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We assessed diﬀerent immune parameters in patients with rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) with
low (LSI) and high (HSI) sodium intake. Thirty-eight patients with RA, thirty-seven with SLE, and twenty-eight healthy subjects
were studied and classiﬁed as LSI or HSI. Levels and suppressive function of CD4+CD25+Foxp3+ and CD4+CD69+Foxp3− Treg
cells were determined by ﬂow cytometry in blood samples. Levels and in vitro diﬀerentiation of Th17 cells were also assessed.
Similar levels of CD4+CD25+Foxp3+ and CD4+CD69+Foxp3− Treg cells were observed in LSI and HSI patients or controls.
However, a positive correlation was detected between sodium intake and levels of CD4+CD25+Foxp3+ Treg cells in SLE and a
negative association between CD4+CD69+Foxp3− Treg cells and sodium intake in RA. No other signiﬁcant associations were
detected, including disease activity and sodium intake. Moreover, the suppressor activity of CD4+CD25+Foxp3+ and
CD4+CD69+Foxp3− Treg cells was similar in LSI and HSI patients or controls. The levels and in vitro diﬀerentiation of Th17
cells were also similar in LSI and HSI individuals. Our results suggest that, in the population studied (Mexican mestizo), the
level of sodium intake is not apparently associated with diﬀerent relevant immune parameters in healthy subjects or patients
with SLE or RA.

1. Introduction
Human autoimmune diseases are complex disorders that
arise from the interactions between polygenic risk factors,
environmental inﬂuences, and defects in immune regulatory
mechanisms. Rheumatoid arthritis (RA) is an autoimmune
chronic disease characterized, among others, by pain, inﬂammation, and destruction of diarthrodial joints, resulting in
functional disability [1]. Systemic lupus erythematosus
(SLE) is an autoimmune condition characterized by the
synthesis of many diﬀerent autoantibodies, deposition of

