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EDITORIAL COMMENT

Unraveling the Mechanisms
by Which Calpain Inhibition Prevents
Heart Failure Development*
Xander H.T. Wehrens, MD, PHDa,b,c
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process that was reversible by endogenous calpain

calpain inhibition can also attenuate inﬂammation

inhibitor calpastatin (19).
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Wang et al. (22) show that pharmacological inhibition
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revealed that JPH2 levels declined in calpain-1/JPH2
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genic mice are probably not suitable to model HF

and activity levels of calpain-1 and calpain-2 were

pathophysiology.

altered in these HF mouse models, and in turn
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to inhibition of ﬁbrosis and prevention of the loss of
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the N- and C-terminal regions. At present, it is unclear

in ventricular myocytes. Overexpression of JPH2

whether these peptides have any cellular functions.

delayed but did not prevent the development of

Overexpression of some of the N- and C-terminal

end-stage HF and mortality in calpain-1 transgenic

JPH2 peptides in myocytes from JPH2-knockdown

mice.

mice failed to normalize sarcoplasmic reticulum

because JPH2 levels still dropped below those seen

Ca 2þ transients (19), unlike full-length JPH2 (7). Those

in control animals. Therefore, these preclinical

studies suggest that the proteolytic JPH2 peptides
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might not be involved in regulating EC coupling in
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ment, although the underlying mechanisms remain

gate whether these peptides have other roles in

poorly understood.

However,

these

studies

are

inconclusive

myocytes.
In conclusion, Wang et al. (22) showed increased
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ADDRESS FOR CORRESPONDENCE: Dr. Xander H.T.

3 different mouse models of HF, they demonstrated

Wehrens, Baylor College of Medicine, One Baylor

that pharmacological inhibition of calpain blunted

Plaza,

the development of HF and preserved TT structure

wehrens@bcm.edu.

BCM335,

Houston,

Texas

77030.

E-mail:

REFERENCES
1. Writing Group Members, Mozaffarian D,
Benjamin EJ, et al. Heart disease and stroke
statistics-2016 update: a report from the American
Heart Association. Circulation 2016;133:e38–60.
2. Muller AL, Dhalla NS. Role of various proteases
in cardiac remodeling and progression of heart
failure. Heart Fail Rev 2012;17:395–409.

postnatal development. Cardiovasc Res 2013;
100:54–62.
12. Song LS, Sobie EA, McCulle S, Lederer WJ,
Balke CW, Cheng H. Orphaned ryanodine receptors
in the failing heart. Proc Natl Acad Sci U S A 2006;
103:4305–10.

3. Huang Y, Wang KK. The calpain family and human disease. Trends Mol Med 2001;7:355–62.

13. Wei S, Guo A, Chen B, et al. T-tubule remodeling during transition from hypertrophy to heart
failure. Circ Res 2010;107:520–31.

4. Potz BA, Abid MR, Sellke FW. Role of calpain in
pathogenesis of human disease processes. J Nat
Sci 2016:2.

14. Minamisawa S, Oshikawa J, Takeshima H, et al.
Junctophilin type 2 is associated with caveolin-3
and is down-regulated in the hypertrophic and

5. Letavernier E, Zafrani L, Perez J, Letavernier B,
Haymann JP, Baud L. The role of calpains in
myocardial remodelling and heart failure. Cardiovasc Res 2012;96:38–45.

dilated cardiomyopathies. Biochem Biophys Res
Commun 2004;325:852–6.

