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Cellular Cryopreservation 
Basics 



 
Ultralow storage temperatures suspend all molecular processes and prevents free radical generation that 
negatively effects cryopreserved cultures (Baust J. , 2007; Baust, Corwin, Van Buskirk, & Baust, 2015).  

 

The purpose of cryopreservation is to store cells indefinitely by halting the cell’s 
metabolism with ultralow temperatures.  
 

The freeze-thaw process is stressful to all cells and tissues. Therefore, effective 
techniques were developed to prevent cell death and damage. 

Controlled cooling to 
-80°C 

Harvest cells 



Intracellular ice Extracellular ice 

Water migrate out:  
- Dehydration 
- Shrinkage 
- Cell death 

Mechanical 
damage when 
thawing 

• Using appropriate cryoprotective agents  
• Controlling the cooling rate  
• Maintaining appropriate storage temperatures  
• Controlling the rewarming rate 



Cryoprotectants are compounds that protect cells from intracellular ice formation.  

DMSO, glycerol, ethylene glycol, and propylene glycol are all permeating cryoprotectants.  

 

  

Without cryoprotectant With cryoprotectant 

Their mechanism of action involves entering the cell freely and replacing water, lowering the 
amount of ice formed, and acting as a secondary solvent for salts (Lovelock, 1953; Pegg, 
1984).  
 



DMSO Glycerol  

- DMSO being more 
common for mammalian 
cells.  

- Used at a concentration of 
max 10%.  

- Most commonly used for 
preservation of 
microorganisms, red blood 
cells and spermatozoa 
(Jang, et al., 2017). 

While these agents protect cells during the slow freezing process they can 
also cause cell toxicity, especially at room temperature.   
 

Which Cryoprotectant?  



FBS advantages FBS disadvantages 

- May help to protect cells - Not a cryoprotective agent 
- Undefined, contains growth factors, 

hormones 
- Increases variability 
- Not recommended for cell banking, 

clinical applications 
- Increases risk of contamination 
- Fluctuating costs 

In standard home brew solution FBS is used to reduce the cytotoxic effect. 

Animal component free replacement?  
 

Methylcellulose has been suggested as a protective agent in 
cell cryopreservation and is used as suitable replacement for 
FBS.  
 Chemically defined 
 Protective 
 
Mizrahi A, Moore GE, Appl Microbiol. 1970 Jun; 19(6):906-10 
Merchant DJ, Hellman KB, Schneider H, Muirhead EE.  



 
 
 

During the freezing process ice forms in and out the cell and this is very much 
dependent on the cooling rate.  
 

 



While optimized cryopreservation protocols and published formulations exist for most 
areas of research and medicine, technical issues persist.  
 
 

 
 
 
 

Poor cell 
quality 

post-thaw 

Low survival 
rate – 

apoptosis, 
necrosis 

Altered gene 
expression 

and 
morphology 

Epigenetic 
changes 

Loss of 
cellular 
function 

Low post-
thaw cell 
growth - 
recovery 

Baust J., 2007; Van Buskirk, 2007; Baust, Corwin, Van Buskirk, & Baust, 2015; Allegrucci & Young, 



Controlled Rate Freezing Methods 

LN2 (Controlled rate freezers) Step-down freezing 
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 Controlled rate freezers may be programed 
for precise and active cooling protocols so 
that cells are frozen typically at -1°C/min 
with liquid nitrogen 
 

The more traditional approach of step-
down freezing uses a specialized freezing 
container that is designed to cool cells at -
1°C/min in -80°C freezers (e.g. Mr. Frosty).  
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s - Actively monitored temperature 
- Some controlled rate freezers do not 

require any consumable cryogens. 
 

- Does not require any special appliance 
- Cost effective 
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- A controlled rate freezer 
- Appropriate storage vials 
- Specialized freezing solution 
 

- Cryovials are  
- Specialized freezing solution 
-  -80°C freezer 
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Liquid nitrogen or mechanical storage as 
long as it is below -135°C. 

Liquide nitrogen 



Choosing a Cryopreservation 
Media 



What are my priorities and what are my cell needs?  
 
 

o Required recovery rate?  

o Required survival rate? 

o Cryopreservation medium composition? 

o Serum-free or xeno-free requirements? 

o Which protocol and method do I want to use? 

o Advantages of commercial media vs home brew? 



