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CONCLUSIONS

• Single-cell multiplexed proteomic profiling of

CD19 CAR-T product reveals a diverse

landscape of immune effector response of

CD19 CAR-T cells to antigen-specific challenge,

providing a novel platform for capturing CAR-T

product data for therapy development.

• High-dimensional single-cell data requires novel

visualization methods to further define precise

polyfunctional response differences in these

cell products.

• These novel biomarker capture and analysis

methods have the potential to guide more

sensitive CAR-T product pre-infusion quality

assessments, which may enable CAR-T cells

engineered with more efficacious and less

immunotoxic profiles.

Background: Platform for analyzing highly multiplexed, single-cell secretomics

Figure 1: IsoPlexis’ highly multiplexed, single-cell cytokine profiling. The IsoPlexis platform isolates thousands

of single cells into individual chambers, each of which is pre-patterned with a complete copy of a 16-plex

antibody array. Following a 16-hour incubation period, ELISA detection is used to determine which

combinations of proteins are being secreted by each individual cell.

Background: Measuring single-cell Polyfunctional Strength Index (PSI)

polyfunctionality of sample
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Figure 2: Measuring single-cell Polyfunctional Strength Index (PSI). A published IsoPlexis metric that 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.

New single-cell polyfunctional heat map of analyzed CD4+ CAR-T cell product

Figure 5: Polyfunctional heat map of anti-CAR bead stimulated CD4+ CAR-T cell data. Hierarchical clustering

is applied to attain a condensed set of functional groups that still faithfully represent the overall profile of

the donors. The color-coding indicates how commonly each donor secrets the corresponding functional

group/cluster. Donor 1, closely followed by donor 4, has the highest frequencies of most expressed

functional groups. Donor 3 is less polyfunctional, while donor 2 has virtually no secreted polyfunctional

groups. The group GM-CSF, Granzyme B, IL-13 and TNF-α is expressed exclusively by the CD4+ CARs of

donors 1 and 4, but not by the CARs of donor 2 or donor 3. Similarly, the 7-plex group containing GM-CSF,

Granzyme B, IFN-γ, IL-8, IL-13, MIP-1α, and TNF-α is unique to these two donors. Functional groups not

containing GM-CSF or IL-13 are expressed at similar frequencies by donor 3 as they are by donors 1 and 4.

Figure 7: PAT PCA reveals functional clusters of CD4+ CAR-T cells and distinct landscapes across donors.

Data points are color-coded based on donor. Those representing the same functional group are randomly

offset, but remain within a radius proportional to the secretion frequency of the corresponding group (i.e.,

large groups = large circles, small groups = small circles). The principal components are labeled according

to their correlation with specific cytokines. The lack of donor 2 (orange) subsets indicates the lower

polyfunctionality of this sample, while the presence of numerous donor 1 (blue) and 4 (green) groups in the

right area of the graph indicates the highly-polyfunctional makeup of these two samples. Donor 3 has

generally less polyfunctional subsets, including combinations of Granzyme B, MIP-1α, IL-8, and TNF-α but

lacking IFN-γ, IL-13, and GM-CSF. Donor 4 largely spans the polyfunctional profiles of both donors 1 and 3.

• Each small dot is a single-cell data point

• Each broader circle is a functional group

(all overlapping cells are members)

• Each color is a different donor

New polyfunctional activation topology (PAT) PCA of CD4+ CAR-T cell product

Figure 6 Visualizations of higher dimensional single-cell data are challenging to interpret. Reducing the

dimensionality of the dataset is a typical approach to more effective and understandable visualizations. In

this figure, PCA (principal component analysis) is applied to the 4-donor CAR-T secretion dataset. Each

cell’s secretions (signal intensity of each cytokine) are log transformed prior to dimensionality reduction. The

top graph is color-coded by donor, while the bottom four are color-coded by some of the individual

cytokines. The combination of these graphs reveals some information, such as the low overall

polyfunctionality of donor 2, and the high Granzyme B+MIP-1a+ polyfunctionality of Donor 4. However,

more detailed information about upregulated and/or distinct polyfunctional subsets is less clear.

