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Interleukin 17A (IL-17A) has been put forward as a strong ally in our fight against invading pathogens across exposed epithelial
surfaces by serving an antimicrobial immunosurveillance role in these tissues to protect the barrier integrity. Amongst other
mechanisms that prevent tissue injury mediated by potential microbial threats and promote restoration of epithelial
homeostasis, IL-17A attracts effector cells to the site of inflammation and support the host response by driving the
development of ectopic lymphoid structures. Accumulating evidence now underscores an integral role of IL-17A in driving the
pathophysiology and clinical manifestations in three potentially life-threatening autoimmune diseases, namely, systemic lupus
erythematosus, Sjögren’s syndrome, and systemic sclerosis. Available studies provide convincing evidence that the abundance
of IL-17A in target tissues and its prime source, which is T helper 17 cells (Th17) and double negative T cells (DNT), is not an
innocent bystander but in fact seems to be prerequisite for organ pathology. In this regard, IL-17A has been directly implicated
in critical steps of autoimmunity. This review reports on the synergistic interactions of IL-17A with other critical determinants
such as B cells, neutrophils, stromal cells, and the vasculature that promote the characteristic immunopathology of these
autoimmune diseases. The summary of observations provided by this review may have empowering implications for IL-17A-
based strategies to prevent clinical manifestations in a broad spectrum of autoimmune conditions.

1. Introduction

Interleukin 17A (IL-17A) represents a pleiotropic cytokine
that has gained attention as signature cytokine of CD4+ T
helper 17 (Th17) cells and has been put forward as critical
determinant of psoriasis, a chronic relapsing T cell-
mediated inflammatory disorder of the skin, and rheumatic
musculoskeletal diseases like psoriatic arthritis and periph-
eral and axial spondylarthritis. In the last decade, a plethora
of effective biological disease-modifying antirheumatic drugs
(bDMARD) targeting the IL-23/IL-17A pathway has been
developed, consisting of monoclonal antibodies against the
common p40 subunit of IL-23/IL-12 and anti-IL-17A and
the IL-23 p19 unit. Emerging data now indicates that IL-
17A exert a wide range of functions that may be responsible
for the development or exacerbation of systemic autoim-

mune diseases. Given the available data thus far, targeting
IL-17A may be considered a novel strategy to prevent clini-
cal manifestations in a broad spectrum of autoimmune con-
ditions. In this review, we will focus on the pathophysiologic
role of IL-17A in three major systemic autoimmune diseases
including systemic lupus erythematosus (SLE), Sjögren syn-
drome (SS), and systemic sclerosis (SSC). For the sake of
space restrictions, we will not address the role of IL-17A in
other autoimmune diseases or rheumatic musculoskeletal
diseases.

2. IL-17A: An Introduction to Its
Immunological Functions

IL-17A is a front runner in the IL-17 family that comprises
the six homologues IL-17A to IL-17F. IL-17A shares the
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greatest homology with IL-17F, where IL-17A and IL-17F
represent the best studied members of the IL-17-family [1,
2]. Like other proinflammatory cytokines such as TNF, IL-
17A displays AU rich repeats in the 3′untranslated region
of its messenger RNA (mRNA). IL-17A has been originally
identified as a T cell hybridoma-derived molecule CTLA-8
and shares a 57% amino acid sequence homology with a
putative protein that was found in the T cell tropic γ-herpes-
virus saimiri [3, 4]. Amongst the five canonical IL-17 recep-
tors, named IL-17RA to RE, IL-17A signals as a homodimer
IL-17A/A via the heterodimeric IL-17RA/RC receptor com-
plex, which may also be engaged by the homodimer IL-17F/
F (IL-17F) and the IL-17A/IL-17F heterodimer (IL-17A/F)
[1] (see Figure 1). Of note, CD93 has recently been identified
as receptor for IL-17D in group 3 innate lymphoid cells [5].
In terms of the hierarchy of activity, the most potent ligand
of the IL-17RA/IL-17RC receptor complex is IL-17A/A,
followed by IL-17A/F and IL-17F/F. Where the IL-17RA
subunit is ubiquitously expressed, IL-17RC expression is
restricted to nonhematopoietic epithelials and mesenchymal
cell types [2]. Recently, IL-17RD has been suggested to rep-
resent an alternative receptor for IL-17A signaling, particu-
larly in mouse and human keratinocytes [6]. The IL-17RA/
RC receptor complex is expressed by various cells including
fibroblasts, macrophages, epithelial cells, endothelial cells,
and astrocytes. Although IL-17RA has been detected on T
cells, both primary cells and cell lines, exposure to IL-17A
fails to induce the expression of the canonical IL-17 target
genes in the absence of the RC receptor unit [7]. The main
producers of IL-17A and IL-17F are Th17, as reflected by
their signature cytokines, CD4/CD8 double-negative
TCRαß+ T cells (DNT; see later) and to a lesser degree cyto-
toxic CD8+ T cells (mucosal-associated invariant (MAIT) T
cells, gamma-delta (γδ) T cells, and innate lymphoid cells
like group 3 innate lymphoid cells (ILC3)) [2, 8].

