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Abstract:
Muscular dystrophy encompasses a group of devastating 
diseases affecting skeletal muscle in young children 
and resulting in reduced mobility and premature death. 
Gaining a better understanding of the underlying disease 
mechanism is crucial for developing effective therapies, 
which are currently lacking. One challenge in studying 
the pathogenesis of muscular dystrophies is that common 
in vitro models based on the differentiation of skeletal 
muscle stem cells (myoblasts) do not match the form and 
function of skeletal muscle tissue in vivo, including the 

myoblasts on nanostructured surfaces that provide 
physical cues for the differentiating muscle cells has 
been shown previously to promote the formation of 

demonstrate the use of microfabricated silicon wafers 
that serve as molds to generate polydimethylsiloxane 

nm deep nanogrooves. These PDMS substrates, when 
coated with Matrigel extracellular matrix, enable the 
differentiation of primary mouse myoblasts into mature 

now using as a model system to study Emery-Dreifuss 
muscular dystrophy and other muscle diseases caused 
by mutations in the LMNA gene.

Summary of Research:
Mutations in the LMNA gene, which encodes the 

cause Emery-Dreifuss muscular dystrophy, congenital 
muscular dystrophy, and dilated cardiomyopathy. 

tissue, most LMNA mutations primarily affect striated 
muscle, i.e., skeletal and cardiac muscle. Both the 

defects and the pathobiology of the disease remain 
incompletely understood, presenting a major obstacle 
in the development of effective therapies. While animal 
models for these diseases are available, they are limited 
in their ability to allow detailed cell and molecular 
level observations of the disease progression, which is 
required to identify pathogenic mechanisms. In vitro 
models, on the other hand, are well suited for imaging 
but do not capture the structure and function of mature 
muscle tissue, limiting their usefulness. To overcome 
this challenge, we developed PDMS-based in vitro cell 
culture substrates with nanostructured ridges that are 

nm wide gaps, to resemble in vivo tissue architecture 
and promote muscle cell differentiation and alignment.

cast the nanostructured PDMS substrates (Figure 1). 

stepper to imprint the pattern into the photoresist layer. 

Etcher, removing silicon in the regions not covered by 
photoresist. After etching, the remaining photoresist is 

the wafer to prevent PDMS from sticking, thus making 
the wafer suitable as a mold to cast thin sheets of PDMS 

desired dimensions of the ridges on the silicon wafer 

microscopy (Figure 2). Subsequently, PDMS is spin-



72024-2025 Research Accomplishments

B
IO

LO
G

IC
A

L A
P

P
LIC

A
TIO

N
S

coated onto the silicon wafer and cured by baking 

removed from the wafer and coated with Matrigel, 
an extracellular matrix molecule that supports 
muscle cells in vivo. Primary mouse myoblasts are 
cultured on the nanostructured PDMS substrate 

starting one day after plating. We use an Airyscan 

and assess their alignment and maturity based 
on their sarcomeric structures. Figure 3 shows a 
representative image of wild-type muscle cells 

the characteristic striated sarcomere patterning and 

Having established this experimental platform, we 
are now using it to compare LMNA mutant and 
wild- type muscle cells and determine the molecular 
mechanism responsible for the muscle defects. 
In addition to promoting muscle differentiation 

enables us to apply mechanical strain to the muscle 

LMNA mutant muscle cells are more sensitive to 
mechanical stress, which could explain the muscle-

Taken together, this application illustrates new 
uses of the available nanofabrication technologies 
to create improved in vitro models to study normal 
muscle differentiation and muscle disease.


