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The Avatar SystemTM Yields Biologically Relevant Results 
Liquid biopsies stand to revolutionize the cancer field, enabling early detection 
and noninvasive monitoring of tumors. In the past several years, researchers 
have not only discovered the possibility of using circulating tumor cells (CTCs) 
in the blood to track cancer, but have also performed extensive studies 
validating the scientific accuracy and medical utility of this approach. 
Treatment of primary tumors has improved dramatically in recent decades — 
but the ability to treat cancer that has metastasized is still limited. Liquid 
biopsies could be a transformative tool for detecting metastasis and targeting 
treatment at the earliest stages, when patients have the best chance of a 
positive outcome. 
But in this nascent field, there are still major technical challenges to address 
before liquid biopsies can be routinely used in the clinic. Many of those 
challenges surround the process of acquiring and analyzing circulating tumor 
cells. Because there are so few CTCs in a blood sample, many scientists use 
enrichment or DNA amplification techniques to create enough genomic material 
for analysis.   
However, these methods are prone to introducing sequencing errors and 
sample bias, leading to results that may not be truly indicative of a patient’s 
tumor. When it comes to using highly targeted treatments or making major 
medical decisions based on CTC data, inaccurate data could have devastating 
consequences.  

Fig 1: Every cell in our body starts
out containing the same DNA.

What makes a skin cell different
than a brain cell is the RNA and 

protein content.

The cellular microenvironment
regulates epigenetic factors

that control transcription and
translation processes that give

rise to all the different cell types
in our body.

STEM CELL

Muscle CellBone Cell

DNA

RNA

Protein

TRANSCRIPTION

TRANSCRIPTION

RNA and PROTEIN expression / stem cell 
differentiation is dictated by epigenetics 
and microenvironment

Figure 1: Every cell in our body 
starts out containing the same 

DNA content. What makes a skin 
cell different than a brain cell is the 

RNA and protein content. 

The cellular microenvironment 
regulates epigenetic factors that 

control transcription and 
translation processes that give rise 
to all the different cell types in our 

body. 
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Moving Beyond DNA and Examining the Role of RNA in Cancer 
Biology 

The central dogma of molecular biology posits that “DNA makes RNA and RNA 
makes protein.” This principle is articulated in the concept that every cell within 
the body contains the same DNA content, but what makes a brain cell distinct 
from a skin cell is the difference in RNA and protein content that endows these 
cells with their specialized function. By this simple principle, CTCs are heavily 
influenced by environmental factors that dictate its invasiveness through the 
regulation of gene and protein expression. By complementing DNA analysis 
with RNA and protein-based readouts, the metastatic potential of a given CTC 
could be better understood. 

Fig 2. Gene expression plots depicting whole transcriptome analysis of AVATAR cultured circulating tumor
cells (CTCs) obtained from patients with advanced metastatic disease.

Analysis shows increased gene expression signatures for epithelial-mesenchymal transition (EMT), stem
cell and proliferation markers for AVATAR cultured CTCs.
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Figure 2: Gene expression plots depicting whole transcriptome analysis of Avatar cultured circulating tumor cells (CTCs) 
obtained from patients with advanced metastatic disease. Analysis shows increased gene expression signatures for 
epithelial-mesenchymal transition (EMT), stem cell and proliferation markers for CTCs cultured within the Avatar System.  
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To achieve this, Xcell has developed an innovative cell culturing system to 
meticulously reproduce the native microenvironment of tumor cells, maintaining 
the ideal conditions needed for cells to continue to divide and proliferate as 
they would in the patient’s body. Through this method, the CTCs themselves 
create sufficient DNA, RNA, and proteins for study without any risk of 
amplification bias. Results from these carefully cultivated cells reflect the in vivo 
biology far more accurately than amplified samples or cells cultured in 
traditional CO2 incubators. 
In a recent study, scientists from Xcell Biosciences, Knowledge Synthesis, and 
the Helen Diller Cancer Center at the University of California, San Francisco,  
studied CTCs from patients with prostate cancer to demonstrate the utility of 
this approach and to characterize the underlying biology of the cells. They used 
Xcell’s Avatar System, which more accurately mimics the native 
microenvironment of any cell by introducing customizable settings for oxygen 
and pressure levels.  

Study Results: Enrichment of 
Circulating Tumor Cells Through Ex 
Vivo Culture 
For this research effort, scientists used 
CTCs gathered from blood samples of 
patients with late-stage, castration-
resistant prostate cancer. The cells were 
cultured in clusters on a collagen-based 
cell-binding substrate with 2 percent 
oxygen and pressure of 2 PSI to recreate 
their native blood environment. The cells, 
which in traditional incubators typically do 

Figure 3: Subset of Avatar System cultured prostate 
CTC colonies from late stage metastatic castration 

resistant prostate cancer patients show increased gene 
expression signatures involved in neuroendocrine 

signaling. False discovery rate plot shows increased 
expression of nerve growth factor receptor (NGFR) 

signaling pathway in CTC samples.  