In the last three decades, the immunological functions of
IL-17A in the context of different clinical settings have been
increasingly elucidated. A large pile of evidence alludes to
IL-17A as first defence to preserve the barrier integrity of
epithelial organs including skin and respiratory and gastro-
intestinal tracts to fight against invading pathogens, particu-
larly extracellular bacteria and fungi. Clinical data from
human models of defective IL-17A signaling, resulting from
genetic, therapeutic, or viral causes, have underpinned its
crucial role for the antimicrobial immunity surveillance
across exposed surfaces [9–11]. Amongst the primary mech-
anisms of IL-17A to maintain epithelial barrier integrity is
stimulating the production of antimicrobial peptides such
as β-defensins and S100A8 (Calgranulin A) and S100A9
(Calgranulin B) that are together expressed as the heterodi-
mer calprotectin. Further, IL-17A may prevent colonic
injury and restore intestinal epithelial homeostasis by trig-
gering the expression of tissue plasminogen activator
(tPA), with subsequent activation of TGF-β-mediated anti-
inflammatory pathways [12]. In the skin, IL-17A has been
implicated in physiological wound repair by inducing the
expression of regenerating islet-derived protein 3-alpha
(REG3A) that promotes proliferation in keratinocytes [13].
Second, IL-17A attracts effector cells to the site of inflamma-

tion to help eliminate potential threats and assist in the
repair of tissue damage. Illustratively, the IL-17A/G-CSF
axis has been involved in regulation of bone marrow granu-
lopoiesis and neutrophil recruitment to the inflammatory
site. In this respect, counterregulatory mechanisms involving
CXCR2 expression on neutrophils, CXCL5, and commensal
bacteria are instated to keep neutrophil homeostasis in check
[14]. Third, IL-17A in synergy with IL-13 (in a CXCL13-
dependent manner) may support the host response to intra-
cellular pathogens by driving the development of ectopic
lymphoid structures, composed of highly organized T cell
and B cell zones that emerge during infections with intracel-
lular pathogens such as pneumocystis jiroveci and mycobac-
terium or in response to inflammatory stimuli [15, 16].
Several of these immune properties of IL-17A have been
recapitulated in autoinflammatory disorders and more
recently cancer, and on top of that, new features have been
uncovered [17, 18]. As for the latter, IL-17A assists in shap-
ing the tumor microenvironment by dampening tumor-
specific immune responses involving proangiogenic signals,
progressive loss of antitumor Th1 immunity, and suppres-
sion of T cell immune surveillance [19, 20]. In addition,
IL-17A has been shown to promote protumorigenic factors
like proliferation capacity, immune cell infiltration, resis-
tance to chemotoxicity, and migratory and invasive proper-
ties [19–26].

3. IL-17A Signaling Pathway

At first sight, IL-17A represents a proinflammatory cytokine
that appears to have only modest properties in vitro as com-
pared to other cytokines such as TNF and IL-6. Thus, IL-
17A signaling initiates a cascade of events that results in
transcriptional regulation of a variety of inflammatory RNAs
with the release of their corresponding proteins that are
dominated by a set of signature genes comprising IL-6, gran-
ulocyte colony-stimulating factor (G-CSF), chemokines such
as CXCL1-2, CCL20, lipocalin-2 (Lnc2), metalloproteinases,
and beta defensins [27, 28]. Adapter molecule Act1 encoded
by the gene TRAF3IP2 (also known as CIKS) mediates the
downstream signaling of IL-17A and is therefore essential
for its transcriptional and posttranslational mechanisms
[28]. Act1, containing different TNF receptor-associated fac-
tor (TRAF) binding motifs, constitutes a multifunctional
platform for various TRAFs, which context-dependently
may be recruited to trigger different downstream pathways.
Thus, the IL-17R/Act1 complex recruits the adaptor mole-
cule TRAF6 as intermediate component in the signaling cas-
cade, which subsequently results in TGF-β-activated kinase
(TAK) 1 phosphorylation and feedforward activation of
the canonical NFkB pathway but also the MAPK pathways
p38, ERK, or JNK [2, 29]. IL-17A constitutes a weak activa-
tor of the NFkB signaling pathway, but instead, IL-17A sig-
naling may activate other downstream targets including
transcription factors CCAAT enhancer-binding protein (C/
EBP-β), AP-1 complex, and IκBζ (encoded by NFKBIZ)
[30]. Act1 can also recruit and interact with TRAF2 and
TRAF5 and the splicing regulatory factor SF2 (ASF) to form
a complex in order to prolong the stability of inflammatory
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mRNAs like CXCL1 mRNA (see further) [31]. Other TRAFs
like TRAF4 may engage in antagonizing Act1-mediated
induction of IL-17A-related inflammatory genes by compet-
ing with TRAF6 [32]. Further, Act-1 may suppress IL-23/IL-
6-induced STAT3 inhibition as a negative regulator in T and
B cells [33].

