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Abstract: Background: Sjögren’s syndrome (SS) is an autoimmune disease characterized by sicca
symptoms and various extra-glandular manifestations. The diagnosis of SS requires sicca symptoms,
anti-SSA(Ro)-antibody positivity, and/or pathological focus scores on a minor salivary gland biopsy.
Previous studies have investigated different biomarkers in order to avoid invasive diagnostic proce-
dures. It was found that kappa and lambda free light chains (KFLC and LFLC) in saliva are specific
for SS. Methods: FLC concentrations in saliva and serum were determined in 130 patients—50 with
SS and neurological involvement (Neuro-Sjögren) and 80 neurological controls. The EULAR SS
disease activity index and patient reported index (ESSPRI) were determined in patients with SS.
Results: Patients with SS revealed increased pain and decreased saliva production according to the
ESSPRI and Saxon test, respectively, with increasing FLC concentrations in the saliva. No significant
differences in serum and salivary protein concentrations were observed between patients with SS and
controls. Conclusion: KFLC and LFLC concentrations in saliva are not suitable to distinguish patients
with Neuro-Sjögren and neurological control subjects, thus a diagnostic biopsy is still required. The
association of salivary KFLC and LFLC concentrations with saliva production and ESSPRI pain score
suggests a complex relationship between dryness and pain in patients with SS.

Keywords: Sjögren’s syndrome; Neuro-Sjögren; free light chains; KFLC; LFLC; saliva; serum;
biomarker

1. Introduction

Sjögren´s syndrome (SS) is an autoimmune disease characterized by lymphocytic
infiltration of the exocrine glands leading to sicca symptoms, but may also cause extra-
glandular manifestations such as interstitial lung disease, arthritis, cutaneous vasculitis,
and central or peripheral nervous system (CNS and PNS) involvement [1–7]. According
to the latest American College of Rheumatology/European League Against Rheumatism
(ACR/EULAR) classification criteria of 2016, SS can be diagnosed in a patient with sicca
symptoms and additional anti-SSA(Ro)-antibody positivity and/or pathological focus
scores on a minor salivary gland biopsy [8–10]. In addition to the established criteria for the
diagnosis of SS, the search for alternative biomarkers from various body fluids continues.
As B-cell hyperactivity is associated with the pathogenesis of SS and may contribute to
the development of systemic manifestations, several B-cell associated biomarkers have
been investigated in different body fluids, as follows: B-cell activating factor (BAFF),
β2-microglobulin (β2M), soluble interleukin-2 receptor (sIL-2R), and free light chains
(FLC) [11–18]. FLC are a by-product of the immunoglobulin (Ig) synthesis of B-cells and
occur in a predominantly monomeric isoform (kappa free light chains (KFLC)) and a
dimeric isoform (lambda free light chains (LFLC)) [13]. KFLC have already been shown
to be a potential diagnostic biomarker for autoimmune-mediated diseases, particularly
multiple sclerosis [19–21]. Increased serum KFLC and LFLC concentrations have been
reported in patients with SS compared with healthy controls [14,16,17,22]. In addition, FLC
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concentrations have been found to be associated with disease activity according to the
EULAR Sjögren’s Syndrome Disease Activity Index (ESSDAI) and the EULAR Sjögren’s
Syndrome Patient-Reported Index (ESSPRI), and FLC concentrations have been proposed
as biomarkers for monitoring disease activity and response to treatment [12–15,17,23,24].
As lymphocytic infiltration into exocrine glands mediates autoimmune gland inflammation,
FLC concentrations in the saliva have been investigated [2,16,17]. A cut-off value for the
salivary LFLC concentration of 1.1 mg/l was suggested as a possible substitute for a minor
salivary gland biopsy in order to avoid invasive diagnostic procedures [16,17]. However,
the transferability of these studies is limited, as they included patients with a relatively
low disease activity and without neurological manifestations [16,17]. In more recent
studies, the frequency of polyneuropathy in patients with SS is higher than previously
described [25,26]. In a cohort of patients with SS-associated polyneuropathy (n = 44), the
limbs were symmetrically affected in 84% of patients, whereas sensory function was not
affected in 11% of patients, suggesting that a pure motor syndrome is also possible [25]. In
this cohort of patients, electrophysiological measurements did not reveal pathognomonic
findings, whereas a large proportion of patients met the diagnostic criteria of chronic
inflammatory demyelinating polyneuropathy [25]. Furthermore, these patients also showed
monoclonal gammopathy with monoclonal FLC [25–27]. Because FLC have been proposed
as diagnostic and prognostic biomarkers in previous studies investigating SS patients, the
role of serum and salivary FLC in patients with SS and neurological involvement needs
further classification [25–27]. In the present study, therefore, serum and salivary protein
concentrations, including KFLC and LFLC, were investigated in patients with neurological
involvement of SS and in control subjects.

2. Materials and Methods
2.1. Patients

This prospective monocentric study included a total of 130 patients who presented
to the Department of Neurology at Hannover Medical School (MHH) between 2019 and
2021 with symptoms or neurological signs suggestive of SS (Table 1). In 50/130 patients,
the diagnosis of SS could be confirmed according to the latest classification criteria [8].
ESSPRI and ESSDAI were determined in patients with SS [23,24]. In 80/130 patients, SS
could not be diagnosed because of either a negative Saxon/Schirmer test, no detection
of anti-SSA(Ro)-antibodies, or a negative minor salivary gland biopsy. These patients
were subsequently assigned to the control group. Here, 88% (44/50) of the SS patients
suffered from neuromuscular involvement, 66% (29/44) of which suffered from immune-
mediated polyneuropathies. Similarly, 86% (69/80) of the neurological control patients
suffered from neuromuscular disorders, 54% (37/69) of which suffered from immune-
mediated polyneuropathies. In contrast, 12% (6/50) of SS patients had involvement of the
central nervous system (CNS), whereas 14% (11/80) of the control patients suffered from
inflammatory CNS disorders (multiple sclerosis, immune-mediated encephalitis, or CNS
vasculitis).

