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Develop a deeper understanding of T cell biology

Proliferation

Cytokine Secretion

Killing Kinetics

TCR Genotype

Gene Expression

Cell Surface Markers

Our T cell workflow allows you 

to investigate complex cell-cell 

interactions. Our ever-expanding 

portfolio of capabilities includes assays 

to study polyfunctionality, cytotoxicity 

and the ability to directly link phenotype 

to gene expression.

Run multiple single cell assays on one platform

T cell workflow

Our workflow enables the isolation and characterization of individual T cells at  

single cell resolution. Make direct correlations between T cell phenotype and  

genotype by performing a series of assays to fully characterize single T cells after isolation.

Berkeley Lights Platform Advantage
Researchers can look at cytokine expression, visualize tumor cell killing and recover those same T cells for gene expression or genomic analysis.

Visualize tumor killing 
behavior and kinetics
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Load T cells and 
target cells
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Quantify cytokine 
secretion profiles
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Characterize gene expression 
or TCR sequence
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The Berkeley Lights Platform enables you to screen desired 

phenotypes within heterogeneous T cell samples. Cells can be 

selectively cloned into the NanoPen® chambers based on size, 

viability and other cell surface markers.

Select and load individual T cells

Viable T cells are selectively loaded into NanoPen chambers for analysis

Viable antigen-specific 
T cells

After functional characterization, cells of interest can be exported 

alive for expansion or further study.

Live cells can be recovered in a matter of minutes

Recover live cells of interest

Cell export

Live Cell Export

After loading cells into NanoPen chambers one can perform 

functional assays and visualize cell cell interactions.

Functionally characterize

T cell and tumor cell 
engagement
Observe T cell and 
tumor cell interactions 
and tumor cell killing in 
real time. Obtain time 
lapse images of your 
experiment.  

Tumor cell

Tumor cell

T cell
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Polyfunctional profi ling – Characterize, measure...

Expand and rapidly validate function of rare, antigen-specific T cells

Measure multiple cytokines

Opto® Antigen Presenting Beads (Opto APBs) (FIGURE 1A) allow you to expand rare T cells 10 times more effectively than traditional methods that use 

dendritic cells (DCs) (FIGURE 1B). Load beads with your target peptide to expand T cells, then validate and characterize function with our assays.

Use our Multiplex Cytokine Assays (FIGURE 2) to investigate cytokine secretion of T cells as they interact with target cells. Assays can be customized for 

a combination of up to three cytokines and cell surface markers.

A B

FIGURE 1: Expand your T cells more effi ciently. A) Opto APB T cell expansion setup. B) Opto APBs allow 10-fold more effi cient expansion of melanoma antigen-specifi c T cells 
from healthy donor PBMCs.

FIGURE 2: Simultaneously measure secretion of three cytokines from a single T cell after stimulation.

Load three cytokine 
capture beads  

Load single
antigen-specific T cell

Load target cells Loaded detection antibody 
for assay readout

Overnight incubation

Anti-
TNF-α

Anti-
IL2

Anti-
IFNγ

T cell

Anti-
TNF-α

Anti-
IL2

Anti-
IFNγ

T cell

Anti-
TNF-α

Anti-
IL2

Anti-
IFNγ

Target
cell

T cell

Anti-
TNF-α

Anti-
IL2

Anti-
IFNγ

Target
cell

Anti-
TNF-α

Anti-
IL2

Anti-
IFNγ

T cell

Target
cell

Cytokine

α-TNF-α fluor

α-IL-2 fluor

α-IFNγ fluor

1

10

100

1000

Opto APBs DCs

T cell

Costimulatory 
Receptor

Agonist Antibody
Peptide-HLA

T Cell 
Receptor

Bead

BROCHURE | T CELL BIOLOGY REIMAGINED CELL THERAPY DEVELOPMENT 



5

Visualize and link 

 BERKELEY LIGHTS

Fluorescently labeled 
target cells are incubated 
with antigen-specific 
T cells overnight.  

Target cells undergoing 
apoptosis are measured by 
activated caspase-3.

Over time, apoptotic cells 
fluoresce in the DAPI 
channel.
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Visualize T cell killing activity over time at single cell resolution

Our Cytotoxicity Assay leverages caspase-3 activation in target cells to 

visualize disparate killing in your T cell samples (FIGURES 3 and 4) so that you 

can easily capture both slow and fast target cell killing. The Cytotoxicity Assay 

can be coupled with the Multiplex Cytokine Assay to directly correlate killing 

kinetics with cytokine secretion.

FIGURE 4: Tumor cell death kinetics, shown over time using on-chip 
fluorescent imaging.

FIGURE 3: Assay set-up to measure T cell killing activity.

Link phenotype to gene expression
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Recover cells of interest alive and directly link unique behaviors to gene expression. The TCRseq Well Plate kit allows you to amplify TCR alpha and beta 

chains, and prepare them for next-generation sequencing (FIGURE 5A). Or, use the OptoSeq® Single Cell 3’ mRNA kit to amplify and sequence cDNA and 

analyze differential gene expression profiles (FIGURE 5B).
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FIGURE 5: Directly link function to genotype or gene expression. A} Recover TCRs with more than 60% 
efficiency. B) Reveal genetic mechanisms contributing to desired phenotypes, such as polyfunctionality.
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One platform to get more data from precious samples

Traditional development processes typically require 

hundreds of thousands to millions of input cells. The 

Berkeley Lights systems can be used with fewer cells than 

FACS enabling experiments with smaller sample sizes 

(FIGURE 7).

Load thousands of cells into nanoliter-sized NanoPen chambers across our OptoSelect® microfluidic chips using  

opto-electropositioning (OEP™) technology. Cells are cultured on-chip and fluorescently imaged over time (FIGURE 6).

Unparalleled precision across 1000s of individual cells

Profile using 10x fewer cells

FIGURE 7: Comparison of markers analyzed between two 
methods. A mock CAR-T cell therapeutic was generated and 
populations were analyzed using an optofluidic system () or by 
standard flow cytometry ().

FIGURE 6: Thousands of NanoPen chambers occupy each OptoSelect chip.
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For more information, visit 

www.berkeleylights.com/cell-therapy-development 7

“With the Berkeley Lights Platform, we are able to determine the phenotypic and functional characteristics of cells in real time, isolate 
specific cells of interest, and link the genomic profiles of these same cells using downstream assays. Other platforms are limited by the 
need to measure each of these parameters in isolation, but the Beacon and Lightning systems provide a more comprehensive view 
and allows us to home in on the cells that are actually responding to cancer neoantigens. This will play a large part in developing cell-
based therapies that work for our patients.”

Dr. Anthony Zamora
Assistant Professor, Medical College of Wisconsin

The ability to perform multiple assays using the same cells allows one to develop a better understanding of the underlying biology. Traditional assays done in 

isolation on various platforms make it difficult to develop an understanding of the causal relationships and what is driving T cell activity.

Obtain deeper insights with Berkeley Lights
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Medical College of Wisconsin
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