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Abstract

CD4* T cells that co-express CD25 and CD127 (CD257CD127*) make up around 20% of all
circulating CD4* memory T cells in healthy people. The clinical significance of these cells is that
in children with type 1 diabetes their relative frequency at diagnosis is significantly and directly
correlated with rate of disease progression. The purpose of this study was to further characterize
the CD25*CD127M cells. We show that they are a mix of Th1 and Th2 cells however, they have a
significantly higher relative frequency of pre-committed and committed Th2 cells, and secrete
significantly higher levels of Th2-type cytokines than CD25~ memory T cells. Further, these cells
are neither exhausted nor senescent and proliferate to the same extent as CD25™ memory cells.
Thus, CD25*CD127M cells are a highly active subset of memory T cells that might play a role in
controlling inflammation via anti-inflammatory Th2-type deviation.
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1. Introduction

Substantial effort has been dedicated to understanding the role of the various memory T-cell
subsets in the regulation of immune responses. Human memory CD4" and CD8* T cell
compartments are made up of central memory (CM, CD45RO* CD45RA™ CCR7* CD28%),
effector memory (EM, CD45RO* CD45RA™ CCR77) [1,2], and regulatory (CD45RA™
Foxp3Ni cD25" CD127'°W) cells [3]. Functional memory T-cell subsets, defined by the
cytokines they express, can be either pro-inflammatory Th1 (IFN-y) and Th17 (IL-17,
IL-22) cells, or anti-inflammatory Th2 (IL-4, IL-5, IL-13) cells, or regulatory (IL-10, TGF-

B) cells [4].
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Studies primarily performed in mouse models have shown that lineage-specific cytokines
and transcription factors can both positively influence their own expansion, and negatively
regulate the differentiation and expansion of other cell subsets. Thus, Th1 cells are positively
induced by IL-12 and IFN-+y but negatively influenced by IL-4, while Th2 cells are
positively regulated by IL-4 and negatively regulated by the Thl cytokine IL-12 [5-10]. In
addition, the Th2—type transcription factor GATA-3 [11] plays a critical role in promoting
the Th2 response and in inhibiting Th1 differentiation [12-15]. Likewise, both IL-4 and
IFN-vy inhibit the development of Th17 cells [16,17] and during an immune response this
results in a negative association between Th17 and both Th1 and Th2 responses. This type of
immune regulation, or deviation, caused by the polarization towards and away from lineage
commitment, can enhance either the pro-inflammatory, or anti-inflammatory immune
responses.

We have identified a population of CD4* memory T cells by their co-expression of CD25,
the high affinity I1L-2 receptor, and a high density of CD127, the IL-7 receptor [18,19]. In
children newly diagnosed with type 1 diabetes (T1D) these cells are significantly associated
with the length of partial remission, measured using insulin dose adjusted glycated
hemoglobin (HbAlc) levels (IDAALc), with an increase in frequency associated with
protection. In diabetic children with a partial remission greater than 9 months, the frequency
of these cells is similar to that seen in healthy subjects suggesting that they might play a
causal role in protection. Ligation of both CD25 and CD127 with their respective cytokine
ligands provides pro-survival signals [20], suggesting that survival of this cell subset is
actively maintained. CD25*CD127M cells are neither Foxp3* regulatory cells (Treg), nor Trl
regulatory cells, both of which have been implicated in protection from disease progression
in people with T1D [21-23]. In the current study, we have further characterized the
CD25*CD127M cell population and find that it is a subset of memory cells capable of
secreting effector cytokines on CD3 stimulation. In addition, CD25*CD127Mi cells express
significantly higher levels of Th2-type cytokines than their CD25~ memory cell
counterparts. The data suggest that CD25*CD127M cells might play a role in controlling
pro-inflammatory responses by deviation towards Th2-type and away from pro-
inflammatory-type responses.

