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Background: Immunomodulating drugs are commonly used in treating patients with autoimmune diseases
but with very different outcomes. We aimed to investigate differences in cytokine and autoantibody levels
with regard to patient characteristics in patients with primary Sjögren's syndrome (pSS) receiving oral ste-
roids or antimalarial drugs (AM) after a longer period of time.
Methods: Serum samples from 141 patients fulfilling the revised EU–US criteria and 99 healthy controls were
analysed for 25 cytokines and 8 autoantibodies.
Results: AM-patients had lowered levels of IL-5, IL-10, IL-13 and IFN-γ, though non-significantly. Use of pred-
nisolone was associated with reduced levels of IL-15, IL-2, IL-4, IL-12p40, TNF-α, MIP-1α and MIP-1β
(pb0.05), and a trend towards decreased levels of IL-1RA and IL-1β was observed. No associations were
seen between AM and antibody levels. Significantly higher protein levels of anti-Ro-52 and anti-Ro-60
were observed in the patients taking prednisolone (pb0.05). The proportion of patients positive for anti-
Ro-52 and anti-La-48 did not differ significantly in the groups taking and not taking prednisolone, but a dif-

ference was seen for anti-Ro-60 (pb0.05).
Conclusions: Prednisolone is a potent anti-inflammatory and immunosuppressive drug commonly used in
autoimmune diseases. Our study shows that oral steroids are associated with reduced levels of several pro-
inflammatory cytokines, but increased levels of pSS specific autoantibodies. The association between steroid
use and increased antibody levels is not readily explained by known steroid effects, and should therefore be
confirmed in further studies. Lower levels of pro-inflammatory cytokines indicate a beneficial effect of oral
steroids in this patient group.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Primary Sjögren's syndrome (pSS) is a complex autoimmune
rheumatic disease characterised by the presence of autoantibodies
against the ribonucleoprotein (RNP) particles Ro/SSA and La/SSB [1],
and focal mononuclear cell infiltration of exocrine glands. The sali-
vary and lacrimal glands are the principal targets of a proposed T
and/or B cell-mediated chronic inflammation, with an associated
glandular atrophy and deficient function. The clinical consequences
are dry mouth (xerostomia) and dry eyes (keratoconjuctivitis sicca).
Due to disease development in multiple organs, there may be a num-
ber of systemic features of SS [2]. Serological markers of inflammation
are commonly found in pSS patients, including higher titres of cyto-
kines and circulating antibodies [3, 4]. Several factors may influence
cytokine and autoantibody levels, including age [5] and we have
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previously observed aberrant titres of cytokines with regard to lym-
phoid organisation in pSS minor salivary glands [6].

The management of patients with pSS is difficult; the aetiology of
the disease is largely unknown precluding direct treatment of a specif-
ic target. Current therapies include non-pharmacologic measures like
punctual occlusion to preserve tears as well as the symptomatic relief
of xerostomia and keratoconjuctivitis sicca, and use of immunomodu-
latory drugs [7,8]. A range of alternative medications have been tried
to prevent tissue destruction [9], provide long-term relief of symp-
toms [10] and reduce the fatigue often seen in pSS [11]. Anti-TNF-α
treatment through Infliximab and Etanercept has been tried in pSS
patients though not successfully [12–14],whereas depletion ofmemory
B cells through anti-CD20/Rituximab has been promising in preventing
tissue destruction in salivary glands [15]. Hydroxychloroquine and
prednisolone have been shown to delay SLE onset [16]. Recent trials of
belimumab (anti-BAFF) have shown promising results in phase III stud-
ies in SLE patients and might prove useful in pSS in the future (BLISS-
study [ClinicalTrials.gov identifier: NCT00410384]).

Immunomodulatory drugs may exert different effects in different
diseases, but are in general thought to be of great benefit in autoimmune
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Table 1
Comparison of pSS patients taking and not taking prednisolone.