immune complexes, and inﬂammation of several tissues and
organs [2]. In both conditions, aberrations in the immune
modulatory mechanisms, including the number and function
of T regulatory (Treg) cells have been described [3–5].
Treg cells are able to inhibit the activation and proliferation of eﬀector lymphocytes, and their activity has an important role in the pathogenesis of autoimmune and chronic
inﬂammatory diseases [6]. Several Treg cell subsets have been
characterized, including the CD4+CD25high natural nTreg
lymphocytes expressing the forkhead box P3 transcription
factor (Foxp3), which exert their inhibitory eﬀect through
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diﬀerent mechanisms, including the synthesis of regulatory
cytokines, including the transforming growth factor-β
(TGF-β) and interleukins-10 and -35 (IL-10 and IL-35, resp.)
[6]. CD4+Foxp3+ Treg cells may diﬀerentiate in the thymus
(tTreg cells), in the peripheral lymphoid tissues (pTreg cells),
or in vitro (induced or iTreg cells) [6]. Diﬀerent data indicate
the relevant role of these CD4+Foxp3+ Treg cells in the pathogenesis of autoimmune diseases, including the congenital
deﬁciency of Foxp3, which results in the IPEX syndrome
(immune dysregulation, autoimmune polyendocrinopathy,
and inﬂammatory enteropathy) [7]. In addition, alterations
in the number and function of CD4+Foxp3+ Treg cells have
been reported in most autoimmune diseases as well as in
other immune-mediated conditions [4–6, 8, 9]. Accordingly,
abnormal number and function of CD4+Foxp3+ Treg cells
have been reported in RA and SLE, and it has been proposed
that the autoimmune responses observed in these patients
could be controlled by the clinical use of Treg cells to treat
these conditions [4–6].
Other regulatory lymphocyte subsets have been described,
including Tr1, Tr35, and Th3 lymphocytes [10, 11]. In
addition, we and others have detected a subset of T cells
that show a constitutive expression of CD69 (with a CD4+CD69+Foxp3−TGF-β+IL-10+ phenotype and a variable
expression of CD25) and that exerts a relevant in vitro
suppressive eﬀect on the activation of autologous eﬀector
T cells [12, 13]. These CD69+ Treg cells also show an
abnormal number and function in patients with diﬀerent
conditions, including autoimmune thyroid diseases, SLE,
and liver carcinoma [14–16]. Moreover, it has been
described that CD4+NKG2D+ T cells with regulatory activity and primed to produce IL-10 are detected in normal
individuals and that patients with juvenile-onset SLE show
increased levels of these lymphocytes [17]. In addition, we
have observed that a fraction of this cell subset corresponds to CD4+CD69+ Treg lymphocytes [13] and that
patients with autoimmune thyroid disease or SLE show
abnormal numbers and function of these cells [14, 15].
T helper 17 (Th17) lymphocytes are mainly characterized
by the synthesis of IL-17A, IL-17F, and IL-22, and their
diﬀerentiation is induced by a set of cytokines, including
IL-1β, IL-6, and IL-23. It has been described that Th17
cells are clearly involved in the pathogenesis of and the
inﬂammatory phenomenon observed in diﬀerent conditions, including RA, Crohn’s disease, and multiple sclerosis
(MS) [18, 19]. Accordingly, the cytokines that induce this
cell subset as well as the cytokines synthesized by them
have become therapeutic targets for the treatment of several inﬂammatory immune-mediated conditions [20].
It has been shown that high-salt (NaCl) concentrations
favor the diﬀerentiation of Th17 lymphocytes, both in vivo
and in vitro [21]. Accordingly, a high-salt intake (HSI) is signiﬁcantly associated with the severity of experimental autoimmune encephalomyelitis (EAE), an animal model of MS
[22]. Likewise, it has been reported that those MS patients
with HSI show a most severe form of the disease compared
to patients with low-salt intake (LSI) [22]. Similar ﬁndings
have been observed in MRL/lpr mice, an animal model of
SLE [23]. In addition, Scrivo et al. observed that a low-
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sodium dietary regimen is associated with a signiﬁcant
reduction of CD4+CD45RA−Foxp3low lymphocytes in
patients with RA as well as with a reduction in Th17 cells
with an enhancement in Foxp3+ Treg cells in patients with
SLE [24]. The mechanisms involved in the induction of
Th17 cells by high-NaCl concentrations have been characterized. Thus, it has been reported that high concentrations of
sodium induce the activation of the p38 protein kinase and
the nuclear factor NFAT5 as well as the synthesis and activation of the serum and glucocorticoid-regulated kinase 1 or
SGK1; this kinase in turn induces the expression of the
receptor for IL-23 and thus favors the diﬀerentiation of
Th17 cells and the release of proinﬂammatory cytokines
[25]. Moreover, it has been reported that high-sodium
concentrations interfere with the diﬀerentiation and function of CD4+Foxp3+ Treg cells [26] that favors the diﬀerentiation and activation of proinﬂammatory M1-type
macrophages [27]. Overall, these data have strongly suggested that high-salt intake is causally associated with the
pathogenesis of diﬀerent chronic inﬂammatory conditions,
through diﬀerent mechanisms.
In order to further assess the role of NaCl intake in the
pathogenesis of inﬂammatory immune-mediated diseases,
we decided to analyze diﬀerent clinical and laboratory
parameters in healthy controls and patients with SLE and
RA, classiﬁed as LSI and HSI. Our results suggest that the
level of sodium intake does not seem to be signiﬁcantly associated with diﬀerent relevant immune parameters in either
healthy subjects or patients with the immune-mediated diseases analyzed.

2. Materials and Methods
2.1. Aim and Design. The aim of this study was to explore the
possible association between the level of salt intake and different immune parameters in healthy individuals and
patients with SLE and RA. A cross-sectional observational
and experimental study was carried out. This study was done
at the Research Center for Health Sciences and Biomedicine,
UASLP, and the Regional Unit of Rheumatology and Osteoporosis, Hospital Central Dr. Ignacio Morones Prieto, San
Luis Potosí, SLP, México.
2.2. Individuals. Thirty-eight patients with RA (36 females
and 2 males), according to the criteria of the American
College of Rheumatology, and a mean age of 42.6 ± 10.5 years
were included in the study (Table 1). According to the
DAS28 index, at the time of the study, twenty patients had
low activity (DAS28 ≤ 4) and eighteen had high activity
(DAS28 > 4). Twenty-eight patients were receiving prednisone (2.5 to 5.0 mg/day) and/or disease-modifying antirheumatic drugs (methotrexate 7.5 to 20.0 mg/week and/or
sulfasalazine 1.0 to 3.0 g/day) at the time of study; thus, seven
patients were under methotrexate monotherapy; four were
receiving a combination of methotrexate, prednisone, and
sulfasalazine; sixteen methotrexate and prednisone; and one
patient was under sulfasalazine monotherapy. No patients
under therapy with biological agents were included in the
study. Ten patients were untreated at the time of study.
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Table 1: Main clinical and laboratory characteristics of patients
with rheumatoid arthritis.

Table 2: Main clinical and laboratory characteristics of patients
with systemic lupus erythematosus.

