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António Marinho1,2 • Cláudia Carvalho1 • Daniela Boleixa1 • Andreia Bettencourt1 •
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Abstract Systemic lupus erythematosus (SLE) is a systemic autoimmune disease with multi-organ inflammation, linked

to loss of immune tolerance to self-antigens and the production of a diversity of autoantibodies, with a negative impact

on the patients’ quality of life. Regulatory T cells have been reported as deficient in number and function in SLE

patients. However, some authors also described an enrichment of this cell type. The hypothesis that certain forms of

autoimmunity may result from a conversion of Treg cells into a Th17 cell phenotype has been suggested by some

studies. In fact, in SLE patients’ sera, the IL-17 levels were observed as abnormally high when compared with healthy

individuals. Environmental factors, such as vitamin D, that is considered a potential anti-inflammatory agent, combined

with genetic and hormonal characteristics have been associated with SLE phenotype and with disease progression. The

aim of this study was to evaluate the effect of vitamin D supplementation on FoxP3 expression and IL-17A-producing T

cells, through FoxP3?/IL-17A ratio. Additionally, disease evolution, serum vitamin D levels, serum autoantibodies levels

and calcium metabolism (to assure safety) were also studied. We assessed 24 phenotypically well-characterized SLE

patients. All patients were screened before vitamin D supplementation and 3 and 6 months after the beginning of this

treatment. Peripheral blood lymphocyte’s subsets were analysed by flow cytometry. Serum 25(OH)D levels significantly

increased under vitamin D supplementation (p = 0.001). The FoxP3?/IL-17A ratio in SLE patients after 6 months of

vitamin D supplementation was higher than that in the baseline (p\ 0.001). In conclusion, this study demonstrated that

vitamin D supplementation provided favourable, immunological and clinical impact on SLE.
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Introduction

Systemic lupus erythematosus (SLE or lupus) is a systemic

autoimmune disease with multi-organ inflammation [1, 2],

linked to loss of immune tolerance to self-antigens and the

production of a diversity of autoantibodies. It mainly

affects women of childbearing age. This disease has a

female-to-male ratio in adults of approximately 9:1, a peak

age of diagnosis between 15 and 44 years and a known

negative impact on the quality of life, including reduced

levels of employment and income. Despite phenotypic

heterogeneity and an unpredictable disease evolution, a

strong genetic and environmental contribution to the

development of SLE is supported by broad evidence. The
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autoantibodies are primarily directed against chromatin and

ribonuclear particle constituents [nucleosomes, single- and

double-stranded DNA (dsDNA), RNPs] [2–5] and play a

pathogenic role [3]. The hyperreactivity to these self-anti-

gens leads to the formation of immune complexes that

cause local inflammation and tissue damage [6].

With the production of autoantibodies and prolonged

cell life, B cell regulation is important in the maintenance

of immune balance. B cells from patients with SLE have

been shown to present autoantigens, induce CD4? T helper

cells (Th1/Th2), inhibit regulatory T cells (Tregs) and

secrete pro-inflammatory cytokines [7].

Regulatory T cells are specialized suppressor cells

[5, 8], with the phenotype CD4?FoxP3?CD25high-

CD127low [9], that have the capacity to regulate the

intensity and quality of the immune response [10]. They

actively suppress effector cells, including those associated

with autoimmune diseases [4], thereby establishing and

maintaining immunological self-tolerance [11].

Some studies suggest that regulatory T cells are deficient

in number and function in several autoimmune diseases

including SLE [12]. However, an enrichment of this cell

type has also been reported [13, 14]. These contradictory

observations may be either due to the lack of a well-defined

specific Treg marker in humans or due to the heterogeneity

of SLE phenotypes [12]. Concerning Tregs markers, this

population was initially characterized by CD25 alone,

which could explain the reported contradictory results.

Dysfunction of these cells could also be explained by the

fact that FoxP3-expressing cells lose CD25 expression and

consequently their suppressive functionality [15, 16].

