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Learning	
  Targets	
  

•  Explain	
  innate	
  immunity/inflammatory	
  
response	
  

•  Relate	
  phagocytosis	
  to	
  the	
  inflammatory	
  
response	
  

•  Explain	
  how	
  the	
  inflammatory	
  response	
  is	
  
regulated	
  

•  Propose	
  mechanisms	
  to	
  inhibit	
  the	
  immune	
  
response	
  



Immunity	
  
Outside	
   Inside	
  

Physical	
  &	
  	
  
Chemical	
  Barriers	
  
(skin	
  &	
  mucus	
  	
  
membranes)	
  

Innate	
  Immunity	
  
•  First	
  line	
  of	
  defense	
  
•  Non-­‐specific	
  
•  No	
  memory	
  
•  Same	
  response	
  to	
  

repeat	
  infecWon	
  

Adap4ve	
  Immunity	
  
•  Max	
  response	
  in	
  days	
  
•  Specific	
  
•  Memory	
  
•  More	
  rapid	
  response	
  

to	
  repeat	
  infecWon	
  

hYp://www.republicmortgage.com/wp-­‐
content/uploads/How-­‐To-­‐Keep-­‐Your-­‐
Home-­‐Germ-­‐Free.jpg	
  



Innate	
  Immunity	
  

•  InflammaWon	
  is	
  triggered	
  when	
  innate	
  immune	
  cells	
  detect	
  
infecWon	
  or	
  Wssue	
  injury	
  
–  InflammaWon	
  is	
  the	
  primary	
  component	
  of	
  innate	
  immunity	
  

Outside	
  cell	
  

Cell	
  Surface	
  hYp://mx.itqb.unl.pt/colin_mcvey/images/Projects/immune1.png	
  



Inflammatory	
  response	
  

Blood	
  	
  
Proteins/	
  

Complement	
  
Proteins	
  

Platelets	
   Neutrophil	
   Macrophage	
  

Foreign	
  Body	
  Giant	
  Cell	
  
(FBGC)	
  

Time	
  

Pro-­‐inflammatory	
  	
  
Cytokines	
  

Reac4ve	
  oxygen	
  species	
  (ROS)	
  

Minutes	
   Hours	
   Days	
   Weeks	
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Phagocytosis	
  

Bacteria	
  or	
  
Foreign	
  object	
  

(splinter)	
  
Inflammatory	
  cell	
  membrane	
  
(neutrophils	
  and	
  macrophages)	
  

Inflammatory	
  cell	
  interacts	
  	
  
with	
  bacteria	
  or	
  foreign	
  object	
  

Inflammatory	
  cell	
  engulfs	
  
bacteria	
  or	
  foreign	
  object	
  

Modified	
  from:	
  Wikipedia	
  

C3b	
  (complement	
  protein)	
  
-­‐	
  OpsonizaWon	
  



Phagocytosis	
  

Wikipedia	
  

Lysosomes	
  
-­‐  Contain	
  hydrolyWc	
  

enzymes	
  
-­‐  pH	
  ~5	
  
-­‐  Cellular	
  garbage	
  

disposals	
  



Phagocytosis	
  -­‐	
  Videos	
  

hYp://highered.mheducaWon.com/sites/0072495855/
student_view0/chapter2/animaWon__phagocytosis.html	
  

hYps://www.youtube.com/watch?v=Z_mXDvZQ6dU	
  



Inflammatory	
  response	
  

Macrophages	
  

Implanted	
  
Biomaterial	
  

Implanted	
  
Biomaterial	
  

Implanted	
  
Biomaterial	
  

Fibroblast	
  

Matrix	
  Proteins	
  
• Collagen	
  I,	
  II	
  
• FibronecWn	
  
• Proteoglycans	
  

Fibrous	
  capsule	
  formaWon	
  



Innate	
  Immunity-­‐Related	
  Diseases	
  

hYp://www.ucdenver.edu/academics/colleges/
medicalschool/departments/immunology/faculty/Pages/
SAlper.aspx	
  

Medical	
  Device	
  Failure	
  
Implant	
  rejec4on	
  



Think-­‐Pair-­‐Share	
  

•  What	
  do	
  you	
  think	
  causes	
  diseases	
  associated	
  
with	
  innate	
  immunity?	
  