All of the samples were collected before treatment. Additional demographic and
clinical data are shown in Table 1.

2.2. Saliva Sample Collection

The saliva samples were collected and processed according to the procedures described
by Sandhya et al. [16,17]. Three to five milliliters of saliva were collected in the morning
using the spit method, without stimulation or induction techniques. Patients were asked
not to eat, drink, chew gum, or perform oral hygiene for at least 1 h before saliva collection.
No special tubes or protease inhibitors were used. Saliva was processed by centrifugation
at 1800× g for 15 min at room temperature, and was immediately frozen at −80 ◦C until
further analytical procedures were performed.
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Table 1. Demographic and clinical data.

Characteristic Sjögren’s Syndrome
(n = 50)

Control Group
(n = 80) p-Value

Age [years], median (min–max) 60 (40–84) 54 (18–82) 0.0030

Female/male—ratio 0.5 0.9 0.1473

Clinical features

Objectifiable ocular sicca-syptoms, n (%) 38 (76%) 24 (30%) <0.0001

Objectifiable oral sicca-syptoms, n (%) 30 (60%) 30 (38%) 0.0184

Pathological focus score in minor salivary gland biopsy, n (%) 34 (68%) 0 <0.0001

Ro-antibody positivity, n (%) 26 (52%) 0 <0.0001

La-antibody positivity, n (%) 3 (6%) 0 0.1583

Rheumatoid factor positivity, n (%) 7 (14%) 4 (5%) 0.1045

ESSDAI total score, median (min–max) 17 (0–42) ND ND

ESSPRI total score, median (min–max) * 4.5 (0–9) ND ND

ESSPRI sicca score, median (min–max) * 4 (1–9) ND ND

ESSPRI fatigue score, median (min–max) * 6.5 (0–10) ND ND

ESSPRI pain score, median (min–max) * 4 (0–10) ND ND

Treatment

Untreated patients, n (%) 17 (34%) 37 (46%) 0.5779

Treated with IVIg, n (%) 22 (44%) 30 (38%) 0.8074

Treated with oral azathioprine or prednisolon, n (%) 6 (12%) 11 (14%) 0.5809

Treated with cyclophosphamide, rituximab or ocrelizumab, n
(%) 5 (10%) 2 (2%) 0.2285

ESSPRI = EULAR Sjögren’s Syndrome Patient Reported Index; ESSDAI = EULAR Sjögren’s syndrome disease
activity index; IVIg = intravenous immunoglobulins; * ESSPRI scores available in 32/50 patients with SS.

2.3. Analytical Procedures

All of the serum samples were analyzed according to routine diagnostic procedures
in the Neurochemistry Laboratory of the Department of Neurology at MHH. The concen-
trations of albumin, IgG, IgM, and IgA in the serum samples were measured by kinetic
nephelometry (Beckman Coulter IMMAGE, Brea, CA, USA). The concentration of KFLC
and LFLC in the saliva and serum samples were determined nephelometrically using the
N Latex FLC Kappa and Lambda Kit (Siemens Healthcare Diagnostics Products GmbH, Er-
langen, Germany) according to the manufacturer’s instructions, on a BN Prospec analyzer
(Siemens Healthcare Diagnostics Products GmbH, Erlangen, Germany). The proposed
salivary LFLC concentration cut-off of 1.1 mg/L was investigated in the present study [16].

The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI
creatinine equation [28].

Saliva production was determined using the Saxon test [8]. Here, patients chewed
on a fabric gauze for 2 minutes and the weight difference before and after these 2 minutes
determined the saliva production.

2.4. Statistical Analyses

Statistical analysis was performed using GraphPad Prism (La Jolla, CA, USA; version
5.02). The statistical significance level was set at 5%. The D’Agostino and Pearson omnibus
normality test was used to assess the normal distribution of the values. Data were presented
as minimum, maximum (min–max), and mean, unless otherwise stated. Fisher’s exact
test was used for the group comparison of binary variables, and either the Mann–Whitney
U-Test or paired t-test was used for metric variables. Longitudinal data were analyzed via
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Friedman test with Dunn’s multiple comparison posthoc test. Spearmans r and Pearsons r
were used for a linear regression correlation analysis.

3. Results
3.1. Patients

A total of 130 patient samples from 50 patients with SS and 80 neurological controls
were included in the present study (Table 1). An analysis of the demographic differences
revealed a higher age for patients with SS compared with the controls (p = 0.0030), while all
of the other demographic factors did not differ between groups. The available ESSDAI and
ESSPRI scores of patients with SS are shown in Table 1.

Immunomodulatory treatment was used equally in patients with SS and controls
(33/50, 66% vs. 43/80, 54%), and included the use of intravenous immunoglobulins (IVIg)
(22/33, 67% vs. 30/43, 70%); prednisolone and azathioprine (6/33, 18% vs. 11/43, 26%);
and cyclophosphamide, rituximab, and ocrelizumab (5/33, 15% vs. 2/43, 5%; Table 1).

3.2. Comparison of Patients with SS and Controls

No significant differences in serum and saliva protein concentrations were found
between patients with SS and controls (Table 2). Using the proposed cut-off value for
salivary LFLC concentration of 1.1 mg/L, 37/50 SS patients and 26/80 control subjects
without SS were positive using this cut-off value.

Table 2. Serum and saliva analyses.