Number (female/male)
Mean age (range)
Disease duration (range)
DAS28 > 4 (%)
Therapy∗

38 (36/2)
42.5 ± 10.5 years (19–61)
5.4 ± 4.7 years (0–10.5)
18/38 (47%)

Number (female/male)
Mean age (range)
Disease duration (range)
MEX-SLEDAI > 4.0
Therapy∗

37 (34/3)
36.5 ± 15.5 years (18.3–52.5)
8.3 ± 6.7 years (0.4–16.3)
28/37 (75.6%)

Prednisone (dose range)
Methotrexate (dose range)
Sulfasalazine (dose range)
Biological agents
Untreated patients (%)
Anticitrullinated peptide antibodies
Salt intake
Low (range)
High (range)

20/38 (2.5–5.0 mg/day)
27/38 (7.5–20.0 mg/week)
5/38 (1.0–3.0 g/day)
0/38
10/38 (26%)
37/38

Prednisone(dose range)
Methotrexate (dose range)
Azathioprine (dose range)
Biological agents
Untreated patients (%)
Antinuclear antibodies (%)
Low complement levels
Salt intake
Low (range)
High (range)

24/37 (2.5–7.5 mg/day)
26/37 (10.0–15.0 mg/week)
9/37 (50.0–100.0 mg/day)
0/37
9/31 (29%)
37/37 (100%)
25/37 (68%)

∗

8/38 (1.7–4.9 g/day)
30/38 (5.0–13.5 g/day)

Most treated patients were receiving two or more drugs.

∗

Thirty-seven patients with SLE, according to the classiﬁcation criteria of the American College of Rheumatology, were
also studied (Table 2). Thirty-four patients were females and
three males, with a mean age of 36.5 ± 15.5 years. According
to the MEX-SLEDAI score, 75% of patients had a moderateto-severe active disease and 25% were in remission. Twentyeight patients were receiving prednisone (2.5 to 7.5 mg/
day) and/or immunosuppressive drugs (methotrexate 10.0
to 15.0 mg/week and/or azathioprine 50–100 mg/day); thus,
four patients were under methotrexate monotherapy;
ﬁfteen were receiving methotrexate and prednisone; seven
methotrexate, prednisone, and azathioprine; and two prednisone and azathioprine. Nine patients were untreated at
the time of study, and no patients with evidence of renal failure or receiving biological agents were studied. Twenty-eight
healthy subjects (twenty-four females and four males) with a
mean age of 36.3 ± 12.1 years were also studied. This study
was approved by the Bioethical Committee of the Hospital
Central Dr. Ignacio Morones Prieto, and all individuals
included in it signed an informed consent.
2.3. Estimation of Sodium Chloride Intake. Salt intake was
estimated through two diﬀerent parameters, the measurement of sodium excretion by urine and a written questionnaire. In the ﬁrst case, NaCl intake was calculated through
24-hour urinary sodium excretion, by using the following
formula: NaCl = Na (g/day) × 100/39.3 [28]. In addition, a
written questionnaire of alimentary habits, validated by the
World Health Organization (WHO) and the Pan-American
Health Organization (PAHO), was employed [29, 30]. The
latter one was adapted (by including three additional foods
and by considering the salt added to the foods with the salt
shaker during the meal) for the population of our study
(Mexican mestizos), and the results were compared with
those obtained using the urinary sodium excretion. According to these instruments, the individuals that had been
included in the study were subsequently classiﬁed as having

6/37 (1.8–4.6 g/day)
31/37 (5.0–15.1)

Most treated patients were receiving two or more drugs.

