	
  been	
  reported	
  in	
  individual	
  
studies,	
  this	
  meta-­‐analy&c	
  result	
  strengthens	
  
evidence	
  that	
  depression	
  is	
  accompanied	
  by	
  
ac&va&on	
  of	
  the	
  inflammatory	
  response	
  
system.	
  

Dowlat	
  Y	
  et	
  al.	
  Biological	
  Psychiatry.	
  	
  
	
  



Autoimmune	
  diseases	
  and	
  severe	
  
infec&ons	
  as	
  risk	
  factors	
  for	
  mood	
  
disorders:	
  a	
  na&onwide	
  study	
  

•  Autoimmune	
  diseases	
  and	
  infec&ons	
  are	
  risk	
  
factors	
  for	
  subsequent	
  mood	
  disorder	
  
diagnosis.	
  These	
  associa&ons	
  seem	
  
compa&ble	
  with	
  an	
  immunologic	
  hypothesis	
  
for	
  the	
  development	
  of	
  mood	
  disorders	
  in	
  
subgroups	
  of	
  pa&ents.	
  

Benros ME, Waltoft BL, Nordentoft M, Ostergaard SD, Eaton WW, Krogh J,  
Mortensen PB. JAMA Psychiatry. 2013 Aug 1;70(8):812-20. 



Cytokines,	
  Stress,	
  and	
  Depression	
  	
  

•  Immune	
  ac&va&on,	
  and	
  par&cularly	
  increased	
  
ac&vity	
  of	
  several	
  cytokines,	
  notably	
  
interleukin-­‐1,	
  interleukin-­‐2,	
  interleukin-­‐6,	
  
tumor	
  necrosis	
  factor-­‐	
  	
  as	
  well	
  as	
  their	
  soluble	
  
receptors	
  is	
  characteris&c	
  of	
  depression.	
  	
  

•  Affec&ve	
  changes	
  may	
  stem	
  from	
  the	
  
neuroendocrine	
  and	
  central	
  neurochemical	
  
changes	
  elicited	
  by	
  cytokines,	
  as	
  these	
  are	
  
reminiscent	
  of	
  those	
  associated	
  thought	
  to	
  
sub	
  serve	
  depression.	
  	
  

H. Anisman, Z. Merali 
 



Poor	
  
Concentra9on	
  

Social	
  
Withdrawal	
  

Anorexia	
  

Hypersomnia	
  

Malaise	
  

Anhedonia	
  

Weakness	
  

Cytokines	
  Induce	
  	
  
Sickness	
  Behavior 

	
  Musselman	
  DL,	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2001;344:961-­‐966.	
  

Sickness	
  Syndrome	
  Resembles	
  Depression	
  
(Mediated	
  by	
  Proinflammatory	
  Cytokines	
  IL-­‐1,	
  IL-­‐6,	
  and	
  TNF)	
  



Stress	
  and	
  inflamma&on	
  in	
  MDD	
  

Raison et al, Arch Gen Psychiatry. 2010;67(12):1211-1224. 



Inflamma&on	
  and	
  the	
  phenomenology,	
  
pathophysiology,	
  comorbidity,	
  and	
  treatment	
  of	
  

bipolar	
  disorder:	
  a	
  systema&c	
  review	
  of	
  the	
  literature	
  
•  Available	
  evidence	
  indicates	
  that	
  bipolar	
  disorder	
  and	
  
inflamma&on	
  are	
  linked	
  through	
  shared	
  gene&c	
  
polymorphisms	
  and	
  gene	
  expression	
  as	
  well	
  as	
  altered	
  
cytokine	
  levels	
  during	
  symptoma&c	
  (i.e.,	
  mania	
  and	
  
depression)	
  and	
  asymptoma&c	
  intervals.	
  However,	
  
results	
  are	
  inconsistent.	
  Several	
  conven&onal	
  mood	
  
stabilizers	
  have	
  an&-­‐inflammatory	
  proper&es.	
  
Inflamma&on	
  is	
  closely	
  linked	
  with	
  behavioral	
  
parameters	
  such	
  as	
  exercise,	
  sleep,	
  alcohol	
  abuse,	
  and	
  
smoking,	
  as	
  well	
  as	
  with	
  medical	
  comorbidi&es	
  
including	
  coronary	
  artery	
  disease,	
  obesity	
  and	
  insulin	
  
resistance,	
  osteoporosis,	
  and	
  pain.	
  	
  

•  CONCLUSION:	
  Inflamma&on	
  appears	
  relevant	
  to	
  
bipolar	
  disorder	
  across	
  several	
  important	
  domains.	
  

