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Revealing granzyme B secretion and cell
killing dynamics in a single-cell format

Summary

+ This Xdrop® DE50 droplet-based workflow enables
simultaneous detection of granzyme B secretion
and cell killing with single-cell resolution.

*« The results are a biologically relevant
demonstration of granzyme B secretion preceding
cell killing.

+ The workflow is designed to reveal the functional
heterogeneity of cell populations.

Introduction

Immunotherapy development requires an effective
cell characterization strategy to guide process
design.” 2 Currently, most functional assays for
cell characterization are bulk assays, which offer
limited insights into cell population heterogeneity.?
Determining the percentage of cells with the desired
functionality within a sample population continues
to be challenging.

Here, Xdrop is used to prepare cells for simultaneous
measurement of granzyme B (GzmB) secretion and
cell-killing activity. It offers mechanistic insights into
cytotoxic events at the single-cell level and enhances
the understanding of cell population heterogeneity.
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The results confirm that natural killer (NK) cell
secretion of GzmB precedes cell killing, aligning with
the well established understanding of this protease’s
pivotal role in apoptosis-induced target cell death.*

Ourapproachinvolvesthe co-encapsulationofhuman
NK cells (effector) and K562 human lymphoblast cells
(target) in double-emulsion droplets with a volume
of ~65 pl (DE50 droplets). This allows the analysis of
individual effector cell behavior: their GzmB secretion
activity and their ability to kill target cells. The small
droplet volume ensures the swift accumulation of
GzmB, so the signal is detectable sooner than in a
larger reaction volume.

Co-encapsulation of target and effector cells

The workflow is illustrated in Figure 1A. Before
encapsulation, the human NK cells were divided into
two cultures. One was incubated with stimulation
by 50 ng/ml interleukin 15 (IL15) for 24 hours. The
other (the control) was incubated for 24 hrs without
stimulation.

To facilitate tracking of the cell content within
the DE50 droplets, the NK cells were stained with
CellTrace™ Violet (1:5,000) and the K562 cells with
CellTrace Far Red (1:5,000).
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Figure 1. The workflow for a combined granzyme B (GzmB) and cell killing assay.

AThe workflow starts with separate staining of the different cell types. Using Xdrop with an Xdrop
Well Insert (Supplementary Figure 1) in the DE5S0 Cartridge sample wells, stimulated or non-
stimulated NK cells are co-encapsulated with their target K562 cells in DE50 droplets in media
with 1 propidium iodide (Pl) and FAM-labelled GzmB peptide substrate. The assay takes place '
within the droplets. GzmB activity is indicated by green fluorescence, which occurs after GzmB

cleaves the substrate, and cell death is indicated by the fluorescence of Pl bound to nuclear DNA. «
B Schematic representation of the assay for GzmB secretion. i In the absence of GzmB, the

quencher on the peptide substrate prevents the fluorophore from fluorescing. ii GzmB cleaves

the peptide substrate. The quencher no longer prevents fluorescence.

Cleavage by GzmB ->
green fluorescence
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The NK and K562 cells were separately resuspended
in complete MEM a medium supplemented with 10%
OptiPrep™, 1 pg/ml propidium iodide (Pl) and 4 pM
GzmB FAM-labelled peptide substrate. The peptide
substrate fluoresces when it is cleaved by secreted
GzmB (Ex/Em=490/529 nm upon cleavage), resulting
in the accumulation of green fluorescent signal inside
the droplets (Figure 1B). Pl is used to monitor cell
death. The media for the stimulated NK cells and their
co-encapsulated K562 cells were supplemented with IL15
to continue NK stimulation (NK:K562 +IL15).

An Xdrop Well Insert (Supplementary Figure 1) was placed
into each of the sample wells of an Xdrop DE50 Cartridge.
The NK cells in their media (+IL15 or -IL15) were pipetted
into the left side of the Xdrop Well Insert and the K562 cells
in their media (+IL15 or -IL15) were pipetted into the right.
WeusedanNK:K562cellratioof 1:3forthisexperiment, with
0.5 x 108 NK cells and 1.5 x10° K562 cells per sample well.

A standard Xdrop protocol for DE50 droplet generation
was used to co-encapsulate the cells in DE50 droplets.
Following encapsulation, each DE50 droplet production
(NK:K562 +IL15 or NK:K562 -IL15) was divided into two
incubation tubes and supplemented with complete MEM
a, 33.3% Stabilizing solution for cells, and 10% OptiPrep.
The cells were incubated within the droplets for either 30
min or 4 h at 37°Cin 5% CO,, and then analyzed using
microscopy and flow cytometry.
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Figure 2. Microscopy images of DE50 droplets with cells after 4 hrs
incubation. A Microscopy images of DE5S0 droplets with IL15-stimulated NK
and K562 cells. The droplets containing cells with GzmB activity emit a FAM
signal (green). B Microscopy images of a single DES0 droplet containing a
GzmB-positive, IL15-stimulated NK cell and a K562 cell. From left to right:
phase contrast image; and fluorescence microscopy images overlaid on
the phase contrast image to show the signal from GzmB activity (green);
CellTrace Violet-stained NK cells (blue); CellTrace Far Red-stained K562 cells
(red); and PI detection of cell death (yellow).
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Figure 2A shows bright field and fluorescence microscopy
images, with the intensity of the green fluorescence
showing the level of GzmB activity of IL15-stimulated NK
cells in DE50 droplets after 4 hrs incubation. Figure 2B
shows phase contrast (left) and overlay with fluorescence
microscopy (right) images of a single GzmB-positive
droplet containing an IL-15-stimulated live NK cell and a
dead K562 target cell, also after 4 hrs incubation.

