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Abstract Interleukin (IL)-21 is a type I cytokine involved
in both innate and adaptive immunity. In structure, due to
the common γ-chain, it shares significant homology with
IL-2, IL-4, and IL-15 but binds to a unique receptor chain,
IL-21R, activating the Jak/STAT pathway. Like most cyto-
kines, IL-21 exhibits a plethora of actions, modulating both
humoral and cell-mediated immune responses. Summing, it
has effect on lineages, such as CD4 and CD8 T cells,
regulatory T cells, B cells, natural killer cells, and dendritic
cells, as well as on nonimmune cells. The variety of effects
that IL-21 has on the immunity explains its critical role
in the initiation and progression of several inflammatory
and autoimmune diseases. Several studies support its
involvement in the pathogenesis of inflammatory bowel
disease, celiac disease, rheumatoid arthritis, type I dia-
betes, and some inflammatory skin disorders, even if the
exact mechanism is not fully understood. We will sum-
marize recent discoveries on the role of IL-21 in inflammatory
skin diseases.
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Introduction

Interleukin (IL)-21 is a cytokine with pleiotropic effects on
several immune and nonimmune cells and whose production
is deregulated in many pathological conditions [1]. Chronic
inflammatory skin diseases are a broad group that share
similar characteristics with other inflammatory/autoimmune
disorders, including a complex pathogenesis often with un-
known etiology, systemic inflammation, and multiorgan
involvement. In recent years, new insights into the compre-
hension of IL-21 functions have advanced our understand-
ing of the pathology of these skin diseases (Fig. 1).

Overview of IL-21 Structure and Functions

The IL-21 gene is located on human chromosome 4q26–q27
and encodes a protein of 162 amino acids. IL-21 is a mem-
ber of the γ-chain cytokine family, which also includes IL-2,
IL-4, IL-7, IL9, IL-13, and IL-15. IL-21 shares sequence
homology with IL-2, IL-4, and IL-15. It binds to and forms a
complex with the IL-21 receptor (IL-21R), which is com-
posed of two subunits, a unique IL-21 α chain (IL-21R) and
the common cytokine receptor γ-chain (γc) [2]. Binding of
IL-21 to the IL-21R α/γ complex activates Janus tyrosine
kinase 3 (Jak3) and Jak1. Subsequently, Jak1 and Jak3
themselves activate signal transducer and activator of tran-
scription 1 (STAT1) and STAT3 respectively and, to a lesser
extent, STAT4 and STAT5 [3, 4]. On the contrary other
γ-chain cytokines activate predominantly STAT5, and this
could explain the different effects of these cytokines on
immune cells [5]. Like the majority of cytokines, IL-21
exhibits a wide range of actions depending on environmen-
tal signals and may modulate both humoral and cell-
mediated immune responses. IL-21 has effect on multiple
lineages, including CD4 and CD8 T cells, regulatory T
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(Tregs) cells, B cells, natural killer (NK) cells and dendritic
cells (DC), as well as on nonimmune cells, such as epithelial
cells, fibroblast-like synovial cells, stromal cells, and endo-
thelial cells [6]. IL-21 has been involved with transforming
growth factor-beta (TGF-β) in differentiation of human
naïve CD4 T cells into Th-17 cells [7–9]. Moreover, IL-21
induces its own expression via an autocrine loop and up-
regulates the IL-23R expression; IL-23 is known to be
essential for the amplification of Th17 cell programs. In-
deed, IL21-deficient cells fail to express IL23R [8]. IL-21
expression and Th17 differentiation require the presence of
transcription factor interferon regulatory factor 4 (IRF4),
which regulates the expression of ROR γt and ROR α and
directly binds to the IL-21 promoters [10, 11]. Studies in
human cells have shown that IL-21 also can promote Th1
differentiation, enhance the expression of Th1-associated
transcription factors, such (i.e., STAT4 and T-bet) and in-
crease interferon-γ (IFN-γ) production [12, 13]. IL-21 also
may negatively regulate the maturation and function of DC
[14, 15]. Additionally, IL-21 antagonizes TGF-β-mediated

