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A B S T R A C T   

Sjögren’s syndrome (SS) is a systemic autoimmune disease characterized by immune-mediated injury of exocrine 
glands. Extensive lymphocytic infiltrates may contribute to the destruction and loss of secretory function of 
glands. B-cell hyperactivity is a key feature of the disease resulting in the production of a diverse array of au-
toantibodies in these patients. Although not specific for SS, anti-Ro/SSA and anti-La/SSB antibodies have been 
useful biomarkers for disease classification and diagnosis. During recent years, novel autoantibodies have been 
discovered in SS. In this review, we summarize the historical role and clinical relevance that autoantibodies have 
played in the classification criteria of Sjögren’s syndrome, discuss laboratory aspects in antibody detection and 
review the role of novel autoantibodies in predicting particular stages of the disease, clinical phenotypes and 
long-term complications.   

1. Introduction 

Sjögren’s syndrome (SS) is an autoimmune disease characterized by 
immune-mediated destruction of exocrine glands, mainly the lachrymal 
and salivary glands. Lymphocytic infiltration of the glands and the 
resultant autoimmune epithelitis impair lacrimal and salivary secre-
tions. Primary SS (pSS) occurs in the absence of other autoimmune 
diseases, whereas secondary SS (sSS) is associated with other underlying 
autoimmune disorders like systemic lupus erythematosus (SLE), rheu-
matoid arthritis (RA), and systemic sclerosis (SSc). The prevalence of 
pSS varies widely and ranges from 0.01% to more than 3% of the general 
population. Moreover, pSS is characterized by a 9:1 female to male ratio 
of disease incidence with an increased risk during the post-menopausal 
stage. The aetiology of pSS is multifactorial with a complex interplay 
between genetic, hormonal, environmental, and immunological risk 
factors [1–4]. In general, the diagnosis is based on oral and ocular sicca 
symptoms and their evaluation (e.g. Schirmer’s test), a labial biopsy 
showing a focal lymphocytic infiltration as well as the presence and 
detection of autoantibodies (e.g. anti-Ro/SSA) in serum. This review 
highlights the historical role that autoantibodies have played in the 
classification criteria of Sjögren’s syndrome. Moreover, it addresses the 
importance of novel autoantibodies in predicting particular disease 
manifestation and long-term complications. 

2. B-cell dysregulation in Sjögren’s syndrome 

2.1. B-cell hyperactivity 

The pathogenesis of SS is a complex process (summarized in Fig. 1). 
Salivary gland epithelial cells (SGEC), the innate immune system, both 
arms of the adaptive immune system orchestrated by cytokines (e.g. 
interferons) and chemokines trigger and maintain autoimmune pro-
cesses in a host with genetic susceptibility [5–7]. The salivary glands of 
SS patients show focal lymphocytic infiltration involving clusters of B 
cells. B cell hyperactivity is tightly linked to the pathogenesis of SS and is 
playing a critical role in the exacerbation and chronicity of inflamma-
tion [8,9]. Hypergammaglobulinemia and autoantibodies such as 
anti-Ro/SSA, anti-La/SSB and rheumatoid factor (RF) are common and 
important serological features in SS [7,10]. B cell infiltration in the 
salivary glands is caused by aberrant production of the B-cell chemo-
attractant CXCL13, expressed among others by SGEC [11,12]. Interest-
ingly, elevated levels of the B-cell chemoattractant CXCL13 in either 
serum or saliva can be found in patients with SS and blockade of CXCL13 
by a neutralizing monoclonal antibody reduces salivary gland inflam-
mation in a murine model [13]. By attracting T follicular helper cells 
(Tfh) and B cells, CXCL13 and its receptor CXCR5 may contribute to the 
formation of ectopic germinal center (GC)-like structures in the exocrine 
glands [12,14]. Functional GC formation takes place in the salivary 
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Abbreviations 

