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Abstract

Sjogren’s syndrome (SS) is a prevalent autoimmune disorder primarily characterized by xerostomia
and keratoconjunctivitis sicca. The interleukin-1 (IL-1) cytokine family is implicated in the pathogenesis
of SS during its onset and progression. Members of this cytokine family contribute to various patholog-
ical pathways in SS by facilitating the aberrant activation of salivary gland epithelial cells, augmenting
type 1 immune responses, and modulating Thi7 cell differentiation and function. This paper offers
a comprehensive review of the historical and recent research advances in research on the mechanisms
of action of IL-1 family cytokines in SS, with the objective of providing a theoretical foundation for the

clinical diagnosis and management of SS.
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Introduction

Sjogren’s syndrome (SS) is a chronic systemic autoim-
mune disorder characterized by the progressive lymphocyt-
ic infiltration of exocrine glands [1]. The pathological hall-
mark of SS is the focal infiltration of CD4+ T lymphocytes
and B lymphocytes within exocrine glands, such as the
salivary and lacrimal glands, resulting in structural destruc-
tion of the glands and a progressive decline in their secre-
tory function [2]. Clinically, this manifests as symptoms
such as xerostomia (dry mouth) and keratoconjunctivitis
sicca (dry eyes) [3]. SS is classified into two categories
based on the presence of concomitant autoimmune diseas-
es: primary Sjogren’s syndrome (pSS), when it occurs in
isolation, and secondary Sjogren’s syndrome (sSS), when
it coexists with other autoimmune disorders [4].

Interleukins (IL), a class of cytokines secreted by
immune cells, play a pivotal role in immune regulation,
inflammatory responses, and cellular communication [5].
To date, over 40 distinct interleukins have been identified.
These molecules are categorized based on their functional
roles into pro-inflammatory (e.g., IL-1f, IL-6, IL-17), anti-
inflammatory (e.g., IL-10), and regulatory (e.g., IL-2, IL-4)
types [6]. They modulate the activation, proliferation, and
differentiation of immune cells through complex networks,
participating in infection defense, tissue repair, and the de-
velopment of autoimmune diseases [7-9].

In the pathogenesis of SS, various interleukins are in-
volved and play pivotal roles. Specifically, IL-1§ and IL-6
are known to facilitate inflammatory responses, thereby ex-
acerbating damage to glandular tissues [10]. IL-17 contrib-
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utes to immune-mediated tissue destruction by promoting
the release of additional pro-inflammatory cytokines [11].
Conversely, the anti-inflammatory cytokine IL-10 has the
capacity to mitigate excessive immune responses, thereby
exerting a protective effect [12]. Research indicates that the
expression profiles of interleukins vary among patients with
different SS subtypes, highlighting their potential utility in
disease classification, diagnosis, and evaluation of treat-
ment responses. This paper focuses on the role of the IL-1
cytokine family within the context of SS.

Biological characteristics of IL-1 family
cytokines

The IL-1 family currently comprises 11 members, in-
cluding seven pro-inflammatory cytokines (IL-1a, IL-1j,
IL-18, 1L-33, IL-360., IL-368, IL-36y) and four anti-in-
flammatory cytokines [(IL-1 receptor antagonist (IL-1Ra),
IL-36Ra, I1L-37, IL-38] [13, 14]. Based on structural and
functional characteristics, the IL-1 family can be further
categorized into four major subfamilies (IL-1, IL-18,
1L-33, and IL-36) and two regulatory cytokines (IL-37 and
1L-38) [15]. These cytokines exert their effects through spe-
cific receptor systems, with IL-1 receptor accessory protein
(IL-1RACP) acting as a common co-receptor for signaling
within the IL-1, IL-33, and IL-36 subfamilies, whereas
IL-18 employs the distinct IL-18Rp as its co-receptor.
Each subfamily assembles unique signaling complexes
via different receptor combinations (IL-1R1/IL-1RAcP,
ST2/IL-1RAcP, IL-36R/IL-1RAcP, and IL-18Ra/
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Table 1. IL-1 family cytokine members

