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See how our IsoSpeak software reveals true functional 
immune cell biology with advanced data visualizations 
(PCA visualizations, advanced contribution graphics, 
functional heat maps, etc.) across various research areas 
from immunotherapy to autoimmune diseases and more. 

Highlights

• Aggregate multi-dimensional data: differentiate and stratify using single-
cell polyfunctional indices 

• Explore & dissect the multi-dimensional drivers: stratify subpopulations 
that lead to the difference

• Dive further into the data by comparing multiple samples according to 
their polyfunctional index

• Apply learnings from polyfunctional indices and heterogeneity heat 
maps

How to use IsoSpeak’s 
single-cell, multi-
dimensional 
informatics pipeline

© 2019 IsoPlexis, Inc. FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES



2 www.isoplexis.com 

Discover, Optimize, Predict

Aggregate multi-dimensional data: 
differentiate and stratify using single-cell 
polyfunctional indices

IsoSpeak gives you the power to use polyfunctional 
indices such as the polyfunctional strength index (PSI). 
These indices aggregate all single-cell, multi-dimentional 
secretions from a sample into a single index and providing 
an overall quility metric for each of your samples. The 
readout combines the polyfunctionality of a sample 
(frequency of cells secreting multiple proteins) with the 
signal intensities for each single cell across the secreted 
proteins of the sample. The displayed index is color-coded 
to show the contribution from different categories of 
cytokines (e.g., effector vs stimulatory cytokines).

Figure 1 | Polyfunctional indices can be viewed individually per heterogeneous sample or aggregated over sample 
groups to shed light on significant differences between groups

Use Polyfunctional indices such as PSI to compare patient responders and non 
responders

These metrics can be used for comparing the relative 
response of a set of samples or sample groups, such as:

• Samples from patients responding to a therapy 
vs. non-responders

• Samples produced using manufacturing 
process A vs. B

• Samples from patients treated with 
combination immunotherapy A vs. B

• Samples from patients with neuroinflammatory 
progression vs. control patients
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Organize samples, filter, and visualize data to identify functional differences across 
sample groups 

Figure 2 | IsoSpeak data visualization tools allow annotation of each patient sample in the Project Info module (top) 
which automatically translate to selection filters (botom left) used to aggregate samples for comparison across 
sample groups (bottom right). 
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Use Polyfunctional heat maps to uncover the critical cell subsets that impact in vivo 
response and correlate to outcomes  

Figure 3a | Polyfunctional Heat Map. A heat map to visualize the polyfunctional subsets of cells that are secreting 
cytokines in various combinations.

Explore & dissect the multi-dimensional 
drivers: Stratify subpopulations that lead to 
the difference

IsoSpeak’s Project Info module allows you to easily 
annotate each patient sample. These annotations 
automatically translate to selection filters that you can use 
to aggregate samples and compare across sample groups, 
guiding the entire single-cell informatics pipeline to tease 
out sample group differences (Figure 2).

When differences are seen across sample groups, a critical 
step is to then uncover the drivers of these differences 
using IsoSpeak. IsoSpeak allows you to uncover, process, 
replicate and utilize the underlying single-cell subsets that 
drive differences in patient cohorts.
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Heterogeneity Heat Map: All Donors
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Figure 3b | Polyfunctional Heat Map. Use Heterogeneity Heat Maps to uncover the critical cell subpopulations that 
exist only in the condition/group of interest. 
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Explore and dissect multi-dimensional drivers: Stratify subpopulations that lead to the 
difference

Heterogeneity Heat Map: Responders vs. Non-Responders

Average Donors to get Subgroup Response

Dive further into the data by comparing 
multiple samples according to their 
polyfunctional strength

The IsoSpeak software enables unique single-cell readouts 
that capture the most potent subsets of cytokine producing 
cells, which capture the key differences driving correlates. 
IsoSpeak’s end-to-end informatics and statistics enables 
comparisons & answers from one piece of software. Our 
visualization workflow can take you from start to finish to 
find the key differences in your cell subsets.

View how polyfunctional indices, e.g., PSI (polyfunctional 
strength index), can summerize key polyfunctional and 
signal strength data from the single cell subsets that make 
a difference. 

Dissect the sources of their polyfunctional strength, 
with advanced contribution graphics, PCA visualizations, 
functional heat maps, and more.

Across immuno-oncology therapies, from cell therapy to 
combination therapy to autoimmune and more, the results 
show that IsoPlexis’ unique measure of functions correlate 
with clinical outcomes. 
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Narrow down the analyzed cytokines to zero in on the multi-dimensional subsets that tell 
the story.
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Figure 4 | Polyfunctional Heat Map. Each column corresponds to a functional group, and each square corresponds 
to the frequency at which it was secreted by the corresponding sample (row). The shade of orange of a square gets 
darker as the frequencyincreases.

