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ABSTRACT
Background  Laboratory tests of blood and sometimes 
urine are used to diagnose and to monitor disease activity 
(DA) in SLE. Clinical practice would be simplified if non-
invasive urine and salivary tests could be introduced as 
alternatives to blood samples. We therefore explored the 
levels of innate immunity-related biomarkers in matched 
serum, urine and saliva samples from patients with SLE.
Methods  A total of 84 patients with SLE selected to 
represent high and low general DA, and 21 controls were 
included. All participants underwent a thorough clinical 
examination. General DA and renal DA were measured. 
The levels of colony-stimulating factor (CSF)-1, interleukin 
(IL)-34, tumour necrosis factor (TNF)-α, interferon-γ-
induced protein (IP)-10, monocyte chemoattractant protein 
(MCP)-1, calprotectin, macrophage inflammatory protein 
(MIP)-1α and MIP-1β were analysed by immunoassays 
and related to DA.
Results  CSF-1, TNF-α, IP-10 and MCP-1 in saliva, 
serum and urine, as well as calprotectin in saliva and 
urine were increased in patients with SLE as compared 
with controls (p<0.05). TNF-α, IP-10 and MCP-1 in 
saliva, serum and urine, and CSF-1 in saliva and serum 
distinguished patients with SLE from controls (area under 
the curve >0.659; p<0.05 for all). CSF-1 in serum and 
urine, and calprotectin in saliva and urine, as well as TNF- 
α, IP-10 and MCP-1 in urine correlated positively with 
measures of general DA (p<0.05). Patients with SLE with 
active renal disease presented elevated levels of TNF-α, 
IP-10 and MCP-1 in urine and CSF-1 and IP-10 in serum 
as compared with patients with SLE with non-active renal 
disease.
Conclusions  Our investigation demonstrates that saliva is 
a novel alternative body fluid, with potential for surveillance 
of general DA in patients with SLE, but urine is more 
informative in patients with SLE with predominantly renal 
DA.

INTRODUCTION
SLE is a chronic autoimmune disease char-
acterised by activation of innate and adaptive 
immune responses that may lead to severe 
organ damage. The aetiology behind auto-
immunity in SLE is still unclear however, 
innate immune responses in SLE are linked 
with defects in apoptotic clearance, break of 

tolerance and a type I interferon (IFN) signa-
ture.1 2 Type I IFNs are mainly produced by 
plasmacytoid dendritic cells, which are stim-
ulated by immune complexes and neutrophil 
extracellular traps (NETs), produced during 
NETosis of neutrophils.2 3 A state of systemic 
inflammation is also present in SLE with high 
levels of pro-inflammatory cytokines such as 
tumour necrosis factor (TNF)-α, interleukin 
(IL)-6 and IFN-γ-induced protein (IP)-10.4 5

Monocytes and their migration and 
function in response to cytokines and 
chemokines are essential in inflammation. 
Colony-stimulating factor (CSF)-1 is the 
primary regulator of the survival, prolifera-
tion, differentiation and function of mononu-
clear phagocytes. Of note, CSF-1 also induces 
monocytes to produce high levels of several 
cytokines, for example, TNF-α,6 which stim-
ulates IP-10 secretion,7 and both appear to 
be involved in the pathogenesis of SLE and 
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What is already known about this subject?
	► Saliva and urine are fluids with potential to detect 
biomarkers.

	► The potential of markers in saliva and urine to dis-
tinguish patients with SLE from controls, and to eval-
uate disease activity (DA) in SLE is however poorly 
explored.

What does this study add?
	► Patients with SLE have higher levels of colony-
stimulating factor-1, tumour necrosis factor (TNF)-α, 
interferon-γ-induced protein (IP)-10 and monocyte 
chemoattractant protein (MCP)-1 in saliva, serum 
and urine, and patients with active renal disease 
have higher TNF-α, IP-10 and MCP-1 levels in urine.

	► Biomarkers in saliva, serum and urine correlate pos-
itively with SLE DA.

