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ARTICLE INFO ABSTRACT

Keywords: Autoimmune skin diseases are a group of disorders that arise due to a deregulated immune system resulting in
Autoimmune skin disease skin tissue destruction. In the majority of these conditions, either autoreactive immune cells or the auto-
Pemphigus antibodies are generated against self-antigens of the skin. Although the etiology of these diseases remains elu-
:;:)‘:ii;s sive, biochemical, genetic, and environmental factors such as infectious agents, toxins damage the skin tissue

leading to self-antigen generation, autoantibody attack and finally results in autoimmunity of skin. Immune
dysregulation, which involves predominantly T helper 1/17 (Th1/Th17) polarization and the inability of reg-
ulatory T cells to regress immune response, is implicated in autoimmune skin diseases.

The emerging roles of immune cells, cytokines, and chemokines in the pathogenesis of common autoimmune
skin diseases like pemphigus, vitiligo, and psoriasis are discussed in this review. The main focus is on the
interplay between immune cell network including the innate and adaptive immune system, regulatory cells,
immune checkpoints and recently identified tissue-resident memory cells (TRMs) in disease pathogenesis and
relapse. We also attempt to highlight on the immune mechanisms common to these diseases which can be
targeted for designing novel therapeutics.

Immune cell network
Immune checkpoints
Tissue-resident memory cells (TRMs)

1. Introduction highest in India. The prevalence of psoriasis is 4.78%, vitiligo is

0.71%-2.64%, and Pemphigus is 4.4-7.2 per million cases [2-6].

Autoimmune skin disease pertains to dysregulation of the immune
system resulting in autoantibody formation against skin self-antigens.
Although the etiology of the disease remains elusive, biochemical, ge-
netic and environmental factors act as a trigger for the autoantibody
formation and disease initiation. There is a steady rise in autoimmune
skin diseases in recent years. Among them, psoriasis afflicts 2-3%, vi-
tiligo affects approximately 0.5% of the population while pemphigus
affects around 0.5-30 cases per million globally [1]. In the Indian
subcontinent, the incidences of common autoimmune skin diseases are

In skin resides cells of both innate and adaptive immune system which
altogether makes it an immune organ and not just a barrier. The outermost
epidermal layer consists of mainly keratinocytes, and few melanocytes, T
lymphocytes, and Langerhans cells (LCs). The middle dermal layer is en-
riched with dendritic cells (DCs), natural killer (NK) cells, macrophages,
gamma delta (y8) T-cells, and innate lymphoid cells (ILCs) along with
blood and lymph vessels. Upon pathogen attack, skin immune cells of
different compartment work in a regulated and coordinated manner to
eliminate the pathogen and maintain the barrier integrity. Nonetheless,
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when skin immune system targets its own antigens and initiates destruc-
tion of the target cell, autoimmunity develops [7].

In this review, new developments in the immune mechanism of
common autoimmune skin disorders i.e. pemphigus, vitiligo, and
psoriasis are discussed. We scrutinize the literature pertaining to the
innate, adaptive, and regulatory immune cell network, immune
checkpoints as well as tissue-resident memory cells (TRMs) in these
diseases.

2. Pemphigus

Pemphigus, an autoimmune blistering mucocutaneous disease, pro-
duces IgG autoantibodies mainly against autoantigens, Desmoglein-1
(DSG1) and Desmoglein-3 (DSG3), even though the roles of other auto-
antigens are also implicated in different studies. The pathological hall-
mark of pemphigus is “acantholysis” which is autoantibody driven dis-
ruption of keratinocyte adhesion in the skin and mucosal membrane. A
plethora of factors such as genetic, drugs, hormones, environment, viral
infections, etc. are reported to trigger autoantibody formation by initially
disorganizing the keratinocyte cell-cell contact and exposing the DSGs.
Exposed DSGs are then identified by epidermal dendritic-like LCs as
antigens which present it to T-cells (Fig. 1) [8,9]. A deregulated cell-
mediated immune response is exhibited upon exposure to DSG’s, the
exact reason for which remains obscure. Both the arms of the immune
system i.e. innate and adaptive are involved in the above-mentioned
pathogenesis of pemphigus. Innate immune system that used to be con-
sidered as early and the non-specific component of immune system
shows diversity and its involvement in pemphigus is discussed below.
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lesional skin. In a preliminary study, co-culturing CD4 + T helper (Th)
cells and CD56+CD3- NK cells from Pemphigus patients along with
DSG-3 peptides led to proliferation of CD4 + T cells indicating NK cells
acts as antigen presenting cells (APCs). NK cells stimulated CD4+ T
cells to secrete proinflammatory cytokines interleukin (IL)-8, IL-6, and
interferon (IFN)-y implicating its role in pemphigus pathogenesis [10].
Our group recently reported that, y5-T cells, an important player of the
innate immune system, are detected in pemphigus. High IFN-y (Thl
type) and low IL-4 (Th2 type) secreting y5T-cells are detected in patient
circulation. Elevation of y§T-cells secreting both IFN-y and IL-4 in
pemphigus patients indicates the plasticity of these cells to maintain
high autoantibody titers [11].