Engagement of IL-17R with Act1 is mediated via interac-
tion between a “similar expression to fibroblast growth fac-
tor genes/IL17R” (SEFIR) domain in the cytoplasmic tail,
which is a conserved region amongst all IL-17Rs, and the
SEFIR domain present on Act1. The IL-17 target genes are
enriched for DNA binding sites of the transcription factors
(transcriptional regulatory elements) in their proximal pro-
moter regions [27].

Other functions of Act1 include the E3 ubiquitin ligase
activity towards TRAFs that may control their fate and activ-
ity in IL-17A signaling, as illustrated by the K63-linked poly-
ubiquitination of TRAF6 mediated by TAK-1 [2, 34, 35].
Lysine-124 residue of TRAF6 has been implicated in Act1-
mediated ubiquitination of TRAF6 and TRAF6’s ability to

mediate IL-17-induced activation of NFkB [36]. A counter-
regulatory mechanism is represented by the ubiquitin-
specific peptidase 25, a deubiquitinating protease that
reverses the modification of TRAF6 and thus decreases
TRAF6 assembly to Act-1 by remodeling the K63
polyubiquitin.

In addition, Act1 has been found to suppress pathways
mediated by CD40 and BAFF, both members of the TNF
receptor (TNFR) superfamily, which play critical roles in B
cell survival and differentiation. Thus, Act1 knockout mice
develop lymphadenopathy and splenomegaly, hypergamma-
globulinemia, and autoantibody formation, where Act1-
deficient B cells exhibit stronger IkappaB (IkB) phosphoryla-
tion, NFkB2 signaling, and activation of JNK, ERK, and p38
pathways [37]. A similar phenotype was observed in IL-
17RA knockout mice on a C57BL/6 lpr background [38].

Posttranscriptional regulation that may prolong or
shorten RNA stability is another important feature of IL-
17A signaling, a capacity that is mediated via mRNA-
binding proteins that are seemingly at the crossroads of host
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Figure 1: Schematic representation of IL-17 family of cytokines and receptors. IL-17A is the front runner in the IL-17 family of cytokines,
comprising six homologues IL-17A to IL-17F in total. The IL-17 receptor family consists of five canonical IL-17 receptors, named IL-17RA
to RE; CD93 has recently been identified as receptor for IL-17D. SEFIR: similar expression of fibroblast growth factor and IL-17Rs; SEFEX:
SEFIR extension; CBAD: C/EBPβ activation domain.
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immune response to microbial inflammation and the develop-
ment of autoimmune disorders. RNA-binding proteins
(RBPs), like AT-rich interactive domain-containing protein
5A (arid5a), act on the adenylate/uridylate- (AU-) rich ele-
ments (ARE) of the 3′untranslated region (3′UTR) for stabi-
lizing various inflammatory mRNA genes and have specific
target genes. Thus, Arid5a has been found to stabilize the IL-
6 gene and not that of other cytokines like TNF, via competi-
tion with the ribonuclease (RNAse) Regnase I (see further) on
the same region in 3′UTR of IL-6 [39, 40]. In addition, Arid5a
promotes the stability of the mRNA of CXCL1 and CXCL5
amongst others. Other RBPs that can be recruited to the IL-
17R/Act 1 complex via TRAF2 and TRAF5 include DEADbox
helicase 3X-linked (DD3X3) and Hu-antigen R (HuR). The
latter competes with RNA decay factor splicing factor 2SF2.
Through selective stabilization of STAT3, Arid5a may skew
differentiation of CD4+ T cells to the Th17 subset [41].

Noticeably, there are counterregulatory mechanism to
constrain IL-17-induced inflammation. Regnase-1, also
known as zinc finger CCCH-type containing 12A
(ZC3H12A) or monocyte chemoattractant protein I-
inducing protein (MCP1P1), represents an immune
response modifier with RNase activity. Regnase-1 is a cyto-
plasm localized protein with a CCCH-type zinc finger motif
that can be induced through toll-like receptor (TLR) signal-
ing [42]. The RNase activity is mediated via a putative
amino-terminal nuclease domain that sets off the decay of
a set of inflammatory genes like IL-6, IL-12p40, and calcito-
nin receptor gene via their 3′UTR [42]. Mice lacking
Regnase-1 display a phenotype of autoimmunity that resem-
bles systemic lupus erythematosus (SLE) in humans, includ-
ing antinuclear antibodies, anti-double-stranded DNA
(dsDNA), autoantibodies, hyperglobulinemia, anemia,
plasma cell infiltration in lung interstitial tissue, and spleno-
megaly and lymphadenopathy [42]. A similar phenotype has
been found in the lupus-prone Sanroque mice, where a key
role for another RING-type ubiquitin ligase protein with a
CCCH-type zinc-finger domain Roquin has been established
in repressing autoimmunity [43]. Recently, Regnase-1 has
been identified as negative regulator of antitumor activity
of CD8+ T cells and thereby suppressing their accumulation
and mitochondrial fitness by targeting BATF (rheostat) [44].
A recent study has pointed to IL-17-mediated Act1/DDX3X
interaction that controls stability of Regnase-1 [45].

