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Abstract
Regulatory T cells (Tregs) are critical for maintenance of peripheral tolerance via suppression of T-
cell responses, and absence of Tregs results in autoimmunity. The role of aberrations in the Treg
pool for the development of systemic lupus erythamatosus (SLE, lupus) remains uncertain. Treg-
mediated generation of adenosine, dependent on the ectonucleotidase CD39, is an important
mechanism for suppression of T-cell responses. We tested whether decreases in numbers of Tregs,
and specifically CD39-expressing Tregs, are associated with human lupus. We studied 15 SLE
patients, 6 patients with rheumatoid arthritis (RA) and 24 healthy controls. Treg phenotypic
markers, including CD39 expression, were studied by flow cytometry. Varying numbers of sorted
Tregs cells were co-cultured with responder T (Tresp) cells, with proliferation assessed by 3H-
thymidine incorporation. The proportion of Tregs as defined by Foxp3+ CD25+high CD127−/low

was similar in lupus and control populations. CD39-expressing Tregs comprised 37 ± 13% of the
Treg population in healthy controls and 36 ± 21% in lupus subjects using nonsteroidal
immunosuppressants to control active disease, but was nearly absent in 5 of 6 lupus subjects with
minimally active disease. In contrast to healthy controls and lupus subjects without the CD39
defect, in SLE subjects with the CD39 defect, adenosine-dependent Treg-mediated suppression
was nearly absent. These results suggest that functional defects in Tregs, rather than reduced Treg
numbers, are important for the loss of peripheral tolerance in lupus. Presentation of this defect
may serve as a biomarker for untreated disease.
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1. INTRODUCTION
Regulatory T cells (Tregs) are critical mediators of peripheral tolerance to self antigens, as
well as to some tolerogenic foreign antigens. During T cell development in the thymus, both
autoreactive T cells and T cells with insufficient recognition of self-major histocompatibility
antigen (MHC) molecules are deleted, resulting in central tolerance. However, some
autoreactive T cells are not deleted, but rather attain a regulatory phenotype in which these
Tregs, if activated, inhibit antigen-stimulated activation of nearby T cells [1, 2]. Induction of
the forkhead transcription factor Foxp3 is critical in establishing this regulatory phenotype.
These ‘natural’ Tregs were first phenotypically characterized as a CD4+ CD25+hi T cell
population capable of inhibiting T cell proliferation. Other markers of these natural Tregs
include CTLA-4, GITR (glucocorticoid-induced TNF receptor-related protein), and low-
level expression of IL-7Rα, all of whose genes are targets of Foxp3 [3, 4]. However,
expression of these molecules, including Foxp3 (or downregulation of expression in the case
of IL-7Rα) is also observed for activated T cells [5–7].

Recently, adenosine produced by Tregs has been implicated as a soluble mediator of Treg
suppression. Murine Foxp3+ CD25+hi Tregs express CD39 and CD73 [8–11], which mediate
extracellular metabolism of ATP/ADP and AMP, respectively, into adenosine. Adenosine
and the adenosine 2A receptor (A2AR), a GS-coupled GPCR, are critical in the down-
regulation of inflammatory responses in general [12, 13] and T cell responses in specific
[14]. Expression of CD39 in human Foxp3+ CD25+hi Tregs was also confirmed, and reduced
numbers of CD25+hi CD39+ Tregs correlated better with multiple sclerosis than did numbers
of Tregs defined solely by CD25+hi expression [9]. Mandapathil et al. confirmed that
adenosine generated by CD39-expressing Tregs significantly contributes to Treg-mediated
suppression of T cell profileration in humans [15].

The role of Tregs in SLE remains uncertain. It was initially reported that the proportions of
Tregs (defined by CD4+ CD25+hi) were lower in the SLE population in general or only in
those with active/flaring SLE and weakly correlated with active disease severity [16–18].
Others groups reported that higher levels of Foxp3 were associated with active disease [3] or
with recent corticosteroid therapy [19] or both [20]. Recently two groups reported that Treg
proportions were similar to that in controls, but their suppressive capacity is defective in a
subset of SLE cases [21, 22].