NutriFreez™D10 
Cryopreservation Medium 
Ready-to-use, animal component-free, chemically defined, protein-free freezing 
medium 
 

  



NutriFreez™ D10 Cryopreservation Medium 

DMF 

Submitted 

 Chemically defined and animal component-free  

 Ready-to-use, stored at 4°C 

 Manufactured under cGMP conditions 

 FDA Drug Master File (DMF) submitted 

 Contains: Methylcellulose and 10% DMSO 





Validation for human 
mesenchymal stem cells 
NutriFreez™ D10 versus serum free cryopreservation products containing 10% DMSO 
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NutriFreez™ D10 
Cryopreservation 

Medium 

Competitor CS Competitor CB
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NutriFreez™ D10 
Cryopreservation 

Medium 

Competitor CS Competitor CB

Direct post thaw viability (%)  Recovery 3 days post-thaw 

All Serum-Free Freezing Products  yield greater than 94% viability (A) however, hMSC-
BM cells cryopreserved with NutriFreez™ D10 exhibited superior recovery (B) after 3 

days of growth compared to competitors, while keeping normal cell morphology (C)      

95.2% 96.3% 
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* 

≥ 94% Viability  
directly post-thaw 

  Superior Recovery  
3 days post-thaw 

94.3% 

In house data 

A B 



38,000 cells/cm2 
Normal morphology 

   

~4,000 cells/cm2 

Abnormal morphology 

29,000 cells/cm2 

Normal morphology 

 NutriFreez™ D10 
Cryopreservation Medium 

 
10% DMSO 

 Cryostor® CS10 

 

 
10% DMSO 

 

 

STEM-CELLBANKER® 
 

 
10%DMSO 

 

 

Maximum Cell Proliferation with Normal Morphology 
of BM-hMSC 

 3 days Post-Thaw 

In house data 



First in-human clinical trial 
evaluating allogeneic 
mesenchymal stem/stromal 
cells in septic shock patients. 

ISCT 2018 

Name: Cellular Immunotherapy for Septic Shock 
(CISS2), Phase 2 
Conditions: Septic Shock, Sepsis, Pathologic 
Processes, Shock, Infection,  
Systemic Inflammatory Response Syndrome, 
Inflammation 



* PLA-Plasma Lysate 
**HA-Human Albumin/5% HA/10 

Allogeneic mesenchymal stem cells exhibit superior cell viability over 
home-brew and competitor (direct post-thaw)  
 

 * Data Acknowledgment: Prof. Shirley H.J. Mei and research team Yuan Tan and Mahmoud Salkhordeh, 

   Regenerative Medicine Program, Ottawa Hospital Research Institute (Ottawa, Canada). 

Viability via Trypan Blue exclusion Viability via Annexin V/PI staining FACS analysis 



 * Data Acknowledgment: Prof. Shirley H.J. Mei and research team Yuan Tan and Mahmoud Salkhordeh,  

   Regenerative Medicine Program, Ottawa Hospital Research Institute (Ottawa, Canada). 

  PLA/5% HA/10% DMSO  NutriFreez™ D10 

Morphology - 6 days post-thaw 

Competitor10%DMSO  

Recovery- 6 days post-thaw 

Allogeneic MSC exhibit 

superior recovery over 

competitor and  home-brew 

freezing solutions*.  

Allogeneic MSC show normal 

morphology after post-thaw 

recovery*.  



Validation for human embryonic 
stem cells 
NutriFreez™ D10 versus serum free cryopreservation products containing 10% DMSO 

  



hESC show excellent recovery via morphology and attachment 1, 2 and 4 days post thaw 
after cryopreservation in NutriFreez™ D10.  

OCT-4 

Merge 
Day 1  

Post- thaw 

BGO1V/hOG (hESC)  

GFP 

GFP 

H1 hESC  

Day 2-4  

Post- thaw 

BGO1V/hOG  

Oct4-GFP reporter 

 Representative results (x200) of colony morphology    

In house data 

Recovery 1, 2 and 4 days post-thaw 



SSE4 

DAPI OCT-4 

Merge 

hESC H1 post –thaw pluripotency surface marker expression 
   

by Immunofluorescence    by FACS Analysis  

In house data 

hESC (H1 hESC), post-thaw demonstrate excellent cell morphology over time with 
normal expression level of pluripotency hESC surface markers (A, B). 

A B 



Qualification test conducted by WiCell, 

one of the leading hESC cell banks in the 

USA. 

 

WiCell tested the ability of NutriFreez™ D10 

Cryopreservation Medium to appropriate 

cryopreserve pluripotent stem cells (PSC’s) 

without affecting the undifferentiated state 

and the expansion rate of PCS’s post thaw. 

“Human Pluripotent Stem Cells cryopreserved with NutriFreez™ D10* 

had no effect on cell proliferation, differentiation, morphology or karyotype” 

  

Click here to get the full report 
• Please note that this test was conducted under the product brand name CryoStem™. The NutriFreez™ brand name replaces CryoStem™ and is the same formulation  

     depicted here in this study 

about:blank


Safety Tips and Considerations 



Troubleshooting: viability issues after cryopreservation 





"Slow freezing, quick thawing is 
the way for optimal cell 

recovery“ 
 
 

Dr. Oren Ben Yosef, BI Technical Support 
 



THANK YOU 
support@bioind.com  

www.bioind.com 

 

 

To learn more, download our 
cryopreservation guide including detailed 

protocols and tips! 
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