Besides Th1 and Th2, a third subset of CD4? effector

Th cells was identified, named Th17 because of its unique

ability to produce IL-17 (IL-17A and IL-17F). These cells

play a critical role in the recruitment, activation and

migration of neutrophils [4]. Beyond their protective role in

the clearance of extracellular pathogens, a major role of

Th17 lymphocytes seems to be their involvement in the

induction and maintenance of chronic inflammatory pro-

cesses [4, 17].

The hypothesis that certain forms of autoimmunity may

result from a conversion of Treg cells into a Th17 cell

phenotype has been suggested by some studies [18].

In SLE patients’ sera, the IL-17 levels are abnormally

high when compared with healthy individuals. IL-17 is also

produced by neutrophils, innate lymphoid cells (ILCs) and

other T cell types including CD4?, CD8?, double-negative

(CD4-CD8-) and TCR-cd [4]. This phenomenon could

promote the autoimmune process by increasing the acti-

vation of immune cells itself. Release of IL-17 by infil-

trating T cells in specific organs may also contribute to

local tissue injury by instigating the inflammatory response

[4] (Table 1).

Environmental factors combined with genetic and hor-

monal characteristics have been associated with SLE phe-

notype and with disease progression [19, 20].

Vitamin D is one of the environmental factors likely

related to SLE pathogenesis, and its deficiency appears to

be associated with immunomodulatory abnormalities in

this disease [21].

The identification of vitamin D receptors in immune

system cells and the discovery that dendritic cells can

produce the metabolically active form of vitamin D, 1,25-

dihydroxyvitamin D3 (1,25(OH)2D3; calcitriol) have led to

the suggestion that vitamin D is an immune modulator [1].

The importance of vitamin D in several autoimmune dis-

orders has been reported, and vitamin D deficiency has

been associated with the pathogenesis and severity of

multiple sclerosis (MS), rheumatoid arthritis (RA), sys-

temic sclerosis (SSc) and SLE, among others [22]. In SLE

patients, serum vitamin D3 levels seem to correlate

inversely with SLEDAI scores [6].

It has been found that one of the consequences of

1,25(OH)2D3 on the immune response is the stimulation of

innate immunity and suppression of adaptive immunity

[23]. Studies on the immunomodulatory properties of

1,25(OH)2D3 confirmed the inhibition of Th1 cell devel-

opment via an inhibition of IL-12 production by antigen-

presenting cells. Further work documented its ability to

drive CD4 T lymphocytes to a Th2 phenotype with a

reduction in Th1-type activity [17], by increasing the

production of IL-5 and IL-10. Vitamin D indirectly reduces

the production of IFN-c [24]. It also affects B cells causing

induction of B cell apoptosis, inhibition of B cell prolif-

eration, and generation of memory B cells, plasma cell

differentiation and immunoglobulin production/secretion

[24–27]. In human epidermal and dermal cells, it was

demonstrated that 1,25(OH)2D3 modulates regulatory T

cell numbers and their suppressive abilities through den-

dritic cells [23]. The effect of vitamin D on dendritic cells

includes the differentiation of monocytes into immature

dendritic cells, the maturation of dendritic cells and den-

dritic cell survival [26].

Local vitamin D metabolism allows immune cells to

modulate immune responses in an independent way when

regulation is required, but the optimization of this autocrine

and/or paracrine circuit is strictly dependent on the circu-

lating 25(OH)D (the calcitriol precursor) availability. The

levels of circulating 25(OH)D needed to meet the

requirements of vitamin D sufficiency are still a matter of

debate, especially in the light of the non-classical effects of

vitamin D [27]. These evidences justify the motivation to

consider vitamin D supplementation as an immunomodu-

latory intervention in SLE.

The FoxP3 gene has a vitamin D receptor element

(VDRE) in its promoter region, being important for its
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cellular expression [28]. The immunomodulatory effect

assessed by the imbalance of FoxP3?/IL-17A CD4? T

lymphocytes is widely recognized [29]. However, it is not

known if this immune imbalance can be represented by a

ratio between these two cell populations. This ratio can be

calculated by dividing the percentage of total lymphocytes

that are CD4? and express FoxP3 by the percentage of total

lymphocytes that are CD4? and synthesize IL-17A.