2. Materials and Methods

2.1 Healthy subject population PBMC

Whole blood from healthy donors aged 19-29 years was obtained from the Normal Blood
Donor Program at The Scripps Research Institute (TSRI). Human Subjects protocols and
consent forms were reviewed and approved by both TSRI IRB and San Diego Biomedical
Research Institute (SDBRI) IRB. Whole blood was collected in heparin and processed
within 2 hours. PBMC were isolated using standard methods and either used immediately or
frozen in liquid nitrogen, as indicated for each experiment.
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2.2 CD4™ cell subsets identified by Flow Cytometry

Fluorochromes, vendors, catalog numbers and registry identifiers for all antibodies used in
Flow Cytometry experiments, including isotype control antibodies, are as shown in
Supplemental Table 1.

2.3 Naive, memory, central memory, effector memory, Treg, CD25~ memory, and
CD25*CD127" memory cell identification

Naive, memory, central memory, and effector memory cells [1,2] were identified using
standard published makers as follows: Cells were labeled for CD3 CD4 CD45RA CD45R0O
CCR7, CD28, and CD62L to distinguish dominantly naive (CD45RA™*, CD45R0™), memory
(CD45RA™, CD45R0O"), central memory (CM, CD45RA™, CD45RO*, CCR7*, CD28*,
CD62L*7), and effector memory (EM; CD45RA™, CD45RO*, CCR7") cells. CD62L
expression was used to distinguish memory cells that either can (CD62L™) or cannot
(CD62L") recirculate via lymph nodes. In addition, regulatory cells were identified by their
high expression of CD25 and low expression of CD127 as described previously [24,25]
using the BD Biosciences Treg cocktail that includes antibodies specific for CD4, CD127
and CD25 with CD3 and CD45R0. CD257CD127" and CD25~ memory cells were also
identified using the BD Biosciences Treg cocktail. Fresh or frozen cells were used to
identify the different cell subsets, except when CD62L antibody was used in a panel. Only
freshly isolated PBMCs were used to identify the CD62L*~ CM or EM cells. Data were
acquired on an LSRFortessa and analyzed using FlowJo version 10 (Ashland, OR). Isotype
controls were used in every experiment and for every antigen-specific antibody.

2.4 Identification of Thl and Th2 CD4* T cell subsets

Either unsorted PBMC or sorted cell subsets, as indicated for each experiment, were washed
twice in RPMI (Invitrogen) with 10% human AB serum and rested at 37°C overnight. Cells
were resuspended in RPMI with 10% human AB serum, HEPES (Gibco BRL), glutamine,
penicillin, streptomycin (Irvine Scientific), and 2-mercaptoethanol (Sigma-Aldrich) and
cultured in 24 well plates at a concentration of 1-3 x 106 cell per ml with 50ng/ml PMA
(Sigma) and 1uM lonomycin (Sigma). 1 ul of Brefeldin A (BD Bioscience) per ml medium
was added at the beginning of the culture. After 4 hours cultured cells were washed twice.
Th1 and Th2 cells were identified by their intracellular co-expression of either IFN-y and
the transcription factor T-bet [25], or IL-4 and the transcription factor GATA-3 [11],
respectively. Pro-inflammatory cytokines IL-2, TNF-a, and IL-17, as well as the Th2-type
cytokine IL-10 were also measured by intracellular stain and Flow Cytometry.

2.5 Identification of pre-committed Th1l and Th2 cell subsets in unsorted and unstimulated
PBMC

In addition to memory cell subset markers, PBMC were labeled for CXCR5, CXCR3, and
CCRA4 to identify pre-committed Th1 (CXCR5~ CXCR3* CCR4™) and pre-committed Th2
(CXCR5™ CXCR3~ CCR4%) [27,28] cells.
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2.6 Cell subset purification by sorting

CD25~ memory, CD25*CD127" memory, and Treg cells were identified using the BD
Biosciences Treg cocktail with antibodies specific for CD3 and CD45R0. The 3 cell
populations were sorted on a BD FACSAria high-speed cell sorter. In some experiments,
total CD4* naive cells (CD45RO~ CD45RA™) were also sorted from the same donors and
analyzed. Gates used to sort cell subsets are shown in each relevant figure.

