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ABSTRACT. Primary Sjogren syndrome (pSS) is a systemic autoimmune disorder that affects various systems in the
body, resulting in symptoms such as dry eyes and mouth, pain, and fatigue. Inflammation plays a critical role in pSS
and its associated complications, with chronic inflammation being a common occurrence in patients with pSS. This
review of the literature highlights inflammatory markers that could serve as indicators to predict disease progression
in pSS. Results: Laboratory markers are frequently and significantly increased in pSS patients, including erythrocyte
sedimentation rate, C-reactive protein, complement proteins, S100 proteins, cytokines (IFNs, CD40 ligand, soluble
CD25, rheumatoid factors, interleukins, and TNF-a), and chemokines (CXCL13, CXCL10, CCL2, CXCL11, and
CCL25). These inflammatory markers can be used as prognostic indicators for disease progression in pSS. Conclusion.
In conclusion, the results from the studies reported in this review indicate that high levels of inflammatory markers
may serve as markers for disease progression of pSS, which, in turn, may be valuable in predicting disease outcome.
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Primary Sjogren syndrome (pSS) is a systemic rheu-
matic disease characterized by disorders of the external
exocrine glands, multiorgan involvement and autoan-
tibody generation and autoimmune epithelitis [1].
Patients with pSS exhibit increased glandular disorder
and xerostomia, as well as xerophthalmia, which are
attributed to infiltrating lymphocytes and autoimmune
damage of the salivary gland and lacrimal gland [2].
More than half of pSS patients suffer from systemic
autoimmune diseases and approximately 5% develop
lymphoma [3]. Distinguishing pSS from other autoim-
mune disorders is challenging because many pSS
patients have symptoms similar to those associated with
autoimmune diseases, including systemic lupus erythe-
matosus (SLE) [4]. Despite emerging studies on pSS
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—Primary Sjogren syndrome (pSS) is an autoimmune disorder
affecting multiple systems in the body.

— Chronic inflammation is a common occurrence in pSS and plays a
critical role in disease progression.

— Laboratory markers are frequently and significantly increased in
pSS patients, including erythrocyte sedimentation rate, C-reactive
protein, complement proteins, and cytokines.

— These inflammatory markers can be used as prognostic indicators
of disease progression in pSS.

diagnosis and treatment, currently available therapies
are ineffective in maintaining salivary function and
reducing disease activity [5]. Therefore, pSS remains a
severe rheumatic disease, and there is a need to explore
novel potential biomarkers to aid in the management
of pSS.

Various studies have demonstrated that immune abnor-
malities in pSS cause T and B cell dysfunction based on
animal models and studies on peripheral blood of
patients [6]. Inflammation plays a crucial role in the
pathogenesis of pSS. In this respect, inflammatory
cytokines have been suggested to interact with the epi-
thelial cells of the salivary gland, contributing to the
pathology of pSS [7]. Patients with pSS often exhibit
chronic inflammation, with laboratory indices, such as
erythrocyte sedimentation rate (ESR), C-reactive pro-
tein (CRP), complement proteins, S100 proteins, and
cytokines and chemokines, being markedly elevated.
These markers are often used to indicate pSS disease
development and activity [8]. Hence, in this review, we
summarize the function of several inflammatory mark-
ers, such as ESR, CRP, complement proteins, S100
proteins, cytokines (interferons [IFNs], cluster of dif-
ferentiation [CD] 40 ligand, soluble CD25, rheumatoid
factors, interleukins, and tumour necrosis factor-alpha
[TNF-a]), and chemokines (chemokine [C-X-C motif]
ligand [CXCL] 13, CXCL10, CCL2, CXCLI11, and
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CXCL2)), related to the occurrence and development
of pSS. Based on our findings, we suggest that inflam-
matory markers can be used as prognostic indicators of
progression of pSS.

Primary Sjogren syndrome

pSS is characterized by dry mouth and eyes, fatigue,
pain, and systematic damage throughout the body.
These clinical manifestations are caused primarily by
exocrine gland lymphocyte infiltration and B cell mal-
function [1]. Although pSS is recognized as a significant
component of autoimmune diseases, its exact cause has
yet to be fully elucidated. A multitude of factors, such
as environmental (infectious, hormonal, and stress-re-
lated), genetic, and immune factors, have been identified
to contribute to the development of pSS through the
use of innovative technologies and tools [9]. pSS affects
approximately 0.1% to 0.6% of the general population,
with a higher prevalence in women than men.