How might this impact on clinical practice or future 
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	► Saliva and urine represent alternative body fluids for 
detection of biomarkers related to SLE DA.
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correlate with renal involvement.4 8 In addition, CSF-1 has 
been described to predict lupus nephritis (LN).6 9 The 
monocyte chemoattractant protein (MCP)-1 is produced 
mainly by monocytes. Its function is, among others, to 
regulate the migration and infiltration of monocytes and 
its expression is also upregulated by TNF-α.10 11 Finally, 
the heterodimeric complex calprotectin (S100A8/A9) is 
a danger-associated molecular pattern molecule mainly 
produced by monocytes and neutrophils. Increased 
serum levels of S100A8/A9 have been observed in SLE.12

The clinical presentation of SLE is heterogenous and 
can affect multiple organs including skin, joints, mucosa, 
kidneys, nervous system and bone marrow. Both the extent 
of accrued damage and disease activity (DA) contribute to 
the severity of SLE, which varies from mild to severe and 
can sometimes lead to life-threathening complications.13 
The involvement of the mouth and oral mucosa in SLE is 
evident and the presence of oral ulcers is included in all 
three major sets of criteria for classification of SLE.14–16 
Dry mouth is another common oral manifestation, which 
is part of secondary Sjögren’s syndrome (SS).5

Potential biomarkers of DA may be present in other 
types of body fluids than serum/plasma. However, despite 
engagement of the oral cavity in SLE, analysis of cytokines 
in saliva as potential disease markers remains poorly 
explored. More studies are perfomed in urine, but to date 
these results have limited use in clinical pratice.17 To get 
a more complete picture, we explored the levels of innate 
immunity-related biomarkers in matched saliva, serum 
and urine samples from patients with SLE and population 
controls in relation to measurements of general and renal 
DA. Moreover, we evaluated their ability to discriminate 
patients with SLE from controls.

Our purpose was to investigate whether there are 
less-invasive options than blood samples to distinguish 
patients with SLE from controls and to evaluate DA in 
SLE. Our findings suggest that both saliva and urine are 
alternative body fluids where biomarkers associated with 
SLE and with DA in SLE can be measured.

MATERIALS AND METHODS
Study population and sample selection
Subjects for this study were selected from a cohort of 
546 consecutive patients with SLE managed at the Unit 
of Rheumatology, Karolinska University Hospital Stock-
holm, Sweden. Patients with SLE were  >18 years old 
and fulfilled four or more of the American College of 
Rheumatology (ACR) 1982 revised classification criteria 
for SLE.16 Controls were recruited through the national 
registration number in the Swedish national population 
registry, which includes date of birth and is coded for 
sex. We also used region of living for matching. The 
exclusion criterion for the controls was a diagnosis of 
SLE. Controls were matched for age, sex and region 
of living to the first 322 patients with SLE in the SLE 
cohort. All study subjects were investigated in person 
by a rheumatologist and a nurse. A thorough medical 

file review was performed and DA was estimated by two 
validated indices, the Systemic Lupus Activity Measure 
(SLAM)18 19 and SLE DA Index (SLEDAI-2K).20 Renal 
DA was defined according to the British Isles Lupus 
Assessment Group index as never present (BILAG 
score E), non-active (BILAG scores C and D) and active 
(BILAG scores A and B).21 Organ damage was assessed 
by Systemic Lupus International Collaborating Clinics/
ACR Damage Index.22

Sufficient sample volume, 250 µL from each of matched 
serum, saliva and urine, to conduct the laboratory analysis 
was available from 333 of the 546 patients with SLE in our 
cohort. Patients with missing data from either the SLAM 
or the SLEDAI-2K indices were thereafter excluded, 
leaving a total number of 294 patients with SLE. Since we 
were interested in patients with high and low DA, patients 
were divided into three groups. One group with low DA 
(SLAM <7 and SLEDAI-2K <4; n=50) and one group with 
high DA (SLAM >7 and SLEDAI-2K >4; n=63) were iden-
tified. According to these definitions of low/high DA, the 
third group, 181 patients, was discordant for DA by SLAM 
and SLEDAI-2K, and this group was excluded. With the 
purpose of avoiding over-representation of a particular 
age in any of the groups, we selected 42 patients from 
the high and 42 patients from the low DA groups, and 21 
controls with a relatively similar and normal distributed 
age for final inclusion, and we also included a similar 
number of gender representation in each group.

