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Introduction
Modern flow cytometry can measure more than 15 fluorescence markers per single cell, yielding datasets with thousands of cells, each represented as a point in a high-

dimensional feature space. The classical analysis workflow, called gating, projects this space onto a sequence of two-dimensional scatter plots, in which an expert iteratively

selects subpopulations. While interpretable, this strategy has a major weakness: it is hierarchical and lossy, since each gate discards information about the markers not shown.

Subpopulations that are only visible in combinations of three or more markers are systematically missed. In contrast, t-SNE enables an information-preserving visualization that

takes all fluorescence markers into account simultaneously.

t-SNE Representation of Conventional NK Cell Gating Strategy
t-SNE plots enable the visualization of more than two markers simultaneously and are

therefore suitable for the comparison of adaptive NK cell definitions. Moreover, they illustrate

heterogeneity within a gate with regards to further markers: One subpopulation from the

conventional cell gating is visualized in the t-SNE plot in a different color.
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Experimental Workflow

t-SNE (t-distributed Stochastic Neighbor Embedding)
t-distributed Stochastic Neighbor Embedding (t-SNE) [1] is a non-linear dimensionality
reduction technique that maps points from ℝⁿ to ℝ² while preserving local neighborhood

structure. Conceptually, t-SNE defines a probability distribution over pairs of points in the

high-dimensional space and then searches for a 2-dimensional layout whose neighbor

distribution matches the original as closely as possible.

For flow cytometry, t-SNE has become a standard tool [2]: each cell corresponds to
one point, distances in the t-SNE map reflect similarity across all markers

simultaneously, and biologically meaningful subpopulations emerge as visually

distinct islands.
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NK (Natural Killer) cells 
Natural killer (NK) cells are lymphocytes of the innate immune system.

A subset known as adaptive NK cells has been shown to expand in

cytomegalovirus (CMV) infected donors and to display memory-like

behavior. Yet adaptive NK cells lack a unified definition: at least two

partially overlapping marker combinations (compare conventional gating) are

in use, and it remains unclear how these definitions relate to one another.

Resolving this with manual gating is essentially impossible, since the

question is intrinsically high-dimensional.
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Conclusion: t-SNE reveals adaptive NK cell heterogeneity and multi-marker comparison

Conventional gating strategy of adaptive NK cells using scatter plots of a chronically Hepatitis-C-Virus

infected, CMV positive donor. Each plot contains only those cells that were selected by the previous gating

step. Adaptive NK cells are identified either by gating according to the NKG2C+ CD57+ definition [3] (C)

or by the FcϵRIγ− definition [4] (D) and finally combined to a plot showing all adaptive NK cells (F).

t-SNE plots showing gates from the gating with scatter plots in different colors. Each

plot corresponds to one step of the conventional gating with scatter plots, e.g. plots (A)

shows the gating of NK cells by excluding CD56- CD16- cells.
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