Herein we demonstrate that CD39-expressing Tregs are nearly absent in lupus patients with
minimally active disease, and the absence of CD39 is associated with reduced adenosine-
mediated suppression of mitogen-stimulated T cells. Presentation of this defect may serve as
a biomarker for presence of disease, and early intervention for bypassing this defect may
help to alleviate disease progression.

2. METHODS
2.1. STUDY SUBJECTS

SLE subjects (age range 25–61 years) were either selected from a previously studied cohort
[23, 24], restricted to those with minimally active disease, or were recruited from an
academic rheumatology clinic (mostly patients with currently active disease) (Table I). All
SLE subjects met diagnostic criteria as described by American College of Rheumatology
[25]. SLE Disease Activity Index (SLEDAI) was quantified semi-annually or during a flare
(Table I). Patients were classified as minimally active or active based on SLEDAI. Twenty
four healthy participants (age range 25–55 years) who had no history of autoimmune disease
(healthy controls,) and rheumatoid arthritis subjects (age range 37–68 years) were included.
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Informed consent was obtained from each subject, as approved by the Institutional Review
Board of Wake Forest University Health Sciences.

The study was designed by Dr. Khan in consultation with Drs. Loza and O’Rourke. Data
were collected and analyzed by Drs. Khan, Loza, Anderson and Wood. All authors have full
access to the data and vouch for the accuracy and completeness of the data and analyses.
The first draft of manuscript was written by Dr. Loza, and the final content of the
manuscript was developed collaboratively by all authors.

2.2. CELL ISOLATION
All subjects were required to refrain from intake of caffeine-related products in the morning
prior to donation. Peripheral blood mononuclear cells (PBMC) were isolated by density
gradient centrifugation of whole blood obtained from SLE and healthy control donors. CD4+

T cells were isolated and enriched by negative selection from the PBMC using the high
gradient magnetic cell separation system Midi MACS (Miltenyi Biotec, Auburn, CA) [26]
with ≥ 96% of purified cells expressing CD3 and CD4. CD4+ T cells expressing high levels
of CD25 (CD25+high) and having low forward scatter characteristics (FSlow) were purified
by flow cytometric sorting of anti-CD25 (PE)-labeled cells. CD25 non-expressor (CD25−)
cells were collected simultaneously.

2.3. FLOW CYTOMETRY
Freshly isolated PBMC were surface stained with monoclonal antibody (mAb) to CD3
(Pacific Blue, BioLegend), CD4 (APC-AlexaFluor750, eBioscience), CD25 (PE-Cy5 or
APC, Caltag-Invitrogen), CD127 (AlexaFluor647, BioLegend), and either CD39 (PE, AbD
Serotec) or CD69 (PE, BioLegend). Intracellular Foxp3 (AlexaFluor488 labeled, clone,
BioLegend) was then stained according to the methods provided by the manufacturer.
Immunofluorescence was analyzed on FACS Canto II flow cytometer (Becton-Dickinson),
and data analyzed using FlowJo software (v7, TreeStar).

2.4. Treg SUPPRESSION ASSAY
Suppressive activity of Tregs were evaluated by co-culturing 0 or 25,000 “responder” CD4+

T cells (CD25−) with 0, 12,500, or 25,000 Tregs (CD25+hi FSlo). Responder and Treg
populations obtained simultaneously from the same donor were used for the co-cultures, as
described in Methods: Cell Isolation section above. The cells were activated with 500 ng/ml
PHA-L and 1 µg/ml anti-CD28 mAb, with or without added 300nM xanthine amine
congener (XAC), an adenosine receptor antagonist [27]. On day 4 of culture, 1 µCi tritiated-
thymidine deoxyribonucleoside (3H-TdR) was added to each well. After 20-h, cells were
frozen at −20°C until harvesting of DNA onto glass microfiber filters. Proliferation of cells
was assessed by degree of 3H-TdR incorporation into DNA, measured by β-liquid
scintillography.

