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Abstract: Alopecia areata is characterized by the loss of hair on the scalp and elsewhere on the body. It affects approximately 2% of the general population. It is believed to be an autoimmune disease. However, its pathogenesis
remains incompletely understood. Recent studies have revealed a substantial link between vitamin D and alopecia
areata. But the underlying mechanism still yet to be deciphered. This article reviews the current literature and discusses the possible roles of vitamin D in the pathogenesis of alopecia areata in the context of (1) loss of immune
privilege in hair follicle, (2) autoreactive effector T cells and mast cells, (3) nature killer group 2 member d-positive
cytotoxic T cells, (4) Janus kinase/signal transducers and activators of transcriptional signaling pathway, (5) regulatory T cells, (6) immune checkpoints, and (7) oxidative stress, which are believed to play important roles in autoimmunity in AA. This paper provides new insights into research directions to elucidate the exact mechanisms of vitamin
D in the pathogenesis. Calcipotriol, a vitamin D analog, has been reported to be topically used in treating alopecia
areata with promising results. Combination therapy of vitamin D analogs with corticosteroids might also be used in
treating alopecia areata.
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Introduction
Alopecia areata (AA) is a common autoimmune
skin disease characterized by loss of the hair
on the scalp and elsewhere on the body, affecting approximately 2% of the general population
at some point during their lifetime. AA may
cause anxiety on patients and increases the
risks of developing psychological and psychiatric complications [1]. The hair loss in AA is
believed to result from an autoimmune-mediated hair follicle (HF) destruction consequent to
a loss of immune privilege (IP) in the HF.
Autoreactive effector T cells and mast cells,
CD8-positive nature killer group 2 member D
(NKG2D)-positive cytotoxic T cells (CD8+NKG2D+
cytotoxic T cells), Janus kinase/signal transducers and activators of transcriptional signaling
(JAK/STAT) pathways, regulatory T cells (Tregs)
and immune checkpoints and oxidative stress
(OS) are involved in AA [1, 2]. However, the
pathogenesis of AA remains incompletely
understood and AA remains incurable.

Vitamin D has been associated with various
autoimmune diseases. Recently, vitamin D deficiency has been reported in AA [3]. Moreover,
topical calcipotriol has been reported to be
used successfully in treating AA [4-6]. These
reports attracted the attention on the relationship between vitamin D and AA. The aim of this
review is to summarize the current knowledge
on the possible roles of vitamin D in the pathogenesis of AA and to discuss the potential implication of vitamin D in the treatment of AA.
Vitamin D sources, metabolism and functions
In the human body there are two major forms of
vitamin D. More than 90% is vitamin D3 (cholecalciferol), which is converted from 7-dehydrocholesterol by ultraviolet light B (UVB) exposure
in the skin. About 10% is vitamin D2 (ergocalciferol), which comes from dietary sources. Both
are biologically inactive [7]. In the liver, vitamin
D is metabolically converted into 25-hydroxyvitamin D (25(OH)D) which is biologically inactive at physiological concentration. 25(OH)D has
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been considered as one of the most reliable
indicator of Vitamin D levels in humans [8]. In
the kidney, 25(OH)D is further converted to the
biologically active metabolites 1,25(OH)2D3
(calcitriol) by 25(OH) 1α-hydroxy-D [9]. The
1α-hydroxy enzyme is also widely expressed in
non-kidney cells including immune cells and is
able to convert the inactive 25(OH)D into the
active 1,25(OH)2D in either an autocrine or
paracrine manner [9].
Vitamin D functions by binding to the vitamin D
receptor (VDR), a member of nuclear hormone
receptors which is widely expressed in the kidney, immune cells, osteocytes and other types
of cells. VDR activated by vitamin D forms a heterodimeric complex with retinoid X receptor.
This complex is recruited to the vitamin D
response elements in the target genes and
interacts with additional co-regulators, influencing the expression of many genes. As such,
vitamin D possesses multiple functions and
target organs [7, 10].
At present, the function of vitamin D can be
divided into two categories. The classical function involves mineral balance and skeletal
maintenance. The non-classical function involves regulation of cellular proliferation, differentiation, apoptosis, innate and adaptive
immunity, anti-oxidation and others. The role of
vitamin D in many conditions such as cancer,
diabetes, hypertension, cardiovascular, and
autoimmune and dermatological diseases is
being extensively studied [7, 10].
Vitamin D status in AA
A number of studies demonstrated significantly
lower levels of vitamin D in the patients with AA
than the control group [11-17]. Several studies
showed significantly higher prevalence of vitamin D insufficiency in patients with AA than the
control group [12, 13, 18, 19]. But there were
two reports of inconsistent results. A Turkish
study found that AA patients had a deficiency of
25(OH)D, but there was no statistically significant difference in the serum vitamin D levels
between AA patients and healthy controls. The
authors said that this might be due to the universal tendency toward lower values of 25(OH)
D in their geographical area, and they noted
that the blood samples were collected only
once during the late fall and winter months
[20]. In a study involving 55,929 women in the
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Nurses’ Health Study, 133 cases of AA were
identified over a follow-up of 12 years. The
association between estimated vitamin D status and self-reported incident AA was prospectively evaluated. No signiﬁcant association
between a predictive score of serum 25(OH)D
levels and risk of incident AA was found [21].
Importantly, two systemic reviews and metaanalyses published in 2018 did demonstrate
that, patients with AA have a higher prevalence
of vitamin D deficiency and lower vitamin D levels than the control group [3, 22] (Table 1).
Moreover, several studies revealed that serum
vitamin D levels significantly and inversely correlate with the severity of AA [12, 16, 17, 19,
23].
Studies also showed that serum [24] and tissue
[19, 24] VDR levels were lower in AA. One study
found a negative correlation of tissue VDR and
extent of AA [24].
Taken together, the above data show a substantial link between the levels of vitamin D
and AA, suggesting an important role of vitamin
D in the pathogenesis of the disease. However,
the mechanism underlying this relationship still
has to be deciphered.
Possible role of vitamin D in pathogenesis of
AA
Hair loss in AA is caused by the destruction of
HF cycle. However, the role of vitamin D in in HF
cycling is not clear. Although a study showed in
mice that in calbindin-D9k knockout pups, a
maternal vitamin D-deficient/low-calcium diet
leads to transient noncicatricial alopecia, suggesting a role for calcium and possibly vitamin
D in postnatal HF cycling [25], studies published in the literature have not demonstrated a
role of vitamin D in HF cycling. On the other
hand, it is now fully accepted that VDR has
important function in hair cycling. However, this
function of VDR appears to be vitamin
D-independent [26]. VDR may function as a
selective suppressor/de-repressor of gene
expression in the absence of 1,25(OH)2D3 [26].
Wnt/β-catenin signaling is a key player in
inducing the onset of anagen and maintaining
the cycling transition during the initiation and
regeneration of HFs [27]. Reduction of VDR
expression in AA may be related to decreased
hair cycle-related signals-Wnt/β-catenin signals [28]. The decreased expression of VDR in
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Table 1. Vitamin D status in AA
Study