Foxp3 expression, thus inhibiting peripheral differentiation
of regulatory T cells (Tregs) [16]. This activity seems to be
mediated by IRF4, as IL-21 fails to suppress Foxp3 in IRF4-
deficient T cells [17]. On the contrary, other data suggest
that IL-21 may actually promote Tregs’ function [18]. Some
data indicate that IL-21 contributes to the generation of IL-
10-producing Tregs type 1 (Tr1), which display a suppres-
sive properties on effector T cells [19•]. This is consistent
with a study showing that IL-21 stimulates IL-10 produc-
tion, a central cytokine involved in immunosuppressive
actions [20•]. On the other hand, it has been revealed that
IL-21 makes CD4 T cells resistant to the suppressive effects
of Tregs without directly reversing the function of these
cells [21]. Furthermore, IL-21 plays a crucial role in regu-
lating B cells proliferation; it also is required for normal
germinal center (GC) formation, plasma cell differentiation,
immunoglobulin production, and isotype switching toward
IgG, IgM, and IgA [22–24]. IL-21 is produced by Th17,
Th1, and NK T cells [7, 8, 13, 16, 25]. Recently, it has been
shown that it is highly produced by T follicular helper (Tfh)

Fig. 1 Schematic diagram showing IL-21 activated signaling pathway and key findings on IL-21 role in the pathogenesis of chronic inflammatory
skin diseases
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cells, which are a distinct subset of CD4 T cells that express
CXC chemokine receptor 5 (CXCR5) and inducible T cell
costimulator (ICOS). In the lymphoid follicles, Tfh cells
promote B cells proliferation and cell-dependent antibody
response [26–28, 29••]. IL21R knockout mice display nor-
mal B cell subset but abnormal B cell function, with an
elevated production of IgE and diminished IgG levels [30].

Given the variety of effects that IL-21 has on the immune
system, it is not surprising that this cytokine has a critical
role in the initiation and progression of inflammatory reac-
tions involved in several immune-mediated diseases. In-
deed, several studies on the genetic association or murine
models have suggested a role of IL-21 in the pathogenesis of
inflammatory bowel disease, celiac disease, rheumatoid ar-
thritis, type I diabetes, and some inflammatory skin disor-
ders [31–35], even if the mechanisms involved in IL-21
actions are multiple and often conflict with each other.

IL-21 in Chronic Inflammatory Skin Diseases

Psoriasis

Psoriasis is a polygenic, multifactorial, immune-mediated
disorder and may be considered as a prototype of chronic
inflammatory skin diseases. During the development of the
psoriasis lesions, environmental triggers operate on a com-
plex genetic background with initial activation of innate
immune response mediated by DC, which subsequently
migrate into the lymph nodes, where they induce naïve T-
cells differentiation toward Th1 and Th17 effector cells. The
engagement of adaptive immune system leads to the pro-
duction of specific inflammatory cytokines and to keratino-
cyte proliferation, establishing a vicious circle with an auto-
amplification loop. In this context, a variety of cytokines
play a crucial role in the modulation of gene expression in
the target cells [36]. We have shown that IL-21 is highly
expressed in skin and peripheral blood of psoriatic patients
compared with nonlesional skin and healthy controls. This
cytokine was mostly produced by CD4 T cells, which also
are increased in psoriatic patients and to a lesser extent by
NKT cells. Moreover, keratinocytes expressed IL-21R and
underwent hyperproliferation when stimulated with IL-21.
In vivo, IL-21 causes psoriasis-like hyperplasia when
injected intradermally into mice and this is accompanied
by increased levels of inflammatory cytokines, such as
IFN-γ, IL-17A, and IL-22. Furthermore, in the human
psoriasis-xenograft mouse model, antibody-mediated block-
ade of IL-21 activity leads to a resolution of inflammation
with reduced level of Th1 and Th17 cytokines and also
results in decreasing of keratinocyte proliferation [37•]. In
a subsequent study, we provided evidence that skin CD4
recruitment is required for IL-21-induced hyperplasia in

mice. CD4 recruitment is mediated by chemokine C-C motif
ligand 27 (CCL27) expression, whereas epidermal changes
are mostly due to INF-γ production [38]. These results
taken collectively support an important role for IL-21 in
the pathogenesis of psoriasis and suggest that blockade of
IL-21 may be therapeutically effective in psoriatic patients.
In addition, in psoriasis IL-21 also may act by influencing
different pathways. In fact, as mentioned above, it may
negatively regulate the differentiation of Tregs and also
make T cells resistant to the suppressive effects of these
Tregs [21]; these biological phenomenon have been docu-
mented in psoriasis [39]. Moreover, IL-21 could play a role
in the differentiation of Th17 cells, which have implicated in
development of psoriasis [40].

