
Scupa is a method for assessing immune cell polarization in 

scRNA-seq data, relying on Universal Cell Embeddings and 

using Immune Dictionary as reference. Scupa has been 

validated in in vitro and in vivo datasets and can be applied to 

immune cell scRNA-seq data.
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Immune cell polarization refers to the process by which 

immune cells adopt different functional states in response to 

various signals from the environment. The most famous 

example is macrophage polarization. M1 macrophages are 

pro-inflammatory and involved in defense against pathogens 

and tumor cells. M2 macrophages are anti-inflammatory and 

involved in tissue repair and remodeling. 

A recent study presented Immune Dictionary, a 

compendium of single-cell immune responses induced by 86 

cytokines (Cui et al. 2024). The comprehensive cytokine-

driven immune cell polarization states serve as a valuable 

reference for assessing immune cell polarization in other 

scRNA-seq studies.

The pretrained, transformer-based single-cell foundation 

models have demonstrated superior performance in multiple 

applications. We propose that it is possible to assess the 

immune cell polarization in scRNA-seq data using cell 

embeddings from the single-cell foundation model.
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Validation

Method

We developed a R package: Scupa for Single-cell unified polarization assessment. 

We generated Universal Cell Embeddings (UCE) for the Immune Dictionary, and 

trained support vector machines to predict cell polarization. For new scRNA-seq data, 

Scupa outputs polarization scores and conformal predictions for individual cells.

Cytokine-driven immune cell polarization states

We validated Scupa using three independent cytokine-treatment datasets.

1. Human PBMCs treated with IFN-β in vitro: distinguishing cells between 

control and stimulated samples.

2. Human macrophages treated with four cytokines in vitro.

3. Mouse spleens treated with IL-2 in vivo: significantly higher percentage of 

CD8 T cells polarized to a IL-2-driven polarization state.
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We applied Scupa to a pan-cancer tumor infiltrating myeloid cell 

dataset and compared different polarization state scores in 

macrophage clusters.

Proinflammatory state score is defined based on Mac-b/c/d states 

to measure macrophage proinflammatory activity.