Patient
Number

Study Design

Results

Country

Yilmaz et al, 2012 [11]

42

Case control

Lower serum vitamin D.

Turkey

Aksu Cerman et al, 2014 [12]

86

Cross-sectional

Lower serum vitamin D.
Higher vitamin D deficiency prevalence.

Turkey

Mahamid et al, 2014 [13]

23

Perspective

Lower serum vitamin D.
Higher vitamin D deficiency prevalence.

Israel

Bakry et al, 2016 [14]

60

Case control

Lower serum vitamin D.

Egypt

Ghafoor et al, 2017 [15]

30

Case control

Lower serum vitamin D.

Pakistan

Bhat et al, 2017 [16]

50

Cross-sectional

Lower serum vitamin D.

India

Gade et al, 2018 [17]

45

Cross-sectional

Lower serum vitamin D.

India

d’Ovidio et al, 2018 [18]

156

Case control

Higher vitamin D deficiency prevalence.

Italy

Daroach et al, 2018 [19]

30

Perspective study

Lower serum vitamin D.
Higher vitamin D deficiency prevalence.

India

Erpolat et al, 2017 [20]
Thompson et al, 2016 [21]

41

Case control

133

Perspective study

Serum vitamin D: no difference from control. 93.8% patients had vitamin D deficiency.
No association between serum vitamin D and risk of AA.

Tsai et al, 2018 [3]

Systematic review & meta-analysis

AA patients have higher vitamin D deficiency prevalence and lower serum vitamin D than controls.

Lee et al, 2018 [22]