Systemic Lupus Erythematous

Systemic lupus erythematous (SLE) is a chronic multiorgan
inflammatory disease of unknown origin that affects most
commonly skin, joints, kidneys, hematologic system, lungs,
and central nervous system. SLE is characterized by deregu-
lated interaction between T cells and B cells with antinuclear
antibody (Ab) production and immune-complex deposition
leading to tissue damage. A variety of different cytokines are
crucial in this pathological Tand B cells cross-talking. Among
these inflammatory cytokines, IL-21 seems to play a relevant
role in the pathogenesis of SLE. Patients affected by SLE
display an increased serum level of IL-21 compared with
healthy controls, but IL-21 levels do not seem to correlate
with SLE activity [41]. According to these data, we also
showed that IL-21 expression is enhanced in skin samples
from patients affected by SLE [37•]. Notably, IL-21-
expressing CD4 T cells are increased in SLE patients, and
there is a correlation between IL-21 CD4 T cells and IL-17A
CD4 T cells in SLE, whereas no differences are seen in IL-
21R expression on CD19, CD4, and CD8 cells between SLE
patients and healthy controls [42]. Genetic association of IL-
21 and IL-21R polymorphisms also has been demonstrated in
SLE [43, 44]. Remarkably, in some studies on SLE patients,
an increased number of Tfh cells and decreased number of
Tregs were found [45–47]. Moreover several works using
various mouse models of SLE provided new insights into
the role of IL-21 in the pathogenesis of this disorder.

MRL/MpJ-Fas lpr/lpr /J (MRL lpr) mice develop a spon-
taneous autoimmune disease characterized by activation of
B and T cells, production of anti-ds-DNA antibodies, skin
lesions, splenomegaly, lymphadenopathy, and glomerulone-
phritis, which with age increase significantly in severity and
resemble human SLE [48•]. MRL lpr mice show increased
number of follicular T(Tfh) cells and extrafollicular T cells;
the latter express ICOS but do not express CXCR5. In this
mouse model, ICOS and CD4 T cells are the primary source
for IL-21 production and for subsequent extrafollicular

Curr Derm Rep (2013) 2:11–17 13



plasmablast development. This extrafollicular population also
is able to produce IL-4 and INF-γ. The relationship between
these extrafollicular T cells and the other T populations
remains to be determined [49]. In a recent work using MRL
lpr IL-21R knockout mice (MRL lpr IL-21R KO), it has been
shown that SLE-like clinical features are decreased compared
to wild-type mice. Furthermore, the number of splenocytes,
total plasma cells, IgG1, IgG2a, IgG3, and IgM serum titers
anti-nuclear and anti-dsDNA Abs from MRL lpr IL-21R KO
mice are reduced and germinal center formation is absent.
This suggests that IL-21R contributes to the development of
splenomegaly and glomerulonephritis in this mouse model,
regulating B cell activation and autoantibodies production.
Indeed, INF-γ producing CD4 T cells and IL-4 producing
CD4 T cell are decreased in MRL lpr IL-21R KO mice. On
the contrary, IL-17-producing CD4 + T cells are increased
[30]. Taken together, these data indicate that IL-21 drives
systemic autoimmunity in the MRL lpr model of SLE by
promoting both pathogenic B- and T-cell responses in these
mice. In other studies on MRL lpr mice, administration of IL-
21R/Fc fusion protein that blocks IL-21 signaling strongly
reduces proteinuria, skin lesions, lymphadenopathy, circulat-
ing autoantibodies, and total IgG. TreatingMRL lpr mice with
IL-21R/Fc treatment also leads to a reduction of both splenic
T-cell and B-cell antibodies production [48•]. Investigations in
BXSB.B6-Yaa+/J mice, which also develop a disorder very
similar to human SLE [50] show an increased serum IL-21,
IgG1, and IgG3 expression [24]. As in MRL lpr mice, IL-21
are produced by extrafollicular Tfh cells [51]. SLE-like symp-
toms are prevented in IL-21R-deficient BXSB-Yaa+/J mice.
Notably, treatment of these mice with a fusion protein block-
ing IL-21 leads to a decrease of IL-21, IgG1 production, and
T-cells activation. It has to be underlined that block of IL-21 in
the early stage of disease negatively influences survival,
whereas the administration in the later phase is favorable
[52•]. This double role of IL-21 is not clear, but a possible
explanation as described by Monteleone and collaborators
could be that IL-21 may exert both inflammatory and anti-
inflammatory effects, and this seems to be related to the
capability of IL-21 to stimulate IL-10 production, which is
highly expressed in patients affected by SLE and in BXSB-
Yaa+/J mice [20•, 53].

