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T regulatory (Treg) cells have a key role in the pathogenesis of chronic inflammatory and autoimmune diseases. A CD4+CD69+ T
cell subset has been described that behaves as Treg lymphocytes, exerting an important immune suppressive effect. In this study, we
analyzed the levels and function of CD4+CD69+ Treg cells in patients with systemic lupus erythematosus (SLE). Blood samples were
obtained from 22 patients with SLE and 25 healthy subjects. Levels of CD4+CD69+ Treg cells were analyzed by multiparametric
flow cytometry, and their function was measured by an assay of suppression of lymphocyte activation and through the
inhibition of cytokine synthesis. We found an increased percent of CD4+CD25varCD69+TGF-β+IL-10+Foxp3− lymphocytes in
patients with SLE compared to controls. In addition, a significant diminution in the suppressive effect of these cells on the
activation of autologous T lymphocytes was observed in most patients with SLE. Accordingly, CD69+ Treg cells from SLE
patients showed a defective capability to inhibit the release of IL-2, IL-6, IL-10, and IL-17A by autologous lymphocytes. Our
findings suggest that while CD4+CD69+ Treg lymphocyte levels are increased in SLE patients, these cells are apparently unable
to contribute to the downmodulation of the autoimmune response and the tissue damage seen in this condition.

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disorder characterized by loss of tolerance to self-
antigens and synthesis of many different auto-antibodies
with the involvement of multiple organ systems, including
the skin, kidney, blood vessels, and central nervous system
[1, 2]. The pathogenesis of this condition is complex, and
the loss of tolerance to self-antigens observed in these
patients is a consequence of multiple genetic risk factors,
environmental influences, and defects in immune regulatory
mechanisms, among others [1, 2].

Different mechanisms that are able to downregulate the
immune response have been described, including the T

regulatory (Treg) cells [3]. These cells are able to suppress
the activation and proliferation of effector lymphocytes,
exerting thus a key role in the pathogenesis of autoimmune
and chronic inflammatory conditions [3]. Several subtypes
of Treg lymphocytes have been described. Natural T regula-
tory (nTreg) cells show a characteristic phenotype
(CD4+CD25highFoxp3+) and exert their suppressive effect
on effector T cells through different mechanisms, including
the synthesis of immune modulatory cytokines (TGF-β, IL-
10, and IL-35) [3–7]. These Foxp3+ regulatory cells can be
originated directly from the thymus (tTreg cells) or in the
periphery (pTreg cells), by the differentiation of conventional
naïve CD4+ cells. In addition, Treg cells with this phenotype
can be generated in vitro (induced or iTreg cells) [3]. These
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cells have a relevant role in autoimmune diseases, and their
congenital deficiency (due to mutations in the FOXP3 gene)
is associated with the IPEX syndrome, characterized by
immune dysregulation, autoimmune polyendocrinopathy,
and inflammatory enteropathy [8]. As expected, different
alterations of CD4+CD25highFoxp3+ have been reported in
patients with SLE [9].

Other regulatory lymphocyte subsets have been
described, including the T regulatory type-1 (Tr1) cells,
which are generated in the periphery and mediate their
suppressive effect mainly by the synthesis of IL-10 [10].
These cells do not express Foxp3 nor show a constitutive
expression of CD25 but exhibit a characteristic phenotype
(CD4+CD223+CD49bhigh) [11]. Additional Treg cell subsets
such as CD8+Foxp3+ lymphocytes, Th3 cells, and Tr35
lymphocytes have been described, but they are less well
characterized and their possible role in the pathogenesis of
autoimmune diseases remains to be elucidated [7, 12].

Although CD69 was originally described as an induc-
ible activation marker of T cells [13], a subset of CD4+

Treg lymphocytes characterized by the constitutive expres-
sion of CD69 has been described in both mice and
humans [14]. In this regard, it has been reported that
CD4+CD69+Foxp3−TGF-β+ cells with a variable expression
of the alpha chain of the IL-2 receptor (CD25) are detected in
peripheral blood and different lymphoid tissues from healthy
subjects [14]. In mice, these cells exert an important suppres-
sive role on the immune response, and in healthy humans, we
have recently corroborated their presence in peripheral blood
and their relevant in vitro suppressive effect on the activation
of autologous effector T cells [15]. Furthermore, the analyses
of the frequency and function of CD69+ Treg cells in patients
with autoimmune thyroid diseases and individuals with
chronic periodontitis have showed abnormal levels of these
cells in peripheral blood and affected tissues as well as a
defective regulatory function [16, 17]. In addition, a possible
role of CD4+CD69+ Treg cells in patients with liver carcinoma
has been reported [18].

