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In this work we studied CD4+FOXP3+ populations in systemic lupus erythematosus (SLE) and the relation-
ship with Th cytokine production. We found an increment in CD25�FOXP3+ population in SLE associated
with CD4+ downregulation and disease progression. CD25low cells were also upregulated and showed
increased percentages of FOXP3+ and CD127�/low cells, supporting the activated status of SLE lympho-
cytes. Despite the normal levels of CD25highFOXP3+ cells, the negative correlations observed in controls
with the frequency of IFNc, TNFa and IL-10 secreting cells were disrupted in patients, supporting a defec-
tive Treg function. Also, CD25high cells showed an altered balance in the production of these cytokines. In
addition, CD25highFOXP3+ cells correlated directly with IL-17A and IL-8 but not with TGFb in SLE. The
increased proportion of IL-17+ cells among the CD25high subset and the positive correlation between
IL-17 levels and Treg cells suggest a trans-differentiation of Treg into Th17 cells in SLE.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Systemic lupus erythematosus (SLE) is a prototypical autoim-
mune disorder caused by the breakdown in immune self-tolerance
and characterized by a broad clinical spectrum and presence of
autoantibodies against a variety of intracellular targets. Many
abnormalities on both effector and regulatory CD4+ T lymphocytes
have been described in SLE patients, including dysregulated intra-
cellular signal transduction, defective apoptosis and imbalanced
cytokine production, which influence B cell function and anoma-
lous autoantibodies production.

Consistent evidence suggests that induction and maintenance
of peripheral tolerance is in great part carried out by natural regu-
latory T (Treg) cells, a population of CD4+ lymphocytes which ex-
press FOXP3 and high levels of CD25 and actively suppress the
activation and expansion of self-reactive T cells [1]. In healthy indi-
viduals, Treg cells constitute 1–2% of the CD4+ lymphocytes in
peripheral blood and display potent suppressive activity, inhibiting
the production of TNFa and IFNc, among others. Many groups have
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evaluated the role of the Treg population in the pathogenesis of
autoimmune diseases, reporting most of them reduced levels or
impaired function in several pathologies. In SLE, contradictory re-
sults have been published and it remains controversial as to
whether or not the frequency or the function of Treg cells are al-
tered [2]. These heterogeneous results could be partly explained
by the use of different methodologies to quantify and isolate Treg
cells or to determine their suppressive capability. Although FOXP3
has been widely used to identify thymus derived CD4+CD25high

naturally occurring Treg cells [3], it is well known that this tran-
scription factor is also expressed in peripheral induced Treg [4]
and even in human activated T cells without suppressive activity
[5]. Besides CD25 and FOXP3, other surface markers, like
CD127�/low, CD45RO+, CTLA-4+ and GITR+, have been commonly
used to identify Treg population but, unfortunately, this phenotype
is also shared by activated or memory Th cells. Besides, more re-
cently researchers have paid attention to a little known subpopu-
lation of FOXP3+ CD4+ cells lacking CD25 expression, since it has
been found to be augmented in peripheral blood from lupus pa-
tients [6–9]. Nevertheless, the function and the clinical significance
of CD4+CD25� cells, as well as the reason why this subpopulation is
increased in SLE, remain unknown.

It has been proposed that conventional CD4+FOXP3+ Treg cells
control immune responses to self and foreign antigens mainly by
inhibiting the proliferation and/or the function of effector T cells,
thus blocking the production of proinflammatory cytokines and
maintaining an adequate balance between effector and regulatory
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CD4+ T cell subsets. In spite of this, a substantial Treg plasticity has
been described in the last years. Specifically, Treg cells have shown
to be capable of assuming Th17 effector functions under certain
conditions, such as the presence of a proinflammatory environ-
ment [10–12]. The development of both Treg and Th17 cells is crit-
ically dependent on the cytokine milieu, with IL-1b and IL-6
driving CD4+ T cells to secrete IL-17A [13], a cytokine that acts
on a broad range of cell types to induce the production of inflam-
matory mediators, including IL-8 [14] and GM–CSF [15]. On the
contrary, TGFb1 plays a fundamental role in the induction and
maintenance of Treg cells and seems to be involved in the antipro-
liferative function [16].