Systematic review & meta-analysis

AA patients have higher vitamin D deficiency prevalence and lower serum Vitamin D than controls.
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One of the most crucial mechanisms of IP collapse is an
increase in major histocompatibility complex (MHC) I and
II molecules [2]. IFN-γ is prominently expressed in lesional
skin from patients with AA
and is believed to contribute
to the collapse of IP through
increased follicular expression of MHC class I and II molecules [2, 30] (Figure 1).
Studies revealed that vitamin
D3 significantly inhibits the
production of IFN-γ by human
Figure 1. Possible effects of vitamin D on immune cells in AA. HF IP collapse
peripheral blood mononucleis a key element in AA immunopathogenesis. IFN-γ contributes to IP collapse
by increasing HF MHC class I and II molecules. Vitamin D may contribute to
ar cells (PBMCs) activated in
maintain the IP of HF by decreasing the production of IFN-γ. HF IP collapse
vitro by phytohemagglutinin
with exposure of autoantigens leads to an accumulation of autoreactive ef[31] and decreases the secrefector T cells (“swarm of bees”) in which CD8+ T cells attack the anagen stage
+
tion of IFN-γ by human CD4+ T
HF with help of CD4 T cell (Th1 and Th17). Vitamin D can inhibit proliferacells [32, 33]. Kokic et al [34]
tion and cytokine production of CD8+ T cell and CD4+ T cell (Th1 and Th17).
Besides, vitamin D may inactivate T cells by down-regulating abnormally upshowed that in patients with
regulated intracellular TLRs in AA. Vitamin D may also contribute to prevent
inactive SLE, lower levels of
HF IP collapse and decrease CD8+ T cell activation in AA by inhibiting MCs
vitamin D are corelated with
and interfering cross-talk between MCs and CD8+ T cells. Cytokines involved
higher levels of IFN-γ. In vitain the pathogenesis of AA are dependent on JAK-STAT pathway. Inhibition of
min D deficient patients, IFN-γ
JAK/STAT pathway by vitamin D may in turn block the effects of key cytokines
involved in the immunopathogenesis of AA. Treg cells maintain peripheral
was 150% higher compared
tolerance to prevent IP collapse and inhibit auto-reactive effector T cells. Viwith patients without vitamin
tamin D may contribute to control the overactive self-effector T cells in AA by
D deficiency. Mrad et al [35]
enhancing the inhibitory function of Treg cells.
investigated the immunologic
effects of vitamin D replaceAA is believed to be involved in the disruption of
ment in relapsing remitting multiple sclerosis
(RRMS) patients. The patients categorized as
HF cycling in AA.
vitamin D deficient were treated with high dose
The disruption of HF cycling in AA is caused by
vitamin D (10,000 IU orally daily for 3 months),
an autoimmune response [2], and there is
while those with normal vitamin D maintained
mounting evidence that vitamin D has an
their usual medical care. They observed a
impact on the pathophysiological mechanisms
decreased IFN-γ secretion by CD4+ T cells in
of autoimmunity [29]. Therefore vitamin D may
vitamin D deficient group but not in the suffiaffect the HF cycling through its impact on
cient group, and a negative correlation between
autoimmunity in AA pathogenesis. In this artibaseline serum vitamin D and IFN-γ production.
cle, we review the possible roles of vitamin D in
These findings suggest that normally vitamin D
the pathogenesis of AA focusing on several key
might contribute to maintain the IP of HF by
elements of autoimmune mechanism in AA: (1)
modulating the production of IFN-γ. Contrarily,
Loss of IP in HF, (2) Autoreactive effector T cells
insufficiency of vitamin D might lead to overand mast cells, (3) CD8+NKG2D+ cytotoxic T
secretion of IFN-γ and play a role in the collapse
cells, (4) JAK/STAT pathway, (5) Tregs, (6)
of IP of the anagen hair bulb (Figure 1).
Immune checkpoints and (7) OS.
Autoreactive effector T cells and mast cells
Loss of IP in HF
(MCs)
The anagen HF is normally an immune privileged (IP) site. The loss of the IP of the anagen
hair bulb is a key element in AA pathogenesis.
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The collapse of HF IP with exposure of autoantigens leads to an accumulation of autoreactive
effector T cells in and around the lesional hair
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bulb, which is histologically referred to as
“swarm of bees”. Substantial progress in immunology research supports that AA is an autoimmune reaction with a CD8+ T cell attack on the
anagen stage HF with CD4+ T cell help as its
underlying mechanism [36]. In addition, recent
research has proposed that AA is also associated with Th17 cells [37, 38] (Figure 1).
Earlier studies have demonstrated that
1,25(OH)2D inhibits the proliferation of human
CD8 and CD4 T cells [39]. More recently, Sheikh
et al [33] found that stimulation of human CD4+
T cell in antigen presenting cells (APCs) free
condition in vitro with VitD3, suppresses proliferation capacity and diminishes the pro-inflammatory cytokines including, IFN-γ, IL-17, and
IL-22 in CD4+ T cells. Schardey et al [40] found
that incubation of peripheral and intestinal T
cells isolated from inflammatory bowel disease (IBD) patients with 1,25(OH)2D resulted in
strongly reduced frequencies of CD4+ and CD8+
T cells producing IFN-γ, IL-17, IL-22, IL-9 and
TNF. In in vivo studies, Penna-Martinez et al
