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Abstract

Objectives: Sjögren’s syndrome (SS) is an autoimmune disease characterised by heterogeneous 
clinical presentation and presence of various autoantibodies – anti-SSA/Ro of diagnostic value, less 
specific anti-SSB/La and others. We searched for biomarker(s) and potential therapeutic target(s) of 
SS subsets that vary in their autoantibody profile.
Material and methods: Eighty-one patients with SS (70 female and 11 male) and 38 healthy vol-
unteers (28 female and 10 male) were included in the study. Patients were categorised according 
to absence (group 1) or presence of anti-SSA/Ro antibody which occurred either alone (group 2) or 
together with anti-SSB/La (group 3). Clinical evaluation was performed, and presence of autoan-
tibodies and concentrations of cytokines relevant to SS pathogenesis, i.e. a proliferation inducing 
ligand (APRIL), B-lymphocyte activating factor (BAFF), interleukin (IL) 4, IL-10, interferon α (IFN-α) 
and thymic stromal lymphopoietin (TSLP), in sera were determined.
Results: Frequency of autoantibodies other than anti-SSA/Ro and anti-SSB/La, the number of auto-
antibody specificities and anti-nuclear antibody titres were higher in group 2 and/or 3 than in group 
1 of SS patients. Moreover, SS patients of groups 2 and 3 developed disease symptoms at younger 
age, and more often had positive Schirmer’s test and skin lesions. In addition, serum concentrations 
of APRIL, but not other tested cytokines, were significantly higher in the patients of both groups 2 
and 3 than those of group 1 and healthy volunteers.
Conclusions: Sjögren’s syndrome patients with signs of B-cell epitope spreading are characterised 
by early disease onset, more frequent xerophthalmia and skin involvement, and up-regulated se-
rum APRIL level. We suggest that therapeutic neutralisation of APRIL may be beneficial for these 
patients.
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Introduction
Sjögren’s syndrome (SS) is an autoimmune disease 

characterised by chronic inflammation of exocrine 
(mainly ocular and salivary) glands leading to their pro-
gressive destruction, severe xerophthalmia and xerosto-
mia. Destruction of the exocrine gland epithelium, medi-
ated by an abnormal immune response of T and B cells 
to autoantigens (Ro/SSA, La/SSB and others), is thought 
to be the major mechanism of SS development. The dis-
order occurs either in a primary (pSS) or secondary (sSS) 

form, with the latter accompanying other autoimmune 
diseases, pointing to differences in the pSS and sSS pa-
thology. The clinical presentation of SS is heterogeneous 
and varies from sicca symptoms to systemic disease. 
Extra-glandular manifestations can occur in about one 
third of cases and some of these symptoms (e.g. palpa-
ble purpura, cryoglobulinaemia, non-Hodgkin’s lympho-
ma) are associated with increased mortality [1–3]. 

Diagnosis of the syndrome is based on the detec-
tion of autoantibodies in sera samples and histological  
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analysis of salivary gland tissue biopsy. According to re-
cently developed ACR/EULAR classification criteria for 
pSS, either salivary gland biopsy or anti-Ro antibody 
must be positive to establish the diagnosis, while posi-
tivity for antinuclear antibodies (ANA), rheumatoid fac-
tor (RF) or isolated anti-La antibody presence is exclud-
ed because of a lack of specificity [4]. These new criteria 
also include extra-glandular symptoms and B cell acti-
vation markers that reflect the systemic nature of the 
syndrome [4]. Thus, although SS is characterised by 
the presence of a variety of autoantibodies, only anti- 
SSA/Ro have diagnostic value. Despite this, there are 
data showing associations between the different au-
toantibody specificities encountered in SS and clinical 
symptoms, suggesting contribution of various autoan-
tibodies to disease pathology [5]. 