In this work we investigated the different FOXP3+ populations
present in SLE patients and healthy controls and, aimed to evaluate
their putative suppressive function, the possible relationship with
Th effector populations and cytokine serum levels.
2. Materials and methods

2.1. Patients and controls

The study included 75 SLE patients selected from the Asturian
Register of Lupus [17,18], eight of them with a disease duration
of less than 1 year. All patients fulfilled at least four of the Ameri-
can College of Rheumatology criteria for SLE. Information on clini-
cal and immunological manifestations was obtained by reviewing
clinical histories. Disease activity was scored at the time of sam-
pling based on the SLE disease activity index (SLEDAI) and anti-
dsDNA titer. Patients with SLEDAI score P8 (n = 16) were consid-
ered to have moderate/high disease activity. Patients were also
asked questions about the treatment they received over the previ-
ous three months. Twenty-nine sex and age-matched healthy
blood donors were used as controls (25 women and 4 men; mean
age ± SD: 44.6 ± 12.2). All participants provided written informed
consent according to the Declaration of Helsinki. The study was ap-
proved by the regional Ethics Committee for Clinical Investigation.

2.2. Phenotypic analysis of CD4+ T cells

Expression of Treg markers on CD4+ T cells from patients and
controls were determined by multiparametric flow cytometry.
Whole blood cells were extracellularly stained with CD4 APC-
Cy7, CD25 FITC, CD45RO APC (purchased from BD Pharmingen, Cal-
ifornia, USA) and anti-CD127 PE-Cy7 (eBiosciences) or with the
corresponding isotype-matched and fluorochrome-matched con-
trols (BD Pharmingen). To assess FOXP3 expression, cells were
fixed, permeabilized and intracellularly stained with anti-FOXP3
PE (clone PCH101) or isotype control following the manufacturer’s
instructions for whole blood (Human FOXP3 staining kit, eBio-
sciences). The lymphocyte population was gated according to for-
ward and side-scattered properties and CD4+ T cells were gated
using anti-CD4 antibodies. Isotype controls were used to set up
the negative population and, according to the intensity of CD25
expression, CD4+CD25+ T cells were subdivided into CD25low and
CD25high populations. These two cellular subsets were further
characterized by multiparametric phenotypic analysis after acquir-
ing 10000 CD4+ lymphocytes. Analyses were carried out on a BD
FACSCanto II flow cytometer (BD Pharmingen) with FACSDiva Soft-
ware 6.1.2 (BD Pharmingen).

2.3. Production of intracellular cytokines

Intracellular accumulation of cytokines was evaluated at the
single cell level by flow cytometry after stimulation of isolated
cells in the presence of a Golgi inhibitor. To this end, PBMC were
separated from heparinised blood samples by Ficoll–Hypaque den-
sity gradient centrifugation and resuspended at a concentration of
2 � 106 cells/ml in RPMI 1640 medium (Invitrogen, UK) supple-
mented with 10% of heat inactivated FCS (Hyclone, USA), penicillin
(20 U/ml) and streptomycin (20 lg/ml). Isolated cells were stimu-
lated with 20 ng/ml of PMA and 500 ng/ml of ionomycin in the
presence of 2 lM of monensin (all of them from Sigma Aldrich,
Germany) for 5 h at 37 �C in 5% CO2. After that, cells were washed
twice with PBS + 3% FCS and stained for surface markers with anti-
CD4 APC and anti-CD25 PE-Cy7 (BD Pharmingen). Then cells were
fixed, permeabilized and intracellularly stained with anti-IL-10 PE
(BD Pharmingen) and anti-TNFa PerCP-Cy5.5 (eBioscience) or with
anti-IL-17A PE and anti- IFNc PerCP-Cy5.5 (from eBioscience). Fix-
ation and permeabilization were carried out using the Cytofix/
Cytoperm Fixation/Permeabilization Kit (BD Pharmingen) follow-
ing the manufacturer’s recommendations. The corresponding iso-
type and fluorochrome-matched controls were used to set up
quadrants. A minimum of 10000 CD4+ T lymphocytes were ac-
quired and analyzed (BD FACSCanto II). Results are expressed as
the percentage of positive cells or as the MFI of the gated
population.

2.4. Cytokine quantification in serum samples

The amounts of IFNa, IL-1b, IL-6, IL-8 and IL-17A were quanti-
fied by flow cytometry using BD™ Cytometric Bead Array (CBA)
Flex Sets or BD™ CBA Enhanced Sensitivity Flex Sets. The detection
limits were: IFNa: 1.5 pg/ml; IL-8: 1.2 pg/ml; IL-1b: 48.4 fg/ml; IL-
6: 68.4 fg/ml; IL-17A: 26.1 fg/ml. The concentration of TGFb1 was
measured by ELISA (Human TGFb1 ELISA Set, BD OptEIA™). The
detection limit was 11.9 ng/ml.