Age at onset is typically between 40 and 60 years old.
The occurrence of pSS is influenced by a hereditary pre-
disposition, and variations in both HLA and non-HLA
genes have been associated with the condition.
Environmental factors, such as viral infections, hormo-
nal changes, and stress, can also contribute to the devel-
opment of pSS. Xerostomia and xerophthalmia are
early and prevalent symptoms of pSS, while a growing
number of studies have recently been conducted on
complications involving diverse systems; for instance,
cerebrovascular inflammation, transverse myelitis, or
demyelinating lesions in the central nervous, respira-
tory, and urinary systems [1]. Studies reveal that the
alleles, DRB1*03:01, DQA1*05:01, DQB1*02:01, and
DRB1#03, are suspected risk factors for pSS.
DQA1*02:01, DQA1*03:01, and DQBI1*05:01, on the
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other hand, are protective factors for pSS [10].
Furthermore, pSS has been linked to viral infections,
including Epstein-Barr virus, hepatitis C virus, and hep-
atitis G virus [11]. The current understanding of pSS
pathogenesis is summarized in figure 1.

Fortunately, pSS has a relatively favourable prognosis,
and with appropriate medical treatment, most individ-
uals can experience relief [12]. Treatment guidelines for
pSS include alternatives to eye drops and saliva prod-
ucts, such as pilocarpine or simefrine, disease-modifying
antirheumatic drugs, immunosuppressants, and biolog-
ics such as rituximab [6].

Common inflammatory markers in the blood

ESR and CRP

Erythrocyte sedimentation rate (ESR) is an indicator
of disease and inflammation in patients with pSS [13].
Serum immunoglobulin level is associated with the dis-
ease activity index of the European League Against
Rheumatism, and is a key factor leading to elevated
ESR. Extra-glandular symptoms of pSS are associated
with hypergammaglobulinaemia (mainly cutaneous
vasculitis and joint, pulmonary and renal related con-
ditions) [14]. In addition, hypergammaglobulinaemia
leads to an increased ESR level and inflammatory activ-
ity in pSS patients [15, 16]. However, contrary to this,
studies have shown that pSS patients usually exhibit
low levels of C-reactive protein (CRP) [17].

Complement proteins

The role of complement proteins in pSS has not been
widely studied. However, recent research highlights the
importance of the classic complement pathway in pSS.
One study revealed that decreased levels of C3 and C4
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Figure 1.
Schematic diagram of the pathogenesis of primary Sjogren syndrome.
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Inflammation-related prognostic markers in primary Sjogren syndrome.

complement proteins are linked to higher disease activ-
ity and tissue injury in pSS patients [18]. Low levels of
C3 and C4 are common in pSS patients and may con-
tribute to lymphoma progression [19, 20]. Additionally,
lower expression of complement proteins is linked to
immunological indicators (e.g., cryoglobulinemia, rheu-
matoid factors [RFs]) and extraglandular symptoms
(e.g., fever, joint and skin involvement, vasculitis, and
peripheral neuropathy) [20]. Studies have shown that
patients with pSS have lower serum C3 and C4
compared to healthy individuals [21], while C3 levels
in the labial gland are higher in pSS patients [22].
Hypocomplementaemia is associated with poor prog-
nosis in pSS due to an increased risk of lymphomas and
mortality. Moreover, decreased expression of C4 is sig-
nificantly associated with aberrant lymphocyte prolif-
eration and an increased risk of death [20, 21, 23].

The classic complement activation pathway is initiated
by complement component 1q (Clq). A study showed
that levels of Clq and membrane attack complex
(MAC) were lower in the labial salivary glands of pSS
patients compared to controls. This indicates that auto-
immune processes in pSS are not related to complement
activation pathways, including classic, alternative, and
lectin activation pathways [22]. Moreover, the absence
of Clq and MAC in salivary glands of pSS patients
suggests that MAC-induced cytolytic mechanisms can-
not be responsible for complement activation and glan-
dular tissue damage [24]. As a result, the expression of
complement regulatory protein is altered in pSS,
non-specific sialadenitis, as well as healthy salivary
glands, indicating that alternative activities of these
regulatory proteins may be more significant in pSS [24].
Complement regulators, including protectin (CD59),
decay accelerating factor (CD55), membrane cofactor
protein (CD46), and clusterin, were found in the saliva
of pSS patients and were shown to be highly expressed