Disease-related autoantibodies are directed against 
components of the human Ro/La ribonucleoprotein 
(RNP) complex, which is composed of small uridine-rich 
cytoplasmic RNAs and covalently associated proteins of 
different biological functions – Ro52, Ro60 and La. The 
Ro52 antigen is E3 ligase that provides negative feedback 
regulation in inflammation, Ro60 is an RNA-degrading 
protein while La is a phosphoprotein that among other 
cellular functions regulates RNA availability [6]. Interest-
ingly, autoantibodies occur as early as up to 18–20 years 
before the pSS diagnosis, and ANAs, followed by RF, anti- 
SSA/Ro and anti-SSB/La, are found more often [7]. In es-
tablished disease anti-SSA/Ro and anti-SSB/La antibod-
ies are present in 33–74% and 23–52% of pSS patients, 
respectively. Usually, anti-SSA/Ro antibodies are found 
either alone or concomitantly with anti-SSB/La, where-
as anti-SSB/La very rarely exist in isolation [5]. It is sug-
gested that the serological profile may be useful in the 
identification of patients who require more aggressive 
treatment, including suitable biological drugs [8].

The present study focused on searching for biomark-
er(s) and potential therapeutic target(s) of SS subsets 
that vary in an autoantibody profile. To this aim we 
compared clinical and immunologic features of SS pa-
tients categorised into 3 serological subgroups: 1) pa-
tients with neither anti-SSA/Ro nor anti-SSB/La anti-
bodies, 2) patients positive for anti-SSA/Ro antibody 
only, and 3) patients seropositive for both anti-SSA/Ro 
and anti-SSB/La antibodies. Immunologic evaluation 
included the measurement of serum concentrations of 
cytokines that support a humoral response, i.e. a prolif-
eration inducing ligand (APRIL), B-lymphocyte activating 
factor (BAFF), interleukin (IL-) 4, and IL-10, or cytokines 
that are suggested to contribute to other aspects of SS 
pathology and to be associated with disease activity, 
i.e. interferon α (IFN-α) and thymic stromal lympho- 
poietin (TSLP) [9–13].

Material and methods 
Eighty-one patients suffering from Sjögren’s syn-

drome (70 female [F] and 11 male [M]; median [range] age 
= 56.5 [29–77]) and 38 healthy volunteers (28 F/10 M; me-
dian [range] age = 48 [30–67]) were included in the study. 

Table I. Patients’ demographic, clinical and serological 
features

Patients (n) 81

primary/secondarya Sjögren’s syndrome 77.2/22.8

Demographics

Age, median (range), years 56.5 (29–77)

Gender, female (F)/male (M), n 70 F/11 M

Age at diagnosis, median (range), years 47 (18–82)

Disease duration, median (range), months 24 (0–570)

Clinical symptoms (%)

Xerostomia 95

Xerophthalmia 93.7

Ocular test positiveb 57.7

Focus score 

0 20.5

1 36

2 25.6

≥ 3 17.9

Extra-glandularc 89.9

Systemicd 86

Abnormal laboratory test resultse 89.9

Hypocomplementaemia (low C3 and/or low C4) 35.4

Hypergammaglobulinaemia 43

Autoantibodies (%)

ANA positive 97

Anti-SSA/Ro positive 81.5

Anti-SSB/La 48.2

RF 51.9

Otherf 16.5

Medications (%)

Antimalarial drugs 56.2

Glucocorticoids 62.9

All values are % unless stated otherwise. aAmong the patients 
with secondary Sjögren’s syndrome 54% had rheumatoid arthritis, 
25% systemic lupus erythematosus, 8.4% antiphospholipid syn-
drome, 8.4% systemic sclerosis and 4.2% mixed connective tissue 
disease; bSchirmer’s test results ≤ 5 mm/min; cinvolvement of skin, 
lungs, kidney, nervous or musculoskeletal systems; dfever, weakness, 
lymphadenopathy or weight loss; eleucopenia, lymphopenia, neutro-
penia, thrombocytopenia, increased serum concentration of C-reac-
tive protein (CRP) or increased value of erythrocyte sedimentation 
rate (ESR); flupus anti-coagulant (LAC), autoantibodies specific to 
ribonucleoprotein (RNP), centromere, cardiolipin or β2-glycoprotein.
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They were recruited from patients admitted to the Clinic 
of Connective Tissue Diseases of the National Institute of 
Geriatrics, Rheumatology and Rehabilitation (NIGRR) or 
NIGRR staff, respectively. Written informed consent was 
obtained from participants before they entered the study. 