Cytokine Type Primary/co-receptor Primary function Ref.
IL-1 subfamily IL-Ta Agonist IL-1R1/IL-1RAcP Pro-inflammatory [22]
IL-1B Agonist IL-1R1/IL-1RAcP Pro-inflammatory [21]

IL-1Ra Antagonist IL-1R1 (Competitive binding) IL-1a, IL-1p antagonists [20]

IL-18 subfamily IL-18 Agonist IL-18Ra/IL-18RpB Pro-inflammatory [25]
IL-33 subfamily IL-33 Agonist ST2/IL-1RAcP Pro-inflammatory [19]
IL-36 subfamily IL-360 Agonist IL-36R/IL-1RAcP Pro-inflammatory [17]
1L-36 Agonist IL-36R/IL-1RAcP Pro-inflammatory [23]

IL-36y Agonist IL-36R/IL-1RAcP Pro-inflammatory [18]

IL-36Ra Antagonist IL-36R (Competitive binding) IL-360., IL-36p, IL-36y antagonists [27]

Regulatory IL-37 Antagonist IL-18Ra/SIGIRR Anti-inflammatory [24]
subfamily 1L-38 Antagonist IL-1R1/IL-36R Anti-inflammatory [26]

IL-18Rp), thereby executing diverse functions within dis-
tinct signaling pathways (Table 1) [16-27].

Receptors and signaling pathway of 1L.-1
family cytokines

Cytokines of the IL-1 family serve as fundamental
regulatory molecules in inflammatory responses, exerting
a crucial influence on immune processes through highly
conserved signaling mechanisms [28]. Central to their sig-
naling is the precise recognition of ligands by members of
the IL-1 receptor (IL-1R) superfamily, followed by a series
of signaling events. Upon ligand binding to their respec-
tive receptors, IL-1 family members (including IL-10/f3,
IL-33, IL-18, etc.) recruit co-receptors to form function-
al signaling complexes. This interaction triggers myeloid
differentiation factor 88 (MyD88)-dependent signaling
pathways, which ultimately activate the transcription fac-
tor nuclear factor kappa B (NF-«xB), thereby promoting
the expression of inflammatory genes [29]. Concurrently,
various endogenous regulatory mechanisms finely tune
this activity through decoy receptors, antagonists, and in-
hibitory signaling pathways, thereby preventing excessive
inflammatory responses (Fig. 1).

Role of IL-1 family cytokines in SS
IL-1 subfamily and SS

Relevant studies suggest that inflammatory responses
and oxidative stress contribute to the progression of pSS.
Benchabane et al. [10] reported significantly elevated
levels of the proinflammatory cytokine IL-1f in patients
with pSS, which exhibited a strong positive correlation
with concentrations of oxidative stress markers, such as
malondialdehyde (MDA) and nitric oxide (NO). This
finding indicates that inflammatory responses and oxi-