in inflamed salivary gland tissue due to the inflamma-
tory response, and were linked to pSS self-reactive exo-
crinopathy [25]. Additionally, the concentration of
salivary gland protectin (CD59) varied in pSS patients
[24]. According to immunohistochemical (IHC) data,
CD59 expression on acinar cell membranes in pSS sal-
ivary glands varied in intensity from negative to slightly
positive, despite the luminal surface. Non-specific
sialadenitis samples exhibited positive/moderately pos-
itive intensity on the entire surface of acinar cells. Non-
affected control salivary glands showed predominantly
highly positive intensity on the entire surface of acinar
and ductal epithelial cells [24]. These results suggest that
CD59 may reduce the proinflammatory effect in pSS.
The homologous C4 genes, C4A4 and C4B, were found
to have a significant impact on the risk of developing
pSS among cohorts with common C4 alleles, with C4B
associated with a higher risk compared to C4A4. A recent
study also showed that a low copy number of C44
closely correlated with pSS [26]. Additionally, C4 serum
levels were considerably lower in pSS patients compared
to healthy individuals, and there was no statistical dif-
ference in c4d concentration between the two groups.
However, the anti-SSA/SSB-seropositive pSS group had
significantly lower expression of C4d than both the
healthy and anti-SSA/SSB-seronegative pSS groups,
and the concentration of C4d inversely correlated with
ESSPRI [21, 27]. Overall, the presence of C4d in the
serum of pSS patients may serve as a promising predic-
tor of immunological response and complement over-
activation in the development of pSS [28].

S100 proteins

S100 proteins have been implicated in various pathol-
ogies such as autoimmune, inflammatory, and cancer-
ous conditions as well as in brain and cardiovascular



dysfunction [29]. These proteins are known to partici-
pate in the immune response, and act as ligands for the
receptor for advanced glycation end product (RAGE),
damage-associated molecular pattern (DAMP), and
toll-like receptor-4 (TLR-4), which can lead to cell and
immune aberrations, resulting in inflammatory damage
[30].

Studies have shown that SI00A6, SI00A7and S100A8
are upregulated in patients with pSS compared to
healthy individuals [31]. Another study found that
S100A7, S100A8, S100A9, S100A11 and S100A12 were
the most differentially expressed proteins related to neu-
trophil degranulation between pSS and normal groups,
and S100A8 and S100A9 were shown to be related to
IL-12 signalling pathways [32]. Furthermore, SIO0A
protein was found to be highly expressed in salivary
inflammatory sites, and levels increased in a stage-spe-
cific manner related to pSS phenotype [33]. SI00A9, a
member of the SI00A8/S100A9 complex in the salivary
gland, was shown to be significantly increased in pSS
individuals prone to lymphoma [34]. Elevated serum
levels of SIO0A8 and S100A9 in pSS individuals were
associated with enhanced levels of proinflammatory
cytokines (IL-1, IL-6, IL-10, IL-17A, IL-22, TNF and
IFN), mainly in polymorphonuclear neutrophils and
macrophages. Therefore, SI00A8 and S100A9, along
with certain cytokines, may play a role in the develop-
ment of pSS [35].

A recent study demonstrated markedly increased levels
of SI00AS, SI00A9, and SI00A12 in 141 pSS patients
compared to healthy controls (HCs) [36]. Furthermore,
pSS individuals exhibited significantly higher levels of
faecal SI00A8 and S100A9 compared to HCs, and this
increase was associated with the EULAR Sjogren syn-
drome disease activity index (ESSDATI) [37]. Tear sam-
ples collected from the ocular surface showed
upregulation of S100A8, S100A9, S100A4, and
S100A11. Additionally, salivary levels of SI00A8 and
S100A9 were also found to be useful in differentiating
between pSS, disease controls, and normal controls,
particularly in pSS patients with lymphoma or at high
risk of lymphoma [38]. Recently, SIO0A8 and S100A9
were identified as new endogenous ligands for TLR-4
that promote systemic endotoxin-induced shock and
inflamed arthritis, making them crucial components of
innate immunity. Under inflammatory conditions,
S100A8 and S100A9 expression is observed in infiltrated
monocytes and neutrophils, but not in macrophages or
lymphocytes in healthy tissues [39]. Based on a compar-
ison between pSS patients and healthy and disease-con-
trol subjects, levels of S100A8 and SI100A9 were
significantly altered in parotid saliva but not in whole
saliva [39]. Additionally, preliminary proteomic analy-
ses of parotid saliva indicated that ST00A8 and S100A9
levels were different between pSS, with or without a risk
of lymphoma, and control groups. In summary, SI00AS
and S100A9 are promising predictors for the develop-
ment of lymphoma in pSS patients [34].

Rheumatoid factors

Rheumatoid factors (RFs) are an important prognostic
factor in patients with pSS and are associated with some
serious conditions, related to a poor Schirmer test,
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elevated ESSDALI score, leucopenia, increased concen-
tration of gammaglobulins, anti-nuclear antibodies
(ANA), anti-SSA antibodies, anti-SSB auto-antibodies,
and increased B cell activity [40]. RFs are immunoglob-
ulins that can be classified into different isotypes (IgA,
1gG, IgM, IgE, and IgD), with IgM being the predom-
inant isotype [41, 42]. As an immune disease, pSS is
closely related to RFs and RF-IgM is a key predictor
of outcome and disease activity [43]. Patients with pSS
are more likely to have high levels of RF-IgM in their
serum (70-90%) [44], and RF-IgA concentrations in the
saliva and serum of pSS patients also increase signifi-
cantly [45]. In addition, RF-IgA and RF-IgG immuno-
globulin family members have been identified as
promising markers for the diagnosis of pSS patients
[46].