[41] found that high dose vitamin D treatment
significantly downregulates both late-activated
CD4+ and CD8+ T cells in patients with Addison’s
disease. Tom et al [42] found that 1α,25dihydroxyvitamin D3 decreases IFN-γ-expressing CD8+ T cells in patients with IBD (Figure
1).
A number of studies have shown that vitamin D
reduces differentiation of Th17 cells and secretion of pro-inflammatory cytokines by these
cells. In CD4+ T cells from normal human [32]
and asthmatic patients [43], vitamin D3 reduced
the differentiation of Th17 cells and their secretion of pro-inflammatory cytokines. In peripheral blood monocuclear cells from patients with
SLE [44] and early rheumatoid arthritis [45],
vitamin D3 significantly decreased the proportion of Th17 cells. In vivo, supplementation with
Vit D3 in Hashimoto’s thyroiditis patients for 3
months caused a significant decrease in Th17/
Tr1 ratio [46] (Figure 1).
The regulation of vitamin D on the effector T
cells including CD8+ T cells, CD4+ T cells and
Th17 cells may play a role in the pathogenesis
of AA by contributing to attenuate or prevent
the autoimmune response that drives the disease (Figure 1).
Toll like receptors (TLRs) expressed in T cells
have been suggested to act as co-stimulatory
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molecules inducing T-cell activation [47].
Alzolibani et al [48] reported that in PBMCs of
AA patients, intracellular TLRs (TLRs 3, 7, 8 and
9) are significantly up-regulated associated
with significantly higher expression of IL-2, TNFα, and IL-17A gene expression, suggesting
abnormal activation of Th1 and Th17 cells.
Yazdanpanah et al [49] reported that culturing
PBMCs with vitamin D3 significantly down-regulated the expression of TLR3, TLR7 and TLR9 in
SLE patients in comparison with healthy controls. Vitamin D might also down-regulate the
intercellular TLRs in AA patients, and consequently restore the abnormal regulation of Th-1
and Th-17 cell activation (Figure 1).
MCs are crucial immunomodulatory cells implicated in the regulation of T cell-dependent
immunity. Recently, positive correlations were
found existing between MCs and CD8(+) T cells
in AA [50]. Bertolini et al [51] reported that
the number, degranulation and proliferation of
perifollicular MCs are increased in human AA
lesions compared to healthy or non-lesional
control skin. Moreover, these MCs switch from
an immuno-inhibitory to a pro-inflammatory
phenotype. Lesional AA HFs also displayed significantly more physical MC/CD8+ T cell contacts than healthy or non-lesional human control skin. MC may present autoantigens to CD8+
T cells and/or co-stimulatory signals. The crosstalk between MCs and CD8+ T cells may contribute to triggering HF IP collapse in AA. Vitamin D
appears to have inhibitory actions on MCs.
Vitamin D inhibits IL-33 action, and IL-33 acts
synergistically with the neuropeptide substance
P to stimulate skin MCs [52]. Yip et al [53]
reported that the vitamin D3 metabolites,
1α,25(OH)2D3 and 25OHD3 can attenuate the
generation of pro-inflammatory signals from
IgE-activated mouse and human mast cells. Liu
et al [54] tested the stability of MC lines in the
presence or absence of Vitamin D3. The results
demonstrated that vitamin D is required to
maintain the stability of mast cells. The deficiency of vitamin D results in mast cell activation. Taken together, vitamin D might contribute
to prevent HF IP collase and decrease CD8+ T
cell activation in AA by inhibiting MCs and interfering cross-talk between MCs and CD8+ T cells
(Figure 1).
CD8+NKG2D+ T cells
Studies support a role for CD8+NKG2D+ cytotoxic T cells in AA [2]. Dai et al [55] determined
Am J Transl Res 2019;11(9):5285-5300
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supplements for 6 weeks, the
mean 25(OH)D level in vitamin D group was significantly
increased and normalized,
and the serum CXCL10 levels
were decreased significantly
as compare to the placebo
group. Wu et al [61] reported
that in mouse model, vitamin
D treatment before infection
of Plasmodium berghei ANKA
reduced the mRNA expression levels of CXCR3, CXCL9
and CXCL10 in the brains of
infected mice. Since vitamin
D can down-regulate the
Figure 2. Possible effects of vitamin D on CD8+NKG2D+ T cells in AA.
CD8+NKG2D+ T cells are the dominant immune effectors in AA. These cells
NKG2D activating ligands
express CXCR3 that plays a key role in skin CD8+NKG2D+ T cell trafficking in
MICA/B and Ligands of CXCR3
AA. NKG2D activating ligand MICA and CXCR3 ligand CXCL-10 are upreguthat plays a key role in skin
lated in AA. Vitamin D can downregulate MICA and CXCL-10, contributing to
CD8+NKG2D+ T cell traffick+
+
prevent the skin NKG2D CD8 T cell activation and trafficking in AA.
ing, vitamin D might contribute to prevent the skin
that CD8+NKG2D+ T cells are the dominant
NKG2D+CD8+ T cell activation and trafficking in
AA (Figure 2).
immune effectors infiltrating the HF in both
humans and mice with AA. NKG2D is an activatJAK/STAT pathway
ing receptor with MHC class I related chain
(MIC)A and MICB as its activating ligands. Ito et
Cytokines involved in the pathogenesis of AA,
al [56] reported that human AA skin abounds in
most notably interferon (IFN)-γ and interleukin
strong, widespread, extra- and intrafollicular
(IL)-15, are dependent on the Janus kinase and
MICA immunoreactivity. Besides, it was shown
