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Cytokines	  

•  Low-‐molecular	  weight	  regulatory	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
proteins	  or	  glycoproteins	  

•  Secreted	  by	  WBC	  and	  various	  other	  cells	  
•  Assist	  in	  regulaKng	  development	  of	  immune	  
effector	  cells	  
•  Some	  possess	  direct	  effector	  funcKons	  of	  their	  
own	  

•  Referred	  to	  as	  Interleukins	  
•  IL-‐1	  through	  IL-‐29	  have	  been	  described	  



 Cytokines	  bind	  to	  
specific	  receptors	  on	  
outside	  

  Inside:	  Trigger	  signal	  
transducKon	  pathways	  
that	  alter	  gene	  
expression	  in	  target	  
cells	  

 HOW?	  	  
 Exhibit	  pleiotropy,	  

redundancy,	  synergy,	  
antagonism,	  cascade	  
inducKon	  







•  AcKvity	  was	  1st	  recognized	  in	  1960s	  
– Supernatants	  from	  in	  vitro	  cultures	  of	  
lymphocytes	  were	  found	  to	  contain	  soluble	  factors	  

–  Could	  regulate	  proliferaKon,	  differenKaKon,	  maturaKon	  of	  
immune	  cells	  

– PurificaKon	  of	  these	  was	  hampered	  because	  of	  
low	  concentraKon	  in	  culture	  

–  Gene-‐cloning	  techniques	  changed	  this	  –	  made	  it	  possible	  to	  
produce	  pure	  cytokines	  



•  ELISA	  using	  monoclonal	  anKbodies	  



•  Cytokines	  belong	  to	  4	  families	  
•  HematopoieKn	  family	  

•  Interferon	  family	  

•  Chemokine	  family	  
•  Tumor	  necrosis	  family	  

– Based	  on	  structural	  studies	  
– All	  have	  molecular	  mass	  less	  than	  (<)	  30kDa	  

– All	  have	  similariKes	  and	  few	  rarely	  act	  alone	  
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PHYSIOLOGIC	  RESPONSES	  OF	  
CYTOKINES	  

•  Development	  humoral	  and	  cellular	  immune	  
responses	  

•  InducKon	  of	  inflammatory	  response	  
•  RegulaKon	  of	  hematopoesis	  
•  Control	  of	  cell	  proliferaKon	  and	  differenKaKon	  
•  Healing	  of	  wounds	  

Their	  ac4on	  is	  not	  an4gen	  specific	  but	  the	  process	  
that	  created	  them	  ini4ally	  was	  an4gen	  specific	  



SOME	  CYTOKINE	  ACTIVITIES	   SPECIFIC	  OR	  NOT?	  	  



•  Non-‐specificity	  of	  cytokines	  conflicts	  with	  
established	  specificity	  of	  immune	  system	  
– How	  does	  this	  work?	  
•  Careful	  expression	  of	  the	  receptors	  for	  those	  cytokines	  
on	  specific	  cells	  

•  Receptors	  are	  oben	  only	  expressed	  aber	  exposure	  to	  
anKgen	  



TOPIC	  CHANGE:	  Cytokine	  Receptors	  

•  Cytokine	  receptors	  fall	  into	  5	  families	  
–  Immunoglobulin	  superfamily	  receptors	  

– Class	  I	  cytokine	  receptor	  family	  (hematopoieKn)	  
– Class	  II	  cytokine	  receptor	  family	  (interferon)	  
– TNF	  receptor	  family	  

– Chemokine	  receptor	  family	  













HOMEWORK	  QUESTION	  1	  

WHAT	  IS	  THE	  DIFFERENCE	  BETWEEN	  CLASS	  1	  
AND	  CLASS	  2	  CYTOKINE	  RECEPTORS	  

and	  

IMMUNOGLOBULIN,	  TNF,	  AND	  CHEMOKINE	  
RECEPTORS?	  

Due	  Friday,	  beginning	  of	  class	  







•  IL-‐2R	  is	  the	  most	  thoroughly	  studied	  cytokine	  
receptor	  
– Expressed	  by	  T	  cells	  for	  proliferaKon	  	  
•  Also	  called	  CD25,	  surface	  marker	  in	  mature	  T	  cells	  

– Complete	  receptor	  has	  3	  subunits	  





•  Majority	  of	  cytokine	  receptors	  are	  in	  Class	  I	  
and	  Class	  II	  families	  

•  These	  cytokine	  receptors	  lack	  signaling	  moKfs,	  this	  was	  
puzzling	  to	  researchers	  

•  IFN-‐γ	  (Class	  II)	  was	  studied	  because	  of	  it’s	  ability	  to	  
block	  viral	  replicaKon	  like	  other	  interferons	  

»  However,	  this	  IFN	  plays	  immunoregulatory	  role	  which	  
leads	  to	  understanding	  the	  process	  of	  signal	  transducKon	  
through	  cytokine	  receptors	  

»  Look	  on	  next	  slide	  





Cytokine	  Antagonists	  

•  Number	  of	  proteins	  can	  inhibit	  cytokine	  acKvity	  
− Can	  bind	  to	  receptor	  OR	  
− Can	  bind	  to	  cytokine,	  disabling	  it	  
•  EnzymaKc	  cleavage	  of	  receptors	  and	  release	  of	  these	  can	  bind	  
cytokines	  in	  the	  blood	  
•  Marker	  of	  chronic	  T	  cell	  acKvaKon	  (transplant	  rejecKon,	  AIDS)	  

