Discovery of Cardioprotection in TL4 Receptors Deficient Mice Mediated by Activation of PI3K/Akt Pathway during Heart Attacks.
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Cardiovascular disease is the leading cause of mortality in the United States. More than 70 million Americans are currently living with some form of cardiovascular disease which is a primary cause for 1.4 million deaths per year. Approximately 450,000 deaths are attributable to heart attacks per year. The economic impact of coronary heart disease is estimated to be $142.1 billion in the US in 2005.1 Investigation of mechanisms that protect the heart during heart attacks and the development of new and novel therapeutics that reduce the mortality associated with heart attacks would be a highly significant advance in the care and management of patients.

Toll-like receptors (TLRs), receptors on cells’ surfaces responsible for signaling and communication, play a critical role in the induction of immune and inflammatory responses; these immune responses are involved in cell death during myocardial infarction (heart attacks). TLR4, a type of Toll receptor, mediates cellular signaling that activates transcription factor KappaB (NF(B) (a protein that regulates gene expression).  NF(B has been demonstrated to contribute to cell death during a heart attack. Inhibiting NF(B activation significantly reduces injury to the heart.
We hypothesized that TLR4 contributes to heart cell death during a heart attack. To evaluate our hypothesis, we induced myocardium ischemia (insufficient blood flow to part of the heart) in TLR4 knockout mice (mice lacking the TLR4 receptor). Wild type mice served as the control.  The procedure to induced myocardium ischemia involved ligation of coronary artery followed by reperfusion. Heart damaged areas were examined by triphenyltetrazolium chloride (TTC) staining, and individual cell death was detected by TUNEL assay. We found that ligation of a coronary artery followed by reperfusion significantly induced heart damaged area by 40.6% in wild type mice but by 19.8% in TLR4 knockoutmice. These results suggest that damaged area was reduced by 51.3% in TLR4 knockout mice compared with wild type mice (Figure 1). 
To define the mechanisms by which TLR4 knockout mice exert cardioprotection from a heart attack, we examined the activation of Phosphoinositide 3-kinase (PI3K)/Akt pathway in the hearts. The basal levels of PI3K/Akt showed a higher signal in TLR4 knockout mice than in that of the control. We hypothesized that PI3K/Akt cellular pathway serves a cardioprotective role in TLR4 KO mice. To test our hypothesis, we administrated Wortmannin (inhibitor for PI3K/Akt) to TLR4 KO mice 15 min before inducing myocardium ischemia. We found that blocking PI3K/Akt cellular signaling abrogated the cardioprotection in TLR4 KO mice. Heart damaged area from 19.8% in TLR4 KO mice restored to 38.4% in Wortmannin-treated TLR4 KO mice (Figure 2). 
Our results suggest that TLR4 is a novel receptor contributing to heart cell death during heart attack while cellular PI3K/Akt signaling serves a protective role in the heart subjected to heart attack. Development of a therapeutic approach by blocking TLR4 mediated signaling and activation of PI3K/Akt pathway would result in significant benefits to the patients who experience a heart attack.
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1. American Heart Association 2002 Heart and stroke statistical update Dallas, TX American heart Association 2001.
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Figure 1: Reduced infarction in TLR4 knockout (KO) mice following heart attack. 





Figure 2. Blockade of PI3K/Akt restores heart damage in TLR4 knockout (KO) mice following induction of heart attack. 
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