Cytokines

IFNs

Interferons (IFNs) are proinflammatory cytokines that
play an important role in the pathology of pSS, with
systemic elevation observed in 57% of patients [47]. The
increased expression of IFN-related genes in salivary
glands, isolated monocytes, peripheral blood mononu-
clear cells (PBMCs), and B cells is a direct result of this
increase in systemic IFNs [48, 49]. Both type I and 11
IFNs have been implicated in pSS progression. Type |
IFNs (IFN-a and IFN-B) are secreted by nearly all
mammalian cells and bind to a common receptor, while,
type II IFN (IFN-y) only binds to a specific receptor
and can be released by innate and adaptive immune
cells, such as CD4+ Th1 cells, CD8+ T cells, NK cells,
B cells, and classic antigen-presenting cells [50]. In the
early stages of innate immunity, the expression of type
I IFN is increased in glandular tissue and serum [51],
while type I and type II IFN produced by T and B cells
are involved in the later stages of disease progression
[52]. This process can be enhanced by B cell activating
factor of the TNF family (BAFF) [53]. BAFF is pro-
duced by dendritic cells (DCs) and monocytes, and is
essential for the proliferation, differentiation and sur-
vival of B cells [54].

Moreover, activated plasmacytoid dendritic cells
(pDCs) have been shown to exhibit elevated IFN-a in
pSS salivary tissue [55, 56]. IFN-related genes have also
been found to be increased in pSS biopsy tissue [57].
TLRs and cytosolic sensors of nucleic acid stimulation,
which are specifically expressed in pDCs and responsi-
ble for activating the initial factors in the type I IFN
response, are both increased in pSS. Additionally, reti-
noic acid inducible gene 1 (RIG1), melanoma differen-
tiation-associated protein 5 (MDAS), and retinoic acid
inducible receptors (RLRs), which are involved in the
type I IFN signature in pSS, activate these receptors to
initiate intracellular pathways, that result in the gener-
ation of type I IFN [58].

Historically, IFNa was believed to be a significant fac-
tor in the pathogenesis of pSS. However, recent studies
have revealed that some effects leading to type I IFN
signalling may also result in the activation of the type
II pathway, as IFN-y can stimulate a variety of specific
genes increased by IFN-a [59]. Therefore, studies have
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shown both activated type I and type IT IFN signalling
in pSS patients [59]. In particular, pSS is linked to
genetic polymorphisms and mRNA expression which
are indicators of excessive innate and type I IFN
immune responses. Additionally, the overexpression of
interferon-stimulated genes (ISGs) caused by type I IFN
is called the “type I IFN signature” [60]. Significant
overexpression of type I IFN is known to be a hallmark
of pSS and is thought to be critical in the disease’s dis-
ordered immune response. Type I ISGs are significantly
expressed in PBMCs, pDCs, B cells and salivary glands
of pSS patients [61], and approximately 50-80% of pSS
patients exhibit a positive type I IFN signature [62].
IFN-y contributes to the loss of goblet cell and epithelial
apoptosis. Elevated levels of proteins and mRNAs have
been observed in tears, saliva, conjunctiva, the subman-
dibular gland, the lacrimal gland, and blood, making
them recognized biomarkers for xerophthalmia in pSS
[63]. Genetic analysis has revealed polymorphisms in
STATH4, a transcription factor responsible for IFN syn-
thesis in Th1 cells and macrophages in pSS patients [64,
65]. IFN-y guides apoptosis in human salivary gland
cells, and early IFN-y-induced glandular apoptosis is a
precursor to pSS development [66]. Therefore, IFN-y is
crucial for the initiation of pSS in mouse models and is
relevant to human diseases. One study suggested that
several cytokines generated by immunocompetent cells,
such as IFN-y and IL-17, are elevated, and auto-reactive
T cells and B cells are activated via IFN as part of the
immune aetiology of pSS exocrine glands [67]. Recently,
type II IFN function has been demonstrated, and only
7% of individuals with pSS have this specific IFN sig-
nature, which is typically linked to a stronger type I IFN
signature [62]. CD 14+ monocytes and DCs are the prin-
cipal source of type I IFN, and during the development
of pSS, IFN-y helps to activate Thl cells, upregulate
MHC class II antigen-presenting or epithelial cells, pro-
duce IFN-y-inducible proteins, and activate a variety
of immune cells that express the IFN-y receptor [68].
IFN-y has been confirmed to be one of the factors
involved in the pathogenesis of pSS, leading to an
increased ESSDAI score and elevated concentration of
IFN-y [69].