ACR American College of Rheumatology 
AECG American-European Consensus Group 
ALBIA Addressable laser bead immunoassay 
ANA Antinuclear antibodies 
APRIL A proliferation-inducing ligand 
AUC Area under the curve 
BAFF B cell activating factor of the TNF family 
BCR B-cell receptor 
CA6 Carbonic anhydrase VI 
CLIA Chemiluminescence immunoassay 
ELISA Enzyme-linked immunosorbent assay 
ENA Extractable nuclear antigen 
ESSDAI European Sjögren’s syndrome disease activity index 
EULAR European League Against Rheumatism 
FEIA Fluorescence enzyme immunoassay 
GC Germinal center 
IIF Indirect immunofluorescence 
IFI16 Interferon-inducible protein-16 
ILD Interstitial lung disease 

MALT Mucosa-associated lymphoid tissue 
MDM2 Mouse double minute 2 
NA-14 Nuclear autoantigen 14 
NMOSD Neuromyelitis optica spectrum disorder 
NPV Negative predictive value 
PPV Positive predictive value 
PSP Parotid secretory protein 
RA Rheumatoid arthritis 
RF Rheumatoid factor 
RGI2 Rho GDP-dissociation inhibitor 2 
RNA Ribonucleic acid 
SGEC Salivary gland epithelial cells 
SICCA Sjögren’s International Collaborative Clinical Alliance 
SLE Systemic lupus erythematosus 
SP1 Salivary protein 1 
SS Sjögren’s syndrome 
SSc Systemic sclerosis 
Tfh T follicular helper cells 
TLR Toll-like receptor 
TRIM Tripartite motif  

Fig. 1. Pathogenesis of Sjögren’s syndrome. The aetiology of pSS is complex and multifactorial with a strong interplay between genetic, hormonal, environmental, 
and immunological risk factors. Different pathways (BAFF/APRIL and interferons), immune cells (B and T cells, dendritic cells) and salivary gland epithelial cells are 
crucial players in the initiation and perpetuation of Sjögren’s syndrome. 
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glands of a subset of patients with SS and correlates with higher focus 
scores, cell infiltration and autoantibody production [15]. The 
CXCL13-mediated migration of B cells is synergistically enhanced by B 
cell activating factor of the TNF family, so-called BAFF [16]. Once in the 
salivary glands, the local microenvironment promotes B-cell survival, 
activation and plasma cell differentiation. Notably, pSS is characterized 
by a hyperactivation of the type I IFN system resulting in elevated levels 
of BAFF and the proliferation-inducing ligand APRIL [17,18]. BAFF and 
APRIL contribute to the autoreactivity as both can promote survival and 
activation of B cells, plasma cell longevity and autoantibody production. 
Interestingly, the levels of BAFF correlate with antibody titers in sera of 
pSS patients and development of SS-like disease in BAFF-transgenic mice 
further emphasizes the role of BAFF in disease pathogenesis [19,20]. 
Moreover, serum levels of APRIL were increased in patients with pSS 
compared to healthy blood donors [21]. Thus, type I IFN contributes via 
the BAFF/APRIL axis to B-cell hyperreactivity in the salivary glands of 
pSS patients. Activation of B cells and generation of isotype-switched 
cells require stimulation of the B-cell receptor (BCR) and CD40 bind-
ing to CD40L in the presence of appropriate cytokines. Additionally, 
Toll-like receptor (TLR) engagement can fine-tune B cell responses [22]. 
Interestingly, B cells from patients with pSS exhibit altered TLR7 and 
TLR9 responsiveness and produce increased levels of cytokines after TLR 
stimulation [23]. Moreover, elevated levels of soluble CD40L can be 
found in sera of patients with pSS [24]. Various cytokines are involved in 
plasma cell differentiation of which IL-21 has been recognized as a 
potent cytokine in this process [25]. Patients with pSS exhibit higher 
serum levels of IL-21 than controls, and these levels positively correlate 
with serum IgG, the latter also correlating with anti-Ro/SSA antibody 
titer [26]. Moreover, IL21 transcript levels were increased in labial 
salivary glands of SS patients when compared to those from controls 
[27]. Altogether, the local inflamed salivary gland environment sup-
ports B-cell hyperactivity and long-term survival of plasma cells with 
autoreactive activity. 