signal transducers and activators of transcrip+
+
that CXCR3 CD8 T cells markedly infiltrate in
tion (JAK-STAT) pathway [62]. It is assumed that
and around HFs from AA patients and it was
CD8+NKG2D+ T cells mediate AA in part through
demonstrated that CXCR3 plays a key role in
JAK signaling [63]. Skin biopsy specimens from
skin CD8+NKG2D+ T cell trafficking in AA mice.
patients with AA displayed a strong JAK3
Ligands of CXCR3, including CXCL9, CXCL10
expression [64]. JAK activation was also shown
and CXCL11, are dramatically upregulated in
by the presence of phosphorylated STAT prohuman and mouse with AA [55]. Taken togethteins in AA HF, but not in normal HF [65] (Figure
er, findings from AA in human and in mouse
1).
suggest that upregulated MICA and CXCL10 in
HP may activates and recruits CD8+NKG2D+ T
Studies have shown an inhibitory effect of vitacells, infiltrating the HP and contributing to the
min D on the JAK/STAT pathway. Employing a
autoimmune response in AA (Figure 2).
mouse model of type 2 diabetes mellitus,
Zhang et al [66] observed that 25VD3-enhanced
It was reported that vitamin D significantly
protein tyrosine phosphatase non-receptor
downregulates the mRNA expression of MICA
type 2 expression decreased the expression of
and MICB in human hepatic stellate cells [57].
the JAK1/STAT3 signaling proteins in the gingiCalcitriol reduced the production of CXCL-10 by
val epithelium. Zeitelhofer et al [67] showed in
SLE myeloid angiogenic cells [58] and IL-1βa functional genomics analysis of vitamin D
stimulated human periodontal ligament cells
effects on CD4+ T cells in vivo in experimental
[59]. Komolmit et al [60] reported that vitamin
autoimmune encephalomyelitis that JAK/STAT
D suppressed expression of CXCL10 from
signaling pathway genes are down-regulated
monocytes in vitro. Moreover, a double-blind,
upon vitamin D supplementation. Inhibition of
placebo-controlled trial revealed that in the
JAK/STAT pathway by vitamin D may in turn
chronic hepatitis C patients with vitamin D levblock the effects of key cytokines involved in
els less than 30 ng/mL treated with vitamin D
the pathogenesis of AA (Figure 1).
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Treg cells
Treg cells maintain peripheral tolerance to limit
autoimmune pathology by inhibiting auto-reactive effector T cells. It has recently been hypothesized that HF IP may have been established as
a mechanism to promote the de novo induction
of peripheral tolerance [30]. Peripheral tolerance is believed to organize the IP which is disrupted in AA. Speiser et al [68] reported that
Treg cell frequency is significantly lower in AA
skin specimens when compared to other cutaneous diseases. A genome-wide association
study demonstrated that a number of identified
risk loci for AA are shared with other forms of
autoimmunity, in particular genes critical to the
function of Tregs [69]. Han et al [70] reported
that circulating Treg levels in patients with AA
and counts of Foxp3+ lymphocytes surrounding
HFs of AA patients were significantly lower than
those of controls. The deficiency in Tregs may
result in breakdown of immune tolerance and
may enhance T-cell-mediated autoimmunity.
This may facilitate the occurrence of AA (Figure
1).
The impact of vitamin D on Treg cells has been
studied. Fawaz et al [32] investigated the in
vitro effect of 1,25(OH)2D3 and 25(OH)D3 on the
differentiation and cytokine production of primary CD4+ T cells from normal donors. Both
vitamin D forms induced an expansion of
CD25hi cells and upregulated their expression
of CTLA-4 and Foxp3 regulatory markers. Another in vitro studies showed that 1,25(OH)2D3
induces the differentiation of human Treg T
cells [71]. The maternal blood and cord blood
Treg cell populations were found to be significantly lower in 25(OH)D3 deficient pregnant
women compared to sufficient pregnant women
[72]. Mattozzi et al [73] found in psoriatic
patients an association of serum levels of vitamin D with Treg population (P<0.001), suggesting that low levels of vitamin-D may decrease
the number of circulatory Treg. In female
BALB/c mice, dietary vitamin D3 increased the
percentage of (CD3+CD4+CD25+Foxp3+) cells in
the skin-draining lymph nodes (SDLN). The suppressive activity of cells in the SDLN, mesenteric lymph nodes, spleen, and blood was
upregulated by vitamin D3 [74]. A double-blind,
placebo controlled study in healthy individuals
showed that vitamin D3 supplementation leads
to significantly increased numbers of peripheral Tregs in vivo [75] (Figure 1).
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These data suggest that vitamin D may contribute to control the overactive self-effector T cells
in the pathogenesis of AA by enhancing the
inhibitory function of Treg cells (Figure 1).
Immune checkpoints
Immune checkpoints are negative regulators of
immune responses to avoid immune injury.
They are thought to actively participate in the
prevention of autoimmunity and tumor immune
evasion [76]. In recent years, inhibitors of
immune checkpoints, including the cytotoxic
T-lymphocyte-associated protein-4 (CTLA-4)
and the programmed cell death protein (PD-1)
receptors and its ligand (PD-L1), are being
explored for a growing number of solid and
hematological malignancies. Their mechanism
of action involves the inhibition of negative regulators of immune activation, which results in