The production of high levels of type III IFN is depend-
ent on STAT1 and STAT2 heterodimers in pDCs,
which transduce intracellular signals to control the
expression of ISGs by binding to IFN-enhanced
response elements. Type III IFN has a variety of bio-
logical effects as it interacts with different receptors
expressed on various cell surfaces. Notably, the expres-
sion of type III IFN receptors (IFN-A receptors: IFNLR
and IL-10 receptors) has been observed in epithelial cells
[70]. Increased concentrations of IFN-A1/IL-29 were
detected in pSS patients with minor salivary gland
(MSG) damage, and the expression of IFN-A2/IL-28A
was also elevated in MSGs. Moreover, although there
was no constitutive release of type III IFNs from long-
term cultured salivary gland epithelial cells, these were
easily generated upon TLR3 stimulation, indicating
that the level of type III IFNs is reliant on on-and-off
signals of innate immunity, similar to type I IFNs [71].
A recent study suggests that type III IFNs play a role
in regulating the local autoimmune response in pSS.

Although type III IFNs were expressed similarly
between pSS and control groups, the elevated expres-
sion of IFN-AR1/IL-28Ra receptor in pDC-infiltrated
MSGs of pSS patients suggests that epithelial type 111
expression could regulate pDC activation in pSS auto-
immune injuries. pDCs have been implicated in pSS and
are thought to be critical in pSS inflammatory responses
via generating IFN-a [56, 72].

Soluble CD25

The concentration of serum soluble CD25 (sCD25) is
associated with T-cell activation and is considered a
promising indicator of disease activity in autoimmune
diseases [73]. In comparison to HCs, patients with pSS
had significantly elevated levels of serum sCD25. The
levels of sCD25 were positively correlated with ESSDAI
score, particularly the haematological domain, ESR,
CRP, IgG, and y-globulin levels [74]. The expression of
plasma sIL-2R (CD25+) in pSS patients was signifi-
cantly higher than in HCs. Recent studies have shown
that patients with a more severe phenotype, as evaluated
by pathologically low salivary flow, had the highest lev-
els of sIL-2R, and the levels of plasma sIL-2R were
inversely correlated to salivary flow [75].

Interleukins

Salivary IL-6 expression was shown to be higher in pSS
patients compared to both HCs and individuals with
other systemic autoimmune disorders without salivary
gland dysfunction. Increased salivary IL-6 concentra-
tion in pSS was indicative of local exocrine involvement
and may serve as a sensitive indicator of disease activity
[76]. Another study showed that circulating IL-6 expres-
sion was increased in pSS and significantly associated
with systemic inflammation markers, such as ESSDALI,
ESR, CRP, and IgG [77].

Serum IL-7 concentration was found to correlate with
several Th cell cytokines including IL-4, 1L.-9, IL-10,
IL-17, and IFNs. IL-7 was reported to be closely cor-
related with pSS activity, more so than other cytokines
[78], suggesting that it may be an important mediator
in the complex cytokine network involved in pSS immu-
nopathology. The IL-7/IL-7R signalling pathway may
be a potential treatment target for pSS individuals [78].
Elevated IL-7 expression has also been detected in iso-
lated PBMC:s of patients with pSS [79]. Additionally, a
recent study demonstrated that during the early stage
of pSS, stimulation with IL.-7 upregulated the expres-
sion of IFN-y, IL-4, IL-17 and IL-21 by CCR9+ Th
cells despite their inability to sustain homeostatic pro-
liferation responses to 1L.-7 [80].

In pSS, 1L-33 is released from damaged salivary cells
due to proinflammatory stimuli and epithelial barrier
dysfunction [81]. This leads to significantly elevated
levels of IL-33 in the serum and tears of pSS patients,
where it functions with IL-12 and IL-23 to activate NK
and NKT cells and promote the production of IFN-y,
thereby inducing inflammation [82]. The IL-33/ST?2 sig-
nalling pathway can be activated by TNF-a, IL-1B and
IFN-y, creating a vicious circle of inflammation that
exacerbates disease progression [82].



IL-17, on the other hand, has been shown to disrupt the
integrity of salivary tight junctions and serves an impor-
tant role in salivary gland dysfunction [83]. In SS-non-
susceptible mice, IL-17A has also been shown to cause
pathological alterations resembling SS-like diseases [84].
Lin et al. [85] reported that the level of circulating Th17,
which secrete [L-17, positively correlates with the dura-
tion of pSS, indicating a potential role in disease pro-
gression [86].

Gene chip analysis revealed that IL-11 expression levels
were decreased in lacrimal glands of individuals with
pSS [87]. Another study also reported a significant
decrease in IL-11 mRNA levels in lacrimal glands of
pSS patients compared to HCs. IL-11 levels in pSS
patients were positively correlated with CRP levels and
negatively correlated with RF levels, suggesting that
IL-11 is strongly associated with disease activity and
could be a diagnostic predictor of pSS [88].