In this study, using a well phenotypically characterized

patients’ cohort and a well-defined therapeutic interven-

tion, the authors investigate whether the FoxP3?/IL-17A

ratio and disease activity is modified after vitamin D

Table 1 All patients completed the 6-month follow-up period (demographic, clinical and laboratorial features of SLE patients at baseline)

Characteristics N = 24

Epidemiology

Age, years, mean ± SD 47 ± 11

Female gender [n (%)] 23 (95.83 %)

Previous SLE manifestations

Skin [n (%)] 19 (79,2 %)

Joints [n (%)] 18 (75 %)

Serositis [n (%)] 4 (16.7 %)

Kidney [n (%)] 7 (29.2 %)

Nervous system [n (%)] 3 (12.5 %)

Flares [n (%)] 10 (41.7 %)

Flares, mean (range) 0.66 (0–3)

SLEDAI/SLICC and analytical studies

SLEDAI at day 0, mean (range) 2.71 (0–21)

SLICC at day 0, mean (range) 1.04 (0–5)

Calcium levels, mean (range), mmol/L 2.34 (2.12–2.52)

Phosphorus levels, mean (range), mmol/L 1.02 (0.65–1.4)

C3 levels at day 0, mean (range), mg/dL 101.5 (51–147)

C4 levels at day 0, mean (range), mg/dL 16.5 (6–35)

Anti-dsDNA levels at day 0, mean (range), IU/mL 34.15 (0.2–302)

% CD3? levels at day 0, mean (range) 80.05 (69.1–90.5)

% CD3?CD4? levels at day 0, mean (range) 47.8 (39–62.5)

% CD3?CD8? levels at day 0, mean (range) 30.55 (18.2–44.9)

%T CD4? FoxP3? at day 0, mean (range) 7.27 (0.48–15.57)

%T CD4?IL-17? at day 0, mean (range) 3.89 (1.19–8.58)

%T CD4? FoxP3?/%T CD4? IL-17? ratio at day 0, mean (range) 2.23 (0.16–8.9)

25-Hydroxyvitamin D levels

Mean ± SD, nmol/L 59.3 ± 29.6

25(OH)D B 25 nmol/L [n (%)] 2 (8.3 %)

25\ 25(OH)D B 50 nmol/L [n (%)] 8 (33.3 %)

50\ 25(OH)D B 75 nmol/L [n (%)] 7 (29.2 %)

25(OH)D[ 75 nmol/L [n (%)] 7 (29.2 %)

Associated treatmentsa

Prednisone, n (%) 15 (62.5 %)

Prednisone\10 mg 11

Prednisone 10–20 mg 3

Prednisone[20 mg 1

Hydroxychloroquine [n (%)] 17 (70.8 %)

Azathioprine [n (%)] 2 (8.3 %)

Mycophenolate mofetil [n (%)] 3 (12.5 %)

a At the time of the study
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supplementation (cholecalciferol). For this purpose, we

evaluated the effect of vitamin D supplementation on

CD4? FoxP3 expression and CD4? IL-17A-producing T

cells. Additionally, disease evolution, serum vitamin D

levels, serum autoantibodies levels and calcium metabo-

lism (to assure safety) were studied.

Therefore, whether the FoxP3?/IL-17A ratio has a

positive effect on SLE disease activity is the question

addressed in this study.

Materials and methods

Subjects

The study population consisted of SLE patients recruited

between 1 November 2012 and 31 January 2013. SLE

patients (diagnosed according to the 1997 [30] and 2012

[31] revised ACR criteria for SLE) were selected from the

outpatient clinic database of the Clinical Immunology Unit

from Centro Hospitalar do Porto (North of Portugal). By

protocol all these patients should have more than 5 years of

disease and should be in a stable phase of disease and

without major flares for at least 1 year. Stability was

defined as no new major organ involvement in the last year

independently of the SLEDAI-2K score and no changes in

steroid dose or immunosuppressive therapy in the last

12 months. Baseline 25(OH)D serum level was measured.