Treg –mediated suppression of T cell proliferation was calculated as: 100% × [1 − (Tresp:Treg
− Treg)/(Tresp − Treg)], with background counts subtracted first from each parameter
(Tresp:Treg, cpm from cultures with both responder CD25− T cells and CD25+ Tregs, with or
without XAC; Treg, cpm from cultures with CD25+ Tregs only, without XAC; Tresp, cpm
from cultures with CD25− responder T cells only, without XAC). Reversal of suppression
by XAC was calculated as: 100% × [1 − (% suppression with XAC) / (% suppression
without XAC)].

2.5. STATISTICAL ANALYSIS
Normality of data distributions was evaluated using the D’Agostino and Pearson Omnibus
normality test. Statistical differences were evaluated using either ANOVA (for comparisons
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among 3 or more populations) or student’s t-tests (with Welch correction when variances
significantly different) for normally distributed data sets. Significance of correlations was
evaluated by linear correlation analyses with alternative hypothesis of a non-zero slope. All
analyses were performed using GraphPad software (v4).

3. RESULTS
3.1. Tregs AND CD39 EXPRESSION

It remains unclear whether the proportions of Tregs in peripheral blood T cells are reduced in
SLE subjects. To stringently identify Tregs in freshly isolated PBMC, multi-marker
phenotyping was performed using immunofluorescence-flow cytometry analysis. Foxp3
expression was analyzed in gated CD3+ CD4+ T cells (within the lymphocyte population
defined by forward and light scatter characteristics) (Fig. 1A top, healthy control; Fig. 2A,B
top, SLE patient). Analyzing Foxp3 expression vs. forward scatter (FS) allows clearer
resolution of Foxp3− and Foxp3+ populations, as Tregs in fresh PBMC have low forward
scatter. To ensure that Tregs were faithfully gated, high expression of CD25 and low
expression of CD127 (IL-7Rα) [3] in Foxp3+ compared to Foxp3− cells were
simultaneously analyzed (Fig. 1A bottom, healthy control; Fig. 2C, SLE patient). Using this
method, the proportion of Foxp3+ cells in CD4+ T cell populations was analyzed in fresh
PBL from healthy control, (n=24), SLE (n=15, including patients with active and minimally
active disease), and rheumatoid arthritis (n=6) subjects (Fig. 1B). The mean proportion of
Foxp3+ cells was similar among the subject populations (3.8 ± 1.5%, controls; 4.7 ± 1.7%,
SLE; and 3.5 ± 1.0%, rheumatoid arthritis).

Confirming recent reports, among T cell subsets CD39 expression was present almost
exclusively in the Foxp3+ Treg subset from all control subjects tested, with 37 ± 13% of
Tregs expressing CD39, compared to 2.2 ± 1.1% in the non-Treg population (Fig. 1A bottom,
summarized in Fig. 3A). In contrast, CD39 expression was nearly absent in Tregs from 5 of 6
SLE subjects with minimally active disease who were specifically recruited from our
previously established cohort (SLEDAI = 1.3 ± 2.1) (Fig. 2C and Fig. 3B, representative
SLE patients with minimally active disease; summarized in Fig. 3A). Importantly, the CD39
defect was observed in the same SLE subjects at several time points (not shown). During the
study, additional subjects were recruited from our rheumatology clinic, most of whom had
active disease (SLEDAI = 10.0 ± 5.2). Interestingly, this new cohort exhibited CD39
expression within their Treg population to a level similar to that observed in healthy controls
(summarized in Fig. 3A, representative patient in Fig. 3B). CD39 expression in Tregs from
rheumatoid arthritis subjects was similar to that for control subjects (Fig 3A). The defect in
expression of CD39 in the SLE subjects was restricted to Tregs, as normal CD39 expression
was observed in nearly 100% of B cells and monocytes from healthy controls and SLE
subjects, regardless of T-cell CD39 defect (not shown; representative SLE patient with T-
cell CD39 defect, Fig. 2D, E).