dative damage reinforce each other, collectively driving
the progression of pSS, with IL-1f serving as a sensitive
biomarker for monitoring disease activity in pSS [10]. Al-
though IL-33 levels also vary during disease progression,
they showed no significant correlation with MDA or NO,
suggesting that IL.-33 may contribute to pSS pathogenesis
through pathways independent of oxidative stress.
Subsequent research has demonstrated that IL-33 pre-
dominantly facilitates the activation of salivary gland epi-
thelial cells and promotes type I immune responses via the
1L-33/sST2 axis, thereby contributing to the pathogenesis
of pSS. In patients with pSS, serum levels of IL-33 and
its decoy receptor sST2 are significantly elevated [30-32],
showing a positive correlation with disease activity indices
(such as SSDAI and ESSDAI scores) and clinical param-
eters (including thrombocytopenia and disease duration)
[31, 32]. This suggests a specific activation of the IL.-33/
sST2 pathway in pSS and highlights its potential utility as
a biomarker for assessing disease activity [33]. Histologi-
cal investigations by Jung et al. [31] and Dong et al. [33]
have revealed increased expression of IL-33 and ST2 in the
salivary glands of pSS patients, predominantly localized to
glandular epithelial and endothelial cells. Further studies
by Awada et al. [30] and Jung et al. [31] found that IL-33
expression levels were significantly elevated during the
mid-stage of the disease (Chisholm score 2-3) but tended
to stabilize or decrease in the late stage (Chisholm score 4),
indicating that IL-33 activation may be an early event in
the disease process. Mechanistically, both Awada et al.
[30] and Dong et al. [33] have demonstrated that I1.-33
does not directly induce proinflammatory cytokines. In-
stead, it synergistically enhances the production of inter-
feron-gamma (IFN-y) by NK and NKT cells in conjunction
with IL-12 and IL-23, thereby facilitating localized inflam-
matory immune responses. Dong et al. [33] further eluci-
dated that IL-33-stimulated salivary gland epithelial cells
activate the NF-kB pathway, leading to the upregulation of
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Fig. 1. Signaling pathways and regulatory mechanisms associated with the IL-1 family. A) The proinflammatory sig-
naling initiated by IL-1a and IL-1 commences with their binding to the IL-1R1 receptor, followed by the recruitment
of the co-receptor IL-1RACcP. This ligand-receptor complex formation leads to the recruitment of the intracellular TIR
domain-containing receptor complex, which subsequently engages MyD88, thereby activating IRAKs and TRAF6.
This cascade results in the activation of TAK1, which concurrently initiates two pivotal pathways: the NF-kB pathway,
through the degradation of IkB mediated by phosphorylation of the IKK complex, and the MAPK pathway, through the
phosphorylation of transcription factors via the p38/JNK/ERK cascade, thereby augmenting AP-1 activity. The activat-
ed NF-xB and AP-1 transcription factors collaboratively regulate the expression of inflammatory mediators, including
TNF-a and IL-6. This signaling process is tightly controlled by negative regulatory mechanisms involving the decoy
receptor IL-1R2, which competitively binds ligands without initiating signaling, and the natural antagonist IL-1Ra,
which binds to IL-1R1 but is unable to recruit co-receptors. B) IL-18 engages the classical MyD88-IRAK-TRAF6-NF-
kB signaling pathway through its specific receptor IL-18Ro. and the recruitment of the co-receptor IL-18R3, thereby
promoting the production of proinflammatory cytokines such as IFN-y. This signaling pathway is governed by two major
regulatory mechanisms. The soluble high-affinity decoy protein IL-18BP sequesters free IL-18, thereby preventing its
interaction with membrane receptors. Concurrently, the anti-inflammatory cytokine IL-37 associates with IL-18Ra and
recruits the inhibitory receptor SIGIRR (IL-1RS8), thereby inhibiting TAK1 and NF-«xB activation to mitigate inflam-
matory responses. IL-33 engages the MyD88-IRAK-NF-«B signaling cascade by binding to its membrane receptor
ST2L and recruiting the co-receptor IL-1RAcP, which facilitates Th2-type immune responses and the production of
cytokines such as IL-4, IL-5, and IL-13. This pathway is tightly regulated by the soluble decoy receptor sST2, generat-
ed through alternative splicing of the ST2 gene. sST2 binds free IL-33 with high affinity but lacks the transmembrane
and intracellular domains necessary for signal transduction, thus competitively inhibiting IL-33 from binding to ST2L.
C) The cytokine IL-36 activates the MyD88-IRAK-NF-kB pathway by binding to its receptor IL-36R and recruiting
the co-receptor IL-1RACP, thereby promoting the production of pro-inflammatory mediators such as IL-8 and IL-6.
This pro-inflammatory process is primarily subject to negative regulation by the endogenous antagonist IL-36Ra. As
a structural analog, IL-36Ra competitively binds to IL-36R but does not initiate signal transduction due to its inability
to effectively recruit IL-1RAcP. Furthermore, the anti-inflammatory protein IL-38 can interact with both IL-36R and the
inhibitory receptor TIGIRR-2, thereby not only preventing signal initiation but also directly suppressing the pathway,
resulting in a dual inhibitory effect
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immune molecules such as CD86 and CCL?2, which in turn
promote Thl and B cell infiltration. In contrast, Liu ef al.
[34] identified that adipose-derived mesenchymal stromal
cells (ADSCs), when stimulated with IL-1f, produce IL-33
via the TAK1, ERK, and p38 pathways. This process
fosters the proliferation of CD4+Foxp3+ST2+ regula-
tory T cells and mitigates experimental autoimmune dry
syndrome, suggesting that IL-33 also has immunomodu-
latory capabilities. In conclusion, the IL-33/sST2 system
plays a significant role in the onset and progression of pSS
through interactions between epithelial and immune cells.
Dong et al. [33] confirmed that IL.-337/- and ST27/- mouse
models exhibited reduced pathological damage and inflam-
matory responses in the later stages of the disease, further
underscoring the critical role of the IL-33/sST2 axis in the
pathogenesis of pSS. In summary, the IL-33/sST2 system
contributes to the onset and progression of pSS through
epithelial-immune cell interactions and synergistic effects
with inflammatory cytokines.

