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Systemic lupus erythematosus (SLE) is a complex autoimmune inflammatory disease characterized by an unknown etiology and a
highly variable clinical presentation. This clinical heterogeneity might be explained by dysregulation of tolerance to self and
apoptotic mechanisms, overproduction of autoantibodies, and abnormal cytokine levels. Cytokine imbalance levels have been
associated with disease activity and severity in SLE patients. In the last years, salivary cytokines related to SLE have gained
significant attention and researchers have begun to focus on the identification of cytokines in the saliva of SLE patients using it
as a diagnostic fluid for the inflammatory process underlying SLE. This review highlights and summarizes recent studies
revealing the cytokines that have been identified in the saliva of individuals with SLE. Data reported and discussed in this report

may provide useful additional information to better understand the mechanisms associated with the disease.

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune
inflammatory disease that affects many organs, including
the skin, joints, central nervous system (CNS), and kidneys.
It is characterized by a high female predominance (with a
ratio of 9:1) with a common onset in young women, a large
variety of clinical symptoms [1, 2], and the production of
autoantibodies directed against nuclear and cytoplasmic
autoantigens. Its prevalence is in the order of 178 per
100,000 habitants, with an increased incidence and severity
in non-Caucasian patients [3]. Lupus nephritis (LN), with
kidney inflammation, is a major cause of morbidity and
mortality in up to 60% of patients with SLE and is frequently
linked to a poor long-term prognosis [4]. There is a wide
variation in the natural history and development of SLE
among different ethnic and geographical groups. The epide-
miological studies have mentioned that the disease is rare

in Africa but common in African descendants around the
world. Although its etiology remains not understood, SLE is
known to involve a complex interaction of genetic, environ-
mental, and immunologic factors [5]. It is known that several
immune cell subsets have a significant role in the SLE patho-
genesis since this is a multisystemic autoimmune disease.
Thus, individuals with SLE are characterized by the dys-
function of the innate and adaptive immune systems and
increased production of characteristic autoantibodies and
some inflammatory mediators, including cytokines [5]. Yet,
the diagnosis of SLE constitutes a challenge due to delay in
the diagnostic procedure and treatment initiation, which
eventually increases damage to vital organ systems and
reduces treatment effectiveness.

Previous scientific evidence reported the occurrence of
frequent oral manifestations in individuals with SLE [6, 7].
These implications include unspecified oral ulcers, which
are reported to be more severe as the disease, xerostomia,
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hyposalivation [6], and increased periodontal disease (PD)
[8, 9]. The PD is an infection of the tissue that supports
and surrounds the tooth structure caused by microorganisms
that colonize the tooth gingival interface. An association
between SLE activity and periodontal status has been already
demonstrated [10]. It was previously shown that saliva secre-
tion, which is the main defensive element in the oral cavity,
can be affected by some rheumatic diseases, including SLE,
with subsequent negative outcomes on the teeth and mouth
mucosa [6]. Yang et al. have shown that SLE increased the
susceptibility of SLE patients to dental cavities by impairing
saliva function and leading to imbalance in the oral microbial
community [11]. Therefore, SLE patients were reported to be
more vulnerable to caries infection. It was shown that 25% of
SLE patients have involvement of the oral mucous membrane
and lip with possible petechiae. High rates of gingivitis, cav-
ities, PD, and missing teeth have been found in SLE patients.
Hyposalivation and xerostomia can make patients with SLE
predisposed to dental caries and frequent noninfectious
pharyngitis and oral ulcerations [7]. Moreover, it should be
noted that drugs associated with the treatment of SLE, such
as corticosteroids, might cause oral candidiasis and infections
[12]. On the other hand, these used drugs can influence pos-
itively the function of the exocrine gland by suppression of
inflammatory glandular changes. Considering these data,
salivary secretion depends on the general state of hydration,
systemic diseases, and used drugs.

Some researchers have focused on the use of saliva as a
diagnostic fluid for the inflammatory process underlying
SLE. It was demonstrated that numerous blood biomarkers
considerably correlate with respective salivary concentra-
tions and relatively small amounts are needed for detection
[13]. Thus, in the last years, some researchers have started
to investigate characteristic biomarkers of SLE in saliva
[14, 15]. Interestingly, recent investigations have empha-
sized the identification of cytokine in the saliva of patients
who suffered from SLE.