2.5. Statistical analysis

Values are shown as median and interquartile range (IR)
throughout the manuscript unless otherwise stated. Mann–Whit-
ney U test was used to evaluate differences between groups. Corre-
lations between variables were carried out using Spearman’s rank
correlation test. All statistical analyses were performed using the
SPSS software (version 15.0). Graphs were drawn with GraphPad
Prism software (version 4.0).
3. Results

3.1. Increased number of CD25�FOXP3+ cells in SLE patients

We determined the frequency and phenotype of FOXP3+ cells
with different CD25 expression in CD4+ lymphocytes from 29
healthy controls and 75 SLE patients, 8 of them diagnosed during
the last year (Fig. 1A). Demographic and clinical details of patients
are given in Table 1. SLEDAI score, anti-dsDNA titer and IFNa levels
were determined as indicators of disease activity. Table 2 shows
that the amount of total FOXP3+ and FOXP3+CD127�/low cells was
significantly higher in SLE patients compared to healthy controls
(HCs). However, levels of CD25highFOXP3+ and CD25highCD127�/

low cells, the so-called natural Treg, were similar in patients and
controls, whereas the proportion of CD25� and CD25low cells
expressing FOXP3+ was strikingly increased in patients. Of note,
CD25low cells were significantly augmented in SLE patients, while
CD25� cells were reduced. Furthermore, the amount of CD127�/

low cells expressing low CD25 levels was also higher in patients
compared with controls, thus suggesting an activated condition
of SLE lymphocytes.

No significant differences were detected in any FOXP3+ CD4+ T
cell subset related to treatment or disease activity, however,



Fig. 1. FOXP3 and CD127 expression in CD25�, CD25low and CD25high CD4+ lymphocytes from SLE patients. Peripheral blood samples from healthy controls and SLE patients
were analyzed by flow cytometry after staining for CD4, CD25, CD127 (extracelullarly) and FOXP3 (intracellularly). (A) CD25� cells were determined using the corresponding
isotype control and CD25+ cells were divided into CD25low and CD25high according to shown regions. Representative dot plots from a healthy control and a lupus patient are
shown. (B) Correlations between CD4+ lymphocytes and percentage of CD25�FOXP3+, CD25lowFOXP3+ and CD25�CD45RO+ cells. (C) Proportion of FOXP3+ cells up to CD25�,
CD25low and CD25high populations from healthy controls and SLE patients classified according to disease duration. (D) SLEDAI score, anti-dsDNA titer and IFNa levels in
patients with recent onset compared to those with longer evolution of the disease. HC: healthy controls; SLE: systemic lupus erythematosus patients. Bars represent median
(IR).

92 C. Prado et al. / Cytokine 61 (2013) 90–96
CD25� and CD25low FOXP3+ cells were inversely correlated with
the amount of CD4+ lymphocytes (Fig. 1B). Moreover, we also
found that CD4+ T cells dropped in parallel with an increment in
the size of CD25�CD45RO+ population (Fig. 1B), thus suggesting a
selective reduction of FOXP3� CD45RO� CD25�/low CD4+ lympho-
cytes in SLE patients.

As expected, CD4+ T cells were downregulated in our SLE pa-
tient group (40.74 ± 9.46% vs 33.45 ± 10.97%; p = 0.002), but a
striking reduction was only found in patients with established dis-
ease (32.97 ± 11.26%), whereas no significant decline was observed
in patients with relatively recent onset (less than 1 year)
(37.44 ± 7.64%). Thus, since CD25� population was significantly re-
duced in our patient group (Table 2), we analyzed the percentage
of FOXP3+ cells out of CD25�, CD25low and CD25high subsets in
SLE patients classified according to disease duration. Fig. 1C shows
that patients with disease duration longer than 1 year presented
significantly raised frequency of FOXP3+ cells in the CD25� CD4+

subset. However, among CD25low cells, the highest amount of
FOXP3+ cells was displayed by SLE patients diagnosed in the last
year, a patient group that also presented the highest SLEDAI score,
anti-dsDNA titer and IFNa levels (Fig. 1D), thus suggesting once
again that CD25low FOXP3+ cells may include activated lympho-
cytes in patients with active disease.

