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The purpose of this study is to elucidate how forces applied to cells are transmitted through 
intracellular components.  We found that cytoskeletal filaments, such as actin stress fibers (SFs) 
and microtubules, have crucial roles in maintaining whole cell mechanical properties, and they 
contribute to the intracellular force balance three dimensionally, which control the internal tension 
of cells and their three dimensional morphology.  We also found that SFs firmly connected to 
nuclear membrane, and the internal force of SFs transmitted mechanically to the nuclear membrane.  
These direct force transmission may induce the conformation changes of intranuclear DNA.  The 
results of this study will provide new prospects in cellular mechanotransduction.  
 
 
 

 
                                

    
2008  9,500,000 2,850,000 12,350,000 

2009  2,700,000 810,000 3,510,000 

2010  2,700,000 810,000 3,510,000 

2011  3,400,000 1,020,000 4,420,000 

 18,300,000 5,490,000 23,790,000 

 
 

 
 

 
 

13903 

 

2008 2011   

20680025 

 

Development of in situ measurement technique to evaluate the internal 

stress of intracellular structures  

 

 

NAGAYAMA KAZUAKI  

 

10359763 

 



 

 

 

 

 
 

 

 
 

 

 

 

µm

 

 

 

 
 

 
 

15%

-

3,12

70%,30%
3

 

 

 

 



 

 

 

 

 

 

20nN 50nN

6, 10

 

20

 
 

DNA

3,4

DNA
 (

DNA

DNA

 
 

 
 (a, b) 

DNA (c, d) 

DNA GFP Hoechst33342

DNA

 (c 

DNA  (d)  

 

 

 

 

 

 

DNA: ) 

Nesprin

DNA  (  



 

 

 

 
 

17  
1.  Nagayama K, Kimura Y, Makino N, Matsumoto T, 

Strain waveform dependence of stress fiber 
reorientation in cyclically stretched osteoblastic 
cells: Effects of viscoelastic compression of stress 
fibers, American Journal of Physiology, Cell 
Physiology 302 (2012, in press)  

2.  Nagayama K, Adachi A, Matsumoto T, Dynamic 
Changes of Traction Force at Focal Adhesions 
during Macroscopic Cell Stretching Using an 
Elastic Micropillar Substrate: Tensional 
homeostasis of aortic smooth muscle cells, 
Journal of Biomechanical Science and 
Engineering 7, 130-140, (2012)   

3.  Matsumoto T, Nagayama K: Tensile properties of 
vascular smooth muscle cells: bridging vascular 
and cellular biomechanics, Journal of 
Biomechanics 45, 745-755 (2012) , 

 
4.  Nagayama K, Yahiro Y, Matsumoto T: Stress fibers 

stabilize the position of intranuclear DNA through 
mechanical connection with the nucleus in 
vascular smooth muscle cells, FEBS Letters 
585-24, 3992-3997 (2011)  

5.  Nagayama K, Adachi A, Matsumoto T: 
Heterogeneous Response of Traction Force at 
Focal Adhesions of Vascular Smooth Muscle 
Cells Subjected to Macroscopic Stretch on a 
Micropillar Substrate, Journal of Biomechanics 44, 
2699-2705 (2011)  

6.  Nagayama K, Matsumoto T: Dynamic Change in 
Morphology and Traction Forces at Focal 
Adhesions in Cultured Vascular Smooth Muscle 
Cells during Contraction, Cellular and Molecular 
Bioengineering 4-3, 348-357 (2011)  

7.  Miyasaka K, Kida Y, Banjo T, Ueki Y, Nagayama 
K, Matsumoto T, Sato M, Ogura T: Heartbeat 
regulates cardiogenesis by suppressing retinoic 
acid signaling via expression of miR-143, 
Mechanisms of Development 128-1-2, 18-28 
(2011)  

8.  : 4. 
4.2.1 

 106, 575 (2011) , 
 

9.  Nagayama K, Yahiro Y, Matsumoto T: In situ 
observation of nuclear behavior during laser 
nano-dissection of actin stress fibers: mechanical 
interaction between actin stress fibers and nucleus, 
Proceedings of the ASME 2011 Summer 
Bioengineering Conference, SBC2011-53264.pdf 
(in CD-ROM) (2011)  