Fig 4. Avatar system cultured lung 
cancer CTCs show gene expression 
patterns consistent with bone 
metastasis signatures (CXCR4 
signaling). 
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Figure 4: Avatar System 
cultured CTCs from 

patients with non-small cell 
lung carcinoma show gene 

expression patterns 
consistent with bone 

metastasis signatures. 
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not reproduce, were able to survive and propagate. After a week, the clusters 
that had formed colonies were studied with a combination of 
immunofluorescence imaging, real-time PCR, and mRNA-seq. Twenty-five 
percent of the colonies were identified as tumor cells based on biomarker 
signatures associated with prostate cancer — including PSMA, EpCAM, and 
cytokeratins — underscoring how rare these cells are in blood samples. The 
scientists found that CTC colonies based on cells from the same patient 
showed differential gene expression, a critical indication of activity from 
multiple tumor clones. Some of the differentially expressed genes were 
associated with neuroendocrine like signatures as well as biomarkers linked to 
stem cells and immunotherapeutic targets.  

 

 
The Avatar System was developed in response to mounting evidence that 
traditional cell culturing methods do not maintain cells at optimal fitness levels, 
leading to discrepancies between biology measured in vivo and ex vivo. There 
is a growing body of research highlighting the importance of hypoxia and 
pressure to the cellular microenvironment. Scientists have shown that any 
modification in oxygen or hydrostatic pressure levels can be enough to change 
the gene and protein expression in cells. 
By incorporating adjustable settings for oxygen and pressure levels in addition 
to the usual temperature and carbon dioxide levels, the Avatar System allows 

Figure 5: Avatar System 
enables successful culture of 
patient-derived CTC colonies 

from peripheral blood. 
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researchers to recreate the native microenvironment of their samples and to 
generate more biologically relevant results. Numerous studies involving cell 
morphology, gene expression, proteomic analysis, and other factors have 
shown that cells stored in the Avatar System more faithfully reflect in vivo 
biology than cells stored in traditional CO2 incubators. 
One of the most important findings of the study was increased CXCR4-
mediated signaling in the cultured cell colonies. While this pathway is 
consistently elevated in cells taken directly from bone marrow, the same 
activity has not previously been found in cultured or enriched CTCs.  
This discovery indicates that even slight environmental changes cause cells to 
alter the behavior of this pathway, which is considered a promising biomarker 
of bone metastasis. CTCs that are treated with traditional enrichment methods 
or maintained in standard incubators, therefore, are no longer reflective of their 
native biology and thus the real-world applicability of any data generated from 
them is questionable. Cells cultured in the Avatar System, on the other hand, 
reflect their native in vivo biology.  
For liquid biopsies, the Avatar System allows users to culture cells across a 
range of physiologically relevant conditions to evaluate effects on function, 
phenotype, and genotype for CTCs as well as other cell types. 

The Avatar System Culture Media and Cell-Binding Substrates 
In addition to the Avatar System, Xcell also offers companion CTC-specific, 
collagen-based substrates and media solutions. The unique substrate coating 
enables the adherence and proliferation of CTCs. 

Fulfilling the Promise of Circulating Tumor Cells 
This study demonstrates the utility of the Avatar System for liquid biopsies and 
indicates opportunity for other applications within oncology. With carefully 
cultured CTCs, it may ultimately be possible to monitor and target residual 
cancer as successfully as clinicians can treat primary tumors today. CTCs 
grown in the Avatar System will yield important information about how the gene 
expression of cancer cells changes as they encounter new microenvironments 
in the body. It might even be possible to adjust culture settings to mimic the 
metastatic process, revealing an untapped source of data that could lead to the 
development of new treatments designed to target cells in the earliest stages of 
migration from the primary tumor. 
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The Avatar System: Next Generation Primary Cell Culturing Platform 
The Avatar System also opens the doors for a truly personalized approach to 
cancer treatment. Culturing cancer cells from each patient for use in cell-based 
assays will be far more powerful and relevant to patients than animal models or 
other traditional methods for fighting cancer. By maintaining a patient’s cells at 
native in vivo conditions, they could become the single most important tool to 
select a treatment, assess prognosis, and monitor drug resistance. 

Visit us at xcellbio.com to learn more about the Avatar SystemTM. 