Differences in CD25�FOXP3+ population between recent onset
patients and those with longer disease duration did not seem to
be related to treatment or disease activity. In fact, just two patients
with recent onset were users of high corticoid dose (20 mg/day)
and displayed active disease (SLEDAI score: 22 and 6; anti-dsDNA
titer: 400 and 56 U/ml), but they presented low amount of FOXP3+

cells in the CD25� subset (3.35% and 4.22%). The others recent on-
set patients were untreated (n = 5) or under antimalarial treatment
(n = 1). All these results suggest that the upregulation of Treg
markers on the CD25� population does not associate with disease
activity or treatment followed.

3.2. Association between CD25highFOXP3+ cells and cytokine producing
cells

Given the impossibility to isolate the distinct FOXP3+ subpopu-
lations, in an attempt to evaluate the in vivo functional ability of
these cells, we analyzed their possible relationship with the
amount of memory CD4+ effector cells determined ex vivo in SLE
and HC, since inhibition o Th-derived cytokines is a function of reg-
ulatory T cells. To this end, we analyzed by flow cytometry the
intracellular accumulation of IL-10, TNFa, IL-17 and IFNc in
CD45RO+ CD4+ T cells after 5 h of stimulation with ionomycin
and PMA (Fig. 2A), in parallel with the analysis of FOXP3 and
CD25 expression. Fig. 2B shows that in HC the percentages of
CD4+ CD45RO+ lymphocytes producing either IFNc, TNFa or IL-
10, were negatively correlated with the frequency of CD25high-

FOXP3+ cells, supporting that this conventional Treg population
plays a role in controlling effector Th functions and cytokine pro-
duction. We did not find, however, any significant correlation in
SLE patients, suggesting that the in vivo function of these cells



Table 1
Characteristics and disease parameters from SLE patients.

Total SLE patients, n 75
Women/men 72/3
Age at diagnosis (mean ± SD), years 35.36 ± 14.30
Disease duration (mean ± SD), years 12.40 ± 8.91

Clinical manifestations, n (%)
Malar rash 40 (53.3)
Discoid lesions 10 (13.3)
Photosensitivity 45 (60.0)
Oral ulcers 34 (45.3)
Arthritis 56 (74.7)
Serositis 13 (17.3)
Renal disorder 26 (34.7)
Neurological disorder 7 (9.3)
Haematological disorder 51 (68.0)
Presence of anti-dsDNA 55 (73.3)
Anti-dsDNA titer (mean ± SD), U/ml 28.9 ± 58.9
Presence of anti-ENA 36 (48.0)
Presence of anti-SSA 29 (38.6)
Presence of anti-SSB 14 (18.6)
Presence of anti-Sm 9 (12)
Presence of anti-RNP 13 (17.3)

Treatment, n (%)
None or NSAIDs 12 (16.0)
AM alone 29 (38.7)
GC alone 7 (9.3)
AM + GC 12 (16.0)
Immunosuppressive drugsa 15 (20.0)

a Azathioprine, cyclosporine A, mycophenolate mophetil or ciclophosphamide;
SLE, systemic lupus erythematosus; SD, standard deviation; NSAIDs, non steroidal
anti-inflammatory drugs; AM, antimalarial drugs; GC, glucocorticoids.

Table 2
Size of CD4+ T cell subsets in healthy controls and SLE patients.

% out of CD4+ T cells HC SLE patients p value

FOXP3+ 6.41 (4.23) 10.22 (6.89) 0.001
FOXP3+CD127�/low 5.67 (3.23) 8.59 (6.77) 0.001
CD25high 2.60 (2.99) 2.95(3.07) 0.191
CD25highFOXP3+ 1.47 (0.92) 1.65 (1.91) 0.333
CD25highCD127�/low 1.94 (1.35) 2.10 (2.43) 0.303
CD25highCD45RO+ 1.62 (1.44) 0.90 (0.89) 0.039
CD25low 13.69 (11.64) 19.06 (9.10) 0.002
CD25lowFOXP3+ 2.19 (1.69) 3.42 (1.86) 0.0003
CD25lowCD127�/low 5.18 (2.11) 6.14 (3.52) 0.019
CD25lowCD45RO+ 9.62 (7.61) 8.10 (6.77) 0.239
CD25� 83.39 (14.61) 77.72 (10.56) 0.003
CD25�FOXP3+ 3.13 (2.18) 6.71 (7.25) 0.00001
CD25�CD127�/low 23.86 (13.55) 25.62 (21.00) 0.876
CD25�CD45RO+ 28.85 (15.37) 35.90 (18.10) 0.121

