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ﬁbstract

Psoriasis is a chronic inflammatory skin condition marked by scaly, hardened red plagues, which extend beyond the
skin to affect joints and nails. It is often associated with systemic, psychiatric, and psychosocial disorders.
Keratinocytes are fundamental in both initiating and maintaining psoriasis as part of the body's innate immune
response. These skin cells can react to various environmental stimuli. When stressed, keratinocytes release self-
nucleotides and antimicrobial peptides, which in turn activate plasmacytoid dendritic cells (pDCs). This leads to the
activation and maturation of myeloid dendritic cells (mDCs), which produce pro-inflammatory cytokines such as
IFN-a, IFN-y, TNF-a, and IL-1p Vitamin D helps maintain the health of the skeletal system and epidermis, regulatin
keratinocyte differentiation and proliferation. There is a strong connection between vitamin D and the 1L-33/ST2 axi:
in regulating skin and bone homeostasis. This review explores the bidirectional interactions between vitamin D and
psoriasis, suggesting a mechanistic link with 1L-33 in patients suffering from psoriasis and related osteoporosis (OP)
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Introduction

Psoriasis is a persistent inflammatory dermal
iliness, marked by the development of scaly red
plaques. It can also impact joints and nails. The
disease exhibits three primary histologic features:
epidermal thickening, enlarged vessels in the
dermis, and an inflammatory infiltration of imm-
une cells, especially leucocytes in the dermis. @
Psoriasis is categorized into three forms: psoriasis
vulgaris, psoriatic arthritis, and generalized pust-
ular psoriasis (GPP). It often accompanied with
other systemic conditions such as hyperlipidemia,
obesity, hypertension, hyperlipidemia, and cardio-
vascular disease. @ Additionally, patients may
experience psychiatric conditions and psycho-
social distress® ¥

Epidemiology:

It affects both men and women, with a higher
prevalence and earlier onset in women, particularly
those having a family history. It can develop at any
age, though onset peaks in males between 30-39 and
60—69, and 10 years earlier in females. Around 60
million people worldwide are affected, with higher
rates observed in developed regions and elderly

subjects ©©)

Pathogenesis:

Psoriasis is largely driven by dendritic cells and T
cells, although macrophages, neutrophils, keratin-
ocytes, and endothelial cells also contribute. Kera-
tinocytes play an important role in the disease’s
initiation and maintenance, responding to various
triggers and producing inflammatory molecules
that amplify the immune response "

Keratinocytes’ role in psoriasis pathogenesis
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Keratinocytes are fundamental in both initiating
and maintaining psoriasis as portion of the body's
innate immune response. Such skin cells can react
to various environmental stimuli. When stressed,
these cells release antimicrobial peptides and self-
nucleotides, which in turn activate plasmacytoid
dendritic cells (pDCs). This leads to the
stimulation and maturation of myeloid dendritic
cells (mDCs), which produce pro-inflammatory
cytokines ‘®

Beyond the initial phase, keratinocytes amplify
psoriatic inflammation during the disease's chro-
nic stage’ ® When triggered by inflammatory cyt-
okines, keratinocytes proliferate rapidly and secr-
ete numerous chemokines to recruit immune cells
like macrophages, neutrophils, dendritic and Th17
cells. These cells, along with antimicrobial pepti-
des (AMPs), contribute to the body's innate
immune response and further promote inflame-
mation “?

The interaction between immune cells, partic-
ularly Th17 cells and kerainocytes, leads to the
activation and persistence of psoriasis. This
includes keratinocytes’ hyperproliferation and
abnormal differentiation, vessels‘dilation and
thickening, and inflammatory cells® infiltration' **
) The underlying mechanisms of psoriasis invo-
Ive various elements such as AMPs, dendritic cells
(DCs), tumor necrosis factor (TNF) a, interleukin
(IL) 23, Th17 cells, IL-17, IL-22, and the signal
transducer and activator of transcription (STAT) 3.
Keratinocytes produce AMPs like B-defensins,
S100 proteins, and cathelicidin. Meanwhile,
mDCs generate TNFa, IL.23, and IL12 @
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Fig (1): pathogenesis of psoriasis.
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Clinical presentation:

