
1 

 

Lakshmi Mundkur 

Thrombosis Research Institute- Bangalore , India 



>75% of CVD deaths occur in low-income and middle-income 

countries. 



•

•



Atherosclerosis 
A Major Paradigm Shift 

• 500 publications in major international journals 

 

• Atheroma is a chronic inflammatory disease where lipids 
and chronic infection play a critical role 

 

• Both innate and adoptive immunity are involved 

 

• Immune modulation have the potential of protecting 
against atherosclerosis 

 

• New possibilities for significant cost effective reduction 
of CVD burden 



Chyu et al. Discovery medicine 2011, Mundkur et.al CDT-2010 



Libby and Hansson Nature 2011 



 









Nabel et. Al NEJM 2012,  Gruntman et al ATVB 2011 



Innate immunity  
Adaptive Th1 immunity 

Antiinflammatory immunity 
Humoral immunity 

Restoring  tolerance to auto antigens and reduce 

inflammation 
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The Global Economic Burden of Noncommunicable Diseases 

(World Economic Forum, Geneva, 2011.  
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 Sutcliffe MJ, .Nat Struct Biol. 1994,Lu X,. J Biol Chem. 1996. 



 

Self-antigens  

ApoB 100* (AA 688-707 ) 

Human HSP60,- (AA 153-163) molecular mimicry with CMV early 

proteins   

Proteins from pathogens  

Chlamydia pneumonia ,CMV,  P gingivalis (molecular mimicry with 

HSP60 and ApoB) 
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Loop I 

Loop II 

Loop III 



 Progression 

Focus of 
Vaccine 

Development  

Stabilization 
Development 

Plaque Rupture 

 Unmet Clinical need 

 Major cause of ACS, Stroke 
 













  





•

•
                                                                                                                                                                        



Lu et al Atherosclerosis 2012,  
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DSP 

Control         DSP      AHC Control        DSP        AHC 
   Control       DSP      AHC 

TNF-α – 83.6% MMP9  -  91.7% MRP8/14  - 61.2 % 

Control      DSP        AHC 
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Mundkur et al  Int journal of cardiology 2014 

Mundkur et al Int journal of cardiology 2014 



19 

Macrophage MMP9 Collagen 

CON 

DSP 

AHC 

48.6% reduction in lesion 

 infiltration 

Plaque MMP9

48.6% in lesion 


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Sheena and Mundkur Canadian journal of cardiology 2015 



Effect of immune modulation in  
Disease  Progression 

Age 5-6 weeks 

10 weeks HFD 

Tolerance 

10 weeks HFD 2 weeks HFD 

Sacrifice -22 weeks HFD 
Age-28 weeks 
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MMP9 Apoptosis 
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Control DSP AHC 

Rabbits 

Mice 
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 Reduces development  of  Atherosclerosis  

 Mice  Apob48 /LDLr-/- ( 51%) 

 Rabbits ( 48.6%) 


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 1X 5 X  for 
 No clinical signs of toxicity observed 



24 

Long term effect of immune therapy? 

Potentiating of immune tolerance? 

Translation in human? 

Delivery methods 

 Clinical Development of the molecule 







 Patients  with  coronary artery disease 

 Higher Th17 cells  

 Higher IL17 and IL6 levels 

 Lower Treg cells  

 Imbalance in Th17/Treg  ratio  

 Th17/Treg ratio showed an association with MI with an 

odds ratio of 2.92 (95% CI: 1.73-4.92), P<0.001 

 PBMC showed reactivity to Ox-LDL and HSP60 with 

an expansion of Th17 cells 



Adaptive 
immune 

response to 
self 

antigens 

Immune 
Tolerance 

Regulatory 
Immune 
response 

Treg 

Reduced 
inflammation 

and 
Atherosclerosis 

 
Autoimmunity 

High fat diet 

Mechanism 

? 

Restoring 
tolerance 

Autoimmune  
response 





 

Increase in collagen content 

 

Decrease in SMC apoptosis in  treated animals 

Mundkur et al  Plos-One 2013 

* 

Tolerance to ApoB and HSP60 peptides – Plaque Stabilization 
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Oral tolerance to recombinant multi antigenic construct  

Increase in 

Mundkur et al Int journal of cardiology 2014 
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