Goldstein BI, Kemp DE, Soczynska JK, McIntyre RS. J Clin Psychiatry. 2009 Jun 2. [Epub]  
 



Inflamma&on,	
  Psychosis,	
  and	
  the	
  Brain	
  
•  Hundreds	
  of	
  studies	
  of	
  schizophrenic	
  illness	
  in	
  
adults	
  have	
  documented	
  immunological	
  
abnormali&es	
  in	
  these	
  pa&ents	
  

•  First-­‐episode	
  psychosis	
  in	
  children	
  is	
  associated	
  
with	
  evidence	
  of	
  increased	
  inflamma&on	
  

•  Increasing	
  evidence	
  now	
  suggests	
  that	
  the	
  glia,	
  
cerebral	
  vasculature,	
  and	
  the	
  BBB	
  may	
  be	
  
involved.	
  	
  

•  Our	
  results	
  support	
  the	
  inflammatory	
  theory	
  of	
  
schizophrenia	
  that	
  was	
  formulated	
  over	
  a	
  100	
  
years	
  ago	
  and	
  perhaps	
  offer	
  hope	
  that	
  
preven&on	
  of	
  chronicity	
  can	
  occur	
  if	
  the	
  first	
  
episode	
  of	
  psychosis	
  is	
  rapidly	
  and	
  effec&vely	
  
controlled.	
  	
  

Ta&ana	
  Falcone	
  T,	
  Carlton	
  E,	
  Franco	
  K,	
  Janigro	
  D.	
  Psychiatric	
  Times.	
  Vol.	
  26	
  No.	
  7	
  	
  	
  



Increased	
  levels	
  of	
  IL-­‐6	
  in	
  the	
  cerebrospinal	
  fluid	
  of	
  
pa&ents	
  with	
  chronic	
  schizophrenia-­‐-­‐significance	
  for	
  

ac&va&on	
  of	
  the	
  kynurenine	
  pathway	
  
•  We	
  have	
  shown	
  that	
  IL-­‐6,	
  kynurenine	
  (KYN)	
  and	
  KYNA	
  
are	
  elevated	
  in	
  pa&ents	
  with	
  chronic	
  schizophrenia,	
  
strengthening	
  the	
  idea	
  of	
  brain	
  immune	
  ac&va&on	
  in	
  
pa&ents	
  with	
  this	
  disease.	
  Our	
  concurrent	
  cell	
  culture	
  
and	
  clinical	
  findings	
  suggest	
  that	
  IL-­‐6	
  induces	
  the	
  KYN	
  
pathway,	
  leading	
  to	
  increased	
  produc&on	
  of	
  the	
  N-­‐
methyl-­‐D-­‐aspartate	
  receptor	
  antagonist	
  KYNA	
  in	
  
pa&ents	
  with	
  schizophrenia.	
  	
  

•  Interleukin-­‐1beta	
  can	
  upset	
  the	
  dopamine	
  system	
  in	
  
rats	
  in	
  a	
  similar	
  way	
  to	
  schizophrenia	
  in	
  humans.	
  

Schwieler L, et al. J Psychiatry Neurosci. 2015 Mar;40(2):126-33. 



Rothermundt	
  M,	
  Arolt	
  V.	
  	
  
Schizophrenia	
  and	
  immunity.	
  In:	
  	
  
Adler	
  R,	
  ed.	
  Psychoneuroimmunology.	
  	
  
Burlington,	
  MA:	
  Elsevier	
  Academic	
  	
  
Press;	
  2007:563-­‐577.	
  	
  



The	
  role	
  of	
  inflamma&on	
  in	
  epilepsy	
  

•  Here,	
  we	
  focus	
  on	
  the	
  rapidly	
  growing	
  body	
  of	
  
evidence	
  that	
  supports	
  the	
  involvement	
  of	
  
inflammatory	
  mediators—released	
  by	
  brain	
  cells	
  and	
  
peripheral	
  immune	
  cells—in	
  both	
  the	
  origin	
  of	
  
individual	
  seizures	
  and	
  the	
  epileptogenic	
  process.	
  We	
  
explore	
  the	
  evidence	
  from	
  clinical	
  and	
  experimental	
  
studies	
  for	
  a	
  rela&onship	
  between	
  inflamma&on	
  and	
  
epilepsy.	
  Subsequently,	
  we	
  discuss	
  how	
  seizures	
  cause	
  
inflamma&on,	
  and	
  whether	
  such	
  inflamma&on,	
  in	
  turn,	
  
influences	
  the	
  occurrence	
  and	
  severity	
  of	
  seizures,	
  and	
  
seizure-­‐related	
  neuronal	
  death.	
  