This study was approved by the Ethics Committee 
of the NIGRR and all procedures were performed in ac-
cordance with the ethical standards and with the 1964 
Helsinki Declaration and its later amendments. 

The diagnosis of SS was established according to 
the American-European Consensus Group classification 
criteria [14]. Characteristics of patients are summarised 
in Table I. Clinical evaluation of patients was based 
on medical history, physical examination and basic di-
agnostic laboratory tests. The patients were grouped 
under the following serological profiles: 1) negative for 
anti-SSA/Ro and anti-SSB/La antibodies, 2) positive for 
anti-SSA/Ro antibody only, and 3) seropositive for both 
anti-SSA/Ro and anti-SSB/La antibodies. 

Sera were isolated by routine laboratory methods and 
samples were stored in aliquots at –70°C until assayed. In 
sera samples the presence of various autoantibodies was 
tested and the concentrations of select cytokines were 
measured. The presence and titres of the ANAs were de-
termined using an indirect immunofluorescence method 
with the Hep2 cell line as an antigen, anti-Ro/SSA and 
anti-La/SSB were detected using enzyme immunoassay 
(ELiA IgG test Unicap 100 Phadia GmbH), while RF of IgM 
class (normal range < 34 IU/ml) and other autoantibodies 
were identified by routine laboratory tests. The concen-
trations of cytokines were measured using commercially 
available enzyme-linked immunosorbent assay (ELISA) 
kits specific for humans: 1) IL-4, IL-10, TSLP (Ready-SET-Go 
kits) and APRIL (Platinum ELISA kit) from eBioscience, An 
Affymetrix Company, San Diego, CA, USA; 2) BAFF (Quan-
tikine kit) from R&D Systems Europe, Abingdon, UK; 3) 
IFN-α (Multi-subtype ELISA kit) from PBL Assay Science, 
Piscataway, NJ, USA. 

Data were analysed using Prism 5, GraphPad Soft-
ware Inc., San Diego, CA, USA. For intergroup compari-
son of continuous and discrete variables the Mann-Whit-
ney U and Fisher’s exact tests were applied, respectively. 
Correlation was assessed using Spearman’s rank test; 
p-values < 0.05 were considered significant.

Results

As shown in Table I, the majority of our patients suf-
fered from the primary form of the syndrome and rheu-
matoid arthritis predominated over other concomitant 
autoimmune diseases in patients with the secondary form 
of SS. A greater number of patients were female and the 
cohort was heterogeneous for there were wide variations 

in patients’ age, age at diagnosis and disease duration. The 
majority of patients were treated with antimalarial drugs 
or glucocorticoids. We failed to find any significant differ-
ences in analysed parameters between pSS and sSS pa-
tients or between female and male patients (not shown). 
The only exception was longer disease duration in sSS 
patients (× ±SEM = 121 ±22 vs. 54 ±12 months; p = 0.004) 
and more frequent joint involvement (94% vs. 69.8%; p = 
0.00005), as compared with pSS patients.

For further analysis the patients were categorised 
according to the absence (group 1; n = 15) or the pres-
ence of anti-SSA/Ro autoantibody, which occurred 
either alone (group 2; n = 27) or concomitantly with 
anti-SSB/La autoantibody (group 3; n = 39). The second-
ary form of SS was diagnosed in one-third of patients 
of groups 1 and 2 (33.3% and 29.6%, respectively) and 
was less frequent (13%) in patients assigned to group 3. 
Comparison of the patients’ subgroups revealed that 
they also differed in: 1) the frequency of occurrence of 
other autoantibodies, including RF, 2) the number of au-
toantibodies of various specificities, and 3) the titre of 
ANA, which were all higher in group 2 and/or 3 than in 
group 1. In addition, diversity of autoantibodies and the 
frequency of RF positivity were higher in group 3 than 
group 2 of patients (Fig. 1). 