The levels of IL-34 in serum and inflamed salivary glands
of pSS patients were shown to be elevated compared to
HCs [89]. Additionally, the anti-Ro/SSA and anti-La/
SSB-positive groups of pSS patients had higher 1L-34
expression than the anti-Ro/SSA and anti-La/SSB-
negative groups. Serum [L-34 concentration was also
associated with RF, IgG and y-G and may play a role in
B cell activation and antibody production. These find-
ings suggest that IL-34 may be a significant regulator of
the systemic immunoregulatory mechanism of pSS [90].

TNF-a

TNF-q, a pro-inflammatory cytokine, is associated with
inflammation and apoptosis, which can lead to the acti-
vation of matrix metalloproteinase-9 and result in sal-
ivary gland dysfunction [91]. Previous research has
shown that endogenous TNF-a is involved in the aeti-
ology of pSS in non-obese diabetic mice [92]. A recent
clinical study reported elevated salivary TNF-o concen-
trations in pSS patients compared to HCs [93]. However,
Moriyama et al. [94] found no statistically significant
difference in salivary TNF-a levels between pSS and
HC groups. Another study indicated that salivary
TNF-a levels were elevated in patients with pSS com-
pared to HCs, but this difference was not statistically
significant. Targeting TNF-o with an anti-TNF mono-
clonal antibody (mAb) showed a curative effect based
on an in vitro study [95], however, a clinical study did
not reveal any evidence of the curative effect of inflixi-
mab (a type of anti-TNF mAb) in pSS patients [96].
Therefore, the effects of TNF-a on the aetiology of pSS
need to be further clarified and investigated.

CD40L, a type II transmembrane glycoprotein, is a
member of the TNF family and is primarily expressed
in activated CD4+ T lymphocytes. A case-control study
showed significant overexpression of CD40L in acti-
vated CD4+ T cells in females with pSS, but not HCs
[97]. About half of pSS patients will develop systemic
symptoms, and the inflammatory infiltration of the sal-
ivary glands in pSS primarily comprises activated
CD40-CD40L bearing lymphocytes and B cells [98].
CD40-CD40L signalling might be related to the appear-
ance of ectopic GCs in salivary glands in patients with
pSS and the thyroid gland in patients with Graves dis-
ease, as well as the production of antibody-producing
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plasma cells [99, 100]. Activation of salivary epithelia
via CD40 by CD40L-expressing T cells in inflammatory
lesions in patients with pSS may be detrimental to epi-
thelial tissue renewal and repair [101]. Furthermore,
soluble CD40L (sCD40L) has been shown to increase
ICAM-1 expression in pSS salivary gland cells by acti-
vating NF-kB p50 [102], and higher serum sCD40L
levels and higher CD40L transcript levels in the CD4+ T
cell compartment were detected in patients with pSS in
recent studies [103]. Downregulation of CD40 path-
way-related genes, a reduction in lymphocytic infiltra-
tion and autoantibody production, and prevention of
ectopic lymphoid structure development with CD40L
blockade have been reported based on a specific murine
pSS model [104].

BAFF (also known as B cell enhancer) belongs to the
TNF superfamily of proteins and promotes B lympho-
cyte survival and proliferation. It is produced as both
membrane-bound and soluble proteins [105]. The
expression levels of BAFF may be used as a criterion
for the filtering naive B lymphocytes because autoreac-
tive B lymphocytes rely more heavily on BAFF than
naive mature B lymphocytes. Data show that elevated
expression of BAFF in lymphoid tissue is related to the
proliferation of mature B cells and may be involved in
the pathological process of pSS [105].

OX40L (CD252, TNFSF4) and other tumour necrosis
factor ligands, such as type II transmembrane proteins,
participate in the costimulation and differentiation of
T lymphocytes, and act as a positive signal in immune
responses [106]. Studies have shown that serum soluble
OX40L (sOX40L) in healthy donors increases with age,
and the levels of sOX40L are also elevated in some auto-
immune disorders [106]. In patients with pSS, the ele-
vated expression of OX40 and OX40L in peripheral
blood lymphocytes significantly correlated with clinical
outcome and treatment response. The levels of OX40
and OX40L on peripheral lymphocytes were upregu-
lated in the pSS cohort and their expression levels sig-
nificantly positively correlated with clinical prognosis
and curative responses in patients with pSS. These
results suggest that circulating sSOX40L in human serum
could play a key role in the pathogenesis of pSS [107].

