
LUNG RECEPTORS : THE PATH TO LUNG DAMAGE AFTER CARBON  NANOPARTICLES 

A Presentation for Student Research Day 
Nida Faheem MS4 with Dr. Betty Herndon and Tim Quinn 

1.  Background 4. Discussion & Summary  

5. Conclusions  • HMGB1 lung receptors (mostly discovered in shock, severe 
infection): 
•  Receptor for advanced Glycation end products (RAGE) 
• Toll-like receptors: 
TLR-4 (the LPS receptor) , TLR-2, TLR 9  
 
Are these receptors cell bound or soluble? 
• HMGB1, released from the nucleus/cell by damage (nanoparticles), 
is soluble.  To stimulate cytokines, it binds a cellular receptor.   
• If soluble receptors are present, HMGB1 ligand can bind them and 
be neutralized from cell binding 
• To determine the amounts of cell bound vs .soluble receptors in the 
lung  the methods were followed as below. 
 

2a. Methods  
 
 

 

•  PROTEIN DETERMINATION & WESTERN BLOT 
Protein assay of 9-10-2010 lung homogenates mg protein/mL Bio-Rad 
Assay   

  
Amount of protein from 
 six lung homogenate  
 samples in 10 µL, 
 added to gel 
________________ 
 

 17.8 µg    
 17.9 µg       
 20.9 µg   
 14.6 µg  
 15.4 µg  
 20.0 µg  
                  Picture obtained from  Med Lab (UMKC) 

1. Use samples under 50 micrograms based on protein assay. 

2. Dilute 50/50 with Lamelli buffer, heat 95 C  3 min and run on 12% Bio-Rad precast gel 

3. Blot to nitrocellulose in cold for 2 hr 

4. Incubate overnight with anti-RAGE, anti TLR 4 or 9 

5. Label with  secondary, chemiluminescent substrate 

6. Β actin protein expression determined as a standard 

7. With scans into “Image J” software, Intensity of each receptor band divided by  intensity of B 
actin band 

• Nanoparticle damage induces HMGB1 to leave the cell and the soluble 
ligand depends on receptor combination to induce cytokines 

• Cell bound receptors bind the soluble HMGB1 ligand to induce cytokines 

• Soluble receptors bind HMGB1 and reduce cellular effect 
 
 
 
 
 
 
 
 
 
 
 
 
 

•  During my research rotation, I studied carbon nanotube effects on     
lungs of rats. 
• When exposed to minimal levels of nanotubes (25 micrograms) a 
nuclear marker, HMGB1 is released. 

HMGB1 isn’t particular: it responds to cell injury both by 
pathogens  and damage  

• This marker itself has minimal effect on lung but when combined 
with a cell surface receptor, the pair triggers lung cytokines  
HMGB1, released by damage, has several potential receptors.  

• Our study looked for receptors that would be released by a dose of 
sterile nanoparticles, with the hypothesis that HMGB1 will choose 
a receptor depending on the identity of the injury: DAMP or PAMP 

 

• 	  Buffers	  were	  prepared	  to	  homogenize	  lungs	  from	  different	  6mes:	  .5	  
hours,	  3	  hours,	  24	  hours,	  or	  4	  weeks	  post-‐	  NT	  or	  control	  (No	  NT)	  

homogenizing	  buffer	  “A”(cold)	   	  freezing	  buffer	  “B”(cold)	  
0.01M	  TRIS	  HCl	  pH	  7.4 	   	   	  0.1M	  TRIS	  HCl	  pH	  7.4	  
0.25M	  sucrose 	   	   	   	  	  	  	  	  	  	  	  	  	  	  15%	  glycerol	  
15%	  glycerol 	   	   	   	  	  	  	  	  	  	  	  	  	  	  1mM	  EDTA	  
10mM	  EDTA	  
add	  1mM	  PMSF	  just	  prior	  to	  use	  
___________________________________________________________ 
• Thaw	  frozen	  lungs,	  mince	  on	  cold	  block,	  rinse	  to	  remove	  blood,	  add	  to	  1.5	  mL	  
glass	  homogenizer	  with	  3x	  volume	  buffer	  “A”,	  do	  25	  strokes	  on	  ice.	  	  
• Spin	  2400	  x	  g	  10min,	  40C.	  	  
• Spin	  supernatant	  10,000	  x	  g	  20	  min	  40C.	  	  	  
• Add	  supernatant	  to	  ultracentrifuge	  tube,	  fill	  tube	  w/	  buffer	  “A”,	  invert	  10x	  to	  
mix,	  spin	  at	  4°C/100,000	  x	  g	  for	  30	  min.	  Save	  pellet.	  
• Add	  3mL	  fresh	  buffer	  “A”	  and	  mash	  pellet	  well.	  Fill	  ultracentrifuge	  tube	  with	  “A”,	  
mix	  10x	  and	  spin	  again	  at	  4°C/100,000	  x	  g	  for	  30	  min.	  Pipet	  off	  supernatant.	  
• Pellet	  is	  re-‐suspended	  in	  1	  mL	  of	  freezing	  buffer	  “B”,	  stored	  at	  -‐70°C	  	  
• 	  	  Soluble	  receptors	  a_ained	  from	  supernatant,	  Cell-‐bound	  receptors	  
from	  pellet.	  	  
	  

3.  Results 

0.5 hr 3 hr 24 hr 4 weeks 
TLR4  blocks 
ligand 

TLR 4 no 
effect 

TLR4 no 
effect 

TLR4 ligand 
block-soluble 
high 

TLR9 no 
effect 

TLR9 small 
block of 
ligand 

TLR-9 no 
effect 

TLR-9 small 
block of 
ligand 

RAGE no 
effect 

RAGE blocks 
soluble and 
binds ligand 

RAGE binds 
ligand 

RAGE binds 
ligand 

The ligand HMGB1 shows the following  ave. titer in lung (ELISA): 
     0.5 hr               3 hr     24 hr     4 weeks      carrier only    
    22.4 ug/mL       7.9       36.1         31.9           3.24 ug/mL 

  

0.5 hr:  data suggest that the high HMGB1 at 0.5 hr will have little cytokine 
effect since TLR4 is the major receptor present and is soluble, blocking 
soluble HMGB1 
3 hr:  data show RAGE  has high potential to bind HMGB1 at 3 hr.  Soluble 
TLR-9 is high and  could block the low HMGB-1 at 3 hr. 
24 hr:  data suggests the highest cytokine stimulation occurs at 24 hr, a 
high HMGB1, no soluble RAGE, but cell-associated RAGE receptor.  
Potential  blocking from  soluble TLR-4   
4 weeks:  High HMGB1 good cell-bound RAGE,  low soluble (blocking ) 
RAGE and some blocking from  both TLR9 and 4.   
 
No consistent pattern of binding between HMGB1 and soluble receptor 
observed with DAMP identity of injury.   
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Pictures obtained from  Med Lab (UMKC) 

6. Limitations  
•  Paper does not include the cytokines stimulated by the cell bound 
receptors and HMGB1 
•  We limited the receptors studied to TLR4, TLR9 and RAGE, though 
HMGB1 has other known receptors as well. 