Characteristic Sjögren’s Syndrome
(n = 50)

Control Group
(n = 80) p-Value

Serum albumin concentration [g/L], mean (min–max) 40 (27–58) 42 (31–51) 0.1262

Serum IgG concentration [g/L], mean (min–max) 13 (0.4–49) 12 (4–32) 0.8991

Serum IgA concentration [g/L], mean (min–max) 2 (0.1–5.1) 2 (0.5–8.8) 0.6153

Serum IgM concentration [g/L], mean (min–max) 1.2 (0.03–7.7) 1.2 (0.28–9.6) 0.1538

Serum KFLC concentration [mg/L], mean (min–max) 19 (5–124) 17 (7–42) 0.4023

Serum LFLC concentration [mg/L], mean (min–max) 14 (3–131) 15 (7–172) 0.8802

Salivary KFLC concentration [mg/L], mean (min–max) 7 (0.4–30) 7 (0.2–60) 0.8183

Salivary LFLC concentration [mg/L], mean (min–max) 4 (0.5–32) 3 (0.5–32) 0.4934

Saliva/serum KFLC quotient, mean (min–max) 0.5 (0.02–1.7) 0.4 (0.02–2.4) 0.8764

Saliva/serum LFLC quotient, mean (min–max) 0.3 (0.02–1.3) 0.2 (0.01–1.4) 0.3983

eGFR [mL/min/1.73 m2], mean (min–max) 82 (51–118) 87 (39–134) 0.1372

Ig = immunoglobulin; KFLC = kappa free light chain; LFLC = lambda free light chain; eGFR = estimated
glomerular filtration rate according to the CKD-EPI creatinine equation.

3.3. Correlation of Serum and Saliva Protein Concentrations with Severity of Xerostomia

Saliva production as determined by the Saxon test correlated inversely with saliva
concentrations of KFLC and LFLC and saliva/serum quotients of KFLC and LFLC in all of
the included patients (linear regression: p-values between 0.0007 and 0.0377; correlation: p-
values between 0.0010 and 0.0440; coefficient of correlation: between −0.2302 and −0.3671;
Figure 1A–D). However, the comparison of KFLC and LFLC concentrations in serum and
saliva, as well as KFLC and LFLC quotients in saliva and serum between patients with and
without pathological Saxon test results and patients with and without a pathological focus
score on salivary minor gland biopsy did not reveal statistically significant differences
(p-values between 0.0861 and 0.9609). Similarly, no statistically significant relationship
was found in the correlation of the salivary gland biopsy focus score with the protein
concentrations in the serum and saliva (p-values between 0.1228 and 0.9514).



Biomedicines 2022, 10, 2470 5 of 12Biomedicines 2022, 10, x FOR PEER REVIEW  6  of  14 
 

 

Figure 1. Correlations of saliva protein concentrations and quotients with saliva production.  (A) 

KFLC = kappa free light chains; (B) LFLC = lambda free light chains; (C) Q KFLC = saliva/serum 

KFLC concentration quotient; (D) Q LFLC = saliva/serum LFLC concentration quotient. 

3.4. Correlation of Serum and Saliva Protein Concentrations with Disease Activity 

The correlation of serum and salivary protein concentrations with the ESSDAI total 

score, ESSPRI total score, ESSPRI sicca score, and ESSPRI fatigue score did not reveal sta‐

tistical significance (linear regression: p‐values between 0.0513 and 0.9988; correlation: p‐

values between 0.0559 and 0.9514; Figures S1–4, A–D). In contrast, the ESSPRI pain score 

was positively correlated with salivary KFLC and LFLC concentrations and salivary/se‐

rum KFLC and LFLC concentration quotients (linear regression: p‐values between <0.0001 

and 0.0083; correlation: p‐values between 0.0027 and 0.0293; coefficient of correlation: be‐

tween 0.3200 and 0.5120; Figure 2A–D). 

Figure 1. Correlations of saliva protein concentrations and quotients with saliva production.
(A) KFLC = kappa free light chains; (B) LFLC = lambda free light chains; (C) Q KFLC = saliva/serum
KFLC concentration quotient; (D) Q LFLC = saliva/serum LFLC concentration quotient.

3.4. Correlation of Serum and Saliva Protein Concentrations with Disease Activity

The correlation of serum and salivary protein concentrations with the ESSDAI total
score, ESSPRI total score, ESSPRI sicca score, and ESSPRI fatigue score did not reveal
statistical significance (linear regression: p-values between 0.0513 and 0.9988; correlation:
p-values between 0.0559 and 0.9514; Figures S1–S4, A–D). In contrast, the ESSPRI pain score
was positively correlated with salivary KFLC and LFLC concentrations and salivary/serum
KFLC and LFLC concentration quotients (linear regression: p-values between <0.0001 and
0.0083; correlation: p-values between 0.0027 and 0.0293; coefficient of correlation: between
0.3200 and 0.5120; Figure 2A–D).
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Figure 2. Correlation analyses of the saliva protein concentrations and quotients with the ESSPRI
pain score. (A) KFLC = kappa free light chains; (B) LFLC = lambda free light chains; ESSPRI = EULAR
Sjögren’s Syndrome Patient Reported Index; (C) Q KFLC = salivary/serum KFLC concentration
quotient; (D) Q LFLC = salivary/serum LFLC concentration quotient.

3.5. Influence of IVIg Application and Longitudinal Subgroup Analysis of 20 Patients Benefitting
from IVIG Treatment

A comparison of serum and saliva concentrations and quotients of the saliva and
serum concentrations of KFLC and LFLC between untreated (17/50) and treated (33/50)
patients with SS showed no statistically significant differences (p-values between 0.4425
and 0.9184).