To the best of our knowledge, studies focusing on detect-
ing salivary cytokines related to SLE patients have been very
scarce [9, 16-18]. In the present review, we will give an
overview of the immunological biomarkers, especially the
cytokine profiles that have been identified in the saliva of
individuals with SLE. Data reported and discussed in this
work could provide useful and additional information to bet-
ter understand the mechanisms associated with the disease.

2. Characteristics of Saliva as a Diagnostic Fluid

In the last decades, saliva has been proved to be a reliable
source for the detection of biomarkers in different local and
systemic diseases [19-22] since it reflects both local and
general health of the human body.

Saliva is a combination of various organic and inorganic
molecules, derived from diverse salivary glands, desqua-
mated blood and oral epithelial cells, gingival crevicular fluid
(GCF), and some microorganisms [23]. By enzymatic action,
lubrication, and antibacterial properties, saliva can accom-
plish several functions, including digestion of nutrients and
protection of teeth and oral tissues [24]. Unlike other body
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fluids such as urine, cerebrospinal fluid (CSF), and blood,
saliva has received special and remarkable attention because
of its noninvasive nature and simple access and storage. It
is known that saliva contains proteins rich in information
about a disease process [25], is easier to handle during diag-
nostic procedures, and does not need specialized equipment
or trained staff to obtain it. Self-collection is, therefore, possi-
ble after instruction. One of the major advantages that make
saliva a potential diagnostic tool is that the specimen collec-
tion is easy and does not cause stress and discomfort for
individuals, which is more acceptable to patients especially
children and elderly people [23] who may accept to repeat
the sample collection many times when necessary. Scientific
evidence reported the use of the whole saliva (WS) instead
of specific glandular secretions, for early detection and
monitoring of diseases, since WS is a complex fluid that con-
tains glandular secretions (95.6%) mixed with gingival fluid
(2.4%), microorganisms (1%), and epithelial host cells (1%)
[25]. Hettegger et al. have shown a high similarity of the
immunological profiles in plasma and saliva for each individ-
ual by confirming that the IgG antibodies found in blood are
also accessible from saliva [26]. By these results, investigators
have demonstrated that the diagnostic potential of saliva is
not limited to diseases localized in the oral cavity or associ-
ated structures but is extended to any IgG antibody which
exists in the blood.

Salivaomics study that includes various “omics” constitu-
ents of saliva (proteome, transcriptome, micro-RNA, metab-
olome, and microbiome) in different fields has helped the
researchers to develop new technologies to discover and
quantify a wide range of salivary biomolecules. With the
current technological developments, the attention to the use
of saliva as an acceptable alternative to blood for use in clin-
ical routines has been greatly increased [27]. A recent report
has clearly described and explained the most important
methodology techniques used for discovery, identification,
and/or quantification of biomarkers in saliva, such as spec-
trophotometric assays (ultraviolet and visible absorption,
atomic absorption, atomic emission, near-infrared, and
flow injection spectrophotometric analysis), immunoassays
(enzyme-linked immunoassays (EIAs), chemiluminescence
immunoassays, fluoroimmunoassays, radioimmunoassays,
nonlabeled immunoassays, paper based-immunoassays, and
multiplex immunoassays), and “omics” techniques [23].
The choice for the technique is depending on the study objec-
tives and the salivary biomarkers to be investigated. Several
methods can be used for saliva collection, including passive
drool, which is considered the gold standard [28]. These
methods can also be different depending on the selected
analytes and the state of patients.

In the case of SLE patients, blood collection is often
difficult and causes pain and discomfort, in particular for
elderly patients and those in an advanced stage of disease.
Unlike urine, which is stored in the bladder for some hours
before sampling, saliva samples can reflect real-time levels
of biomarkers. Another characteristic of saliva is that many
informative proteins can be found in human saliva, which
can be used for the detection of diseases. Several blood bio-
markers significantly correlate with corresponding salivary
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concentrations, and small amounts are required for detec-
tion. The search for new biomarkers in saliva will help in
developing noninvasive diagnostic and monitoring tools for
SLE patients. Recently, some investigators tested the hypoth-
esis that salivary cytokines can represent potential bio-
markers of diagnosis and monitoring of SLE patients and
have measured specific cytokine concentrations in the saliva
of SLE patients for their possible diagnostic utility using
different analytical tests.