2.2. Adaptive immune system

2.2.1. CD4+ T helper cells

A cognate T-cell-B-cell interaction is necessary for autoantibody pro-
duction by autoreactive plasma cells. High titers of autoantibodies are de-
tected in pemphigus patients which correlate well with the disease activity.
Presence of autoreactive CD4+ T cells is well documented and reviewed
elsewhere [12]. Before the establishment of newly discovered Th cells such
as Th17, Th9, Th22, T follicular helper cells (Tfh) in immune response,
earlier our group had investigated the Th1/Th2 cytokines in pemphigus.
Th2 (IL-10, IL-4) cytokines are elevated in Pemphigus vulgaris (PV) and
foliaceous (PF) patients serum while Thl (IFN-y and IL-2) cytokines are
decreased in the study [13]. Nevertheless, our group and others have es-
tablished activation and elevation of IL17-secreting Th17 cells with con-
comitant decrease in FOXP3+ regulatory T cells (Tregs) in pemphigus
patients [14-18]. Besides, an involvement of Tth cells in pemphigus is also
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Fig. 1. Immunologic network underlying Pemphigus: Exposed desmogleins (DSGs) identified by epidermal LCs present the antigen to T cells leading to T cell
activation and expansion of antigen specific T cells. Elevated OPN levels helps in differentiation of activated T cells towards Th1 type while suppressing Th2 type.
Further, cytokines in the microenvironment helps differentiation of activated T cells towards T effector subsets Th1, Th17, and Ttfh cells. Reduced expression of
FOXP3 and co-stimulatory molecule CD28 on Tregs leads to their decreased proliferation and differentiation. Chemokine receptor-ligand CCL22 — CCR4 is decreased
in skin which reduces Treg homing to inflammation site. Bregs become defective as they are unable to suppress IFN-y secretion from Th1 cells. Eliminating CD8 + T

cells reduces pemphigus due to less acantholysis.

2.1. Innate immune system

The function of innate immune system in pemphigus pathogenesis is
not much dissected probably because innate cells are rarely detected in
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indicated. IL-21 secreting Tfh cells were augmented in patient’s circulation
and infiltrated the lesional skin [17,18]. A single study examined all the
subsets of Th cells and observed elevation of inflammatory cytokines IFN-y
(Thl), IL-17, and IL-23 (Th17) with simultaneous decrease in IL-10
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indicating a Th1/Th17 response in Pemphigus (Fig.1). Several pro and anti-
inflammatory cytokines (TNF-a, IL-6, IL- 1, IL-2, IL-9, IL-12, IL-4, trans-
forming growth factor (TGF)-f3, and IL-33) levels remain unchanged in these
patients. Accordingly, chemokine CXCL8 was high while Th1/Th2 chemo-
kine, IP-10, and CCL11 were decreased; CCL2, CCL5, and CCL3 remain
unchanged. In skin lesions of these patients also inflammatory cytokines IL-
6 and CXCL8 were elevated and IL-2 was reduced indicating a Th1/Th17
response which corroborated positively with disease activity [19]. Asso-
ciation of Th1/Th17 type with early and late-stage disease remains to be
investigated.

Cytokine Osteopontin (OPN), an early cytokine of Thl type, aug-
ments production of IFN-y, IL-12 and decreases IL-10 production [20].
Similar to other autoimmune disorders, in pemphigus also, OPN pro-
duction is elevated which indicates a Th1 response, a failure of which
might elicit a Th2 response (Fig. 1) [21]. Taken together, activation of
Th1/Th17/Tth and down regulation of Treg immune response in
pemphigus is strongly indicated.

2.2.2. Regulatory cells

Regulatory T cells, predominantly CD4+FOXP3+ cells are critical
players in controlling immune responses. They suppress APC function, B-cell
differentiation towards plasma cell, activated CD4 + Th cells, and cytotoxic
T lymphocyte (CTL) granule release by secreting immunomodulatory cy-
tokines such as IL-10 and TGF-} [22]. Interestingly, their numbers are re-
duced in pemphigus which creates an imbalanced immune response
[14-16]. CD28, a co-stimulatory molecule, is necessary for Treg activation
and successive suppressive function [23]. Any fault in the binding of CD28
molecule with its ligand CD80/86 can have inversed regulatory effect. A
high CD28 expression on Th cells and a low expression on Tregs implicates a
defective activation and proliferation of Tregs in the circulation of patients
(Fig.1) [24]. In vivo expansion of Tregs considerably reduced the DSG3-
specific T-cell responses as well as DSG3-specific IgG production [25]. Our
lab had reported that chemokine receptor pair for Treg homing, CCR4-
CCL22 is lowered leading to homing defect at lesional sites. This defective
receptor-ligand edge may have become futile to suppress the inflammatory
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microenvironment produced by Th17 cells in lesions thus promoting in-
flammation and contributing to the immunopathogenesis of pemphigus
(Fig.1) [14].