Psoriasis manifests with a variety of clinical forms
that vary in lesion size and distribution % Its
manifestations exhibit in many forms: plaque,
flexural, guttate, and pustular or erythrodermic
psoriasis. Psoriasis lesions are marked by abnor-
mal epidermal keratinocyte proliferation, income-
plete differentiation, and reduced keratinocyte
apoptosis, accompanied by inflammatory cell
infiltration in both the dermis and epidermis
(12)Plaque psoriasis is the most common type,
presenting as well-defined, salmon-colored scales
covered with silvery plaques. These lesions
typically appear symmetrically on the extensor
surfaces, such as the elbows, knees, trunk, and
scalp. Bleeding points, known as Auspitz sign,
may appear when the scales are scraped off.
Flexural psoriasis, on the other hand, tends to
have less scaling and can affect areas like the
axillae, sub-mammary, and genital regions.
Guttate psoriasis is characterized by a sudden
onset of small, drop-like papules or plaques that
mostly affect the trunk and limbs. It is often
preceded by a streptococcal infection. Guttate
psoriasis cases may eventually experience plaque
psoriasis. In rare, severe individuals with
uncontrolled condition, psoriasis can lead to
erythroderma, a widespread red rash that can be
life-threatening, with complications such as
hypothermia, infection risks, acute kidney injury,
and high-output cardiac failure. The "Koebner
phenomenon" refers to the development of lesions
in areas of the skin that have been subjected to
trauma’ " The severity and extent of psoriasis are
typically assessed using the "Psoriasis Area and
Severity Index (PASI) score™ ¥

Vitamin D and psoriasis

Vitamin D, commonly referred to as the 'sunshine
vitamin,' is a hormone known for regulating
calcium and phosphorus balance and maintaining
skeletal health " It is naturally synthesized in the
skin through exposure to ultraviolet B (UVB) light
from the sun or other UVB sources '® In addition
to its well-established role in bone health, vitamin
D may also play a potential role in modulating
immune responses and inflammation” *”

Recent studies have highlighted vitamin D's
involvement in the development of various dermal
conditions, including psoriasis ’® Nonetheless,
the use of vitamin D as a supplementary treatment
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for psoriasis remains a topic of debate and is still
not fully established 7" This review explores
the potential bi-directional relationships between
vitamin D and psoriasis, investigating how these
interactions might influence the pathogenesis of
the disease.

Vitamin D impact on dermal biology

It plays a critical and complex role as a regulator
of skin biology. The epidermis consists of four
layers: the basal, spinous, granular, and the
outermost stratum corneum. Stem cells in the
basal layer continuously divide and provide new
cells that gradually migrate upward, different-
iating and forming the skin's protective barrier.
The process of skin differentiation is tightly
regulated and occurs in a sequential manner” 2
The vitamin precursor, 7-dehydrocholesterol,
resides in the membranes of keratinocytes in the
basal and spinous layers “*"drocholesterol unde-
rgoes a photochemical reaction that results in the
formation of pre-vitamin D3 (cholecalciferol),
which is then transformed to the active type, 1,25-
hydroxyvitamin D (calcitriol), by enzymatic
activity in the skin' ®*

Calcitriol and its receptor have a potential role in
regulating keratinocyte differentiation, prolifer-
ation, and apoptosis, as well as modulating the
immune system of the skin. 1,25-hydroxyvitamin
D has been shown to inhibit the proliferation of
keratinocytes® Additionally, calcitriol and its
analogs reduce the expression of SI100A7, a
protein commonly increased in psoriasis ‘% 2429
Moreover, 1,25(OH)D promotes generation of
keratins (K1 & K10), involucrin, loricrin, and
filaggrin, which are essential for maintaining the
skin's barrier function “*" ** ?? Vitamin D also
regulates the synthesis of glycosylceramides in the
stratum corneum, which are crucial for maint-
aining barrier integrity and skin permeability” **
2L M) These effects are attributed to vitamin D's
ability to organize intracellular calcium levels
through the receptors and phospholipase C
enzymes %27 125(0OH)D deficiency or malfun-
ction of its receptor can impair skin different-
iation, leading to reduced levels of structural
proteins like involucrin and loricrin and prom-
oting basal layer hyperproliferation “3!%3%
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Effect of vitamin D in psoriasis associated
osteoarthritis

Vitamin D and the IL-33/ST2 axis have an
interconnected role in maintaining both skin and
bone homeostasis. However, the precise function
of vitamin D in modulating IL-33 activity, which
is involved in the pathogenesis of psoriasis-
associated osteoporosis (OP), remains a topic of
ongoing debate’ ®"? It is believed that vitamin D
and IL-33 share common signaling pathways and
may rely on each other to regulate critical immune
and metabolic processes in both the skin and bone.
Evidence suggests that, in certain biological
contexts, vitamin D and IL-33 work
synergistically, while in other situations, they act
to regulate and modulate each other's activities. In
this review, we propose a mechanistic link
between vitamin D and IL-33 in cases suffering
from psoriasis and its linked osteoporosis, offering
insights into their potential joint role in disease
progression

Vitamin D and IL-33 Crosstalk

IL-33 shares many immunoregulatory functions
with vitamin D, either enhancing or modulating
their effects. It is synthesized by cells that are
controlled by vitamin D, and their tissue targets
and signaling pathways often overlap. IL-33 and
vitamin D  stimulate = Th2  lymphocytes
differentiation while blocking Thl differentiation,
and they also induce regulatory immune cells.
Vitamin D is capable of downregulating the
generation of inflammatory chemokines and
cytokines ¥