2.7 Measurement of T cell proliferation and cytokine secretion

Sorted CD4* T cell subsets were labeled with CFSE (Molecular Probes) using the standard
published protocol [29] before culture, and incubated in duplicate at 10° cells per well in 48
well plates for 48 and 72 hours with 10 pl per well anti-CD3/CD28 coated beads (BD
Biosciences), 10% human serum (Gemini), HEPES (Gibco BRL), glutamine, penicillin,
streptomycin (Irvine Scientific), and 2-mercaptoethanol (Sigma-Aldrich) in RPMI
(Invitrogen). Different plates were set up for different time points. For cytokine analysis, 100
ul of culture supernatant was collected at 48 hours and concentrations of I1L-2, IL-4, IL-5,
IL-6, IL-10, IL-13, IFN-y and TNF-a were determined by Flow Cytometry using the
Cytometric Bead Array following the manufacturer’s instructions (BD Biosciences Human
Th1/Th2/Th17 CBA kit and Biolegend LegendPlex Human Th2 panel). For cell
proliferation, cells were washed twice after 72 hours of culture and CFSE dilution
determined by Flow Cytometry. FCS Express 6 from De Novo Software (Glendale, CA) was
used to calculate proliferation index and percent divided cells.

2.8 Statistics

Multiple groups were analyzed using One-Way ANOVA or Two — Way ANOVA.
Comparisons between groups were analyzed using Tukey post-hoc. A p value of less than
0.05 is considered statistically significant. The level of statistical significance is indicated on
the Figures as * p=0.05-0.01, ** p=0.009-0.001, and *** p=0.0009-0.0001 and
****n<0.0001. All analyses were performed with Graphpad Prism (La Jolla, CA).

3. Results

3.1 CD25*CD127M T cells express Thi, Th2 and Th17 cytokines

The cytokine profile of CD25*CD127" cells was determined by stimulating sorted cells /7
vitro with PMA/ionomycin for 4 hours. The frequency of cells that express Th1, Th17 and
Th2 type cytokines, and are committed to either the Th1, or Th2, or Th17 lineage, was
determined and compared with CD25™ cells and Treg cells sorted at the same time (Fig 1).
The gates used to sort these three populations is shown in Fig 1A, and representative
examples of intracellular cytokine expression in each cell subset, as well as the identification
of Thl, Th2 and Th17 cells, is shown in Fig 1B. As expected the relative frequency of Treg
cells that express any of the cytokines tested was low. In contrast, cells within the
CD25*CD127M cell population express all cytokines tested (Fig 1C), with over 10%
committed to either the Thl or the Th2 lineage (Fig 1D). Moreover, the frequency of
CD25*CD127Ni cells expressing either Th1- or Th2-type cytokines (Fig 1C) and committed
to either the Thl or the Th2 cell lineage (Fig 1D) is significantly higher than it is for CD25~
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cells. The frequency of cells expressing Th17 cytokines is also higher in CD25*CD127Ni
cells compared to CD25~ cells, but this population makes up only around 2% of total cells.
Therefore, for the remainder of the study we will focus on the more dominant Th1 and Th2
cell subsets.

3.2 The CD25*CD127N T cell compartment contains a significantly higher frequency of
Th2-type cells than CD25™ memory cells

Cytokine expression in T cells after a 4 hour stimulation is routinely seen in memory, but not
naive T cells. As such, the higher relative frequency of cytokine positive and lineage
committed cells within the CD257CD127" population compared to the CD25~ population
might be explained by the fact that sorted CD25™ cells include naive and memory cells
whereas more than 95% of CD25*CD127Mi cells have a memory cell phenotype [18,19]. To
directly compare the cytokine profile of CD25*CD127" cells with the CD25~ memory cell
compartment, PBMC were labeled for CD3, CD4, CD45RA, CD45R0O, CD25 and CD127.
CD45R0 cells were identified in a plot gated on CD3* CD4™ cells (Fig 2A) and the co-
expression of CD25 and CD127 (Fig 2B and C) on CD45RO" cells was determined. The
CD4* CD45RO* memory cell population is made up of CD25*CD127M cells (blue gate),
Treg cells (red gate) and CD25~ cells (pink gate). The relative frequency of CD25*CD127h
cells within the total CD45RO* memory cell pool is around 20 percent (Fig 2D).

To further characterize the CD25*CD127" cell population, the relative frequency of CM and
EM CD25*CD127" cells (Fig 2E) that express CD62L (Fig 2F and G) was compared with
CD25™ cells. The relative frequency of CD62L* and CD62L~ CM and EM cells within the
CD25™ and CD25* CD127" memory cell compartments is not different (Fig 2H).