Vezzani A, French J, Bartfai T, Baram TZ. Nature Reviews Neurology 7, 31-40 (January 2011) 



Au&sm:	
  Brain	
  Inflamma&on	
  &	
  An&-­‐
Neural	
  An&bodies	
  

•  The	
  blood–brain	
  barrier	
  is	
  permeable	
  during	
  fetal	
  development	
  and	
  
can	
  be	
  compromised	
  by	
  infec&ons	
  and	
  environmental	
  exposures	
  
throughout	
  life.	
  The	
  absence	
  of	
  a	
  complete	
  barrier	
  allows	
  immune	
  
components	
  access	
  to	
  the	
  brain.	
  Individuals	
  with	
  au&sm	
  show	
  
increased	
  pro-­‐inflammatory	
  cytokines	
  in	
  the	
  brain,	
  as	
  well	
  as	
  
ac&va&on	
  of	
  resident	
  immune	
  cells	
  known	
  as	
  microglia.	
  Addi&onally,	
  
an&bodies	
  that	
  target	
  brain	
  &ssues	
  have	
  been	
  described	
  in	
  both	
  
children	
  with	
  au&sm	
  and	
  their	
  mothers.	
  These	
  immunological	
  
phenomena	
  may	
  interfere	
  with	
  normal	
  brain	
  development	
  and	
  
func&on,	
  poten&ally	
  contribu&ng	
  to	
  the	
  development	
  and/or	
  
symptoms	
  of	
  au&sm	
  spectrum	
  disorders	
  

Goines & Van de Water 
 



A	
  Meta-­‐Analysis	
  of	
  Cytokines	
  in	
  
Alzheimer’s	
  Disease	
  

•  A	
  review	
  of	
  86	
  studies	
  strengthen	
  the	
  clinical	
  
evidence	
  that	
  AD	
  is	
  accompanied	
  by	
  an	
  
inflammatory	
  response,	
  par&cularly	
  higher	
  
peripheral	
  concentra&ons	
  of	
  IL-­‐6,	
  TNF-­‐,	
  IL-­‐1,	
  
TGF-­‐,	
  IL-­‐12	
  and	
  IL-­‐18	
  and	
  higher	
  CSF	
  
concentra&ons	
  of	
  transforming	
  growth	
  factor.	
  

Swardfager	
  W,	
  Krista	
  Lanctôt	
  K,	
  Rothenburg	
  L,	
  Wong	
  A,	
  Cappell	
  J,	
  Herrmann	
  N.	
  
BIOL	
  PSYCHIATRY	
  2010	
  



Inflammatory	
  Proteins	
  in	
  Plasma	
  and	
  the	
  Risk	
  of	
  
Demen&a:	
  The	
  Roierdam	
  Study	
  	
  

•  Conclusion	
  	
  Plasma	
  levels	
  of	
  inflammatory	
  
proteins	
  are	
  increased	
  before	
  clinical	
  onset	
  of	
  
demen&a,	
  Alzheimer	
  disease,	
  and	
  vascular	
  
demen&a.	
  	
  

Arch Neurol. 2004;61:629-630 



Cerebral	
  inflamma&on	
  is	
  an	
  
underlying	
  mechanism	
  of	
  early	
  

death	
  in	
  Alzheimer's	
  disease:	
  a	
  13-­‐
year	
  cause-­‐specific	
  mul&variate	
  

mortality	
  study	
  
•  Our	
  results	
  suggest	
  that	
  inflamma&on,	
  and	
  
not	
  amyloid	
  or	
  tau	
  pathology,	
  is	
  an	
  
independent	
  underlying	
  mechanism	
  in	
  the	
  
malignancy	
  of	
  AD.	
  	
  

Nägga K, Wattmo C, Zhang Y, Wahlund LO, Palmqvist S. Alzheimers Res Ther. 2014 7;6(4):41. 



Depression	
  as	
  a	
  risk	
  factor	
  for	
  
Alzheimer	
  disease:	
  the	
  MIRAGE	
  Study	
  

•  Depression	
  symptoms	
  before	
  the	
  onset	
  of	
  AD	
  
are	
  associated	
  with	
  the	
  development	
  of	
  AD,	
  
even	
  in	
  families	
  where	
  first	
  depression	
  
symptoms	
  occurred	
  more	
  than	
  25	
  years	
  
before	
  the	
  onset	
  of	
  AD.	
  These	
  data	
  suggest	
  
that	
  depression	
  symptoms	
  are	
  a	
  risk	
  factor	
  for	
  
later	
  development	
  of	
  AD.	
  	
  

Green RC et al. Arch Neurol 2003 May;60(5):753-9. 