Sample collection
At inclusion, all participants were fasting for 12 hours 
before collection of blood, urine and saliva samples. The 
first morning urine was collected. The participants were 
asked to avoid tobacco consumption; brushing teeth and 
using lipstick 1 hour prior to saliva collection. Whole 
unstimulated saliva was collected by passive drooling 
during 15 min23 for assessment of SS according to the 
ACR/European League Against Rheumatism criteria,24 
then placed on ice followed by centrifugation (335 g×10 
min). The salivary flow (mL/min) was recorded. Serum, 
urine and saliva samples were stored at −70°C until anal-
ysis.

Serological investigations
ANAs were analysed by indirect immunofluorescence in 
Hep-2 cells (Immunoconcepts, Sacramento, California, 
USA). ANA subspecificities anti-dsDNA, anti-SSA-Ro52, 
anti-SSA-Ro60, anti-SSB-La, anti-Sm, anti-SmRNP, 
anti-RNP68, anti-RNPA, anticardiolipin IgG/M and anti-
β2-glycoprotein1 IgG/M antibodies were analysed by 
multiplexed bead technology using BioPlex 2200 system 
(Bio-Rad Laboratories, Hercules, California, USA). 
Routine laboratory tests and analyses of complement 
factors and immunoglobulins were performed according 
to clinical routine at the Department of Clinical Chem-
istry at the Karolinska University Hospital Stockholm, 
Sweden.
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Immunoassays
CSF-1, IL-34 and calprotectin levels were analysed by 
ELISA according to instructions provided by the manu-
facturer (R&D Systems, Minneapolis, Minnesota, USA). 
Readings were made in a microplate spectrophotometer 
(SpectraMAX 340, Molecular Devices, Sunnyvale, Cali-
fornia, USA) with wavelength set to 450 nm and correc-
tion set to 540 nm. TNF-α, MCP-1, IP-10, macrophage 
inflammatory protein (MIP)-1α and MIP-1β were analysed 
using a bead-based multiplex immunoassay (Invitrogen, 
Carlsbad, California, USA) in a multiplex analyser (Bio-
Plex 100, Bio-Rad Laboratories) according to manufac-
turer’s instructions. The determination of total amount 
of protein was assessed with Pierce BCA Protein Assay 
Kit (Thermo Fisher Scientific, Waltham, Massachusetts, 
USA). CSF-1, MCP-1 and calprotectin were detected in all 
samples in the three fluids. TNF-α was detected in 99%, 
98% and 85% in saliva, serum and urine, respectively, 
while IP-10 was detected in 99%, 100% and 97%. IL-34 
was detected in 91%, 60% and 52% of the saliva, serum 
and urine samples, respectively. MIP-1α was detected in 
97% of the serum samples but only 30% of the saliva 
and urine samples. MIP-1β was detected in 95% of the 
serum samples and in 10% vs 25% of the saliva and urine 
samples, respectively. Markers with detectability  <80% 
were not statistically evaluated.

Statistical analysis
Data analyses were performed using Statistical Package 
for Social Science, V.24 (IBM, Armonk, New York, USA) 
and JMP, V.13.0 (SAS Institute, Cary, North Carolina, 
USA). Continuous variables are presented as mean and 
SD or median and IQR, and categorical variables as 
frequencies. Group comparisons were performed using 
Student’s t-test, Kruskal-Wallis test, Mann-Whitney U test, 
Pearson’s χ2 test or Fisher’s exact test whenever appro-
priate. When multiple groups were compared, a Dunn-
Bonferroni post hoc test was performed. Correlations 
between the biomarkers and with the clinical variables 
were determined by Spearman’s correlation coefficient, 
as well as the correlations between the fluids. Statistical 
significance was set at p ≤0.05 and rho ≥0.3, for compari-
sons and correlations, respectively. To evaluate the accu-
racy of the biomarkers to discriminate patients with SLE 
from controls, area under the receiver-operating charac-
teristic curves (AUROC) and 95% CI were calculated for 
each marker.