LSI (less than 5.0 g/day of NaCl) or HSI (5.0 or more g/day
of NaCl). Those individuals with a discordance greater than
3.0 g/day of salt intake between the values obtained with the
questionnaire and sodium excretion were excluded from
the study.
2.4. Flow Cytometry Analysis. Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-Hypaque (GE
Healthcare Life Sciences, Issaquah, WA) density-gradient
centrifugation, and cellular viability was evaluated by trypan blue stain. When indicated, cells were incubated in
RPMI-1640 culture medium (Gibco by Life Technologies,
Gaithersburg, MD) supplemented with 10% fetal bovine
serum, glutamine (2.0 mM), and penicillin (100 u/ml)/
streptomycin (100 μg/ml) for 4 hours at 37°C with 5%
CO2. Brefeldin (10 μg/ml) was also added. Then, cells were
washed and stained with the following monoclonal antibodies (mAbs): CD4/FITC or CD4/APC-Cy7 (BioLegend,
San Diego, CA), CD25/APC-Cy7 (BD Biosciences, San
Jose, CA), NKG2D/FITC (eBioscience), anti-LAP/PerCpCy5.5 (BioLegend), and CD69/APC (eBioscience). Then,
cells were ﬁxed and permeabilized with the Foxp3 Fix/
Perm kit (eBioscience) and additionally stained with mAbs
against IL-10 (PE) (BioLegend) and Foxp3 (PE-Cy7)
(eBioscience). Thus, as previously reported [13], when
CD69+ Treg cells were analyzed, the following strategy was
employed: 1st dot plot: CD4/FITC and CD25/APC-Cy7; 2nd
dot plot: LAP/PerCp-Cy5 and CD69/APC; and 3rd dot plot:
Foxp3/PE-Cy7 and IL-10/PE. In the case of CD69+NKG2D+
Treg cells, the analysis strategy was as follows: 1st dot plot:
CD4/APC-Cy7 and NKG2D/FITC; 2nd dot plot: LAP/
PerCp-Cy5 and CD69/APC; and 3rd dot plot: Foxp3/PE-Cy7
and IL-10/PE. Moreover, other cells were stained with CD4/
FITC (eBioscience) and ﬁxed with p-formaldehyde 4% and
permeabilized with saponin 0.1% and stained with mAbs
against IL-17/PE (eBioscience) and IL-22/APC (eBioscience).
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Data were acquired in FACSCanto II ﬂow cytometer (Becton
Dickinson) and analyzed using FlowJo version 10 (Tree
Star). According to these analyses, Foxp3+ Treg cells corresponded to CD4+CD25highFoxp3+ lymphocytes, CD69+
Treg cells to CD4+CD25varCD69+LAP+IL-10+Foxp3− lymphocytes, CD69+NKG2D+ Treg cells to CD4+NKG2D+CD69+LAP+IL-10+Foxp3−, and Th17 cells to CD4+IL-17A+IL-22+
lymphocytes. In some cases, CD4+NKG2D+ double-positive
cells were also analyzed, which correspond to a fraction of
CD69+NKG2D+ Treg cells and to a subset of CD4+ lymphocytes with no regulatory activity [17].
2.5. Functional Analysis of CD25+ and CD69+ Treg Cells. The
suppressive function of CD69+ Treg lymphocytes was
assessed by an assay of inhibition of cell activation [31]. In
these assays, one aliquot of PBMC was depleted from
CD69+ lymphocytes by magnetic negative selection using a
MACS cell separation system (Miltenyi Biotec Inc., St Louis,
MO). Brieﬂy, PBMC were incubated with an anti-CD69 mAb
(eBioscience) for 30 minutes, washed and then incubated
with paramagnetic rat anti-mouse IgG MicroBeads (Miltenyi
Biotec), and washed again. Afterwards, cells were poured
onto MS columns (Miltenyi Biotec), and CD69-negative cells
were recovered. Then, these CD69-depleted cells as well as an
aliquot of whole PBMC were stimulated by culturing in 24well plates (Costar) precoated for 1.5 h with an anti-CD3
(OKT3 clone, 5.0 μg/ml) and an anti-CD28 (clone 28.2,
5.0 μg/ml) mAb at 37°C, 5% CO2. Finally, cells were incubated in RPMI-1640 medium supplemented with 10% FBS,
glutamine, and penicillin/streptomycin for 7 hours at 37°C
with 5% CO2. At starting the cell culture, an anti-CD40L/
PE mAb (BD Biosciences) was added, and at the end of incubation, cells were washed and analyzed for CD40L expression
in a FACSCanto II ﬂow cytometer (Becton Dickinson) and
data processed with the FlowJo software (Tree Star). In the
case of assays for CD4+CD25highFoxp3+ cell activity, we
employed the same procedure but using an anti-CD25 mAb
(eBioscience) instead of an anti-CD69. In both cases, the suppressor activity was calculated by comparing the percent of
CD40L+ cells in the two aliquots of cells, as follows: %inhibition = 100 − [(%CD40L+ cells in whole PBMC)/(%CD40L+
cell cultures depleted from CD69+ cells) 100].
2.6. In Vitro Diﬀerentiation of Th17 Cells. PBMC from