T cells from the second, active-disease cohort demonstrated evidence of current T cell
responses, indicated by expression of CD69, both in non-Tregs (Foxp3−) and cells with Treg
phenotype (Foxp3+ FSlow) (Fig. 3B). It is possible that CD69-expressing Foxp3+ cells may
be either activated non-Tregs, activated Tregs, or newly induced Tregs. Because the Foxp3+

gating was restricted to cells demonstrating relatively low forward light scatter profile, these
cells are likely not activated non-Tregs, which would present a relatively high forward scatter
profile. These results demonstrate that SLE patients, restricted to those with minimally
active disease, present with defective expression of CD39 by Tregs.
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3.2. INDUCED CD39 EXPRESSION IN T CELLS
CD39 is also reported to be inducible upon CD3-mediated stimulation of T cells. CD39
induction was indeed inducible in sorted CD4+ CD25− T cells from control and rheumatoid
arthritis subjects after stimulation via CD3 and CD28, coinciding with induced expression of
CD25 (Fig. 3C). However, CD39 induction in CD4+ CD25− T cells from SLE subjects who
demonstrated lack of CD39 expression in Tregs was minimal, despite normal induction of
CD25 expression. In SLE subjects with normal Treg-CD39 expression, in vivo expression of
CD39 was evident on non-Tregs as well, in the absence of ex vivo stimulation, consistent
with concomitant expression of CD69 (Fig. 3B). These results indicate that the CD39 defect
observed in a subset of SLE subjects with minimally active disease is a pan-T cell defect and
not limited to the Treg subset.

3.3. CD39 DEFECT, DISEASE ACTIVITY, AND MEDICATION USAGE
Disease activity and medication usage were explored for correlations with Treg expression of
CD39. The mean SLEDAI for the SLE subjects with <4% CD39+ cells in the Treg
population (1.6 ± 2.2) was significantly lower (p=0.024) than the mean value for those with
>12% (8.0 ± 6.1). However, there was not a significant linear relationship between SLEDAI
and % CD39+ cells in the Treg population. Supporting the association of active disease and
CD39 expression was the observation that expression of CD39 significantly correlated with
CD69 expression, in both Treg (r=0.83, p=0.0028) and non-Treg (r=0.64, p=0.046) (Fig. 4A
and B) populations. Associations for current use of SLE-control medications and CD39
expression were also considered. SLE subjects were grouped based on their current usage of
nonsteroidal immunosuppressants (NSIS, including cyclophosphamide, azathioprine,
mycophenolate mofetil, and methotrexate) to control active disease. Current use of NSIS
was strongly associated with expression of CD39 in Tregs (p=0.0039), as well as expression
of CD69 in both non-Tregs and Tregs (Fig. 4C and D) Importantly, the only SLE subject with
minimally active disease (as assessed by SLEDAI) who demonstrated Treg expression of
CD39 was indeed currently taking an NSIS (methotrexate, over previous 2 years).
Collectively, these results suggest that either active disease triggers CD39 expression in
Tregs (and non-Tregs) or that NSISs are capable of reversing the defect in CD39 expression
by both Tregs and non-Tregs.

