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Screenshot removed due to copyright restrictions. 
Source: Prof. Paolo Provenzano's website. 
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http://bme.umn.edu/people/faculty/provenzano.html


Karatan sulfate (n=20-40)

Hyaluronan (n < 50,000) Heparan sulfate (n=15-30)

Chondroitin Sulfate (n<250)

Family of glycosaminoglycans (GAGs):  
Major components of the extra-cellular matrix of tissues and tumors

3



pericellular 
“coat” +hyaluronidaseHyaluronan synthesis 

and degradation 

Text from "hyaluronan synthase" article on wikipedia removed due to copyright restrictions. 

Text from "hyaluronidase" article on wikipedia removed due to copyright restrictions. 

Nature Reviews Cancer 4, 528 (2004) 

Courtesy of Macmillan Publishers Limited. Used with permission. 
Source: Toole, Bryan P. "Hyaluronan: from extracellular glue toHyaluronidase pericellular cue." Nature Reviews Cancer 4, no. 7 (2004): 528-539. 

Courtesy of Jag123 on wikipedia; image in the public domain. 
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https://en.wikipedia.org/wiki/Hyaluronan_synthase
https://en.wikipedia.org/wiki/Hyaluronidase
https://en.wikipedia.org/wiki/Hyaluronidase#/media/File:Hyaluronidase-1OJN.png
http://dx.doi.org/10.1038/nrc1391
http://dx.doi.org/10.1038/nrc1391


http://www.halozyme.com/Products-And-Pipeline/Pipeline/PEGPH20/ 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
	
Source: Provenzano, Paolo P. et al. "Enzymatic targeting of the stroma ablates physical barriers 
to treatment of pancreatic ductal adenocarcinoma." Cancer Cell 21, no. 3 (2012): 418-429.
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http://www.sciencedirect.com
http://dx.doi.org/10.1016/j.ccr.2012.01.007
http://dx.doi.org/10.1016/j.ccr.2012.01.007
http://www.halozyme.com/Products-And-Pipeline/Pipeline/PEGPH20/


Disagreement regarding the mechanism of action  

Cancer Cell, 2014  

Cancer Cell, 2014  
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http://www.molbiocell.org/content/22/5/525.full
http://www.jci.org/articles/view/39424

�

http://www.jci.org/articles/view/39424
http://www.molbiolcell.org/content/22/5/525.full


Leukocyte rolling, adhesion, and extravasation  

© John Wiley & Sons, Inc. All rights reserved. This content is excluded from our Creative Commons  
license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
	
Source: Man, Shumei, Eroboghene E. Ubogu, and Richard M. Ransohoff. "Inflammatory cell migration into  
the central nervous system: a few new twists on an old tale." Brain Pathology 17, no. 2 (2007): 243-250.
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http://ocw.mit.edu/help/faq-fair-use/
http://dx.doi.org/10.1111/j.1750-3639.2007.00067.x
http://dx.doi.org/10.1111/j.1750-3639.2007.00067.x


Stress Tensor: Surface Forces on a Fluid Element  
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Newtonian Fluids and Viscosity  

Figure of laminar shear in a fluid from "Viscosity" article on wikipedia removed due to copyright restrictions. 

Image in the public domain. 
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https://en.wikipedia.org/wiki/File:Laminar_shear.svg#/media/File:Laminar_shear.svg
https://en.wikipedia.org/wiki/File:Laminar_shear_flow.svg


“The state diagram for cell adhesion under flow:
Leukocyte rolling & firm adhesion” 

Bell model: 

constantparameter 

Hammer+ PNAS 2000  

bond force-free 
rupture dissociation 

Courtesy of the National Academy of Sciences. Used with permission.
Source: Chang, Kai-Chien et al. "The state diagram for cell adhesion under flow: leukocyte rolling and 
firm adhesion." Proceedings of the National Academy of Sciences 97, no. 21 (2000): 11262-11267. 11
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Bell model: 

to force  

Courtesy of the National Academy of Sciences. Used with permission. 
Source: Chang, Kai-Chien et al. "The state diagram for cell adhesion 
under flow: leukocyte rolling and firm adhesion." Proceedings of the 
National Academy of Sciences 97, no. 21 (2000): 11262-11267. 

Hammer+ PNAS 2000  
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