Double-emulsion droplet flow cytometry reveals the
dynamics of NK cell killing

To quantify the GzmB activity and cell killing activity,
DES50 droplets from the NK:K562 +IL15 and NK:K562 -IL15
productions were analyzed using a NovoCyte® Quanteon
flow cytometer (Agilent® Technologies). Specific staining
of K562 cells with CellTrace Far Red and NK cells with
CellTrace Violet facilitated the identification of four
distinct droplet populations (Figure 3A). The droplets
containingboth K562 and NKcellswere gated and analyzed
for signals indicating GzmB activity (FAM) and cell death
(PI; Figure 3B).

The number of NK+K562 droplets analyzed per data point
ranged from 1.2-3.3 x10* (data not shown). After only 30
min incubation, 27% of the NK+K562 +IL15 droplets were
positive for GzmB (Figure 3D), showing how rapidly the
accumulated GzmB can be detected. After 4 hrsincubation,
the number of GzmB-positive droplets had increased
to 42%. NK+K562 -IL15 droplets showed limited GzmB
activity at both time points.

After 30 min incubation, 17% of the NK+K562 +IL15
droplets showed GzmB without traces of cell death while
10% showed both GzmB and cell death. After 4 h, the
frequency of droplets with both GzmB and cell death had
doubled to 20%, while that of droplets with GzmB alone
only increased from 17% to 21% (Figure 3D). Notably,
the percentage of droplets with dead cells but no GzmB
remained stable from the start until the end of the
experiment (Figure 3C), i.e., there was no observed
increase in the frequency of cell death without
concomitant presence of GzmB. Thus, GzmB secretion
is a valid and functional early indicator of active cell
killing potential.

Droplets containing only NK cells or only K562 cells were
also analyzed for GzmB activity and cell death (data not
shown). Only 2.3% of droplets containing IL15-stimulated
NK cells alone and 0.6% containing K562 alone were
positive for GzmB secretion after 30 min incubation. The
incidence of droplets with cell death remained the same
throughout the experiment for both droplet types (data
not shown).
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These results confirm that GzmB secretion is prompted
by NK cell recognition of target cells, and this effect
is enhanced when NK cells are stimulated with IL15.
GzmB secretion is succeeded by cell death, which is a
consequence of GzmB-induced apoptosis. These results
conform to the accepted sequence of events in cell
killing. The Xdrop system provides the required single-
cell resolution for this combined GzmB-cell cytotoxicity
assay.
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Conclusion

Xdrop reveals the heterogeneity in cell function within
cell populations, offering rapid, biologically relevant,
single-cell resolution for flow cytometry assays. Our
findings here support the widely accepted dynamics
of GzmB secretion and cell killing, showing the utility of
Xdrop in advancing our understanding of vital cell biology
processes and as a powerful tool forimmune cell therapy
development.
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Figure 3. Quantitative double-emulsion flow cytometry analysis of the DE50 droplet-based, combined GzmB and cell killing assay. A Density
diagram with gated DE50 droplets plotted based on the signal from the two applied cell stains: NK — CellTrace Violet and K562 — CellTrace Far Red.
Four droplet populations are visible: droplets containing both NK and K562 cells; droplets with K562 cells alone; droplets with NK cells alone; and empty
droplets. B Contour plots with the gated DE50 droplets containing both NK and K562 cells plotted based on cell death (Pl) and GzmB (FAM) signals.
The time points are 30 min and 4 hrs for NK cells stimulated with IL15 or non-stimulated NK cells. C Percentage of droplets with cell death only from B,
illustrating that cell death without secretion of GzmB did not increase over the course of the experiment. D Percentage of droplets in quadrants from B

with GzmB activity only or with simultaneous GzmB activity and cell death.
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Supplementary Figure 1. Cell co-encapsulation using the Xdrop Well Insert. A Photo of an Xdrop Well Insert in the sample input well of an Xdrop
DESO Cartridge. B lllustration of the process of co-encapsulation of two cell types (in this case, stained natural killer cells and stained human lymphoblast
cells, K562 in a 1:3 ratio). The cells in their medium enter the channels of the Xdrop DE50 Cartridge separately through the two sides of the Xdrop Well
Insert. They meet with the Xdrop DES50 Oil at the first junction and are co-encapsulated in the oil. When the droplets containing the cells meet the outer
medium at the second junction, the double emulsion shell forms. This highly stable double-emulsion droplet acts as a picoliter-sized incubation or assay
chamber for the cell interaction.

For more information about Xdrop products and applications visit samplix.com.
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