In a total of 20 patients with immune-mediated polyneuropathies, salivary KFLC and
LFLC concentrations measured immediately before and immediately after the application
of IVIg. Of these patients, 14 also suffered from SS. A cumulative dose of 60–160 g IVIg was
applied over 2–5 days. As all 20 patients benefited clinically from IVIg administration in
terms of the stabilization of disease activity, IVIg was used as the maintenance therapy. Sali-
vary KFLC and LFLC concentrations were lower after IVIg application, and for the KFLC
concentration, this difference was statistically significant (LFLC: 2.9 mg/L vs. 1.9 mg/L;
KFLC: 5.8 mg/L vs. 3.1 mg/L, p = 0.0383; Figure 3).
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3.6. Correlation of Serum and Saliva FLC Concentrations

The correlation of KFLC concentrations in serum with KFLC concentrations in saliva
did not reveal significant results (linear regression p = 0.0813; correlation p = 0.2104, coeffi-
cient of correlation 0.1110; Figure 4A). In contrast, LFLC concentrations in saliva correlated
significantly with LFLC concentrations in serum (linear regression p < 0.0001; correlation
p = 0.0007, coefficient of correlation 0.2958; Figure 4B).
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3.7. Correlation of Saliva FLC Concentrations with Renal Function

No statistically significant results were found when correlating renal function esti-
mated from eGFR according to the CKD-EPI creatinine equation in ml/min/1.73 m2 with
salivary KFLC and LFLC concentrations (p-values for linear regression and a correlation
between 0.1553 and 0.7927).

4. Discussion

The present study shows that the measurement of FLC is not useful to distinguish
patients with Neuro-Sjögren from neurological control groups. First, there were no sig-
nificant differences in salivary and serum FLC concentrations or in salivary and serum
concentration quotients between the two groups. This finding is in contrast to other studies
that investigated FLC and found significantly higher FLC concentrations in serum and/or
saliva compared with controls [12–17]. Second, even the proposed cut-off concentration
for salivary LFLC concentration of 1.1 mg/L, with a previously reported diagnostic sensi-
tivity and specificity of 73% and 93%, respectively, yielded only 74% sensitivity and 33%
specificity in our cohort [16]. Therefore, salivary LFLC concentration cannot be used to
differentiate between Neuro-Sjögren patients and controls in our cohort either. The lack of
serological and salivary group differences may be due to the fact that our study focused
explicitly on patients with SS and neurological involvement. These patients have been
shown to have different clinical and paraclinical features compared with patients with
SS without neurological involvement [3,25]. Patients with SS-associated polyneuropathy
showed pathological results not only in nerve conduction, but also in ultrasound exam-
inations of the nerves, and often meet the diagnostic criteria for CIDP [4,25]. However,
compared with patients with CIDP and without SS, a higher frequency of women and
cranial nerve affection has been reported [26]. In accordance with frequent cranial nerve
impairment in these patients, hearing dysfunction was found in 80% (24/30) of the patients
studied [5]. Furthermore, Neuro-Sjögren patients were found to have trigeminal corneal
nerve affection, which was detected by corneal confocal microscopy [29]. In addition, a
significant proportion of 55% (35/64) of Neuro-Sjögren patients showed cognitive impair-
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ment in neuropsychological tests, predominantly in the form of attentional deficits [30].
Therefore, the findings of our data analysis do not necessarily contradict the previously
conducted studies, but might rather further support the hypothesis that patients with SS
and neurological involvement have a clinically different phenotype compared with primary
rheumatic patients with SS and without neurological involvement. Another reason for the
lack of differences in the present study could be the selected control patients, who were
mostly diagnosed with a neurological autoimmune disease such as immune mediated
polyneuropathy. As no differences in serum KFLC concentrations were found in a large
study that included patients with various neurological diseases, significant differences
between Neuro-Sjögren and neurological control patients are rather unlikely [31]. There-
fore, it could be speculated that serum FLC, as a surrogate biomarker for B-cell mediated
autoimmunity, may not detect differences between the cohorts of patients with different
autoimmune disorders such as immune-mediated polyneuropathies, with and without an
association to SS. This also underlines an important limitation of the present study: the lack
of a healthy control group and a control group of patients with SS and without neurological
involvement. Further studies examining patients with Neuro-Sjögren, SS without neurolog-
ical involvement, other autoimmune mediated disorders, and healthy controls are needed
in order to definitively address these issues. Furthermore, as the control patients were
also significantly younger than the Neuro-Sjögren patients, it remains speculative whether
some of the control patients will be diagnosed with SS in the future, which would explain
the lack of differences. Despite the significant age difference, an age-related influence on
FLC concentrations is unlikely, as a recent study has shown that impaired renal function
is the most important factor influencing serum FLC concentrations [32]. In the present
study, renal function was not statistically different between the Neuro-Sjögren patients and
neurological controls.

However, in the present study, salivary KFLC and LFLC concentrations correlated
negatively with saliva production, as measured by the Saxon test. Similarly, Sandhya et al.
reported a positive correlation of salivary KFLC with features of dry mouth, but beyond
that, there were no other statistically significant correlations of salivary FLC with sicca
symptoms [17]. In addition, several studies found a weak correlation between objective
and subjective indices of ocular dryness [33,34]. On the one hand, it could be hypothesized
that the lower salivary fluid production in patients with SS leads to more concentrated
saliva, and thus to increased FLC concentrations. On the other hand, it could be speculated
that a more pronounced impairment of excretory gland function, as shown by the lower
saliva production, reflects a higher inflammatory activity, which thus leads to a higher
excretion of FLC into the saliva.