In conclusion, these studies suggest a critical role of IL-
21/IL-21R pathway in the pathogenesis of SLE, and al-
though mouse model do not reflect the complexity of human
disease, IL-21 blockade might be a promising approach to
treat SLE, even if further investigation are necessary to
confirm a possible therapeutic use.

Atopic Dermatitis

Atopic dermatitis (AD) is a chronic and recurrent inflam-
matory skin disease, characterized by pruritic eczematous

skin lesions. The etiology and pathogenesis of the disease
remain incompletely understood, but it is clear the role of
genetic predisposition, impaired skin barrier function, and
allergic response against allergens. It has been known that
AD is related to increased production of IgE from B cells,
and this production depends on cytokines produced by T
cells, especially IL-4/IL-13 [54, 55]. Acute lesions seem to
be associated to Th2 response, whereas chronic phase is
associated to Th1 profile [56, 57]. Recent studies provide
insights into immunological mechanisms, including various
cytokines in skin and peripheral blood that lead to the atopic
skin inflammation. Jin and collaborators noticed that IL-21
and IL-21R are up-regulated in acute skin lesions compared
to healthy control skin [58•]. Our data [37•] also confirmed
the observation of increased IL-21 expression in skin biop-
sies taken from AD patients. IL-21 is expressed by lympho-
cytes in the inflamed dermis, whereas IL-21R is expressed
in epidermal keratinocytes and along the dermal–epidermal
junction. Furthermore, IL-21 and IL-21R expression also is
up-regulated in a mouse model of allergic skin inflammation
elicited by application of Th2 ovalbumin (OVA) to tape-
stripped skin, which mimics many features of AD [59, 60].
It was previously reported that IL-21 is expressed by CD4 T
cells after antigen receptor stimulation and also after IL-6
stimulation [8, 9]. This study also indicates that tape strip-
ping strongly upregulated IL-6 expression in the skin. In IL-
21R deficient mice OVA epicutaneous allergic sensitization
is profoundly impaired, showing no eczematous changes
and weak infiltration of CD4 T cells and eosinophils. More-
over, the expression of CCL17, a ligand for CCR4, which is
expressed on skin homing T cells, is not increased and there
is no detectable upregulation of IL-4, IL-13, or IFN-γ
mRNA. At the same time, IL-21R knockout mice do not
develop OVA-specific IgG1 and IgG2a antibody responses.
The authors conclude that the absence of IL-21R impairs the
development of a systemic response to epicutaneous allergic
sensitization. Furthermore, they suggest that IL-21R plays
an important role in the migration of antigen-presenting DCs
from skin to draining lymph nodes (DLNs), but not in their
expression of activation markers. In IL-21R-deficient mice,
DC in DLNs do not express CCR7 and there is no activation
of matrix metalloproteinase 2 (MMP2) compared with wild-
type mice, plus both CCR7 and MMP2 are required for the
migration of DCs from skin to LN. To confirm the role of
IL-21 in the pathogenesis of AD, soluble IL-21R–IgG2aFc
fusion protein, which blocks IL-21/IL-21R interaction, was
used in OVA epicutaneous allergic sensitization mouse
model. It indeed inhibited allergic skin inflammation, de-
creasing infiltration of CD4 T cells and eosinophils’ expres-
sion of Th2-related cytokines, IL-4, and IL-13. Moreover,
treatment with soluble IL-21R–IgG2aFc fusion protein de-
creased IgG1 and IgG2, but not IgE, and also inhibits DC
trafficking. Splenocytes from IL21R deficient mice fail to
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proliferate and secrete both Th2 and Th1 cytokines in re-
sponse to OVA stimulation in vitro [58•]. There are
conflicting data on the effects of IL-21 on allergic skin
inflammation. It has been reported that IL-21-treated DCs
fail to induce hapten-induced contact hypersensitivity reac-
tions via inhibition of DC activation and maturation in vivo
[14]. Another study shows a decreased level of IL-21 in
peripheral blood of patients with AD compared with normal
control. It is worth mentioning that the level of IL-21 is
inversely correlated to the severity of skin disease. These
studies suggest a role of IL21 in the pathogenesis of AD
with a probable high level in skin lesions but low level in
peripheral blood [61].

