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characteristics from stem cell types, stem cells isolated from various tissues (bone marrow, adipose tissue, tonsil) 
were selected in this study for identifying the evaluation technique base on the electrotaxis analysis as a wide use 
to stem cell homogeneity evaluation.

In Fig.�1, all 3 types of stem cells, hMSC, ADSC and TMSC showed the expression of RUNX2 which repre-
sented the osteogenic di�erentiation marker at day 7, 14. Figure�2 showed that migration speed of all 3 types of 
di�erentiated cells was signi�cantly decreased at OsD day 7, 14 however the electric current had no e�ect on the 
migration speed. �ese results suggested that the electric current e�ected on only the directional migration of 
stem cells and 0 di�erentiated cells, so electrotaxis analysis has the possibility of using to the stem cell homoge-
neity evaluation.

For stem cell quality control by electrotaxis, it is very important that the electric treatment should not a�ect 
to di�erentiation and viability of stem cells. For these reason, post-electrotaxis experiments were performed. We 
identi�ed that there was no e�ect of 1000 µA of electric current on the osteogenic di�erentiation of ADSC, hMSC, 
TMSC (S1–S3). �e viability of stem cells a�er 1000 µA of electric current was also checked and as a result, stem 
cell viability was not a�ected by 1000 µA of electric current (Fig.�3). �ese data strongly assured that electrotaxis 
is good candidate for safe method of stem cell quality control.

To distinguish the stem cell and di�erentiated cells, Youden index of migration speed under electrotaxis was 
used. Generally Youden index is used to evaluate biomarker levels in the investigation and diagnosis of dis-
ease. Disease diagnosis by biomarkers is dependent upon a correlation between biomarker levels and disease 
state, whereby biomarker levels for a certain diseased population are di�erent–usually higher–than in the cor-
responding non-diseased population32, 33. Figure�2 showed the more osteogenic di�erentiation progressed, the 
more migration-speed decreased so stem cell homogeneity is dependent upon a correlation between migration 
speed and osteogenic di�erentiation state. In order to utilize migration speed for such classi�cation, a cut-point is 

Figure 7. Homogeneity evaluation of mesenchymal stem cells based on electrotaxis analysis. (a) Evaluation 
data of ADSC homogeneity in mixture of ADSC and osteogenic di�erentiated cells. (b) Evaluation data of 
hMSC homogeneity in mixture of hMSC and osteogenic di�erentiated cells. (c) Evaluation data of TMSC 
homogeneity in mixture of TMSC and osteogenic di�erentiated cells.
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