Negative inhibitors of IL-17A signaling involve the deu-
biquitinase zinc-finger protein A20, a key player in the neg-
ative feedback regulation of NF-κB pathway, which is
mediated via the CEBP beta activity domain (CBAD) [46].
Other negative regulators of IL-17A signaling includes non-
coding RNA miR-23B that targets TAB2 and TAB3 and
miR30a that induces degradation of Act1 [47, 48]. In certain
conditions of inflammation, IL-17A may team up with other
proinflammatory mediators like epidermal growth factor,
FGF2, and Notch1 [18, 49, 50]. Further, synergistic activities
of TNF and IL-17A, involving transcription factors CUX1
and IκBζ (NFKBIZ), have been described in stromal-
resident fibroblast-like synoviocytes, resulting in secretion
of IL-6 and CXCL8 and neutrophil recruitment [51].

4. The Role of IL-17A in Systemic
Lupus Erythematosus

SLE represents a heterogeneous, multicompartment autoim-
mune disease that may involve the skin, lymphatic network,
musculoskeletal system, and internal organs like kidney,
lungs, and central nervous system (CNS) [52]. Next to clin-
ical manifestations, SLE features various serological abnor-
malities including autoantibody formation,
hypergammaglobulinemia, hypocomplementemia, and
autoimmune-mediated cytopenias. Prototypically, the anti-
nuclear antibodies consist of (1) anti-nucleosome autoanti-
bodies that are directed at DNA, histones, or DNA-histone
complex, (2) cytoplasmic proteins, (3) RNA, or (4) U1-
small nuclear ribonucleoprotein complex like U1-70 [53].
SLE is associated with long-term morbidity, coexistential
disorders like cardiovascular disease, and an increased risk
of death.

To date, several studies in young and adult SLE patients
have reported on the association of increased serum IL-17A
levels or frequencies of IL-17A expressing T cells with dis-
ease severity, particularly in those with CNS involvement
[52, 54–61]. In this regard, good interpretation of these stud-
ies has been flawed by the limited numbers of patients, het-
erogeneity of disease manifestations, and a large proportion
of study subjects on various treatment strategies. Preclinical
studies that have hinted at involvement of IL-17A in SLE
pathology indicate that the absence of IL-17 in experimental
lupus models is associated with inhibition of autoantibody
formation targeting DNA, RNP, and chromatin and, even
more striking, lupus nephritis [62, 63].

A closer look at the T cell compartment, which exhibits
various anomalies in cytokine production and cellular func-
tions in active SLE, may offer insights into the mechanisms
underlying these associations. Thus, patients with active
SLE display a marked expansion of IL-17A-expressing T cell
subpopulations comprising CD4+ Th17 cells and DNTs [57,
64, 65]. Normally, DNTs take up 1% to 2% of the total T cell
pool in peripheral blood and lymph nodes (LN) of healthy
donors [66]. These IL-17A+ subpopulations are antigen spe-
cific, given that tetramer studies have identified RORγt+ IL-
17A-producing T cells that are specific for U1-70 in humans
and lupus-prone mice [67]. Similar to Th17 cells, DNTs
express RORγt, the master regulator of the Th17 lineage,
and IL-23R [57, 64]. In lupus-prone mice, IL-23 has been
identified as an important driver of DNT expansion and
IL-17A production [68]. Phenotypically, peripheral DNTs
exhibit extraordinary migratory and tissue invasive proper-
ties, which may result in severe organ pathology in various
inflammatory settings like ischemic stroke and spondyloar-
tropathy [57, 69, 64, 70, 71]. Their origin is not completely
understood; however, earlier studies have suggested that
DNTs originate from the thymus and spleen. Recently,
splenic marginal zone macrophages (MZMs) have been
implicated as regulators of DNT development. Upon exper-
imental depletion of MZMs, the compartment of autoreac-
tive CD8+ T cells expand and lose their CD8 expression to
adopt the DNT phenotype including loss of regulatory prop-
erties, enhanced migratory potential, IL-17A-producing
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potency, hyperproliferative state, and a narrowed TCR rep-
ertoire [72]. Another regulator of DNT development that
has been suggested is Act1 [33]. The expansion of splenic
DNTs instigates hallmark symptoms of SLE in lupus-prone
mice including the emergence of germinal centers (GC),
generation of anti-double-stranded DNA (dsDNA) autoan-
tibodies, and inflamed kidney characterized by infiltration
of DNTs [72].

Apart from the peripheral blood compartment, IL-17A-
expressing T cells have been detected in various SLE-
related target tissues. Thus, IL-17A-producing cells particu-
larly DNTs have been shown to invade inflamed kidneys of
lupus nephritis patients (see Figure 2) [64]. In more detail,
infiltrating IL-17A-expressing T cells gather in close proxim-
ity to blood, which has been shown in vascular beds of skin
and lungs [57]. In pediatric SLE patients with pulmonary
involvement, these IL-17A+ T cells have been postulated to
exert direct adverse effects on airway smooth muscle remod-
eling worsening small airway obstruction [59, 73]. Their
presence seems to be a prerequisite for organ pathology
SLE. Thus, regression of DNT presence in the lupus-prone
B6/lpr mice, as mediated by IL-23R deficiency, was associ-
ated with mitigation of lymphoid hyperplasia and suppres-
sion of the development of lupus nephritis [74].

