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Controlling multipotent stem cell differentiation 
with molecularly-tuned movable surfaces 

so that they differentiate into the desired 

cell types. 

What are some of the novel meth-
ods TMDU researchers have de-
veloped to control the differenti-
ation of these stem cells?

A: One of the most important signals that 

controls the fate of stem cells is the molecu-

lar mobility of the surfaces to which they at-

tach. MSCs that adhere to less mobile sur-

faces tend to spread out by creating actin 

fibers, and become osteogenic, bone-form-

ing cells. In contrast, MSCs on highly mobile 

surfaces are more likely to become muscle 

or fat cells. Here, we have developed a pro-

cess of culturing stem cells on polyrotaxane 

(PRX), a novel supramolecular polymer 

whose surface mobility can be easily tuned 

owing to its interlocking molecular assem-

bly.

Please tell us more about the 
unique properties of the PRX 
polymer.

A: PRX has many excellent features. By 

changing the amount of -cyclodextrin 

threaded on a linear polyethylene glycol 

chain, we can alter its physical properties, 

including its molecular mobility. Stiffness of 

materials have been known to affect cell 

fate. However, the stiffness at the interface 

with the body is not so precisely controlled 

when implanted in the body. A main accom-

plishment of our research is to utilize the 

controlled molecular mobility of supramo-

lecular PRX at the interface with cells in or-

der to explore a wide range of applications 

using stem cells, including tissue regenera-

tion and repair.

What are the broader applica-
tions of your research?

A: Stem cell differentiation is controlled by 

the cytoskeleton — the internal scaffold re-

sponsible for the cell’s shape — which chang-

es as the cells are grown on artificial materi-

als. We hypothesize that the Rho family of 

small GTPases that control cytoskeletal orga-

nization is universally modulated in cells via 

altering the surface molecular mobility of 

PRX. The signaling cascade can easily reach 

every part of a cell, and has important impli-

cations not only for tissue engineering, but 

also for treating diseases such as Alzheim-

er’s, Parkinson’s, and amyotrophic lateral 

sclerosis.

What are multipotent mesenchy-
mal stem cells, and how can they 
be used to improve human 
health?

A: Mesenchymal stem cells (MSCs) are “mul-

tipotent” because they can differentiate into 

so many cell types, depending on the envi-

ronment in which they find themselves. 

Clinical studies are currently underway to 

see if injecting mesenchymal stem cells can 

help treat conditions like osteoarthritis, 

Crohn’s disease, or multiple sclerosis by al-

lowing the body to repair itself. In our re-

search, we looked for ways to culture MSCs 
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