To compare the Th1/Th2 profile of CD25*CD127" memory cells with their CD25~ memory
cell counterparts, we determined the relative frequency of pre-Th2 (CCR4* CXCR3~
CXCR5"), pre-Th1 (CXCR3* CCR4~ CXCR5™), committed Th1 and committed Th2 cells
in both cell subsets. We also compared to total memory (CD45RO") and naive (CD45RA™)
cells. Representative plots identify pre-committed Thl and Th2 (Fig 3A-D), committed Th2
(Fig 3E) and committed Th1l (Fig 3F) cells. The relative frequency of pre-committed and
committed Th2 cells (Fig 3G and H), but not pre-committed and committed Th1 cells (Fig 3l
and J), is significantly higher within CD25*CD127" cells compared to CD25~ memory
cells. As expected, the relative frequency of pre-committed and committed cells is very low
in naive cells.

In a separate experiment we determined whether the pre-committed (Figure 4A) and
committed (Figure 4B) Th2 cells in the CD25*CD127M cell population were either CM or
EM, and found that they were evident in both CM and EM compartments. Moreover, the
frequency of pre-committed (Fig 4A) and committed (Fig 4B) Th2 cells is higher in both the
CM and EM compartments of CD25"CD127" cells compared to CD25~ cells. In contrast,
there is no significant difference in Th1-type cells between CD25*CD127" and CD25™ in
either the CM or EM compartments (Fig 4C and D).
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3.3 CD25*CD127Ni cells secrete significantly higher levels of Th2 cytokines than their
CD25™ memory cell counterparts

Functionally, the relevant measure of a Th1 and Th2 population is in the cytokines that they
secrete. To test this, CD25*CD127" and CD25~ memory cells, and CD45RA* naive cells
were identified using the strategy shown in Fig 2, sorted, and stimulated with anti-CD3/anti-
CD28 antibody-coated beads. The supernatants were harvested after 48 hours of culture and
cytokines quantified using the cytokine bead assay. CD25*CD127M cells secrete
significantly more IL-4 (Fig 5A), IL-5 (Fig 5B), and 1L-10 (Fig 5C), all Th2-type cytokines,
than either CD25~ memory or naive cells. The level of Th2-type cytokine IL-13 secreted
was low and highly variable in all cultures (Fig 5D). In contrast, CD25*CD127M cells
secreted similar levels of pro-inflammatory cytokines, IL-6 (Fig 5E), IL-2 (Fig 5F), TNF-a
(Fig 5G) and IFN-y (Fig 5H) compared to CD25" cells. The data overall suggest a Th2
predisposition in CD25*CD127" cells compared to CD25~ memory cells and naive cells.

3.4 The proliferation state and capacity of CD25*CD127"i cells is equivalent to CD25~
memory cells

Both ongoing proliferation and proliferative capacity in response to stimulation via CD3 was
measured. Ongoing proliferation, measured directly ex vivo using Ki67 expression, is not
significantly different for CD25*CD127" memory, CD25~ memory or naive cell subsets.
However, consistent with previous published work, Ki67 expression in Treg is significantly
higher than in either naive or memory cells (Fig 6A and B and [30,31]). The capacity of
sorted CD25*CD127" and CD25~ cells (Fig 6C and D) to divide in response to anti-CD3/
anti-CD28 antibody stimulation (Fig 6E—H), measured as proliferation index and percent
divided cells, was indistinguishable between the two cell populations (Fig 61-J).