NKG2D is an activating receptor expressed by most NK
cells and some subsets of T lymphocytes. This molecule is a
lectin-like type 2 transmembrane receptor that through its
association with the DAP10 adapter molecule, it is able to gen-
erate activation signals [19]. Aside from its functional role in
NK lymphocytes, it has been reported that CD4+NKG2D+ T
cells exert an important immunosuppressive activity, which
is apparently mediated by TGF-β and IL-10 [20]. In this
regard, levels of CD4+NKG2D+ cells have been found to cor-
relate inversely with disease activity in patients with systemic
lupus erythematosus, although their suppressive function is
apparently preserved [20]. In addition, we have recently
observed that in healthy individuals, a variable proportion of
CD4+CD69+ Treg cells express NKG2D, indicating an overlap
between CD4+NKG2D+ and CD4+CD69+ T regulatory lym-
phocytes [15].

In this study, we analyzed the frequency and function
of CD69+/NKG2D+ Treg cells in the peripheral blood
from patients with SLE. Our data suggest that these cells
seem to participate in the complex pathogenesis of this
autoimmune condition.

2. Materials and Methods

2.1. Patients and Healthy Subjects. Twenty-seven patients
with SLE according to the diagnostic criteria of the American
College of Rheumatology were studied. Most patients were
female (91%), and their mean age was 34.2 years (range
18–60 years). Most patients were receiving low-dose metho-
trexate (86%), prednisone (10–40mg/day, 72%), and lefluno-
mide (77%), but no patients under therapy with biological
agents were included in the study. Eighteen patients were
considered to have active disease (SLEDAI> 4.0) and nine
have inactive disease (SLEDAI≤ 4.0). No critically ill patients
or with renal failure were included. Thirty healthy subjects
with age and gender similar to the patients were also studied;
the mean age was 36.1 years and most of them were female
(95%). The Bioethical Committee of the Hospital Central Dr.
Ignacio Morones Prieto approved this study, and a signed
informed consent was obtained from all patients and controls.

2.2. Flow Cytometry Analysis. Peripheral blood mononuclear
cells (PBMC) of patients and control subjects were isolated
by Ficoll-Hypaque (GE Healthcare, Pittsburgh, PA)
density-gradient centrifugation, and cellular viability was
evaluated by trypan blue staining and it was always higher
than 95%. Mononuclear cells were stained for 30 minutes
in darkness at 4°C with the following monoclonal antibodies
(mAbs): CD4-FITC (eBioscience, San Diego, CA) or CD4-
APC/Cy7 (BioLegend, San Diego, CA), CD25-APC/Cy7
(Becton-Dickinson, Franklin Lakes, NJ), NKG2D-FITC
(eBioscience), antilatency-associated peptide (LAP, a surro-
gate marker for TGF-β)-PerCp/Cy5.5 (BioLegend), and
CD69-APC (eBioscience). Then, cells were washed and fixed
and permeabilized with the Foxp3 Fix/Perm kit (eBioscience)
for 30 minutes. Subsequently, mononuclear cells were
stained with mAbs against IL-10 (PE) (BioLegend) and
Foxp3 (PE/Cy7) (eBioscience). Doublet discrimination was
performed by analyzing FSC-A versus FSC-W dot plots from
the lymphocyte gate. In all cases, at least 1× 106 events were
analyzed, and gates were set up by using fluorescence minus
one controls and labeled mAb isotype controls. CD4+CD69+

and CD4+NKG2D+ cells were analyzed separately, and data
were acquired in FACSCanto II flow cytometer (Becton
Dickinson) and analyzed using the Flow Jo software v10
(Tree Star Inc., Ashland, OR).

2.3. Functional Analysis of CD69+Treg Cells. The suppressive
function of CD69+ Treg cells was assessed by an assay of inhi-
bition of cell activation, which compares the expression of
the activation marker CD40L (CD154) by PBMC with or
without the presence of CD69+ cells [21]. Briefly, PBMC of
SLE patients and healthy controls were depleted or not from
CD69+ cells by negative selection with an anti-human CD69
mAb (eBioscience), rat anti-mouse IgG MicroBeads (Milte-
nyi Biotec, Bergisch Gladbach, Germany), and MACS LD
columns (Miltenyi). Then, PBMC (depleted and nondepleted
of CD69+ cells) were incubated in 24-well plates (Costar,
Corning, NY) precoated with an anti-CD3 (OKT3 clone,
5.0μg/ml) and an anti-CD28 (clone 28.2, 5.0μg/ml) for 7
hours at 37°C with 5% CO2, in the presence of an anti-
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CD40L/PE mAb (BD Pharmigen, San Jose, CA, USA).
Finally, cells were washed and analyzed for CD40L expres-
sion in a FACSCanto II flow cytometer (Becton Dickinson),
using the Flow Jo software (Tree Star).