RESULTS
Clinical and laboratory characteristics of patients with SLE 
and controls
Basic clinical and laboratory characteristics of patients 
with SLE (n=84) and controls (n=21) are presented in 
table 1. There was no significant difference in age, gender 
or smoking history between the groups. Patients with SLE 
had lower P-albumin, and higher U-albumin levels, as well 
as lower levels of serum complement proteins C3, and 

C4. Patients with SLE had lower salivary flow compared 
with the controls. DA, as measured with the SLAM, was 
more commonly reported in the constitutional, the integ-
ument, the neuromotor, the joints and the laboratory 
domains. Twenty-two patients with SLE presented with 
oral ulcers (n=13 in the high DA and n=9 in the low DA 
group). Of the 21 controls included in this study, none 
had a diagnosis of primary SS, secondary (s)SS, nor tested 
positive to any of the SSA/SSB antibodies. Equally, there 
were no cases with kidney disease or any other inflamma-
tory disease, and no controls were treated with immuno-
suppressants.

Inflammatory markers in saliva, serum and urine by general 
DA in SLE
CSF-1 levels in saliva and serum were higher in patients 
with SLE with both low and high DA, as compared with 
the controls. Furthermore, patients with SLE with high 
DA compared with low DA presented higher CSF-1 levels 
in urine (figure  1A). The levels of TNF-α and IP-10 in 
saliva and serum were higher in patients with SLE in both 
the low and the high DA groups compared with controls. 
Higher TNF-α and IP-10 were also found in urine from 
patients with SLE with high DA compared with both low 
DA and controls (figure 1B and C). Salivary and serum 
levels of MCP-1 were higher in patients with SLE of both 
low and high DA groups compared with controls. Higher 
MCP-1 levels were also measured in serum from patients 
with SLE with high DA compared with patients with 
low DA. In urine, MCP-1 levels were higher in patients 
with SLE with high DA in comparison with the low DA 
group and controls (figure 1D). Similarly, higher levels 
of calprotectin in saliva and urine were found in patients 
with SLE with high DA compared with both low DA and 
controls. No difference was found in serum calprotectin 
levels between groups (figure 1E).

Levels of IL-34 in saliva did not differ significantly 
between groups. MIP-1α showed higher levels in serum 
of the low and high DA, as compared with the controls. 
Also, MIP-1β in serum showed increased levels in both 
the controls and the high DA group as compared with the 
low DA group (online supplemental figure 1). Cytokines 
in saliva did not differ between patients with SLE with 
as compared with without oral ulcers (data not shown). 
Results were not altered when we adjusted the salivary 
cytokine levels for salivary flow.

Inflammatory markers in saliva, serum and urine by renal DA 
in SLE
In serum, patients with SLE with active renal disease 
(here defined by BILAG A and B) had increased levels 
of CSF-1 and IP-10 as compared with non-active renal 
disease (BILAG C and D), and increased CSF-1 levels as 
compared with patients who had never had renal disease 
(BILAG score E) (figure  2A,C). In urine, the levels of 
TNF-α, IP-10 and MCP-1 were higher in patients with SLE 
with active renal disease as compared with the non-active 
group, and increased TNF-α and IP-10 levels were found 

https://dx.doi.org/10.1136/lupus-2021-000607


Ruacho G, et al. Lupus Science & Medicine 2022;9:e000607. doi:10.1136/lupus-2021-0006074

Lupus Science & Medicine

Table 1  Clinical and laboratory characteristics of patients with SLE and controls

SLE n=84 Controls n=21 P value*

Basic characteristics, mean±SD or n (%)

 � Age, years 45.8±13.6 44.3±9 0.63

 � Gender, female 75 (89.3) 18 (85.7) 0.70

 � Smoking, current 17 (20.2) 4 (20) 0.95

 � Smoking, ever 38 (45.2) 10 (47.6) 0.84

 � Age at SLE onset, years 33.8±13.8 nd nd

 � Disease duration, years 11.9±10.8 nd nd

 � SLE criteria† 5.5±1.3 0.1±0.3 <0.0001

Routine laboratory, mean±SD or n (%)

 � P-albumin, g/L 38.1±5.1 43.0±3.2 <0.0001

 � S-creatinine, μmol/L 76.6±37.3 65.6±10.5 0.18

 � U-albumin (dipstick) >1 18 (21.6) 0 0.13

 � U-albumin (total), g/L 165.4±461.2 3.7±3.2 0.0006

 � U-creatinine (total), μmol/L 9.0±4.9 8.8±4.7 0.81

 � Salivary flow, mL/min 0.2±0.4 0.4±0.2 <0.0001

 � IgA, g/L 2.7±1.2 2.3±1.0 0.27

 � IgG, g/L 13.7±6.5 11.1±1.9 0.13

 � IgM, g/L 1.4±1.7 1.4±0.7 0.15

 � C3, g/L 0.9±0.2 1.0±0.2 0.003

 � C4, g/L 0.2±0.1 0.2±0.1 <0.0001

Antibodies, n (%)