Clinical features Prednisolone
(n=11)

Discontinued
prednisolone
(n=19)

Non-prednisolone
(n=111)

Age 62±2 58±2 51±1
Female:male ratio 9:2 18:1 107:4
Disease duration (years) 14±3 19±3 14±1
CRP (mg/L) 29.3±24.5 4.2±0.8 4.5±0.4
CRP≥10 mg/L 1/10a 1/18 6/104
ESR (mm/h) 32.8±8.5 25.7±2.7 24.2±1.6
ESRNnormalb 4/7 8/11 34/77
IgG≥15.3 g/L 0/11 3/16 7/104
IgA≥4.1 g/L 0/11 2/17 15/96
IgM≥2.5 g/L 0/11 3/16 7/104
Mean C3 level g/L 1.05±0.04 1.14±0.1 1.18±0.18
C3≤0.83 g/L 3/4 1/7 13/45
Mean C4 level g/L 0.20±0.01 0.24±0.03 0.19±0.04
C4≤0.18 g/L 5/2 2/6 26/32
UWS (mL/15 min) 2.19±0.90 2.58±0.55 2.04±0.20
Hyposalivation c 3/5 6/7 52/42
Dry skin 5/6 4/15 78/21
Arthralgia 5/6 13/6 83/28
Myalgia 3/8 16/3 68/43
Swollen joints 2/9 5/14 10/101

Data are presented as mean±SEM.
None of the serological features are significantly different in the three groups.

a Fractions indicate the number of positive and the number of negative patients
(p/n). Some values are missing due to incomplete data collection/patients medical
records.

b Erythrocyte sedimentation rate (ESR) is considered normal when less than
15 mm/h in men b50 years, less than 2 mm/h in men N50 years and women
b50 years, and when less than 30 mm/h in women N50 years.

c Hyposalivation defined as UWS ≤1.5 mL/15 min.
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diseases. In this study, our purpose was to investigate circulating auto-
antibody and cytokine levels in healthy individuals and pSS patients
treated with antimalarial drugs and prednisolone over a longer period
of time to see whether levels normalise.

2. Materials and methods

2.1. Patients and controls

The pSS cohort comprised patients (n=141) diagnosed according
to the revised European-American criteria [17] at the Department of
Rheumatology, Haukeland University Hospital, Bergen, Norway. The
cohort contained seven men and 134 women, mean age was 56 years
(range: 24–74 years).

Nineteen (13.5%) patients had discontinued the use of predniso-
lone, eleven (7.8%) still used prednisolone and 111 (78.7%) patients
had never used prednisolone. The median dose of prednisolone was
5 mg/day (range: 2–50 mg/day). Patients had been taking predniso-
lone for an average of 4.8 years (range: 3 months–17 years); patients
who had discontinued prednisolone had used it for a short period of
time within the past 20 years. Twenty-five (17.7%) patients were
using antimalarial drugs (hydroxychlorochine), 35 (24.8%) had dis-
continued the use and 81 (57.4%) had not used antimalarial drugs.
Four patients (2.8%) were using both prednisolone and antimalarial
drugs. In addition, the patients commonly used lipid-lowering
drugs, anticoagulants and non-steroidal anti-inflammatory drugs
(NSAID), but neither class of medication is known to affect antibody
or cytokine levels, and would affect all patient groups equally.

Serum samples and clinical data were gathered from all patients,
with focus on general markers of inflammation such as C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR), levels of
immunoglobulins IgG, IgA and IgM, and complement factor C3 and
C4 levels (Table 1). Previous measures of Ro/SSA, La/SSB and ANA
were obtained from the medical records; unstimulated whole salivary
secretion was measured by sialometry, and a visual analogue scale
(VAS) score was used to assess change in patients' disease percep-
tions. Furthermore, extraglandular manifestations such as dry skin,
arthralgia, myalgia, swollen joints and vasculitis were recorded.