many patients developing immune-related
adverse events. Alopecia (areata and universalis) is a known side-effect of PD-1 receptor
inhibitors and anti-CTLA-4 agents with a prevalence of 1.0-2.0% [77] (Figure 3A). Therefore
the possible role of immune checkpoints in the
pathogenesis of AA has attracted attention.
CTLA-4 is an inhibitory receptor induced in
effector T cells upon activation and constitutively expressed by Tregs. CTLA-4 preferentially
binds to B7 co-stimulatory molecules on APCs,
depriving effector T cells of the CD28 co-stimulatory signal and impairs the activation of effector T cells [76]. Consequently, CTLA-4 is critical
in maintenance of tolerance to self-antigens to
prevent autoimmunity. Reduced expression or
function of CTLA-4 can lead to autoimmune T
cell clonal proliferation and contribute to the
pathogenesis of autoimmune diseases, including AA (Figure 3A). Genetic studies including a
genome-wide association study have confirmed
CTLA-4 as a proven susceptibility gene for AA
[78-80].
Jeffery et al [81] showed a striking ability of
1,25(OH)2D3 to enhance CTLA-4. Kickler et al
[82] found that in CD4+ T cells isolated from
healthy donors, addition of calcitriol promoted
CTLA-4 expression in activated T cells. A similar
increase in CTLA-4 was detected in multiple
sclerosis T cells. Sheikh et al [33] studied the
effect of VitD3 on human CD4+ T cell proliferation in APC free condition in vitro. They found
that the frequency of CTLA4 expression on
Am J Transl Res 2019;11(9):5285-5300
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PD-1 is an immune-inhibitory
receptor expressed in T cells,
B cells, natural killer (NK)
cells and antigen presenting
cells. PD-L1 and PD-L2 are
two known ligands of PD-1.
PD-L1 can be found on several immune cells and in various
tissues. Once PD-1 binds to
PD-L1, it generates a strong
inhibitory signal, resulting in
down-regulation of pro-inflammatory T-cell activity [76]. As
such, PD-1/PDL-1 plays a key
role for the maintenance of
self-tolerance. Of note, patients receiving PD-1 inhibitors
are at risk for increased AA.
PD-1 inhibitors block the
immune system’s typical regulatory measure, including T
cell inactivation and likely
facilitates the T-cell mediated
attack on the hair bulb that
leads to AA [84] (Figure 3B).
Sheikh et al [33] observed a
significant increase of PD-1
and PD-L1 on CD4+ T cells isoFigure 3. Possible effects of vitamin D on CTLA-4 and PD-1 in AA. A. Effect
of CTLA-4 and PD-1 inhibitors. CTLA-4 is induced in effector T cells upon
lated from normal human
activation and is constitutively expressed by Treg cells. CTLA-4 preferentially
when VitD3 was added to the
binds to B7 co-stimulatory molecules on APCs, depriving effector T cells of
cell cultures in APC free conthe CD28 co-stimulatory signal to impair the activation of effector T cells.
dition in vitro. Dimitrov et al
PD-1 expresses in T cells and various immune cells. PD-L1, a ligand of PD[85] found that 1,25D treat1, can be found on several kinds of immune cells. Binding of PD-1 to PD-L1
ment increases expression of
generates a strong inhibitory signal, down-regulating T cell activity. CTLA-4
and PD-1 are critical in maintenance of tolerance to self-antigens to prevent
PD-L1 in human epithelial
autoimmunity. CTLA-4 inhibitor blocks the binding of CTLA-4 to B7 and PD-1
cells. In co-culture experiinhibitor blocks the binding of PD-1 to PDL-1 respectively, enhancing T cell
ments with primary human T
activation. Activation of effector T cells leads to self-tolerance breakdown
cells, epithelial cells pretreatand autoimmune response as immune-related adverse events including AA.
ed with 1,25D suppress actiB. Effect of vitamin D. Vitamin D enhances CTLA-4, depriving effector T cells
of the CD28 co-stimulatory signal to impair the activation of effector T cells.
vation of CD4+ and CD8+ cells
Vitamin D enhances PD-1/PDL-1 to impair the activation of effector T cells.
and inhibit inflammatory cytoInactivation of effector T cells maintains self-tolerance, preventing autoimkine production in a manner
mune response in AA.
that is abrogated by anti-PDL1 blocking antibody. Bak et
CD4+ T cells showed significant enhancement
al [86] reported that high dose vitamin D3 supin the cultures with VitD3 compared with the
plementation significantly increases the intesticultures with no VitD3. Van Belle et al [83]
nal expression of the inhibitory ligand PD-L1 in
showed that treatment of 1,25(OH)2D3 increashealthy subjects, suggesting that high vitamin
es the expression of CTLA-4 in type 1 diabetes
D levels may have a beneficial effect in the of a
patient’s T cells. By increasing the expression
balanced immune response in the intestine.
of CTLA-4, vitamin D may contribute to mainBendix et al [87] investigated the PD-1 exprestaining peripheral immune tolerance. This may
sion in T cells from Crohn’s disease patients
play a protective role in AA (Figure 3B).
who had received oral vitamin D or placebo.
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They found that vitamin D treatment significantly increased the PD-1 expression upon TCR
stimulation in activated T cells, while the
expression remained unchanged in patients
who received placebo. Vanherwegen et al [88]
found that human monocyte-derived dendritic
cells treated with 1,25(OH)2D3 displayed a