4. Discussion

This study was designed to further characterize CD4* CD25*CD127" cells, a non-Treg
subset of memory T cells that we have previously shown to correlate with the rate of disease
progression in children newly diagnosed with T1D, with a higher frequency of cells
correlating with slower rate of disease progression [18,19]. Our new data show that
CD25*CD127M cells are present in healthy people at a relative frequency similar to that in
T1D patients with the slowest rate of disease progression. Their presence in hea Ithy people
suggests that they might play a role in delaying disease pathogenesis in people with T1D.
Our new data show that CD257CD127M cells make up around 20 percent of all CD4*
CD45R0O* memory T cells and they are a mixture of CM and EM. Like their CD25~
memory T cell counterparts, they divide efficiently in response to stimulation via anti-CD3,
and they secrete pro-inflammatory cytokines. However, they differ from other memory T-cell
populations in that they also secrete high levels of Th2-type cytokines and contain
significantly higher relative frequency of pre-committed and committed Th2 cells. Based on
these data, we suggest that the clinical significance of CD4* CD25*CD127M cells might be
to reduce inflammation in conditions such as T1D by deviating a pro-inflammatory response
to an anti-inflammatory Th2-type response.
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Human CD4* CD25/" Foxp3~ cells with enhanced capacity to secrete cytokines after
stimulation via CD3 compared to CD25~ cells have been described previously. However,
their expression of CD127 and Th2-type cytokines was not reported in that study [32]. The
significance of a strong Th2 response is that the Th2- lineage-specific cytokine IL-4 [5-10],
and transcription factor GATA-3[13-15] can negatively influence lineage commitment to the
pro-inflammatory Th1-type and Th17 response [7,17]. Such polarization influences by Th2
cells might contribute to the protection against a pathogenic autoimmune Th1-type response
if present at the same time and in the same microenvironment. The finding that
CD25*CD127M cells have a significantly higher relative frequency of pre-committed Th2
and committed Th2 cells, as well as enhanced capacity to secrete Th2-type cytokines,
compared to CD25~ cells, strengthens the overall notion that CD25*CD127" cells favor
Th2-type responses.

Th1 and Th2 cells are functionally distinct lineages that can exist as CM or EM depending
on their differentiation state after antigen exposure [33]. Because the majority of
CD25*CD127M cells are CM (Fig. 2) we tested the possibility that CD25*CD127" cells
with a Th2 phenotype are found predominantly within the CM compartment (Fig 4). We
found that this is not the case and that Th2-type CD25*CD127" cells are distributed across
both CM and EM differentiated states. This is also true for pre-committed and committed
Th1 cells.

Cell subsets with a Th2 bias have been noted previously and include recent thymic
emigrants (RTE) [34] and CD4* CD44"-1oW peripheral precursor cells [35]. We have ruled
out the possibility that CD25TCD127" cells are either RTE or CD44"-'%W precursor cells
because they do not express the naive cell marker, CD45RA. A Th2 bias has also been
described in senescent memory T cells [36,37]. However, CD25*CD127M cells are not
senescent because they express CD28 and divide in response to anti-CD3 ab as effectively as
other memory T cell subsets. T cell senescence, on the other hand, is characterized by loss of
the co-stimulatory molecule CD28 [38] and cell cycle arrest [39]. The CD25*CD127" cell
population also shows no features of exhaustion. Thus, T cell exhaustion is accompanied by
a decrease in secretion of IL-2 and TNF-a [40-42] and low levels of cell surface CD127
[43-45]. In contrast, CD25*CD127Mi cells, by definition, express high levels of CD127, and
they secrete IL-2 and TNF-a as effectively as other memory T cells.

Our analysis of CD257CD127" cells shows that more than 75% have a pre-committed Th2
or Thl phenotype. It has been hypothesized that pre-committed T-cell subsets are able to
circulate through inflamed tissue, where, upon encounter with specific antigen, they commit
to a specific lineage [46] by upregulating stable expression of the relevant transcription
factors, T-bet for Thl [26], GATA-3 for Th2 [11], RORyt for Th17 [47], and Foxp3 for
Tregs [48-50]. However, the majority of CD25*CD127i cells express CD197 and/or L-
selectin (CD62L), both homing receptors for lymph nodes, where T-cell responses to antigen
generally takes place. Overall these data suggest that cells within the CD25*CD127N
population have the capacity to recirculate to both inflamed tissue and lymph nodes.

The expression of high levels of the IL-7 receptor, CD127, bodes well for long term survival
of CD25*CD127M cells since signaling through both receptors provides pro-survival signals
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[51]. CD25*CD127Mi cells also express a high surface density of CD44 and the CD44
variant CD44v6 [18], receptors for hyaluronan (HA), signaling through which inhibits
apoptosis [52-54]. Moreover, CD44 co-stimulation induces CD25 expression and signaling
in the presence of low levels of circulating IL-2 [55]. It is possible that the relative frequency
of CD257CD127M cells reflects the level of circulating mediators, IL-2, IL-7 and HA, which
are stable in healthy individuals, but altered during states of inflammation. As such, the
relative frequency of CD25*CD127Ni cells might be useful as a measure of immune
homeostasis because they are highly sensitive to circulating factors that are modulated
during inflammation.

