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Innate	
  Immunity	
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Immediately	
  available	
  
	
  
or	
  
	
  

rapidly	
  recruited	
  

Very	
  broad	
  specificity	
  

Biological	
  Bioinforma#cs	
  @	
  Center	
  for	
  Biological	
  Sequence	
  Analysis	
  



Adap#ve	
  Immunity	
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Rare	
  and	
  naïve	
  
cells	
  require	
  
priming	
  and	
  
expansion	
  
(i.e.	
  a	
  primary	
  
response	
  takes	
  
#me	
  to	
  develop)	
  

Narrow	
  
specificity	
  
	
  
Clonally	
  
distribu#on	
  
	
  
Clonal	
  
selec#on	
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Clonal	
  Distribu#on	
  &	
  Selec#on	
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Each	
  lymphocyte	
  (B	
  or	
  T	
  cell)	
  express	
  one	
  receptor	
  specificity	
  (clonally	
  distributed)	
  
	
  

Each	
  of	
  these	
  cells	
  (i.e.	
  specifici#es)	
  can	
  be	
  silenced	
  or	
  promoted	
  	
  (clonally	
  selected)	
  

✗
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Control	
  cells	
  =	
  control	
  specificity	
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SELF	
  

FOREIGN	
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What	
  is	
  a	
  good	
  target	
  for	
  the	
  adap#ve	
  
immune	
  system?	
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To	
  be	
  seen	
  –	
  targets	
  must	
  be	
  accessible	
  and	
  easy	
  to	
  iden#fy	
  
	
  
To	
  allow	
  discrimina#on	
  between	
  self	
  and	
  foreign	
  –	
  targets	
  must	
  be	
  highly	
  variable	
  
	
  
To	
  avoid	
  escape	
  –	
  targets	
  must	
  be	
  difficult	
  to	
  conceal,	
  change	
  or	
  remove	
  
	
  
	
  
PROTEINS	
  FULFILL	
  THESE	
  REQUIREMENTS	
  –	
  ACTUALLY	
  PEPTIDES	
  DO	
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The	
  World	
  of	
  Pep#de	
  An#gens	
  

Number	
  of	
  different	
  pep#des	
  =20N	
  	
  
	
  where	
  N	
  =	
  length	
  of	
  pep#de	
  

	
  
The	
  universe	
  of	
  9-­‐mers	
  =	
  512	
  x	
  109	
  pep#des	
  
The	
  human	
  proteome	
  ≈	
  12	
  x	
  106	
  pep#des	
  
i.e.	
  plenty	
  of	
  discriminatory	
  power	
  in	
  9-­‐mers	
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Ques#ons	
  

•  How	
  are	
  source	
  proteins	
  captured?	
  

•  How	
  are	
  pep#des	
  generated?	
  

•  How	
  are	
  pep#des	
  displayed	
  (presented)	
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Ques#ons	
  

•  T	
  cells	
  of	
  the	
  appropriate	
  specificity	
  are	
  rare	
  -­‐	
  
how	
  do	
  T	
  cells	
  find	
  the	
  an#gen?	
  

•  The	
  cellular	
  loca#on	
  of	
  a	
  threat	
  is	
  important	
  –	
  
how	
  do	
  T	
  cells	
  determine	
  this	
  loca#on?	
  

•  A	
  UNIFIED	
  ANSWER:	
  ANTIGEN	
  PRESENTATION	
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An#gens	
  Recognized	
  by	
  T	
  Lymphocytes	
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  RESTRICTION	
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Capture	
  &	
  Display	
  of	
  Microbial	
  An#gens	
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Immature	
  DC	
  
	
  

An#gen	
  Capture	
  

Mature	
  DC	
  
	
  

An#gen	
  
Presenta#on	
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Immature	
  and	
  Mature	
  Dendri#c	
  cells	
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Immature	
  DC	
  
	
  

An#gen	
  
Capture	
  

Mature	
  DC	
  
	
  

An#gen	
  
Presenta#on	
  

Biological	
  Bioinforma#cs	
  @	
  Center	
  for	
  Biological	
  Sequence	
  Analysis	
  



Crude	
  Recogni#on	
  of	
  Microbes	
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Dendri#c	
  cells	
  –	
  two	
  major	
  classes	
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Capture	
  &	
  Presenta#on	
  by	
  DC’s	
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An#gens	
  Presen#ng	
  Cells	
  (APC)	
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What	
  are	
  MHC	
  molecules?	
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MHC	
  (HLA)	
  gene	
  region	
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MHC	
  /	
  HLA	
  polymorphism	
  

•  The	
  most	
  polymorphic	
  gene	
  region	
  known	
  
– About	
  3500	
  different	
  HLA	
  class	
  I	
  registered	
  
– About	
  4500	
  different	
  HLA	
  class	
  II	
  registered	
  

June	
  4th,	
  2015	
   Biological	
  Bioinforma#cs	
  @	
  Center	
  for	
  Biological	
  Sequence	
  Analysis	
  



