
Abstract: Conditioning cell therapy products to 
TME culture conditions can enhance potency

Workflow: Serial passaging of NK cell line under hypoxic and hyperbaric culture 
conditions can enrich for potent anti-tumorigenic cell phenotypes

Introducing the Avatar AI System: Predicting cell therapy potency 
in solid tumor microenvironments

Long-term acclimation of NK cells to TME culture condition enhances cytolytic activity, whereas short-term acclimation of NK cells reduces cytolytic activity Long-term TME acclimation of NK cells show distinct 
gene & protein expression profiles
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Background: Harnessing NK cells is proving to be an attractive strategy for cancer immunotherapy,
either by activating endogenous NK cells or through adoptive cell transfer. NK cells can also be
sourced from immortalized cell lines like NK-92 that are currently being evaluated in the
clinic. However, the immunosuppressive solid tumor microenvironment (TME) can inhibit NK-92
function thereby limiting its cytolytic properties against tumor cells. To overcome the
immunosuppressive effects of the TME, we applied a culturing strategy in which NK-92 cells were
serially passaged and expanded under hypoxic and hyperbaric conditions. We then tested the
potency of NK cells expanded under TME conditions. Methods: To investigate the short- and long-
term effects of TME conditions on NK cell function, we cultured NK-92 cells under several
environmental conditions and performed cytotoxic, transcriptional and protein expression analysis.
NK-92 cells were either cultured in a conventional CO2 incubator at 21% O2 and 0 PSI, or in an
AVATAR cell control system which can be precisely tuned to different O2 and pressure levels that
mimic TME conditions. We first assessed the effects of culture conditions on the ability of NK-92 cells
to kill tumor cells in both normoxic and TME conditions. To this end we used the AVATAR AI
instrument, which employs the environmental control of the AVATAR incubator paired with a
specialized plate that enables real-time, label free cell killing analysis via electrical impedance.
Results: In normoxic conditions, NK-92 cells that had been exposed to TME conditions for 24 hours
exhibited reduced killing, as compared to controls, with slower kinetics of killing and lower total
cytolysis. Interestingly, cells that had been adapted to TME conditions for more than 3 months
exhibited increased cytotoxic activity, with faster killing kinetics and higher total cytolysis. When cell
killing experiments were repeated under TME conditions, the differences between NK-92 culture
conditions were even more stark. NK cells grown under standard conditions showed a reduction in
total cytolysis, as compared to their killing activity under normoxic conditions. In contrast, TME-
conditioned NK cells exhibited robust tumor cytolysis in both normoxic and TME conditions.
Conclusion: This initial study supports the hypothesis that NK-92 cells can both react and adapt to
different microenvironments. TME-adaptation strategies during cell expansion can enhance potency
and efficacy of cell therapies designed to work in a solid tumor microenvironment.

Experimental Setup. NK cell lines were split amongst three culture conditions: STD cells were cultured 
for 3 months in a standard CO2 incubator at normoxic, non-pressurized conditions, STA cells were 
cultured for 3 months in a standard CO2 incubator at normoxic, non-pressurized con- ditions prior to 
1 day of culture in the AVATAR system under hypoxic and pressurized conditions, LTA cells were 
cultured for 3 months in the AVATAR system under hypoxic and pressurized conditions. All three NK 
cell populations were co-cultured with A549 tumor cells and real-time killing was measured in the 
AVATAR AI system under normoxic or TME culture conditions. 

TME Acclimated NK-92 cells exhibit increased cytotoxicity. 
A) Real- time analysis of A549 cytolysis in co-culture with 
NK-92 cells in normoxic conditions. Y-axis denotes 
percentage of killed tumor cells. X-axis denotes time after 
addition of effector NK cells. Colored lines indicate culture 
condition of NK-92 effector cells. B) Real-time analysis of 
A549 cytolysis in coculture with NK-92 cells in TME culture 
conditions. C) Bar graph summarizes the percent 
difference in the area under the curve between A549 
cytolysis over 46 hours measured under TME ver- sus 
normoxic conditions. D) Bar graph summarizes the percent 
difference in the area under the curve between A549 
cytolysis over 46 hours measured under normoxic and 
TME conditions in STA and LTA cells versus STD cells. E) 
Bar graph summarizes cytolysis of A549 cells in culture 
with STD, STA, and LTA NK-92 cells in TME conditions 
over time. Error bars indicated standard error of mean. 
Statistics represent unpaired t-tests relative to STD cells. 
* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001. 

Expansion of therapeutic NK cells under hypoxic and hyperbaric culture conditions enhances anti-tumor potency
Candy Garcia, Yelena Bronevetsky, Evan Massi, Ned Jastromb, Ann Lu, Yunmin Li, Albert Wong, and James Lim
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Long-term TME acclimated NK cells exhibit persistent tumor cytolysis as shown in this serial tumor challenge assay

Comparison of tumor cell killing data between Avatar AI system and fluorescence-based end point assays (CTG) reveal the need for real-time cell analysis

Serial Tumor Challenge Assay under Normoxic Killing Conditions Serial Tumor Challenge Assay under TME Killing Conditions

Serial Tumor Challenge Assay under 
Normoxic Killing Conditions (Ai) @ 24 hours

Cell Killing Time (hours)

Serial Tumor Challenge Assay under 
Normoxic Killing Conditions (CTG) @ 24 hours

Serial Tumor Challenge Assay under 
TME Killing Conditions (Ai) @ 24 hours

Serial Tumor Challenge Assay under 
TME Killing Conditions (CTG) @ 24 hours
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The AVATAR AI system pairs tumor microenvironmental control technology with real-time, label-free 
measurement of tumor cell viability and kinetics. Tumor microenvironment (TME) settings can be matched to 
in vivo hypoxic and pressure conditions depending on the site of the solid tumor origin. By measuring the 
potency of an immune cell therapy in an immunosuppressive environment, researchers now have a solution 
for identifying, ranking, and releasing the best antitumor candidates for progressing into clinical trials.

• Easily determine CAR-T potency in solid tumor microenvironments
• Model the impact of immunosuppression and cell exhaustion
• Designed for cell therapy potency/functional release assays

Du et al., Cancers 2021
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Summary: Long-term TME acclimated NK cells exhibit potent 
tumor killing properties via FasL and TRAIL mediated cytotoxicity 

1086420
Protein Expression Relative to STD

Long-term adaptation of NK-92 cells to TME 
conditions upregulates HIF1a and death receptor 
genes. Bar graphs indicated the Log2 Fold change 
in the expression of 19 cytotoxic genes in STA and 
LTA cells, relative to STD cells. Western blot shows 
the expression of hypoxia-related and cytotoxic 
proteins in STD, STA, and LTA cells. Bar graphs 
show density analysis of western blot, indicating 
relative expression of indicated proteins in STA and 
LTA cells, relative to STD cells. Dotted line indicates 
equivalent expression to STD.

Sun et al., Acta Pharmacol Sin., 2020