 � Anti-dsDNA 27 (32.5) 0 0.002

 � Anti-SSA-Ro52 11 (13.1) 0 0.20

 � Anti-SSA-Ro60 25 (30.1) 0 0.003

 � Anti-SSB-La 13 (15.5) 0 0.11

 � Anti-Sm 15 (17.9) 0 0.06

 � Anti-SmRNP 22 (26.2) 0 0.01

 � Anti-RNP 68 11 (13.1) 0 0.20

 � Anti-RNP A 20 (23.8) 0 0.02

 � aCL IgG 18 (24.3) 0 0.01

 � aCL IgM 6 (8.2) 0 0.33

 � aβ2GPI IgG 18 (25.0) 0 0.01

 � aβ2GPI IgM 6 (8.2) 0 0.33

Disease activity and damage indices, n (%)

 � SLICC/ACR Damage Index >1 49 (58.3) nd nd

 � SLAM >6 50 (59.5) nd nd

 � SLEDAI >2 61 (72.6) nd nd

SLAM per domain >1, n (%)

 � Constitutional 61 (73.5) nd nd

 � Integument 28 (35.9) nd nd

 � Eyes 0 nd nd

 � Reticuloendothelial 9 (12.0) nd nd

 � Pulmonary 10 (12.0) nd nd

 � Cardiovascular 24 (31.2) nd nd

 � Gastrointestinal 13 (15.5) nd nd

Continued
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in the active renal group as compared with the group 
with no previous renal disease (figure 2B–D). No signifi-
cant differences between groups were found in the levels 
of Calprotectin (figure 2E), nor in any of the measured 
markers in saliva in relation to renal DA. The results were 
not affected when we adjusted the salivary cytokine levels 
for salivary flow.

Correlations of inflammatory markers in saliva, serum and 
urine with clinical variables in SLE
Correlations between the markers in saliva, serum and 
urine with age, disease duration and DA, as measured by 
SLEDAI and SLAM, are presented in figure 3. In saliva, 
CSF-1, TNF-α and MCP-1 levels correlated positively with 
age. Salivary TNF-α correlated with disease duration and 
calprotectin to both DA indices. In serum, CSF-1 was 
positively correlated with disease duration and DA. In 
urine, all the included markers correlated positively with 
SLEDAI and SLAM.

Correlations between inflammatory markers in saliva, serum 
and urine
Correlations between the analysed markers within saliva, 
serum or urine, and correlations between the fluids for 
each of the markers are presented in online supplemental 
figure 2. In brief, all the markers in saliva, except TNF-α 
and calprotectin, correlated with each other. In serum, 
CSF-1, TNF-α, IP-10 and MCP-1 correlated with each 
other. All the markers in urine correlated with each other. 
CSF-1 in saliva correlated with MCP-1 and IP-10 in serum. 
Salivary TNF-α correlated with CSF-1, IP-10 and MCP-1 
in serum. MCP-1 in saliva correlated with its counterpart 
in serum. Salivary IP-10 correlated with its counterpart 
and with MCP-1 in serum. CSF-1 in serum correlated with 
IP-10 and MCP-1 in urine. MCP-1 in serum correlated 
with IP-10 in urine. IP-10 in serum correlated with calpro-
tectin in urine. TNF-α in serum correlated with MCP-1 in 
urine. MCP-1 and IP-10 in urine correlated with its coun-
terpart in serum.

Ability of inflammatory markers in saliva, serum and urine to 
discriminate SLE
Given the observed difference in the levels of several of 
the analysed proteins in saliva, serum or urine, their abil-
ities to differentiate patients with SLE from controls were 

assessed. Receiver operating characteristic (ROC) curve 
analysis showed that calprotectin levels in saliva along 
with CSF-1, TNF-α, IP-10 and MCP-1 in both saliva and 
in serum were capable to distinguish patients with SLE 
from controls. In particular TNF-α in serum had a high 
discriminatory power (ROC AUC 0.92) (figure 4A,B). In 
urine, TNF-α, IP-10 and MCP-1 levels also showed poten-
tial to discriminate between SLE and controls (figure 4C).

