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[ Abstract] Objective To establish a technique for sensitively reflecting the micro-mechanical changes of human
mesenchymal stem cells (hMSCs) in their early differentiation process by mechanical phenotype. Methods Based on
atomic force microscopy (AFM), peak force quantitative nanomechanical mapping (PF-QNM) technique was used to
measure the nanomechanical spectroscopy of hMSCs during differentiation induced by different concentrations of lithium
chloride. Results The nanomechanical spectroscopy of hMSCs induced by 4 mmol/L. and 30 mmol/L lithium chloride
was significantly different after 48 h, while there was significant difference in Young’s modulus after 72 h. Conclusion
Nanomechanical spectroscopy is superior to Young’s modulus in reflecting the change of mechanical properties of hMSCs
in their early differentiation phase. Mechanical phenotype based on nanomechanical spectroscopy can be used as a
physical biomarker to identify the hMSCs at their early differentiation stage.
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Fig 1 Nanomechanical spectroscopy of cultured human mesenchymal stem cell (hMSC)

Atomic force microscopy images and the histograms of the values in the areas ( [ and [ ) marked with dashed rectangles, respectively. DMT:
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Fig 2 Lithium chloride induced morphological changes of human mesenchymal stem cells (hMSCs)

A: Immunofluorescence staining of F-actin (green); B, C. Statistical results of fluorescence immunoassay images showed changes in hMSCs
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Fig 3 Lithium chloride induced osteogenic differentiation of human mesenchymal stem cells (hMSCs)
Quantitative real-time polymerase chain reaction (qPCR) results of the ATF4 expression after treatment with 4 mmol/L (A) and 30 mmol/L

(B) lithium chloride for 48 or 72 h. ** P<{0.01. n=3, x=*ts
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Fig 4 Changes of mechanical properties of human mesenchymal stem cells (hMSCs) after treatment with lithium chloride

Average Young’s modulus (A. C) and nanomechanical spectroscopy (B, D) of hMSCs treated with 4 mmol/L. (A, B) and 30 mmol/L (C, D)

lithium chloride. * P<C0. 05, ** P<(0.01. n=3, x=%s
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Fig 5 Mechanical phenotype of human mesenchymal stem cells (hMSCs) differentiation at the early stage

Mean Young’s modulus (A) and nanomechanical spectroscopy of hMSCs treated with 4 mmol/L (B) and 30 mmol/L (C) lithium chloride.
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