2.2. B-cell hyperactivity and clonal expansion 

A potential risk of chronic antigenic stimulation is clonal expansion 
of B cells and lymphoma development. Increased clonal expansion of B 
cells has been observed in the salivary glands of pSS patients compared 
to non-pSS controls [28]. Patients with pSS are at increased risk of 
developing non-Hodgkin’s lymphoma of which mucosa-associated 
lymphoid tissue (MALT) lymphomas are most frequent [29,30]. The 
presence of GC-like structures in exocrine gland biopsies of patients with 
pSS is a predisposing factor for lymphoma development [31,32]. Other 
predictors of lymphoma development in pSS involve the presence of 
both anti-Ro/SSA and anti-La/SSB, hypergammaglobulinemia, cry-
oglobulinemia, low C4 (and C3) levels and leukopenia [33–35]. 

3. Autoantibodies in Sjögren’s syndrome 

3.1. Autoantibodies precede disease 

Hyperactivity of B cells and long-term survival of plasma cells give 
rise to a wide spectrum of autoantibodies. Autoantibodies are a key 
serological feature of pSS. As in other autoimmune diseases, many of 
these antibodies can precede the clinical manifestation of the disease 
[36]. Theander et al. [37] demonstrated that in patients with primary SS 
who showed autoantibody positivity after diagnosis, at least one auto-
antibody specificity was detected in 81% of the patients up to 18–20 
years before diagnosis with a median of 4.3–5.1 years. The autoanti-
bodies found most often were antinuclear antibodies (ANA), RF, 
anti-Ro/SSA and anti-La/SSB. Interestingly, patients diagnosed before 
age 40, showed a significantly higher prevalence of prediagnostic au-
toantibodies compared with those at the age of 40–60 years or >60 years 
at diagnosis. Early detection of these antibodies can be important, 
because especially anti-Ro/SSA antibodies in asymptomatic pregnant 

women may cause a passively acquired autoimmunity (e.g. neonatal 
lupus syndrome and congenital heart block) in the neonate due to the 
transplacental passage of antibodies [38,39]. 

3.2. Antibodies to nuclear antigen, anti-Ro/SSA, anti-La/SSB and 
rheumatoid factor 

The prevalence of ANA in pSS is high (up to 80%) and their presence 
has been associated with extraglandular manifestation, hyper-
gammaglobulinemia and a high frequency of anti-extractable nuclear 
antigen (ENA) antibodies [40,41]. The most common anti-ENA anti-
bodies in SS patients are directed against Ro/SSA and La/SSB, with a 
frequency of 33%–74% and 23%–52%, respectively [42]. The Ro/SSA 
antigen is often described as consisting of two polypeptide components 
of 52 and 60 kDa. However, it has become clear that Ro52 and Ro60 are 
distinct subcellular proteins and therefore probably should not be 
grouped together as anti-SSA antibodies [43]. Since its molecular 
structure places Ro52 within the family of tripartite motif proteins 
(TRIM), Ro52 is also denoted as TRIM21 [44]. Ro52/TRIM21 is induced 
by IFN during viral infection and exhibits anti-proliferative and 
pro-apoptotic properties [45]. It has been shown to be a ubiquitin E3 
ligase, thereby causing degradation of interferon regulatory factors and 
inhibition of the NFκB signaling pathway [46–48]. By inhibiting Bcl2 
production, it can cause increased apoptosis which as a mechanism may 
lead to increased accessibility of autoantigens and eventually autoanti-
body formation [49]. Both Ro60/SSA and La/SSB are RNA binding 
proteins. Within cytoplasm, Ro60/SSA binds to small non-coding RNA 
called YRNA. Ro60/SSA is believed to play a role in repair mechanisms 
of intracellular damage following UV radiation [50]. A possible inter-
action at protein level may occur between Ro52/TRIM21 and Ro60/SSA 
since binding of Ro52/TRIM21 to YRNA requires the presence of 
Ro60/SSA [51]. It is still controversial whether Ro52/TRIM21 actually 
binds directly to RNA since it does not have an RNA binding site. La/SSB 
can interact with RNA polymerase III transcripts as well as a number of 
virus-encoded RNA and is thought to have antiviral capacities, although 
some controversy exists [52–54]. Although anti-Ro/SSA and 
anti-La/SSB antibodies are not specific for pSS, their presence is asso-
ciated with an earlier disease onset in pSS patients, salivary gland 
lymphocytic infiltration and dysfunction, a higher prevalence of 
extra-glandular manifestations, hypergammaglobulinemia as well as 
other features of B-cell activation [42,55]. Serological positivity for 
anti-Ro/SSA and anti-La/SSB can be associated with RF in pSS patients. 
RF is detected in 36–74% of patients with pSS [42]. The presence of RF 
correlates with an early stage of the disease and an active serological 
profile characterized by hypergammaglobulinemia and hypo-
complementemia, besides ANA and anti-ENA antibodies. Moreover, 
increased frequency of extraglandular manifestations such as arthritis, 
cutaneous vasculitis and interstitial lung disease (ILD) has been 
described for RF positive patients and specifically for IgA RF, an asso-
ciation with renal disease has been reported [41,42,56–60]. Of all the 
above autoantibodies, anti-Ro/SSA antibodies are considered as the best 
serological item in the current classification criteria for pSS. 