In conclusion, our data might suggest that CD25*CD127" T cells play a role in maintaining
a non-inflammatory environment by deviating immune responses away from pro-
inflammatory Th1 response by deviating towards an anti-inflammatory Th2-type response.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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8. Abbreviations

PBMC peripheral blood mononuclear cells
IRB Institutional Review Board

mAb monoclonal antibody

CM central memory

EM effector memory

TiD type 1 diabetes

Treg Foxp3* regulatory T cell
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Highlights

. CD25* CD127" T cells expresses Th1, Th2 and Th17 cytokines
. The CD25* CD127" T cell pool contains more Th2-type cells than CD25~

memory cells

. CD25* CD127M cells secrete higher levels of Th2 cytokines than CD25~

memory cells

. The proliferation capacity of CD25* CD127Mi cells is equivalent to CD25~

memory cells

. CD25* CD127M cells are neither exhausted nor senescent
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Fig. 1. CD257CD127M T cells expresses Thl, Th2 and Thl7 cytokines
A) The dot plot is gated on CD3* CD4* cells and shows the gates used to sort CD25~

(orange), CD25* CD127 (red) and Treg (blue) cells from PBMC of healthy adult subjects.
B) Representative histograms and dot plots depicting the expression of cytokines (IL-2, IFN-
¥, TNF-a, IL-17, IL-4, IL-10) and transcription factors (T-bet, GATA-3, RORvyt) expressed
intracellularly by CD25*CD127" cells (red histogram), CD25 cells (orange histogram) and
Tregs (blue histograms). C) Sorted CD25~ (closed bars), CD25* CD127" (open bars) and
Treg (hatched bars) from PBMC of healthy adult subjects (n=3 in 3 separate experiments)
were stimulated with PMA and ionomycin for 4 hrs. D) The relative frequency of each cell
subset that co-expresses either T-bet and IFN-y, or GATA-3 and IL-4, or RORyt and IL-17
(n = 4). Data are analyzed by One Way ANOVA with Tukey post-hoc. A p value <0.05 is
considered significant. Significance between cell subsets determined using ** p= 0.009—
0.001, *** p=0.0009-0.0001 and **** p<0.0001.
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Fig. 2. C:D25+CI_3127hi cells are a mix of central memory and effector memory cells
CD25*CD127M cells makeup around 20% of total CD4* memory T cells and are evident

both within the CM (CD197* CD28*) and EM (CD1977) compartments of the CD45RO™
memory cell compartment. A) PBMC from 19-29-year-old healthy males (n=9) are gated on
CD3* CD4". Total memory cells are identified as CD45RO* RA™ (black box) and naive as
CD45RA™ RO~ (green box). B) Plot gated on CD45RO™ cells from panel A shows the
strategy used to identify CD25*CD127M cells (blue box), Treg cells (red box) and CD25~
memory cells (pink box). C) An overlay dot plot gated on CD45RO™ cells from panel A,
labeled with either isotype controls for anti-CD127 and anti-CD25 (blue) or CD127- and
CD25-specific antibodies (red) used for selecting the quadrants shown in panel B. D) The
stacked histogram shows the frequency of CD45RO* memory cells that are either
CD25*CD127" (blue), or Treg cells (red), or CD25~ memory cells (pink). Data are mean +
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SD (n =9). E) A representative plot showing the co-expression of CD197 and CD28 on
CD25*CD127M cells used to identify CM (CD197* CD28*) and EM (CD1977). F) and G)
are representative plots showing the expression of CD62L on CM (F) and EM (G) cells. H)
Stacked histograms showing the relative frequency of CD62L*/~ CM and EM cells within
the CD25~ and CD25*CD127" memory cell subsets. Data are expressed as mean + SD (n =
3).
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Fig. 3. cD25*cD127N cells are bias towards a Th2 phenotype
Plots A-D are gated on CD4* CD45RO* CXCR5™ cells and show the expression of CXCR3