Structure	
  of	
  MHC	
  /	
  HLA	
  molecules	
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Class	
  I	
  
	
  
	
  
	
  
	
  
	
  
Class	
  II	
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Features	
  of	
  MHC	
  genes	
  and	
  molecules	
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Features	
  of	
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  genes	
  and	
  molecules	
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Features	
  of	
  MHC	
  genes	
  and	
  molecules	
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Binding	
  of	
  Pep#des	
  to	
  MHC	
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MHC	
  class	
  I	
  closed	
  
Pep#de	
  short	
  
	
  
	
  
MHC	
  class	
  II	
  open	
  
Pep#de	
  longer	
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Pep#de	
  interac#on	
  with	
  MHC	
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Pep#de	
  interac#on	
  with	
  MHC	
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Pep#de	
  interac#on	
  with	
  MHC	
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Pep#de	
  interac#on	
  with	
  MHC	
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MHC	
  samples	
  intracellular	
  pep#des.	
  	
  
	
  
They	
  do	
  NOT	
  discriminate	
  between	
  self	
  and	
  
non-­‐self	
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An#gen	
  Processing	
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MHC	
  class	
  II	
  mediated	
  an#gen	
  processing	
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MHC	
  class	
  I	
  mediated	
  an#gen	
  processing	
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Two	
  An#gen	
  Processing	
  Pathways:	
  
one	
  for	
  each	
  class	
  of	
  MHC	
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Two	
  An#gen	
  Processing	
  Pathways:	
  
one	
  for	
  each	
  class	
  of	
  MHC	
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Detec#ng	
  the	
  cellular	
  an#gen	
  loca#on	
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Cross-­‐presenta#on	
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T	
  cell	
  recogni#on	
  

•  MHC	
  molecules	
  sample	
  pep#des	
  from	
  the	
  
cellular	
  protein	
  metabolism,	
  and	
  T	
  cells	
  
recognize	
  pep#de/MHC	
  complexes	
  in	
  a	
  cell-­‐
cell	
  interac#on	
  

•  Priming	
  requires	
  presenta#on	
  AND	
  co-­‐
s#mula#on	
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T	
  cell	
  recogni#on	
  

•  MHC’s	
  do	
  NOT	
  discriminate	
  between	
  self	
  and	
  
non-­‐self	
  –	
  T	
  cells	
  do	
  

•  T	
  cells	
  do	
  NOT	
  discriminate	
  between	
  pep#des	
  
of	
  intra	
  or	
  extra-­‐cellular	
  protein	
  origin–	
  MHC	
  
pathways	
  do	
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HLA	
  polymorphism	
  and	
  immune	
  specificity	
  

Epitope	
  
Universe	
  

Self	
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Foreign	
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To	
  be,	
  or	
  not	
  to	
  be	
  -­‐	
  encrypted	
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HLA	
  polymorphism	
  individualizes	
  T	
  cell	
  responses	
  

Epitope 
Universe	



Self	
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HLA	
  polymorphism	
  mismatch	
  causes	
  allo-­‐responses	
  

Epitope 
Universe	



Self	
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Donor	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Donor	
  APC	
  
	
  
	
  

Auto	
  tolerance	
  

Allo-­‐recogni#on	
  in	
  bone-­‐marrow	
  transplata#on	
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Donor	
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Perfectly	
  matched	
  
APC	
  
	
  

Auto	
  tolerance	
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  in	
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Donor	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

HLA	
  unmatched	
  
pa#ent	
  APC	
  

	
  
Major	
  Histo-­‐	
  
incompa#bility	
  

Donor	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Perfectly	
  matched	
  
APC	
  
	
  

Auto	
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  in	
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Donor	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

HLA	
  unmatched	
  
pa#ent	
  APC	
  

	
  
Major	
  Histo-­‐	
  
incompa#bility	
  

Donor	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Perfectly	
  matched	
  
APC	
  
	
  

Auto	
  tolerance	
  

Allo-­‐recogni#on	
  in	
  bone-­‐marrow	
  transplata#on	
  

Donor	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

HLA	
  matched	
  
pa#ent	
  APC	
  

	
  
Minor	
  Histo-­‐	
  
incompa#bility	
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“Allo-­‐equivalent”	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

HLA-­‐B*57:01/Abacavir	
  
	
  

ADR	
  
	
  

Auto	
  TcR	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

HLA-­‐B*57:01	
  
	
  

Auto	
  tolerance	
  

Altered	
  self-­‐repertoire	
  =	
  equivalent	
  of	
  allo-­‐response	
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B	
  cell	
  recogni#on	
  

•  Do	
  NOT	
  require	
  MHC	
  mediated	
  an#gen	
  
processing	
  and	
  presenta#on	
  

•  Use	
  FDC	
  for	
  an#gen	
  display	
  
•  Recognizes	
  targets	
  of	
  many	
  kinds	
  /	
  intact	
  
structures	
  

•  May	
  use	
  a	
  soluble	
  receptor	
  
•  Recognize	
  targets	
  in	
  the	
  extracellular	
  space	
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