As shown in Figure 2, patients of groups 2 and 3 were 
characterised by significantly earlier disease onset than 
the patients of group 1, while there was no difference in 
the median disease duration between groups. Similarly 
to differences in the age of SS onset, patients of group 1 
were older than the rest of subjects. When compared to 
healthy volunteer controls, patients of group 1 and, to 
a lesser degree, of group 2 were older, while patients of 
group 3 were of similar age. Because of these differenc-
es, we additionally analysed the relationships between 
the age of study participants and tested variables, i.e. 
serum concentrations of cytokines and presence of 
autoantibodies, using Spearman’s rank test. In both 
healthy volunteers and SS patients we failed to find any 
significant correlations between the age and serum con-
centrations of cytokines, because R coefficient values 
were within the range 0.02–0.2 and associations did not 
reach statistical significance (p-values within 0.9–0.1; 
data not shown in figures). However, a statistically sig-
nificant weak inverse correlation was found for age and 
anti-SSA/Ro (R = –0.31; p = 0.005) and anti-SSB/La (R = 
–0.295; p = 0.008) positivity in the entire patient group 
(not shown in figures).

Regarding clinical symptoms, the patients of group 2 
and/or 3 were characterised by higher frequency of the 
positive Schirmer’s test (≤ 5 mm/min) and skin involve-
ment, comprising xeroderma, cutaneous vasculitis (pal-
pable and nonpalpable purpura), Raynaud’s syndrome 
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and/or urticarial-like lesions, eyelid dermatitis, and pru-
ritus, compared with group 1 patients (Fig. 3). As for test-
ed factors, serum concentrations of APRIL were higher in 
the patients of both groups 2 and 3 than those of group 1 
and healthy volunteers, but there was no significant dif-
ference between cohorts in the serum levels of all other 
cytokines (Fig. 4).

Discussion

Our patient cohort was heterogeneous with respect 
to demographic data. Despite this, clinical symptoms 
were typical and similar to manifestations described by 
others. Also the frequency of occurrence of disease-re-
lated autoantibodies (Table I) was much the same [8]. 

In accordance with the findings of other authors [5] we 
observed that about half of patients (48.2%) had both 
anti-SSA/Ro and anti-SSB/La autoantibodies (group 3), in 
about one third (33.3%) anti-SSA/Ro but not anti-SSA/La 
autoantibodies were present (group 2), while the remain-
ing patients (18.5 %) were negative for autoantibodies 
of these specificities (group 1). However, in every group 
other SS-related autoantibodies were also found and the 
frequency of their occurrence, including RF, was the low-
est in group 1 (Fig. 1, panels A and C). Consistently, the 
number of autoantibodies of different specificities was 
the lowest in group 1, higher in group 2 and the highest in 
group 3 (Fig. 1, panel B). Thus, by showing that the pres-
ence of anti-SSA/Ro antibodies is associated with a more 

Fig. 1. Serological differences between subgroups of Sjögren’s syndrome patients. Data are expressed as 
the median with interquartile range (IQR) of continuous variables (panels B and D) or as a frequency dis-
tribution of discrete variables (panels A and C). Patients were categorised as follows: group 1 – patients 
negative for anti-SSA/Ro and anti-SSB/La antibodies, group 2 – patients positive for anti-SSA/Ro antibody 
only, and group 3 – patients seropositive for both anti-SSA/Ro and anti-SSB/La antibodies. The number of 
patients having autoantibodies other than anti-SSA/Ro and anti-SSB/La (A), number of specificities of auto- 
antibodies (B), number of patients positive for rheumatoid factor (RF) (C) and the titre of antinuclear anti-
bodies (D) are shown in every group. Each point represents one patient (B and D). For statistically significant 
differences between patient groups p-values are shown: *p = 0.05–0.01; **p = 0.01–0.001; ***p < 0.0001. 
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diversified pattern of autoantibodies (Fig. 1, panels A–C) 
and higher titre of ANA (Fig. 1, panel D), our findings give 
support for the occurrence of “epitope spreading” of the 
autoimmune humoral response in these patients. Inter-
estingly, concomitant positivity for anti-SSB/La antibod-
ies has an additional enhancing effect, at least in some 
aspects (Fig. 1, panels B and C).

