
Thermo Fisher Scientific is the world leader in servicing science 

and our mission is to enable our customers to make the world 

healthier, cleaner and safer.   One of the tool platforms that 

Thermo Fisher Scientific provides to the scientific community is 

primary hepatocytes; cells isolated from liver tissue.  These 

cells are used to explore and understand drug metabolism, 

drug-drug interactions, and toxicity.  Since these cells do not 

proliferate, they typically only live in vitro for 5-7 days, which 

severely limits the experimental time available to the 

researcher.  To address this problem, the team set out to 

develop a medium that would extend the amount of time 

hepatocytes can survive in culture while maintaining their 

functionality.  The team leveraged JMP® Statistical Discovery 

Software to gain insight into which potential factors were 

critical to extend hepatocyte functionality.  Measurement 

systems analysis was used to determine what types of 

measurement would give the most robust results for use in the 

investigation.  Leveraging the efficiency of a Plackett-Burman 

design and Custom DOE the medium was optimized.  The use 

of the tools available in JMP® Statistical Discovery Software 

assists the Thermo Fisher Scientific team in developing robust 

reagent systems to enable our customers to be successful. 

Abstract 

©2015 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified.  HepExtend™ Supplement is for Research Use Only.  JMP is a registered trademark of SAS Institute. Thermo Fisher Scientific • 5791 Van Allen Way • Carlsbad, CA 92008 • www.lifetechnologies.com 

Extending the Life of Hepatocytes with JMP® Statistical Discovery Software 

Kevin L. Vedvik, MSc1, Jessica A. Bonzo, PhD2, Rafal P. Witek, PhD, MBA2 
Thermo Fisher Scientific 1: 5225 Verona Rd., Madison, WI 53711; 2: 7305 Executive Way, Frederick, MD 21704 

Introduction 

Feasibility Data 

Hepatocytes are the primary functional cell 

of the liver: 

• Drug Metabolism 

• Protein Synthesis 

• Blood detoxification 

 

Customer need: extend the in vitro culture 

time while maintaining (or increasing) 

health and function. 

Experimental data suggested that complex solutions B and C could 

maintain Hepatocyte viability (ATP assay) and activity (CYP3A4 

assay) for up to 10 days. 

Of the 21 different components within these different solutions, what 

are the critical ones?  
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Apply Design of Experiments (DOE) methodology to understand what 

is critical to the system and how to optimize it. 

• Measurement Systems Analysis (MSA). 

• Screening DOE. 

• Custom DOE. 

• Confirm the model. 

MSA Data 

Days Days 

To develop the supplement, both viability and activity would need to 

be measured. 

MSA indicated that the assays were suitable and if variation among 

lots of hepatocytes was too high, a single lot could be used for the 

optimization phase. 



Screening Experiment: 

• 21 different components to test 

• 30 experimental runs would be the max. 

Screening Design 
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Custom Design Confirmation of Design 

Conclusion 

HepExtend activity results statistically higher starting at Day 3 (ANOVA, Tukey)  

Tested the product design against competitor solutions using 5 different 

measurements: total protein (a measure of health), CYP1A2, CYP2B6, 

CYP2D6, and CYP3A4. 

Product design performance was consistent with model prediction and 

outperformed competitor solutions. 

HepExtend™ Supplement released for customer 

purchase April 2015. 

• Improved viability and activity at longer culture 

times (>10days). 

The Design of Experiments methodology and JMP® Statistical 

Discovery Software enabled the team to narrow down the critical 

components to focus on and optimize for long-term hepatocyte 

performance. 

Results: 

• Most critical Factors: F, H, and S. 

• Secondary Factors to continue with: Q, L, C, R, G, M, & E. 

 

• Follow up with a Custom Design to model 3 continuous factors and 

mixture of 7 minor factors.  Include 1 additional component. 

Custom DOE Design: 

4 continuous factors (F, H, S + V) 

1 categorical factor (Mix A) 

Terms to estimate curvature 

Interactions terms up to 2 factors 

 

Testing conditions: 

 22 experimental runs 

3 wells per condition 

3 lots of hepatocytes 

Plackett-Burman design was able to identify main effects in 24 

experimental runs.  