2.4. Inhibition of Cytokine Release by CD69+ Treg Cells. The
suppressive effect of CD69+ Treg lymphocytes on the release
of cytokines by autologous cells was assayed in PBMC cul-
tures depleted or not of CD69+ cells, as stated above. In this
case, cells were cultured for 24 h, and at the end of incuba-
tion, supernatants were obtained and the concentration of

IL-2, IL-6, IL-10, IL-17, interferon- (IFN-) γ, and tumor
necrosis factor- (TNF-) α was determined by a Cytometric
Bead Array (BD Biosciences). Data were acquired in an
Accuri C6 cytometer (BD Biosciences) and analyzed with
the software FCAP Array v3.01.

2.5. Statistical Analysis. Data with normal distribution were
represented as the arithmetic mean and SD, and data with a
non-Gaussian distribution were represented as the median
and interquartile range. Analysis of 2 groups was performed
with the Mann–Whitney U test and comparisons of 3 groups

104

103

102

101

100

0 200 400 600 800 1K

A
PC

 is
ot

yp
e c

on
tr

ol

FI
TC

 is
ot

yp
e c

on
tr

ol
0 200 400 600 800 1K

104

103

102

101

100

FSC-A FSC-A

(a)

Fo
xp

3-
PE

/C
y7

LA
P 

Pe
rC

p/
Cy

5.
5

CD
69

- A
PC

FSC-A FSC-A

16.8%

58.5%

86.9%

CD
4-

FI
TC

10.1%
104

103

102

101

100

104

103

102

101

100

104

103

102

101

100

104

103

102

101

100

0 200 400 600 800 1K 0 200 400 600 800 1K 0 200 400 600 800 1K 0 200 400 600 800 1K
CD25-APC/Cy7 IL-10-PE

(b)

NKG2D-FITC

Fo
xp

3-
PE

/C
y7

LA
P 

Pe
rC

p/
Cy

5.
5

IL-10-PE

0.89%

FSC-A

48.6%

CD
4-

A
PC

/C
y7 0.46%

CD
69

- A
PC

FSC-A

84.6%

0 200 400 600 800 1K0 200 400 600 800 1K0 200 400 600 800 1K

104

103

102

101

100

104

103

102

101

100

104

103

102

101

100

104

103

102

101

100

0 200 400 600 800 1K

(c)

Figure 1: Flow cytometry strategy for the analysis of peripheral blood CD69+ Treg lymphocytes. Mononuclear cells were isolated from blood
samples and labeled with mAbs against CD4, CD25, CD69, and LAP (TGF-β). Then, cells were fixed, permeabilized, and stained for IL-10 and
Foxp3. (a) Dot plots of FITC and APC isotype antibody controls. (b) Strategy for the analysis of CD69+ Treg cells. Lymphocytes were gated on
the basis of their size and complexity (not shown) and then analyzed for the expression of CD4 and CD25, CD69, LAP and IL-10, and finally
for Foxp3. Results were expressed as the percent of CD4+CD25varCD69+LAP+IL-10+Foxp3− cells, referred to mononuclear cells. (c) Strategy
for the analysis of CD69+NKG2D+ Treg cells. Lymphocytes were gated on the basis of their size and complexity (not shown) and then
analyzed for the expression of CD4 and NKG2D, CD69, LAP and IL-10, and finally for Foxp3. Results were expressed as the percent of
CD4+NKG2D+CD69+LAP+IL-10+Foxp3− cells, referred to total lymphocytes. Numbers correspond to the percent of cells in the
highlighted gate, referred to the total of events in the previous gate. Data correspond to a blood sample from a representative patient with
SLE. In all cases, at least 1× 106 events were analyzed, and gates were set up by using fluorescence minus one controls.
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with the Kruskal-Wallis sum rank test. Data were analyzed
using the Graph Pad Prism 5 software, and p values< 0.05
were considered as significant.

3. Results

3.1. Increased Levels of CD69+/NKG2D+ Treg Cells in Patients
with SLE. The multiparametric flow cytometry strategy
employed in this study for Treg cell analysis is shown in
Figure 1. We found a significant increase in the percent of
CD4+CD69+ cells in SLE patients compared to healthy sub-
jects (Figures 2(a) and 2(b), p < 0 05). An additional
analysis showed that SLE patients had significant increased

levels of CD4+CD25varCD69+LAP+IL-10+Foxp3− cells com-
pared to control individuals (Figure 2(c), p < 0 05). However,
three healthy individuals showed high levels of these CD69+