In pemphigus patients, activated B cells act as pathogenic regulators by
secreting anti-DSG3 autoantibodies. B regulatory cells (Bregs) are able to
down regulate immune responses in mice and humans by secreting IL-10,
TGF-P and expressing FOXP3 [26,27]. A high CD19 +CD24hiCD38hi Bregs
number is seen in pemphigus patients which is higher in active patients than
remittent. IL-10-producing Breg cells markedly increase upon stimulation in
patients and in healthy controls but only control Bregs suppressed IFN-y
expression and Thl immune response. Bregs from patients had 3 fold re-
duced suppressive function (Fig.1) [28]. Further studies in future will
evaluate the potential of these regulatory cells to control the inflammatory
immune response in pemphigus.

2.2.3. Cytotoxic CD8™" T cells

A great number of studies have shed light on CD4 + T cells role in
the pathogenesis of pemphigus while the role of CD8 + cytotoxic cell is
less explored possibly due to the lower number of CD8 + cells in the
skin lesions. CD8 knockout mice had reduced incidences of pemphigus
indicating its role in disease progression (Fig.1). The role of this small
subset of T-cells needs to be further explored [29].

3. Vitiligo

Vitiligo is an autoimmune disorder where epidermal melanocytes
are targeted and destroyed by various ways leading to irregular de-
pigmentation of the skin. Biochemical, neural, and autoimmune me-
chanisms partly explain the mechanisms for the degeneration of mel-
anocytes in vitiligo. The biochemical trigger for vitiligo is mainly
oxidative stress induced by different chemicals [30]. 4-tertiary butyl
phenol (4-TBP) and monobenzyl ether of hydroquinone (MBEH), the
chemical triggers for vitiligo up-regulates the untranslated protein re-
sponse (UPR) in melanocytes (Fig. 2). Transcription factor X-box
binding protein 1 (XBP1), a UPR components, is activated which
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Fig. 2. Immune mechanisms involved in vitiligo: Chemical triggers (4-TBP and MBEH) induced untranslated protein response (UPR) upregulates proinflammatory
cytokines and chemokines production in melanocytes. LCs and DCs are APCs inducing T cell activation. NKT cells binds to its receptor NKG2D to induce antigen
specific CD8 T cell proliferation which attacks melanocytes. T helper cells differentiate into Th1, Th17 and Th22 which maintains inflammatory milieu. Tregs are
unable to regulate heightened inflammation due to reduced number and defective homing. TRMs aid in disease recurrence by secreting proinflammatory cytokines
upon restimulation. Negative immune checkpoint PD-1 is upregulated in Tregs while TIM-3 is upregulated in Th1 cells contributing to inflammation.
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subsequently increases production of proinflammatory cytokines IL-8
and IL-6 by the melanocytes. XBP1 inhibitors reduced IL-8 and IL-6
production induced by phenols [31]. Taken together, exposure to en-
vironmental stressors causes an insult to melanocytes which then pro-
duce cytokines associated with activation of an immune response fi-
nally leading to melanocyte loss and depigmentation. Autoimmune
responses also play significant role in establishment and progression of
vitiligo described below.

3.1. Innate immune response

Transcriptome analysis of vitiligo skin indicated activation of innate
immune cells [32]. CD1la + CD207 + LCs are increased in lesional skin
with structural modifications such as increased dendrite length and
number reflecting its activation. Similarly, the dermal DCs (CD1la +
CD207-) are also increased in vitiligo lesions [33]. CD11c + myeloid
dermal DCs and CD207 + LCs are enriched at the progressing interface
of the vitiligo biopsies. DC-LAMP + and CDlc + sub-populations of
dermal DCs increased remarkably in the progressing interface and le-
sional skin. Activated inflammasomes along with increased IL-1£3
mRNA in LCs of lesional vitiligo skin, indicates the potential of LCs to
drive Th17 activation. [34]. Contradictorily, epidermal immune cell
populations such as endogenous T lymphocytes, LCs, and yd T-cells
were not necessary for the disease progression in a mouse model of
vitiligo [35].

NKT cells and plasmacytoid DCs (pDCs) play a role in vitiligo pa-
thogenesis [32,36,37]. NKT cells (CD3-NKG2D +) with increased cy-
tolytic activity are elevated in vitiligo lesions [32]. In contrast, in-
variant NKT cells (iNKT), which is implicated in autoimmune disease, is
drastically reduced in non-segmental vitiligo suggesting a role in dis-
ease pathogenesis [38]. Further, in experimental vitiligo, contrasting
effects of two NK receptors is demonstrated in the development of self-
reactive CD8 + T cell response. Binding of melanocyte antigen, tyr-
osinase-related protein-1 (TRP-1) to NKG2D ligand (Rae-le or H60)
elicited potent CD8 + T-cell responses against TRP-1 causing develop-
ment of vitiligo. Complexing of TRP-1 with the natural ligand for the
NK cell receptor 2B4,CD48, leads to decreased formation of TRP-1-re-
active CD8 + T-cell responses, thus reducing development of vitiligo
(Fig.2) [37].