In the present study, salivary protein concentrations significantly correlated with the
ESSPRI pain subscore. A correlation between increasing ESSPRI scores and a decrease in
non-stimulated total salivary flow has been reported in the literature [34]. Interestingly,
ESSPRI dryness did not correlated with tear or salivary flow, but ESSPRI pain did [35].
Therefore, the authors noted that the ESSPRI dryness score may not reflect the true assess-
ment of dryness [35]. In contrast, a more complex relationship and a more general concept
of dryness under the influence of pain and fatigue should be assumed [34,35]. Other studies
investigating FLC in patients with SS reported significant correlations with the ESSDAI
total score, as well as specific domains of the score with serum IgG, KFLC, and LFLC, but
none of the salivary biomarkers [12–17]. The lack of such correlations could be due to the
studied patient collective of Neuro-Sjögren patients or the influence of immunomodulatory
treatment. Verstappen et al. reported significantly lowered serum FLC levels after the use
of rituximab or abatacept, while Sandhya et al. reported lower salivary FLC concentrations
in patients treated with glucocorticoids and other immunomodulatory anti-rheumatic
drugs [15,17]. As it was not possible in the present study to distinguish between patients
with Neuro-Sjögren and neurological controls on the basis of salivary FLC, we investigated
whether salivary FLC would be suitable for monitoring immunomodulatory treatment, as
suggested in the literature. When comparing untreated and treated patients, no significant
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differences were found between serum or salivary FLC concentrations. When considering
the lack of differences between treated and untreated patients, it should be considered that
most of our treated patients used intravenous therapies with treatment-free intervals such
as IVIg. In all of the treated patients, the samples were obtained immediately before the
infusions, so that a minimal influence of the immunomodulatory therapies was assumed.
When FLC concentrations in saliva were compared immediately before and immediately
after IVIg application in patients who clinically benefitted from this treatment, significantly
lower KFLC concentrations became apparent. This is remarkable, as an increase in serum
KFLC concentrations has been reported after treatment with IVIg [36]. A possible explana-
tion for these rather contrary results with increased serum and decreased salivary KFLC
concentrations could be the lack of correlation between the serum and salivary KFLC con-
centrations in the present study. The correlation of serum and saliva KFLC concentrations
in the present study showed a trend towards a positive correlation of increasing saliva
KFLC concentrations with increasing serum KFLC concentrations, although no statistical
significance was found.

5. Conclusions

Salivary FLC concentrations are not suitable to distinguish patients with Neuro-
Sjögren from neurological controls. Salivary FLC concentrations are related to saliva
production and ESSPRI pain, suggesting a complex relationship between dryness and pain
in patients with SS.
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disease activity index; KFLC = kappa free light chains; LFLC = lambda free light chains; Q KFLC =
saliva/serum KFLC concentration quotient; Q LFLC = saliva/serum LFLC concentration quotient.
Linear regressions as well as correlations were not statistically significant. Figure S2: Correlations
of saliva protein concentrations and quotients with ESSPRI total score. ESSPRI = EULAR Sjögren’s
Syndrome Patient Reported Index; KFLC = kappa free light chains; LFLC = lambda free light chains;
Q KFLC = saliva/serum KFLC concentration quotient; Q LFLC = saliva/serum LFLC concentration
quotient. Linear regressions as well as correlations were not statistically significant. Figure S3:
Correlations of saliva protein concentrations and quotients with ESSPRI fatigue score. ESSPRI =
EULAR Sjögren’s Syndrome Patient Reported Index; KFLC = kappa free light chains; LFLC = lambda
free light chains; Q KFLC = saliva/serum KFLC concentration quotient; Q LFLC = saliva/serum LFLC
concentration quotient. Linear regressions as well as correlations were not statistically significant.
Figure S4: Correlations of saliva protein concentrations and quotients with ESSPRI sicca score.
ESSPRI = EULAR Sjögren’s Syndrome Patient Reported Index; KFLC = kappa free light chains;
LFLC = lambda free light chains; Q KFLC = saliva/serum KFLC concentration quotient; Q LFLC
= saliva/serum LFLC concentration quotient. Linear regressions as well as correlations were not
statistically significant.

Author Contributions: Conceptualization, F.F.K. and T.S. (Thomas Skripuletz); methodology, F.F.K.,
T.S. (Tabea Seeliger) and P.S.; formal analysis, F.F.K. and T.S. (Tabea Seeliger); data curation, F.F.K.,
S.G. and K.F.J.; writing—original draft preparation, F.F.K., T.S. (Tabea Seeliger) and T.S. (Thomas
Skripuletz); writing—review and editing, P.S., S.G., K.F.J., K.-W.S., D.E. and T.W. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The investigation was approved by the Ethics Committee of
MHH (no. 1322_2012, 31. January 2022) and followed the rules of the Declaration of Helsinki of 1975.

Informed Consent Statement: Informed consent was obtained from all of the subjects involved in
the study.

Data Availability Statement: The datasets used and/or analyzed during the current study areavail-
able from the corresponding author upon reasonable request.

https://www.mdpi.com/article/10.3390/biomedicines10102470/s1
https://www.mdpi.com/article/10.3390/biomedicines10102470/s1


Biomedicines 2022, 10, 2470 11 of 12

Acknowledgments: The authors would like to thank Karin Fricke, Kathrin Scheiwe, Sabine Lang,
Katharina Dorsch, and Ilona Cierpka-Leja for their excellent technical assistance.

Conflicts of Interest: The authors declare no conflict of interest. Outside the submitted work, some
authors received honoraria for lectures, travel grants, or research grants. TS received research
support from Ellen Schmidt Scholarship of the Hannover Medical School, and financial support
for conference attendance fees from Abbvie, all of which were outside the submitted work. S.G.
reported research support from Alnylam Pharmaceuticals, Else Kröner Fresenius Foundation, and
Deutsche Forschungsgemeinschaft and Hannover Biomedical Research School (HBRS), and honoraria
for lectures from Alnylam and Merck; all of which were outside the submitted work. KWS received
speaker’s honoraria or travel expenses from Biogen, Merck, BMS, as well as research grants from BMS;
all of which were outside the submitted work. DE received honoraria for participation in Advisory
Boards from Abbvie, Galapagos, Amgen, Novartis, and for presentations from Abbvie, Amgen, BMS,
Chugai, Cilag-Janssen, Galapagos, GSK, Medac, Lilly, Pfizer, Novartis, and Roche; all of which were
outside the submitted work. ThS reported research support from Alnylam Pharmaceuticals, Bristol-
Myers Squibb Foundation for Immuno-Oncology, Claudia von Schilling Foundation, CSL Behring,
Else Kröner Fresenius Foundation, Sanofi Genzyme, and VHV Stiftung, and honoraria for lectures
and travel grants from Alexion, Alnylam Pharmaceuticals, Bayer Vital, Biogen, Celgene, Centogene,
CSL Behring, Euroimmun, Janssen, Merck Serono, Novartis, Pfizer, Roche, Sanofi, Siemens, Sobi,
and Teva; all of which were outside the submitted work. All of the other authors did not receive
honoraria for lectures, travel grants, or research grants outside of the submitted work.