Although saliva has several characteristics that recom-
mend it as a solid diagnostic specimen, it should be noted
that there are some restrictions on the use of saliva for certain
diseases. Some of these limitations include the types of collec-
tion methods, changes in the composition, low concentration
of target analyte, and interpersonal or personal differences
[23]. Moreover, in the case of SLE patients who suffered from
periodontal disease [9, 16, 18], if saliva is to be collected, a
thorough oral examination must be performed to rule out
changes from oral inflammation. Thus, to avoid the possible
bias of using saliva as a diagnostic means, the oral state of the
patients should be taken into account.

3. Cytokines in Individuals with SLE

Cytokines are defined as small soluble mediators that can
be produced by many immune cell subsets such as lympho-
cytes, macrophages, and dendritic cells. They are involved
in the differentiation, maturation, and activation of cells
and have a significant influence on the immunoinflamma-
tory response. They include mainly interleukins (ILs), che-
mokines, interferons (IFNs), and members of the Tumor
Necrosis Factor (TNF) family [29, 30]. Their effects are
pleiotropic, which include both synergistic and antagonistic
effects on other cytokines [31] and can favor the develop-
ment of immune-mediated diseases. As mentioned above,
cytokines have been reported to have an important role in
determining the strength, nature, and duration of the
immune response in the pathogenesis of SLE [32]. Cyto-
kines such as interferons and some interleukins have been
suggested to contribute significantly to the immune imbal-
ance in SLE, while the role of TNF remains debated [33].
IL-6 is an interleukin, with pleiotropic functions, synthe-
sized predominantly by monocytes, fibroblasts, and endothe-
lial cells and less frequently in T and B cells. It enhances the
differentiation process of naive T cells into Th17 cells and
promotes activation and/or differentiation of macrophages,
neutrophils, and B and T cells that are involved in SLE
[31]. Increased levels of IL-6 are found in CSF of SLE patients
with psychosis [34]. In addition, a correlation between titers
of anti-double-stranded DNA (dsDNA) antibodies and
higher urinary levels of IL-6 has been found in patients with
LN [35, 36]. SLE patients with neuropsychiatric syndromes
also showed increased levels of IL-6 in the CSF [37]. Higher
concentrations of IL-6 are found in serum of SLE patients
compared to control individuals [17] which correlated with
SLEDAI (systemic lupus erythematosus disease activity
index) [38] or anti-DNA levels [39, 40]. Furthermore,
increased IL-6 levels are associated with B cell hyperactivity
and autoantibody production [39] and secretion of IgG

anti-DNA antibodies. A significant increase was also
observed in the serum levels of IL-6 in SLE patients with
PD [9]. These findings suggest that IL-6 could be a link
between systemic disease and local inflammation as well as
a potential marker of periodontitis activity. Increased levels
of IL-17 and IL-33 have been detected in SLE patients with
PD on the one hand, and a positive correlation has been
observed between the levels of IL-6, IL-17, and IL-33 and
the changes in the oral microbiota in SLE patients on the
other [9]. IL-17, commonly known as IL-17A, is a proinflam-
matory cytokine with multiple functions in the regulation of
tissue inflammation. It amplifies the immune response in
SLE by increasing the production of autoantibodies that
contribute to injury of target organs [41]. Elevated levels of
IL-17A have been found in SLE patients [42-44]. Further-
more, IL-17A plasma concentrations were positively corre-
lated with SLEDAI and poor prognosis in lupus nephritis
[45]. Interestingly, this cytokine is emerging as a potential
therapeutic target for SLE treatment [41, 45].