It is well known that increasing diversity of antibod-
ies reflects the physiological phenomenon named “B cell 
epitope spreading” which is an antigen-driven process 
leading to diversification of the epitopes recognised by 
the immune system and thus to maturation of the hu-
moral response [15]. Although epitope spreading effi-
ciently improves clearing of various infectious agents, it 
may be harmful when autoantigens are the targets of 
immune attack. In animal models of SS, immunization 
of mice with Ro60 peptides results in epitope spreading 
with the formation of both anti-Ro and anti-La antibod-
ies, lymphocytic infiltration and functional impairment of 
salivary glands, similar to human SS [16]. However, in pa-
tients with established SS it is difficult to determine the 
sequence of events that results in an immune response 
against a variety of autoantigens. Also the contribution 
of autoantibodies to SS pathogenesis is unclear. Despite 
this, numerous data show the link between presence of 
particular autoantibodies and clinical symptoms. For 
example, anti-SSA/Ro and anti-SSB/La antibodies have 
been reported to be associated with an early disease 
onset, glandular dysfunction, extra-glandular manifesta-
tions, B cell activation and high risk of lymphadenopathy, 
while atypical autoantibodies such as those specific to 
phospholipids, centromeres or interferon-inducible pro-
tein-16 are related to immunological diseases (e.g. thy-
roiditis), more severe exocrine glandular dysfunction or 
more severe underlying disease, respectively [17–20]. 

Conversely, pSS patients negative for anti-SSA/Ro 
and anti-SSB/La antibodies have been characterised as 
having low risk of lymphoma and low level of B cell ex-
pansion [21]. On the other hand, comparison of pSS pa-
tients with an early and late disease onset that occurred 
before or after the age of 35, respectively, has also shown 
an association between young onset, anti-SSA/Ro and 
RF positivity and more severe clinical symptoms, includ-
ing a higher incidence of lymphomas [22]. The present 
results, showing that SS patients with a more diversified 
autoimmune humoral response (groups 2 and 3) devel-
op clinical symptoms at a younger age than patients 
with a more restricted (in terms of both quantity and 
quality) autoantibody profile, devoid of both anti-SSA/
Ro and anti-SSB/La antibodies (group 1; Fig. 2), are con-
sistent with the above observations of other authors 
[17, 18, 22]. In this regard, we have also found that the 
presence of anti-SSA/Ro is more important because in 

Fig. 2. Demographic differences between sub-
groups of Sjögren’s syndrome patients. Data are 
expressed as the median with interquartile range 
(IQR). Each point represents one patient or healthy 
volunteer. Patients were categorised as described 
in Figure 1. For statistically significant differences 
between patients and healthy control (C) (##p = 
0.01–0.001; ###p < 0.0001) as well as between pa-
tient subgroups (*p = 0.05–0.01; **p = 0.01–0.001) 
p-values are shown; ns – not significant.
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the group of patients with co-existing anti-SSA/Ro and 
anti-SSB/La antibodies the age of SS onset is only slight-
ly diminished, even though each of the two antibodies 
inversely correlates with it (see Results). 