4. Autoantibodies in the classification criteria: matter of debate 

4.1. History of the classification criteria 

Over the last few decades, many classification criteria have been 
developed to define pSS (Table 1). Before 2002, several classification 
and diagnostic criteria have been published but none have been 
approved by the American College of Rheumatology (ACR) or European 
League Against Rheumatism (EULAR). In the beginning of the 21st 
century, the criteria issued by the American-European Consensus Group 
(AECG) represented the gold standard in that time and appeared to be an 
important classification system used in clinical studies [61]. The AECG 
criteria include two autoantibodies, namely anti-Ro/SSA and/or 

S. Veenbergen et al.                                                                                                                                                                                                                            



Journal of Translational Autoimmunity 5 (2022) 100138

4

anti-La/SSB. Since one-third of the patients with pSS do not have these 
antibodies, the Sjögren’s International Collaborative Clinical Alliance 
(SICCA) developed new classification criteria, which were approved by 
the ACR in 2012 [62]. The 2012 ACR criteria differed substantially from 
the 2002 AECG criteria as rheumatoid factor (RF) positivity together 
with an antinuclear antibody (ANA) titer ≥1:320 was included as an 
alternative to anti-Ro/SSA and anti-La/SSB antibody positivity. Of 
particular interest, RF isotype and the in vitro diagnostic method to 
determine ANA titer were not specified in the classification criteria. The 
two different classification systems available at that time made it diffi-
cult to compare epidemiological studies and therapeutic trials since 
different methods were used to select cohorts of patients [63]. To 
overcome the non-favourable co-existence of two criteria and reach a 
final agreement, novel classification criteria for pSS combining features 
of the 2012 ACR and 2002 AECG classification system were developed 
and approved by ACR as well as EULAR committees in 2016 [64]. In the 
currently used 2016 ACR-EULAR criteria, anti-La/SSB positivity, 
high-titer ANA and positive RF are all removed as serological items and a 
weighed scoring system has been applied with 3 points for anti-Ro/SSA 
antibody positivity. The exclusion of anti-La/SSB positivity from the 
criteria was based on the finding that anti-La/SSB positive patients that 
showed negativity for anti-Ro/SSA in the SICCA cohort lacked pheno-
typic features of pSS [65]. The reason for excluding high-titer ANA and 
positive RF was due to the fact that only a very small number of in-
dividuals who met the ACR criteria were negative for anti-Ro/SSA and 
anti-La/SSB, but positive for ANA and RF [66]. 

4.2. Comparison of the three classification criteria sets for Sjögren’s 
syndrome 

Various studies have compared the three classification criteria in 
patient populations taking into account the different serological crite-
rion. Cornec et al. [67] demonstrated that according the 2002 AECG 
criteria more patients were classified as having SS, while the 2012 ACR 
criteria appeared to include patients who did not have SS in the opinion 
of the physician. However, the latter did classify patients earlier in the 
disease course. The main reasons for these discrepancies were the 
absence of functional salivary gland testing in the 2012 ACR criteria and 
the differences between the ocular staining score (OSS) and Schirmer’s 
test, which were not seen as two separate entities in the 2002 AECG 
criteria. The alternative serological item including high-titer ANA and 
RF positivity did not have added value to the classification potential of 
only anti-Ro/SSA and anti-La/SSB as seen in the 2002 AECG criteria. 
Only three out of 105 patients were negative for anti-Ro/SSA antibodies, 
but positive for RF and ANA titer ≥1:320, thereby fulfilling the ACR, but 
not the AECG serological criterion. However, these three patients all had 
abnormal OSS and focus score results. 