Treg cells (approximately 0.2%, Figure 2(c)). Moreover, we
detected an increased frequency of CD4+NKG2D+

lymphocytes in blood samples from SLE patients compared
to controls (Figures 2(d) and 2(e), p < 0 05), and the analysis
of four additional markers also revealed higher levels of
CD4+NKG2D+CD69+LAP+IL-10+Foxp3− lymphocytes in
SLE patients compared to healthy subjects (Figure 2(f),
p < 0 05). A thorough analysis of possible associations
between clinical data and levels of CD69+/NKG2D+ Treg cells
revealed a significant correlation between the percent of
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Figure 2: Levels of CD69+ Treg cells in peripheral blood from patients with SLE and healthy controls. The frequency of CD69+ Treg cells was
determined in freshly isolated PBMC from patients with SLE and healthy controls by multiparametric flow cytometry, as indicated in
Materials and Methods. (a) Representative dot plots of a CD4+CD69+ cells from a healthy control and a patient with SLE. (b) Percent of
CD4+CD69+ cells. (c) Percent of CD4+CD25varCD69+LAP+IL-10+Foxp3− cells. (d) Representative dot plots of CD4+NKG2D+ cells from a
control and patient with SLE. (e) Levels of CD4+NKG2D+ cells. (f) Frequency of CD4+CD69+NKG2D+LAP+IL-10+Foxp3− Treg cells. In
all cases, the percentages of positive cells are referred to total lymphocytes. Horizontal lines correspond to the median and interquartile
range. ∗∗∗p < 0 05.
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CD4+NKG2D+ lymphocytes and disease activity score (SLE-
DAI, r = 0 53, p = 0 02, Figure 3(a)) or time of evolution of
the disease (r = 0 049, p < 0 03, Figure 3(b)). However, no
additional associations were detected between the levels of
CD4+CD69+ or CD4+NKG2D+ lymphocytes and clinical or
laboratory data (data not shown). Likewise, when the propor-
tions of CD4+CD25varCD69+LAP+IL-10+Foxp3− cells or
CD4+NKG2D+CD69+LAP+IL-10+Foxp3− lymphocytes were
compared separately in patients with active (SLEDAI>4.0)
and inactive (SLEDAI≤4.0) disease, similar values were
observed (p > 0 05 in both cases, Figures 3(c) and 3(d)).
Accordingly, nonsignificant associations were observed
between SLEDAI score and the levels of CD4+CD69+ lympho-
cytes or CD4+CD25varCD69+LAP+IL-10+Foxp3− (r = 0 32
and r = 0 24, resp., p > 0 05 in both cases, data not shown).

3.2. Functional Analysis of CD69+ T Cells. The regulatory func-
tion of CD69+ T lymphocytes was analyzed by two different
assays, inhibition of cell activation and suppression of cytokine
release. As shown in Figures 4(a) and 4(b), in samples from
healthy individuals, the activation (expression of CD40L) of
PBMC stimulated through CD3/CD28 and cultured for 7h
was significantly increased when these cells were depleted
of CD69+ lymphocytes (p < 0 001), revealing thus the immune
suppressive effect of these cells. A similar trend was observed
in blood samples from SLE patients (Figures 4(a) and 4(b));

however, in this case, the difference in CD40L expression
between PBMC depleted or not of CD69+ cells was
smaller (p < 0 05) compared to controls. Accordingly, when
the percent of inhibition of cell activation was calculated, a
significant lower suppressive capability of CD69+ cells
from SLE patients was evident, compared to healthy sub-
jects (p < 0 01, Figure 4(c)).

In another set of assays, the suppressive effect of
CD69+ Treg cells on the in vitro release of cytokines was
assessed, by comparing the concentrations of IL-2, IL-6,
IL-10, IL-17, IFN-γ, and TNF-α in culture supernatants
from unfractionated PBMC and PBMC depleted of
CD69+ lymphocytes. As shown in Figure 5, we observed
a significant diminished inhibitory effect of CD69+ cells
from blood samples of SLE patients on the release of IL-2,
IL-6, IL-10, and IL-17 (p < 0 01 in all cases, compared to
healthy subjects). Although in the case of IFN-γ and TNF-α
a similar trend was observed, no significant differences were
reached, likely by the limited number of samples studied
(data not shown).