Data are shown as median (IR). Differences between patients and controls were
evaluated using the Mann–Whitney U test. p values in bold are considered statis-
tically significant (p < 0.05) HC: healthy controls; SLE systemic lupus
erythematosus.
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may be impaired in lupus. On the other hand, neither HC nor SLE
patients displayed significant correlations between the percent-
ages of CD25� or CD25low FOXP3+ cells and the number of cytokine
producing cells. Thus, these FOXP3+ populations do not seem to be
involved in regulating the production of these cytokines.

Interestingly, we noticed that neither CD25highFOXP3+ cells
from HC nor SLE patients correlated with the percentage of IL-
17+ cells (Fig. 2B). In addition, we found that the frequency of
CD25high cells that produce IL-17 in lupus was slightly increased
in patients with moderate/high disease activity (HC: 0.95 (1.12);
SLEDAI 6 8: 1.02 (1.16); SLEDAI > 8: 1.65 (1.05)). These data seem
to suggest that CD25high cells from active lupus patients are more
prone to secrete IL-17 rather than suppress its production. In fact,
IL-17+/FOXP3+ ratio within CD25high cells was significantly higher
in these SLE patients compared with HC (Fig. 2C), indicating the
existence of an important shift in the function of CD25high from
SLE patients. Similarly, we found that IL-17+/IFNc+ and IL-17+/
TNFa+ balances in CD25high cells from patients with moderate/high
disease activity were significantly increased (Fig. 2C), confirming
that CD25high cells from SLE are different from those from healthy
individuals. On the contrary, no differences were detected among
CD25�/low cells.
3.3. Cytokine serum levels and their relationship with CD4+FOXP3+

cells

Since both FOXP3+ and Th17 cells seem to be involved in the
pathogenesis of SLE, we wanted to investigate the possible rela-
tionship between several cytokines, related to the generation or
the effector functions of Th17 and Treg cells, and the alterations
found in FOXP3+ cells from lupus patients. To this end, we mea-
sured IL-1b, IL-6, IL-8, IL-17, TGFb1 and GM–CSF in the serum of
SLE patients and HC. We found increased levels of IL-6 in patients
compared with HC (mean ± SD: 0.68 ± 0.86 vs 2.74 ± 4.30 pg/ml,
p = 0.0002). Also, IL-8 and GM–CSF were upregulated in SLE (IL-8:
13.3 ± 8.0 vs 42.0 ± 78.6 pg/ml, p = 0.0001; GM–CSF: 2.31 ± 3.23
vs 4.3 ± 6.05 pg/ml, p = 0.014) whereas the concentration of TGFb
was found to be decreased in our patient group (19.1 ± 4.2 vs
13.8 ± 4.1 ng/ml, p 6 0.001). No significant differences were de-
tected in the levels of IL-1b (101.2 ± 169.2 vs 257.5 ± 582.2 fg/ml)
and IL-17 (5.2 ± 20.8 vs 7.8 ± 13.0 pg/ml). Of note, a correlation
was detected between IL-17 serum levels and the amount of effec-
tor IL-17+CD45RO+ CD4+ cells in all individuals (r = 0.297,
p = 0.009), although it was only significant in SLE patients
(r = 0.278, p = 0.034).

As expected, TGFb serum levels correlated positively with the
frequency of CD25highFOXP3+ cells in HC, but this association was
not present in SLE patients (Fig. 3A). Instead, the number of
CD25highFOXP3+ cells in SLE was positively correlated with serum
levels of IL-17 and IL-8 and negatively with IL-6 (Fig. 3B). This asso-
ciation between Treg cells and IL-17 levels in patients supports the
previous suggestion that CD25high cells in SLE could secrete IL-17.
On the other hand, the percentage of CD25� or CD25low FOXP3+

cells was not associated with the amount of any tested cytokine,
confirming the observations made in the experiments to test the
ex vivo production of cytokines.
4. Discussion

