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Introduction

Cancer immunotherapy is a treatment option that exploits

the body’s own immune system to fight against cancer. T-cells
protect the human body from infection by pathogens and clear
mutant cells through specific recognition by T-cell receptors.
Those same T-cells can be genetically modified to contain
chimeric antigen receptors (CARs) targeting surface antigens

on tumors to help identify and eradicate tumors.” CAR design
consists of an extracellular domain, typically an scFv from a
monoclonal antibody, to recognize the tumor antigen, then a
linker or spacer followed by a transmembrane domain (ex CD3()
and an intracellular signaling domain that acts in a stimulatory
fashion to the T-cell (ex CD28, or 4-1BB). Original CAR-T
designs contained only one intracellular signaling domain,
later generations contain multiple domains to augment T-cell
proliferation and survival and increase cytokine production.?

CAR T-cell therapy involves collection and isolation of a
patient’s T-cells followed by genetic modification to include
a CAR targeting a tumor antigen. The CAR T-cells are then
expanded ex vivo and re-infused to the patient for treatment.
CAR T-cells have been tested in a wide variety of cancer
types but have been most effective against hematological
malignancies. The FDA has approved anti-CD19 CAR T-cell
therapy for refractory acute lymphocytic leukemia (ALL) and
diffuse large B-cell lymphoma (DLBCL).2®

T-cells are able to directly trigger apoptosis of cancer cells
through granule exocytosis (perforin, granzyme) or death
ligand-death receptor (Fas-FasL, TRAIL) systems.* Additionally,
after binding to the tumor antigen, T-cells become active

and release a mixture of Th1 cytokines (e.g. TNFa, IFNy),
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pro-inflammatory cytokines (e.g. IL-6, IL-8, IL-12, IL-18, IL-1p),
survival cytokines (e.g. IL-2), and granulocyte macrophage
colony stimulating factor (GM-CSF).? Cytokine secretion results
in stromal cell sensitization in the tumor microenvironment.®
These cytokines and lytic molecules can be detected

in vitro in co-culture cell-based models by several detection
methods including ELISA,” MesoScale 2 AlphalISA,” or HTRF®
technologies. This application note will focus on detection by
two orthogonal no-wash immunoassays: AlphaLISA and HTRF
in an in vitro co-culture model with CAR T-cell and tumor
targeted CD19 positive Raji cells.

Materials and methods

Reagents and consumables

- Raji cells (ATCC, #CCL-86)
- RPMI media (ATCC, #30-2001)

= Fetal bovine serum (FBS), heat inactivated
(Thermo Fisher, #10082-147)

= CD19 CAR T-cells, CD19scFv-CD28-4-1BB-CD3z
(Promab, #PM-CAR1003)

= CAR-T Complete Growth Media (Promab, #PM-CAR2001)

= CellCarrier Spheroid ULA 96-well Microplates
(Revvity, #6055330)

= 0.5 mL Eppendorf Tubes (VWR, #89166-278)

= AlphaPlate-384, light gray (Revvity, #6005350)
= Proxiplate-384 plus, shallow well (Revvity, #6008280)
= AlphaLISA kit - IL-8 (Revvity, #AL224C)

= AlphaLISA kit - [FNy (Revvity, #AL217C)

= AlphaLISA kit - TNFa (Revvity, #AL208C)

= AlphaLISA kit - IL-1B (Revvity, #AL220C)

= AlphaLISA kit - IL-18 (Revvity, #AL241C)

= AlphaLISA kit - IL-2 (Revvity, #AL221C)

= AlphaLISA kit - IL-6 (Revvity, #AL223C)

= AlphaLISA kit - IL-12 (Revvity, #AL3116C)

= AlphaLISA kit - GM-CSF (Revvity, #AL216C)

= HTRF Kit - TNFa (Revvity, #2HTNFAPEG)

= HTRF Kit - IFNy (Revvity, #62HIFNGPEQG)

= HTRF Kit - IL-8 (Revvity, #62HILOSPEG)

= HTRF Kit - GM-CSF (Revvity, #2HGMCSFPEG)

Assay technologies

AlphalISA® is a bead-based immunoassay technology used
to study biomolecular interactions in a microplate format.
The acronym “Alpha” stands for amplified luminescent
proximity homogeneous assay. Some of the key features are
that it is a non-radioactive, no-wash, homogeneous proximity
assay. Binding of molecules captured on the beads and
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excitation of the donor leads to an energy transfer from the
donor bead to the acceptor bead, ultimately producing a
luminescent/fluorescent signal (Figure 1).
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Figure 1. AlphaLISA Assay Principle. A biotinylated anti-analyte
antibody is bound by the Streptavidin-coated Alpha Donor
beads, while another anti-analyte antibody is conjugated directly
to AlphaLISA Acceptor beads. In the presence of analyte, the
donor and acceptor beads come into proximity. Excitation of the
donor beads at 680 nm provokes the release of singlet oxygen
molecules that trigger a cascade of energy transfer in the nearby
acceptor beads, resulting in maximum emission at 615 nm.
AlphaLISA signal is proportional to the amount of analyte present
in the sample.

