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• General concepts

• Normal integrin expression on the 
cardiac myocyte is required for:
1) preservation of basal heart function, 
2) ability of the ventricle to tolerate 

hemodynamic stress, and 
3) mechanical and adrenergic signaling

• Discuss Potential links of integrins and 
related proteins to heart disease



General Properties of Integrins

•Large family with over 24 receptors composed 
of 18 α and 8 β integrin subunits 

•Different heterodimeric receptors can bind 
similar ligands: e.g. collagen, laminin and 
fibronectin

•Many integrins can be expressed on one cell

•Integrin expression can change 
developmentally and with disease state (e.g. 
embryonic vs. adult, normal vs. hypertrophic 
myocardium)
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Integrins are located at Costameres: 
structures that  registers with the Z-disk of 
myofibrils and therefore couple the 
sarcomeres with the sarcolemma.

EXTRACELLULAR MATRIX
Integrin

α β

Adapted from:  Ervasti JM.   J Biol Chem.  18;278:13591-4, 2003. 





β1 Integrin Knockout in all Mouse Cells

•Mice die early in gestation before the heart has formed.
•Abnormal myofibrils are found in cardiac-like cells derived 
from integrin null embryoid bodies

WT

Fassler and Meyer, 
Genes and 
Development, 9:1896, 
1995

Fassler, et.al., J. Cell 
Science, 109:2989, 
1996.

KO
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Use of Cre-Lox to Knockout the β1 Integrin 
“Floxed” Gene only in Cardiac Myocytes
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β1 Cre-lox KO Mice: Fibrosis and 
Development of a Dilated Cardiomyopathy

Wild-type

β1 Cre-lox KO



Cardiac Myocyte β1 Integrin Gene 
Excision leads to Abnormal

Intercalated Disks

β1 Lox / Myocyte Cre β1 Lox - No Cre 



Transverse Aortic Constriction 
as a model of Mechanical Stress on the 

Left Ventricle



Homozygous β1 KO Mice are Intolerant 
of Mechanical Stress (Aortic Banding)
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No Inj Cont Inj Tamo

Tamoxifen injection causes significant 
reduction of β-1 Integrin Expression
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Aortic constriction (TAC) causes high mortality 
when β1 integrin is reduced in the adult heart

Aortic Gradient ≈ 100 mmHg



LV Mass Increase is Blunted following Modest 
Aortic Constriction (TAC) in β-1 Integrin KO Mice

Aortic Gradient ≈ 60 mmHg



What about signaling events in the 
cardiac-myocyte integrin KO mice?

1. Would signaling be abnormal in the 
resting heart or in the heart 
following mechanical loading 
induced by aortic constriction?

2. Would signaling from non-integrin 
receptors be disturbed?  
(β adrenergic  receptors)



Hypertrophic and Survival Signaling is 
abnormal in β1 KO Hearts after Aortic Banding
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Adrenergic Signaling is abnormal in 
β1 Knockout Myocytes
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cAMP Activity is unchanged in β−1 
Integrin Cardiac Myocytes



FAK and Paxillin Activity in 
β−1 Integrin Knockout Cardiac Myocytes
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Summary: β1 Integrin Cardiac-specific KO

• Defective mechanotransduction
• Blunted hypertrophic response
• Altered hypertrophic and survival 

signaling after aortic constriction
• Abnormal Isoproterenol activation of p38, 

ERK1/2, Akt and FAK in KO myocytes.
• cAMP generation was normal.  
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Are there cardiac diseases 
caused by abnormalities in 

Integrins or related 
proteins??



α7 Integrin Mutations / Deficiency Cause 
Muscular Dystrophy in Mouse and Man

α7 Mutation in 
congenital myopathy

α7 KO Mouse

Mayer, et. al., Nat. Gen. 17:318, 1997
Hayashi, et. al., Nat. Gen. 19:94, 1998



α7 and β1 Integrins are increased in 
Hypertrophied Left Ventricle of the Mouse 



β1 Integrin Shedding in the Transition to 
Heart Failure: Reducing cell adhesion?

Pre-immune

4-Week AS

Control

7-Week AS
Ding, et.al., Circ, 101:2854, 2000



Integrins and Myocardial Infarction

β1 integrin 
transcript was 
increased in 
the peri-infarct 
zone by day 3 
post-MI and 
decreases by 
day 14-28.

Sun M, Opavsky MA, Stewart DJ, Rabinovitch M, Dawood 
F, Wen WH, Liu PP.   25;:1046-52 Circulation,  2003
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Metavinculin a Vinculin splice-variant:  
3 heterozygous genotypes cases IDCM

Leu954del Ala934Val

Arg975Trp

= IDCM

= Dilated
Ventricle

Olson, et.al. 
Circ. 105:431, 2002



Endomyocardial Biopsy from a 
Metavinculin Mutant Heart:  

Abnormal Intercalated Disks

Olson, et.al. 
Circ. 105:431, 2002



Integrins and the Pathological 
Myocardium

• No current integrin myocardial 
disease in man

• Skeletal muscle myopathies linked to 
integrin mutations

• Integrin  “shedding” from the 
myocyte surface may  play a role in 
the transition from compensated 
function to heart failure. 



Integrins and the Pathological 
Myocardium - II

• Myocyte integrin expression may 
increase to allow for “firmer”
adhesion of the stressed myocyte 
following pressure loading or MI

• Meta-Vinculin which indirectly 
binds integrins, has been identified 
in patients with DCM
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