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APPLICATION NOTE 

If	You	Could	Choose	a	More	Physiologically	Relevant	Environment	
For	Your	Cells,	Wouldn’t	You?	Avatar	is	a	Tunable	Cell	Culture	
System	That	Produces	More	Meaningful	Results.	

Cell culture allows researchers to model pathway manipulations in vitro, making 
it possible to eliminate or control outside factors so that a gene or pathway can 
be studied in isolation. As scientists learn more about the influence of 
environment on cell behavior and function, however, it has become clear that 
standard culturing does not maintain cells under conditions that accurately 
reflect native biology. Disease modeling, pathway interrogation, and drug 
discovery rely on the physiological relevance of gene and protein expression 
readouts to inform new hypotheses and fine-tune lead candidates. But with 
traditional culturing systems that do not easily support the maintenance and 
growth of primary cells, these scientific applications need a more reliable 
solution to make their findings as robust and useful as possible. 
Historically, cells are grown in traditional incubators at conditions that take little 
into account about the biological compartment from which they came, except 
for temperature. Scientists now appreciate that customizing settings based on 
cell type or native microenvironment allows cells to behave as they would in 
vivo. With the development of the Avatar™ system, a new incubator that offers 
more adjustable environmental settings than traditional incubators, researchers 
are now able to study cells under a range of conditions and determine which 
combination of factors is ideal for each type of cell. In a study conducted by 
Xcell Biosciences, cellular morphology and gene expression profiles were 
analyzed across a host of conditions, including custom oxygen and pressure 
levels.  

What	Is	Avatar?	

There is an increasing effort to study cells from primary sources (donor and 
patient samples) to have data that may be more quickly translated into 
therapeutic action. The Avatar system was designed to create an environment 
that could be more carefully tailored to any type of cell, and thus increase both 
the chances of culture of difficult to grown cells, as well as generate more 
biologically relevant behavior. This system builds on increasing awareness in 
the scientific community that hypoxia and pressure are key components of a 
cell’s environment. Studies have shown that this approach more closely mimics 
the native microenvironment of cells, allowing them to function as they would in 
vivo. This innovative culturing system improves on current incubators by 
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incorporating important biological traits — hypoxia and pressure — as fully 
customizable settings.  
By incorporating adjustable settings for oxygen and pressure levels in addition 
to the usual temperature and carbon dioxide levels, the Avatar system allows 
scientists to recreate the native microenvironment of their samples and to 
generate more physiologically relevant results. Several studies of gene 
expression, proteomic profiles, morphology, and other traits have shown that 
cells stored in the Avatar system more faithfully reflect in vivo biology than cells 
stored in traditional incubators. 

Study	Results	

Some of the first cells that were recognized to have changes in their ability to 
be passaged when cultured in low oxygen conditions were primary mouse 
embryonic fibroblasts. These primary cells respond similarly to many 
transformed cells lines in response to low oxygen conditions through 
stabilization of the HIF1 transcriptional protein complex and activation of 
downstream genes such as Vegfa (Fig. 1).  

For this study, various transformed cells lines including prostate cancer model 
cell lines (PC-3 and LNCaP) and pancreatic cancer cells (PANC10.05) were 
cultured under a matrix of conditions to study changes in cell morphology as 
well as gene and protein expression changes. The six Avatar incubator 
conditions that were compared to cells cultured in a standard tissue culture 
incubator were: 1% O2 or 10% O2 at 2 or 5 PSI above atmospheric conditions, 
or at atmospheric O2 with an additional 2 or 5 PSI of pressure. 
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Results demonstrated different gene expression patterns in the various Avatar 
conditions compared to a standard tissue-culture incubator (Fig. 2). Genes well 
known to be up-regulated by hypoxia (less than 5% O2) such as VEGFA and 
glucose-6-phosphate isomerase were some of the top genes up-regulated in 
response to 1% O2, indicating that cells were behaving more closely to their 
native biology than they did in traditional incubators. Gene expression also 
changed as a result of tuning pressure. A whole transcriptome analysis of these 
samples provides a better picture of pathways regulated by pressure alone and 
in conjunction with hypoxia (Fig. 3). 
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In addition, the cell models U-87 and A-172 represent models of brain cancers, 
and using similar Avatar™  settings, as well as setting of 1% and 5% O2 and 
0.5 and 2 PSI above atmospheric pressure, we identified pathways indicating 
altered metabolism. Included in these pathways are are significantly changed 
expression of transporter genes, which may serve as a key biological clue as to 
the mechanisms of altered metabolism in brain cancer. The Avatar™  approach 
represents an opportunity to repurpose these established cell lines for study 
under more physiologically relevant conditions for discovery purposes. 
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Finally, to model the opportunity to serial monitory patients, we culture donor 
PBMCs isolated from blood and analyze how the circulating immune 
compartment that is candidate tumor infiltrate in patients might respond to 
different culture conditions. Indeed under Avatar™  settings of 1% and 5% O2 
and 0.5 and 2 PSI above atmospheric pressure, we show that the cells 
differentially express many genes, including those that code for cytokines and 
protein products that may be factors in metastasis.  

Going	Forward	

These studies offer preliminary data as to how canonical hypoxia-induced 
pathways are activated and serves as an important step toward understanding 
how customized oxygen and pressure settings can produce more 
physiologically relevant results from cells stored in culture. The results indicate 
that these conditions are indeed influential in the behavior and function of cells, 
and that incorporating them into cell culture will make results more meaningful. 
The Avatar system could have significant benefit to scientists conducting cell 
screening, drug discovery, including immunotherapy profiling, and basic 
biology experiments. 