HTRF® is a TR-FRET based technology and stands for
homogeneous time resolved fluorescence. It is based on the
fluorescence resonance energy transfer (FRET) between two
fluorophores, a donor and an acceptor. These fluorophores
can be coupled to antibodies targeting an analyte such

that once bound they come in proximity to one another.
Excitation of the donor by an energy source (e.g. a flash
lamp or a laser) triggers an energy transfer towards the
nearby acceptor, which in turn emits specific fluorescence at
a given wavelength (Figure 2).
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Figure 2. HTRF Assay Principle. When the labelled antibodies
bind to the same antigen, the excitation of the donor with a light
source (laser or flash lamp) triggers a fluorescence resonance
energy transfer (FRET) to the nearby acceptor, which in turn
fluoresces at a specific wavelength. The two antibodies bind

to the analyte present in the sample, thereby generating FRET.
Signal intensity is proportional to the number of antigen-antibody
complexes formed and therefore to the analyte concentration.
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CAR-T co-culture protocol

CAR T-cell were rapidly thawed and allowed to recover
overnight in 5 mL of CAR-T media in a T-25 flask before
setting up the co-culture assay. Raji cells grown in RPMI
media were harvested and counted on the day of the assay.
Effector to target cell ratio was set to 10:1 with 100,000
CD-19 CAR-T to 10,000 Raji cells in each well following
Promab’s experiment design for CAR-T co-culture with their
product. Controls included target cells alone and CAR T-cell
alone to determine any baseline level of cytokine release
from each independent cell population. 100 pL of target

or effector cells was added to each appropriate well. Final
assay volume was 200 pL and consisted of a 50:50 mixture
of RPMI media and Promab’s CAR-T media. Separate wells
were setup for supernatant collection at 6 hours and 24
hours. Once plated, cell populations were gently mixed then
briefly centrifuged to encourage settling as a cell pellet in
the U-bottom assay plate to increase cell to cell contact
between the two cell types.®

Data collection and analysis

Cell supernatant was carefully sampled from the assay
plate so as not to disturb the cell pellet at 6 and 24 hours
post cell plating. Collected supernatant was centrifuged to
remove any unwanted cell carryover. Supernatant was split
into aliquots in 0.5 mL tubes and kept frozen at -20°C prior
to testing to avoid unwanted freeze thaw cycles.

All AlphaLISA assays were performed following the
recommended protocol for each kit. Each assay required 5 pL
of sample in a 50 pL reaction in a 384-well AlphaLISA plate.

A fresh aliquot for each test condition (target cell alone,

CAR T-cell alone, and co-culture well) was thawed on the

day of testing. AlphaLISA signal was measured on a Revvity
EnVision® 2105 Multimode plate reader using default values for
Alpha detection of the fluorescence label. Data was analyzed
in GraphPad Prism using non-linear 4 parameter logistic
regression for standard curve fitting with 1/Y? weighting.

All HTRF assays were performed following each kit’s
recommended protocol. Each assay required 16 pL of
sample in a 20 pl reaction in a 384-well shallow well
Proxiplate. A fresh aliquot for each test condition (target cell
alone, CAR T-cell alone, and co-culture well) was thawed on
the day of testing. HTRF signal was measured on a Revvity
EnVision® 2105 Multimode Plate Reader using HTRF settings.
Excitation with laser followed emission at 620 nm (europium
donor reference signal) and 665 nm (d2 or XL acceptor signal)
was recorded. Data is reported as the HTRF ratio of acceptor
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to donor signal = (665/620)*10,000. Data was analyzed in
GraphPad Prism using non-linear four parameter logistic
regression for standard curve fitting with 1/Y? weighting.

Results

Nine cytokine targets, mentioned above, were selected

for testing using AlphaLISA technology on the collected
supernatants: TNFa, IFNy, IL-1B, IL-2, IL-6, IL-8, IL-12, IL-18
and GM-CSF. From this set of targets IL-6, IL-12, IL-18 and
IL-1B were not detected at levels higher than the calculated
lower limit of quantification (LLOQ) under any treatment
condition. IL-2 however was determined to be present in
the Promab CAR-T media to a high level and therefore
additional IL-2 expression in the supernatant could not be
accurately determined. Three targets, TNFa, IFNy and IL-8,
were detected in the co-culture supernatant at both 6 h and
24 h (Figure 3) but were not detected in the single cell type
control wells (Raji or CD19 CAR-T alone, data not shown)
suggesting they are only released from the activated CD19
CAR T-cell in the co-culture condition. GM-CSF had a mild
level of release in the non-stimulated CAR T-cells (data not
shown) which increased significantly with the co-culture
condition (Figure 3).

As an orthogonal assay approach, the four positive targets
were tested by HTRF as confirmation of the activity seen in
the AlphalISA assays. Absolute values detected (Figure 4)
are not the same as the AlphalLISA values possibly due to
different antibodies used for detection in the kits, however
the trends over time match (mild accumulation of TNFa at
24 h and much more pronounced increase of IFNy, IL-8 and
GM-CSF) which is shown in Figure 5 as the fold increase in
target (pg/mL) over time.
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Figure 3. Detection of cytokines by AlphalISA. Expression level
was detected at 6 hs and continued to accumulate in the 24 h
time point. Results are shown as average pg/mL in a 5 pL sample
as interpolated from the standard curve.
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a HTRF Result I well format that is amenable to screening efforts as well as
T I . automation, in contrast with a traditional ELISA format also
—— commonly used to detect cytokines.
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In the current application note, we demonstrate an
orthogonal approach by using AlphaLISA detection and
HTRF to probe the landscape of cytokines and chemokines
present in the cell supernatant from a CAR-T/Raiji cells
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and confirmed in the HTRF assay with quantitated levels 10. Dextras C. et al (2020). Identification of Small Molecule
correlating well to each other between the two technologies.
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AlphaLISA and HTRF assays. Both technologies offer rapid,

no wash homogeneous detection of cytokines in a 384- 11. Hu B. et al. (2017). Augmentation of Antitumor Immunity
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