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Heart Disease

 “Heart Disease is the leading cause of 

death in the United States for the past 

80 years”

CDC



CDCCDC



Heart Disease Classifications

 Heart Failure

 Angina

 Coronary Artery Disease

 Cardiomyopathy

 Hypertension (high blood pressure)



Cardiac Cell Death

 Problem

 Cardiomyocytes lack oxygen

○ Die by apoptosis

 Result 

 Irreversible fibrosis

 Inefficient contractile functions

Kang PM, Izumo S: Apoptosis and heart failure: A critical review of the literature. Circ Res 86:1107-1113, 2000

Gonzalez A, Ravassa S, Lopez B, Loperena I, Querejeta R, Diez J: Apoptosis in hypertensive heart disease: a clinical approach. Curr Opin Cardiol 21:288-294, 2006

Sabbah HN: Apoptotic cell death in heart failure. Cardiovasc Res 45:704-712, 2000



Apoptosis

 Programmed cell death

 Mitochondrial Activation

 Release of damaging Reactive           

Oxygen Species (ROS)

 Apoptosis Markers

 Bcl - 2

 BAX

 Cytochrome C

Trigger
Hypoxia, toxins, stress

Mitochondrial 

Changes

ROS

Cathepsin K and 

other proteases

Elmore S: Apoptosis A Review of Programmed Cell Death.Toxicologic Pathology 35:495-516,2007

Chwieralski CE, Welte T, Buhling F: Cathepsin-regulated apoptosis. Apoptosis 11:143-149, 2006

Caspases

Apoptosis



Chwieralski CE, Welte T, Buhling F: Cathepsin-regulated apoptosis. Apoptosis 11:143-149, 2006



Cathepsin K (Cat K)

 A cysteine protease

 Released from lysosomes

 Potent collagenolytic activity

 Elevated in the dysfunctioning heart

 Cathepsin K knockout alleviates cardiac 

dysfunction

 Mechanism?

Hua Y, Zhang Y, Dolence J, Shi GP, Ren J, Nair S: Cathepsin K Knockout Mitigates High-Fat Diet-

Induced Cardiac Hypertrophy and Contractile Dysfunction. Diabetes, 62(2), 498-509

Chwieralski CE, Welte T, Buhling F: Cathepsin-regulated apoptosis. Apoptosis 11:143-149, 2006



Hypothesis

 Cathepsin K inhibition prevents

cardiomyocyte apoptosis



Methods

 H9c2 cardiomyocytes

 Antimycin A –inhibitor of respiratory chain 

in mitochondria

 Generates reactive oxygen species

 Markers of apoptosis

 Gel Electrophoresis and Western Blot

○ Primary antibodies against apoptosis markers

 TUNEL staining

 Lysosomes and Cat K dual staining 

(immunohistochemistry; confocal microscopy)
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Conclusion

 Cathepsin K is involved in oxidative stress-

induced  cardiomyocyte apoptosis 

 Pharmacological inhibition of Cathepsin K 

attenuates cardiomyocyte apoptosis

 Significance

 Potential target for treatment of cardiovascular 

diseases

 Cat K inhibitor is currently in clinical trials



References

1. Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX, Eckel RH, American Heart 
A, Obesity Committee of the Council on Nutrition PA, Metabolism: Obesity and 
cardiovascular disease: pathophysiology, evaluation, and effect of weight loss: an update of 
the 1997 American Heart Association Scientific Statement on Obesity and Heart Disease 
from the Obesity Committee of the Council on Nutrition, Physical Activity, and Metabolism. 
Circulation 113:898-918, 2006

2. Sowers JR: Obesity as a cardiovascular risk factor. Am J Med 115 Suppl 8A:37S-41S, 
2003

3. Thomas F, Bean K, Pannier B, Oppert JM, Guize L, Benetos A: Cardiovascular mortality 
in overweight subjects: the key role of associated risk factors. Hypertension 46:654-659, 
2005

4. Abraham WT, Bristow MR: Specialized centers for heart failure management. Circulation 
96:2755-2757, 1997

5. McMurray JJ, Pfeffer MA: Heart failure. Lancet 365:1877-1889, 2005

6. Neubauer S: The failing heart--an engine out of fuel. N Engl J Med 356:1140-1151, 2007

7. Dayer M, Cowie MR: Heart failure: diagnosis and healthcare burden. Clin Med 4:13-18, 
2004

8. Kang PM, Izumo S: Apoptosis and heart failure: A critical review of the literature. Circ Res 
86:1107-1113, 2000

9. Gonzalez A, Ravassa S, Lopez B, Loperena I, Querejeta R, Diez J: Apoptosis in 
hypertensive heart disease: a clinical approach. Curr Opin Cardiol 21:288-294, 2006



References Cont.

10. Sabbah HN: Apoptotic cell death in heart failure. Cardiovasc Res 45:704-712, 2000

11. Li X, Liu Z, Cheng Z, Cheng X: Cysteinyl cathepsins: multifunctional enzymes in cardiovascular 
disease. Chonnam Med J 48:77-85, 2012

12. Qin Y, Shi GP: Cysteinyl cathepsins and mast cell proteases in the pathogenesis and 
therapeutics of cardiovascular diseases. Pharmacol Ther 131:338-350, 2011

13. Cheng XW, Shi GP, Kuzuya M, Sasaki T, Okumura K, Murohara T: Role for cysteine protease 
cathepsins in heart disease: focus on biology and mechanisms with clinical implication. Circulation 
125:1551-1562, 2012

14. Hua Y, Zhang Y, Dolence J, Shi GP, Ren J, Nair S: Cathepsin K Knockout Mitigates High-Fat 
Diet-Induced Cardiac Hypertrophy and Contractile Dysfunction. Diabetes, 62(2), 498-509

15. Tardiff JC: Cardiac hypertrophy: stressing out the heart. J Clin Invest 116:1467-1470, 2006

16. Frey N, Olson EN: Cardiac hypertrophy: the good, the bad, and the ugly. Annu Rev Physiol
65:45-79, 2003

17. Shizukuda Y, Buttrick PM: Oxygen free radicals and heart failure: new insight into an old 
question. Am J Physiol Lung Cell Mol Physiol 283:L237-238, 2002

18. Hool LC: Reactive oxygen species in cardiac signalling: from mitochondria to plasma 
membrane ion channels. Clin Exp Pharmacol Physiol 33:146-151, 2006

19. Chwieralski CE, Welte T, Buhling F: Cathepsin-regulated apoptosis. Apoptosis 11:143-149, 
2006

20. Aghajanian A, Wittchen ES, Campbell SL, Burridge K: Direct activation of RhoA by reactive 
oxygen species requires a redox-sensitive motif. PLoS One 4:e8045, 2009
21. Elmore S: Apoptosis A Review of Programmed Cell Death.Toxicologic Pathology 35:495-516,2007

22. Lutgens P. S, Cleutjens B. K, Daemen J. M and Heeneman S. Cathepsin cysteine proteases in 
cardiovascular disease. The FASEB Journal. 2007;21:3029-3041.



Thanks!

 Yinan Hua

 Dr. Sreejayan Nair