Interestingly, we noted that patients from sub-
group 2 (anti-SSA/Ro positive) more often have a posi- 
tive Schirmer’s test and skin involvement than other 
patients. In addition, the co-existence of anti-SSA/Ro 
and anti-SSB/La antibodies (subgroup 3) even has some 
protective effect, especially in relation to skin symptoms 
(Fig. 3). This again suggests a stronger relationship of 
anti-SSA/Ro than anti-SSB/La with both lacrimal gland 
dysfunction and development of skin lesions. Other au-
thors have previously reported that skin lesions in pSS, 
especially purpura and oedematous annular erythema, 
are associated with anti-SSA/Ro and anti-SSB/La anti-
bodies and thus suggested a role of these antibodies in 
the development of these cutaneous lesions [23, 24].

Finally, we analysed the serum levels of several cy-
tokines relevant to SS pathogenesis in our patient sub-
groups and found that only concentrations of APRIL, but 
not BAFF and other tested factors, were significantly el-
evated in anti-SSA/Ro positive patients (group 2), com-
pared to healthy control and anti-Ro/La negative patients. 
Moreover, in the patients positive for both anti-SSA/Ro 
and anti-SSB/La antibodies (group 3) there was some ten-
dency to a further rise of APRIL level but the difference did 
not reach statistical significance (Fig. 4). Thus, our results 
suggest an association of systemic APRIL up-regulation 
with humoral response characterised by more intense 
epitope spreading and presence of primarily anti-SSA/Ro 
antibody. BAFF and APRIL are cytokines of the TNF family 
and have both overlapping and distinct roles in humoral 
immunity. BAFF is critical for the differentiation of imma-

ture to mature B cells while APRIL acts at a later stage, 
modulating the function and survival of antigen-experi-
enced B cells and maintaining the plasma cell pool [25]. 

In SS patients raised serum levels of both BAFF and 
APRIL have been found although there are also data 
showing no difference in BAFF levels between patients 
and healthy volunteers [25–27]. Some authors have re-
ported the relationships between circulating concentra-
tions of these cytokines and disease activity [27, 28]. Al-
though these findings are somewhat inconsistent, both 
cytokines are thought to contribute to SS pathogenesis. 
The present results showing up-regulation of the circu-
lating pool of APRIL and its association with a more diver-
sified autoantibody response suggest that this cytokine 
may represent a therapeutic target for the treatment of 
SS patients characterised by early disease onset, epitope 
spreading, presence of anti-SSA/Ro, xerophthalmia and/
or skin involvement (groups 2 and 3). This is an important 
observation because to date therapeutic strategies for SS 
are mainly symptomatic and not efficient enough in mod-
ifying the disease course. Moreover, conducted clinical 
studies using biological drugs, i.e. B cells depleting ritux-
imab and BAFF neutralising belimumab, were not unani-
mous in reaching the primary efficacy endpoints [2, 3, 29].

Conclusions

In summary, we report that the SS patient subgroup 
with a more diversified autoimmune humoral response 
and with the presence of anti-SSA/Ro antibody is char-
acterised by disease onset at younger age, higher fre-
quency of xerophthalmia, skin involvement and up-reg-
ulated serum concentration of APRIL – a cytokine which 
may represent a therapeutic target for these patients.

Fig. 3. Clinical differences between subgroups of Sjögren’s syndrome patients. Data are expressed as a fre-
quency distribution of discrete variables. Patients were categorised as described in Figure 1. For statistically 
significant differences between patient subgroups p-values are shown: *p  = 0.05–0.01.
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Fig. 4. Serum concentrations of tested cytokines in subgroups of Sjögren’s syndrome patients. Results are 
expressed as the median (horizontal line) with interquartile range (IQR, box), lower and upper whiskers 
(data within 3/2xIQR) and outliers (points) (Tukey’s box). Patients were categorised as described in Figure 1. 
Control – healthy volunteers; APRIL – a proliferation inducing ligand; BAFF – B-lymphocyte activating factor; 
IL – interleukin; TSLP – thymic stromal lymphopoietin; IFN-α – interferon α. For statistically significant dif-
ferences between patients and healthy control (##p = 0.01–0.001; ###p < 0.0001) as well as between patient 
subgroups (*p = 0.05–0.01; **p = 0.01–0.001) p-values are shown.
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