4. Discussion

Although CD69 was originally described as an inducible mol-
ecule involved in the activation of different immune cells
[13], subsequent findings in CD69-deficient mice indicated
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Figure 3: Levels of CD4+CD69+ and CD4+NKG2D+ Treg cells and clinical features of SLE patients. The frequency of CD4+CD69+ and
CD4+NKG2D+ cells was determined in freshly isolated peripheral blood mononuclear cells from patients with systemic lupus
erythematosus by flow cytometry, as indicated in Materials and Methods. (a, b) Correlation analysis between the levels of
CD4+NKG2D+ cells and SLEDAI score or time of disease evolution in patients with SLE. r and p values (Spearman correlation test)
are shown. (c, d) Levels of CD4+CD69+ and CD4+CD69+NKG2D+ Treg cells in the peripheral blood from SLE patients with
(SLEDAI> 4.0) or without (SLEDAI≤ 4.0) disease activity are shown.
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that the main functional role of this receptor seems to be the
downregulation of the immune response [22]. Thus, CD69
knockout mice show an enhanced severity of different
models of inflammatory autoimmune diseases, including
collagen-induced arthritis, asthma, myocarditis, and contact
dermatitis [22–26]. Accordingly, an additional CD4+ Treg
cell subset has been described, characterized by the constitu-
tive expression of CD69 and the absence of the transcription
factor Foxp3 or high levels of the alpha chain of the IL-2
receptor (CD25) [14, 27]. This Treg cell subset is able to exert
a relevant immune suppressive effect in vitro [14, 15], and
alterations in their number and function have been described
in patients with autoimmune thyroid disease (mainly
Graves’ disease), chronic periodontitis, or hepatocellular
carcinoma [16–18]. Therefore, in this study, we decided
to analyze the number and function of CD69+ Treg cells
in patients with SLE.

In this study, we observed an increased number of
CD4+CD69+ lymphocytes in the peripheral blood of patients
with SLE, as previously described [28]. As expected, these
cells are very likely to include both, in vivo activated effector
lymphocytes (bearing CD69 as an inducible marker) and

Treg cells (bearing CD69 as a constitutive molecule). A sub-
sequent flow cytometry analysis revealed that SLE patients
show increased levels of CD69+ Treg cells (CD4+CD25varC-
D69+LAP+IL-10+Foxp3−) in their peripheral blood, a finding
that has also been detected in other inflammatory conditions
[16, 17]. Thus, although this is not an unexpected finding, the
cause of this phenomenon, in patients with SLE and other
conditions, remains to be elucidated. In this regard, we and
others have previously observed increased levels (in periph-
eral blood and affected tissues) of Foxp3+ Treg cells in
patients with inflammatory autoimmune conditions [16,
17]. However, these Treg cells seem to exert a defective
immune suppressive effect, suggesting that their increased
levels may be part of a failed compensatory phenomenon of
the immune system triggered by the ongoing tissue damage.
Moreover, it is possible that CD69+ Treg lymphocytes may
be part of the cellular plasticity of CD4+ cells similar to that
observed in CD4+Foxp3+ Treg cells, resulting in lymphocytes
with this regulatory phenotype but with no immune suppres-
sive activity [29]. In this regard, it is of interest that we
detected that three healthy females included in the study
showed high levels of CD69+ Treg cells (approximately
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Figure 4: Suppressive function of CD69+Treg lymphocytes in patients with SLE and healthy controls. Freshly isolated PBMC from 10
patients with SLE and 12 healthy individuals were depleted or not of CD69+ cells and then stimulated through CD3/CD28 for 7 hours.
Finally, the expression of CD40L was assessed by flow cytometry. (a) Representative dot plots of CD40L expression in cell cultures of
nondepleted (PBMC) or depleted (PBMC w/o CD69+ cells) from CD69+ cells in samples from a healthy control (left) and a SLE patient
(right). (b) Levels of CD40L+ cells in samples from healthy controls and SLE patients. (c) Percent of suppression of cell activation in
samples from healthy controls and SLE patients. Data correspond to the arithmetic mean and SD. ∗p < 0 05, ∗∗p < 0 01, ∗∗∗p < 0 005.
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0.2%, referred to total lymphocytes). However, in these
three cases, no clinical or serological evidence of an auto-
immune or chronic inflammatory disease was detected.

An enhanced number of CD4+NKG2D+ Treg cells were
also detected in the peripheral blood of SLE patients included
in this study. In this regard, it has been reported that patients
with juvenile SLE show an inverse correlation between blood
levels of CD4+NKG2D+ Treg cells and disease activity (SLE-
DAI), with no apparent defect in the immune suppressive
activity of these cells [20]. Although the patients included
in our study also showed increased levels of CD4+NKG2D+

cells, with a significant correlation with disease activity, it is
evident that these lymphocytes may correspond to regulatory
cells (also detected in healthy individuals) or cells with proin-
flammatory activity (described in patients with autoimmune
inflammatory conditions). However, a subsequent analysis of
these cells showed that SLE patients indeed exhibit an
increased proportion of CD4+NKG2D+CD69+LAP+IL-
10+Foxp3− Treg lymphocytes; however, we did not detect a
significant association between the levels of these cells with
disease activity or other clinical or laboratory parameters.
In this regard, we have previously observed that there is an
overlap of CD69+ and NKG2D+ Treg cells [15]. Therefore,
we consider of interest to further characterize the
CD69+/NKG2D+ Treg lymphocytes in patients with SLE
and to elucidate their possible association with clinical
and laboratory parameters.

