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Chronic pain is a debilitating condition that affects a large group of patients in western 
societies. Research has been boosted in recent years by the discovery of inherited pain 
syndromes, which are caused by point mutations in single genes, coding e.g. for the voltage-
gated sodium channels (Navs) subtype Nav1.7 present on peripheral nerve cells. Therefore, 
the understanding of their pathophysiological role is crucial for drug development, which 
requires the use of human peripheral sensory neurons. As these cells are very difficult to 
harvest from the human body, human stem cells provide a superb source to acquire them. 
Fibroblasts from skin biopsies of patients with genetic pain syndromes can produce induced 
pluripotent stem cells (iPSCs) with the ability to be differentiated into peripheral sensory 
neurons. However, this protocol shows large variability, especially concerning the expression 
of Navs, which are necessary to study the pain relevant signals.  
Here, we propose to develop a hydrogel to enhance the efficiency of stem cell differentiation 
into neurons. In addition, we plan to steer and optimize the differentiation process to obtain 
peripheral neurons that express high levels of Navs by culturing them on engineered 
hydrogels that carry specific repeats of the extracellular matrix (ECM) molecule tenascin-C 
(TNC). Navs consist of a pore forming -subunit and up to two -subunits that modify their 
function and trafficking. The interaction of the -subunits with TNC leads to increased Nav 
surface expression. In an initial step, we will synthesize 2D TNC-modified hydrogels to 
identify which TNC fragments will support the differentiation of stem cells into peripheral 
neurons with a large number of Navs on the surface. Patch-clamp and biochemical methods 
will be applied to measure the Nav current density. Finally, the stem cell derived neurons will 
be cultured in three dimensional hydrogels modified with selected identified TNC 
fragments to foster the natural 3D growth of peripheral nerve cells into ganglion-like 
structures.  
 


