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Immunotherapeutics	Study	Reveals	Promise	of	
Avatar™	System	for	Drug	Screening	

The drug discovery process has long been characterized by very low success 
rates in moving compounds from early-stage studies to clinically proven 
therapeutics. A confounding factor in the process is the inability to conduct 
high-throughput screening in an environment that truly mirrors human 
physiology. These early-stage tests are typically performed on cell lines that 
have been stored in incubators, where contamination over time is a very real 
issue. Even when cell lines are kept contaminant-free, the incubators housing 
them cannot fully reproduce the native conditions of the cells; even small 
environmental changes can significantly alter the cells’ gene and protein 
expression. 
The Avatar system is a new approach to cell culturing designed to help drug 
discovery researchers generate more physiologically relevant data, as well as 
identify and advance the best candidates to clinical trials. This innovative 
culturing system improves on current incubators by incorporating important 
biological traits — 
hypoxia and pressure — 
as fully customizable 
settings. Studies have 
shown that this approach 
more closely mimics the 
native microenvironment 
of cells, allowing them to 
function as they would in 
vivo. By testing 
compounds on cells 
stored this way, the drug 
discovery and 
development process 
could become more 
efficient and effective by 
requiring fewer guesses 
to select a functional and 
safe compound. 

Fig 1. Prostate cancer cell lines (PC- 3 and LNCaP) cultured under physiologically-
relevant oxygen and pressure levels lead to different gene expression signatures 
when compared to traditional culturing methods.
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Xcell Biosciences recently conducted a study for a large pharmaceutical 
company, comparing results of drug compounds on cell lines stored in 
traditional incubators to those stored in the Avatar system with customized 
hypoxia and pressure levels. The study was performed in the field of 
immunotherapeutics, a potentially transformative approach to cancer treatment 
that involves stimulating a patient’s immune system to kill tumors with minimal 
side effects. 

Next	generation	cell	culturing	platform:	The	AVATAR	System	

Cell culturing has not changed much in several decades, despite growing 
evidence that traditional incubators do not keep cells at optimal fitness levels, 
and that results generated from testing these cells do not match results from in 
vivo tests. The Avatar system was designed to remedy this problem by creating 
an environment that could be more carefully tailored to any type of cell. This 
system builds on increasing awareness in the scientific community that hypoxia 
and atmospheric pressure are critical factors governing cell behavior. 
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.  
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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. 
This study tested the theory that cells stored in the Avatar system would 
produce more biologically accurate responses to candidate drug compounds. 

Drug	screening	under	physiological	conditions	yield	contrasting	results	
when	compared	to	standard	approaches	

Immuno-oncology approaches are quite promising for cancer treatment, but 
testing them in traditional drug discovery pipelines has been difficult. Mouse 
models must have their immune systems wiped out before a human-derived 
tumor can be implanted, but immunotherapy methods rely on activating the 
native immune system. If results from cell line screening can be made more 
accurate, it may be possible to eliminate mouse testing and accelerate the 
development of immunotherapeutics that are most likely to be effective in 
people. 
For this study, patient-derived CD8+ T cells were cultured with a lung 
carcinoma cell line under two conditions: a traditional incubator set at the 
standard 37 degrees Celsius and 5% CO2, and the Avatar system with the 
same CO2 and temperature settings as well as 2% oxygen and a pressure level 
of 2 PSI. Cells were then treated with one of three immune checkpoint inhibitor 
drugs — one FDA-approved therapeutic and two investigational compounds — 
and monitored for 72 hours. In typical pharma/biotech drug screening, cell 
culture is only performed for about eight hours; results taken after that are 
widely acknowledged to be so different from in vivo biology that they are not 
useful measures of drug efficacy. 
Tailored hypoxia and pressure levels not only produced different results, but 
because they allowed cells to live longer at optimal fitness, it was possible to 
monitor longer-lasting effects of the drugs. That turned out to be particularly 
important for revealing effects that took longer to occur and may help rescue 
drug candidates that take some time to gain momentum. 
The FDA-approved immunotherapeutic showed a strong effect in the first 24 
hours, but then rapidly lost effectiveness. Among patients who use this 
treatment, nearly half have a positive initial response followed by a severe 
relapse. The Avatar system data may be demonstrating this activity, which 
would never have shown up under traditional incubator conditions in an eight-
hour study. 
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The two investigational drugs also showed unexpected results. One showed a 
decrease in efficacy in the Avatar system compared to the traditional incubator, 
suggesting that the drug may not be as effective in humans as pre-clinical 
results have indicated. The other drug showed little activity at first, becoming 
more effective over time, with peak activity in the Avatar system occurring 
hours after the traditional cell culture study would have ended in a typical 
discovery pipeline. 
One observation from the study was particularly noteworthy for its potential in 
immunotherapeutic treatment. T cell activity in the Avatar system outperformed 
that seen in traditional incubators, which may explain why only a small fraction 
of patient-derived T cells work to kill cancer when injected back into the 
patient. If T cell activity is diminished during bioproduction in traditional 
incubators, it is possible that the cells restored to the patient are no longer 
robust enough to battle a tumor. Culturing T cells under low oxygen and higher 
pressure in the Avatar system, however, appears to maintain optimal fitness, 
which may make the cells far more effective cancer-killers when reintroduced 
to patients. 
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Fig 2. A lung cancer cell line cultured under conditions that mimic the metastatic niche  
(low oxygen and high hydrostatic pressure; blue line) shows varying sensitivities to drug 
treatment when compared to traditional culturing conditions (orange line).
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Improving	drug	development	through	tumor	microenvironment	mimicry	

This study offers preliminary data and suggests the importance of additional 
research to determine how improved culturing conditions may influence the 
selection and advancement of candidate drugs through the discovery and 
development process. The results indicate that oxygen and pressure levels are 
indeed influential in the behavior and function of cells, and support the idea that 
incorporating them into cell culture may make results more physiologically 
relevant. 
The Avatar system could have significant benefit for drug discovery pipelines 
by improving the quality of early-stage screening results and giving scientists 
better ability to choose candidates most likely to be successful as therapeutics. 
Looking ahead, Xcell Biosciences will conduct additional validation studies to 
further elucidate how the Avatar system could have an impact on drug 
discovery. 