Based on the available evidence from preclinical mouse
models, the contribution of IL-17A to the disease pathology
in SLE appears to be reflected by four different mechanisms.

First, IL-17A mediates the recruitment of effector cells
like neutrophils, IL-17A+-expressing T cell subsets, and
CCR6+ B cells into SLE target tissues and GCs [75]. Second,
IL-17A may represent a driving force behind autoimmunity
[76]. In the BXD2 mouse model that recapitulates many SLE
features like enhanced activation-induced cytidine deami-
nase (AICDA) activity, autoantibody generation, circulating
immune complexes, and progressive glomerulonephritis, IL-
17A has been shown to induce and stabilize autoreactive GC
formation via B cell retention within GCs and increased
CXCL12/CXCR4-mediated interactions between B cells
and T cells resulting in AICDA upregulation and autoanti-
body generation [77–79]. Further, IL-17A may promote
class switching to IgG2a and IgG3, plasma cell development,
and MHC class II expression on B cells, whereas DNT
derived from patients with SLE have been found to directly
promote cationic IgG antibodies against DNA in coculture
[78–80].

Third, IL-17A may play a role in enhanced vascular-
immune interactions. Thus, endothelial activation upon
exposure to IL-17A derived from PBMC of patients with
active SLE promotes the adherence of Jurkat cells to vascular
endothelium, which is mediated by augmented endothelial
expression of E-cadherin, ICAM-1, and VCAM-1 [57]. The
last mechanism refers to the T cell-neutrophil interaction
as partners in crime. The release of neutrophil extracellular
trap (NET) formation has been implicated in the pathogen-
esis and organ injury in SLE, which is driven by increased
REDD1/autophagy axis [81]. Interestingly, depositions of
NET in actively inflamed skin and kidney have been found
to colocalize with bioactive tissue factor and IL-17A that in
a synergistic manner may promote fibrotic activity in the

stromal cell compartment [81]. In Fc gamma receptor IIb-
(Fcgr2b-) deficient mice that develop fatal lupus pathology,
IL-17A/Act1 signaling has been shown to adversely affect
the course of glomerulonephritis by promoting the recruit-
ment of immune cells in particular neutrophils and NET
deposition in inflamed kidneys [79].

The external and intrinsic factors that enable Th17 and
DNT subpopulations to successfully invade target tissues
and promote SLE pathogenesis are ample. Aside from the
inflammatory microenvironmental milieu that is enriched
with chemoattractants like CCL20, endothelium-derived
CD95 expression has been shown to promote infiltration
of IL-17A-expressing T cells into the perivascular space in
a PI3K- and calcium signaling-dependent manner [82].
The chemokine receptor CCR6, a nonpromiscuous receptor
with as sole ligand C-C motif chemokine ligand 20 (CCL20),
has been found to a play a key role in the trafficking of Th17
cells to the inflamed kidney in experimental lupus nephritis
[83]. In this respect, the serine/threonine kinase calcium/cal-
modulin-dependent kinase IV may promote CCR6 expres-
sion in IL-17A-expressing T cells, as well as CCL20
secretion that recruits other CCR6+ T cells through a posi-
tive feedback mechanism that may propagate tissue inflam-
mation and accelerate glomerular injury in the inflamed
kidney [60]. In children with lupus nephritis, enhanced
migratory activities of IL-17A-expressing T cell subsets have
been linked to enhanced Akt signaling [61]. Moreover,
expansion of IL-17A-expressing T cells has been ascribed
to heightened intrinsic activity of the nonreceptor phospha-
tase (PTP) protein tyrosine phosphatase SH2 domain-
containing PTP (SHP2) in humans and mice [84]. Using
adoptive transfer studies, fate reporter mice, and mouse
models of lupus nephritis, kidney-infiltrating Th17 cells
have been found to display very limited spontaneous plastic-
ity, where Th17 cells usually show high degree of plasticity to
transdifferentiate into other T cell phenotypes upon inflam-
matory stimuli [85]. Last, SLE may be associated with func-
tional impairment of CD147 (basigin), an extracellular
matrix metalloproteinase inducer (EMMPRIN), which may
act as a brake on the disproportional expansion of Th17
cells [86].