Results: 

• Predicted the optimal setting 4 factors. 

• Predicted the presence of Mixture A improves the system. 

 

• Modeled the change in response over 3 lots of Hepatocytes 

• Modeled the change in response over time (5-14 days) 
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Hepatocytes are the primary functional cells of the liver: 

• Secretion of bile 

• Storage of glycogen 

• Plasma protein synthesis (e.g., albumin) 

• Hormone production 

• Detoxification of blood: metabolism, transport  

• Endogenous (bilirubin, ammonia) 

• Exogenous (xenobiotics) 

 

Hepatocytes are used in research to study: 

• Liver biology 

• Liver disease 

• Metabolic disorders 

• ADME Tox: Absorption, Distribution, Metabolism, Excretion, Toxicology 

• Hepatocytes are primary site of metabolism for most drugs 

• Hepatic uptake, biliary clearance  

 

Current standard monolayer human hepatocyte cultures are typically functional in culture for 5 to 7 days. 

While this is sufficient for induction studies and high rate of metabolic turnover compounds, there is an 

increasing need for longer term cultures of hepatocytes to study low turnover compounds as well as longer 

term toxicity studies. Recently developed co-culture and 3D models have significantly increased the functional 

life span of hepatocytes in culture. However, many of these models rely on co-culturing of human hepatocytes 

with other species of cells, are not amenable to high throughput processes that have been developed with 

standard culture practices, and are very costly. To address these concerns and extend the functional life of 

hepatocytes in culture, we set out to develop a new supplement used in conjunction with our standard William’s 

E Maintenance media.  

http://www.medicinenet.com/liver_disease/page3.htm 

Click arrow to return to poster 



The viability MSA illustrated that using 3 lots of 

hepatocytes had 15.9 % Gauge R&R % of Total. 

This could be reduced to 9.5% using a single lot.  

The measurement system was a Second Class 

system and improved to First Class for a single lot. 
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CYP3A4 Activity Assay Cell Viability Assay 

The activity MSA illustrated that using 3 lots of 

hepatocytes had 22.9 % Interaction Variation % of 

Total. This reduced to 4.7% using a single lot.  The 

measurement system was a Second Class system 

and improved to First Class for a single lot. 

Click arrow to return to poster 



©2015 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified.  HepExtend™ Supplement is for Research Use Only.  JMP is a registered trademark of SAS Institute. Thermo Fisher Scientific • 5791 Van Allen Way • Carlsbad, CA 92008 • www.lifetechnologies.com 

Extending the Life of Hepatocytes with JMP® Statistical Discovery Software 

3 different lots of Hepatocytes were used and data 

was collected at Day 5, 10 , and 14 for both the cell 

viability and functional responses. 

 

By being able to model the main effects of the 21 

different components over 3 lots of hepatocytes, 

differences observed could be investigated. 

 

Collecting data at different time points for each of 

the test lots, allowed the estimation how the different 

factor effects change over time. 

 

Having the ability to combine all of the responses 

together allowed for the visualization of trends 

among them. 

 

From these results the following was concluded: 

 

• Three factors appeared to have the largest 

impact on the responses measured:  Factor F, H, 

and S. 

• Seven additional factors appeared to have minor 

impacts to the responses measured:  Factors Q, L, 

C, R, G, M, E. 

CYP3A4 Activity Assay 

Viability Assay 
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Data was collected over 3 different days for 3 different lots of hepatocytes.  To incorporate time as a factor for the model, day was incorporated as a 

continuous factor.  The hepatocyte lots were also treated as a factor in the model (categorical). 

 

With this augmented model, the optimal settings for the four continuous factors (V, S, H, and F) and inclusion of the 7 component mixture were determined.  

By including the effect of time and hepatocyte lot in the model, the optimal conditions were proposed. 
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HepExtend activity results statistically higher starting at Day 3 (ANOVA, Tukey)  
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