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Problems 

•  Donor cells and tissues essential for modern 
medicine 
•  30 mil units of blood transfused annually in US 
•  Donor bone marrow (leukemia) 
•  Regenerative medicine requires stem cells 

•  Finite lifetime  
•  Storage and transport 



Limitations 

•  Between TM and TS is a state of suspended 
animation 

•  Resume metabolism once the temperature re-
crosses the TM threshold[1] 

[1]  A. Clarke, et al., PLoS One, 2013.  



Limitations 
Ice Osmolarity 

• As ice forms, solute 
concentration changes 

• Water rushes out of the 
cell 

•  Lipid bilayer disruption 
 
•  Internal ice is almost 

always lethal 



Nature’s Protection 

		

[2] C. J. Capicciotti, et al, Recent Dev. Study Recryst., 2013.  

[2] 



Antifreeze Glycoproteins (AFGPs) 

• Problems 
•  Obtaining large quantities 
•  Prevents bacterial expression 
•  Immunogenicity/Toxicity 
•  Bipyramidal Shaped Ice 

• Synthetic Polymers 
•  Highly tunable 

•  Composition 
•  Architecture 
•  Molecular weight 

		

[5] 

[5] M. I. Gibson, Polym. Chem., 2010.  



Poly(vinyl alcohol) (PVA) 
• RI Activity[6] 

•  Dilute range (<1 mg mL-1) 

• Weight Dependent RI[7] 

•  Higher Mw gives more RI 

• Small TH Activity[8] 

• Dynamic Ice Shaping Behavior[9] 

• Hydroxyl Group Spacing[9] 

•  Closely matched to prism planes of hexagonal ice 

		

[6] M.	I.	Gibson	et	al.,	Biomacromolecules,	2009.	[7]	Inada	and	S.-S.	Lu,	Cryst.	Growth	Des.,	2003.		
[8]	T.	Inada	and	S.	S.	Lu,	Chem.	Phys.	Lett.,	2004.	[9]	C.	Budke	and	T.	Koop,	ChemPhysChem,	2006.		
	
	
		



SPLAT Assay 

		

PBS 

10 mg/mL PVA in F-12K 

200 mM Proline in F-12K 

200 mM Proline + 10 mg/mL 
PVA in F-12K 



Current Cell Cryopreservation 

		

• Dimethyl Sulfoxide (DMSO) 
•  Toxic at room temperature[13] 

• Frozen in solution 
•  Phenotypic changes 

[13]  G. M. Fahy, Cryobiology, 2010. 



Cell Lines 

		

A549 
• Human lung cells 
• Epithelial carcinoma 

MC-3T3 
• Mouse bone cells 
• Fibroblast preosteoblast 



Freezing Viability 

		

• 24 well plates 
• Cells are plated for 2 hours 
• Incubated with solutes for 24 hours 
• CPA applied for 10 min then 

removed 
• Placed into passive freezing 

device (-1 ºC/min) for 24 hours 
• Quickly thawed with 37 ºC medium 
• Incubated for 24 hours 
• Counted for viability 



A549 Cell Cryopreservation with Proline 
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A549 Cell Cryopreservation with PVA 
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A549 Cryopreservation with Proline & PVA 
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Next 

•  Collagen coating 24 well plates for MC-3T3 
freezing 

•  Differentiate MC-3T3 cells post-freezing to 
additionally asses viability 

•  DSC solutions to see if/when Tg is formed 
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Extra	bits	in	case	you	need	them.	