Heterogeneity Heat Map: Subsets Driving Differences

Filter to Cytokines Driving Response

Apply learnings from Polyfunctional Indices 
and Heterogeneity Heat Maps

Recognize subgroups in PAT (Polyfunctional Activation 
Topology) PCA, to enable multi-functional cytokine 
stratification based on highly polyfunctional subsets.

Dominant subgroups will emerge in PAT PCA graphs, 
representing significant multi-functional subsets driving the 
overall response. Samples with higher response dominate 
the graph, in this case all corresponding to the “responder” 
subgroup (Figure 5). Differences between these three 

donors are highlighted through the location of their 
polyfunctional subsets in the graph.

Utilize Cytokine Secretion Frequency and Polyfunctional 
Contribution graphs to verify the largest components 
of those subgroups and provide a holistic look at the 
subgroups of polyfunctional cells you are looking to 
identify, isolate, and employ learnings from (Figure 6).
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Enable multi-functional cytokine stratification based on highly polyfunctional subsets 
with Polyfunctional Activation Topology (PAT) PCA

Figure 5 | Polyfunctional Activation Topology (PAT) PCA shows the functional and polyfunctional groups of the 
selected samples. Each circle/bubble corresponds to a single functional group, with the lable next next to it showing 
you which analytes are in the group. The color-coded dots within each circle represent the frequency of single cells 
that secreted this group in each sample. The overall color of each group corresponds to color of the sample that 
secreted the group with highest frequency. The axes correspond to the principal components of the data, i.e., these 
variables account for as much of the variability in the data as possible. These variables are linear combinations of 
the specified analytes; the analytes most strongly present in each component are listed at the ends of the axes. If the 
value of a principal component is high for a particular group, it is more likely to contain those analytes.

PAT PCA, All Donors
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Compare cytokine secretion frequencies and cytokine contributions to polyfunctional 
indices in the subgroups of polyfunctional cells you are looking to identify and employ 
learnings from

Figure 6 | PSI simultaneously encompasses (1) the breadth of cytokine secretions (polyfunctionality) and (2) the 
intensity of cytokine secretions (secretion amounts), which are (3) both found at a single-cell level across (4) 30+ 
cytokines.

Cytokine Secretion Frequencies
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Nonresponder

Cytokine PSI Contribution



9 www.isoplexis.com 

Discover, Optimize, Predict

Export your raw data as an excel document to add other 
single-cell visualizations that customers have published 
previously on our system. Our data is compatible with 
various statistical analysis and visualization platforms 
traditionally used in single-cell analysis (Figure 8).

Advanced visualizations, such as the tSNE, allow for a 
deeper dive into the functional phenotypes that are driving 
the differences between conditions and samples (Figure 9).

Export visualized datasets from your pipeline to reveal 
unique single-cell multi-functional insights and explain 
critical differences, which you can feed back into your 
various development and discovery processes for 
accelerated learning and improvement (Figure 7).

Add to your pipeline with your own 
analytics

Reveal unique single-cell multifunctional 
insights 

Figure 8 | This table shows the raw single-cell 
data obtained for the selected experiment. Each 
row corresponds to a single cell from one ofthe 
experiments, and the columns indicate the signal 
intensity of each secreted cytokine by the cell.

Figure 7 | A bar graph showing the PSI of 
the selected samples (an index combining 
polyfunctionality of the sample and the average 
intensity of the analytes secreted by polyfunctional 
single cells). The height of each bar (y-axis) 
corresponds to the PSI of the corresponding sample 
(x-axis). The bars are broken down by the PSI of each 
cytokine group (e.g, Effector, Stimulatory, Regulatory, 
Inflammatory, Chemoattractive).
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Advanced Visualizations: A deeper dive into polyfinctional subsets correlating to in 
vivo with advanced visualizations

Figure 9 | tSNE visualization of the highly polyfunctional subsets comprising the responders (green) compared to the 
nonresponders (red). 
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IsoSpeak’s end-to-end informatics and statistics enables 
comparisons and answers from one piece of software. Our 
visualization workflow can take you from start to finish to 
find the key differences in your cell subsets (Figure 10). 
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Takeaways

• Polyfunctional indices can be viewed individually per heterogeneous sample or aggregated over sample   
 groups to shed light on significant differences between groups

• Use heterogeneity heat maps to uncover the critical cell subpopulations that exist only in the condition/group  
 of interest

• Explore and dissect multi-dimensional drivers: stratify subpopulations that lead to the difference 

•  Narrow down the analyzed cytokines to zero in on the multi-dimensional subsets that tell the story

•  Compare cytokine secretion frequencies and cytokine PSI contribution 

•  Reveal unique single-cell multifunctional insights and add to your pipeline with your own analytics

See our IsoSpeak User Manual for detailed workflows

End-to-end data visualization workflows with IsoSpeak

Figure 10 | The IsoSpeak software enables unique single-cell readouts that capture the most potent subsets of 
cytokine producting cells, which capture the key differences driving correlates. 


