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The second Special Issue of Nutrients dedicated to “Vitamin D, Immune Response, and
Autoimmune Diseases” will include original data and recent achievements from authors
who would like to participate in this research topic.

Vitamin D3 (cholecalciferol) is a secosteroid hormone that derives mostly from expo-
sure of the body to the sun and photoconversion of cutaneous 7-dehydrocholesterol, as
well as, but to a much lesser extent, from foods rich in Vitamin D [1].

Cholecalciferol is usually hydroxylated by hepatic cytochromes (CYP2R1) into calcife-
diol [25(OH)D3], and a second hydroxylation into calcitriol [1,25(OH)2D3] is catalyzed by
CYP27B1. When the latter hydroxylation occurs in the kidney, calcitriol plays a metabolic
role by interacting with the vitamin D receptor (VDR) on intestinal and parathyroid cells,
regulating serum concentrations of calcium and phosphates.

CYP27B1 is also expressed by innate and adaptive immune cells; in this case, calcitriol
acts in a paracrine/autocrine way on VDR expressed by immune cells. The immune
effect exerted by calcitriol is the downregulation of nuclear transcription factor NF-kB and,
subsequently, of pro-inflammatory cytokines, such as interleukin (IL)-1, IL-6, IL-12, IL-23,
and IL-17, and tumor necrosis factor (TNF)-α. Downregulation of these cytokines, therefore,
reduces the functional M1 polarization of monocytes/macrophages (secretion of interferon-
gamma, IL-1, IL-6, and reactive oxygen species) towards an M2 polarization (release of
anti-inflammatory cytokine IL-10) and the polarization of lymphocytes T helper type 1 and
17 (pro-inflammatory) towards a Th2 phenotype (reparative and anti-inflammatory) [1].

Therefore, immune effects of calcitriol in case of deficiency (<30 mg/dL) or adequate
(>30 mg/dL) 25(OH)D3 serum concentrations have been investigated for more than two
decades both in animal and human models of autoimmune inflammatory diseases, with
interesting observations noted in 2023 [2].

A comprehensive review has reported that insufficient 25(OH)D3 serum concentrations
are frequent and associated with unfavorable outcomes in the course of many autoimmune
rheumatic musculoskeletal diseases (RMDs), including rheumatoid arthritis (RA), psoriatic
arthritis (PsA), systemic lupus erythematosus (SLE), Sjögren’ syndrome (SjS) and others [2].
Also, in pediatric RMDs, an updated review reported significantly lower 25(OH)D3 serum
concentrations associated with higher pro-inflammatory cytokine concentrations in juvenile
idiopathic arthritis, juvenile systemic scleroderma, juvenile SLE, and Behcet’s disease [3].

According to previous studies [1], a cohort of 101 adult patients diagnosed with
SLE demonstrated a significant correlation between hypovitaminosis D and high levels
of inflammatory activity. This association was evaluated by serum markers (erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), and IL-6). Furthermore, previous
studies have found a connection between hypovitaminosis D and the SLE Disease Activity
Index and the severity of organ damage estimated by the Damage Index [4].

During SLE, a potential therapeutic role for vitamin D replacement has been pos-
tulated in vitro [5]. DNA-containing circulating immune complexes from SLE patients
were purified, absorbed, and then consumed by myeloid dendritic cells of healthy subjects,
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increasing the release of TNF-α and the downregulation of IL-10. On the other hand,
co-culture of these myeloid dendritic cells with calcitriol showed opposite effects on TNF-α
(downregulation) and IL-10 (upregulation), suggesting a role for calcitriol in mitigating
inflammation also in vivo [5].

Hypovitaminosis D has been associated with some features of SjS, such as leukopenia,
peripheral neuropathy, and lymphoma [2]. Two genome-wide association studies with the
Mendelian randomization approach found opposite results, as higher 25(OH)D3 serum
concentrations were associated with a reduction of the risk of primary SjS, even if any
causal effects of hypovitaminosis D on SjS risk (and vice versa) were identified [6,7].

A systematic review and meta-analysis of 1049 incident RA cases and 15,604 par-
ticipants did not reveal an association between 25(OH)D3 serum concentrations and RA
risk [8]. However, in an in vitro wound healing model in RA patients, calcitriol significantly
reduced the migration of synovial cells and mesenchymal stromal cells of the joints [9].
Antimigratory and antiproliferative effects of calcitriol were found equal to glucocorticoids
tested in the study (dexamethasone, methylprednisolone acetate, and betamethasone) and
might confirm the steroidal origin and presence of commonly selected biological actions
for both molecules [9].

In a murine model of RA (TNF-transgenic mice), calcitriol downregulated the pro-
inflammatory M1 polarization of monocytes/macrophages (evaluated by expression of
CD80, IL-6, CXCL10, IFIT1, IFI27, and IF44) in arthritic joints through upregulation of
fructose-1,6-biphosphate (FPB1), promoting double-stranded RNA-dependent protein
kinase R (PKR) ubiquitination degradation [10].