In another study by Rasmussen et al. [66] a concordance rate of 0.81 
(95% confidence interval = 0.77–0.86) was found for the 2012 ACR and 
the 2002 AECG classification criteria. The sensitivity of the ACR criteria 
was 87.5% with a specificity of 93.4%. In the overall cohort, 12.5% of 
the participants classified as SS according the 2002 AECG criteria only. 
Conversely, 8.9% of the participating subjects met only the 2012 ACR 
criteria. Seven of the participants that met the ACR criteria, but not the 
AECG criteria, did so by having positive RF and high-titer ANA. 
Although no formal expert testing was done, it has been postulated that 
these subjects were unlikely to be considered as having SS, especially 
without information about sicca symptoms. The two tests that per-
formed the best across all comparison groups were the minor salivary 
gland biopsy as well as the anti-Ro/SSA and anti-La/SSB serology. 

A comparison study by Le Goff et al. [68] revealed a sensitivity of 
87.4% and a specificity of 95.4% for the current 2016 ACR-EULAR 
criteria when using the diagnosis of the physician as reference stan-
dard. In comparison, the 2002 AECG criteria showed a sensitivity and 
specificity of 82.2% and 98.1%, respectively. Most patients fulfilled the 
2016 ACR-EULAR criteria, and the main reason for not also meeting the 
2002 AECG criteria were absence of sicca symptoms, presence of either 
xerophthalmia or xerostomia but not both, and presence of only two 
other criteria including positive salivary gland biopsy or anti-Ro/SSA. In 
the overall cohort, two patients had anti-La/SSB, but not anti-Ro/SSA 
antibodies and therefore met the serological criterion of the 2002 
AECG, but not the 2016 ACR-EULAR, classification system. However, 
these two patients did show typical features of pSS and fulfilled both 
AECG and ACR-EULAR criteria based on the other items. 

4.3. How do the criteria sets affect the prevalence of secondary Sjögren’s 
syndrome in RA patients? 

One can argue that the addition of RF positivity and high-titer ANA 
as an alternative serological criterion might affect the frequency of SS 
detected in the context of RA as underlying autoimmune disease. The 
prevalence of secondary SS among RA patients has been studied over 
time (from 1987 to 2015) and appeared to be in the range of 3.6–55% 
[69]. The wide range of prevalence can be explained by the fact that 
different classification criteria have been used over time. In a recent 
study by Kim et al. [70] the prevalence of SS in RA patients has been 
investigated in the context of the different classification criteria. Among 
827 RA patients, 72 patients (8.7%) were diagnosed with SS according 
to the physician and 7.3%, 6.3% and 6.8% fulfilled the 2002 AECG, 2012 
ACR and 2016 ACR-EULAR classification criteria, respectively. Among 
the RF-positive patients, 9.0%, 8.3% and 8.1% were diagnosed with SS 
based on the 2002 AECG classification criteria, 2012 ACR and 2016 
ACR-EULAR classification criteria, respectively. Taking ANA titers 
≥1:80 into account, 13.9%, 12.7% and 13.6% met the 2002 AECG, 2012 

Table 1 
The 2002 AECG, 2012 ACR and 2016 ACR/EULAR classification criteria for SS.   