This work describes significant alterations in the FOXP3+ popu-
lation of SLE patients which could be relevant in the pathogenesis
of the disease. First, we showed that CD25� FOXP3+ cells were con-
siderably increased in patients compared with controls, supporting
the idea that FOXP3 expression is dissociated from that of CD25.
These results are in line with recent reports [6–9] and suggest that
presence of increased FOXP3+ cells lacking CD25 expression could
be a typical feature of SLE. Nevertheless, the source of this popula-
tion and the reason why it is increased in lupus remains unknown.
These cells are habitually present in all individuals, actually, a half
of the total circulating CD4+FOXP3+ cells in our healthy group
belong to the CD25� subset, but this figure rises to 70% in SLE pa-
tients. This enhancement could be secondary to changes in inflam-
matory status or specific clinical features, although, in contrast
with other reports [6,9,19], we did not find any association with
disease activity. However, our data suggest that the increase in this
population could be influenced by the progression of the immune
disorder, since the proportion of FOXP3+ cells among the CD25�

subset is higher in patients with a disease duration longer than
one year compared to those with recent onset or with healthy con-
trols. In view of this data, we can hypothesize that the expression



Fig. 2. Cytokine producing Th cells and their relationship with Treg cells. PBMC were stimulated with PMA (20 ng/ml) and ionomycin (500 ng/ml) for 5 h in the presence of
monensin (2 lM). Cells were stained extracellularly with CD4 APC and CD25 PE-Cy7 and intracellularly with IL-10 PE, TNFa PerCP-Cy5.5, IL-17 and IFNc PerCP-Cy5.5.
Cytokine accumulation was measured by flow cytometry. (A) Representative dot plots from a healthy control and a lupus patient. (B) Correlations between CD25highFOXP3+

and cytokine producing cells in HC and SLE patients. (C) IL-17+/FOXP3+, IL-17+/TNFa+, IL17+/IFNc+ and IL-17+/IL-10+ ratios in CD25high cells from HC and SLE patients classified
according to disease activity (SLEDAI score P8, n = 16). Lines represent median. HC: healthy controls; SLE: systemic lupus erythematosus patients.
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of FOXP3 in CD25� cells could be an autoregulatory mechanism to
induce T cell anergy, a FOXP3 associated feature in non-suppres-
sive cells [5,20]. Our results also indicated that this enhancement
was associated with the downregulation of CD4+ lymphocytes.
The strong negative correlation detected between the size of
CD4+ and FOXP3+ populations (r = �0.421, p < 0.0001) suggests
that the increased proportion of CD25�FOXP3+ cells in SLE could
be due to the higher resistance to apoptosis of these lymphocytes.
Although increased apoptosis were widely observed in SLE [21,22],
they affect especially to naïve CD4+CD45RA+ lymphocytes [22],
thus explaining the negative correlation between the amounts of
CD4+ and CD25�CD45RO+ cells. Actually, most of the CD25�FOXP3+

cells from lupus patients are CD45RO+, whereas this cell subset in
healthy controls is mainly made up of CD45RA+ cells [8,19]. Be-
sides, the enhanced CD25�FOXP3+ population reported by other
authors in SLE [6–8,19], could be related to disease progression,
since they did not include recent onset patients. However, our re-
sults are in disagreement with the study published by Zhang et al.
[9], that shows increased numbers of CD25�FOXP3+ cells in un-
treated new onset lupus patients. This contradiction could be par-
tially explained by patient selection, because some of our recently
diagnosed lupus patients were under treatment, and it has been
reported that CD25�FOXP3+ cells decreased in most active patients
after treatment [9]. Furthermore, given that FOXP3 is also ex-
pressed by human activated CD4+ lymphocytes, the CD25�FOXP3+

population of untreated new onset active patients reported by
Zhang et al., could include activated lymphocytes, since human
CD25 expression is a continuum and it is very difficult to define
or standardize CD25�, CD25low and CD25high populations. In fact,
our recent onset patient group showed the highest percentage of
CD25lowFOXP3+ cells.

On the other hand, the simultaneous analysis of FOXP3+ and
cytokine producing Th cells allowed us to evaluate the relationship
between these populations, using these associations as an indirect
measure of the possible involvement of FOXP3+ subsets in control-
ling the function of effector T cells. Our results confirm the partic-
ipation of conventional CD25highFOXP3+ Treg cells from healthy
individuals in the regulation of CD4+ effector responses, mostly
Th1 cells (IFNc and TNFa producing cells). There is emerging evi-
dence supporting that defective Treg function to modulate cyto-
kine production was related to the development or worsening of
lupus. In spite of the normal amount of CD25highFOXP3+ cells, our
data suggest that Treg cells from lupus patients are dysfunctional,
since the negative correlations between the number of Treg and