stable tolerogenic phenotype with increased
inhibitory molecules including PD-L1. Taken
together, down-regulation of PD-1 facilitates
the breakdown of self-tolerance that results in
the autoimmune response in AA. The effect of
vitamin D to up-regulate PD-1/PDL-1 may
restore the immune tolerance and contribute to
prevent the autoimmune response in AA (Figure
3B).
OS
OS and damage to SOD may play a part in the
induction of alopecia areata [1, 89].
OS is a common feature in autoimmune. It
occurs as a result of inadequate antioxidant
defense or overproduction of reactive oxygen
species (ROS). Lipid peroxidation represents
the hallmark of OS. Lipid peroxides and their
breaking-down products such as malondialdehyde (MDA) can affect the normal function of
most mammalian cells [90]. A common method used to assess the changes in MDA production is thiobarbituric acid reactive substances
(TBARS) assay [91]. The damaging effect of
ROS is counteracted by the action of antioxidants. Enzymatic antioxidant response is carried out by superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH) related
enzymes such as glutathione peroxidase (GPx)
[92].
Studies have revealed an association between
OS and AA. Bakry et al [93] showed that the
serum total oxidant capacity (TOC), MDA, and
oxidative stress index (OSI) values are significantly higher in AA patients than in the control
group. The serum total antioxidant capacity
(TAC) value is significantly lower in AA cases
than in controls. Significantly higher MDA, TOC,
and OSI values and lower TAC values are found
in severe AA than in mild or moderate AA. Two
recent review articles documented that OS
plays a part in the induction of AA [1, 89]. A
study on organ cultured HFs showed that ROS
exposure can induce hair growth retardation
and catagen induction [94]. By this way, OS
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may contribute to the hair cycle dysfunction in
AA.
Currently, Vitamin D has been shown as an antioxidant [95]. Randomized, double-blind, placebo-controlled clinical trials performed in
patients with major depressive disorder [96],
patients with non-alcoholic fatty liver disease
[97], patients in maintenance methadone treatment [98] and patients with diabetic foot ulcer
[99] demonstrated that vitamin D intake resulted in significantly increases in TAC [96, 98] and
GSH [96, 98] levels and significant decrease in
MDA level [97, 99] compared with the placebo.
In a systematic review and meta-analysis of
randomized controlled trials including 33 studies, it was found that vitamin D supplementation significantly reduced serum MDA levels
while significantly increased TAC and total GSH
levels in diabetic patients [100]. In a systematic
review and meta-analysis including 7 randomized controlled trials, vitamin D supplementation in women with polycystic ovary syndrome
significantly decreased MDA and significantly
increased TAC levels [101]. In a systematic
review and meta-analysis published in 2019
including 17 trials in patients with different diseases, it was found that vitamin D supplementation significantly increased serum levels of
TAC and GSH, and significantly decreased MDA
concentration compared to placebo [102].
These data indicate that vitamin D can restore
the oxidant-antioxidant balance in multiple clinical settings. Thus it can be inferred that vitamin D may also contribute to attenuate the OS
in AA.
One of the important genes activated by vitamin D is Nrf2 [103]. Nrf2 encodes the transcription factor, nuclear factor (erythroidderived 2)-like 2 (Nrf2), which maintains redox
homeostasis and is defined in the HF. The activation of Nrf2 can maintain hair growth during
OS [104]. 1,25(OH)2D3 prevents leptin-induced
OS in human endothelial cells by activating the
Nrf2 system [105]. More recently, the study of
Chen et al [106] provided a model that suggests that 1,25(OH)2D3 deficiency results in
increasing oxidative stress through inhibiting
transcription of Nrf2 and enhancing DNA damage. Their results indicate that 1,25(OH)2D3
exerts an antioxidant role in large part by transcriptional regulation of Nrf2 mediated through
the VDR. These data suggest that vitamin D
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may contribute to restore the hair growth cycle
via activation of Nrf2.
To sum up, data published in literature suggest
that vitamin D, due to its diverse biological
effects, plays important roles in the complex
pathogenesis of AA. Understanding the possible roles of vitamin D in AA may provide new
insights into research direction to elucidate the
exact mechanisms of vitamin D in the pathogenesis of AA.
Vitamin D for treatment of AA
Since vitamin D plays a role in the pathogenesis of AA, it may be considered as a treatment for the disease. The beneficial effects of
1,25(OH)2D3 supplementation have been observed in experimental autoimmune models,
but the systemic use of vitamin D in the treatment of human autoimmune diseases is still
under investigation [107]. In the experimental
autoimmune models, animals are mostly supplemented with a high dose of 1,25(OH)2D3, but
in humans, this strategy may lead to hypercalcemia [107]. In clinical application of active
vitamin D, the supraphysiological doses needed to modulate immune responses may elicit
concomitant calcemic side effects. To overcome this limitation, hypocalcemic analogs of