Hypovitaminosis D was defined as serum

25(OH)D\75 nmol/L, and patients were selected irre-

spective of their baseline 25(OH)D levels.

Ethical approval was obtained from the research ethics

committee of Centro Hospitalar do Porto, and written

informed consent for all analysis was obtained from all

subjects.

Study design

A prospective cross-sectional study with 6-month follow-

up evaluations of patients with a dose-escalating protocol

of vitamin D supplementation was done. Safety of high-

dose vitamin D supplementation was also monitored (in-

crease of serum phosphorus or calcium).

We assessed 24 SLE patients for eligibility (1 man and

23 women). The clinical characterization of SLE patients

comprised: (1) evaluation of the Systemic Lupus Erythe-

matosus Disease Activity Index 2000 (SLEDAI-2K) [32];

(2) evaluation of the Systemic Lupus International Col-

laborating Clinics/American College Rheumatology (ACR)

Damage Index (SLICC-SDI) [33]; (3) flare evaluation

according to modified SLE Flare Index (SFI) [34–36]; (4)

cumulative organ involvement (specific data and

treatment); (5) previous and present immunosuppressive

therapy and hydroxychloroquine.

All patients were screened before vitamin D supple-

mentation (day 0 or D0) and 3 and 6 months (M3 and M6)

after the beginning of this treatment.

At D0, before vitamin D supplementation, relevant data

were compiled, namely: baseline SLEDAI-2K, baseline

SLICC-SDI, disease duration, concomitant therapy (in-

cluding steroid doses), previous SLE manifestations (in-

cluding cumulative organ involvement and number of

disease flares), baseline 25(OH)D serum levels, baseline

%TCD4?FoxP3?/%TCD4?IL-17A? ratio (FoxP3?/IL-

17A ratio), baseline autoantibodies levels, complement (C3

and C4) as required for SLEDAI-2K, serum calcium, serum

phosphorus and serum PTH (parathyroid hormone) levels.

At M3: SLEDAI-2K, concomitant therapy (including

variations on steroid doses), flare evaluation, 25(OH)D

serum levels, autoantibodies levels and complement levels

(C3 and C4) as required for SLEDAI-2K, serum calcium,

serum phosphorus and serum PTH levels.

At M6: SLEDAI-2K, SLICC, concomitant therapy (in-

cluding variations on steroid doses), flare evaluation,

25(OH)D serum levels, %TCD4?FoxP3?/%TCD4?IL-

17A? ratio (FoxP3?/IL-17A ratio), serum autoantibodies

levels, complement (C3 and C4) as required for SLEDAI-

2K, serum calcium, serum phosphorus and serum PTH

levels.

Supplementation protocol

Baseline (day 0)

Vitamin D\ 50 nmol/l—50,000 UI cholecalciferol/

week/8 weeks, then 2000 U/day.

Vitamin D[ 75 nmol/L—2000 UI/day.

Vitamin D[ 50 nmol/L and \75 nmol/L—4000

UI/day/8 weeks, then 2000 UI/day.

3-month follow-up (M3)

\50 nmol/L—as the baseline.

[50 nmol/L and \75 nmol/L—duplicates the baseline

dose per 8 weeks, then 4000/day.

[75 nmol/L and\125 nmol/L—same dose.

[125 nmol/L—50 % reduction.

Vitamin D assessment

25(OH)D protocol: vitamin D total assay for the Elecsys

analysers and Cobas modular platforms—Roche�.

200 Therapeutic Aspects in Autoimmunity (2017) 65:197–206

123



Flow cytometry

Peripheral blood lymphocyte’s subsets including T, B, NK,

TCD4?FoxP3?, TCD4?IL-17A? were analysed by flow

cytometry, in a Coulter Epics XL-MCL� cytometer. Cells

counts (cells/lL) and proportions (%) were established

from fresh blood samples using different protocols and

monoclonal antibodies (mAbs), conjugated to fluorescein

(FITC), phycoerythrin (PE), phycoerythrin-Texas Red

(ECD) and phycoerythrin-cyanin 5.1 (PC5).