Sera from 99 healthy blood donors recruited at the Haukeland
University Hospital were used as controls. The mean age was 45 years
(range: 22–64 years); 39were female and 60weremale. As the controls
could not be age and gender matched to the pSS group, statistical ana-
lyses were performed to compare autoantibody and cytokine levels in
male versus female controls, and in the younger (26–36 years, n=19)
and older (56–64 years, n=21) population. No significant differences
were found.

All patients gave informed consent, and the study was approved
by the Committee of Ethics at the University of Bergen (145/96-
44.96 and 242.06).

2.2. Serological analyses

Serum cytokine levels were analysed using the Human Cytokine
25-Plex (kit cat. # LHC0009, Invitrogen, Carlsbad, CA, USA) according
to manufacturer's protocol, measuring Eotaxin, GM-CSF, IFN-α, IFN-γ,
IL-1RA, IL-1β, IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-
12p40/p70, IL-13, IL-15, IL-17, IP-10, MCP-1, MIG, MIP-1α, MIP-1β,
RANTES and TNF-α. A selection of serum autoantibodies was mea-
sured using the QUANTA Plex™ SLE Profile 8 immunoassay (cat.
#708910, San Diego, CA, USA) as recommended by the manufacturer.
The cut-off values were calculated as suggested by the manufacturer
using the supplied calibration sample, and patients considered posi-
tive for the autoantibody in question (Sm, RNP, Ro-52, Ro-60, La-48,
Scl-70, Jo-1, Ribosome P and Chromatin) if serum protein levels
exceeded the lowest positive cut-off value.
2.3. Statistical analyses

All statistical analyses were performed with PASW Statistics 18.0
for Mac (SPSS Inc., Chicago, USA). One-way ANOVA and the student's
t test with Welch's correction for unequal variances were performed
comparing autoantibody and cytokine levels. Chi-square or Fisher's
exact test was applied for the clinical patient data, as well as the
student's t-test. P-values below 0.05 were considered statistically
significant.

3. Results

3.1. Serum cytokines and autoantibodies

Serum cytokine and autoantibody protein levels were generally
elevated in pSS patients compared with the healthy controls, both
for growth factors, chemokines and pro- and anti-inflammatory cyto-
kines (Fig. 1A). Of the 99 controls, six had unexpectedly high cytokine
levels, indicative of current or recent infection or inflammation.

A two-fold increase was noticed in interleukin (IL) 1β, the IL-12
and IL-23 subunit IL-12p40, macrophage inflammatory protein
(MIP) 1β, monokine induced by interferon-γ (MIG) and monocyte
chemoattractant protein (MCP) 1 protein levels, whereas a four-fold
increase was seen in levels of IL-4 and granulocyte–macrophage col-
ony stimulating factor (GM-CSF) when comparing healthy individuals
to the pSS cohort. IL-1RA and IL-2R levels were six and seven times
increased in pSS patient samples as compared with healthy controls.

Five cytokines, namely IL-2, IL-6, MIP-1α, RANTES and Eotaxin
were not significantly increased in pSS patients compared with the
controls. However, when excluding the 6 high-cytokine individuals,
only Eotaxin (p=0.0592) remained insignificantly different. Autoan-
tibodies have been found in healthy controls in earlier studies, and in
our cohort seven individuals were positive for one or more autoanti-
body; anti-SM (n=2), anti-RNP (n=1), anti-Scl-70 (n=3) and anti-
Chromatin (n=7).