Our data on the defective functional activity of CD69+

Treg cells in patients with SLE suggest their possible involve-
ment in the pathogenesis of the inflammatory and autoim-
mune phenomena observed in this condition. In this
regard, there are several reports regarding altered numbers
and defective activity of Foxp3+ Treg cells and other regula-
tory lymphocyte subsets (e.g., Tr1-like cells) in patients with
SLE [9, 30]. Therefore, we consider that it is very feasible that
a defective activity of CD69+ Treg cells may also contribute to
the abnormal autoimmune reactivity that is observed in SLE.

In addition to the defective capability of CD69+ Treg cells
from SLE patients to suppress the activation of effector autol-
ogous lymphocytes observed in this study, we also assessed
their effect on the in vitro release of different cytokines.
Although these assays were performed in a small number of
individuals (due to the limited number of cells isolated from
the blood of SLE patients), our data indicate a significant
reduced capability of CD69+ Treg cells from SLE patients to
suppress the release of IL-10. Even though this soluble medi-
ator has been widely considered as an “anti-inflammatory
cytokine,” different data indicate that IL-10 exerts a patho-
genic role in SLE [31, 32]. Likewise, other cytokines analyzed
in this study as IL-6 and IL-17 also participate in the patho-
genesis of this condition. Thus, our data on the defective reg-
ulation of IL-6, IL-10, and IL-17 released by CD69+ Treg cells
in SLE further support the possible involvement of these lym-
phocytes in the pathogenesis of inflammatory autoimmune
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Figure 5: Inhibition of cytokine release by CD69+ Treg cells from patients with SLE and healthy controls. PBMC isolated from 10 patients
with SLE and 10 healthy individuals were depleted or not of CD69+ cells and stimulated through CD3/CD28 for 24 hours. Then, cell
culture supernatants were obtained and the concentrations of the indicated cytokines were determined by flow cytometry analysis. (a) IL-2
concentrations in PBMC culture supernatants depleted (PBMC w/o CD69+ cells) or not (PBMC) of CD69+ cells. (b) IL-17 concentrations
in PBMC culture supernatants depleted (PBMC w/o CD69+ cells) or not (PBMC) of CD69+ cells. (c, d, e, f) Percentages of inhibition of
cytokine release, which were calculated, as described in Materials and Methods, are shown. Data correspond to the arithmetic mean and
SD. ∗p < 0 05, ∗∗p < 0 01, ∗∗∗p < 0 005.
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conditions [17]. However, in the case of IL-2, it is not clear
whether or not a deficient downregulation of this cytokine
by CD69+ Treg cells may contribute to the immune dysregu-
lation observed in SLE. In this regard, it has been described
the defective production of IL-2 in patients with SLE as well
as the critical role of this cytokine in the generation of Foxp3+

Treg cells [33, 34].
In conclusion, the altered number and defective function

of CD69+ Treg cells observed in this study suggest that these
cells are another relevant component in the intricate patho-
genesis of the immune dysregulation observed in patients
with SLE.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Marlen Vitales-Noyola carried out the experiments,
performed the data analysis, and wrote the draft of the
manuscript. Brenda Oceguera-Maldonado and Nubia
Baltazar-Benítez performed the flow cytometry analysis
and statistical analysis. Perla Niño-Moreno and Esther
Layseca-Espinosa contributed to the design of the exper-
iments, data analysis, and the draft of the manuscript.
Lourdes Baranda and Carlos Abud-Mendoza contributed
to the design of the study, data analysis, and selection
of patients. Roberto González-Amaro contributed to the
design of the study and data analysis and wrote the final
version of the manuscript.

Acknowledgments

This study was supported by a grant from the Consejo
Nacional de Ciencia y Tecnología (CONACYT), México (to
Roberto González-Amaro). Marlen Vitales-Noyola was a
recipient of a scholarship from CONACYT, México.

References

[1] Y. G. Puranik and T. B. Niewold, “Immunogenetics of sys-
temic lupus erythematosus: a comprehensive review,” Journal
of Autoimmunity, vol. 30, pp. 1–12, 2015.

[2] M. J. Podolska, M. H. Biermann, C. Maueröder, J. Hahn, and
M. Hermann, “Inflammatory etiopathogenesis of systemic
lupus erythematosus: an update,” Journal of Inflammation
Research, vol. 8, pp. 161–171, 2015.

[3] M. Miyara, Y. Ito, and S. Sakaguchi, “Treg-cell therapies for
autoimmune rheumatic diseases,” Nature Reviews Rheumatol-
ogy, vol. 10, no. 9, pp. 543–551, 2014.

[4] A. Schmidt, N. Oberle, and P. H. Krammer, “Molecular mech-
anisms of Treg-mediated T cell suppression,” Frontiers in
Immunology, vol. 3, pp. 1–20, 2012.