10. Nagayama K, Matsumoto T: Estimation of Single 

Stress Fiber Stiffness in Cultured Aortic Smooth 
Muscle Cells under Relaxed and Contracted 
States: Its Relation to Dynamic Rearrangement of 
Stress Fibers, Journal of Biomechanics 43, 
1443-1449 (2010)  

11.  Nagayama K, Morishima N, Matsumoto T: 
Effects of three-dimensional culture and cyclic 
stretch stimulation on expression of contractile 
proteins in freshly isolated rat aortic smooth 
muscle cells, Journal of Biomechanical Science 
and Engineering 4, 286-297 (2009)  

12.  Nagayama K and Matsumoto T: Contribution of 
Actin Filaments and Microtubules to Quasi-in situ 
Tensile Properties and Internal Force Balance of 
Cultured Smooth Muscle Cells on a Substrate, 
American Journal of Physiology, Cell Physiolog 
295, 1569-1578 (2008)  

 5  
 

53  
1. 

DNA 24
: 2012.1.7-8: 

 
2. Nagayama K, On the roles of actin stress fibers on 

mechanical stabilization of the nucleus and 
intracellular DNA, The 5th Shanghai International 
Conference on Biophysics and Molecular Biology: 
2011.11.4-8: Shanghai-Hangzhou, China.

 
3. Nagayama K, Dynamic behavior of nucleus and 

intranuclear DNA induced with laser nano-dissection 
of stress fibers in vascular smooth muscle cells

49 : 2011.9.16-18:  
4. Nagayama K, In situ observation of nuclear behavior 

during laser nano-dissection of actin stress fibers: 
Mechanical interaction between actin stress fibers and 
nucleus, ASME 2011 Summer Bioengineering 
Conference : 2011.06.22-25: Farmington, PA, USA. 

5. 

AEM 23
: 2011.5.18-20:  

6. 
50

: 2011.4.29-5.1:  
7. 

20
: 2011.03.05:  

8. Nagayama K. In situ observation of dynamic 
deformation of nucleus induced with laser 
nano-dissection of stress fibers: Mechanical 
interaction between stress fibers and nucleus, 
International Symposium on the Physicochemical 
Field for Genetic Activities: 2011.01.24-26: Westin 
Awaji Island, Japan. 



 

 

9. 

23 : 
2011.01.08-09:  

10. 

2010 : 2010.09.06-08: 
 

11. Nagayama K, Strain waveform dependence of stress 
fiber reorientation in cyclically stretched 
osteoblast-like cells: Possible effects of viscoelastic 
compression of stress fibers during stretch cycle, The 
Sixth World Congress of Biomechanics: 
2010.08.01-06: Singapore.  

12. 

49 : 
2010.06.25-27:   

13. 

22 : 
2010.01.09-10:  

14. Nagayama K, Measurement of traction force at focal 
adhesions during macroscopic stretch of smooth 
muscle cells, BMES 2009 Annual Fall Meeting 
2009 : 2009. 10. 07-10: Pittsburgh, USA.  

15. 

2009  : 2009. 09. 14-16: 
.   

16. Nagayama K, Measurement of traction force at focal 
adhesions of smooth muscle cells on microfabricated 
substrate during macroscopic stretching, The Third 
Japan-Switzerland Workshop on Biomechanics: 2009. 
09. 01-04: Engelberg, Switzerland.  

17. 
48

 : 2009.4.23-25:  
18. Nagayama K, Effects of cyclic stretch waveform and 

cell density on the cyclic stretch-induced stress fiber 
reorientation in osteoblast-like cells The 4th 
Asian-Pacific Conference on Biomechanics: 
2009.4.14-17: Christchurch, New Zealand. 

19. 
 21

: 
2009.01.23-24: . 

20. Nagayama K, Contribution of Stress Fibers to 
Quasi-in situ Tensile Stiffness of Smooth Muscle Cells, 
2008 BMES Annual Fall Meeting: 2008.10.02-04: St. 
Louis. 

21. 

6
: 2008.09.17-19:  

22. 

47 : 2008.05.08-10: 
  

 31  
 

 
 

 
 

 
 
2010-003205 
2010  

 
 

 
 

http://biomech.web.nitech.ac.jp/top.html 
http://researcher.nitech.ac.jp/html/307_ja.html 
 
 

 
(1)  

NAGAYAMA KAZUAKI  

 

10359763 
 
(2)  
   

  
(3)  
   
 
 
 
 
 
 
 
 
 
 