Similar to IL-6, elevated levels of serum TNF-a have been
observed in SLE patients and correlated with disease activity
[39, 46]. In contrast, some studies have reported that
increased TNF-« plasma levels did not correlate with SLE
disease activity, and another report demonstrated that
TNF-a levels were essentially higher in patients with inactive
disease, suggesting a protective role for TNF-a in SLE
[47, 48]. In fact, the role of TNF-« in SLE remains not clear,
taking into consideration that some findings describe protec-
tive effects while other results suggest harmful effects on the
disease. These discrepancies may be explained by differences
in patient characteristics and used methods of identification
of this cytokine. A positive correlation has also been found
between increased levels of type I IFN and disease activity
in some cross-sectional studies, while other ones could not
establish correlations [49-51]. The type I IEN family involves
at least 13 IFN-« subtypes and IFN-f3, IFN-w, IFN-«, IFN-¢,
and IFN-a which is the most studied among all members.
Higher serum levels of type I interferon-regulated chemo-
kines have previously been suggested as biomarkers for
disease activity [52]. This was later proven by associations
between increased transcript levels of these chemokines with
disease activity and organ damage [53, 54]. Patients with SLE
frequently exhibited enhanced levels of IFN-« serum, which
correlated with the production of anti-dsDNA antibodies
and disease activity, complement activation, and circulating
IL-10 [55]. This suggested that elevated serum IFN-« activity
might be a heritable risk factor for SLE [56]. Higher levels of
IFN-y have also been reported associated with disease activ-
ity in SLE patients. Increased levels of IL-18 in SLE sera were
strongly correlated with active disease (SLEDAI > 8) [57].
B-lymphocyte stimulator (BLyS), also known as B cell acti-
vating factor (BAFF), which is a crucial cytokine for the
survival of most B cells beyond the transitional 1 stage,
was also found with higher levels in up to 50% of SLE
patients [58].

On the other hand, several cytokines (IL-18, IFN-y, IL-
12p70, IL-6, and IL-17A) were higher in the serum of
patients with LN class IV in comparison to healthy control
[59]. IL-6 also mediates local inflammation in LN [60].
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Furthermore, the serum cytokines IL-18, IL-17A, and IFN-y
have been markedly expressed in LN-IV patient glomeruli
and interstitial tissue than other classes of LN. These findings
suggest that the early detection of these cytokines could con-
tribute to the prediction of the active form of LN-IV. Table 1
summarizes the most cytokines studied in patients with SLE
in different types of fluids.

4. Salivary Cytokines in Individuals with SLE

In the search for a noninvasive diagnostic method, some
serum inflammatory cytokines of SLE were investigated, for
their diagnostic potential, in the saliva of patients suffering
from SLE (Table 2). Although it is important to use saliva
as a source of biomarkers in SLE, little information, from
our knowledge, is available regarding the cytokine profile in
the saliva of SLE patients so far. This was confirmed by some
studies investigating salivary cytokines in individuals with
this autoimmune disease. The Stanescu et al. [17] study was
the first to use saliva for monitoring IL-6 levels and the
inflammatory status in SLE. In their work, higher salivary
levels of IL-6 have been reported in SLE patients. They also
found a positive correlation between salivary and serum
levels of IL-6, which indicates that salivary IL-6 could be a
reliable marker to evaluate the inflammation process in
SLE. Monocyte chemoattractant protein-1 (MCP-1) salivary
concentrations were also found higher in SLE patients com-
pared to the control individuals, and no statistical correlation
has been found between saliva and serum levels [17]. A
recent study has shown significantly increased salivary levels
of IL-6 and IL-17A in SLE patients with PD compared to
controls with PD [18]. This high concentration of salivary
IL-17A of SLE patients with PD could suggest periodontium
as the SLE target structure. In contrast, previous results
reported no significant difference in IL-17 salivary concen-
trations of SLE patients with and without PD [16]. On the
other hand, concentrations of IL-6 and IL-1f have been
found lower in saliva of SLE patients with PD when com-
pared to healthy controls with PD [16]. In fact, many studies
have shown that PD and SLE have a similar immunological
profile, including altered levels of inflammatory cytokines
in the saliva of SLE patients, and a high prevalence of PD in
SLE patients [9, 16, 18]. In a meta-analysis, the risk of PD
in SLE patients was increased with a risk ratio of 1.76 [77].
Interestingly, a positive correlation has been found between
high salivary levels of IL-1 and IL-4 and periodontal status
in SLE patients. Thus, these salivary cytokines have been sug-
gested to be promising biomarkers to predict the destruction
of PD in patients with SLE [16]. A previous study conducted
by Jung et al. [78] has shown a positive correlation between
salivary IL-1p levels and disease duration in SLE patients. A
multivariate model showed association of increased IL-33
salivary concentration with high SLE activity. Moreover, con-
centrations of salivary IL-33 were higher in SLE subjects with
PD compared to SLE without PD, which indicates that peri-
odontitis increased the salivary concentration of IL-33 in SLE
patients [18]. Corréa et al. [9] investigated previously the
relationship between bacteria and local inflammation by
assessing cytokines in the saliva of SLE patients with and