Anxiety	
  &	
  Depression	
  Increase	
  Risk	
  
of	
  Parkinson’s	
  Disease	
  

•  Gustafsson	
  H,	
  Nordström	
  A,	
  Nordström	
  P.	
  
Depression	
  and	
  subsequent	
  risk	
  of	
  Parkinson	
  
disease:	
  A	
  na&onwide	
  cohort	
  study.	
  
Neurology.	
  2015	
  May	
  20.	
  

•  Lin	
  CH,	
  Lin	
  JW,	
  Liu	
  YC,	
  Chang	
  CH,	
  Wu	
  RM.	
  Risk	
  
of	
  Parkinson's	
  disease	
  following	
  anxiety	
  
disorders:	
  a	
  na&onwide	
  popula&on-­‐based	
  
cohort	
  study.	
  Eur	
  J	
  Neurol.	
  2015	
  May	
  29.	
  



Lack	
  Of	
  Sleep	
  Promotes	
  	
  
Neurodegenera&ve	
  Processes	
  

•  Increases	
  of	
  neuron-­‐specific	
  enolase	
  and	
  S100	
  
calcium	
  binding	
  protein	
  B	
  that	
  typically	
  rise	
  in	
  
blood	
  under	
  condi&ons	
  of	
  brain	
  damage.[1]	
  

•  Increased	
  cerebral	
  β-­‐amyloid	
  42	
  levels,	
  which	
  
elevates	
  the	
  risk	
  of	
  Alzheimer	
  disease.[2,	
  3]	
  

•  Mitochondrial	
  stress	
  and	
  degenera&on	
  of	
  
Locus	
  Ceruleus	
  neurons.[4]	
  

[1] Benedict C et al.Sleep. 2014 Jan 1;37(1):195-8.  
[2] Ooms S et al. JAMA Neurol. 2014 Jun 2. 
[3] Sprecher. Annual meeting of the Associated Professional sleep Societies. 
Minneapolis. 2014  
[4] Zhang J et al.  J Neurosci. 2014 Mar 19;34(12):4418-31. 



Poor	
  sleep	
  quality	
  is	
  associated	
  with	
  
increased	
  cor&cal	
  atrophy	
  in	
  
community-­‐dwelling	
  adults	
  

•  Poor	
  sleep	
  quality	
  was	
  associated	
  with	
  
reduced	
  volume	
  within	
  the	
  right	
  superior	
  
frontal	
  cortex	
  in	
  cross-­‐sec&onal	
  analyses,	
  and	
  
an	
  increased	
  rate	
  of	
  atrophy	
  within	
  
widespread	
  frontal,	
  temporal,	
  and	
  parietal	
  
regions	
  in	
  longitudinal	
  analyses.	
  Cor&cal	
  
atrophy	
  was	
  correlated	
  with	
  sleep	
  quality.	
  
Poor	
  sleep	
  quality	
  may	
  be	
  a	
  cause	
  or	
  a	
  
consequence	
  of	
  brain	
  atrophy.	
  

Sexton CE, Storsve AB, Walhovd KB, Johansen-Berg H, Fjell AM. Neurology. 2014 . 



Sleep	
  is	
  related	
  to	
  neuron	
  numbers	
  in	
  the	
  
ventrolateral	
  preop&c/intermediate	
  

nucleus	
  in	
  older	
  adults	
  with	
  and	
  without	
  
Alzheimer's	
  disease	
  

•  The	
  intermediate	
  nucleus	
  is	
  the	
  human	
  
homologue	
  of	
  the	
  ventrolateral	
  preop&c	
  
nucleus.	
  More	
  intermediate	
  nucleus	
  neurons	
  
are	
  associated	
  with	
  beier	
  sleep	
  while	
  a	
  
paucity	
  of	
  intermediate	
  nucleus	
  neurons	
  is	
  
accompanied	
  by	
  sleep	
  fragmenta&on.	
  

Lim AS, Ellison BA, Wang JL, Yu L, Schneider JA, Buchman AS, Bennett DA, Saper 
CB. Brain. 2014. 



Elevated	
  CRP	
  Level	
  Linked	
  to	
  Decline	
  in	
  
Execu&ve	
  Func&on	
  and	
  Frontal	
  Lobe	
  Damage	
  

	
  
•  This	
  study	
  shows	
  a	
  link	
  between	
  elevated	
  
levels	
  of	
  high-­‐sensi&vity	
  C-­‐reac&ve	
  protein	
  
(hs-­‐CRP),	
  an	
  indicator	
  of	
  low-­‐grade	
  
inflamma&on,	
  and	
  decline	
  in	
  execu&ve	
  
func&on.	
  