2002 AECG Classification Criteria 2012 ACR Classification Criteria 2016 ACR-EULAR Classification Criteria 

Item Weight Item Weight Item Weight 

Dryness Ocular dryness symptoms Minor     
Oral dryness symptoms Minor     

Ocular signs Schirmer’s test ≤5 mm/5 min OR van 
Bijsterveld score ≥4 

Minor Keratoconjunctivitis sicca with ocular 
staining score ≥3 

1 Schirmer’s test ≤5 mm/5 min 1     

Ocular staining score ≥5 or van 
Bijsterveld score ≥4 

1 

Salivary gland Focus score ≥1 focus/4 mm2 Major Focus score ≥1 focus/4 mm2 1 Focus score ≥1 focus/4 mm2 3 
Unstimulated whole salivary flow 
≤0.1 ml/min 

Minor   Unstimulated whole salivary flow 
≤0.1 ml/min 

1 

Autoantibodies Anti-Ro/SSA or anti-La/SSB Major Anti-Ro/SSA or anti-La/SSB OR RF with 
ANA ≥1:320 

1 Anti-Ro/SSA 3 

Rules for 
classification 

4 out of 6 with ≥1 major, or 3 out of 4 
objective items  

≥2/3 criteria in a patient with suspected 
SS  

Total score of ≥4 in a patient with 
sicca or ESSDAI ≥1  

AECG = American-European Consensus Group; ACR = American College of Rheumatology; EULAR = European League Against Rheumatism; ESSDAI = European 
Sjögren’s syndrome disease activity index; ANA = antinuclear antibodies. 
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ACR, and 2016 ACR-EULAR classification criteria for SS, respectively. 
Interestingly, among the anti-Ro/SSA antibody–positive RA patients, 
57.4%, 54.4%, and 60.3% patients fulfilled the 2002 AECG, 2012 ACR, 
and 2016 ACR-EULAR classification criteria, respectively. In another 
study, RF positivity was found in approximately 40% of the patients 
with pSS, whereas almost none of the RA patients showed positivity for 
anti-Ro/SSA and anti-La/SSB antibodies. Patients with SS and RA 
showed a significantly higher percentage of ANA, anti-Ro/SSA and 
anti-La/SSB antibodies compared to RA patients, whereas no significant 
difference was observed between RA/SS and primary SS patients [58]. 
Altogether, applying different classification criteria does affect the 
prevalence of secondary SS in RA patients. Of all serological items 
included in the criteria sets, anti-La/SSB with anti-Ro/SSA antibodies 
appear to have the highest diagnostic specificity for SS. 

4.4. Is it important to distinguish between anti-Ro52 and anti-Ro60? 

The presence of anti-Ro/SSA antibody is a critical item in the current 
2016 ACR-EULAR classification criteria [64]. Anti-Ro/SSA antibody, 
however, is not specific for SS and can be found in other systemic 
autoimmune diseases as well. A significant question would be whether it 
might be important to discriminate between anti-Ro52/TRIM21 and 
anti-Ro60/SSA antibodies. The positive predictive value (PPV) of pre-
diagnostic anti-Ro60/SSA and to a lesser extent anti-Ro52/TRIM21 
antibodies appear to be the highest among the most common anti-
bodies found in pSS [37]. The diagnostic utility of separate detection of 
anti-Ro52/TRIM21 and anti-Ro60/SSA antibodies in autoimmune dis-
eases has been investigated in various studies [43,71–76]. Autoanti-
bodies to Ro52/TRIM21 are more frequent, probably because the 
Ro52/TRIM21 antigen is more accessible and due to its ubiquitous na-
ture. However, anti-Ro52/TRIM21 is not disease specific and prevalent 
in many systemic autoimmune diseases, and mostly shows no specific 
ANA immunofluorescence staining pattern on HEp2 cells [77,78]. 
Anti-Ro52/TRIM21 autoantibodies seem to be associated with myositis 
and to a lesser extent with SSc, whereas reactivity against both antigens 
and to a lesser extent against Ro60/SSA alone seems to associate with SS 
or SLE. Using the consensus of three different laboratory methods, the 
frequency of anti-Ro52/TRIM21 antibodies was similar to the frequency 
of anti-Ro60/SSA, except for the cohorts including patients with 
myositis (35.4% versus 0.0%) and systemic sclerosis (19.0% versus 
6.0%) [79,80]. In a recent study, it was demonstrated that SLE was the 
most frequent diagnosis (48.5%) among patients showing 
anti-Ro60/SSA positivity and anti-Ro52/TRIM21 negativity [75]. This is 
supported by the fact that mice that lack the functional gene encoding 
Ro60/SSA develop a lupus-like syndrome with glomerulonephritis [81]. 
Primary SS is most likely in patients with both anti-Ro52/TRIM21 and 
anti-Ro60/SSA positivity [75]. Altogether, it can be concluded that 
specific testing for isolated anti-Ro52/TRIM21 antibodies during stan-
dard anti-ENA testing is of limited clinical value for SS. In contrast, 
separate anti-Ro52/TRIM21 and anti-Ro60/SSA determination may 
have added value for distinguishing between systemic autoimmune 
diseases. 

