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Abstract  

Contractile tissues demonstrate a pronounced capacity to remodel their composition in 

response to mechanical challenges. Descriptive evidence suggests the upstream 

involvment of the phosphotransfer enzyme FAK (focal adhesion kinase) in the 

molecular control of load-dependent muscle plasticity. Thereby FAK evolves as a 

myocellular transducer of mechanical signals towards downstream transcript 

expression in myofibres. Recent advances in somatic gene therapy now allow the 

exploration of the functional implication of this enzyme in mechanotransduction in 

intact muscle.  
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 Mechanical factors exert a key influence on the phenotype of striated muscle 

[1]. This control is well illustrated by the reversible alterations in size and contractile 

composition of lower limb muscle. These postural muscle groups undergo 

considerable atrophy when there are relieved from gravitational mechanical loading 

for a prolonged period by bedrest or microgravity [2,3]. Conversely, a pronounced 

degree of fibre hypertrophy is observed with physiological regimes that functionally 

overload muscle groups [2,4].  

 Differential modulation of protein breakdown and synthesis and gene 

expression has been implied as a main mechanism underlying the molecular 

regulation of this load-dependent muscle plasticity in animal models [5,6]. There is 

limited knowledge of the critical molecular steps underlying the integration of 

mechanical signals towards downstream gene and protein expression in intact tissue. 

Culture studies indicate that both a direct path of mechano-transduction via the hard-

wired cytoskeleton and mechanically-induced chemical signalling transduce 

mechanical forces into intracellular responses [7,8]. With regard to the latter 

mechanochemical signalling, sensory sites along the cytoskeleton-extracellular matrix 

axis and the plasma membrane have been proposed as points of conversion from 

mechanical signals into intracellular second messengers. Thereby the activation of a 

phosphorylation cascade subsequent to the induction of an upstream phosphotransfer 

enzyme (kinase) appears as the frequent theme for signal propagation towards control 

of mRNA stability and translation [8-10].  

 

 Molecular evidence supports the involvement of two cytoskeletal-associated 

phosphotransfer activities in the early steps of mechanotransduction in striated muscle 

(Fig. 1). This concerns a kinase domain in the giant protein titin and the integrin-

associated FAK (focal adhesion kinase). With regard to the first example, the titin 

kinase domain has been proposed to sense mechanical load via confirmation changes 

[11]. Until recently, titin has been considered to be a simple molecular spring 

controlling the resting length of sarcomeres. According to new information, titin 

might also serve as a nodal point for the integration of longitudinal forces with 

contractile work towards muscle gene expression. Apart from this biophysical 

information, little data exists to date as to the physiological implication of this titin 

kinase in muscle turnover.  

 Conversely, the association of activated FAK signalling with muscle 

remodelling is well documented. The role of this protein tyrosine kinase in 



myogenesis and mechanosensing was first demonstrated in culture experiments  

(reviewed in [12]). The phosphotransfer activity of FAK and downstream signalling 

molecules is activated within minutes after the deformation of integrins by mechanical 

forces [7]. In striated muscle, FAK is enriched at the myotendinous junction, which is 

involved in the main mode of force transmission via the myotendinous pathway [13]. 

Also, FAK localises to sarcolemmal focal adhesion complexes, i.e. costameres, which 

act as attachment sites for the cytoskeleton (including the Z-discs of the sarcomere) in 

the fibre interior and the extracellular matrix and neighbouring fibres on the outside 

(Figure 1). Costameres thereby act as key structures for the transmission of forces via 

a myofascial pathway [13]. Experimental investigations in chicken and rat models of 

load-dependent muscle plasticity demonstrate stringent control of the phosphotransfer 

activity of FAK in slow-twitch muscle by the degree of muscle loading. This is 

visualized by a 4-fold augmentation of FAK tyrosine phosphorylation in rat soleus 

muscle after 1 day of functional overload, which exceeds a 2-fold increase in the level 

of  FAK protein [14]. Conversely, FAK tyrosine phosphorylation in the same muscle 

type is reduced 10-fold after 7 days of muscle unloading by hindlimb suspension 

when protein levels are little altered. Subsequent investigations into the spatial 

regulation of FAK have demonstrated that the sarcolemmal localization of this 

mechanosensory enzyme corresponds to the degree of fibre recruitment [12]. 

Collectively, the results imply that both expression and post-translational mechanism 

co-operate in slow-twitch fatigue-resistant muscle to regulate FAK activity by 

mechanical loading. This suggests further that FAK may be part of the regulatory loop 

that governs the fate of frequently recruited fibres.  

 Towards the end of exploring the functional pathways of FAK-mediated 

mechano-transduction in striated muscle, we have opted for a systems biological set-

up covering all levels of muscle adaptation. The approach involves the interference 

with FAK signalling by combined exogenous FAK overexpression via muscle -

targeted gene transfer and mechanical loading in the hindlimb suspension-reloading 

model [6,15] and the subsequent measurement of gene expression and structural and 

functional consequences. This approach has obvious advantages over germline 

approaches as it offers flexibility in the choice of gene targets and the possibility of an 

inter-animal control for most muscle groups under investigation via the use of the 

contralateral muscle. The preliminary results indicate the feasibility of the model 

approach to investigate the question of FAK-mediated mechano-transduction in vivo 



at the molecular level of resolution. The future use of this technology promises a 

systematic tool to unravel the paradigm of mechanosensation in contractile tissue.  
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