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Introduction

Regulatory T cells (Tregs) are a specialized subset of lymphocytes
that play a critical role in maintaining immune homeostasis and
peripheral tolerance to self antigens.” Since their rediscovery,
there has been exponential growth in basic and applied research
investigations of their development, function and potential clinical
application.”* The regulatory ability of Tregs holds great promise
for the treatment of autoimmune disease, allergic responses
and transplant rejection.® Furthermore, as Tregs can reduce
anti-tumor responses, circumventing their suppressive function
has the potential to augment immune responses against weakly
immunogenic tumor antigens.®”’

Tregs comprise only 2 - 3% of the total circulating leukocyte
population. Their low frequency, combined with a lack of
known unique cell surface markers has made isolation of highly
purified, functional Tregs challenging. Both human and mouse
Tregs were initially identified as CD4* T cells that constitutively
expressed the alpha chain of the IL-2 receptor (CD25).*™ The
discovery that Tregs specifically express the transcription factor
FoxP3 has helped to further identify and characterize this unique
lymphocyte population.™" FoxP3 remains the best marker for the
identification of bona fide Tregs, but its intracellular localization
currently precludes its use for the isolation of viable Tregs.
To overcome these technical difficulties, researchers have
exploited the expression of other surface markers, either alone
or in combination, in order to enrich for distinct Treg populations.
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Typically, the expression of CD127 (IL-7 receptor alpha chain)
inversely correlates with FoxP3 expression, while CD49d, the
a-chain of the integrin VLA-4 (a4B1), is expressed on a majority
of pro-inflammatory effector cells but is absent on Treg cells.”™"”
Accordingly, removal of CD127"" cells from the CD4*CD25"" T
cell population enriches for a subset of Tregs with high levels
of FoxP3 expression. Additional depletion of CD49d expressing
cells, further removes contaminating IFN-gamma and interleukin
17 secreting cells. Together this strategy permits selective
enrichment of highly suppressive Tregs.

The first step towards cutting-edge Treg research is the isolation
of highly purified, functional Tregs. With unique cell isolation
platforms, a team of dedicated and knowledgeable scientists,
and a collaborative network of academic researchers, STEMCELL
Technologies has developed a full range of products for the
rapid and efficient isolation of highly functional Tregs, which are
immediately ready for downstream use. Our Treg isolation kits
provide a fast and easy way to isolate various subtypes of Tregs
directly from human whole blood, buffy coat, PBMC or from
mouse spleen with high purity and recovery.
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FIGURE 1. Two-step Isolation Procedure for the Enrichment of CD4*CD25""Tregs
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Isolation of Treg Populations

The Treg isolation kits offered by STEMCELL Technologies fall
approximately into three categories. These kits can save up to 2
hours over column-based procedures.

Classic Tregs

Isolation of CD4*CD25"" T cells enables study of the broadest
phenotypic range of Tregs. Starting from whole blood, the
Complete Kit for Human CD4*CD25* T Cells (Catalog #15862)
isolates classic Tregs in two steps — first, negative selection of
CD4* T cells from whole blood; second, positive selection of
CD25"" cells from the pre-enriched population (see Figure 1).

TABLE 1. Summary of Purities Obtained by Combining RosetteSep™ CD4* T
Cell Enrichment and RoboSep™ CD25 Positive Selection

940+24 83.7+76

Average Purity (%)

Results were obtained using fresh whole blood samples. n =14 (7 individual donors).

medium (e.g. Ficoll-Paque™ PLUS)

Collect Pre-enriched CD4+ cells are
pre-enriched ready for EasySep™ positive
cells selection.
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in magnet

Pour off supernatant. Positively selected
CD4+CD25M" cells remain in tube. After
four magnetic separations, collect cells
simply by removing tube.
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Highest Purity Tregs

Removal of CD127"" and CD49d" cells from CD4*CD25" T cells
further enriches for highly suppressive Tregs, generating the
highest purity population of Tregs for downstream analysis without
the need for additional flow sorting. Starting from whole blood, the
Complete Kit for Human CD4*CD127°*CD49d CD25* Regulatory
T Cells (Catalog #15864) isolates the highest purity FoxP3* T regs
in two steps — first, negative selection of CD4*CD127°*CD49d
cells from whole blood; second, positive selection of CD25"" cells
from the pre-enriched population.