Wersching.	
  Neurology.	
  2010;74:1022-­‐1029,	
  1014-­‐1015.	
  
	
  



Assessment	
  



Clinical	
  Assessment	
  
•  In	
  depth	
  history,	
  review	
  of	
  systems	
  
•  Thorough	
  exam	
  relevant	
  to	
  pa&ent’s	
  
complaints	
  and	
  findings	
  

•  Is	
  there	
  a	
  point	
  at	
  which	
  the	
  pa&ent’s	
  health	
  
declined,	
  followed	
  by	
  a	
  fluctua&ng	
  
progression	
  and	
  development	
  of	
  mul&-­‐
systemic	
  symptoms,	
  including	
  cogni&ve,	
  
psychiatric,	
  neurological,	
  and	
  physical	
  
symptoms	
  causing	
  significant	
  impairment?	
  	
  

•  Paiern	
  recogni&on,	
  differen&al	
  diagnosis	
  
•  Medical	
  judgment	
  
•  (Laboratory	
  confirma&on)	
  

Bransfield RC. Neuropsychiatric Lyme Disease: Pathophysiology, Assessment & Treatment.  
ILADS European Meeting. Augsburg, Germany. 28 May, 2011. 



Comprehensive	
  Mul&-­‐Systemic	
  
Assessment	
  

•  Cogni9ve:	
  Aien&on,	
  sensory	
  hyperacusis,	
  working	
  &	
  short	
  term	
  memory,	
  sequen&al	
  
memory,	
  geographical	
  memory,	
  word	
  finding,	
  speech	
  fluency,	
  neologisms,	
  comprehension,	
  
auditory	
  &	
  visual	
  processing,	
  processing	
  speed,	
  wri&ng	
  skills,	
  math	
  skills,	
  dyslexia-­‐like	
  
symptoms,	
  imagery,	
  execu&ve	
  func&oning,	
  “brain	
  fog.”	
  

•  Psychiatric:	
  Disinhibi&on,	
  low	
  frustra&on	
  tolerance,	
  irritability,	
  hypervigilance,	
  exaggerated	
  
startle,	
  	
  explosive	
  anger,	
  suicidal,	
  aggressiveness,	
  paranoia,	
  hallucina&ons,	
  depression,	
  rapid	
  
cycling	
  bipolar,	
  panic	
  disorder,	
  obsessive	
  compulsive	
  disorder,	
  intrusive	
  symptoms,	
  
posirauma&c	
  stress	
  disorder,	
  social	
  anxiety,	
  generalized	
  anxiety,	
  phobias,	
  
depersonaliza&on,	
  self	
  mu&la&on,	
  psychosis,	
  decreased	
  social	
  &	
  school	
  func&oning,	
  accident	
  
prone,	
  etc.	
  

•  Vegeta9ve:	
  Sleep,	
  ea&ng,	
  sexual	
  func&oning,	
  thermal	
  dysregula&on,	
  fa&gue.	
  
•  Neurological:	
  Headaches	
  (mul&ple	
  types),	
  cranial	
  nerve	
  neuri&s	
  &	
  neuralgia,	
  eye	
  findings,	
  

migratory	
  polyneuropathy,	
  spinal	
  cord	
  signs,	
  transverse	
  myeli&s,	
  radiculopathy,	
  peripheral	
  
neuropathies,	
  motor	
  neuropathies,	
  movement	
  disorders,	
  &cs,	
  gait,	
  balance,	
  ataxia,	
  seizures,	
  
white	
  maier	
  lesions,	
  	
  

•  Autonomic	
  Nervous	
  System:	
  	
  POTS,	
  nausea,	
  orthosta&c	
  hypotension,	
  anhydrosis,	
  etc.	
  
•  Musculoskeletal:	
  	
  Migratory	
  arthralgias,	
  arthri&s,	
  crepita&ons,	
  perios&&s,	
  fibro,	
  s&ffness,	
  

neck	
  and	
  back	
  discomfort.	
  
•  GU:	
  Spas&c	
  bladder,	
  tes&cular	
  pain/pelvic	
  pain,	
  menstrual	
  irregularity,	
  sexual	
  dysfunc&on,	
  

decreased	
  libido.	
  	
  
•  Cardiac/Pulmonary:	
  Chest	
  pain,	
  shortness	
  of	
  breath,	
  palpita&ons,	
  heart	
  block,	
  murmur.	
  
•  Gastrointes9nal:	
  	
  GERD,	
  	
  irritable	
  gut,	
  reduced	
  GI	
  mo&lity	
  (gastro-­‐paresis,	
  ileus,	
  	
  etc.).	
  