Fig. 1. (A) Serum cytokine levels were in general elevated when comparing patients with pSS (n=141) to healthy controls (n=99). (B) Minor differences were observed when
comparing patients using (n=25) and not using (n=81) antimalarial (AM) drugs. (C) Significantly lower levels of cytokines were observed in patients using prednisolone
(n=11) compared to the patients never having used prednisolone (n=111). Statistically significant differences (pb0.05) are marked with an asterisk (*).
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Cytokine and autoantibody profiles were also studied in relation
to medicinal treatment. Twenty-nine patients had not received any
kind of anti-inflammatory treatment, 83 used or had used NSAIDs
on a daily or weekly basis, six patients used or had discontinued use
of DMARDs and one patient had previously received anti-TNF treat-
ment. No differences were observed in cytokine or autoantibody
levels in the NSAID or DMARD treated patients compared with
untreated patients.
3.2. Antimalarial drugs

Based on findings in the medical records, patients typically
received antimalarial drugs when they presented with symptoms of
arthritis or vasculitis, or with high ESR/CRP values (data not
shown). Comparing the levels of cytokines in patients taking antima-
larial drugs alone (n=18) and patients using no medication (n=72)
revealed a tendency toward lower levels of IL-5, IL-10, IL-13 and
IFN-γ, though not statistically significantly (0.10NpN0.05) (Fig. 1B).
With regard to antimalarial treatment, differences or trends in auto-
antibody levels were not observed; 70% of non-AM patients and 88%
of AM patients had positive ANA ELISA results in the most recent
test (p=0.06 [Fisher χ2]). There were no differences in unstimulated
whole saliva, VAS score for mouth complaints or the number of
Candida albicans colonies, but the change in whole saliva from previ-
ous measurement (2–10 years ago) was 0.49 mL/15 min in non-AM
patients and −0.92 mL/15 min in patients receiving AM treatment
(p=0.02).
3.3. Prednisolone

3.3.1. Patient population comparisons
As no clear differences were found in patients without medication

comparedwith those using AM drugs, the latter patients were included
in the study cohort in order to increase power. Patient data were com-
pared, revealing no statistically significant differences in the patients'
age, disease duration or in a number of clinical and serologicalmeasures
(Table 1).

Prednisolone had been administered to patients whose disease was
“active” or patients who were “not well”, as assessed by the treating
rheumatologist. Prednisolone was discontinued if improvement was
not achieved or if the patients suffered from adverse effects. Myalgia
was more common in patients receiving prednisolone as compared
with non-prednisolone patients (p=0.04), though less common in
previously treated patients compared with non-treated patients
(p=0.03). Manifestations such as dry skin, arthralgia and swollen
joints were found to be slightly more prevalent in non-treated than in
treated patients. The change in unstimulated whole saliva secretion in
the prednisolone taking patients was−1.6857 mL/15 min and in non-
prednisolone patients 0.2351 mL/15 min (p=0.24). The mean levels
of unstimulated whole saliva secretion were similar; 2.19 mL/15 min
and 2.04 mL/15 min, prednisolone and non-prednisolone, respectively.

3.3.2. Cytokine measurements
Significantly lower cytokine levels were observed in the patients

using prednisolone compared with those never having used prednis-
olone. There was a 50% decrease in IL-4 protein levels, a three-fold
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decrease in IL-15 protein levels and a two-fold decrease in MIP-1α,
MIP-1β and the IL-12 and IL-23 subunit IL-12p40 protein levels
(Fig. 1C). Furthermore, a trend towards a two-fold decrease in IL-
1RA protein levels (p=0.0508) and a three-fold decrease in IL-1β
protein levels (p=0.0532) was noted. TNF-α and IL-2 protein levels
were significantly decreased by a factor of three. However, the overall
level of these cytokines was approaching the detection limit and
should thus be considered with caution. In general, patients having
discontinued prednisolone treatment had cytokine levels higher
than the treated patients and lower than the untreated patients,
though not significantly.

3.3.3. Effect on autoantibodies
All patients taking prednisolone (n=11) were in the routine

screening positive for Ro/SSA whereas only 48/111 (43%) of the
non-prednisolone patients were. There was no significant difference
in SSB/La positivity or other autoantibodies. All prednisolone patients
were positive for ANA in the most recent test as compared to 79/111
(71%) of the non-prednisolone patients and 12/19 (63%) of previous
prednisolone users, giving a likelihood ratio of 8.023 and p=0.02.
There was also a significant difference in the most recent ANA value
(prednisolone: 5.20 g/L, non-prednisolone: 3.11 g/L [p=0.008]).