patients or healthy controls were activated with platebound anti-CD3/CD28 (5.0 μg/ml) and grown in IMDM culture medium supplemented with 10% fetal bovine serum,
glutamine (2.0 mM), and penicillin (100 u/ml)/streptomycin
(100 μg/ml) and 5% CO2 at 37°C. These cells were induced
to diﬀerentiate or not towards the Th17 lineage by adding
8 ng/ml TGF-β, 10 ng/ml IL-1β, 50 ng/ml IL-6, 10 ng/ml
IL-23, and 10 μg/ml anti-IL-4 mAb for 6 days. Three hours
before its harvesting, cells were restimulated with a leukocyte
activation cocktail with GolgiPlug (BD Pharmingen). Finally,
cells were collected, washed, and analyzed for the presence of
CD4+IL-17A+ lymphocytes, as stated above.
2.7. Quantiﬁcation of Cytokines. Cell cultures similar to those
employed to test the suppressive function of Treg cells on T
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cell activation were run but in the absence of an antiCD40L mAb and incubated for 24 h. At the end of the incubation, cell-free supernatants were obtained and the levels of
the indicated cytokines were determined by ﬂow cytometry
using a Cytometric Bead Array (BD Biosciences). The following cytokines were analyzed: IL-2, IL-4, IL-6, IL-10, TNF-α,
IFN-γ, and IL-17A. Data analysis was performed by using
the FCAP Array Software v3.0 (BD Biosciences).
2.8. Statistical Analysis. Data with normal distribution were
presented as the arithmetic mean and SD, and data with a
non-Gaussian distribution were presented as the median
and interquartile range (Q1–Q3). Analysis of 2 groups was
performed with the Mann–Whitney U test and comparisons
among 3 groups 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
As stated in the Materials and Methods, the salt intake was
estimated in the individuals included in this study and they
were classiﬁed as LSI (less than 5.0 g/day of NaCl) and HSI
(5.0 g/day of NaCl or more). As shown in Figure 1, sodium
excretion (mEq/L) and sodium intake (g/day) were similar
in the three groups studied. In addition, when the proportions of LSI and HSI individuals in each group were compared, no signiﬁcant diﬀerences were observed. However,
the percent of individuals with LSI tended to be higher in
the healthy control group (p = 0 060 compared to SLE, Fisher
exact test, Figure 1(c)).
As it has been previously reported, when we analyzed the
levels of CD4+CD25highFoxp3+ Treg cells, signiﬁcant lower
levels of these lymphocytes were observed in patients with
SLE or RA compared to healthy controls, both in the case
of LSI or HSI individuals (p < 0 05 in all cases, Figure 2(a)).
However, we did not detect signiﬁcant diﬀerences when LSI
and HSI individuals were compared, in either healthy subjects or patients with SLE or RA (p > 0 05 in all cases,
Figure 2(a)). In the case of CD69+ Treg cells, signiﬁcant
enhanced levels of these lymphocytes (CD4+CD25varCD69+LAP+IL-10+Foxp3−) were observed in SLE and RA patients
compared to controls, both in the case of LSI or HSI individuals (p < 0 05 in all cases, Figure 2(b)). Nevertheless, as
in the case of Foxp3+ Treg cells, similar levels of CD69+
Treg lymphocytes were observed when LSI and HSI were
compared, in the three groups studied (p > 0 05 in all
cases, Figure 2(b)). Likewise, no signiﬁcant diﬀerences
were detected between LSI and HSI individuals in the case
of the CD69+NKG2D+ Treg cell subset levels, in all groups
studied (p > 0 05 in all cases, Figure 2(c)). Moreover,
although increased levels of peripheral blood Th17 cells
were observed in patients with SLE or RA compared to
healthy controls (p < 0 05 in all cases, Figure 2(d)), similar
levels of this helper cell subset were observed when LSI
and HSI individuals were compared, in the three groups
studied (p > 0 05 in all cases, Figure 2(d)).
When an association analysis was performed, a signiﬁcant negative correlation between NaCl intake and the
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Figure 1: Estimation of salt intake in controls and patients. (a, b) Sodium excretion and salt intake was estimated in healthy controls (Ctrl)
and patients with SLE or RA, as stated in the Materials and Methods. No signiﬁcant diﬀerences were observed among the three groups.
Horizontal lines correspond to the arithmetic mean and SD. (c) Proportions of individuals with low (less than 5.0 g/day of NaCl) and high
(5.0 g/day of NaCl or more) salt intake in healthy controls (Ctrl) and patients with SLE and RA. ns: nonsigniﬁcant.