Beyond the 1L.-33/sST2 axis, Hu et al. [35] further
elucidated that respiratory viral infections exacerbate the
pathogenesis of SS by inducing IL-33 expression. In their
study, poly(I:C) was administered intratracheally to sim-
ulate viral infection, resulting in markedly elevated IL.-33
expression in the submandibular glands and lung tissues
of NOD mice. In the salivary glands, this upregulation of
IL-33 was associated with increased interferon levels and
specific activation of Th1 cells, while Th17 cell activity re-
mained unchanged. This suggests that [L-33 predominant-
ly drives Th1-mediated immune responses. Consequently,
this process led to aggravated glandular tissue damage,
increased infiltration of inflammatory cells, and dimin-
ished salivary secretion. Notably, the alterations in IL-33
expression and T cell proportions in the lungs following
poly(I:C) stimulation paralleled the lesions observed in
distal salivary glands. This highlights the crucial interme-
diary role of IL-33 in linking respiratory infections to auto-
immune damage in the salivary glands, thereby exacerbat-
ing the immune and functional dysregulation characteristic
of SS through the promotion of Th1 immune responses.

IL-18 subfamily and SS

Relevant research indicates that IL-18 plays a crucial
role in the pathogenesis of pSS. Numerous studies con-
sistently report significantly elevated levels of IL-18 in
both the serum and local salivary gland tissues of patients
with pSS compared to healthy controls [36, 37]. More-
over, IL-18 expression shows a positive correlation with
rheumatoid factor and disease-specific autoantibodies,
including anti-SSA/Ro and anti-SSB/La antibodies [36,
38], suggesting a strong association with the intensity of
autoimmune responses. At the tissue level, Bombardieri
et al. [36] demonstrated extensive IL-18 expression within
the inflammatory infiltrates of salivary glands, particular-

ly within follicular-like structures. IL-18 is predominantly
secreted by infiltrating macrophages (CD68+) and ductal
epithelial cells in these regions [36, 39]. Eriksson et al.
[38], exploring novel roles of IL-18 in pSS, observed that
IL-18 not only enhances Th1 immune responses but also
promotes the production of IgG1 antibodies. Additionally,
Sakai et al. [40] demonstrated that IL-18 synergistically
amplifies inflammatory responses through the IL-17 path-
way, resulting in the substantial secretion of cytokines
such as IL-6 and IL-8, thereby exacerbating tissue damage.
Ciccia et al. [41] reported that IL-18 facilitates the onset
and progression of lymphoma — a significant complication
associated with pSS — by inducing aberrant expression of
the IL-22 receptor 1 (IL-22R1) protein in myeloid cells.
Concurrently, various studies have demonstrated that
the body attempts to mitigate excessive inflammation by
upregulating anti-inflammatory mediators such as IL-37
and IL-18-binding protein (IL-18BP) [42, 43]. Although
some studies have reported no significant alterations in
serum IL-37 levels, Parisis et al. [44] observed its co-ex-
pression with IL-18, IL-18BP, and IL-18 receptor alpha
(IL-18Ra) in local tissues, thereby forming a potential im-
munoregulatory axis. Furthermore, Conti et al. [45] have
confirmed the anti-inflammatory properties of IL-37 in
SS (Fig. 2). Collectively, these findings support a role for
IL-18 as a pro-inflammatory mediator in pSS, contribut-
ing to aberrant immune responses and tissue damage. Its
interaction with associated inhibitory cytokines may reflect
the overall intensity of immune activity in the disease, sug-
gesting its potential as a biomarker and therapeutic target.