•  Immune:	
  Fevers,	
  sweats	
  or	
  chills,	
  lymphadenopathy.	
  Bransfield RC. Neuropsychiatric Lyme Disease: Pathophysiology, Assessment & Treatment.  
ILADS European Meeting. Augsburg, Germany. 28 May, 2011. 



What	
  Symptoms	
  Contribute	
  to	
  Disease	
  
Progression?	
  

•  Sleep	
  disorders	
  
•  Fa&gue	
  
•  Cogni&ve	
  impairments	
  
•  Depression	
  
•  Anxiety	
  
•  Pain	
  
•  Others	
  	
  



Treatment	
  Implica&ons	
  



Symptom	
  Priority	
  

•  A	
  complex,	
  chronic,	
  patent	
  may	
  have	
  over	
  100	
  
different	
  symptoms.	
  

•  Auer	
  comple&ng	
  an	
  assessment,	
  priori&ze	
  
which	
  symptoms	
  are	
  most	
  sever	
  and	
  
contribute	
  the	
  most	
  towards	
  perpetua&ng	
  
chronic	
  illness.	
  

•  Treat	
  the	
  high	
  priority	
  symptoms	
  first	
  and	
  
work	
  your	
  way	
  down	
  the	
  list.	
  



Basic	
  Treatment	
  Strategies	
  in	
  Addi&on	
  
to	
  Trea&ng	
  the	
  Cause	
  of	
  Inflamma&on	
  

•  Three	
  commonly	
  associated	
  symptoms	
  are	
  non-­‐
restora&ve	
  sleep,	
  fa&gue	
  and	
  cogni&ve	
  impairments.	
  
Treatments	
  that	
  increase	
  delta	
  sleep	
  and	
  normalize	
  
circadian	
  rhythm	
  helps	
  these	
  symptoms.	
  

•  Other	
  strategies	
  include	
  treatments	
  that	
  further	
  
improve	
  cogni&ve	
  func&oning,	
  stress	
  reduc&on,	
  pain	
  
management,	
  diet	
  and	
  exercise	
  as	
  well	
  as	
  tradi&onal	
  
psychotropic	
  interven&ons	
  for	
  depression,	
  anxiety,	
  
psychosis,	
  etc.	
  

Bransfield RC. Neuropsychiatric Lyme Disease: Pathophysiology, Assessment & Treatment.  
ILADS European Meeting. Augsburg, Germany. 28 May, 2011. 



Benefit	
  of	
  Symptoma&c	
  Treatment	
  

•  Chronic	
  stress,	
  dysregulated	
  hyper/hypo-­‐
arousal	
  &	
  impaired	
  sleep	
  cause	
  compromised	
  
immune	
  func&oning	
  (increased	
  inflamma&on,	
  
decreased	
  cellular	
  immune	
  response)	
  &	
  
increased	
  oxida&ve	
  stress	
  resul&ng	
  in	
  
decreased	
  neuroprotec&on	
  and	
  increased	
  
neurodegenera&on	
  

•  Symptoma&c	
  treatments	
  can	
  prevent	
  and	
  
some&mes	
  reverse	
  progression	
  of	
  illness	
  



Drugs	
  that	
  Increase	
  Delta	
  Sleep	
  
Decrease	
  Inflamma&on	
  

•  Drug	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Mechanism	
  of	
  Ac&on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Reference	
  	
  
•  Tiagabine	
  GAT-­‐1	
  inhibitor	
  (Mathias	
  et	
  al.,	
  2001)	
  	
  
•  Gaboxadol	
  Selec&ve	
  extrasynap&c	
  GABA	
  A	
  agonist	
  (Deacon	
  et	
  al.,	
  2007)	
  	
  
•  Gabapen9n	
  α2-­‐δ	
  site	
  on	
  voltage-­‐gated	
  calcium	
  ion	
  channels	
  (Bazil	
  et	
  al.,	
  2005)	
  
•  Pregabalin	
  α2-­‐δ	
  site	
  on	
  voltage-­‐gated	
  calcium	
  ion	
  channels	
  (Hindmarch	
  et	
  al.,	
  2005)	
  
•  GHB	
  GABAB/GHB	
  agonist	
  (Pardi	
  et	
  al.,	
  2006)	
  	
  
•  Ritanserin	
  Par&ally	
  selec&ve	
  5HT2A	
  receptor	
  antagonist	
  (Dahlitz	
  et	
  al.,	
  1990)	
  

•  Eplivanserin	
  Antagonist	
  of	
  Serotonin	
  2A	
  Receptors	
  (Hindmarch	
  et	
  al,	
  2008)	
  
