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 A cell’s DNA  is 2 
meters long! 

 Compaction 
scheme 

 DNA (-) 

 Histones (+) 

 Chromatin 
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 Sequence need to be readily accessible  
 Heterochromatin (closed) 

 Euchromatin (open) 

 Binding regions 
 Transcription regions  

  (Transcription factors) 

 Promoter sequences 

  (RNA polymerase) 
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 Stress transition to 
nuclear elements  
 Opening of pores 

 Chromatin stretching 
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 Maniotis, Chen, Ingber, PNAS, 1997, 94:849-54 
 
 
 
 
 
 
 
 

 Phase-contrast (A–H)  views of endothelial cells before (A, C, E, G) and after (B, D, 
F, H) mechanical stresses were applied to cell surface receptors. (A and B) Pulling 
on a single RGD-coated microbead (4.5-μm diameter) 15 min after binding to 
integrins using an uncoated glass micropipette; only 2 sec passed between A and 
B. (C and D) Similar displacement of a surface-bound bead coated with acetylated 
low density lipoprotein (AcLDL), a ligand for transmembrane metabolic receptors,  
microbead. (E and F) Mechanical displacement of RGD-coated (Arg–Gly–Asp) 
beads bound to the surface of a cell permeabilized with 0.5% Triton X-100 prior to 
force application. (G and H) A spread cell before (G) and after (H) a fibronectin-
coated micropipette was bound to cell surface integrins for 5 min and pulled 
laterally (downward in this view). The movement of the pipette is downward, and 
vertical black arrows indicate the extent of pipette displacement in all views.  

Tensegrity 
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 Cells of cartilage responsible for synthesizing and 
maintaining the tissue. 

 

 Mechanoresponsive to compression 
 Static 15% strain inhibits synthesis of cartilage matrix 

proteins and proteoglycans 
 Cyclic compression can stimulate matrix production 

 Low frequency (<1 mHz, 5% strain) has little effect 
 Hi frequency  (10 mHz – 1 Hz, 5%) increases matrix changes 

 Strain rate is important 
 Low rate (0.01 s-1, 50%) has no effect on chondrocyte activity 
 Hi rate (0.1-1 s-1,50%) decreases matrix production and kills 

cells 
 

 In vitro, grown in a 3D bed of alginate beads to 
prevent dedifferentiation.   
 In culture, they loose cartilage phenotype and transform 

into flattened fibroblast-like cells.   

In vivo 

In vitro 
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 Micropipette system on inverted microscope 

 

 

 

 
 

 

 Mechanical and chemical isolation of nuclei 
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 Nuclei stiffer and more 
viscous than whole cells 

 Viscous fluid drop model 
with elastic shell not 
appropriate 

 Nuclei exhibit more 
viscoelasticity 
characteristics than 
viscous fluid 
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 White Blood Cells 
 Neutrophils shut down DNA 

replication 

 Activated T-cells have 
upregulation of lamins  

 Cancer 
 Lamin deregulation in 

leukemia, GI, and lung cancer  

 Lamin upregulation in ovarian, 
colon, and prostate cancer 

 Effect on migration 
and/or chromatin 
configuration? 
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