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Abstract

Multicolor flow cytometry measures numerous analytes
simultaneously in a single sample. Laboratories need
sophisticated software to analyze the vast amounts of data
generated from multicolor flow cytometry. We present a
solution to this problem with the data mining software SPICE
5.0 (Simplified Presentation of Incredibly Complex
Evaluations). SPICE analyzes polychromatic flow cytometry
data produced by FLOWIJO and organizes the normalized data
graphically. SPICE enables users to discover potential
correlations in their experimental data within complex data
sets. SPICE was originally developed by Dr. Mario Roederer in
the NIAID Vaccine Research Center (VRC) ImmunoTechnology
Section. Under Dr. Roederer’s guidance, the NIAID
Bioinformatics and Scientific IT Program (BSIP) completely
redesigned the software to launch “SPICE 5.0”. SPICE 5.0 offers
an enhanced user interface and adds flexibility for future
expansion into additional input types. The SPICE 5.0 software
is currently being used in the VRC ImmunoTechnology lab to
reveal relationships among numerous T cell immune
responses resulting from vaccine challenges. Many potential
applications for SPICE 5.0 exist: the software can be used to
analyze any multivariate data set for which a series of nominal
measurements and a single continuous measurement is
available.

Download SPICE

http://exon.niaid.nih.gov/

Benefits & Features

No more wading through Excel spreadsheets
e Use a single software designed for flow cytometry data
e Simplify analysis for large and complex data sets

Discover qualitative patterns within your data sets

e Sort your data by any variable or parameter by a simple
drag-and-drop interface

e Select analytical roles for each of your experimental
parameters using drop-down menus

Format simple views of complex data sets for publication
e Use formatting palettes to customize your graphs for reports

e Save your analysis parameters and data views to apply to
multiple data sets

SPICE Application Example

Finding Correlates of Vaccine-Mediated Protection

The ImmunoTechnology section of the Vaccine Research Center (VRC)
has used SPICE to reveal relationships among numerous T cell immune
responses and protection against Leishmania major infection.

The immune responses needed to protect against L Major infection
are solely provided by CD4 helper T cells. However, the total
magnitude of the CD4 T cell response is not predictive of the degree
of protection elicited by L Major vaccines (Figure 1).
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Figure 1: The quality of the CD4 T cell response may be important to protection against Leishmania major
Infection. Groups of 4 mice were given different vaccines designed to protect against Leishmania major
infection. The five different vaccine regimens result in very different levels of protection when the mice are
challenged, from virtually no protection ("1e10 IM") to nearly complete protection ("MML/CpG" groups). The
total magnitude of the CD4 T cell response was not predictive of the degree of protection elicited by the
vaccine.

The VRC researchers hypothesized that the quality of the CD4 T cell
response (the types of functions the cells produce) may be different
and important to protection.

The production of three different functions, IFNy, IL2, and TNF
secretion, by vaccine-specific CD4 T cells was quantified on a
single-cell basis by flow cytometry. Cells were divided into seven
groups corresponding to all possible combinations of expression of
the three functions, and the proportion of each group was
determined for each mouse. The analysis was displayed using SPICE
(Figure 2).
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Figure 2: SPICE software is used to visualize data for each of seven possible combinations of the expression
of CD4 T cell functions. Each combination of functions (IFNy, IL2, and TNF secretion in vaccine-specific mouse
CDA4 T cells) is shown by a bar chart. The Pie charts represent the average for each group of mice, where each
segment of the pie chart was colored as shown below the bar chart. Those cells that make only one function
(e.g., TNF only) are represented by the "red" pie segments; those that make two are represented by the
"green", and those that are most polyfunctional (making all three functions simultaneously) are shown by the
"blue".
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Originally, the VRC researchers hypothesized that the number of

functions that cells make corresponds to the level
provide. The experimental results show that the p

of protection they
roportion of the

most polyfunctional cells (size of the "blue" segment in Figure 2)
roughly corresponds to the degree of vaccine protection. However,

there was still variability that was not fully explain

ed; for example, the

"MML/CpG IM" group is somewhat better protected than

"MML/CpG" and yet have a smaller proportion of

polyfunctional cells.

A model was proposed for CD4 T cell differentiation (Figure 3). In this
model, T cells differentiate from IL2 or TNF producing cells, to
IL2+TNF, to fully polyfunctional cells, and then later stages of
differentiation including IFNy-only producing cells. According to this
model, the grouping of cells based solely on polyfunctionality (as
shown in Figure 2) is problematic, because the IFNy-only producing

cells, which are late-stage cells, are grouped toget
TNF-only cells (which are early cells).
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Figure 3: A models for CD4 T cell differentiation. CD4 T cell differentiation can be modeled as a linear
process, in which cells progressively gain functionality with further differentiation, until they reach the stage

that is optimized for their effector function (such as the production of interleu
and tumour-necrosis factor (TNF)). From: Seder, RA; Darrah, PA; and Roederer

kin-2 (IL-2), interferon-y (IFNy)
M. T cell quality in memory

and protection: implications for vaccine design. Nature Reviews Immunology 8, 247—258 (2008).

SPICE was used to assort the categories according

to the model of

differentiation (Figure 4). Using SPICE, the categories were easily

rearranged and pie segments were assigned color
differentiation stages.
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Figure 4: Flow cytometry data for CD4 T cell functions, sorted by the model for CD4 T cell differentiation. The
flow cytometry data shown in Figure 2 was assorted by the categories for CD4 T cell differentiation described in
Figure 3 using SPICE. Here the green pie chart segments are the early-differentiation cells, blue are the

polyfunctional cells, and red are the late-stage cells.

Examination of the re-sorted flow cytometry data provides a better
understanding of the relationship between T cell functions and
vaccine protection. This suggests that optimal vaccine protection is
obtained by generating early stage cells and polyfunctional cells, and
avoiding the generation of late-stage effector cells.

Data Mining for Flow Cytometry
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Find Patterns in Your Data

SPICE can be used to analyze any
multivariate data set for which a
single continuous measurement is
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Future Development

e Support for additional data sources & direct import from FLOWJO
e Full multithreading to take full advantage of multiple-core Macs

e Potential for Xgrid support for parallel proces sing

e Tabbed interface for comparison of multiple views for a data set
e Additional formatting options and graph types

e Suggestions? Contact SpiceSupport@niaid.nih.gov
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