•  Mirtazapine	
  Mul&ple	
  receptors,	
  including	
  5HT2	
  antagonist	
  (Shen	
  et	
  al.,	
  2006)	
  
•  Olanzapine	
  Mul&ple	
  receptors,	
  including	
  5HT2	
  antagonist	
  (Sharpley	
  et	
  al.,	
  2005)	
  
•  Trazodone	
  Mul&ple	
  receptors,	
  including	
  5HT2	
  antagonist	
  (Mendelson,	
  2005)	
  
•  Quin9apine	
  Unpublished	
  data	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  (GABA,	
  γ-­‐aminobutyric	
  acid;	
  GHB,	
  γ-­‐hydroxybutyrate;	
  5HT,	
  serotonin)	
  

J Clin Sleep Med. 2009 April 15; 5(2 Suppl): S27–S32.  
 



Psychotropics	
  are	
  also	
  An&microbial	
  &	
  
Immune	
  Modula&ng	
  

•  An&depressants	
  were	
  developed	
  from	
  TB	
  drugs	
  
•  An&depressants	
  modulate	
  cytokine	
  func&oning	
  (1)	
  
•  The	
  immunos&mula&ng	
  and	
  an&microbial	
  
proper&es	
  of	
  lithium	
  and	
  an&depressants	
  (2)	
  

•  Immunomodulatory	
  effect	
  of	
  SSRIs	
  on	
  human	
  T	
  
lymphocyte	
  func&on	
  and	
  gene	
  expression	
  (3)	
  

•  An&viral	
  	
  &	
  immunomodulatory	
  effect	
  of	
  lithium	
  (4)	
  
1	
  Janssen	
  DG,	
  Caniato	
  RN,	
  Verster	
  JC,	
  Baune	
  BT.	
  A	
  psychoneuroimmunological	
  review	
  on	
  cytokines	
  	
  
involved	
  in	
  an&depressant	
  treatment	
  response.	
  Hum	
  Psychopharmacol.	
  2010	
  Apr;25(3):201-­‐15.	
  
2	
  Lieb	
  J.	
  J	
  Infect.	
  2004	
  Aug;49(2):88-­‐93	
  
3	
  Taler,	
  et	
  al.	
  European	
  Neuropsychopharmacology	
  
4	
  Rybakowski	
  JK.	
  Pharmacopsychiatry.	
  2000	
  Sep;33(5):159-­‐64.	
  
	
  
	
  
 



Treatment	
  Op&ons	
  to	
  Reduce	
  
Glutamate	
  Mediated	
  Excitotoxicity	
  
•  Ceuriaxone	
  [1]	
  
•  Meman&ne	
  [2]	
  
•  Acetylcarni&ne	
  [3]	
  
•  Dextromethorphan	
  hydrobromide	
  &	
  quinidine	
  
sulfate	
  [4,	
  5]	
  

•  N-­‐acetyl	
  cysteine	
  [6]	
  
[1] Knackstedt LA et al. 
[2] Anathia M. et al. 
[3] Famularo G. et al.  
[4] Werling LL et al. 
[5] Rosen H. 
[6] Dean OM. 
 
 



Minocycline	
  as	
  adjunc&ve	
  therapy	
  for	
  
schizophrenia:	
  an	
  open-­‐label	
  study	
  

– Minocycline	
  is	
  a	
  caspase	
  inhibitor,	
  decreases	
  inducible	
  nitric	
  oxide	
  
synthase,	
  and	
  has	
  been	
  shown	
  to	
  delay	
  disease	
  in	
  a	
  mouse	
  model	
  
of	
  neuropsychiatric	
  disorders.	
  We	
  administered	
  minocycline	
  (150	
  
mg/d)	
  for	
  4	
  weeks	
  as	
  an	
  open-­‐label	
  adjunct	
  to	
  an&psycho&c	
  
medica&on	
  to	
  22	
  pa&ents	
  with	
  schizophrenia.	
  The	
  Posi&ve	
  and	
  
Nega&ve	
  Syndrome	
  Scale	
  for	
  schizophrenia	
  showed	
  sta&s&cally	
  
significant	
  and	
  robust	
  clinical	
  improvements	
  with	
  minocycline	
  
treatment,	
  which	
  were	
  maintained	
  at	
  follow-­‐up	
  evalua&on	
  4	
  
weeks	
  auer	
  the	
  end	
  of	
  minocycline	
  treatment.	
  There	
  were	
  no	
  
adverse	
  events.	
  These	
  results	
  suggest	
  that	
  minocycline	
  may	
  be	
  a	
  
safe	
  and	
  effec&ve	
  adjunct	
  to	
  an&psycho&c	
  medica&ons,	
  and	
  that	
  
augmenta&on	
  with	
  minocycline	
  may	
  prove	
  to	
  be	
  a	
  viable	
  strategy	
  
for	
  "boos&ng"	
  an&psycho&c	
  efficacy	
  and	
  for	
  trea&ng	
  
schizophrenia.	
  