without PD. Changes in the oral microbiota were linked to
high local inflammation, as exhibited by increased levels of
IL-6,IL-17, and IL-33 in SLE patients with PD. Furthermore,
no significant differences in cytokine concentrations were
observed in the control group with PD when compared to
the control group without PD. Taking into consideration
these findings, the association between SLE and PD could
be indicated by the increased salivary levels of cytokine in
SLE patients. Furthermore, such changes in cytokine levels
could have an important role in disseminating inflammation
in SLE.

In line with these data, saliva continues to be a gold stan-
dard biofluid to monitor the activity and progression of SLE
disease with or without PD. However, when interpreting the
levels of salivary cytokines in these patients, it is necessary to
take into consideration that cytokines present in saliva can be
produced by GCF, the oral gingival cells, and cell groups [79]
on the one hand and the WS contains inhibitors such as
mucin-like proteins and other proteases that can reduce until
75% the concentration of cytokines when revealed using
Luminex [80], on the other.

5. Future Perspectives and Concluding Remarks

Taking into consideration these findings, which indicated
that salivary cytokine concentrations were increased in SLE
patients, saliva could be considered having the potential to
be an important diagnostic fluid for this disease. However,
the potentiality of saliva as a good diagnostic tool can have
some limitations. The detection technologies should be more
sensitive to detect a low number of analytes that are present
in saliva. Another limitation is the lack of understanding of
saliva biology and variations in saliva composition, especially
the lack of knowledge related to the correlation between bio-
molecules in blood with saliva and the circadian variations of
biomolecules in saliva [19]. One other important limitation
that should be mentioned is the possible bias of using saliva
as a diagnostic means due to the possible alteration of oral
health (periodontal health) of the patients, which could mod-
ify the results. SLE disease could be better understood by
technological and analytical advances in proteomics. Using
saliva instead of blood in routine diagnostics will have poten-
tial benefits because of its noninvasive nature, safety, and easy
sampling with information related to body health. It is
important to be aware and conscious of the interest of devel-
oping and validating a new based saliva diagnostic test for the
most reproducible cytokine markers of SLE, which can be
used as an inexpensive screening tool and could be more effi-
cient for identifying and monitoring patients in several stages
of the disease. The development of specific and standardized
analytical tools should take into consideration the cost-
effectiveness, time, and ease of use. Reducing the number
of false-negative and false-positive test result outcomes is
one of the main characteristics of future tests because
these will have detrimental effects on patient diagnosis
and subsequently the therapy.

Although salivary cytokines in SLE patients have been
assessed in different studies, these investigations remained
very scarce and were only of a small sample. Therefore, more



studies with larger sample size are needed to confirm the
findings documented in the literature. Salivary cytokine
study needs more attention, development, and validation,
in particular regarding which cytokine panel correlates with
disease onset and progression in order to determine the cyto-
kine profile with high diagnostic sensitivity and specificity.
Thus, early detection of SLE through the identification of
cytokines present in saliva might lead to early intervention,
which may, therefore, reduce the morbidity and mortality
associated with this medical condition. Besides, investiga-
tions monitoring the changes of the salivary level of these
biomarkers after SLE treatment are recommended. Further
research on potential salivary prognostic cytokines in SLE
patients is still required. Salivary cytokines could be helpful
indicators of SLE severity and disease progression and might
serve as valuable and reliable diagnostics for early detection
of SLE in the near future.
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