IL-36 subfamily and SS

Ciccia et al. [46] provided a systematic elucidation of
the role of the IL-36 inflammatory axis in pSS by compar-
ing patients with pSS to control subjects. Their research
demonstrated a significant overexpression of the pro-in-
flammatory cytokine IL-36¢. in both the serum and sub-
mandibular gland tissue of pSS patients, with the primary
sources being off T cells and CD68* macrophages infil-
trating the salivary glands. Importantly, IL-360 expression
levels were found to significantly correlate with IL-17,
IL-22, and IL-23p19, suggesting that the IL-36 axis may
interact with the IL-23/IL-17 inflammatory pathway. Re-
search conducted by Nguyen et al. [47] and Ciccia et al.
[48] has identified the activation of the I1L-23/IL-17/
IL-22 axis as an important factor in the pathogenesis of
pSS. Despite the compensatory upregulation of the natural
inhibitor IL-38, it remains inadequate to suppress the over-
all inflammatory response. Notably, the study demonstrat-
ed that y3 T cells in the salivary glands of pSS patients,
although not increased in number, exhibit heightened func-
tional activation. These cells show a significantly enhanced
capacity for IL-17 production, which positively correlates
with tissue lesion scores, and they express high levels of
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Fig. 2. Schematic representation of the anti-inflammatory mechanism of IL-37 in SS. Throughout the pathological
progression of SS, IL-1 functions as an external signaling molecule that binds to IL-1 receptors on the cell membrane,
initiating intracellular signal transduction. This interaction may increase the transcriptional levels of IL-37 mRNA within
the cell, thereby enhancing the synthesis of the IL-37 precursor. A fraction of the synthesized IL-37 precursor is further
processed intracellularly to form mature IL-37, which is subsequently released or stored; another fraction is secreted ex-
tracellularly, where it may be converted by proteases into its biologically active form. This active IL-37 may contribute

to the regulation of inflammatory processes in SS

IL-36a and its receptor IL-36R. This suggests that yo T
cells function not only as effector cells but also as poten-
tially important components that connect and amplify the
IL-36 and IL-17 inflammatory network [45].

Luo et al. [49] focused on the regulatory role of 1L-38
in pathogenic Th17 responses within pSS. Their findings
demonstrated a significant reduction in IL-38 expression
in pSS patients compared to healthy controls, accompanied
by elevated levels of Th17-associated cytokines, such as
IL-17 and IL-23. Subsequent in vitro cellular assays and
in vivo mouse model experiments showed that exogenous
administration of IL-38 effectively inhibited Th17 cell
differentiation and activity. Consequently, IL-38 acts as
a critical negative regulator of Th17-mediated immune re-
sponses in pSS, highlighting its potential as a novel thera-
peutic target for the disease.

Conclusions and perspectives

This paper presents a systematic review of the re-
search advancements concerning the mechanisms of

action of the IL-1 family in SS. Despite these advance-
ments, numerous aspects of the specific functions of this
cytokine family in SS remain inadequately understood.
Furthermore, the limitations inherent in current cytokine
detection technologies may compromise the accuracy
and reliability of research outcomes. Future research
should aim to both deepen and broaden the exploration
of the IL-1 family’s mechanisms in SS, with a particu-
lar emphasis on the comprehensive regulation of cyto-
kine networks. This includes elucidating the synergistic
or antagonistic interactions among cytokines and their
regulatory pathways to clarify their functional roles in
the pathogenesis of SS. Such investigations may provide
a theoretical basis for improving the diagnosis and treat-
ment of SS, support translational research on cytokines
as potential therapeutic targets, and potentially improve
clinical management of SS.
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