Miyaoka T, Yasukawa R, Yasuda H, Hayashida M, Inagaki T, Horiguchi J.  
Clin Neuropharmacol. 2008 Sep-Oct;31(5):287-92.  



Clinical	
  trial	
  of	
  adjunc&ve	
  celecoxib	
  treatment	
  in	
  
pa&ents	
  with	
  major	
  depression:	
  a	
  double	
  blind	
  and	
  

placebo	
  controlled	
  trial	
  	
  
•  The	
  pathophysiology	
  of	
  depression	
  is	
  associated	
  with	
  the	
  

hyperac&vity	
  of	
  immune	
  inflammatory	
  responses.	
  
Cyclooxygenase-­‐2	
  inhibitors	
  such	
  as	
  celecoxib	
  reduce	
  the	
  
produc&on	
  of	
  pro-­‐inflammatory	
  cytokines.	
  	
  

•  the	
  combina&on	
  of	
  fluoxe&ne	
  and	
  celecoxib	
  showed	
  a	
  
significant	
  superiority	
  over	
  fluoxe&ne	
  alone	
  in	
  the	
  treatment	
  
of	
  symptoms	
  of	
  major	
  depression.	
  	
  

•  CONCLUSION:	
  The	
  results	
  of	
  this	
  study	
  suggest	
  that	
  celecoxib	
  
may	
  be	
  an	
  effec&ve	
  adjuvant	
  agent	
  in	
  the	
  management	
  of	
  
pa&ents	
  with	
  major	
  depression	
  and	
  an&-­‐inflammatory	
  
therapies	
  should	
  be	
  further	
  inves&gated.	
  

Akhondzadeh S et al. Depress Anxiety. 2009;26(7):607-11. (Tehran, Iran).  



Inflamma&on	
  &	
  AT1	
  &	
  AT2	
  receptors	
  

•  Regula&on	
  of	
  the	
  mutually	
  antagonis&c	
  angiotensin	
  
II	
  receptors	
  (AT1	
  and	
  AT2)	
  is	
  an	
  essen&al	
  in	
  the	
  
management	
  of	
  inflamma&on	
  &	
  an	
  imbalance	
  in	
  
the	
  expression	
  of	
  these	
  receptors	
  leads	
  to	
  disease.	
  	
  

•  Manipula&on	
  of	
  the	
  angiotensin	
  system	
  with	
  
exis&ng	
  an&-­‐hypertensive	
  drugs	
  could	
  provide	
  a	
  
new	
  approach	
  to	
  the	
  treatment	
  of	
  many	
  of	
  the	
  
diseases	
  that	
  afflict	
  mankind.	
  [1]	
  

•  Olmesartan	
  inhibit	
  TNF-­‐alpha	
  and	
  IL-­‐6.	
  

[1] Smith GR, Missailidis S. J Inflamm (Lond). 2004 Sep 30;1(1):3. 



13th	
  Psychoimmunology	
  Expert	
  Mee&ng	
  
3th	
  –	
  6th	
  March	
  2016	
  

Neuroimmunology	
  Meets	
  Psychoimmunology	
  
Focus	
  on	
  transla&onal	
  perspec&ves	
  	
  

Schloss	
  Reisensburg	
  –	
  Günzburg/Germany	
  
Scien&fic	
  Ins&tute	
  of	
  Ulm	
  University	
  



Conclusion	
  
•  Inflamma&on	
  is	
  a	
  part	
  of	
  the	
  acute	
  stress	
  
response	
  and	
  sickness	
  syndrome.	
  It	
  is	
  
beneficial	
  and	
  facilitates	
  adapta&on	
  to	
  an	
  
acute	
  environmental	
  or	
  physiological	
  stressor.	
  
However,	
  in	
  the	
  presence	
  of	
  persistent	
  
stressors	
  and	
  adap&ve	
  failure	
  chronic	
  
inflamma&on	
  persists	
  and	
  has	
  a	
  gradually	
  
increasing	
  degenera&ve	
  effects.	
  Chronic	
  
inflamma&on	
  in	
  the	
  body	
  can	
  result	
  in	
  chronic	
  
inflamma&on	
  in	
  the	
  brain	
  with	
  an	
  increasing	
  
deleterious	
  effect	
  upon	
  brain	
  func&oning.	
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