T (CD3?/CD4? and CD3?/CD8?), B (CD19?) and NK

(CD56?) lymphocytes were analysed using a Beckman

Coulter standard protocol with the following mAbs: anti-

CD45 FITC (clone B3821F4A), anti-CD3 PC5 (clone

UCHT1), anti-CD4 RD1 (clone SFCI12T4D11), anti-CD8

ECD (clone SFCI21Thy2D3), anti-CD19 ECD (clone

J4.119) and anti-CD56 FITC (clone N901/NKH-1), all

from Beckman Coulter, Fullerton, California, USA.

Effector CD4? T cells producing IL-17 were quantified

after 4-h stimulation with phorbol 12-myristate 13-acetate

(PMA) and ionomicin in the presence of brefeldin A. Cells

were fixed and permeabilized using the IntraPrep Perme-

abilization Reagent (Beckman Coulter) buffer system and

stained with anti-CD4 PC5 (clone 13B8.2; Immunotech,

Marseille, France) and anti-IL-17 PE (clone eBio64-

DEC17; eBioscience Inc, San Diego, CA).

CD4?FoxP3? T cells were quantified after cell fixation

and permeabilization using the mAbs anti-CD4 PC5 (clone

13B8.2; Beckman Coulter IOTest; Marseille, France) and

anti-FoxP3 PE (clone PCH10; eBioscience Inc, San Diego,

CA), according to the manufacturer’s staining protocol.

Statistical analysis

We compared measures taken at baseline (before vitamin D

supplementation, D0) with those taken at M6, using the

nonparametric paired Wilcoxon signed-rank test, because

the data did not follow a Gaussian distribution. Signifi-

cance level was set at a = 0.05. Statistical analysis was

performed using the SPSS v.22.

Results

Demographic, clinical and laboratorial features of SLE

patients at baseline are described in serum 25(OH)D levels

significantly increased under vitamin D supplementation

from 59.32 ± 29.59 nmol/L at day 0 to 80.39 ± 24.57

nmol/L at month 3 (p = 0.030) and to 85.25 ± 30.92

nmol/L at month 6 (p = 0.001) (Fig. 1).

Treatment was safe, with no significant increase of

serum phosphorus or calcium. Serum calcium significantly

decreased from 2.34 ± 0.10 mmol/L at day 0 to

2.27 ± 0.10 mmol/L at month 6 (p = 0.026) but all in the

normal range (Fig. 2).

Disease activity, assessed by SLEDAI-2K, significantly

decreased from 2.75 ± 4.76 at day 0 to 1.67 ± 2.79 at

month 6 (p = 0.026) (Fig. 3).

Serum anti-dsDNA levels (evaluated by immunofluo-

rescence) remained stable during follow-up, while C3

complement fraction significantly decreased from 101.5 ±

23.57 mg/dL at day 0 to 95.46 ± 21.71 mg/dL at month 6

(p = 0.013) (Fig. 4), but no new hypocomplementemia

occurred (reference values 88–201 mg/dL).

None of the patients required modification of the pred-

nisone and immunosuppressive dosage or initiation of new

immunosuppressive agents. We did not observe SLE flares

during the 6-month follow-up period.

The impact of vitamin D supplementation on the pro-

portions of CD3? T cells, CD4? and CD8? T cells is

shown in Fig. 5.

The mean proportions at baseline were 80.05 ± 5.64 %

for CD3? T cells (Fig. 5a), 47.8 ± 7.58 % for CD4? T

cells (Fig. 5b) and 30.56 ± 7.73 % for CD8? T cells

(Fig. 5c). At month 6, the proportion of CD3? T cells,

CD4? and CD8? T cells remained stable.

The impact of vitamin D supplementation on CD3?-

CD4?FoxP3? T cells was evaluated. The percentage of

CD4?FoxP3? cells at baseline was 7.27 ± 5.92 %. The

percentage of CD4?FoxP3? cells was increased by

11.42 ± 6.54 % at month 6 (p\ 0.001) (Fig. 6a). A

decrease was observed in CD4?IL-17A from

3.89 ± 1.76 % at day 0 to 2.82 ± 1.03 % at month 6

(p = 0.001) after vitamin D supplementation (Fig. 6b).