Cracked	
  pacemaker	
  lead	
  
insulaWon	
  

Restenosis	
  

Issues	
  with	
  Innate	
  Immunity	
  

Post-­‐surgical	
  complica4ons	
  
of	
  cardiopulmonary	
  bypass	
  

Bioprosthe4c	
  valve	
  
calcifica4on	
  	
  

Wiederman	
  et	
  al	
  
Ann	
  Thorac	
  Surg	
  2010	
  	
  



RegulaWon	
  of	
  the	
  inflammatory	
  
response	
  

•  Under	
  homeostaWc	
  
condiWons,	
  response	
  to	
  
foreign	
  sWmuli	
  closely	
  
regulated	
  

	
  
•  Inhibitory	
  immune	
  cell	
  

surface	
  receptors	
  
	
  
•  Immunoreceptor	
  Tyrosine	
  

Inhibitory	
  MoWf	
  (ITIM)	
  
protein	
  family	
  
–  Signal	
  Regulatory	
  Protein	
  

Alpha	
  (SIRPα)	
  
Decreased	
  Immune	
  

Response	
  



•  Expressed	
  in	
  
virtually	
  all	
  cells	
  	
  

•  CD47-­‐SIRPα	
  
interacWon	
  
inhibits	
  immune	
  
response	
  

•  Over-­‐expressed	
  
in	
  most	
  cancer	
  
cells	
  

CD47	
  

Slee	
  JB	
  et	
  al.	
  Polymers	
  2014	
  



CD47	
  –	
  “Don’t	
  Eat	
  Me”	
  

CD47	
  

Rodriguez	
  P	
  et	
  al.	
  Science	
  2013	
  



QuesWons?	
  



The	
  use	
  of	
  CD47	
  as	
  an	
  anW-­‐
inflammatory	
  agent	
  on	
  medical	
  

polymers	
  
Pacemaker	
  leads,	
  glucose	
  sensors,	
  
cardiopulmonary	
  bypass	
  tubing,	
  

hemodialysis	
  tubing,	
  &	
  LVAD	
  tubing	
  



Recombinant	
  CD47	
  &	
  CD47	
  
PepWde	
  

Recombinant	
  CD47	
   CD47	
  Pep4de	
  

Well	
  established	
   BeYer	
  suited	
  for	
  larger	
  applicaWons	
  

More	
  cost	
  effecWve	
  and	
  modifiable	
  

PepWdes	
  tend	
  to	
  be	
  more	
  biocompaWble	
  

Suited	
  for	
  smaller	
  applicaWons	
   -­‐  Cardiopulmonary	
  bypass	
  tubing	
  
-­‐  Hemodialysis	
  tubing	
  
-­‐  Lev	
  Ventricular	
  Assist	
  Device	
  	
  tubing	
  Contains	
  domains	
  3	
  &	
  4	
  of	
  rat	
  CD4	
  

as	
  an	
  export	
  sequence	
  
Designed	
  using	
  molecular	
  biology	
  
to	
  be	
  secreted	
  by	
  CHO	
  cells	
  



Does	
  CD47	
  prevent	
  in	
  vitro	
  cell	
  
aYachment?	
  



In	
  vitro	
  assay	
  

3	
  day	
  incubaWon	
  

Wash	
  with	
  PBS	
  
Fix	
  cells	
  
Stain	
  with	
  DAPI	
  
Count	
  adhered	
  Cells	
  

ATachment	
  Assay	
  

Modified	
  vs	
  
Control	
  Surfaces	
  

THP-­‐1	
  =	
  human	
  
monocyte-­‐derived	
  
macrophage	
  cell	
  line	
  



THP-­‐1	
  AYachment	
  Assay	
  
A.	
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Does	
  CD47	
  prevent	
  ex	
  vivo	
  cell	
  
aYachment?	
  