[5] S. Sakaguchi, K. Wing, Y. Onishi, P. Prieto-Martin, and
T. Yamaguchi, “Regulatory T cells: how do they suppress
immune responses?,” International Immunology, vol. 21,
no. 10, pp. 1105–1111, 2009.

[6] M. Miyara and S. Sakaguchi, “Natural regulatory T cells:
mechanisms of suppression,” Trends in Molecular Medicine,
vol. 13, no. 3, pp. 108–116, 2007.

[7] L. W. Collison, V. Chaturvedi, A. L. Henderson et al., “IL-35-
mediated induction of a potent regulatory T cell population,”
Nature Immunology, vol. 11, no. 12, pp. 1093–1101, 2010.

[8] K. Bin Dhuban and C. A. Piccirillo, “The immunological
and genetic basis of immune dysregulation, polyendocrino-
pathy, enteropathy, X-linked syndrome,” Current Opinion
in Allergy and Clinical Immunology, vol. 15, no. 6,
pp. 525–532, 2015.

[9] B. Alvarado-Sánchez, B. Hernández-Castro, D. Portales-Pérez
et al., “Regulatory T cells in patients with systemic lupus ery-
thematosus,” Journal of Autoimmunity, vol. 27, no. 2,
pp. 110–118, 2006.

[10] M. Battaglia, S. Gregori, R. Bacchetta, and M. G. Roncarolo,
“Tr1 cells: from discovery to their clinical application,” Semi-
nars in Immunology, vol. 18, no. 2, pp. 120–127, 2006.

[11] M. G. Roncarolo, S. Gregori, R. Bacchetta, and M. Battaglia,
“Tr1 cells and the counter-regulation of immunity: natural
mechanisms and therapeutic applications,” Current Topics in
Microbiology and Immunology, vol. 380, pp. 39–68, 2014.

[12] R. K. Dinesh, B. J. Skaggs, A. La Cava, B. H. Hahn, and R. P.
Singh, “CD8+ Tregs in lupus, autoimmunity, and beyond,”
Autoimmunity Reviews, vol. 9, no. 8, pp. 560–568, 2010.

[13] M. Cebrián, E. Yagüe, M. Rincón, M. López-Botet, M. O. de
Landázuri, and F. Sánchez-Madrid, “Triggering of T cell pro-
liferation through AIM, an activation inducer molecule
expressed on activated human lymphocytes,” Journal of Exper-
imental Medicine, vol. 168, no. 5, pp. 1621–1637, 1988.

[14] Y.Han,Q. Guo,M. Zhang, Z. Chen, andX. Cao, “CD69+CD4+
CD25- T cells, a new subset of regulatory T cells, suppress T cell
proliferation through membrane-bound TGF-β1,” Journal of
Immunology, vol. 182, no. 1, pp. 111–120, 2009.

[15] M. Vitales-Noyola, L. Doníz-Padilla, C. Alvarez-Quiroga, A.
Monsiváis-Urenda, H. Portillo-Salazar, and R. González-
Amaro, “Quantitative and functional analysis of CD69+
NKG2D+ T regulatory cells in healthy subjects,” Human
Immunology, vol. 76, no. 7, pp. 511–518, 2015.

[16] A. Muñoz-Rodríguez, M. Vitales-Noyola, A. Ramos-Levi, A.
Serrano-Somavilla, R. González-Amaro, and M. Marazuela,
“Levels of regulatory T cells CD69+NKG2D+IL-10+ are
increased in patients with autoimmune thyroid disorders,”
Endocrine, vol. 51, no. 3, pp. 478–489, 2016.

[17] M. Vitales-Noyola, R. Martínez-Martínez, J. P. Loyola-
Rodríguez, L. Baranda, P. Niño-Moreno, and R. González-
Amaro, “Quantitative and functional analysis of CD69+ T
regulatory lymphocytes in patients with periodontal
disease,” Journal of Oral Pathology and Medicine, vol. 46,
no. 7, pp. 549–557, 2016.

[18] J. Zhu, A. Feng, J. Sun et al., “Increased CD4+CD69+CD25- T
cells in patients with hepatocellular carcinoma are associated
with tumor progression,” Journal of Gastroenterology and
Hepatology, vol. 26, no. 10, pp. 1519–1526, 2011.

[19] S. Bauer, V. Groh, J. Wu et al., “Activation of NK cells and
T cells by NKG2D, a receptor for stress-inducible MICA,”
Science, vol. 285, no. 5428, pp. 727–729, 1999.

[20] Z. Dai, C. J. Turtle, G. C. Booth et al., “Normally occurring
NKG2D+ CD4+ T cells are immunosuppressive and inversely
correlatedwith disease activity in juvenile-onset lupus,” Journal
of Experimental Medicine, vol. 206, no. 4, pp. 793–805, 2009.