6. Takeshima H, Komazaki S, Nishi M, Iino M,
Kangawa K. Junctophilins: a novel family of junctional membrane complex proteins. Mol Cell
2000;6:11–22.
7. van Oort RJ, Garbino A, Wang W, et al. Disrupted
junctional membrane complexes and hyperactive
ryanodine receptors after acute junctophilin
knockdown in mice. Circulation 2011;123:979–88.
8. Murphy RM, Dutka TL, Horvath D, Bell JR,
Delbridge LM, Lamb GD. Ca2þ-dependent proteolysis of junctophilin-1 and junctophilin-2 in skeletal and cardiac muscle. J Physiol 2013;591:719–29.
9. Wu CY, Chen B, Jiang YP, et al. Calpain-

15. Prosser BL, Ward CW, Lederer WJ. Subcellular
Ca2þ signaling in the heart: the role of ryanodine
receptor sensitivity. J Gen Physiol 2010;136:
135–42.
16. Salnikov V, Lukyanenko YO, Lederer WJ,
Lukyanenko V. Distribution of ryanodine receptors
in rat ventricular myocytes. J Muscle Res Cell Motil
2009;30:161–70.
17. Landstrom AP, Weisleder N, Batalden KB, et al.
Mutations in JPH2-encoded junctophilin-2 associated with hypertrophic cardiomyopathy in
humans. J Mol Cell Cardiol 2007;42:1026–35.
18. Guo Y, VanDusen NJ, Zhang L, et al. Analysis of
cardiac myocyte maturation using CASAAV, a
platform for rapid dissection of cardiac myocyte

dependent cleavage of junctophilin-2 and T-tubule remodeling in a mouse model of reversible
heart failure. J Am Heart Assoc 2014;3:e000527.

gene function in vivo. Circ Res 2017;120:1874–88.

10. Reynolds JO, Chiang DY, Wang W, et al.
Junctophilin-2 is necessary for T-tubule maturation during mouse heart development. Cardiovasc
Res 2013;100:44–53.

junctophilin-2 protein in cardiomyocytes. J Biol
Chem 2015;290:17946–55.

11. Chen B, Guo A, Zhang C, et al. Critical roles
of junctophilin-2 in T-tubule and excitationcontraction
coupling
maturation
during

19. Guo A, Hall D, Zhang C, et al. Molecular determinants of calpain-dependent cleavage of

20. Kudo-Sakamoto Y, Akazawa H, Ito K, et al.
Calpain-dependent cleavage of N-cadherin is
involved in the progression of post-myocardial
infarction remodeling. J Biol Chem 2014;289:
19408–19.

21. Takeshita D, Tanaka M, Mitsuyama S, et al.
A new calpain inhibitor protects left ventricular
dysfunction induced by mild ischemia-reperfusion
in in situ rat hearts. J Physiol Sci 2013;63:113–23.
22. Wang Y, Chen B, Huang CK, et al. Targeting
calpain for heart failure therapy: mplications from
multiple murine models. J Am Coll Cardiol Basic
Trans Science 2018;3:503–17.
23. Yang D, Ma S, Tan Y, et al. Increased expression of calpain and elevated activity of calcineurin
in the myocardium of patients with congestive
heart failure. Int J Mol Med 2010;26:159–64.
24. Poncelas M, Inserte J, Aluja D, Hernando V,
Vilardosa U, Garcia-Dorado D. Delayed, oral
pharmacological inhibition of calpains attenuates
adverse post-infarction remodelling. Cardiovasc
Res 2017;113:950–61.
25. Li RC, Tao J, Guo YB, et al. In vivo suppression
of microRNA-24 prevents the transition toward
decompensated hypertrophy in aortic-constricted
mice. Circ Res 2013;112:601–5.
26. Xu M, Wu HD, Li RC, et al. Mir-24 regulates
junctophilin-2 expression in cardiomyocytes. Circ
Res 2012;111:837–41.
27. Zhang HB, Li RC, Xu M, et al. Ultrastructural
uncoupling between T-tubules and sarcoplasmic
reticulum in human heart failure. Cardiovasc Res
2013;98:269–76.
28. Guo A, Zhang X, Iyer VR, et al. Overexpression
of junctophilin-2 does not enhance baseline
function but attenuates heart failure development
after cardiac stress. Proc Natl Acad Sci U S A 2014;
111:12240–5.
29. Reynolds JO, Quick AP, Wang Q, et al. Junctophilin-2 gene therapy rescues heart failure by
normalizing RyR2-mediated Ca(2þ) release. Int J
Cardiol 2016;225:371–80.

KEY WORDS calpain, junctophilin, heart failure