and CCR4 on either CD25~ (A), CD25* CD127" (B), CD45RO™ total memory (C), or
CD45RA™ naive cells (D) to identify pre-committed Thl and Th2 cells. A representative
example of committed Th2 cells (E) and Th1 cells (F) in CD4* CD45RO* CD25* CD127Mi
cells is shown by the co-expression of IL-4 and GATA-3 for Th2 and IFN-y and T-bet for
Th1. The relative frequency of pre-committed Th2 (G), committed Th2 (H), pre-committed
Thi (1), and committed Th1 (J) in CD25~ cells, CD257CD127M cells, total memory and
naive cells was determined in PBMC from healthy young adults (n = 9). Data shown are
mean +/— SEM analyzed using One-Way ANOVA with Tukey post-hoc. A p value <0.05 is
considered significant. Significance between cell subsets determined using * p= 0.05 - 0.01
** p=0.009 — 0.001 and **** p<0.0001.
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Fig. 4. The higher frequency of Th2-type cells in cD25*CcD127N cell compared to CD25~

memory cells is evident in CM and EM

PBMC were labeled for CD3 CD4 CD45RA CD25 CD127, CD197, and either CXCRS5,
CXCR3 and CCR4, or IFN-y and T-bet, or IL-4 and GATA-3. The relative frequency of
either pre-committed Th2 (A), committed Th2 (B), pre-committed Th1 (C) or committed
Th1 (D) cells with either a CM or EM phenotype in either CD25™ memory (closed bars) or
CD25* CD127" (open bars) compartments was determined. The relative cell frequency is
shown as mean +/- SD (n = 3). A Two — Way ANOVA was used to analyze the dataset to
determine the relative frequency of Thl- and Th2-type cells within CM and EM CD25™ and

CD25*CD127M cells.
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Fig. 5. CD25*CD127N cells secrete significantly more Th2-type cytokines IL-4, IL-5 and IL-10
than other memory and naive cells

CD25*CD127" and CD25~ memory cells were identified in PBMC from healthy adults
using the gates described in Figure 2, sorted and stimulated with anti-CD3/CD28-coated
beads for 48hrs. Sorted naive cells (CD4* CD45RA*) were used as an additional control cell
population. The levels of secreted IL-4 (A, n =6), IL-5 (B, n =6), IL-10 (C, n = 3), IL-13
(D,n=3),IL-6 (E,n=4),IL-2 (F,n=4), TNF-a (G,n=6)and IFN-y (H,n=4)in
culture supernatants were determined. Data shown are mean +/-= SEM analyzed using One-
Way ANOVA with Tukey post- hoc. A p value <0.05 is considered significant. Significance
between cell subsets is determined using * p = 0.05-0.01 and ****p<0.0001.
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Fig. 6. The proliferation state and capacity of cD25*cD127N cells is equivalent to CD25™

memory cells

PBMC from 3 healthy donors were labeled to identify CD25~ and CD25*CD127" memory
cells, total memory cells and naive cells and the relative frequency of each cell population
that expresses Ki67 determined (A). Isotype control expression for Ki67 on Treg cells is
shown in (B). Cell subset expression of Ki67 in panel A was compared using One-Way
ANOVA with Tukey post-hoc. In a separate experiment CD25~ and CD25*CD127M cells
were sorted using gates shown in C) and D). Panel C is gated on CD3* CD4* cells. Panel D
is gated on CD45RO™ cells (black box) and shows the gates used to sort either CD25~ cells
(pink box), or CD25*CD127" cells (blue box). Both sorted populations were CFSE-labeled,
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and cultured with anti-CD3 ab plus anti-CD28 ab coated beads for 72 hours and
proliferation of CD25~ (E) and CD25*CD127" (F) cells measured using CFSE dilution.
Unstimulated CFSE controls at 72 hours are shown for CD25~ (G) and CD25*CD127" (H)
cells. Proliferation index (PI, I) and percent divided cells (J) was determined after 72hr of
stimulation for each cell subset using the FCS Express 6 software (n = 4). In each panel data
are shown as mean +/— SEM.
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