percent of CD69+ Treg cells was observed in patients with
RA (r = −0 37, p = 0 046, Figure 3(a)). Furthermore, a signiﬁcant negative association between NaCl intake and the
levels of CD4+NKG2D+ cells was observed in patients with
SLE (r = −0 55, p = 0 02, Figure 3(b)). A similar result was
observed in the case of CD69+NKG2D+ Treg lymphocytes
(r = −0 56, p = 0 016, Figure 3(c)). Conversely, the levels of
Foxp3+ Treg cells tended to be positively associated with
NaCl intake in patients with SLE; however, a no signiﬁcant
value of p was obtained in this case (r = 0 04, p = 0 08,
Figure 3(d)). Likewise, no apparent association was detected
between the levels of Th17 cells and NaCl intake in the three
groups studied (p > 0 05 in all cases, data not shown). Furthermore, LSI and HSI patients with SLE or RA showed
similar levels of disease activity, according to the SLEDAI
and DAS28 indices, respectively (p > 0 05 in both cases,
Figures 3(e) and 3(f)). Moreover, an additional analysis
showed no apparent association between the therapies that
the patients were receiving and the diﬀerent parameters
measured in the study (data not shown). Accordingly,
when these immune parameters were compared in treated

and untreated patients (with SLE or RA), no signiﬁcant
diﬀerences were observed (data not shown).
We then analyzed the function of two subsets of Treg
lymphocytes. As shown in Figure 4(a), the function of
CD4+CD25+Foxp3+ and CD4+CD69+ Treg cells was assessed
through assays of inhibition of lymphocyte activation
(expression of CD40L) and suppression of cytokine release.
In the former assay, we observed that patients with SLE
showed a signiﬁcant diminution in the suppressor activity
of CD4+CD25+Foxp3+ cells compared to healthy controls
(p < 0 05, Figure 4(b)). A similar trend was observed in
the case of RA, but in this case, a signiﬁcant diﬀerence was
not reached (Figure 4(b)). Moreover, when the activity of
these Treg cells was compared in LSI and HSI individuals,
we did not detect signiﬁcant diﬀerences in any group
studied (p > 0 05 in all cases, Figure 4(b)). As shown in
Figure 4(c), similar results were observed for the activity of
CD4+CD69+ Treg cells, with no signiﬁcant diﬀerences
between LSI and HSI individuals, in either healthy controls
or patients with RA or SLE (p > 0 05). Accordingly, when we
analyzed the suppression of cytokine release by Treg cells,
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Figure 2: Levels of Treg and Th17 cells in the peripheral blood from healthy subjects and patients with SLE or RA with low- and high-salt
intake. The frequency of Foxp3+ and CD69+ Treg cells and Th17 lymphocytes was determined by multiparametric ﬂow cytometry analysis in
blood samples from healthy controls and patients with SLE or RA, with low- or high-salt intake. (a) Percent of CD4+CD25highFoxp3+ cells. (b)
Frequency of CD4+CD25varCD69+LAP+IL-10+Foxp3− Treg cells. (c) Percent of CD4+NKG2D+CD69+LAP+IL-10+Foxp3− Treg cells. (d)
Frequency of CD4+IL-17+ lymphocytes. All percentages are referred to total lymphocytes. Data correspond to the arithmetic mean and SD
(a) or the median and IQR (b–d). ∗ p < 0 05; ∗∗ p < 0 01; ∗∗∗ p < 0 001; ns: nonsigniﬁcant.

we observed similar levels of inhibition in LSI and HSI
individuals, in the three groups studied and for all
cytokines analyzed (IL-2, IL-4, IL-6, IL-10, TNF-α, IFNγ, and IL-17A) (Figures 4(d)–4(f) and data not shown).
We also analyzed the in vitro diﬀerentiation of CD4 T
naïve cells into Th17 lymphocytes in healthy individuals
and patients with RA or SLE with low- and high-sodium
intake. Although in these assays we only observed a modest
(but signiﬁcant) diﬀerentiation of Th17 cells, we observed
that similar levels of these cells were generated in LSI and
HSI individuals, in the three groups studied (p > 0 05 in all
cases, Figure 5 and data not shown).
Finally, since we only performed a single determination
of NaCl excretion to all individuals included in the study,
we decided to further analyze our results after the exclusion
of those patients and controls with sodium intake levels near
to the cutoﬀ value (5.0 g/day) employed by us. Under such
conditions, ﬁve patients with RA, four with SLE, and ﬁve

controls, with daily sodium intake between 4.0 and 6.0 g,
were excluded. These analyses showed similar results, with
no signiﬁcant diﬀerences between these LSI (<4.0 g/day)
and HSI (>6.0 g/day) groups, regarding the levels of Foxp3+
and CD69+ Treg cells, their suppressive activity, and the
number and in vitro diﬀerentiation of Th17 lymphocytes
(data not shown). In addition, we also analyzed the results
of this study after classifying healthy controls and patients
by tertiles of sodium intake. In this case, similar results were
obtained, with no signiﬁcant diﬀerences among the three categories of salt intake (low, high, and very high) in the three
groups studied (data not shown).