3.4. CD39 DEFECT AND Treg-MEDIATED SUPPRESSION
The role of adenosine in Treg-mediated suppression in healthy controls and the biological
significance of the defect in Treg CD39 expression in the subset of SLE subjects was
demonstrated by standard “Treg suppression” assays. Purified CD4+ T cells were cell sorted
for CD25+hi cells (Tregs) and CD25− cells (responder T cells) (Fig. 5) and then co-cultured
in the presence or absence of XAC, a pan-adenosine receptor antagonist [28] (Fig. 6).
Addition of Tregs suppressed PHA+CD28-stimulated proliferation of responder cells in
healthy subjects (n=2) (Fig. 6A). A similar level of Treg-mediated suppression was observed
in SLE subjects presenting the CD39 defect (n=2, minimally active disease) (Fig. 6A). In
healthy subjects, blocking adenosine receptors with XAC returned proliferation almost to
original levels or reversed suppression by 20 – 40% when Tregs were at a 0.5:1 and 1:1 ratio,
respectively, with responder cells (Fig. 6A, filled vs. open symbols; summarized in Fig. 6B).
Importantly, in the SLE subjects with the CD39 defect, adenosine receptor antagonism did
not reverse the residual Treg-mediated suppression (Fig. 6A, filled vs. open symbols;
summarized in Fig. 6B). Suppression assays were also performed in SLE subjects without
the CD39 defect (n = 2, active disease). Treg-mediated suppression was lower in these
subjects compared to SLE subjects with the CD39 defect and healthy subjects (Fig. 6A). In
SLE subjects without the CD39 defect, XAC reversed the observed Treg-mediated
suppression to a lesser extent (15 – 16% reversal at 0.5:1 Treg: CD25− ratio) and similar
extent (23 – 30% reversal at 0.5:1 Treg: CD25− ratio) compared to healthy controls (Fig. 6A,
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filled vs. open symbols; summarized in Fig. 6B). These results confirm the hypothesized
role of adenosine generation in human Treg-mediated suppression in healthy subjects and
that adenosine-mediated suppression by Tregs is defective in SLE patients presenting with
the CD39 defect. However, because of the limited sample sizes, conclusions cannot be
drawn regarding differences among controls and SLE patients with and without the CD39
defect.

4. DISCUSSION
We demonstrate in current study that T-cell expression of the ATP/ADP-metabolizing
ectoenzyme CD39 is defective in a subset of lupus subjects, restricted to participants with
minimally active disease (based on SLEDAI and, objectively, on lack of CD69 expression)
and not currently using nonsteroidal immunosuppressants to control active disease. This
defect is apparent in freshly isolated Tregs. Importantly, non-regulatory T cells are also
defective in their capacity to upregulate expression of CD39 upon CD3-mediated
stimulation specifically in this population. CD39 expression was normal in all SLE
participants who were currently taking NSIS, including one of whom had a reported
SLEDAI of zero. In addition to being an indicator of minimally active disease (in the
absence of NSIS use), the CD39 defect demonstrated a functional impact on T cell
regulation. Unlike in T cells obtained from healthy controls, blocking the adenosine receptor
failed to reverse observed suppression. An interpretation is that adenosine was not available
to mediate suppression in SLE subjects with the CD39 defect. Because of the limited sample
size of the Treg suppression assays, whether there are absolute differences in extent of Treg-
mediated suppression among the groups cannot be clearly established from these
experiments.

Considerable CD39/adenosine-independent suppression was still observed in the SLE
patients presenting with the CD39 T-cell defect. Despite substantial reversal of suppression
upon adenosine receptor antagonism in healthy controls, residual suppression was still
observed though not to the degree observed in the SLE patients with the CD39 defect. These
results suggest that adenosine contributes to, but is not absolutely sufficient, for efficient
Treg-mediated suppression. Numerous mechanisms of suppression have been proposed for
Tregs, including: secreted or membrane-bound TGF-β and IL-10; secreted IL-35 and PGE2;
and competition for APC engagement (CTLA-4 and LAG-3 on Tregs competing for CD80/
CD86 and MHC class II, respectively, on antigen-presenting cells). Whether these other
mechanisms of suppression are defective in SLE, their overlap with the T-cell CD39 defect,
and impact of SLE therapeutics on these mechanisms will be important for the
understanding of T- cell and Treg functions in SLE patients.

Currently, disease activity in SLE is routinely assessed using cumbersome composite
disease activity indices: SLE Disease Activity Index (SLEDAI), Systemic Lupus Activity
Measurement (SLAM), European Consensus Lupus Activity Measure (ECLAM), and
British Isles Lupus Assessment Group (BILAG). To add to this inherent complexity of the
disease, the prompt diagnosis and effective management of this disease remains a great
challenge to clinicians. T cell subsets are considered critical in the pathogenesis of this
disease [22, 29–34]. Thus our discovery of a defect in CD39 expression on Tregs represents a
viable potential as a predictor/biomarker of human lupus and objective indicator of disease
activity.