8 Mediators of Inflammation



[21] J. B. Canavan, B. Afzali, C. Scottà et al., “A rapid diagnostic test
for human regulatory T-cell function to enable regulatory T-
cell therapy,” Blood, vol. 119, no. 8, pp. e57–e66, 2012.

[22] D. Sancho, M. Gómez, F. Viedma et al., “CD69 downregulates
autoimmune reactivity through active transforming growth
factor-beta production in collagen-induced arthritis,” Journal
of Clinical Investigation, vol. 112, no. 6, pp. 872–882, 2003.

[23] P. Martín, M. Gómez, A. Lamana et al., “CD69 association
with Jak3/Stat5 proteins regulates Th17 cell differentiation,”
Molecular and Cellular Biology, vol. 30, no. 20, pp. 4877–
4889, 2010.

[24] G. Liappas, G. T. González-Mateo, R. Sánchez-Díaz et al.,
“Immune-regulatory molecule CD69 controls peritoneal fibro-
sis,” Journal of the American Society of Nephrology, vol. 27,
no. 12, pp. 3561–3576, 2016.

[25] A. Cruz-Adalia, L. J. Jiménez-Borreguero, M. Ramírez-Huesca
et al., “CD69 limits the severity of cardiomyopathy after
autoimmune myocarditis,” Circulation, vol. 122, no. 14,
pp. 1396–1404, 2010.

[26] P. Martín, M. Gómez, A. Lamana et al., “The leukocyte activa-
tion antigen CD69 limits allergic asthma and skin contact
hypersensitivity,” Journal of Allergy and Clinical Immunology,
vol. 126, no. 2, pp. 355–365, 2010.

[27] R. González-Amaro, J. R. Cortés, F. Sánchez-Madrid, and P.
Martín, “Is CD69 an effective brake to control inflammatory
diseases?,” Trends in Molecular Medicine, vol. 19, no. 10,
pp. 625–632, 2013.

[28] D. Portales-Pérez, R. González-Amaro, C. Abud-Mendoza,
and S. Sánchez-Armáss, “Abnormalities in CD69 expression,
cytosolic pH and Ca2+ during activation of lymphocytes from
patients with systemic lupus erythematosus,” Lupus, vol. 6,
no. 1, pp. 48–56, 1997.

[29] R. González-Amaro and M. Marazuela, “T regulatory (Treg)
and T helper 17 (Th17) lymphocytes in thyroid autoimmu-
nity,” Endocrine, vol. 52, no. 1, pp. 30–38, 2016.

[30] F. Facciotti, N. Gagliani, B. Häringer et al., “IL-10-producing
forkhead box protein 3-negative regulatory T cells inhibit B-
cell responses and are involved in systemic lupus erythemato-
sus,” Journal of Allergy and Clinical Immunology, vol. 137,
no. 1, pp. 318–321, 2016.

[31] J. Geginat, P. Larghi, M. Paroni et al., “The light and the
dark sides of Interleukin-10 in immune-mediated diseases
and cancer,” Cytokine & Growth Factor Reviews, vol. 30,
pp. 87–93, 2016.

[32] L. Llorente, W. Zou, Y. Levy et al., “Role of interleukin 10 in
the B lymphocyte hyperactivity and autoantibody production
of human systemic lupus erythematosus,” Journal of Experi-
mental Medicine, vol. 181, no. 3, pp. 839–844, 1995.

[33] J. Alcocer-Varela and D. Alarcón-Segovia, “Decreased produc-
tion of and response to interleukin-2 by cultured lymphocytes
from patients with systemic lupus erythematosus,” Journal of
Clinical Investigation, vol. 69, no. 6, pp. 1388–1392, 1982.

[34] S. Sakaguchi, D. A. Vignali, A. Y. Rudensky, R. E. Niec, and
H. Waldmann, “The plasticity and stability of regulatory T
cells,” Nature Reviews Immunology, vol. 13, no. 6,
pp. 461–467, 2013.

9Mediators of Inflammation


	Patients with Systemic Lupus Erythematosus Show Increased Levels and Defective Function of CD69+ T Regulatory Cells
	1. Introduction
	2. Materials and Methods
	2.1. Patients and Healthy Subjects
	2.2. Flow Cytometry Analysis
	2.3. Functional Analysis of CD69+Treg Cells
	2.4. Inhibition of Cytokine Release by CD69+ Treg Cells
	2.5. Statistical Analysis

	3. Results
	3.1. Increased Levels of CD69+/NKG2D+ Treg Cells in Patients with SLE
	3.2. Functional Analysis of CD69+ T Cells

	4. Discussion
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