Enhanced activity of IL-17A-expressing T cell subsets
has been ascribed to increased ROCK activity [87, 88]. In
addition, SLE T cells exhibit augmented expression of signal-
ing lymphocyte activation molecules (SLAMs). Particularly,
expression of SLAMF6 and 3 has been associated with supe-
rior costimulatory activity in vitro, as compared to CD3/
CD28 [89, 90]. Inversely, SLAMF1 ligation in cocultures of
B and T cells may reduce IL-17A and IL-21 production
[91]. Another mechanism involves synergistic activity
between enhanced recruitment of RORγt to the IL-17A pro-
moter and CD28-induced nuclear abundance of the tran-
scription factor nuclear factor of activated T cells (NFAT)
[92]. The latter can be dampened by dipyridamole, a
recently recognized specific inhibitor of calcineurin–NFAT
interactions [93]. Further, upregulated expression of
ubiquitin-specific protease 17 (USP17) in CD4+ T cells from
SLE patients has been found to prolong RORyt-dependent
IL-17A transcription by increasing the stability of RORyt
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and preventing it from proteosomal degradation [94].
Another modifier that has been identified to augment IL-
17A production is transcription factor friend leukemia inte-
gration 1 (Fli-1) that regulates the expression of numerous
cytokines and chemokines [95]. Last, epigenetic mechanisms
that have been implicated in SLE pathogenesis involve
cAMP response modulator (CREM)α that mediates demeth-
ylation of IL-17A promoter and trans-repression of the IL-2
gene, resulting in enrichment of effector memory T cell phe-
notypes [65]. In juvenile onset lupus, CREMα has been rec-
ognized to drive increased IL-17A expression and reduced
IL-2 production in CD4+ T cells [96].

5. The Role of IL-17A in Sjögren’s Syndrome

The concept for the extent to which IL-17A is involved in
the pathogenesis of SS is less developed as compared to

SLE, given the restricted amount of clinical and experimen-
tal data. SS presents itself primarily with sicca syndrome and
exocrine gland dysfunction that results from lymphocytic
infiltration into lacrimal and salivary glands (SG). In addi-
tion, SS features a constellation of clinical and serological
signs, consisting of autoantibody formation, hypergamma-
globulinemia, fatigue, arthritis, cutaneous manifestations,
and increased risk for malignant lymphomas [97]. The pro-
totypical autoantibodies target Ro/SSa (two subunits, 52 kDa
and 60 kDa) and La/SSb antigens and may be detected up to
~5 years before diagnosis [98, 99]. Ro52 constitutes an E3
ligase that belongs to the tripartite motif family and has been
implicated in the transcriptional regulation of proinflamma-
tory cytokines like IL-17A given its RING-dependent E3
ligase activity [100]. Also, Ro52 regulates several members
of the interferon regulatory factor (IRF) family like IRF3 that
suppress IL-17A and IL-23R expression by holding off
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Figure 2: Schematic representation of the contributive role of IL-17A in the pathogenesis of three major systemic autoimmune diseases.
Growing evidence suggests that the abundance of IL-17A and its prime source, i.e., Th17 cells and DNTs, in the target tissues may
deteriorate clinical and immunological patterns in any of these autoimmune disorders by promoting (1) autoimmunity, immune cell
recruitment, and vascular-immune interactions in SLE, (2) induction of autoantigen expression and undermining of endothelial
integrity/barrier function in SS, and (3) fibrogenesis (indirect mechanism) in myofibroblast precursors and vasculopathy in SSC. Th17
and DNTs, originating from the spleen and thymus, display excellent properties to infiltrate disease-associated organs, which in concert
with tissue-derived factors ensure coordinated temporal-spatial distribution as well as activation of IL-17A-expressing T cells within
lymphoid and nonlymphoid tissues.
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RORγt from accessing corresponding DNA-binding sites/
enhancer regions [101, 102]. In a Ro52 reporter (Rho-defi-
cient) mouse strain, where the Ro52 locus is replaced by
GFP, tissue-specific enrichment of Ro52 protein expression
is detectable in lymphoid tissues, including spleen, LNs,
and thymus, which corresponds with the clinical picture of
SS 100. Ro60 represents a RNA-binding protein that has been
implicated in environmental stress, and its loss has been
associated with photosensitivity and cutaneous lesions in
SLE [103].

Several exploratory studies in SS patients and preclinical
mouse models have reported on the association between IL-
17A and SS pathology, including increased IL-17A levels in
serum and in target tissue SGs and the lacrimal system
[104–110]. Moreover, histological examination of SGs of
patients, suffering from SS, reveals a lymphocytic infiltra-
tion, the majority of which are IL-17A-expressing CD4+ T
cells and to lesser degree CD8+ T cells (see Figure 2) [111].

Additional confirmation for IL-17A involvement in SS
comes from observations in the Ro52-null mice that develop
SS-like manifestations comprising dermatitis, autoantibody
formation, hypergammaglobulinemia, lymphadenopathy,
splenomegaly, and kidney pathology characterized by pro-
teinuria with mesangium and intraglomerular immunoglob-
ulin depositions [100]. Tissue inflammation and the
overactive immune system in these mice display an “IL-
17A signature,” as attested by hyperproliferating LN and
spleen cells that spontaneously secrete IL-17A (and related
cytokines), which together with a substantial enrichment
for IL-17A-expressing T cells in the CD4+ and CD4- com-
partments could be jacked up by T cell activation. Con-
versely, abrogation of the IL-23/IL-17A axis in these
Rho52-null mice restores a substantial part of the SS-
related pathology [100]. Of note, the effects of IL-17 ablation
on SS-like manifestations appear to be more prominent in
female animals, suggesting sexual dimorphism [110]. Other
lines of evidence that implicates the IL-17A pathway in the
pathogenesis of SS derives from adenovirus-mediated deliv-
ery studies (IL-17A overexpression) and genetically engi-
neered mouse models (IL-17A entrapment). Thus,
adenovirus-induced IL-17A overexpression in SGs of non-
susceptible C57Bl/6 gives rise to pathognomonic signs of
SS that include decreased saliva production, lymphocytic
infiltration in SGs, and positive ANA test with a fine nuclear
speckled pattern [112]. Inversely, IL-17A entrapment
through a fusion protein that combines IL-17R and a Fc por-
tion (IL-17R:Fc) results in amelioration of the clinical and
immunological pattern in established mouse models for SS
[109, 113, 114].