Keratinocytes of patients produce CXCL9 and CXCL10 which are
chemoattractant for DCs besides other immune cells [35]. Moreover,
granulocyte monocyte colony stimulating factor (GM-CSF), known to
affect myeloid DC proliferation and maturation is upregulated in the
serum of vitiligo patients [36]. pDCs are IFN-y producing cells which
correlated with the expression of the type I IFN-inducible ligand CXCL9
in lesional skin which correlated well with disease activity. This in turn
correlated with the recruitment of immune cells expressing CXCR3
[35,38]. In vitiligo-prone Pmel-1 mice, inducible Hsp70 (HSP70i), a
stress-related protein, accelerated depigmentation, and phenotypic
changes in DC subpopulations [39]. Together, epidermal and peripheral
DCs are associated with disease initiation probably by being APCs
whereas NK cells regulate the disease progression.

3.2. Adaptive immune response

3.2.1. Cytotoxic CD8+ T cells

Peripheral expansion of melanocyte-specific CD8 + T cells occurs in
vitiligo [40]. Accordingly, tissue infiltrate of lesion consists mainly of
cytotoxic CD8+ T cells than CD4+ Th cells [41,42]. Infiltration of
CD8+ T cells is mainly due to cytokines and chemokines secreted by
the stressed keratinocyte and melanocytes.

Chemokine CXCL16 expression is augmented in keratinocytes under
oxidative stress and mediates migration of CXCR6+ CD8+ T cells iso-
lated from vitiligo patients (Fig.2). Skin infiltration of CXCR6 +CD8 +
cells led to the loss of melanocyte in lesions [43]. Moreover, melano-
cytes of early lesions have considerable elevation in levels of chemokine
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CXCL12 and CCL5 which concurred with penetration of skin with APCs
and T cells. In a mouse model of vitiligo, transplantation of CXCL12 +
and CCL5+ melanocytes resulted in preferential recruitment of
CD11c + APCs and CD8+ T cells to CXCL12- and CCL5-expressing
melanocytes, epidermal melanocyte loss, and development of vitiligo-
like lesions [44]. Our research group has shown that the success rate of
melanocyte transplantation in patients is inversely proportional to the
number of CD8 cells and CD45RO cells in the lesion but doesn’t depends
on the number of CD4+ T cells, CD 45RA and FOXP3+ Tregs cells
[45]. In the essence, infiltration of the cytotoxic CD8 T cells might be
responsible for the melanocyte destruction in vitiligo.

3.2.2. CD4+ T helper cells

Increasing number of studies has reported the role of T helper cells
such as Th17 cells in the disease progression of vitiligo. Elevated Th17
cell frequencies are observed in vitiligo patients [34,46-48]. RORyt, the
transcription factor for Th17 cells, as well as transcription and protein
levels of Th17 cytokines, IL-17 A, IL-22, and IL-21 were increased re-
markably in patients [34,46-49]. Increased Th17 cell frequency posi-
tively correlated with the body surface area (BSA) of the lesion [47].
Further, Th17 cells were present in the leading edge of the lesional skin
[34]. Aryl hydrocarbon receptor (AHR) transcription factor, the master
regulator of Th22 cells, was significantly elevated in vitiligo patients
implicating contribution of Th22 cell to abnormal immune responses
seen in vitiligo [50]. Additionally, the numbers of Thl cells were in-
creased considerably in patients [47,48]. Although IFN-y levels are
unchanged in patients, the transcription factor for Thl activation, T-bet
was increased at transcription level indicating activation of Th1 cells
[48]. Our group had shown an elevation of IL-2, a Thl cytokine in
patients [49]. In one study, Th2 cell number, their transcription factor
GATA-3, and cytokine IL-4 were comparable between patients and
healthy controls (Fig.2) [48]. Contrarily, a study on Indian patients
showed an elevated IL-4 level [49] indicating that the involvement of
Th2 in vitiligo pathogenesis is debatable.

Natural regulatory T cells (nTregs), the suppressor CD4 + Th cells is
decreased in vitiligo patients but increased in perilesional skin of the
patients. Nonetheless, peripheral Tregs were impaired in their function
as they were unable to suppress the proliferation and cytolytic capacity
of autologous CD8 + T cells, ultimately leading to hyperactivation of
CD8+ CTLs in vitiligo [41]. Peripheral CD4+ FOXP3+ Treg cells,
CCL21 (chemokine for Treg homing) and TGF-B1 were decreased in
patients which correlated negatively with vitiligo disease activity
(VIDA) score and BSA (Fig.2) [49,51,52]. However, one study did not
find any difference in Treg cells between patients and controls. Treg cell
number, its transcription factor FOXP3 and cytokine TGF-B1 were
comparable between the groups [34]. Together, it indicates that similar
to pemphigus, the inflammatory Th cells are elevated in vitiligo with
concomitant decrease in Treg cells which became defective.