Antibodies directed against Ro-52 and Ro-60 were found in twice
as high protein levels in prednisolone treated patients compared with
untreated (p=0.01 and p=0.01, respectively) and previously trea-
ted patients (p=0.02 and p=0.01, respectively). Anti-La-48 anti-
body levels were also elevated, though not significantly (Fig. 2). The
proportion of patients positive or negative for Ro-60 and La-48 auto-
antibodies was not altered in the groups taking, previously taking and
not taking prednisolone, however a higher risk of anti-Ro-52 anti-
bodies was observed in the treated patients compared with never
treated patients (relative risk: 6.71, p=0.0485). Antibodies directed
against Sm, Scl-70, Jo-1 and Ribosomal-P were not found in the pred-
nisolone group, but detected in 3, 0, 1 and 1 of the patients in the non-
prednisolone group, respectively. Anti-Chromatin was detected in
one prednisolone-taking patient, in none previous users and in
nine non-prednisolone patients; anti-RNP was detected in none
prednisolone-taking patients, in one previous user and in four non-
prednisolone patients.

4. Discussion

The effect of anti-inflammatory and immunomodulatory therapy
on systemic cytokine and autoantibody levels in pSS has previously
Fig. 2. The pSS specific autoantibodies directed against Ro-52, Ro-60 and La-48 were
detected in patient serum samples. Anti-Ro-52 and anti-Ro-60 levels were significantly
increased in patients receiving prednisolone treatment (black) as compared to patients
previously using prednisolone (white) and never having used prednisolone (grey).
Statistically significant differences (pb0.05) are marked with an asterisk (*).
been poorly investigated. Though the drugs may be useful in relieving
pain and reducing inflammation [18], as well as relieving ocular and
oral symptoms [19], the pharmacological effect of antimalarial drugs
in rheumatic diseases is not known. We were unable to detect signs
of lower rate of autoantibody accumulation as previously reported
for systemic lupus erythematosus (SLE) [16].

Evidence that hydroxychloroquine influences the protein levels of
T cell activation markers sIL-2R, sCD4 and sCD8 has previously been
published along with reports of sustained reductions in serum levels
of IL-6 [20,21], and that the drug inhibits the synthesis of TNF-α, IL-1β
and IL-6 through different modes [22]. Our data did not reveal differ-
ences in protein levels in either of these cytokines, or of any other cyto-
kine in the conducted analysis in patients taking antimalarial drugs over
a longer period of time and those not taking them. As data on cytokine
levels prior to administration of the drug are unavailable, we cannot
exclude that the patients taking antimalarial drugs had higher levels
of the cytokines in question at baseline. However, our data do not indi-
cate any unfavourable long-term effects on cytokine and autoantibody
levels in patients receiving antimalarial drugs over longer periods of
time (5–10 years), and antimalarial drugs do not seem to restore nor-
mal cytokine values as seen in healthy individuals.

Although associated with significant adverse effects (reviewed in
[23]), low-dose prednisolone has been used in the management of
rheumatoid arthritis for decades, especially to relieve symptoms of
early morning stiffness [24]. Important mechanisms underlying the
anti-inflammatory effects of corticosteroids include the blocking of
the effect of macrophage migration inhibitory factor and inhibition
of neutrophil and monocyte–macrophage adherence to endothelial
cells in the inflamed area (Summary of Product Characterisation,
SPC [25]). Prednisolone-treated patients did indeed exhibit reduced
levels of several pro-inflammatory cytokines, and especially macro-
phage associated cytokines, much in accordance with the mechanism
of drug action. IL-15 is a cytokine in the IL-2 family capable of induc-
ing B cell unresponsiveness towards glucocorticoids [26] and is also a
potent activator of NK cells. IL-2 and IL-4 are cytokines known to be
reduced by glucocorticoids, and their role in inducing glucocorticoid
receptor (GCR) ligand resistance has recently been investigated [27].
Although prednisolone has no known effect on antibody producing B
cells, one might hypothesise that reduced levels of IL-2 causes down
regulation of the IL-2 receptor subunit CD25, which is also a subunit
of the IL-15 receptor. In turn, this may affect the CD4+CD25+Foxp3+