References
1. Sjögren, H. Zur Kenntnis der keratoconjunctivitis sicca. Acta Ophthalmol. 1933, 13, 1–39. [CrossRef]
2. Fox, R.I. Sjögren’s syndrome. Lancet 2005, 366, 321–331. [CrossRef]
3. Kramer, E.; Seeliger, T.; Skripuletz, T.; Gödecke, V.; Beider, S.; Jablonka, A.; Witte, T.; Ernst, D. Multimodal Assessment and

Characterization of Sicca Syndrome. Front. Med. 2021, 8, 777599. [CrossRef] [PubMed]
4. Seeliger, T.; Bönig, L.; Gingele, S.; Prenzler, N.K.; Thiele, T.; Ernst, D.; Witte, T.; Stangel, M.; Skripuletz, T.; Körner, S. Nerve

ultrasound findings in Sjögren’s syndrome-associated neuropathy. J. Neuroimaging 2021, 31, 1156–1165. [CrossRef] [PubMed]
5. Seeliger, T.; Bönig, L.; Witte, T.; Thiele, T.; Lesinski-Schiedat, A.; Stangel, M.; Lenarz, T.; Prenzler, N.C.; Skripuletz, T. Hearing

dysfunction in patients with Neuro-Sjögren: A cross-sectional study. Ann. Transl. Med. 2020, 8, 1069. [CrossRef]
6. Sogkas, G.; Hirsch, S.; Olsson, K.M.; Hinrichs, J.B.; Thiele, T.; Seeliger, T.; Skripuletz, T.; Schmidt, R.E.; Witte, T.; Jablonka, A.; et al.

Lung Involvement in Primary Sjögren’s Syndrome-An Under-Diagnosed Entity. Front. Med. 2020, 7, 332. [CrossRef]
7. Butryn, M.; Neumann, J.; Rolfes, L.; Bartels, C.; Wattjes, M.P.; Mahmoudi, N.; Seeliger, T.; Konen, F.F.; Thiele, T.; Witte, T.; et al.

Clinical, Radiological, and Laboratory Features of Spinal Cord Involvement in Primary Sjögren’s Syndrome. J. Clin. Med. 2020, 9,
1482. [CrossRef]

8. Shiboski, C.H.; Shiboski, S.C.; Seror, R.; Criswell, L.A.; Labetoulle, M.; Lietman, T.M.; Rasmussen, A.; Scofield, H.; Vitali, C.;
Bowman, S.J.; et al. 2016 American College of Rheumatology/European League Against Rheumatism classification criteria for
primary Sjögren’s syndrome: A consensus and data-driven methodology involving three international patient cohorts. Ann.
Rheum. Dis. 2017, 76, 9–16. [CrossRef]

9. Mori, K.; Iijima, M.; Koike, H.; Hattori, N.; Tanaka, F.; Watanabe, H.; Katsuno, M.; Fujita, A.; Aiba, I.; Ogata, A.; et al. The wide
spectrum of clinical manifestations in Sjögren’s syndrome-associated neuropathy. Brain 2005, 128, 2518–2534. [CrossRef]

10. Daniels, T.E.; Cox, D.; Shiboski, C.H.; Schiødt, M.; Wu, A.; Lanfranchi, H.; Umehara, H.; Zhao, Y.; Challacombe, S.; Lam, M.Y.;
et al. Associations between salivary gland histopathologic diagnoses and phenotypic features of Sjögren’s syndrome among 1726
registry participants. Arthritis Rheum. 2011, 63, 2021–2030. [CrossRef]

11. Nocturne, G.; Mariette, X. B cells in the pathogenesis of primary Sjögren syndrome. Nat. Rev. Rheumatol. 2018, 14, 133–145.
[CrossRef] [PubMed]

12. Gottenberg, J.E.; Seror, R.; Miceli-Richard, C.; Benessiano, J.; Devauchelle-Pensec, V.; Dieude, P.; Dubost, J.J.; Fauchais, A.L.; Goeb,
V.; Hachulla, E.; et al. Serum levels of beta2-microglobulin and free light chains of immunoglobulins are associated with systemic
disease activity in primary Sjögren’s syndrome. Data at enrollment in the prospective ASSESS cohort. PLoS ONE 2013, 8, e59868.
[CrossRef]

13. Jülich, M.; Kanne, A.M.; Sehnert, B.; Budweiser, S.; Voll, R.E.; Kollert, F. Serological lymphocytic activity and patient-reported
outcomes in Sjögren. s syndrome. Clin. Rheumatol. 2018, 37, 2361–2366. [CrossRef] [PubMed]

14. James, K.; Chipeta, C.; Parker, A.; Harding, S.; Cockell, S.J.; Gillespie, C.S.; Hallinan, J.; Barone, F.; Bowman, S.J.; Ng, W.F.; et al.
B-cell activity markers are associated with different disease activity domains in primary Sjögren’s syndrome. Rheumatology 2018,
57, 1222–1227. [CrossRef] [PubMed]