DISCUSSION
To the best of our knowledge, this is the first study 
analysing potential markers related to innate immunity 
in patients with SLE and controls in the three matched 
body fluids, saliva, serum and urine. Our main findings 
are elevated levels of CSF-1, TNF-α, IP-10 and MCP-1 in 
saliva and serum of patients with SLE compared with 
controls. Furthermore, we observed elevated levels of 
TNF-α, IP-10 and MCP-1 in urine from patients with SLE 
with active renal disease as compared with those with non-
active renal disease.

In our study, TNF-α, MCP-1 and IP-10 were elevated 
in patients with SLE as compared with controls in saliva 
and serum, but only serum MCP-1 levels differed between 
the high and low DA groups. Furthermore, the levels of 
TNF-α, MCP-1 and IP-10 in urine also differed signifi-
cantly between the high and low DA groups. High serum 
levels of TNF-α, and MCP-1 and IP-10, were in a previous 
study from our centre associated with higher general DA.4 
These findings are also in line with previous reports of 
increased serum levels of TNF-α and MCP-1 as well as 
IP-10, with correlations to DA in patients with SLE.25 26

We used renal BILAG as measure of renal DA. Urinary 
TNF-α, IP-10 and MCP-1 levels, as compared with the 
other fluids, stand out for their positive associations with 
renal DA. These findings are in line with the study by 
Abujam et al, who demonstrated that MCP-1 and IP-10 in 
urine outperforms serum with regard to renal activity, and 
furthermore they reported declining levels in response 
to treatment.27 Of importance, we also found that many 
of the investigated markers in urine presented strong 
correlations with both general and renal DA. This is in 
line with previous reports showing a positive correlation 
of urinary MCP-1 with DA,28 and studies demonstrating 

SLE n=84 Controls n=21 P value*

 � Neuromotor 42 (52.5) nd nd

 � Joints 44 (54.3) nd nd

 � Laboratory 55 (68.8) nd nd

*P value tested by Student’s t-test or Wilcoxon rank-sum test when log transformation did not give an approximately normal 
distribution. Fisher’s exact test was used for categorical data.
†SLE criteria were determined according to ACR 1982 classification criteria.
aCL, anticardiolipin; ACR, American College of Rheumatology; C, complement factor; GPI, glycoprotein I; Ig, immunoglobulin; 
nd, not determined; RNP, ribonucleoprotein; SLAM, Systemic Lupus Activity Measure; SLEDAI, SLE Disease Activity Index; 
SLICC, Systemic Lupus International Collaborating Clinics; Sm, smith; SSA/B, Sjögren’s syndrome A/B.

Table 1  Continued

https://dx.doi.org/10.1136/lupus-2021-000607
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correlations between the urinary levels of MCP-1 and 
IP-10 with active renal involvement.8 27 29–31

Our results confirm the simultaneous presence and 
correlation between TNF-α, IP-10 and MCP-1 in urine as 
well as serum and saliva. Although it is not clear whether 
their simultaneous presence is a result of a co-dependent 

upregulation, these chemokines/cytokines are all involved 
in the early phases of several autoimmune diseases.32 33 T 
helper (Th)-1 lymphocytes are responsible for enhanced 
production of TNF-α and IFN-γ, both of which induce 
IP-10 secretion from a variety of cells, creating an amplifi-
cation feedback loop and perpetuating the autoimmune 

Figure 1  Inflammatory markers in saliva, serum and urine from patients with SLE and non-SLE controls. Levels of colony-
stimulating factor (CSF)-1 (A), tumour necrosis factor (TNF)-α (B), interferon-γ-induced protein (IP)-10 (C), monocyte 
chemoattractant protein (MCP)-1 (D) and calprotectin (E) in saliva, serum and urine from controls (n=21) and patients with low 
SLE disease activity (n=42) and high SLE disease activity (n=42). *P<0.05, **p<0.01 (Kruskal-Wallis with Dunn-Bonferroni post 
hoc test).
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process, which shifts towards Th-2 immunity over the 
first years from diagnosis, resulting in raised MCP-1 and 
declining IP-10 concentrations.7 In our study, we did 
not perform repeated measures of these chemokines, 
and we believe that more studies following the levels of 
these chemokines longitudinally in patients with SLE are 
needed.