regulatory T cells, preventing regulation of B cell activity. Such an effect
would, however, be in contrast to published reports on the positive
effect of glucocorticoids on Tregs' suppressive functions in multiple
sclerosis [28] and to findings indicating that prednisolone treated
patients with myasthenia gravis display better suppressive potential
of peripheral Tregs than untreated patients [29].

In an open, prospective pilot study, Miyawaki et al. [30] found that
saliva production initially increased upon initiation of prednisolone
treatment, however dropping again after 48 months of follow up. In
our cohort, there is no difference in the volume of unstimulated
whole saliva in patient groups, and Haldorsen et al. [31] concluded
that neither antimalarial nor oral steroid treatment gave significant
differences in 30% increase or decrease of unstimulated whole saliva.

Previous studies have shown prednisolone to decrease autoanti-
body levels in patients with anticardiolipin antibodies [32] or have
no effect at all on antibody response to vaccines [33], and the SPC
[25] state that glucocorticoids do not seem to have a significant effect
on circulating antibodies at therapeutic dose levels. A small study,
comprising only of 20 patients and no controls, found that low-dose
prednisolone significantly reduced levels of Ro/SSA and La/SSB anti-
bodies in primary Sjögren's syndrome [30], and that this effect was
sustained after 48 months follow up of 5 patients. In our cohort,
patients on long-term low-dose prednisolone treatment had signifi-
cantly higher levels of Ro-52 and Ro-60 autoantibodies, and the pro-
portion of anti-Ro-60 seropositive patients was significantly larger in

image of Fig.�2
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the prednisolone-using group. One might argue that this finding is a
result of confounding by indication, since the patients received pred-
nisolone because they have a more severe disease with higher levels
of autoantibodies. However, if this were the case, one could argue
that the patients who discontinued prednisolone treatment for vari-
ous reasons would be expected to have the same levels. Oral steroids
were administered to patients with extra-glandular manifestations,
and a certain correlation between circulating autoantibodies and
such manifestations in pSS have been found [34]. At the time of
blood sampling, the treated patients presented with slightly fewer
such manifestations than the untreated patients, and in the patients
who discontinued prednisolone, autoantibody levels were as low as
in the non-prednisolone group, though being in the same risk group
with extra-glandular manifestations. Prednisolone treatment conse-
quently had a positive effect on the extraglandular manifestations,
but did not restore autoantibody levels to a lower level.

In conclusion, although this study was not designed to find treat-
ment outcomes, the well-characterised patient cohort allows us to
discuss potential long-term effects of medicinal treatment in pSS.
Compliance cannot be accounted for; however, we do expect our
cohort to reflect compliance in the general population. Common
treatments such as NSAIDs did not seem to influence serological mea-
sures. The use of antimalarial drugs and oral steroids in the symptom-
atic treatment of pSS patients is regarded safe and well tolerated. To
our knowledge, the patients on long-term treatment with hydroxy-
chloroquin did not present with any negative effects of the medica-
tion. However, they did not present with any clear positive
serological outcomes either. The effect of prednisolone on cytokines
in patients with pSS has not previously been studied, and our findings
are in concert with previous reports on steroid effects in other dis-
eases. No differences were observed in typical T cell cytokines, and
the treatment reduced levels of pro-inflammatory cytokine albeit
without inducing anti-inflammatory cytokines. The discrepancy in
autoantibody levels in patients taking and not taking prednisolone,
warrant further investigations.
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