Conventional PCA-transformed scatterplot of single-cell CD4+ CAR-T cell product

BACKGROUND 

METHODS

• CAR-T cells were manufactured from human

PBMCs transfected with the lentivirus encoding

the CD19-BB-z transgene and expanded with
anti-CD3 and anti-CD28 coated beads at 37°C,

5% CO2 in a closed system for 10 days.

• Enriched CAR-T cells were stimulated with anti-
CAR or control IgG beads at 37°C, 5% CO2 for 24

hours and then loaded onto an IsoPlexis SCBC

containing ~12000 microchambers pre-

patterned with a complete, 16-plex, antibody

array.

• Cells on the SCBC were imaged to identify

single-cell locations and incubated for
additional 16 hours at 37°C, 5% CO2; single-cell

cytokine signals were then captured and

digitized with a microarray scanner.

• The polyfunctional expression (2+ cytokines per

cell, see Figure 2) of single CD4+ and CD8+ CAR-

T cells was evaluated across four functional

groups:

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

• Stimulatory: GM-CSF, IL-2, IL-5, IL-8, IL-9

• Regulatory: IL-4, IL-10, IL-13, IL-22

• Inflammatory: IL-6, IL-17A, MCP-1

• It remains challenging to characterize the

functional attributes of chimeric antigen

receptor (CAR)-engineered T cell product

targeting CD19 for cytokine related potency

and immunotoxicity ex vivo, despite promising in

vivo efficacy in patients with B cell malignancies.

• IsoPlexis single-cell barcode chip (SCBC)

technology integrated with an automated

bioinformatics platform simultaneously measures

16 cytokines secreted by single CAR-T cells,

providing the unmet need of precision profiling

functional heterogeneity of CAR-T cell products.

• Single-cell multiplexed analysis reveals a marked

heterogeneity of cytokine secretions and

enhanced polyfunctional subsets in both CD4+

and CD8+ CAR-T pre-infusion products upon

antigen-specific stimulation.

• The upregulated polyfunctionality of CAR-T cells

across donors is predominated by anti-tumor

effector (Granzyme B, IFN-, MIP-1, TNF-) and

stimulatory proteins (GM-CSF, IL-2, IL-8), mixed

with a small percent of regulatory (IL-4, IL-13, IL-

22), and inflammatory (IL-6, IL-17A) functions.

• Novel visualization methods (polyfunctional

heatmap and PAT PCA) deconvolute high-

dimensional single CAR-T cell datasets and

further delineate the antigen-induced

polyfunctional subsets with unique combinations

of cytokine secretions in the pre-infusion CAR-T

cell products across donors.

RESULTS

Figure 4: Conventional heat map visualization applied to CD4+ cell secretion data. There is one heat map

per donor; each row corresponds to a single cytokine, while columns correspond to individual cells. Non-

secreting cells are excluded from the heat maps. The colors indicate log transformed secretion intensities

(red = low, green = high). At a high level, this visualization illustrates some differences across donors and

which cytokines are commonly secreted in tandem. However, the clustering is done individually per donor,

and it is difficult to map clusters to functional subsets, making it challenging to draw informative conclusions

regarding the polyfunctional secretion differences across samples.

Conventional heat map of single-cell CD4+ CAR-T cell product

Figure 3: Increased polyfunctionality of CAR-T cells across donors as a result

of antigen specific stimulation. Polyfunctional CD4 T cells and CD8 T cells

were evaluated upon anti-CAR beads stimulation compared to control IgG

at the single-cell level across 4 donors. An approx. 5-to-12-fold increase of

polyfunctional CAR-T cells was detected in donors 1, 3 and 4, while a 1.5-

fold increase was seen in donor 2. Similar increases were seen in the

polyfunctional strength index (PSI) of the samples. The polyfunctional profile

of donors 1, 3 and 4 was dominated by effector and stimulatory cytokine

subsets.

Polyfunctional overview of analyzed CD4+ and CD8+ 

CAR-T cell samples