Urticaria

Urticaria is characterized by transient inflammation with
swellings of the skin or mucosa, mouth, and genitalia, due
to a transient leakage of plasma from small blood vessels
into the surrounding connective tissues. It can occur acutely
or evolve in a chronic mode. Urticaria results from immune
and nonimmune activation of cutaneous mast cells and the
release of inflammatory mediators, such as cytokines and
eicosanoids. In a recent study, it has been demonstrated that
T-cell activation is proportional to mast-cell deregulation in
patients with chronic urticaria (CU), and T cells infiltrating
the skin can participate in the chronicity of the lesions [62].
Another work from the same group has shown that serum
level of IL-15 and IL-21 are significantly decreased in acute
urticarial (AU) and CU, whereas IgE production is in-
creased. Moreover, a significant correlation is found be-
tween IL-21 and IgE in CU [63]. This may be explained
by the lack of IL-21 activity promoting isotype switching
and Th1 and Th17 differentiation, by this leading to a
hyperfunction of the Th2 subtype [64].

Systemic Sclerosis

Systemic sclerosis (SSc) is an autoimmune connective tissue
disease that affects the skin, blood vessels, and internal
organs. The pathogenesis is still not fully elucidated. SSc
is characterized by microvascular dysfunction, immune ac-
tivation, and antibody production, which leads to collagen
deposition and fibrosis [65]. It has been published that
IL21R is highly expressed in the lesional epidermis, fibro-
blasts, and endothelial cells of SSc patients. The same
expression pattern was seen in clinically uninvolved skin.
On the contrary, IL-21 was not detected in the same sam-
ples. Moreover, in vitro treatment of keratinocytes with IL-
21 enhances the expression of the adhesion molecules, α-3
integrin and α-6 integrin, and vascular endothelial growth
factor (VEGF), which are involved in angiogenesis and
leukocyte migration. These results suggest that IL-21 may

be involved in the pathogenesis of SSc via induction of
VEGF. Notably, because IL-21 expression was not ob-
served, it is not clear whether this cytokine is produced only
in a specific phase or if IL-21R may bind different ligands
other than IL-21 [66]. In addition, administration of recom-
binant IL-21 to culture media of SSc fibroblasts increased
the production of IL-6, TGF-beta, and procollagen type I,
and these seem to be augmented by prestimulation with
endothelin-1 [67]. It has been postulated that in the early
phases of SSc there is a predominance of Th1 and Th17
effectors, whereas in the later stages Th2 effectors are pre-
dominant [68]. IL17 and IL-23R are highly expressed in
early stage of SSc, plus IL-17 may enhance the secretion of
proinflammatory and profibrotic cytokines IL-6 and IL-
8 from fibroblasts [69]. As mentioned above, IL-21 contrib-
utes to Th17 differentiation and to IL-23R induction [7–9].

Behçet’s Disease

Behçet’s disease (BD) is a recurrent inflammatory multisys-
tem disease of unknown etiology, characterized by oral and
genital ulceration, ocular abnormalities, and cutaneous
lesions. The pathogenesis involves vascular injuries and
autoimmune response [70]. Cytotoxic CD8 T cells, Th1
cells, Th17 cells, and neutrophils appear to be responsible
for the inflammatory lesions [71•]. High levels of IL-17 and
IL-23 were recently reported in the peripheral blood from
active stage of BD patients [72, 73]. Th17 responses and the
suppression of Tregs correlate with BD activity and this
may be mediated by IL-21. Notably, IL21 producing T
cells are dramatically increased in peripheral blood of
BD patients and correlate positively with Th17 and
negatively with Tregs [74].

Conclusions

Several studies have provided evidence that IL-21 plays an
essential role in a variety of chronic inflammatory skin
diseases, acting on both immune and non-immune cells.
Even if the complete understanding of these disorders
remains still a challenge, the use of compounds neutralizing
IL-21 (e.g., blocking antibodies, recombinant proteins) in
some murine models of skin disease has underlined a prom-
ising advantage in the therapeutic use. However, because
IL-21 is implicated in host defence against infection and
tumors, further investigations are required to test the effica-
cy and potential adverse events in the clinical use.
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