Fig. 3. Associations between CD25highFOXP3+ cells and Th17 related cytokines. Cytokine levels were quantified in the serum of healthy controls and SLE patients and
correlated with the percentage of CD25highFOXP3+ Treg cells. (A) Association between TGFb serum levels and CD25highFOXP3+ cells in healthy controls (HCs) and SLE patients.
(B) The number of CD25highFOXP3+ cells from SLE patients correlated directly with IL-17 and IL-8 and inversely with IL-6 levels.
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IFNc, TNFa or IL-10 secreting cells found in healthy subjects were
disrupted in patients. Concerning the functional properties of Treg
cells in SLE patients, contradictory results have been published. In
fact, some authors showed defects on Treg function in SLE patients
after in vitro evaluation of the ability to suppress effector cells or
cytokine production [2,23,24] whereas others have not found sig-
nificant differences with healthy controls [8,25]. These controver-
sial results could be due to the characteristics of patients,
presenting different treatments and/or disease activity, or to the
method used to evaluate the suppressive activity.

Conversely, the absence of negative correlations between
CD25�/lowFOXP3+ and cytokine producing cells in healthy individ-
uals suggests that this population is not involved in the control
of Th cell derived cytokines. Attempts to determine the functional-
ity of CD25�FOXP3+ cells reached different conclusions [19,26].
Since separation of this population is not possible, determination
of their possible functional activity is not currently available. Given
that CD127 expression is downregulated after activation, we be-
lieve, in accordance with other authors [19,26], that results ob-
tained after isolating CD25�CD127�/low cells may not be
extrapolated. In essence, our results clearly showed that low
expression of CD127 could not be used as a surrogate marker for
FOXP3 to isolate putative CD25�/low Treg cells, since the differences
between percentages of FOXP3+ and CD127�/low in the bulk of
CD25� and CD25low populations were greatly discordant (Table 2).

Finally, this work provides interesting evidence supporting that
CD25high cells in SLE are functionally altered. We showed that
CD25high cells from patients with moderate/high disease activity
tend to secrete more IL-17 and, importantly, present a decreased
FOXP3+/IL-17+ ratio as compared to healthy individuals. In addi-
tion, the balance in the production of cytokines is also dysregulated
in this subset, since the IL-17+/IFNc+ and IL-17+/TNFa+ ratios were
higher in active patients as compared to controls. Accordingly, IL-
17 and IFNc production by CD25highFOXP3+ cells have been re-
ported in both SLE patients and healthy controls [27]. All these data
raise the possibility that CD25high cells in active SLE may display a
tendency to be ‘‘Th17’’, accordingly with the skew towards a Th17
response reported in these patients [28–32]. Although the mecha-
nism underlying Treg ‘‘trans-differentiation’’ into Th17 cells is yet
to be determined, the deficiency of TGFb and the increased levels
of IL-6 found in patients, as well as the reduced Treg suppressive
capacity, might explain it. In fact, IL-6, a Th17 inducer cytokine,
has been shown to impair Treg activity [33,34] and even convert
Treg into cells able to produce IL-17 [35], whereas TGFb is related
to the development and maintenance of Treg cells. TGFb levels
seem to be critical to preserve Treg/Th17 balance, since high
amounts promote Treg while low levels are necessary to Th17 dif-
ferenciation [36]. If the conversion of Treg into Th17 cells actually
occurs in lupus, it would explain the positive correlation found be-
tween the number of CD25highFOXP3+ cells and serum levels of IL-
17. So, although this relation may be surprising, it agrees with our
previous findings and several reports showing a considerable plas-
ticity between Th17 and Treg cells [10–12,34,35].
5. Conclusions

This work describes relevant phenotypic and functional features
of FOXP3+ cells from SLE patients. The upregulation of CD25�-

FOXP3+ population, which is related to disease progression and
CD4+ drop, suggests a possible autoregulatory mechanism to in-
duce anergy or a selective T cell death of specific subsets. On the
other hand, despite the normal frequency of CD25high FOXP3+ cells
found in SLE patients, its functionality could be impaired. More-
over, the increased proportion of IL-17+ cells among CD25high pop-
ulation and the positive correlation between IL-17 levels and Treg
cells suggest that Treg cells from SLE patients could be prone to de-
velop into Th17 cells, being CD25high IL-17+ cells an intermediate
status of this ‘‘trans-differentiation’’.
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