Chemokines

Chemokines are often produced in response to cytokines
and play a crucial role in recruiting more inflammatory
cells to participate in the inflammatory response. Several
studies have demonstrated a relationship between
chemokines and disease activity. CXCL13 is an essential
biomarker of pSS disease activity, and clinical indica-
tors, such as RF, k-to-A free light chain ratio, B2-mi-
croglobulin, y-globulins, anti-Ro/SSA, anti-La/SSB,
and ESR, have been shown to be significantly associated
with elevated concentrations of serum CXCL13 in pSS
patients. Serum CXCL13 concentration is also strongly
correlated with a risk of lymphoma in patients [108,
109]. In addition, elevated CXCL13 concentrations
have also been detected in saliva [110], salivary gland
tissues [111], and the salivary gland secretome [112] of
pSS patients. Moreover, serum levels of CXCL13 were
strongly correlated with a risk and occurrence of
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lymphoma in patients with pSS [108, 109]. CXCL13
levels are also reported to be correlated with ectopic
lymphoid-like structures (ELSs), a core player in pSS
pathogenesis [113]. In addition, serum CXCL13 levels
were shown to be related to increased lymphocytic infil-
tration, disease activity, lymphatic tissues, and the
occurrence of ectopic GCs in salivary glands from
patients [114]. Furthermore, CXCL13 levels were pos-
itively correlated with Tfh cell counts in the salivary
glands of pSS patients [115]. Mechanistically, CXCL13
may mediate pSS progression by recruiting CXCR5+ B
cells and Tfh cells into inflammatory salivary glands
[111]. Based on pSS preclinical studies, administration
of anti-CXCLI13 neutralizing antibody markedly
decreased the inflammatory response and CD19 con-
centrations in submandibular gland tissue [110].
Furthermore, increased CXCL13 expression in pSS
patients was accompanied by hypocomplementemia,
elevated RFs, and an increased probability of lym-
phoma [116]. These results suggest that CXCL13 may
serve as a promising indicator for predicting the pro-
gression and clinical outcome of pSS.

CXCLI10 was found to be increased in patients with
preclinical pSS, suggesting its involvement in early pSS
pathogenesis [117]. Administration of a CXCL10 antag-
onist to MRL/lpr mice resulted in decreased Thl
CXCR3+ infiltration and parenchymal destruction in
sialadenitis, leading to lower IFN-y production [118].
However, another study reported lower concentrations
of CXCL10 and CCL2 in tears from pSS cohorts, which
were associated with worse ophthalmic symptoms and
positive ocular target test results, respectively [119].
CXCLO9 levels are elevated in whole salivary glands and
SGECs in patients with pSS, which is mediated by
IFN-y expression [120]. In pSS, most periductal lym-
phocytes infiltering salivary gland tissue are CXCR3+,
suggesting that CXCL9, CXCL10, and CXCLI11 may
play a role in the progression of pSS[121]. CXCLI11 is
located within the ductal epithelium adjacent to lym-
phatic infiltration in pSS, but not in salivary glands
from control subjects [122]. When paired with low con-
centrations of sCD163, serum CXCL11 has been shown
to be a reliable indicator of pSS [123]. CXCL9, CXCLI10,
and CXCLI11 are also detected in the gland tissue, tear
film, and ocular surface in pSS patients [124]. CCL2
levels were shown to be increased in salivary gland tis-
sue, serum, and saliva of pSS patients compared with
HCs [117, 125], and SS patients with salivary gland
germinal centres were shown to express increased con-
centrations of CCL2 compared with those without [126,
127]. Similar to CXCL9, CXCL10, and CXCL11, CCL2
is observed in ductal structures, and its levels are
enhanced in vitro when SGECs are stimulated with
IFN-y [128]. Furthermore, epidemiological studies of
pSS indicate that the expression of CCL2 is linked to
female preponderance and perimenopausal disease ini-
tiation. Recent research on aromatase knockout mice
suggests that postmenopausal status modulates sialad-
enitis and CCL2 expression in pSS [129].

CCL25 mRNA expression was shown to be considerably
higher in the salivary glands of pSS patients than in those
of non-pSS individuals [80]. CCR9+ CD4 T cell counts
were higher in patients with pSS, both in the peripheral

circulation and in the salivary glands, compared to con-
trols, and they produced more IL-21, IL-4, and IFN-y
than CXCR5+ CD4 T cells [80, 130]. Similarly, CCL25,
the ligand for CCR9, was shown to be increased in sal-
ivary glands of pSS patients [80], but was undetectable
in salivary glands of HCs [131]. In individuals with pSS,
primary type I IFN-producing cells, called pDCs, were
shown to express a higher level of CCR5 compared to
HCs [132]. Additionally, both CCL5 and CCRS levels
were elevated in salivary glands of the pSS group [94].
Their increase was also observed in the inflammatory
glands of a mouse model of an SS-like condition, in
which inhibition of CCLS5 reduced disease [133].