Even though CD8+ CTL attack causes melanocyte loss in vitiligo,
will reversing the Th cell phenotype in patients decrease the melano-
cyte loss is yet to be answered. Narrowband ultraviolet (NB-UVB), an
effective therapy for generalized vitiligo, is known to modulate local or
systemic immune response. The treatment down-regulates immune at-
tack against the melanocytes and simultaneously stimulates melano-
cytes to migrate to the epidermis and synthesize melanin. Using this
treatment modality, our group has shown that IL-10 and TGF-f is in-
creased in NB-UV treated patients while IL-13 and IL-17 A are elevated
in untreated patients as compared to treated patients. NB-UVB mediates
its action by reducing Th17/Th1/Th2 and increasing Treg cytokines
which might then suppress the cytolytic activity of CD8+ T cells [53].
Nevertheless, the effect of the treatment on the functionality of Tregs
and cytotoxic CD8+ cells needs to be elucidated.

3.3. Immune checkpoints

Biologically several molecules exist in immune system that regulates
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the over expressing immune response thereby maintaining the immune
homeostasis. These molecules are collectively known as immune
checkpoints. Recently these molecules are being utilized to alter the
immune response in many diseases including cancer.The T cell im-
munoglobulin- and mucin-domain-containing molecules (TIM)-1 is an
immune checkpoint, expressed on activated Th2 cells while TIM-3 is
expressed on Thl cells. Our group had shown that a higher percentage
of circulating CD3+ CD4 + TIM3 + T cells which positively associated
with percentage BSA involvement in patients. Furthermore, augmented
transcription of TIM-3 and its ligand galectin (Gal)-9 as well as char-
acteristic migration pattern of TIM-3+ immune cells in lesional and
perilesional skin suggested that TIM-3+ immune cells might be in-
volved in melanocyte destruction (Fig.2) [54].

Programmed cell death 1 (PD-1) is another immune checkpoint
which inhibits immune response by binding to its ligands, PD-L1 and
PD-L2. In Pmel-1 vitiligo mice treatment with PD-L1 fusion protein
suppressed depigmentation as well as caused enrichment of Tregs in the
skin, spleen and in circulation suggesting PD-L1 protein therapy im-
pedes the immune response and reverses depigmentation in Pmel-1
vitiligo mice [55]. However, in spite of decreased Tregs, PD-1 + Tregs
are increased in generalized vitiligo suggesting an involvement of PD-
1/PD-L1 pathway in Treg exhaustion (Fig.2) [51]. Alteration in immune
responses using PD-1/PD-L1 blockers in vitiligo needs to be in-
vestigated which can have great potential for novel therapeutics in
disease management in future.

4. Psoriasis

Psoriasis is a T-cell mediated autoimmune disease characterized by
increased keratinocyte proliferation leading to the formation of distinct
erythematous plaques with large scaling. Although the etiology of the
disease is unclear, genetic and environmental factors are thought to be
the reason behind abnormal immune response in psoriasis patients. A
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typical feature of psoriatic skin is high expression of innate anti-
microbial proteins (AMP) such as S100 A and human-p-defensin-2
(HBD-2) [56,57]. Koebnerisin (S100A15) and psoriasin (SI00A7) over
expressed in the epidermal psoriatic lesions, acts as chemoattractant for
immune cells (Fig. 3). These proteins induce proinflammatory cytokines
such as IL-8, IL-6, IL-1f3, and TNF-a, in peripheral blood mononuclear
cells (PBMCs). Upon NB UV-B treatment, Koebnerisin levels are sup-
pressed in PBMCs of psoriatic patients thus making it a therapeutic
response marker in psoriasis [58].

4.1. Innate immune response

4.1.1. Neutrophils

In psoriasis, Toll-like receptors (TLRs) bind to AMPs by which the
APCs get stimulated and secrete proinflammatory chemokine CXCL16
[59,60]. CXCL16 mediates migration of neutrophils by decreasing
stiffness and increasing deformation facilitating transmigration through
the vessel wall. In a positive feedback loop, IL-8 enhanced CXCL16
production in neutrophils [60]. Upon IL-8 activation, neutrophils se-
crete neutrophil extracellular traps (NETs) which in turn upregulates
HBD-2 in keratinocytes, and psoriatic lesions [61]. IL-17 + neutrophils
and mast cells are found at higher densities than IL-17 +T-cells in
psoriatic lesions which frequently release IL-17 in the process of
forming NETs and mast cell-extracellular traps (MCETs), respectively
(Fig.3). IL-23 and IL-1p can induce MCET formation and degranulation
of human mast cells [62]. IL-17 F, sharing 50% sequence homology
with IL-17 A, is also upregulated in psoriasis and produces an equal
intensity of inflammation as IL-17 A [63,64]. Both IL-17 A/F is highly
expressed by neutrophils and mast cells [63]. Neutralization of both IL-
17 A and IL-17 F reduces neutrophil chemotaxis and psoriasis disease
severity more efficiently than IL-17 A alone indicating an equal con-
tribution of IL-17 F in the disease pathogenesis [64].
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Fig. 3. Inmune mechanism of Psoriasis: AMPs are over expressed in skin and circulating leucocytes in psoriasis. TLR on APCs bind to AMPSs and get stimulated and
secretes CXCL16. Neutrophils and mast cells are chemoattracted in response to chemokines and cytokines and secrete extracellular traps (ETs). ETs in turn upregulate
AMPs in keratinocytes establishing a positive feedback loop and also secrete IL-17. Macrophages are classically activated, DCs, NK cells, ILCs, y§ T cells and activated
keratinocytes secretes proinflammatory cytokines and chemokines which adds on to the inflammatory condition. Activated T cells differentiate into subtypes; Thl,
Th17, Th9 and Tfh cells. In the inflammatory state, Tregs function is altered and they behave like Th17 cells secreting IL-17. Negative immune checkpoints such as
PD-1 and are decreased in Mo MDSCs and PBMCs setting a sustained immune response. TRMS and skin resident y5- T memory cells produce proinflammatory