CSF-1 is the major haematopoietic growth factor for 
macrophages, and it has previously been implicated 
in SLE.9 In similarity to TNF-α, MCP-1 and IP-10, we 
observed increased levels of CSF-1 in saliva and serum of 
patients with SLE with both high and low DA as compared 
with controls. We also found elevated levels of CSF-1 in 
serum from patients with SLE with active compared with 

Figure 2  Inflammatory markers in saliva, serum and urine from patients with SLE according to renal disease activity. Levels 
of colony-stimulating factor (CSF)-1 (A), tumour necrosis factor (TNF)-α (B), interferon-γ-induced protein (IP)-10 (C), monocyte 
chemoattractant protein (MCP)-1 (D) and calprotectin (E) in saliva, serum and urine from patients without kidney involvement 
(n=46) and those with non-active (n=25) and active renal disease (n=12). Data were missing for one patient. *P<0.05, **p<0.01, 
***p<0.001 (Kruskal-Wallis with Dunn-Bonferroni post hoc test).
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non-active renal DA, although this observation was not 
confirmed in urine. Our results are consistent with the 
findings by Menke et al, who elaborately studied CSF-1 
levels in serum and urine, both in murine and human 
SLE.34 In a follow-up study, correlations were found 
between serum/urine levels and histological LN activity 
and declining serum/urine levels were associated with 
good treatment response.9 Both Menke et al and Tian et 
al also propose that urinary levels of CSF-1 precede and 

predict renal flares.35 Elevated CSF-1 in saliva is a novel 
finding in SLE, although our group has previously studied 
levels of CSF-1 in saliva from the general population and 
demonstrated increased levels related to age, smoking 
and general complaints such as muscle pain and local 
oral conditions, for example, periodontitis and caries.36 
In accordance, we also noted a correlation between CSF-1 
levels in saliva with age in the current study.

We report higher levels of calprotectin, a heterodimer of 
S100A8 and S100A9, which is mainly a marker of neutro-
phil activation, in saliva and urine from patients with 
SLE with high and low general DA as compared with the 
controls. Calprotectin has been implicated in local organ 
damage in SLE. Lood et al demonstrated an upregulation 
of calprotectin associated with type I IFN and cardio-
vascular diseases, especially myocardial infarction.12 37 
Elevated calprotectin in serum and on the surfaces of 
immune cells in patients have also been reported previ-
ously.37–39 Donohue et al reported increased urinary levels 
of calprotectin in patients with juvenile-onset SLE with 
active LN.40 However, in our study, we could not confirm 
these findings. A possible reason might be the difference 
between juvenile onset in their study group, and the later 
disease onset, 34 years, in our cohort. Age at disease onset 
is one of several factors which are known to be associ-
ated with differences in the clinical features and disease 
phenotypes.41 42 A previous investigation from our group 
has shown elevated salivary calprotectin levels in patients 
with inflammatory bowel disease.43 In our study, we did 
not find statistically significant differences in the serum 
levels of calprotectin between the groups, which might 
be explained by the sample size included. Interestingly, 
proteomic analysis of saliva from patients with SLE iden-
tified the homodimer S100A8 to be almost four times 
higher as compared with controls.44

It is noteworthy to mention that the differences found 
with regard to DA might reflect the close relationship 
between active LN and a high general DA score, since 
renal activity is highly weighted in the DA indices, espe-
cially in the SLEDAI-2K.19 21 45 We found enhanced levels 
of the analysed markers in saliva in patients with high 
general DA, but not in patients with predominantly 
renal DA where urine was more informative. A possible 

Figure 3  Correlation heat map of clinical characteristics 
and levels of inflammatory markers in saliva, serum and 
urine. Correlation heat map of clinical characteristics and 
colony-stimulating factor (CSF)-1, tumor necrosis factor 
(TNF)-α, interferon-γ-induced protein (IP)-10, monocyte 
chemoattractant protein (MCP)-1 and calprotectin levels. 
Spearman’s correlation was used. *P<0.05, **p<0.01.