It seems paradoxical that CD39 expression would be suppressed in inactive disease but not
in active disease. However, whether CD39 expression (on both Tregs and non-Tregs) is
induced as a result of the flare in disease activity or as a result of NSIS therapy needs to be
resolved. Based on the case study of the one SLE subject who had minimally active disease
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and taking NSIS, but who did not have the CD39 defect, it is possible that NSIS therapy
rather than active disease per se is associated with normal CD39 expression. Longitudinal
studies for assessing changes in CD39 expression in the same subject from inactive disease
to the start of flare/active disease and during stabilization of flares with medications will be
needed to answer this important question. If NSIS do induce expression of CD39, this would
provide a mechanism for these drugs to suppress uncontrolled T-cell responses by returning
normal suppressive capacity of Tregs, as well as the potential suppressive potential of CD3-
stimulated CD39 expression on non-regulatory T cells (e.g., autocrine suppression).

Alternatively, inducible CD39 expression, on Tregs or T cells in general, during the active
phase of disease may contribute to the pathophysiology of SLE, with downmodulation
during inactive disease being an as-yet appreciated negative feedback mechanism. In
support of this possibility, a murine model has been reported that CD39 can have pro-
tumorigenic effects by scavenging extracellular ATP, thus relieving anti-proliferative effects
of ATP on tumor cells [35]. Associations of increased CD39+ Tregs in human cancer patients
have also been reported [36]. Up-regulation of CD39 expression is a normal physiological
response to antigenic stimulation, being observed in T cells from healthy controls. Indeed,
Tregs in SLE patients without the CD39 defect also had concomitant expression of the
activation antigen CD69. However, T cells from SLE patients with the CD39 defect failed to
similarly upregulate CD39 expression upon CD3-mediated stimulation despite upregulation
of CD25 expression, suggesting that factors beyond simple activation of T cells would be
required to restore CD39 expression.

Because the CD39 defect was presented by all SLE subjects with minimally active disease
not currently using NSISs, the CD39 defect may be useful as a biomarker for early detection
of disease, before onset of clinical symptoms (active disease). Family-based studies for
familial aggregation of the defect and prospective follow-up of pre-pubescent family
members (comparing those who demonstrate the defect in the absence of clinically apparent
disease and those who do not) would confirm whether this defect is a primary mediator of
disease onset and whether it is a useful predictor of disease onset. Novel interventions (other
than NSISs) capable of restoring CD39 expression, but with more limited deleterious side
effects, could be proven extremely valuable should the CD39 defect be determined to be a
primary effector of disease progression.

CONCLUSIONS
In summary, we have demonstrated that CD39 expression is minimal in SLE patients with
mild disease. Our results of suppression assay are indicative of the critical involvement of
adenosine-dependent Treg-mediated suppression. Thus, the CD39-defect would likely to be a
causative in disease progression, for which pharmacologic interventions may be developed
to help prevent or delay the clinical pathology associated with SLE.

HIGHLIGHTS
>Adenosinergic pathway mediated by CD39 is critical in regulatory T (Tregs) cell
function. >We tested whether decreased numbers of Tregs, and specifically CD39-
expressing Tregs, are associated with human lupus. > CD39 defect observed in SLE with
minimally active disease is a pan-T cell defect and not limited to the Treg subset. > The
defect in CD39 expression by both Tregs and non-Tregs is not observed in patients with
non-steroidal therapy. > The CD39 defect may be useful as a biomarker for early
detection of disease, before onset of clinical symptoms.
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Fig. 1. Treg phenotyping in freshly isolated PBMC
Freshly isolated PBMC were stained for the indicated surface markers and Foxp3 and then
analyzed by flow cytometry. Foxp3 expression was analyzed in gated CD3+ CD4+

