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Recently many studies have focused on the growth of nanomaterial bone and the complex interactions

between nanomaterials and osteocyte in vivo and in vitro. Nanomaterials with physical properties such as size

and shape are ideal mediator for promoting tissue regeneration and improving cell proliferation by interacting

with cells and tissues.

MC3T3-E1 Cells serve as a model for mouse pre-osteoblasts and have been previously used in research for the

study of transcription factors in osteoblast differentiation.

Selenium is one of the important trace elements in the human body that regulates various physiological

functions such as antioxidant, anti-inflammatory, and immunity.

Introduction

Seed 6x104 MC3T3-E1 cells on 24 wells-plate. Cell viability according to the concentration of

selenium nanoparticles and H2O2 was confirmed by CCK-8. Every 2 days, change Osteogenic

differentiation Media(ODM) with B-glycerophosphate, Dexamethasone and Ascorbic acid. On the 14

days, ALP staining was conducted to the cells. On the 27 days, ARS staining was performed to

confirm cell differentiation.

Materials & Methods
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Figure 1.  Results of Cell viability treated by Selenium nanoparticle and Hydrogen peroxide on MC3T3-E1 respectively.
a) Live & Dead staining of MC3T3-E1 treated by Selenium nanoparticle
b) Live & Dead staining of MC3T3-E1 treated by Hydrogen peroxide
c) Cell viability analysis of MC3T3-E1 treated by Selenium nanoparticle using by CCK-8
d) cell viability analysis of MC3T3-E1 treated by Hydrogen peroxide using by CCK-8  

(d)
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Figure 2. Cell viability treated with selenium nanoparticles and H2O2
a) Live & Dead staining of MC3T3-E1 treated by Hydrogen peroxide
b) Cell viability analysis of MC3T3-E1 treated by Selenium nanoparticle using by CCK-8
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(b)
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Figure 3. ALP staining of MC3T3-E1. MC3T3-E1 was treated with Selenium nanoparticle and 
Hydrogen peroxide.
After treat 2 days, MC3T3-E1 was treated with Selenium nanoparticle and Hydrogen 
peroxide, changed with Osteogenic differentiation media(ODM) every 2 days.   
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Figure 4. Mineralization and Cell Differentiation analysis by Alizarin red S and quantification . 
After treat 27 days, Mineralization were measured by ARS staining of MC3T3-E1. 
MC3T3-E1 was treated with Selenium nanoparticle and Hydrogen peroxide, changed with 
Osteogenic differentiation media(ODM) every 2 days.   
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Conclusion

It was confirmed that cell differentiation was promoted by treating MC3T3-E1 cells with selenium

nanoparticles at a high reactive oxygen concentration. This shows the potential application of Selenium to

dental treatment by affecting the tooth formation process. In addition, it is considered that accurate analysis

of osteoblast differentiation is necessary by additionally quantifying the ALP activity test and confirming bone

formation markers through PCR.

Effects of Selenium nanoparticles on bone differentiation of MC3T3-E1 cells 

at high reactive oxygen speices concentrations

Sang-cheol Lee1, Hae-Won Kim1,2,3,4,5, Jung-Hwan Lee1,2,3,4,5*, Hae-Hyoung Lee1,2,3,4,5*

1Institute of Tissue Regeneration Engineering (ITREN), Dankook University, Cheonan 31116, Republic of Korea

2Department of Biomaterials Science, College of Dentistry, Dankook University, Cheonan 31116, Republic of Korea

3Department of Nanobiomedical Science and BK21 PLUS NBM Global Research Center for Regenerative Medicine, Dankook University, Cheonan 31116, Republic of Korea

4UCL Eastman-Korea Dental Medicine Innovation Centre, Dankook University, Cheonan 31116, Republic of Korea

5Cell & Matter Institute, Dankook University, Cheonan 31116, Republic of Korea

*e-mail:ducious@gmail.com, haelee@dku.edu

Reference
1. Wang, C., et al., Protective Effects of Cerium Oxide Nanoparticles on MC3T3-E1 Osteoblastic Cells 
Exposed to X-Ray Irradiation. Cell Physiol Biochem, 2016. 38(4): p. 1510-9.
2. Arai, M., et al., Effects of reactive oxygen species (ROS) on antioxidant system and osteoblastic 
differentiation in MC3T3-E1 cells. IUBMB Life, 2007. 59(1): p. 27-33.
3. Rao, S., et al., Designing multifunctionalized selenium nanoparticles to reverse oxidative stress-
induced spinal cord injury by attenuating ROS overproduction and mitochondria dysfunction. J Mater 
Chem B, 2019. 7(16): p. 2648-2656.
4. Zhao, G., et al., N-Acetyl-l-cysteine Enhances the Effect of Selenium Nanoparticles on Cancer 
Cytotoxicity by Increasing the Production of Selenium-Induced Reactive Oxygen Species. ACS Omega, 
2020. 5(20): p. 11710-11720.
5. Chung, S., A.K. Roy, and T.J. Webster, Selenium Nanoparticle Protection of Fibroblast Stress: 
Activation of ATF4 and Bcl-xL Expression. Int J Nanomedicine, 2019. 14: p. 9995-10007.

Acknowledgement
This work was supported by a National Research Foundation of Korea (NRF) grant funded by the 
Global Research Development Center Program (2018K1A4A3A01064257) and by the
Priority Research Center Program provided by the Ministry of Education (2019R1A6A1A11034536).

DEPARTMENT OF NANOBIOMEDICAL 
SCIENCE OF DANKOOK UNIVERSTITY

BK21+