Accordingly, the FoxP3?/IL-17A ratio in patients with

SLE after 6 months of vitamin D supplementation was

higher than that in the baseline (p\ 0.001; Fig. 7).

Fig. 1 Time evolution of serum 25(OH)D levels (M3—month 3;

M6—month 6); *p\ 0.05, **p\ 0.01
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Considering patients with 25(OH)D levels at baseline

C75 nmol/L, the increase of FoxP3?/IL-17A ratio

observed for the entire group after 6 months of vitamin D

supplementation was also valid (p = 0.043; Fig. 8).

The relationship between CD4?FoxP3? and CD4?IL-

17A cells and 25(OH)D levels, serum calcium, serum

phosphorus and serum PTH levels was also analysed. No

associations were found between these features and

CD4?FoxP3? and CD4?IL-17A proportions.

No significant differences were observed for the other

laboratory and clinical parameters, such as SLICC score.

Discussion

In this study, we assessed for the first time the safety, the

clinical and immunological effects of vitamin D supple-

mentation in patients with SLE in a Portuguese population.

Fig. 2 Time evolution of phosphorus (p = ns) and calcium levels

Fig. 3 Disease activity assessed by SLEDAI-2K scores

Fig. 4 Time evolution of anti-dsDNA (p = ns) and C3 complement fraction levels
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Vitamin D deficiency is now recognized as a pandemic

[37], and strong evidence exists that vitamin D deficiency

can contribute to a raised risk for autoimmune diseases

[38–41]. The definition of vitamin D insufficiency

(25–50 nmol/L) and deficiency (\25 nmol/L) varies

between studies, and the degree of hypovitaminosis D

varies from region to region. While 25(OH)D levels below

75 nmol/L are common worldwide, levels below 25 nmol/

L that constitute frank vitamin D deficiency are most

commonly seen in groups at risk, in particular, with

autoimmune diseases [42] such as MS [43], RA, type 1

diabetes mellitus and SLE [6, 44].

In SLE, some studies have demonstrated an association

between higher disease activity and low serum levels of

vitamin D, but the results are controversial. Nevertheless,

vitamin D supplementation is currently recommended as a

treatment for some of these patients. However, data about

the effects of its administration in immune regulation in

SLE are still missing [45].

To date, only one study has assessed the in vivo benefit

of vitamin D supplementation in SLE, but only in vitamin

D deficient patients [46]. In our study, we included patients

with 25(OH) vitamin D[ 75 nmol/L.

We confirmed the high frequency of hypovitaminosis D

in SLE patients (70.8 %) described in some studies, and we

also demonstrated that vitamin D supplementation signifi-

cantly increases serum 25(OH)D levels, at 3 and 6 months

after the beginning of the study. Furthermore, we could

show that this therapy was safe, since no alterations on

phosphorus or calcium levels and no side effects were

reported.

It iswell known thatT cells initiate and sustain the secretion

of antibodies by B cells. The high degree of hypermutation in

SLE-associated autoantibodies demonstrates the T cell

Fig. 5 Evolution of peripheral blood lymphocytes proportions with vitamin D supplementation. CD3? (A), CD3?CD4? (B) and CD3?CD8?

(C) proportions at day 0 and M6

Fig. 6 Variation of the proportions of CD4?FoxP3? T cells (a) and CD4?IL-17A T cells (b) after vitamin D supplementation

Therapeutic Aspects in Autoimmunity (2017) 65:197–206 203

123



dependency of autoantibodies development in these patients.

SLE is also associated with pathologically altered immune

responses, with hyperactive B cells playing an important role

in its pathogenesis. In this context, SLE is a T and B cell-

dependent disease, associated with rather functional defi-

ciency of regulatory T cells [47], an increase in T helper

lymphocytes producing IL-17 (Th17 cells) [48, 49] and an

increased expression of IFN-inducible genes [50]. The

immunomodulatory properties of vitamin D have been under

increased scrutiny in the last years. 1,25(OH)2D3 was shown

to inhibit Th17 responses, probably owing to its capacity to

inhibit IL-23 production [46], and to induce the differentiation

and/or expansion of FoxP3? Tregs and an increased expres-

sion of CTLA-4 [46].