cytokines upon stimulation thus contributing to disease recurrence.
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4.1.2. Macrophages

In experimental psoriasis, model skin seen to be infiltrated with
macrophages. In absence of T cells, psoriasis was enhanced with in-
creased inflammation and infiltration with macrophages [65]. Further,
CD163+, RFD7 +, CD68+, LAMP2+, Stabilin-1+, and MARCO +
dermal macrophages which are “classically activated” are increased in
the psoriatic lesion and produce inflammatory molecules IL-23p19 and
IL-12/23p40 as well as TNF and iNOS [66,67]. Intermediate monocytes
(CD14+ +CD16+) with high expression of co-stimulatory molecule
CD86, a marker for “classically activated” macrophage, is present in the
skin of psoriatic patients and is associated with increased epidermal
proliferation and disease severity [68].

Recently, high levels of CD14 +HLA-DRe/low monocytic myeloid-
derived suppressor cells (Mo-MDSCs) in peripheral blood psoriatic pa-
tients have been reported (Fig. 3). These cells, produce many pro-in-
flammatory molecules such as matrix metalloproteinases (MMP)-9 and-
1, IL8, growth-related oncogene (Gro), and CCL2 [69]. They suppressed
CD8 T-cell proliferation less effectively than healthy control [69,70]. In
presence of these pro-inflammatory cytokines, psoriatic Mo-MDSCs in-
duces aberrant Treg cell conversion from naive T effector cells, thus
affecting the immune system’s ability to correctly self-regulate [70].

4.1.3. Dendritic and NK cells

High expression of chemerin in psoriatic skin, a ligand for chemo-
kine-like receptorl (CMKLR1) expressed on pDCs leads to its selective
recruitment to lesion site (Fig. 3) [71]. CD11c+-blood dendritic cell
antigen (BDCA)-1-myeloid DCs cells are increased manifold in psoriatic
lesional skin and produce simultaneously IL-17 and IFN-y [72]. Further,
LCs expresses chemokine CXCL9 and CXCL10, chemoattractants for T
cells, in psoriasis patients [73]. On the other hand, natural killer (NK)
cells are present in the lesional skin of psoriasis patients and exhibited
reduced degranulation and produced lower levels of the pro-in-
flammatory cytokines IFN-y and TNF-a [74].

4.1.4. Other innate immune cells

A distinct subset of proinflammatory cutaneous lymphocyte antigen
positive (CLA+) and CCR6 + Vy9V82 T-cells in blood migrates into
perturbed skin and secreteIL-17 A, IL-22 and activates keratinocytes
upon TNF-a, IFN-y, and IL-23 stimulation. In psoriasis, these y8T cells
are decreased in peripheral circulation with concomitant increase in
lesional skin suggesting their pathogenic role [75]. IL-23 from LC in-
duced production of IL-17 A producing CCR6 + y8T cells as depletion of
LCs reduced the IL-17 A producing CCR6 + y8T cells (Fig. 3) [76].

Innate lymphoid cells (ILCs) are lymphoid lineage cells which lack
antigen-specific receptors. An increased frequency of IL-22- and/or IL-
17A-producing ILCs is noted in psoriatic skin and blood which corre-
lated with disease severity [77]. A recent report mentions that ILCs are
activated in response to IL-23 and IL-1f and are decreased following
anti-TNFa treatment suggesting dysregulation of ILCs as a contributing
factor to psoriasis pathogenesis (Fig. 3) [78].CXCL11 and CCL5, a
chemoattractant for [FNy+ immune cells, is increased in psoriatic le-
sion as well as in human keratinocyte stimulated by IFNa. This increase
is mediated by the phosphorylation of STAT2 in keratinocytes [79].
CCL19, a T-cell chemoattractant, and its receptor CCR7 are produced
locally in psoriatic keratinocytes adding to disease pathogenesis [80].