TABLE 2. Summary of Purities Obtained by EasySep™ and RoboSep™
CD4'CD127°" T Cell Enrichment

Cell Separation Platform EasySep™ RoboSep™

Average Purity (%) 924 +22 92.8 + 3.1

n=6 (EasySep™) and n=4 (RoboSep™).

TABLE 3. Summary of Purities Obtained by EasySep™ CD4°CD127°"CD49d T
Cell Enrichment

Average Purity (%) 943+55 69.1 + 9.1




HUMAN REGULATORY T CELLS

FIGURE 2. Isolated CD4°CD25"" T cells are anergic and suppress
proliferation of CD4*CD25™° T cells
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Purified CD4*CD25* T cell fractions were assessed for anergy by measuring
their proliferation response to anti-CD3/CD28 coated beads (in grey).

The suppression activity of purified CD4*CD25* T cells was assessed by
measuring their ability to reduce the proliferative response of CD4*CD25™¢
T cells to CD3/CD28 beads (in black). T cell proliferation was quantified by
measuring dilution of the fluorescent dye CFSE with flow cytometry. Results
are expressed as proliferation detected relative to control CD4°CD25™ cell
populations stimulated with CD3/CD28 beads for 7 days in RPMI media
containing 5% human AB serum. The bars are the means of 5 experiments
with error bars indicating standard deviations.

Acknowledgements:

We would like to thank Dr. Rajendra Pahwa (Diabetes Research Institute, University of Miami Miller
School of Medicine) for samples and technical assistance during the development of some RoboSep™
protocols.

FIGURE 3. Expanded Tregs Suppress Proliferation of CD4*CD25
Responder Cells
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Left: Freshly isolated Tregs were stimulated with anti-CD3/CD28 coated beads
in the presence of exogenous IL-2 and 100 nm rapamycin. On day 7 the cells
were restimulated and the cultures continued until day 14. The CD4'CD25
-depleted cells in grey, were cultured in the absence of rapamycin for the
duration of culture.

Right: Following the 14 days of culture, the expanded Tregs were co-cultured
with autologous CD4*CD25-depleted responder T cells labelled with CFSE at a
1 Treg : 2 responders ratio.

Untouched Tregs

For researchers who prefer a gentle method of isolating
untouched Tregs, STEMCELL Technologies offers kits that enrich
Tregs without the need for positive selection. Starting with PBMC,
our new EasySep™ CD4*CD127°*CD49d" Kit (Catalog #19232)
isolates highly functional Tregs as little as 45 minutes.

Functional Analysis of Isolated Tregs

Tregs isolated using cell separation kits from STEMCELL
Technologies are highly functional with a suppressor phenotype.
Freshly isolated Tregs and Tregs expanded ex vivo are able to
suppress proliferation of CD4'CD25™° T cells.

Concluding Remarks

Advances in the field of Treg biology are both dependent
upon and necessary for progress in Treg isolation methods.
Recent evidence suggests that Tregs are a heterogeneous cell
population, comprising resting and activated subtypes.’®" Both
resting (CD45RA*FoxP3°") and activated (CD45RAFoxP3"")
Tregs can be distinguished by their relative expression of
CD45RA and FoxP3, markers that additionally separate them
from a known population of non-suppressive CD45RAFoxP3°”
CD4* T cells. Effective discrimination between resting and
activated Tregs would thus not only enable investigations into
Treg differentiation dynamics, but also facilitate the purification
of Tregs from other T cell subsets. Kits for the isolation of
CD45RA* and CD45RA" Treg subpopulations are thus currently
under development at STEMCELL Technologies. These new
products will add to the array of powerful yet convenient tools
that STEMCELL Technologies offers for the functional analysis
of Tregs, and should contribute to the development of novel
therapeutic approaches for treating complex diseases.
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Regulatory T cells Wallchart
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