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Mesenchymal stem cell (MSC) is one of the most potent stem cells, and is a strong cell-resource closest to
the clinical application for regenerative medicine. However, standardization and quality assurance of the
MSC are essential issues because the quality of MSC is easiliy varied depending on collection method,
individual differences, and changes in stemness during culture. Therefore, to establish the evaluation
criteria and culture techniques for assuring the quality of MSC has been stongly required.

As an important factor to cause quality change of MSC during culture, involvement of memory of MSC
on mechanical conditions of culture environment has recently been reported. Precise definition of
mechanics of the culture substrate that can preserve quality of MSC is a problem. For this problem, we try
to establish the design of micro-mechanical field of cell culture hydogel that can maintain undifferentiated
state of MSC. The main strategy is to regulate the mechanical signals input to the cells from local
mechanical field during spontaneously migration of MSCs, i.e., when MSCs are cultured in a
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periodically-designed elastic field such as alternating patters of stiff and soft regions, a kind of vibrating
mechanical signal input to MSCs from each of stiff and soft region are generated especially in the
normadic mode of movement between those tow regions. We have prilininaly observed before that the
MSCs after the normadic movement keep the undifferentiated state due to inhibition of fixation of
mechanical memory (we call this phenomenon as “frustrated differentiation”).

In this project, we aim to fully prove the phenomenon and concept of the frustrated differentiation, and
to apply the culture methodology for finding standardized MSCs because the MSC culture in normadic
mode of movement on heterogeneous mechanical field always initilize mechanical memory from culture
substrate. This year, the following four research issues were investigated: (1) demonstration of oscillatory
input of mechano signal, (2) Determination of threshold conditions of gel elastic modulus to control
motility and differentiation of hMSC, (3) comprehensive gene analysis of MSC in mode of frustrated
differentiation, (4) selection of hMSCs with different propencity for osteoinduction and search for bone
differentiation markers.

(1) Demonstration of oscillatory input of mechano signal (Kidoaki Group):

For the microelastically striped-patternned gels with alternating stiff and soft regions on which
hMSCs were cultured with normadically moving around different regions of elasticity, local
deformation of the gel surface is numerically measured by the finite element method, and the
spatio-temporal dynamics of the traction forces of hMSCs were estimated. Analyzing the correlation
between the averaged traction force at each time and the averaged stiffness of each region where the
traction forces were generated, a remarkable fluctuation of the traction forces was confirmed on the
microelastically striped-patternned heterogenious gels unlike on the elastically-homogeneous gels. It
has been successfully demonstrated that the normadic movement of the hMSC on the
elastically-patterned gels could induce largely fluctuating oscillatory input of mechanical signal to the
MSCs.

(2) Determination of threshold conditions of gel elastic modulus to control motility and differentiation of
hMSC (Kidoaki Group):

For the induction of frustrated differentiation, it is necessary to switch the strengh of mechanical
signals input to MSC from the different regions of elasticity during normadic movement between
them. To satisfy this requirement, it is essential to appropriately set the elasticity gradient strength
in the elasticity boundary in order to aboid cell accumulation into stiff region above a certain
threshold of gradient strength (i.e., suppression of durotaxis), and essential to precisely know the
absolute values of the elastic modulus of the gel which affect the activity and behaviors of
mechano-transducer molecules. To address this problem, by systematically designing the elastic
gradient strength and the absolute value of elastic modulus of the gels, the threshold of the elastic
gradient that drives durotaxis of hMSC and the threshold value to induce nuclear localization of YAP /
TAZ and Runx 2 were successfully determined.

(3) Comprehensive gene analysis of hMSC in mode of frustrated differentiation (Sawada-Kidoaki Group):
To prepare enough amount of mRNA for microarray analysis, it is necessary to get a sufficient
number of cells that experienced normadic culture on the elastically-patterned gels. After establishing
the conditions for preparing the gels with an enlarged area and accurate patterns of elasticity
distribution, hMSCs were cultured for 7 days on the soft gels (<10 kPa; S), hard gels (70-100 kPa; H),
and patterned gel (PG) of photocrosslinkable gelatin, then mRNA expression was exhaustively
measured by the DNA microarray. On S gels, upregulation of expression of gene relating to cell
migration, proliferation and differentiation, survival and homeostatic maintenance was detected. On
the other hand, significant changes in gene expression relating to survival of cells and elevation of
functions such as the nervous system were observed on H gels, indicating characteristics of hMSC
responsiveness to matrix stiffness. On PG gels, in addition to promoting proliferation / differentiation
and migration of cells, the expression of genes relating to the cranial nervous system was elevated and
induced characteristically. It was suggested that the increase in migration of cells on PG was also
verified from the change in gene expression, and the differentiation potential of the cells also
increased. We will further verify the stemness of hMSC cultured on PG in more detaisl next year.

(4) Selection of hMSCs strains with different propencity for osteoinduction and search for bone
differentiation markers. (Sawada Group):

To verify the stemness of the MSC in frustrated differentiation, it is indispensable to define the

properties of the MSC strain to be applied for the normadic culture on the elasetically-patterned gels.

Selection of hMSC strains with different propencity for osteoinduction was done. Osteogenic
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differentiation was induced for 10 strains of hMSC and comprehensive gene expression analysis using
microarray was performed for 3 strains with different efficiency of osteogenic differentiation. As the
result, we found a gene whose expression was significantly higher in the hMSC strain without
osteogenic differentiation ability and little expression in the strain having the ability. It was

suggested that the gene is one of marker candidates that can predict osteogenic differentiation
potential of hMSC.
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