4.2. Adaptive immune response

4.2.1. T cells

In psoriasis, it is hypothesized that the effector T-cells accumulate within
lymph nodes from where they migrate into the skin through the blood
system. Recently, psoriatic skin is shown to be another source for in-
flammatory T cells. An intra-dermal proliferation of T cells was noted in
psoriatic skin with maximal proliferation in patients with active disease than
the patients in remission (Fig. 3). The number of T cells in remission patients
was even higher than controls indicating the presence of an immunologic
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memory [74].

4.2.2. Thl-Th2

Increased activation of CD4+ T lymphocytes is observed in psor-
iasis. In peripheral circulation high Thl and low Th2 cells occurs in
psoriasis [81]. Remarkably higher IFN-y, IL-2, IL-10 and lower IL-4
concentration in the serum as well as high expression of T-bet mRNA
and reduced expression of GATA-3 mRNA in PBMCs of psoriatic pa-
tients suggests the immunopathogenesis of the disease is predominantly
Thl-mediated [82-84]. Accordingly, OPN is expressed in PBMCs and
skin biopsies [85]. Psoriasis patients in the early course of disease have
high expression of the IFN-y, which shifted towards IL-10 secretion in
chronic patients suggesting a possible shift from Th1 to Th2 response as
an adaptation of the immune system to down regulate inflammatory
Th1 response (Fig.3). Further, tissue expression of both IFN-y and IL-4
was low in psoriasis but were similar between stable and active disease
which correlated weakly with psoriasis area and severity index (PASI)
scores implicating a change in cytokines levels is not related with dis-
ease activity or severity [83].

4.2.3. Th17

Th17 cells, its transcription factor RORy and cytokines IL-17 and IL-
22 are increased in peripheral circulation and lesions of psoriatic pa-
tients [81,82,86,87]. Th17 cell differentiation is mediated by activation
of Notch1 signaling as inhibition of Notchl reduced Th17 cell percen-
tage, RORy and IL-17 [88]. Unrestricted IL-36 secretion by innate im-
mune cells signals for an increased TCR-mediated proliferation of
CD4+ T-cells as well as enhanced secretion of IL-17 A in blood and
lesion of psoriasis patients [89]. IL-21 and IL-21 +Th17 cells are also
elevated in blood and lesions which had a positive correlation with
disease severity [82,87]. In vitro, IL-21 stimulation of CD4+ T-cells
promotes their differentiation to Th17 cells [87]. Lower levels of IL-27
in blood and lesions of moderate-to-severe psoriasis patients are ob-
served. IL-27 restricts differentiation of CD4+ Th cells to Th17 cells
which concomitantly decreases IL-27 secretion [90].

IL-17 A causes an elevation in total intracellular cholesterol in kerati-
nocytes which is necessary for its downstream signaling. Reducing total
cholesterol levels by methyl-B-cyclodextrin considerably reduced IL-17 A
induced secretion of IL-8, CCL20, and S100A7 from the keratinocytes in-
dicating an association between psoriasis and dyslipidemia [91]. Further IL-
17 A induces production of IL-19 in keratinocytes which is further po-
tentiated by TNF-a and IL-22. IL-19 in turn augmented the production of
S100A7/8/9 and moderately enhanced IL-13, IL-20, CXCL8, and MMP-1. IL-
19 strengthens IL-17 A action on keratinocytes such as induction of HBD-2,
IL-19, IL-23p19, and Th17 cell- and neutrophil-attracting chemokines [92].
Additionally, in keratinocytes IL-17/CIKS signaling leads to hyperproli-
feration of the cells with attenuated differentiation and neutrophilic micro-
abscess formation. In non-keratinocytes, IL-17 signaling accumulates IL-17-
producing v8 T cells in skin [93]. Besides, keratinocytes stimulated with IL-
17 also upregulates chemokines which are implicated in the influx of neu-
trophils (CXCL1, CXCL3, CXCL5, CXCL6, and CXCL8), dendritic cells and
memory T cells (CCL20). While keratinocytes stimulated with IL-22, a Th17
cytokine, leads to down regulation of genes associated with keratinocyte
differentiation (Keratin 1, Filaggrin, CALMLS5) and epidermal modifications
[94].

4.2.4. Th9 and Tfh

T cells producing IL-9 are increased in psoriatic lesions indicating
that aberrant activation of Th9 cells contributes to disease pathogen-
esis. Blocking studies revealed that IL-9 is essential for production of IL-
9, IFN-y, IL-17, and IL-13 by skin tropic T cells to maximal level.
Furthermore, a majority of the memory Th9 cells are either skin-tropic
or are skin-resident [95]. In psoriasis, a higher percentage of circulating
Tfh17 (CXCR3-CCR6+) cells is seen having a high correlation with
disease severity. Expression of IL-21R on B cells was appreciably in-
creased in psoriatic patients which had a strong correlation with disease
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severity and frequency of Tfh17 cells [96]. On the other hand,
CXCR5+PD-1 +Ttfh cells were decreased in psoriatic patients. The ab-
solute number of CXCR5+PD-1+ and CXCR5+ICOS + Tth cells in-
creased with disease duration with no relation to disease severity [97].