4. Discussion
Diﬀerent factors determine the loss of immune tolerance to
self-antigens and the appearance of chronic inﬂammatory
autoimmune disease, mainly genetic and environmental
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Figure 3: Correlation analysis between salt intake and clinical and laboratory parameters in patients with SLE and RA. Patients with RA
showed a signiﬁcant negative correlation between salt intake and % of CD69+ Treg cells (CD4+CD25varCD69+LAP+IL-10+Foxp3−) (a),
whereas in patients with SLE, a signiﬁcant negative association of salt intake and the levels of CD4+NKG2D+ (b) or NKG2D+ Treg cells
(CD4+NKG2D+CD69+LAP+IL-10+Foxp3−) (c) was observed. Although in SLE patients salt intake tended to be associated with the % of
Foxp3+ Treg cells, the value of r was nonsigniﬁcant (d). Both patients with SLE (e) and RA (f) showed similar levels of disease activity in
those cases with low- and high-salt intake. ns: nonsigniﬁcant. (e, f) Data correspond to the arithmetic mean and SD.

factors as well as abnormalities in the immune regulatory
mechanisms and, very likely, the gut microbiota [1–6]. In
recent years, diﬀerent very interesting reports have indicated
the important inﬂuence of sodium concentration and salt
intake on the innate and adaptive immune responses. Thus,
it has been described that high-sodium concentrations (that
can be detected in the interstitial space of diﬀerent tissues
and organs, including the lymph nodes, skin, and renal

medulla) are able to induce the diﬀerentiation of Th17 cells
[21], which are involved in the pathogenesis of several
inﬂammatory immune-mediated diseases, including RA
and SLE [32]. In addition, it has been shown that highNaCl concentrations favor the diﬀerentiation of proinﬂammatory type M1 macrophages, which also have a key role in
the pathogenesis of the tissue damage associated to autoimmunity [27]. Furthermore, it has been observed that sodium
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Figure 4: Functional analysis of Treg lymphocytes in healthy controls and patients with SLE or RA, with low- and high-salt intake. PBMC
were depleted or not of CD69+ or CD25+ cells, stimulated through CD3/CD28 for 7 h, and then, the expression of CD40L was assessed by
ﬂow cytometry, as indicated in the Materials and Methods. (a) Flow cytometry dot plots showing the expression of CD40L in
unfractionated and Treg cell-depleted PBMC stimulated through CD3/CD28. These data correspond to cells from a HSI healthy control.
(b) Suppressor activity (calculated as stated in the Materials and Methods) of CD25+ Treg cells in healthy controls (Ctrl) and patients with
SLE or RA, with low- or high-sodium intake. (c) Suppressor activity of CD69+ Treg cells in healthy controls (Ctrl) and patients
with SLE or RA, with low- or high-sodium intake. (d–f) In separate experiments, PBMC were depleted or not of CD69+ or CD25+
cells and stimulated through CD3/CD28 for 24 h, and then, the levels of the indicated cytokines were analyzed in cell supernatants
as stated in the Materials and Methods. Data from patients with RA and healthy controls, with low- and high-sodium intake, are
shown. ∗ p < 0 05; ∗∗ p < 0 01; ns: nonsigniﬁcant. Data correspond to the median and IQR.

chloride inhibits the suppressive activity of Foxp3+ Treg
lymphocytes [26]. Accordingly, it has been proposed that
high-salt intake may have a relevant role in the induction
and maintenance of autoimmune conditions, including RA,
SLE, and MS [25, 33, 34].
In apparent contrast with all the above information, we
have observed that healthy individuals as well as patients

with SLE or RA, with low- and high-salt intake, show similar
levels of Foxp3+ and CD69+ Treg cells in the peripheral
blood. In addition, no signiﬁcant diﬀerences were detected
in the suppressive activity of these Treg cell subsets in those
individuals with low and high dietary sodium. Similar results
were obtained regarding the proportion of Th17 cells in the
peripheral blood of the three groups studied as well as in
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Figure 5: In vitro diﬀerentiation of Th17 cells in healthy controls and patients with RA, with low- and high-salt intake. PBMC were cultured
for seven days in the presence or not of a cytokine cocktail to induce the diﬀerentiation of Th17 cells, as described in the Materials and
Methods. (a) Flow cytometry analysis of CD4+IL-17A+IL-22+ cells. A representative dot plot (forward versus side scatter) and histograms
of IL-17 and IL-22 expression are shown. Data correspond to a patient with RA with high-salt intake. (b, c) Percent of Th17 cells in
PBMC cultures with the addition or not of a cytokine cocktail that induces the diﬀerentiation of these cells. Data correspond to patients
with RA with low- and high-salt intake, as indicated. (d) Comparison of the percent of Th17 cells induced in vitro in PBMC from RA
patients with low- and high-salt intake. Data correspond to the arithmetic mean and SD. ∗ p < 0 05.

