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The mammalian genome encodes A-type lamins A and C (LMNA 
splice variants) expressed only in differentiated cells, and the ubiq-
uitously expressed B-type lamins (1). Attributed to nearly half of the 
>600 described pathogenic LMNA mutations, striated muscle lami-
nopathies are the most prevalent type of laminopathy. Life-limiting 
cardiac dysfunction is the unifying feature of these diseases that are 
caused by altered biophysical properties of muscle cells, resulting 
in thinning of ventricular walls, enlargement of ventricular volume, 
and impaired electrophysiological conduction. These defects com-
promise cardiac output and trigger malignant arrhythmias (2).

Lamins are the key component of the nuclear lamina separating 
the inner nuclear membrane from chromatin. Laminopathy-caus-
ing mutations are scattered along the LMNA gene. They may per-
turb lamin assembly to filaments and protofilaments or disrupt 
binding partner interactions, compromising lamin function and 
distribution. How exactly the various mutations in the LMNA gene 
disrupt the nuclear lamina and associated cellular functions to elicit 
the extremely heterogeneous pathological phenotypes with strik-
ingly poor genotype-to-phenotype correlation remains a challeng-
ing open question. Two cardiomyopathy-driving mechanisms have 
been proposed: the mechanical and the gene expression models (2).

Despite expression in most differentiated cells, LMNA mutations 
have the most detrimental effects on the heart, a mechanically chal-
lenged tissue. In the mechanical model, loss of nuclear integrity 
impairs the ability of cells to cope with mechanical stress, leading 
to myocyte death, increased mechanical load on non-myocytes, 
and pathological heart remodeling. Additionally, the absence of 
lamin-mediated nuclear-cytoskeletal links abrogates mechano-
transduction (3).

The gene expression model builds on lamins’ interactions with 
specific genomic loci, regulating their structure, epigenetic state, 
and transcriptional activity. Lamins interact with heterochroma-
tin at regions termed lamina-associated domains (LADs) as well as 
in the nuclear interior, and impaired interactions alter chromatin 

architecture and positioning to disrupt gene regulation (4). Lamins 
have also been shown to modulate nuclear traffic, to interact with 
and regulate transcription factors and signaling molecules, and to 
regulate redox stress (5, 6).

Despite the separation of the two models, it is becoming clear that 
nuclear mechanotransduction is intimately linked to chromatin or-
ganization and gene expression control (3, 7). Many of the affected 
signaling pathways have been shown to be mechanosensitive, mak-
ing the separation of the mechanical and gene expression models 
somewhat artificial.

While no curative treatment exists, interfering with the patho-
physiological molecular effects of lamin mutants presents a prom-
ising target. The MAPK cascade (including p38α, JNK, and ERK 1/2) 
is abnormally activated in mutant cardiomyocytes. Inhibiting MAPK 
components or mTOR has been shown to improve the phenotype in 
mouse models of laminopathic cardiomyopathies, and clinical trials 
for a p38 inhibitor are ongoing (8).
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