Moreover, in two different Iranian and Saudi Arabia cohorts (92 and 102 RA patients,
respectively), hypovitaminosis D was significantly correlated with RA disease activity
scores (DAS), like DAS28-CRP [11] or DAS28-ESR [12], as reported in previous studies [1].

A Mendelian randomization analysis of the population of UK Biobank (332,984 partic-
ipating, of which 12,774 were affected by autoimmune disorders and 11,164 by autoinflam-
matory disorders) recently supported a genetic causal link between low 25(OH)D3 serum
concentrations and the risk of psoriasis (odds ratio 0.91, p = 0.005) [13].

A systematic review with a meta-analysis of 25(OH)D3 serum concentrations of 1876
psoriatic patients and 7532 controls confirmed that hypovitaminosis D is more common
in psoriasis than healthy conditions (paper published in the first edition of this Special
Issue) [14].

Similarly, a systematic review with a meta-analysis of 25(OH)D3 serum concentrations
of 264 patients with psoriatic arthritis (PsA) and 287 healthy controls showed that PsA
patients have hypovitaminosis D more frequently than general populations [15].

In a retrospective study involving 233 PsA patients, 25(OH)D3 ≤ 20 ng/dL has been
associated with a higher discontinuation rate of both conventional disease-modifying
antirheumatic drugs (cDMARD (methotrexate), p = 0.02) and first biological DMARDs
(p = 0.02) when compared to 25(OH)D3 > 20 ng/dL [16].

When compared to the general population, autoimmune endocrine diseases such
as Hashimoto’s thyroiditis (HT) hypovitaminosis D were associated with higher serum
concentrations of pro-inflammatory cytokines (IL-1β, IL-6, IL-8, and TNFα) [17,18].

The clinical impact of administering 2800 IU per day of vitamin D3 as an adjunct
treatment to the antithyroid drug for approximately 36 months was assessed in a mul-
ticenter, double-blinded, randomized placebo-controlled trial in patients with Grave’s
disease (autoimmune hyperthyroidism). The trial results did not demonstrate statistically
significant clinical benefits [19].

In autoimmune type 1 diabetes, inadequate 25(OH)D3 serum concentrations have
been identified as a major risk factor for the development of the disease, together with
specific polymorphisms of the VDR (FokI-FF, Bsml-B, and Apal-A alleles) in a South Indian
population [20].

Mendelian randomization studies recently investigated the relationship between vi-
tamin D3 and the risk of autoimmune neurological disease. No causal relationship has
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been identified between hypovitaminosis D and myasthenia gravis (MG) [21]; a systematic
review with a meta-analysis including 219 MG patients and 231 healthy controls showed
significantly lower 25(OH)D3 serum concentrations in MG patients than the general popu-
lation [22].

On the contrary, Mendelian randomization analysis found hypovitaminosis D as a
clear risk factor for developing multiple sclerosis (MS) [23].

A recent review resumed immunomodulating effects of vitamin D3 in the course
of MS: promotion of oligodendrocyte proliferation and differentiation, enhancement of
neurotrophins expression (brain-derived neurotrophic factor, ciliary neurotrophic factor,
glial cell line-derived neurotrophic factor, and nerve growth factor), reduction of pro-
inflammatory activation of microglia, reactive astrogliosis, and oxidative stress and sta-
bilization of the blood–brain barrier (paper published in the first edition of this Special
Issue) [24].

In relapsing–remitting MS, a systematic review with a meta-analysis of nineteen
clinical studies found weak pieces of evidence that vitamin D supplementation added to
standard therapy could participate in the prevention of the clinical relapse of the disease,
but of great value, calcitriol significantly reduced the developed of magnetic resonance
imaging lesions in the central nervous system of MS patients (paper published in the first
edition of this Special Issue) [25].

Moreover, in a murine model of progressive MS, vitamin D supplementation positively
affected cortical pathology and neuroaxonal damage by reducing oxidative stress (an
immunohistochemistry assessment was conducted in the paper published in the first
edition of this Special Issue) [26].

Lastly, vitamin D supplementation has been proposed as an ancillary treatment for
COVID-19 (paper published in the first edition of this Special Issue) and long-term neu-
rological symptoms of long-COVID (fatigue, brain fog, anxiety, depression, and sleep
disorders). However, there is no conclusive evidence [27–29].

In conclusion, the latest evidence on Vitamin D and autoimmune diseases (rheumato-
logical, endocrinological, neurological, and many others) constantly stimulate new research
to clarify the pathophysiology of this link. Multicenter, double-blinded, randomized,
placebo-controlled trials are still lacking and desirable to determine the best use of vitamin
D supplements (dose, duration, intake) as ancillary therapy to improve at least the quality
of life of autoimmune patients [30].

As Editors of the second Special Issue on “Vitamin D, Immune Response, and Autoim-
mune Diseases,” we are extremely excited to receive a contribution that will surely enter a
fast and successful development of the recent literature on this crucial topic.
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