Figure 4  Potential of inflammatory markers in saliva, serum and urine to reflect SLE. Area under the curves (AUC) and 95% 
CI to assess the ability of colony-stimulating factor (CSF)-1, tumor necrosis factor (TNF)-α, interferon-γ-induced protein (IP)-
10, monocyte chemoattractant protein (MCP)-1 and calprotectin in saliva, serum and urine to differentiate SLE from healthy 
participants.
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explanation of these results may be that local produc-
tion of cytokines/chemokines, such as IP-10, in inflamed 
organs is responsible for the recruitment of mononuclear 
cells and local organ damage, as it has been shown in 
several types of cutaneous damages in SLE.46 The cellular 
sources and possible local production of the included 
markers in this study deserve further investigation.

The ability of the studied biomarkers to discrimi-
nate patients with SLE from controls was also assessed. 
AUROC analysis was performed. Especially TNF-α was a 
good discriminator of patients with SLE from controls 
with AUROC of 0.92 in serum. Notably, it also performed 
remarkably well in saliva, with an AUROC of 0.85. CSF-1, 
TNF-α, IP-10 and MCP-1 in both saliva and serum also 
showed potential to distinguish patients with SLE from 
controls, all with AUROC >0.7. These observations 
are supported by previous reports of TNF-α and CSF-1 
in circulation and in urine.4 9 In urine, MCP-1 had the 
best ability to separate patients with SLE from controls, 
which is in line with previous findings of MCP-1 as a 
urinary biomarker for LN,28 47 however IP-10 and TNF-α 
also performed fairly well in urine. Taken together, the 
analysed markers have to a varying extent, depending on 
fluid, the ability to discriminate patients with SLE from 
controls and active from inactive SLE, suggesting that 
both saliva and urine are potential alternatives to serum 
when diagnosing SLE and monitoring general SLE and 
renal DA.

Strengths and novelties of this study include the anal-
yses of inflammatory biomarkers in three different 
matched fluids serum, urine and saliva, as well as the the 
selection of samples from a large and well-characterised 
SLE cohort with matched population controls. We specif-
ically chose patients with high and low DA as confirmed 
by two independent activity indices; thus, the majority of 
patients with intermediate or discordant DA according 
to SLAM and SLEDAI-2K were not investigated. Few 
studies have previously investigated possible biomarkers 
in saliva of patients with SLE. Local salivary gland infiltra-
tion of leucocytes, which is well known in SS, a common 
condition secondary to SLE,5 are presumably respon-
sible for the degradation of the salivary glands and they 
could be a possible explanation to our findings in saliva. 
However, we selected the patients with SLE by availability 
of saliva, which represents a weakness and it is likely that 
we excluded an important subgroup of patients with SLE 
with sSS, where low or loss of salivation is an important 
characteristic. Given that our results show differences in 
saliva for SLE in general, it is possible that the salivary 
results would have been even more evident in patients 
with sSS. Future studies with simultaneous salivary glands 
biopsies are needed to investigate whether salivary levels 
reflect degradation or inflammation in the salivary 
glands. Only few patients presented with oral ulcers, 
thus further studies are needed to elucidate how ulcers 
influence salivary measurements. It is also possible that 
different collection methods have an impact on cytokine 
measurements.48

It is worth mentioning that the levels of pro-inflammatory 
cytokines in saliva, such as CSF-1 and TNF-α, might also 
be affected by the presence of periodontitis.49–51

In this study, we did not investigate the oral status, 
but this is an important aspect for further studies. 
Although not all the available patient samples were 
used, the number of patients remaining untested was 
low and differed between the high/low DA groups, we 
therefore considered them not useful for reproduc-
ibility testing. Future studies including assessment of 
SLE treatment-naïve patients, larger cohorts and longi-
tudinal follow-up will also be important to evaluate 
these markers at disease onset and to further validate 
our findings.

Our investigation demonstrates that CSF-1, TNF-α, 
IP-10 and MCP-1 in saliva and/or urine provide ability 
to distinguish patients with SLE from controls, and that 
they also reflect general DA. These observations are 
novel with regard to saliva. Furthermore, patients with 
SLE with active renal disease present elevated TNF-α, 
IP-10 and MCP-1 levels in urine. These are promising 
results suggesting that saliva and urine are potential non-
interventional alternatives to serum when diagnosing and 
monitoring patients with SLE.
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