active vitamin D with similar immunoregulatory
activity are being exploited. Calcipotriol, a vitamin D3 analogue, which is at least 100 times
less calcemic than calcitriol [108], has been
topically used in treating psoriasis with beneficial effects. Early in 1991, Berth-Jones and
Hutchinson [109] reported a group of 20
patients with alopecia totalis or universalis
studied by placebo-controlled double-blind
design. Each subject applied ointment containing 50 pg/g calcipotriol to one side of the scalp
and matching vehicle to the other. There was no
evidence of a response to calcipotriol in this
group of subjects with very severe alopecia.
However, recent studies reported encouraging
results. In 2012, Kim et al [4] reported a 7-yearold boy with reduced VDR expression, whose
AA did not respond to various treatments,
including topical and intralesional corticosteroids. Recovery of whom was observed by topical application of calcipotriol. In 2015, Çerman
et al [5] treated 48 mild-to-moderate AA
patients with calcipotriol cream. At week 12,
the total response was achieved in 69.2% of
patients. The mean Severity of Alopecia Tool
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(SALT) score of patients at week 12 was significantly lower than that at baseline. Complete
regrowth rate (hair regrowth = 100%) was
27.1%. The authors concluded that calcipotriol
may serve as a safe and effective treatment
option in mild-to-moderate patchy AA. More
recently, Narang et al [6] conducted a prospective study, in which 22 patients with AA were
treated with calcipotriol lotion 0.005% twice
daily for 3 months. After 12 weeks of treatment, hair regrowth was observed in 13 (59.1%)
patients. Mean period for onset of disease stabilization and hair regrowth was 4 weeks and
4.21±2.13 weeks, respectively. Among these
13 patients, SALT50 and SALT100 was observed
in 6 (46.2%) and 2 (9%) patients, respectively.
Response to treatment was significantly better
in patients with lower vitamin D levels. The
authors concluded that topical calcipotriol can
be an alternative treatment in AA. Taken together, trials of topical calcipotriol are promising.
Further studies, especially larger placebo-controlled double-blind trials are required to confirm these findings. Besides, potential efficacy
of systemic vitamin D or its analogs in the treatment of AA still should be investigated in the
future.
Combination therapy may have complementary
effects on the underlying pathophysiology of a
disease, resulting in increased therapeutic
response and attenuates side effects associated with its individual components. Vitamin D
has been used as combination therapies in
treating diseases. Topical corticosteroids/vitamin D analogs combination therapy has been
successfully used in treating psoriasis. Recent
studies showed that corticosteroids/vitamin D
analog combination therapy is more effective
than the respective monotherapies in inducing
immunomodulation and normalizing keratinocytes [110]. Vitiligo and AA are both autoimmune diseases, and striking similarities in
immune-pathogenesis have been identified
[111]. Topical calcipotriol in combination with
corticosteroids has also been reported to effectively treat vitiligo [112]. The calcipotriol/corticoteroid combined therapy appeared to give a
significantly faster onset and better stability of
re-pigmentation along with lesser side-effects
than single agent treatments [113]. Therefore,
we suppose that combination therapy of vitamin D analogs and corticosteroids might also
be beneficial in treating AA.
Am J Transl Res 2019;11(9):5285-5300
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Conclusion
Studies have shown a substantial link between
the levels of vitamin D and AA, even though the
underlying mechanism is not well known. By
reviewing relevant literature data, we put forward the possible roles of vitamin D in AA
pathogenesis as follows: (1) contribute to maintain the IP of HF by decreasing the production
of IFN-γ; (2) attenuate or prevent the autoimmune response that drives AA by regulating the
autoreactive effector T cells and mast cells;
also by down-regulating CXCL-10 and the intercellular TLRs; (3) contribute to prevent the skin
NKG2D+CD8+ T cell activation and trafficking in
AA by down-regulating both NKG2D-activating
and CXCR3-activating ligands; (4) inhibit JAK/
STAT pathway and in turn block the effects of
key cytokines in the pathogenesis of AA; (5)
control the overactive self-effector T cells by
enhancing the inhibitory function of Treg T cells;
(6) by increasing the expression of CTLA-4 and
PD-1; and (7) contribute to restoring the hair
growth cycle by attenuating the OS in AA. This
provides new insights into research direction to
further elucidate the mechanisms of vitamin D
in the pathogenesis of AA. As a link between
vitamin D and AA pathogenesis has been
establish, vitamin D should be considered for
the treatment of AA. However, systemic supplement of vitamin D in the treatment of human
autoimmune diseases is still under investigation. Calcipotriol, a vitamin D analog, has been
used topically in treating AA with promising
results. In the future, vitamin D analogs and
corticosteroids combination treatment might
provide potential benefit in the treatment of AA.
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