4.2.5. Regulatory T cells

FOXP3+ expressing Tregs, which are known to suppress the in-
flammatory immune response, are decreased in psoriasis (74, [81]). Ele-
vated levels of pro-inflammatory cytokines IL-6, IL-21, and IL-23 in the
blood of psoriatic patients leads to phosphorylation of STAT3 in Tregs
[98,99]. STAT3 phosphorylation in T-cells leads to Th17 differentiation.
Accordingly, Tregs isolated from psoriatic patients could produce IFN-y,
TNF-a, and IL-17 [96]. Further, IL-6 induced expression of IL-6Ra expres-
sion on Treg cells which exceeded that of T effector cells [98]. Together, in
high pro-inflammatory cytokine milieu, psoriatic Tregs behave like Th17
cells and are unable to suppress the T effector activation. Adding STAT3
inhibitor partially restores the suppressive function of Tregs and reduced the
expressions of IFN-y, TNF-a and IL-17 in psoriatic patients (Fig. 3) [99].
Besides, eliminating Treg cells in wild-type mice increased both psoriasis
and infiltrating macrophages. Adoptive transfer of FOXP3+ T cells into
RAG1 knockout or wild-type mice decreased development of psoriasis as
well as macrophage infiltration. Thus, Treg lymphocytes impede the
proinflammatory activity of macrophages [65].

4.3. Immune checkpoints

In psoriasis, TCR* CD3™ CD4~ CD8~ “double negative” (DN) T and
PD-1 *cells are increased in number and infiltrate the epidermal lesions.
These cells exhibit phenotypes commonly seen in effector memory cells,
secrete IFN-y, and fail to proliferate [100]. Accordingly, high expression
of negative immune regulatory genes (CTLA4, CD69, and PD-L1) occurs
in mild psoriasis compared to severe form [101]. On the contrary, ex-
pression of PD-1 and neuropilin-1 (NRP1) but not of human leukocyte
antigen G (HLA-G) is reduced in PBMCs of psoriasis patients [102].
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Additionally, in psoriasis Mo-MDSCs expressed reduced levels of PD-1
compared to controls (Fig. 3) [70].

5. Tissue-resident and innate immune memory cells

Newly identified subclass of memory T cells, tissue-resident memory T
(TRM) cells, are non-circulating and retain in epithelial barrier tissues, in-
cluding skin for longer duration [103]. Involvement of resident memory T
(TRM) cells is implicated in disease recurrence in the same area even after
completion of treatment. CD69+CD103+CD8+ TRMs were present in
both stable and active vitiligo perilesional skin and mainly localized in the
epidermis. These TRMs also expressed CXCR3 and produced elevated levels
of IFN-y and TNF-a with moderate cytotoxic activity (Fig.2) [104]. In
psoriasis, patient in remission has enriched epidermal CD8+ TRMs ex-
pressing CLA antigen, CCR6, CD103, and IL-23R which produced IL-17 A on
ex vivo stimulation. Likely, epidermal CD4+ CD103+ TRMs produced IL-
22 on stimulation (Fig.3) [105]. Role of TRMs in pemphigus pathogenesis
remains to be investigated.

In experimental psoriasis model, IL-17 A/F-producing Vy4+V84+ T
cells migrate and retain in the dermis for a longer duration after initial
stimulation. Antigen exposed Vy4+V84+ cells exhibit robust effector
functions and a secondary inflammatory response indicating participation of
“innate immune memory” in delivering fast and strong immune response
upon re-challenge [106]. Role of innate immune memory in disease re-
appearance in vitiligo and pemphigus needs to be examined.

6. Conclusion

Recently, significant advancement has been made in understanding
the role of the immune cell network in autoimmune skin diseases. Some
common players in pemphigus, vitiligo and psoriasis pathogenesis are
identified such as Th1/Th17 immune response, defective regulatory
cells, activated LCs, CD8+ T-cells and TRMs suggesting a common
pathway for disease pathogenesis (Fig. 4). Further, different layers of
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regulatory cells are identified such as MoMDSCs and iNKT (innate
regulatory cells) as well Tregs and Bregs (adaptive regulatory cells)
which needs to be investigated in PV, vitiligo, and psoriasis. Even
though different treatment regimens have shown to increase Tregs in all
the three autoimmune skin diseases, none efficient enough to reverse
the disease. This might be due to either role played by other regulatory
cells or phenotype change of Tregs due to their plastic behavior in in-
flammatory microenvironment or both. A detailed knowledge of path-
ways involved in the dysregulation of innate and adaptive regulatory
cells is needed. Further, the role of TRMs is implicated in disease re-
currence after treatment completion. Novel therapeutics targeting ele-
vation of innate and adaptive regulatory cells as well as down reg-
ulating TRMs would be of great value in treating these diseases. In this
maiden comprehensive review, aberration in immune cell network has
been highlighted. The detailed understanding of this network and
possible interventions may lead to better management of these auto-
immune skin diseases.
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