
• T cell cytokines can drive anti-tumor activity and greater

polyfunctionality (co-secretion of 2+ proteins per single cell)

has been shown to be associated with improved clinical

outcome in the study of CAR-T cell therapy and vaccine.

• We employed single cell proteomics to fully evaluate the

impact of Bi-specific T cell Engagers on T cell polyfunctionality.

Bi-specific T cell Engagers as cancer-targeting drugs link T cells

with tumor by binding CD3 and a tumor antigen.

• Natural killer group 2, member D (NKG2D) ligands (MICA,

MICB, ULBP1-6), are expressed on more than 90% of human

tumors but very little on normal tissues. These are appealing

targets for cancer therapy.

• This study has explored the polyfunctional profile of T cells with

two Bi-specific T cell Engagers: B2-OKT3 (MICA x CD3) and

hNKG2D-OKT3 (NKG2D ligands x CD3, see Figure 3).
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BACKGROUND 

METHODS

• Single-cell proteomic analysis reveals a significantly

upregulated polyfunctional profile of T cells induced by the Bi-

specific T cell Engagers against tumor cells than the negative

control

• This data provides important insights into Bi-specific T cell

Engager-triggered T cell activity as well as better evaluation

and understanding of Bi-specific T cell Engager therapies.

CONCLUSIONS 

• Blood T cells were negatively enriched from 3 healthy donors

and incubated with K562 cells at a ratio of 1:2 in the presence

of 250 ng/ml of B2-OKT3, hNKG2D-OKT3 or control Tz47-2C11.

• After 36 hours stimulation at 37°C, 5% CO2, CD4+ and CD8+ T

cells were separated with anti-CD4 or anti-CD8 microbeads.

• Approximately 30,000 cells were loaded on the IsoCode

single-cell chip (see Figure 1), pre-patterned with a 32-plex
antibody ELISA array per cellular microchamber. Secreted

proteins were captured from ~1500 single T cells after 16-hour-

on-chip incubation at 37°C, 5% CO2.

• The T cell polyfunctional profile (see Figure 2) was evaluated

across 5 functional groups:

• Effector: Granzyme B, IFN-γ, MIP-1α, Perforin, TNF-α, TNF-B

• Stimulatory: GM-CSF, IL-2, IL-5, IL-7, IL-8, IL-9, IL-12, IL-15, IL-21

• Regulatory: IL-4, IL-10, IL-13, IL-22, TGF-B1, sCD40L, sCD137

• Inflammatory: IL-1B, IL-6, IL-17A, IL-17F, MCP-1, MCP-4

• Chemoattractive: CCL-11, IP-10, MIP-1B, RANTES

Figure 1: IsoPlexis’ highly multiplexed, single-cell cytokine profiling.
The IsoCode isolates thousands of single cells into individual chambers, each pre-

patterned with a complete copy of a 32-plex antibody array. Following incubation, ELISA

detection is used to determine which combinations of proteins are secreted by each

individual cell.

Figure 4: Upregulation in single-cell PSI of T cells in response to Bi-specific T cell Engager

stimulation. Polyfunctional strength index (PSI) computed for CD4+ and CD8+ T cells at
the single-cell level across 3 conditions. The profiles of B2-OKT3 and hNKG2D-OKT3 are

dominated by effector cytokines. hNKG2G-OKT3 stimulation appears to be more potent

in terms of polyfunctional strength index than B2-OKT3.

Single-cell PSI of T cells activated with K562 cells and 

Bi-specific T cell Engagers

Measuring single-cell Polyfunctional Strength Index (PSI)IsoCode platform for highly multiplexed, single-cell secretomics

RESULTS

• Both B2-OKT3 and hNKG2D-OKT3 Bi-specific T cell Engagers

enhanced the single-cell polyfunctionality and polyfunctional

strength index (PSI) of both CD4+ and CD8+ T cells when

activated by K562 tumor cells compared to the Tz47-2C11

negative control.

• Data show that Bi-specific T cell Engagers triggered greater

responses from CD8+ T cells compared to CD4+ T cells.

• NKG2D-OKT3 Bi-specific T cell Engager binds multiple tumor

ligands and triggered greater responses than B2-OKT3 that

binds only to MICA on tumor cells.

Figure 2: Measuring single-cell Polyfunctional Strength Index (PSI).
IsoPSI quantifies the overall activity of a sample. Equivalent to the product of the

percentage of polyfunctional cells (secreting two or more cytokines) in a sample and the

average signal intensity of the secreted cytokines.
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Figure 5: Bi-specific T cell Engager stimulation promotes the generation of polyfunctional

T cells. Polyfunctional breakdown of CD4+ and CD8+ T cells at the single-cell level across
3 conditions. The presence of target-specific Bi-specific T cell Engager treatment

significantly increased overall polyfunctionality when stimulated with Target K562 cells,

especially in hNKG2D-OKT3 treatment group.
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Figure 8: Polyfunctional profile of single T cells in response to K562 cells + Bi-specific T cell Engager stimulation.
Overall, hNKG2D-OKT3 Bi-specific T cell Engager stimulated both CD4+ and CD8+ T cells appear to have more polyfunctional (multiple
cytokines) producers. The polyfunctional effector groups are secreting Granzyme B, IFN-γ, MIP-1α, MIP-1β, Perforin, and TNF-α in various

combinations shown by the green dots.
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Figure 3: B2-OKT3 (MICA x CD3) Bi-specific T cell Engager vs. hNKG2D-OKT3

(NKG2D ligands x CD3) Bi-specific T cell Engager.
The hNKG2D-OKT3 only has one scFv (OKT3). The hNKG2D part is the extracellular

part of the NKG2D molecule (hence it binds to all NKG2D ligands). One of the

scFvs binds to T cells via the CD3 receptor, and the other to a tumor cell via a

tumor specific molecule. (Upper panel) B2-OKT3 Bi-specific T cell Engager

recognizes both CD3 on T cells and MICA on tumor cells. (Lower panel) hNKG2D-

OKT3 Bi-specific T cell Engager recognizes both CD3 on T cells and NKG2D

ligands, including MICA on tumor cells.
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Figure 7: The PSIs of single T cell response to Bi-specific T cell Engager stimulation

were contributed by multiple effector cytokines and in combination with

stimulatory, chemoattractive and regulatory secretions. When looking at each

cytokines’ individual contribution to a sample’s overall PSI, Granzyme B, IFN-g and

MIP-1a are the biggest drivers of polyfunctionality in all the responding conditions.

Figure 9: Polyfunctional Activation Topology (PAT) PCA of CD4+ and CD8+ T cell response to K562 cells + Bi-specific T cell Engager stimulation.
Illustrates the activity of B2-OKT3 and hNKG2D-OKT3 stimulations in T cells from 3 healthy donors after co-culture with target K562 cell lines. Most functional and polyfunctional groups are secreted at

higher frequency in hNKG2D-OKT3 stimulated group; most B2-OKT3 stimulated single cells are secreting significantly less proteins (small blue dots). hNKG2D-OKT3 stimulated T cells also secrete

multiple effector-driven polyfunctional groups (towards the upper-right side of the graph).

Figure 6: Donor by donor single-cell PSI of T cells in response to K562 cells + Bi-specific T cell Engager stimulation.
Polyfunctional strength index (PSI) computed for CD4+ and CD8+ T cells at the single-cell level for each individual healthy donor T cells across 3 conditions. Although the overall trend is

similar to Figure 3 in all 3 individual donors, the specific drivers for PSIs are different in each individual donor.
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