15. Verstappen, G.M.; Moerman, R.V.; van Nimwegen, J.F.; van Ginkel, M.S.; Bijzet, J.; Mossel, E.; Vissink, A.; Hazenberg, B.P.C.;
Arends, S.; Kroese, F.G.M.; et al. Serum immunoglobulin free light chains are sensitive biomarkers for monitoring disease activity
and treatment response in primary Sjögren’s syndrome. Rheumatology 2018, 57, 1812–1821. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1755-3768.1935.tb04186.x
http://doi.org/10.1016/S0140-6736(05)66990-5
http://doi.org/10.3389/fmed.2021.777599
http://www.ncbi.nlm.nih.gov/pubmed/34977077
http://doi.org/10.1111/jon.12907
http://www.ncbi.nlm.nih.gov/pubmed/34270142
http://doi.org/10.21037/atm-20-1856
http://doi.org/10.3389/fmed.2020.00332
http://doi.org/10.3390/jcm9051482
http://doi.org/10.1136/annrheumdis-2016-210571
http://doi.org/10.1093/brain/awh605
http://doi.org/10.1002/art.30381
http://doi.org/10.1038/nrrheum.2018.1
http://www.ncbi.nlm.nih.gov/pubmed/29416129
http://doi.org/10.1371/journal.pone.0059868
http://doi.org/10.1007/s10067-018-4159-2
http://www.ncbi.nlm.nih.gov/pubmed/29858711
http://doi.org/10.1093/rheumatology/key063
http://www.ncbi.nlm.nih.gov/pubmed/29608774
http://doi.org/10.1093/rheumatology/key180
http://www.ncbi.nlm.nih.gov/pubmed/29982712


Biomedicines 2022, 10, 2470 12 of 12

16. Sandhya, P.; Christudoss, P.; Kabeerdoss, J.; Mandal, S.K.; Aithala, R.; Mahasampath, G.; Job, V.; Danda, D. Diagnostic accuracy of
salivary and serum-free light chain assays in primary Sjögren’s syndrome: A pilot study. Int. J. Rheum. Dis. 2017, 20, 760–766.
[CrossRef]

17. Sandhya, P.; Kabeerdoss, J.; Christudoss, P.; Arulraj, R.; Mandal, S.K.; Janardana, R.; Chebbi, P.P.; Ganesan, M.P.; Mahasampath,
G.; Danda, D. Salivary free light chains and salivary immunoglobulins as potential non-invasive biomarkers in primary Sjögren’s
syndrome. Int. J. Rheum. Dis. 2022, 25, 61–69. [CrossRef]

18. Pars, K.; Pul, R.; Schwenkenbecher, P.; Sühs, K.W.; Wurster, U.; Witte, T.; Bronzlik, P.; Stangel, M.; Skripuletz, T. Cerebrospinal
Fluid Findings in Neurological Diseases Associated with Sjögren’s Syndrome. Eur. Neurol. 2017, 77, 91–102. [CrossRef]

19. Konen, F.F.; Schwenkenbecher, P.; Jendretzky, K.F.; Gingele, S.; Sühs, K.W.; Tumani, H.; Süße, M.; Skripuletz, T. The Increasing
Role of Kappa Free Light Chains in the Diagnosis of Multiple Sclerosis. Cells 2021, 10, 3056. [CrossRef]

20. Schwenkenbecher, P.; Konen, F.F.; Wurster, U.; Witte, T.; Gingele, S.; Sühs, K.W.; Stangel, M.; Skripuletz, T. Reiber's Diagram for
Kappa Free Light Chains: The New Standard for Assessing Intrathecal Synthesis? Diagnostics 2019, 9, 194. [CrossRef]

21. Schwenkenbecher, P.; Konen, F.F.; Wurster, U.; Jendretzky, K.F.; Gingele, S.; Sühs, K.W.; Pul, R.; Witte, T.; Stangel, M.; Skripuletz, T.
The Persisting Significance of Oligoclonal Bands in the Dawning Era of Kappa Free Light Chains for the Diagnosis of Multiple
Sclerosis. Int. J. Mol. Sci. 2018, 19, 3796. [CrossRef] [PubMed]

22. Moutsopoulos, H.M.; Steinberg, A.D.; Fauci, A.S.; Lane, H.C.; Papadopoulos, N.M. High incidence of free monoclonal lambda
light chains in the sera of patients with Sjogren’s syndrome. J. Immunol. 1983, 130, 2663–2665. [PubMed]

23. Seror, R.; Ravaud, P.; Bowman, S.J.; Baron, G.; Tzioufas, A.; Theander, E.; Gottenberg, J.E.; Bootsma, H.; Mariette, X.; Vitali, C.;
et al. EULAR Sjogren’s syndrome disease activity index: Development of a consensus systemic disease activity index for primary
Sjogren’s syndrome. Ann. Rheum. Dis. 2010, 69, 1103–1109. [CrossRef] [PubMed]

24. Seror, R.; Ravaud, P.; Mariette, X.; Bootsma, H.; Theander, E.; Hansen, A.; Ramos-Casals, M.; Dörner, T.; Bombardieri, S.; Hachulla,
E.; et al. EULAR Sjogren’s Syndrome Patient Reported Index (ESSPRI): Development of a consensus patient index for primary
Sjogren’s syndrome. Ann. Rheum. Dis. 2011, 70, 968–972. [CrossRef] [PubMed]

25. Seeliger, T.; Prenzler, N.K.; Gingele, S.; Seeliger, B.; Körner, S.; Thiele, T.; Bönig, L.; Sühs, K.W.; Witte, T.; Stangel, M.; et al.
Neuro-Sjögren: Peripheral Neuropathy with Limb Weakness in Sjögren’s Syndrome. Front. Immunol. 2019, 10, 1600. [CrossRef]

26. Seeliger, T.; Gingele, S.; Bönig, L.; Konen, F.F.; Körner, S.; Prenzler, N.; Thiele, T.; Ernst, D.; Witte, T.; Stangel, M.; et al. CIDP
associated with Sjögren’s syndrome. J. Neurol. 2021, 268, 2908–2912. [CrossRef]

27. Brito-Zerón, P.; Retamozo, S.; Gandía, M.; Akasbi, M.; Pérez-De-Lis, M.; Diaz-Lagares, C.; Bosch, X.; Bové, A.; Pérez-Alvarez,
R.; Soto-Cárdenas, M.J.; et al. Monoclonal gammopathy related to Sjögren syndrome: A key marker of disease prognosis and
outcomes. J. Autoimmun. 2012, 39, 43–48. [CrossRef]