Discussion

pSS is a chronic autoimmune disorder that causes
inflammation in exocrine glands, resulting in dysfunc-
tion of the salivary and lacrimal gland, and systemic
signs that can affect almost all systems. Therefore, there
is a crucial need for sensitive and specific inflammatory
markers in pSS. Advances in our understanding of the
pathophysiology of pSS have made it possible to iden-
tify potential markers for the diagnosis and monitoring
of disease activity. However, the validity of several of
the inflammatory indicators needs to be confirmed
through larger clinical investigations. This review sum-
marizes the latest progress in identifying inflammatory
markers of pSS to guide clinical work.

Laboratory indicators, such as ESR, CRP, complement
proteins, S100 proteins, some cytokines, and chemok-
ines, are frequently elevated in pSS individuals com-
pared to HCs. However, increased production of CRP
and ESR can also be observed in concurrent infections.
While ESR, CRP and complement proteins remain
crude parameters, immunoglobulin may also change
not only in the autoimmune condition but also in the
inflammatory stage. Multiple studies have focused on
the use of omic analyses in pSS patients and healthy
individuals, but the results have yet to be validated using
well established techniques. Some of the candidate bio-
markers based on omics analyses have the potential to
enter this field in the near future.

For pSS, salivary gland ultrasound (SGUS) is used to
score glandular parenchyma using several scoring sys-
tems [134]. Developments in artificial intelligence (Al)
and computerized software tools may predict progress
in salivary gland screening based on SGUS, which could
reduce screening times and reliance on experts [135].
However, automatized tools for segmentation and
reconstruction of salivary glands based on SGUS are
not yet commonly used in the clinic for pSS manage-
ment [135]. So far, such tools for SGUS assessment have
performed at a level similar to that by humans, indicat-
ing that Al methods might lead to the use of novel meth-
ods for the diagnosis of pSS in the future.

In conclusion, a wide range of conventional and inno-
vative inflammatory markers have been presented for
pSS over the years. Recent breakthroughs in multi-om-
ics and molecular technologies have yielded a slew of
novel possible histological targets in sera, tears, and
saliva that might help improve the management of

patients with pSS.
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LIST Of ABBREVIATIONS

pSS Primary Sjogren syndrome

SLE Systemic lupus erythematosus

ESR Erythrocyte sedimentation rate

CRP C-Reactive Protein

MAC Membrane attack complex

sCD163 Soluble cluster of differentiation 163 cells

SSA Sjogren syndrome A

SSB Sjogren syndrome B

DAMP Damage-associated molecular pattern

RAGE Receptor for advanced glycation end product

TLRs Toll-like receptors

IL Interleukins

IL-1 Interleukin-1

IL-6 Interleukin-6

IL-10 Interleukin-10

IL-11 Interleukin-11

1L-12 Interleukin-12

IL-17 Interleukin-17

IL-17A Interleukin-1A

1L-22 Interleukin-22

IL-23 Interleukin-23

IL-33 Interleukin-33

IL-34 Interleukin-34

TNF Tumour necrosis factor

IFN Interferons

ESSDAI Sjogren syndrome disease activity index

RFs Rheumatoid factors

IgA Immunoglobin A

IgG Immunoglobin G

IegM Immunoglobin M

IgE Immunoglobin E

IgD Immunoglobin D

ANA Anti-nuclear antibodies

PBMCs peripheral blood mononuclear cells

Th cells T helper cells

NK cells Natural Killer cell

NKT cells Natural killer T cells

DCs Dendritic cells

pDCs Plasmacytoid dendritic cells

BAFF B cell activating factor of the TNF family

RIGI Retinoic acid inducible gene 1

MDAS Melanoma differentiation-associated protein 5

RLRs Retinoic acid inducible receptors

ISGs Interferon-stimulated genes

STAT Signal transducers and activators of
transcription

MHC Major histocompatibility complex

IFNLR Interferon lambda receptor

sCD25 Serum soluble CD25

MSG Minor salivary gland

HCs Healthy controls

sIL-2R Soluble interleukin-2 receptor

CCRY C-C chemokine receptor 9

mADb Monoclonal antibody

ICAM-1 Intercellular cell adhesion molecule-1

OX40L (TNFSF4) Tumour necrosis factor superfamily, member 4

sOX40L Soluble OX40L

ELSs Ectopic lymphoid-like structures

CXCR5 C-X-C chemokine receptor type 5

CCR5S C-C chemokine receptor type 5

CXCL9 C-X-C motif chemokine 9

CXCL10 C-X-C motif chemokine 10

CXCLI11 C-X-C motif chemokine 11

CXCLI13 C-X-C motif chemokine 13

CCL2 C-C motif chemokine ligand 2

CCL5 C-C motif chemokine ligand 5

CCL25 C-C motif chemokine ligand 25
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