Based on currently available data, the contribution of IL-
17A to the pathophysiology of SS is reflected by three differ-
ent mechanisms. First, IL-17A may induce the expression of
autoantigens, characteristically that of glandular tissue kalli-
kreins (KLK) which belong to the large KLK family of serine
proteases. Thus, glandular KLK13, which is found to be
enriched in striated duct cells of SGs 115, shows enhanced
expression in SS-like IQI/Jic mice and acts as proliferative
stimulus for splenic T cells [116]. Moreover, SG-derived
KLK13 and KLK1 exhibit cross-reactivity with autoanti-

bodies in serum of IQI/Jic mice [116]. In a similar manner,
KLK1b22 has been found to be upregulated in the SGs of
SS-like ERdj5 knockout mice [117]. Noticeably, proteomic
analysis of glandular tissues in SS-like Aec1/Aec2 mice that
underwent ultrasound-guided adenoviral-mediated IL-
17R:Fc gene therapy of the SGs reveals that IL-17A entrap-
ment is associated with reduced expression of KLK1b22
[118].

Second, IL-17A has been implicated in the impairment
of the epithelial tight junction (TJ) integrity and barrier
function of SGs. In more detail, IL-17A appears to mediate
SG tissue damage and salivary dysfunction in NOD and
Aec1/Aec2 mice by targeting Claudin-4 and zonula
occludens I, both functional and structural components that
are crucial to TJs [110, 119].

Third, IL-17A may promote an inflammatory environ-
ment within target tissues like SGs through IL-6 expression
[111] that may facilitate mononuclear recruitment and infil-
tration [115] and invigorate the Th17 differentiation
program.

DNTs, as in SLE, may play a contributive role in the
pathogenesis of SS, given their expansion in the peripheral
blood and SG compartments of SS patients (see Figure 2)
[70]. Of note, mast cells are considered a potential source
for IL-17A, as their numbers, in parallel to IL-17A expres-
sion, shrink in SS patients in response to anti-CD20 ther-
apy [120].

Tissue-derived factors that may regulate IL-17A expres-
sion in CD4- and CD4+ T cell compartments include IL-
27. Thus, IL-27 display an inhibitory effect on IL-17A secre-
tion in PBMC cultures of SS patients and not RA patients or
age-matched healthy donors [121]. Further, induction of
experimental sialadenitis in IL-27receptor subunit alpha
knockout mice aggravates the formation of ectopic lym-
phoid structures in SGs, as compared to wild-type mice, a
finding that can be restored by IL-17A neutralization
[121]. Other local mediators that may control IL-17 expres-
sion are the lysophosphatidic acid receptor signaling path-
way and retinoic RORα that together with RORγt and
IκBζ may promote IL-17A transcription and Th17 differen-
tiation [122, 123].

6. The Role of IL-17A in Systemic Sclerosis

SSC is a multiorgan connective tissue disease that is charac-
terized by high morbidity and mortality related to organ
complications like lung fibrosis and pulmonary arterial
hypertension [124]. Approximately 1 in 10,000 people
appears to be affected globally.

The triad of pathologic changes that defines SSC com-
prises autoimmunity, vasculopathy, and fibrosis of skin
and internal organs. Fibrosis, a hallmark of more advanced
SSC disease stages, results from excess deposition of extra-
cellular matrix (ECM) and differentiation of mesenchymal
stromal cells like fibroblasts and endothelial cells into myofi-
broblasts, a key determinant of end-stage SSC pathology
[125, 126]. The fibrosis stage in SSC is preceded by an edem-
atous phase that is characterized by mononuclear cell infil-
trates in the dermis, comprising plasma cells, IL-13-
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producing CD8+ T cells, and Th17 [127, 128], and pro-
gressive failure of the locoregional blood and lymphatic
vasculature [124]. Consecutively, these events may result
in lymphedema with ensuing elastin degeneration, hyper-
plasia/hypertrophy of adipose tissue, and increase of colla-
gen fibres and fibrous deposits that causes hardening of
the skin.

Several association studies in humans and experimental
mouse models have hinted at the contributive role of the
IL-17A pathway in the pathogenesis of SSC, showcasing
increased IL-17A levels (or IL-23 as partner in crime) in
serum and affected skin, as well as increased frequencies of
IL-17A+-producing T cells(see Figure 2) [126, 129–133,
125, 134]. In the SSC skin, IL-17A-expressing T cells have
been detected throughout the skin, both superficial and deep
layers and in close proximity of αSMA-positive myofibro-
blasts [134]. In these studies, enhanced IL-17A production
has been repeatedly associated with early stages of SSC
[131, 135]. Outside the skin, augmented IL-17A expression
is detectable in lymphocytes, derived from peripheral blood
and bronchoalveolar lavage of SSC patients. Involvement
of the IL-17A pathway in SSC has been further suggested
by a large case-control study involving three different Euro-
pean populations, where polymophisms in the chemokine
receptor CCR6 gene have been associated with increased
susceptibility to SSC, particularly in patients with an anti-
topoisomerase (Scl-70) autoantibody profile [136].