The activity of vitamin D is mediated through its
receptors, which are present bones and various
other cells, including keratinocytes, antigen-
presenting and immune cells. Specifically,
dendritic  cells, monocytes, lymphocytes,
neutrophils, and epithelial cells are involved in the
production of IL-33 and other cytokines that
contribute to bone remodeling and psoriasis-
related inflammation. ¢¥37 IL-33, therefore, has a
considerable role in orchestrating the immune
responses associated with psoriasis, as well as
bone remodeling ©®

Vitamin D is pivotal in regulating both bone
turnover and immune responses. Additionally, it is
involved in maintaining homeostasis, being a
potent immune modulator and inhibiting DC
maturation. In psoriasis patients, and especially in
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those with associated osteoporosis, serum vitamin
D levels are typically reduced %

Vitamin D low levels have been studied in both
psoriasis and osteoporosis. Recent research has
also highlighted the significant role of IL-33 in
these conditions. Th2-related cytokines have been
found to influence bone remodeling, skin
inflammation, and psoriatic arthritis' " *® 1L-33
acts as an alarmin, triggering both repair and
damaging processes, while functioning as a
nuclear transcription factor. Similarly, vitamin D
regulates gene transcription via its receptor, which
acts as a ligand-activated transcription factor ¥
The relationship between vitamin D and IL-33 is
highly complex and context-dependent. For
instance, IL-33 participates in inflammation
associated with deficiency of vitamin D, but it
may also counterbalance some of its harmful
impacts, based on the clinical context and the
cytokine milieu. Both vitamin D and IL-33 are
thought to exert protective effects against
osteoporosis in the bone environment, but their
combined effects in inflamed psoriatic skin and
psoriatic arthritis could potentially amplify the
negative impact of deficiency and activation of the
IL-33/ST2 axis >4

In allergic inflammatory diseases, both low
vitamin D levels and increased IL-33 have been
linked to Th2 immunity, suggesting opposing
roles in allergic conditions“Pproposing that they
play conflicted roles in allergies. Therefore, a
complex interaction between vitamin D and IL-33
has been proposed, which extends beyond
allergies to other conditions such as psoriasis and
osteoporosis. Vitamin D promotes the synthesis of
anti-inflammatory ~ IL-10 by  stimulating
expression of a-l-antitrypsin in CD4+ T cells,
limiting Th2 differentiation during allergic
inflammation” *?

Conversely, IL-33 provokes Th2 cytokines produ-
ction, including IL-31, which plays a potential
role in recruiting and activating effector cells in
allergic responses. IL-31, generated by CD4+ T
cells, has a strong immunological connection with
IL-33 and contributes to allergic inflammation,
atopic dermatitis, and psoriasis. Similarly, this
interaction is also involved in modifying bone
remodeling in osteoporosis, with receptors for IL-
31 and IL-33 playing important roles in the
pathophysiology of both psoriasis and osteop-
orosis **
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The modification of the bone remodeling process
that causes osteoporosis has been linked to a
similar intimate connection. The immunopatho-
logical processes of osteoporosis and psoriasis are
associated with the IL-33 receptor ST2, the
oncostatin M receptor, and the IL-31 receptor IL-
31RA. The synthesis of IL-31 is stimulated by the
ST2 receptor of IL-33, which is an essential part
of Th2 responses **

The soluble ST2 receptor (sST2), which is eleva-
ted in psoriasis, acts as a decoy IL-33 receptor,
inhibiting the IL-33/ST2 signaling axis. A
disruption in this axis has been shown to
significantly contribute to osteoporosis. P
Elevated sST2 levels correlate with reduced bone
mineral density (BMD) and compromised bone
microstructure in psoriasis. Vitamin D helps
regulate sST2 levels, potentially alleviating
inflammation in psoriatic skin®® The link
between increased sST2 and decreased vitamin D
levels in psoriasis may contribute to the
detrimental effects of inflammatory mediators on
bone quality and osteoporosis. Vitamin D and IL-
33 influence Treg cell activity, which is crucial for
tissue repair and maintaining skin and bone
homeostasis. A deficiency in either vitamin D or
IL-33 may result in Treg cell dysfunction,
impacting the inflammatory processes of psoriasis’
@D 1L-33 promotes Treg recruitment to infla-
mmation sites, where they suppress inflammation
and protect bone. Vitamin D may enhance these
immune regulatory effects by inducing Treg cells,
whereas low vitamin D levels in psoriasis patients
may lead to a reduced number of circulatory
;Eg)egs, further destabilizing immune homeostasis’
Vitamin D also modulates function of CD4+ T cell
by reversing defective IL-10-secreting Treg cell
induction. IL-33 stimulates IL-10-generating
regulatory B cells and enhances IL-10 generation
in macrophages, contributing to the increased
prevalence of osteoporosis in psoriasis patients “”
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