the assays of the in vitro diﬀerentiation of these lymphocytes.
Finally, no apparent association was observed between disease activity and the level of sodium intake either in SLE or
in RA patients.
Although we do not have a conclusive explanation for the
apparent contradiction between our results and the previous
reports regarding the eﬀects of high-sodium concentration
on Treg cell function and Th17 lymphocyte diﬀerentiation,
it is worth mentioning that the laboratory parameters studied
by us had not been analyzed in previous studies, comparing
LSI and HSI subgroups of individuals. In this regard, the
interesting work of Hernandez et al., which demonstrates
the inhibitory eﬀect of high-sodium concentrations on the
activity of human Foxp3+ Treg cells [26], was performed in
a xenogenic graft-versus-host disease model. Moreover, in
the study of Yi et al., showing that low-salt diet is associated
with a diminished production of proinﬂammatory cytokines
[34], no in vitro experiments of cytokine release were performed. Likewise, in the report of Wen et al., the induction
of IL-17 by HSI in healthy subjects (and its reversion by
potassium supplementation) was assessed by measuring the
mRNA levels of this cytokine in PBMC and the protein in
plasma, with no in vitro assays of cytokine synthesis [35].
Therefore, it is possible that the apparent contradiction

between our results and previous reports on the eﬀect of
HSI on Treg and Th17 cells in humans might be due to methodological diﬀerences. In this regard, although our results
may not be considered conclusive, we think that this study
further supports that the possible role of HSI on the pathogenesis of both SLE and RA could be rather complex. In this
regard, it is of interest the study of Kuek et al., which detected
an apparent lack of association between the level of sodium
intake and the development of RA in nonsmoker individuals
[32]. Accordingly, it has been reported that high-sodium
consumption is signiﬁcantly associated with the presence of
anticitrullinated peptide antibodies only among smoker
patients with RA [36]. Likewise, although in the MRL/lpr
mice model of SLE HSI increases the severity of nephritis
[23], this eﬀect is not observed in the female NZBWF1 mice
model of SLE [37]. In addition, in the recent study of Scrivo
et al., a nonsigniﬁcant eﬀect of a low-sodium dietary regimen
on Th17 and Foxp3+ Treg cell levels was observed in patients
with RA (however, signiﬁcant changes in the proportions of
these cell subsets were detected in patients with SLE) [24].
Accordingly, diﬀerent authors have commented that it could
be premature to state, at this time, that dietary salt inﬂuences
autoimmune disease in humans [25, 38, 39]. In this regard, it
is worth mentioning that there are also controversial results
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in the case of the possible association between sodium intake
(or urinary excretion) and cardiovascular events in normotensive individuals [40, 41]. However, in the case of multiple
sclerosis, there are additional data that support the association between HSI and disease severity [27, 42].
Diﬀerent factors may inﬂuence the results obtained in this
pilot study. The ﬁrst one is the relatively small proportion of
individuals, in the three groups studied, with LSI. This was
due to the study design, which stated that patients and controls should be consecutively recruited, and then the salt
intake should be determined. Other factors may correspond
to the genetic background of the population studied (Mexican
mestizo), the diet, the degree of sun exposure and vitamin D
levels, and so on. In any case, we consider that the data of this
cross-sectional pilot study strongly suggest that, in order to
further deﬁne the precise role of salt intake in the pathogenesis of SLE and RA, it would be very convenient to perform a
cohort study with a great number of patients with a serial
analysis of diﬀerent clinical and laboratory parameters.
In conclusion, data of this cross-sectional pilot study
suggest that the degree of salt intake does not seem to
be signiﬁcantly associated with the levels and function of
at least two Treg cell subsets and the proportion of Th17
lymphocytes in the peripheral blood from healthy subjects
or patients with SLE or RA. Since these data do not
support the putative role of sodium intake on the pathogenesis of immune-mediated inﬂammatory diseases, we
consider that it would be very convenient to conﬁrm these
results through a longitudinal study with a great number
of individuals.
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