lymphocytes, and expression of CD25, CD39, and CD127 analyzed within gated Foxp3−
(solid line) and Foxp3+ (shaded region) populations. Isotype control stainings (---). (A)
Representative of results of PBMC for a healthy control subject. (B) The percent Foxp3+
cells in the CD4+ T cell population is indicated for each healthy control, SLE, and RA
subject tested. P > 0.05 for all comparisons among disease groups.
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Fig. 2. Lack of CD39 expression in Treg cells from SLE patient
Freshly isolated PBMC were stained for the indicated surface markers and Foxp3 and then
analyzed by flow cytometry. Within gated CD3+ CD4+ lymphocytes (A), Foxp3 expression
was analyzed vs. forward scatter (B), or CD25, CD127, CD39, and CD69 (C). Gates were
drawn based on isotype control staining (not shown). CD39 expression (shaded; isotype
control, open) is shown for gated CD19+ B lymphocytes (D) and monocytes (E).
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Fig. 3. Defective expression of CD39 in inactive SLE
A. The proportion of CD39+ cells in Tregs (CD4+ Foxp3+ T cells, left) and non-Tregs (CD4+

Foxp3− T cells, right) were evaluated as described in Methods. SLE patients with minimally
active disease (SLEDAI<4, ‘inactive’) (and patients with active disease (SLEDAI>4) were
separated in the analysis. Significance of differences is shown among groups. B.
Representative CD39 and CD69 expression in Foxp3+ and Foxp3− CD4+ T cell populations
from SLE subjects with inactive and active disease. C. Induction of CD39 and CD25
expression in sorted CD25− CD4+ T cells from representative healthy control, SLE
(demonstrating CD39 Treg defect), and RA subjects, after 6-d culture with CD3+CD28 mAb
and IL-2.
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Fig. 4. Association of CD39 expression with T cell activation and medication usage
Correlation of proportion of CD39+ cells with CD69+ cells in (A) CD4+ Foxp3+ Treg
populations and (B) CD4+ Foxp3− non-Treg populations among SLE patients (active and
minimally active disease). Expression of CD39 (C) and CD69 (D) in Foxp3+ Tregs (C,D) and
Foxp3− non-Tregs from SLE patients (active and minimally active disease), stratified by
usage of nonsteroidal immunosuppressants (NSIS).
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Fig. 5. Treg cell sorting
CD4+ T cells were isolated from PBMC by magnetic cell separation, and then labeled with
CD25-PE mAb. CD25+ and CD25− lymphocyte populations were sorted by FACS. (A) Pre-
sort gates for CD25+ (red, Treg) and CD25− (blue, Tresp) populations are shown. (B) Post-
sort purity analysis of CD25− (blue) and CD25+ (red) sorted populations. The post-sort
CD25+hi population had 99.1% purity. Representative results from 1 of 6 subjects.
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Fig. 6. Adenosine-dependent Treg-mediated suppression of T cell proliferation
Purified CD4+ CD25+hi (Treg) and CD4+ CD25− (responder) T cells (both populations
obtained simultaneously from the same donor) were co-cultured 5-d at indicated ratio (Treg/
CD25−) in the presence of PHA and CD28 mAb, with (filled symbols) or without (open
symbols) XAC, as detailed in Methods. 3H-TdR was added for the final 20-h of culture, and
incorporation of 3H-TdR into DNA of proliferating cells assessed by β-scintillography of
DNA obtained from cellular lysates. Normal (+) or defective (−) Treg expression of CD39 in
SLE subjects is indicated. (A) Percent suppression of 3H-TdR incorporation in cultures of
CD4+ CD25− responder cells with Tregs relative to that observed CD4+ CD25− responder
cells alone without added Tregs or XAC, calculated as described in Methods. (B) % reversal
of Treg-mediated suppression in cultures with XAC, relative to those without XAC,
calculated as described in Methods. Results for 2 healthy control subjects (white bars) and 2
SLE subjects demonstrating the CD39 expression defect (black bars), and 2 SLE subjects
without the CD39 defect (hatched bars) are shown.
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