Chandler	
  Loop	
  Experiment	
  
A 

B C 

Rotating Wheels 

37 °C Water Bath 

Water Heater/ 
Circulator 

Thermometer 

Rotary Motor 

Metal Adapter 

Metal Valve Cap 

Assembled Tubing 

Metal Valve Port 
Slee	
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  J.	
  Vis.	
  Exp.	
  2014	
  



Chandler	
  Loop	
  Assay	
  

Slee	
  JB	
  et	
  al.	
  J.	
  Vis.	
  Exp.	
  2014	
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Summary	
  &	
  PotenWal	
  ApplicaWons	
  

•  CD47	
  prevents	
  inflammatory	
  cell	
  aYachment	
  
to	
  medically-­‐relevant	
  polymers	
  

	
  
•  CD47	
  pepWde	
  is	
  a	
  cost	
  effecWve	
  soluWon	
  to	
  
modifying	
  large	
  surfaces	
  such	
  as	
  
cardiopulmonary	
  bypass,	
  hemodialysis,	
  and	
  
LVAD	
  tubing.	
  



The	
  use	
  of	
  CD47	
  as	
  an	
  anW-­‐
inflammatory	
  agent	
  on	
  medical	
  steel	
  

Vascular	
  stents,	
  orthopedic	
  implants,	
  
dental	
  implants	
  





Vascular	
  Stents	
  

hYp://www.yoursurgery.com/ProcedureDetails.cfm?BR=5&Proc=33	
  

hYp://en.wikipedia.org/wiki/Cardiology	
  

Restenosis	
  



Does	
  CD47	
  prevent	
  in	
  vitro	
  cell	
  
aYachment?	
  



THP-­‐1	
  In	
  Vitro	
  Adhesion	
  Assay	
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Does	
  CD47	
  prevent	
  ex	
  vivo	
  cell	
  
aYachment?	
  



Human	
  Blood	
  Ex	
  Vivo	
  Assay	
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Does	
  CD47	
  hinder	
  endothelial	
  
cell	
  aYachment?	
  



Endothelial	
  Cells	
  on	
  Steel	
  

Unmodified	
   BSA	
  
recCD47	
  
Poly-­‐Lys	
  

CD47pepWde	
  
Poly-­‐Lys	
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nt
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25
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Summary	
  and	
  PotenWal	
  ApplicaWons	
  

•  Appending	
  CD47	
  to	
  stainless	
  steel	
  prevents	
  
inflammatory	
  cell	
  aYachment	
  

•  Healthy	
  endothelium	
  forms	
  on	
  CD47-­‐modified	
  
steel	
  

•  Could	
  be	
  used	
  to	
  prevent	
  restenosis	
  in	
  stented	
  
arteries	
  

•  Currently	
  being	
  tested	
  in	
  vivo	
  in	
  rat	
  model	
  



Think-­‐Pair-­‐Share	
  

•  My	
  research	
  group	
  seeks	
  to	
  prevent	
  
inflammatory	
  cell	
  aYachment	
  using	
  CD47.	
  

•  Individually:	
  	
  
–  Can	
  you	
  think	
  of	
  any	
  other	
  strategies	
  that	
  could	
  
inhibit	
  inflammaWon	
  associated	
  with	
  implanted	
  
materials?	
  

•  Hint:	
  Think	
  of	
  the	
  inflammatory	
  response	
  and	
  what	
  is	
  
recruited	
  to	
  the	
  site	
  of	
  infecWon.	
  

•  With	
  a	
  partner:	
  	
  
– Would	
  this	
  strategy	
  work/not	
  work?	
  
–  Problems	
  associated	
  with	
  this	
  strategy?	
  



Overall	
  Summary	
  

•  Pathogens	
  and	
  foreign	
  objects	
  trigger	
  an	
  
inflammatory	
  response	
  in	
  the	
  body.	
  	
  

•  Innate	
  Immunity	
  (phagocytosis)	
  is	
  the	
  major	
  
way	
  the	
  body	
  deals	
  with	
  eliminaWng	
  
pathogens	
  and	
  foreign	
  objects	
  from	
  the	
  body.	
  	
  

•  CD47	
  is	
  a	
  marker	
  of	
  “self”	
  to	
  immune	
  cells.	
  
•  CD47	
  can	
  be	
  used	
  on	
  medical	
  devices/
implantable	
  materials	
  to	
  prevent	
  the	
  
inflammatory	
  response.	
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