•  Viruses	  have	  developed	  strategies	  using	  their	  
genomic	  informaKon	  
○  Cytokine	  homologs	  
○  Cytokine	  binding	  proteins	  
○ Homologs	  of	  cytokine	  receptors	  
○  Interference	  with	  intracellular	  signaling	  
○  Interference	  with	  cytokine	  secreKon	  





TWO	  TH	  CELL	  SUBSETS	  

CD4+	  TH	  cells	  exert	  most	  of	  helper	  funcKons	  
through	  secreted	  cytokines	  

•  2	  populaKons	  based	  on	  secreted	  cytokines:	  
– TH1	  

•  Cell-‐mediated	  funcKons	  –	  delayed	  hypersensiKvity,	  acKvaKon	  of	  
TC	  cells,	  producKon	  of	  opsonizaKon-‐promoKng	  IgG	  anKbodies	  

•  Promote	  excessive	  inflammaKon	  and	  Kssue	  injury	  
•  IFN-‐γ	  ,	  TNF-‐β,	  IL-‐2	  

– TH2	  
•  SKmulates	  eosinophil	  acKvaKon,	  provides	  help	  to	  B	  cells,	  
promotes	  producKon	  of	  large	  amounts	  of	  IgM,	  IgE,	  and	  non-‐
complement	  acKvaKng	  IgG	  isotypes	  

•  Supports	  allergic	  reacKons	  
•  IL-‐4,	  IL-‐5	  



TWO	  TH	  CELL	  SUBSETS	  

•  Some	  TH	  cells	  do	  not	  show	  TH1	  or	  TH2	  profiles	  
•  Specific	  for	  type	  of	  anKgenic	  challenge	  
•  Both	  secrete	  IL-‐3	  and	  GM-‐CSF	  





•  Cytokines	  produced	  by	  TH1	  and	  TH2	  subsets	  
– Promote	  growth	  of	  subset	  that	  produces	  them	  

–  Inhibit	  development	  and	  acKvity	  of	  other	  subset	  
– TH1	  >	  intracellular	  pathogens	  
– TH2	  >	  allergic	  diseases	  and	  helminth	  infec4ons	  

– Progression	  of	  some	  diseases	  depends	  on	  
balance	  between	  TH1	  and	  TH2:	  leprosy,	  AIDS	  

–  Intracellular	  pathogens	  use	  immune	  evasion	  to	  
change	  the	  TH1	  -‐TH2	  balance	  



IDENTIFY POINTS OF 
POSITIVE AND 

NEGATIVE FEEDBACK	


CROSS-‐REGULATION	  

Gene Knock-outs:	


Stat1:	

Stat6:  	


IL-12 <<<	

IL-4 <<<	




CROSS-‐REGULATION	  

Stat1:  T-bet	

Stat6:  GATA-3	




Treg:	  	  ANOTHER	  CD4+	  T	  CELL	  

•  IL-‐4,	  IL-‐10,	  TGF-‐β	  



Cytokine	  Related	  Diseases	  

•  SCID	  (Severe	  Combined	  Immunodeficiency	  
Disease)	  
– GeneKc	  defects	  in	  cytokines,	  their	  receptors	  

•  DefecKve	  receptor	  for	  IFN-‐γ	  
– SuscepKble	  to	  mycobacterial	  infecKons	  

•  Over	  or	  under	  expression	  of	  cytokines	  or	  
cytokine	  receptors	  



Cytokine	  Related	  Diseases	  

•  Bacterial	  SepKc	  Shock	  
– Certain	  Gram-‐	  bacteria	  
– Symptoms:	  drop	  in	  blood	  pressure,	  fever,	  diarrhea,	  
blood	  clolng	  

– Endotoxins	  bind	  TLRs	  on	  dendriKc	  cells	  and	  
macrophages	  
•  Over-‐produce	  IL-‐1	  and	  TNF-‐α	  
•  Cytokine	  imbalance	  causes	  abnormal	  temp,	  abnormal	  
respiraKon,	  capillary	  leakage,	  Kssue	  injury,	  organ	  failure	  

•  NeutralizaKon	  by	  monoclonal	  anKbodies	  may	  help	  



Cytokine	  Related	  Diseases	  

•  Bacterial	  Toxic	  Shock	  
– SuperanKgens	  
•  Bind	  simultaneously	  to	  Class	  II	  MHC	  and	  T	  cell	  receptor,	  
acKvaKng	  T	  cell	  despite	  anKgenic	  specificity	  

– Symptoms	  similar	  to	  sepsis	  



Cytokine	  Related	  Diseases!!	  

•  AbnormaliKes	  in	  producKon	  of	  cytokines	  or	  
receptors	  are	  associated	  with	  certain	  types	  of	  
cancer	  

•  Chagas	  Disease	  
– Caused	  by	  Trypanosoma	  cruzi	  

– Severe	  immunosuppression	  
•  Evidence	  that	  soluble	  factor	  produced	  by	  T.	  cruzi	  leads	  
to	  reducKon	  (90%)	  in	  T	  cell	  IL-‐2	  (CD25)	  receptor	  



Cytokine-‐based	  Therapies	  

•  Problems	  with	  cytokine	  
therapies:	  
–  EffecKve	  dose	  levels	  
–  Short	  half-‐life	  
–  Potent	  biological	  
response	  modifiers	  
•  Can	  cause	  unpredictable	  
side	  effects	  







•  Cytokines	  play	  essenKal	  role	  in	  
hematopoiesis	  