28. Levey, A.S.; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F., 3rd; Feldman, H.I.; Kusek, J.W.; Eggers, P.; Van Lente, F.;
Greene, T.; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009, 150, 604–612. [CrossRef]

29. Seeliger, T.; Gehlhaar, M.A.; Oluwatoba-Popoola, I.; Konen, F.F.; Haar, M.; Donicova, E.; Wachsmann, M.; Pielen, A.; Gingele, S.;
Prenzler, N.K.; et al. Trigeminal Nerve Affection in Patients with Neuro-Sjögren Detected by Corneal Confocal Microscopy. J.
Clin. Med. 2022, 11, 4484. [CrossRef]

30. Seeliger, T.; Jacobsen, L.; Hendel, M.; Bönig, L.; Prenzler, N.K.; Thiele, T.; Ernst, D.; Witte, T.; Stangel, M.; Kopp, B.; et al. Cognitive
impairment in patients with Neuro-Sjögren. Ann. Clin. Transl. Neurol. 2020, 7, 1352–1359. [CrossRef]

31. Konen, F.F.; Schwenkenbecher, P.; Jendretzky, K.F.; Gingele, S.; Witte, T.; Sühs, K.W.; Grothe, M.; Hannich, M.J.; Süße, M.;
Skripuletz, T. Kappa Free Light Chains in Cerebrospinal Fluid in Inflammatory and Non-Inflammatory Neurological Diseases.
Brain Sci. 2022, 12, 475. [CrossRef] [PubMed]

32. Konen, F.F.; Schwenkenbecher, P.; Wurster, U.; Jendretzky, K.F.; Möhn, N.; Gingele, S.; Sühs, K.W.; Hannich, M.J.; Grothe, M.;
Witte, T.; et al. The Influence of Renal Function Impairment on Kappa Free Light Chains in Cerebrospinal Fluid. J. Cent. Nerv.
Syst. Dis. 2021, 13, 11795735211042166. [CrossRef] [PubMed]

33. Seror, R.; Gottenberg, J.E.; Devauchelle-Pensec, V.; Dubost, J.J.; Le Guern, V.; Hayem, G.; Fauchais, A.L.; Goeb, V.; Hachulla, E.;
Hatron, P.Y.; et al. European League Against Rheumatism Sjögren’s Syndrome Disease Activity Index and European League
Against Rheumatism Sjögren’s Syndrome Patient-Reported Index: A complete picture of primary Sjögren’s syndrome patients.
Arthritis Care Res. 2013, 65, 1358–1364. [CrossRef]

34. Sandoval-Flores, M.G.; Chan-Campos, I.; Hernández-Molina, G. Factors influencing the EULAR Sjögren’s Syndrome Patient-
Reported Index in primary Sjögren’s syndrome. Clin. Exp. Rheumatol. 2021, 39, 153–158. [CrossRef] [PubMed]

35. Lackner, A.; Bosch, P.; Zenz, S.; Horwath-Winter, J.; Rabensteiner, D.F.; Hermann, J.; Graninger, W.; Stradner, M.H. Go Ask Your
Patients! PSS-QoL Reported Perception of Dryness Correlates with Lacrimal and Salivary Flow in Primary Sjögren’s Syndrome.
Front. Med. 2021, 8, 660580. [CrossRef]

36. Konen, F.F.; Wurster, U.; Witte, T.; Jendretzky, K.F.; Gingele, S.; Tumani, H.; Sühs, K.W.; Stangel, M.; Schwenkenbecher, P.;
Skripuletz, T. The Impact of Immunomodulatory Treatment on Kappa Free Light Chains as Biomarker in Neuroinflammation.
Cells 2020, 9, 842. [CrossRef]

http://doi.org/10.1111/1756-185X.12965
http://doi.org/10.1111/1756-185X.14242
http://doi.org/10.1159/000454765
http://doi.org/10.3390/cells10113056
http://doi.org/10.3390/diagnostics9040194
http://doi.org/10.3390/ijms19123796
http://www.ncbi.nlm.nih.gov/pubmed/30501024
http://www.ncbi.nlm.nih.gov/pubmed/6406594
http://doi.org/10.1136/ard.2009.110619
http://www.ncbi.nlm.nih.gov/pubmed/19561361
http://doi.org/10.1136/ard.2010.143743
http://www.ncbi.nlm.nih.gov/pubmed/21345815
http://doi.org/10.3389/fimmu.2019.01600
http://doi.org/10.1007/s00415-021-10459-z
http://doi.org/10.1016/j.jaut.2012.01.010
http://doi.org/10.7326/0003-4819-150-9-200905050-00006
http://doi.org/10.3390/jcm11154484
http://doi.org/10.1002/acn3.51123
http://doi.org/10.3390/brainsci12040475
http://www.ncbi.nlm.nih.gov/pubmed/35448006
http://doi.org/10.1177/11795735211042166
http://www.ncbi.nlm.nih.gov/pubmed/34840504
http://doi.org/10.1002/acr.21991
http://doi.org/10.55563/clinexprheumatol/mvcai5
http://www.ncbi.nlm.nih.gov/pubmed/34128801
http://doi.org/10.3389/fmed.2021.660580
http://doi.org/10.3390/cells9040842

	Introduction 
	Materials and Methods 
	Patients 
	Saliva Sample Collection 
	Analytical Procedures 
	Statistical Analyses 

	Results 
	Patients 
	Comparison of Patients with SS and Controls 
	Correlation of Serum and Saliva Protein Concentrations with Severity of Xerostomia 
	Correlation of Serum and Saliva Protein Concentrations with Disease Activity 
	Influence of IVIg Application and Longitudinal Subgroup Analysis of 20 Patients Benefitting from IVIG Treatment 
	Correlation of Serum and Saliva FLC Concentrations 
	Correlation of Saliva FLC Concentrations with Renal Function 

	Discussion 
	Conclusions 
	References