The implication of IL-17A in the pathophysiology of SSC
has been fueled by several findings associated with disease
progression. The mechanism that has gained increasing
attention involves the impact of IL-17A on the fibroblast
phenotype and its transition to myofibroblasts. According
to findings in two established SSC-like mouse models, the
contributive role of IL-17A in the progression of skin fibrosis
is reflected by enhanced leucocyte recruitment and a driving
force behind the expression of the profibrotic mediators
transforming growth factor (TGF) β and connective tissue
growth factor (CTGF) in the skin [125]. In addition, these
authors and others reveal the capacity of IL-17A to stimulate
collagen production in cultured mouse and human skin
fibroblasts [125, 126]. However, the concept that IL-17A
directly mediates fibrogenesis in the SSC dermal fibroblast
has become controversial after conflicting data from more
recent work. These studies demonstrate a stimulatory effect
on the proliferating response in SSC and control skin fibro-
blasts, but fail to show enhanced collagen synthesis whether
or not in the presence of TGFβ [135, 137, 132, 138, 139].
The discrepancy in results between these studies may be
explained by different experimental settings, as well as dis-
tinct methods of fibroblast isolation and culture.

Second, IL-17A may assist in shaping the inflammatory
milieu within target tissues, through enhancement of
immune cell recruitment, tissue migration, and vascular
immune interactions via cytokines (e.g., MCP-1, IL-6, and
IL-8), chemokine networks (CCL20-CCR6, CXCL12-
CXCR4), endothelial adhesion molecules, and metallopro-
teinases [137, 134, 130, 132, 135]. Synergistic activity of IL-
17A and TGFβ in terms of inducing the expression of these
inflammatory cues has been reported [138]. A third way

involves the negative impact of IL-17A on SSC-associated
vasculopathy. In this regard, IL-17A has been shown to exert
adverse effects on dermal vascular smooth muscle cells
(DVSMCs) that may promote vascular wall fibrosis and
microangiopathy [140]. Analogue to pathological changes
of the blood vasculature in the skin, progressive loss of lym-
phatic vessels (rarefaction) has been acknowledged, particu-
larly in the advanced stages of SSC [141]. Besides
mechanisms that involve anti-endothelial cell autoantibodies
and dysregulated expression of vascular growth factors, IL-
17A and TNF are amongst the candidate cytokines that
may (potentially in concert) negatively affect lymphatic neo-
vascularization [142, 143].

Like the aforementioned disorders, SSC has been associ-
ated with increased numbers of DNTs in peripheral blood,
where particularly the Vα and Vβ repertoires seem nar-
rowed in diversity, as compared to CD4+ and CD8+ T cells
[144, 145]. Moreover, these T cell subsets with restricted
usage of TCR Vβ genes tend to oligoclonally expand in the
SSC skin (rather than in the peripheral blood compartment),
suggesting an autoantigen-driven process, and this phenom-
enon ceases in later stages of the disease [146, 147]. Addi-
tional anomalies in the peripheral T cell pool that may
promote IL-17A expression involve the emergence of
FoxP3+IL17+ T cells with reduced suppressive capacity and
higher RORC expression in the regulatory T cell compart-
ment, which may point to increased Treg-to-Th17 transi-
tion [148].

Local tissue-derived factors that may promote IL-17A-
expressing T cells involve the inducible T cell costimulator-
(ICOS-) ICOSL axis. Thus, SS patients, particularly in early
stages of SSC, show higher levels of sICOS in serum and
increased ICOSL expression in lesional skin, where ICOS
costimulation induces the expression of IFNγ and IL-17A
as well as profibrogenic cytokines (IL-4) from CD4+ T
cells [149].

7. Conclusive Remarks

In conclusion, this review presents evidence of the ability of
IL-17A to drive the development and exacerbation of clinical
manifestations in three major autoimmune diseases. Avail-
able studies provide convincing evidence that the abundance
of IL-17A and its prime source, i.e., Th17 cells and DNTs in
the target tissues, is not an innocent bystander but in fact
seems to be prerequisite for organ pathology. In support,
IL-17A has been directly implicated in critical steps of auto-
immunity comprising the emergence and stabilization of
autoreactive GC formation, AICDA upregulation, class
switching to IgG2a and IgG3, and autoantibody generation.
In addition, this review reports on the synergistic interac-
tions of IL-17A with other critical determinants such as B
cells, neutrophils, stromal cells, and the vasculature that pro-
mote the characteristic immunopathology of these autoim-
mune diseases. The summary of observations provided by
this review may have empowering implications for IL-17A-
based strategies to prevent clinical manifestations in a broad
spectrum of autoimmune conditions.
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