In our study, after 6 months of vitamin D supplemen-

tation, we observed an increase of FoxP3 expression in

CD4? T cells and a decrease in CD4?IL-17A. The

FoxP3?/IL-17A ratio was found to be significantly higher

at the end of the treatment when compared with D0. This

effect was also observed in patients with elevated vitamin

D levels at baseline, showing that immunological effects

were unrelated to the standard cut-off used for metabolic

bone disease. It is well known that the imbalance between

Th17 and Treg cells results in inflammation and/or

autoimmunity. The shared requirement of cytokines in

iTreg and Th17 cell differentiation naturally leads to the

hypothesis that an imbalance between these two cell types

may lead to tissue inflammation. While Th17 cells promote

inflammation and autoimmunity, Treg cells modulate the

function of effector T cells, preventing this phenomenon. A

reestablishment of this balance may be achieved by

decreasing Th17 function and differentiation and by the

increase of Treg cells number and function. This hypoth-

esis offers numerous potential pharmacologic targets for

immunomodulation. The inflammatory imbalance might be

modified to restore immune homoeostasis, resulting in

therapeutic benefit. An intriguing alternative approach

involves pharmacologically altering iTreg and Th17 cell

differentiation or expansion, using cytokines, cytokine

inhibitors and small molecule inhibitors of key signalling

pathways [18].

Our results suggested that vitamin D supplementation

improves the Treg/Th17 ratio, an effect described for the

first time in SLE patients, of real benefit, as shown by the

effective decrease of the SLEDAI scores. Vitamin D sup-

plementation was shown to be a safe and an efficient

treatment for improving stable SLE patients’ condition and

flare prevention. Since none of the patients exhibit com-

plications resulting from vitamin D supplementation, per-

haps the administered doses could be increased,

maintaining the safety and leading to even better results.

In spite of displaying optimal circulating vitamin D

levels, the ability to metabolize vitamin D may vary

between individuals’ genetics and may therefore contribute

to the risk of developing immune abnormalities. These

situations are illustrated by the presence of certain gene

polymorphisms in the vitamin D metabolizing enzymes

[27], such as CYP2R1 (hydroxylates vitamin D3 to

25(OH)D in the liver) or CYP27B1 (activated by PTH and

hydroxylates 25(OH)D to 1,25(OH)2D3 in the kidney) [51].

Fig. 7 Variation of FoxP3?/IL-17A ratio after vitamin D

supplementation

Fig. 8 Variation of FoxP3?/IL-17A ratio in patients group with

C75 nmol/L 25(OH)D levels (at baseline) after vitamin D

supplementation
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Even if all these steps are properly functioning, the vitamin

D active metabolite (1,25(OH)2D3) must be recognized,

bound and activated by its receptor (VDR). Polymorphisms

in the VDR gene may also play a role in this mechanism

[1].

The main limitation of this study is the lack of an ade-

quate Portuguese control population with known vitamin D

levels.

In conclusion, this study demonstrated that vitamin D

supplementation seems to provide favourable immunolog-

ical effects in patients with SLE, independently of the

25(OH)D patients’ status. We observed a decrease of IL-

17A-producing T cells and an increase in FoxP3 expres-

sion, confirming the relationship between vitamin D status

and immunological balance. Nevertheless, these results

should be interpreted with caution, since previous studies

evaluating the supplementation of 25(OH)D in SLE disease

have had inconsistent results.

It is important to consider all the existing variables and

their specific outcomes in each patient. Therapy should be

individualized to take into account all the existing factors

and differences between patients. Using the FoxP3?/IL-

17A ratio, it may be possible to tailor vitamin D therapy for

each patient. An individualized therapy should be under-

taken, since some patients will need very high doses of

supplementation whereas others will need only modest

doses to achieve the same outcome.

Finally, concerning vitamin D therapy safety, screening

to monitor PTH levels will be only required if hypocal-

caemia occurs.
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