4.5. Methods for serological detection of autoantibodies: important to 
take into consideration? 

A variety of assays is available to detect anti-Ro/SSA antibodies, such 
as indirect immunofluorescence (IIF), precipitation assays (immuno-
diffusion), solid phase methods (ELISA, CLIA, FEIA, ALBIA) and 
immunoblot-based techniques (line immunoassay). The performance 
characteristics of available tests have been investigated in several 
studies and have yielded different results [82–85]. Because of the low 
abundance of the Ro/SSA antigen, the classic HEp-2 substrate exhibits 
limited sensitivity for detection of isolated anti-Ro/SSA antibodies by 
indirect immunofluorescence. Therefore, HEp-2 cells transfected with 
Ro60/SSA cDNA have been developed, referred to as HEp-2000, 

yielding an increased sensitivity of 77% as defined by line immuno-
assay with recombinant Ro60/SSA and/or double immunodiffusion 
using natural Ro60/SSA [86]. In a study by Morozzi et al. the concor-
dance rate for IIF using HEp-2000, immunodiffusion, ELISA and Western 
blot was in the range of 74–100% with respect to anti-Ro/SSA antibodies 
[82]. Although the overall performance appeared to be good, discrep-
ancies were observed especially in terms of sensitivity. This can be 
explained, at least in part, by differences in the source of antigens used in 
the assays and possible conformational changes that occur during the 
assay resulting in loss of some antigen epitopes. Solid phase methods 
mostly contain an autoantigen mix including Ro52/TRIM21 and 
Ro60/SSA, either obtained by native purification or recombinant pro-
tein production, whereas line immunoassays more often allow individ-
ual detection of antibodies against Ro52/TRIM21 and Ro60/SSA. 
Recently, it has been described that especially the commercial and 
in-house immunoassays used for detection of anti-Ro52/TRIM21 differ 
in their sensitivity (48–79%). Only small differences in sensitivities were 
observed for anti-Ro60/SSA (69–77%) and anti-La/SSB (39–44%) im-
munoassays. Concordance rates of 65%, 79% and 73% for the 
anti-Ro52/TRIM21, anti-Ro60/SSA and anti-La/SSB assays were found, 
respectively. Higher sensitivities were found for commercial assays (line 
immunoassay, ELISA) when comparing to in-house assays (ELISA, pep-
tide ELISA). Calculation of AUC revealed that FEIA, containing recom-
binant Ro52/TRIM21 and Ro60/SSA antigens showed the highest 
diagnostic accuracy of the assays tested [85]. To date, standardization 
and harmonization of autoantibody detection is a major challenge. Each 
patient produces a highly variable mixture of polyclonal antibodies that 
are unique in selectivity, affinity and avidity for the autoantigen. Be-
sides, each in vitro diagnostic method has unique test characteristics [87, 
88]. Only limited attention has been paid to the impact of results ob-
tained by different methods on for instance disease criteria. The diag-
nostic implications of especially the anti-Ro/SSA antibodies in for 
instance congenital heart block or neonatal lupus syndrome are very 
important and since separate anti-Ro52/TRIM21 and anti-Ro60/SSA 
determination can be helpful distinguishing features for systemic auto-
immune diseases, it is recommended to use a combination of methods to 
maximize sensitivity/specificity in detecting anti-Ro/SSA antibodies 
and their subtypes anti-Ro52/TRIM21 and anti-Ro60/SSA. 

5. Novel autoantibodies in Sjögren’s syndrome 

The detection of novel autoantibodies in SS has increased in the last 
years [89,90]. Many of the autoantibodies in SS, but also those in other 
connective tissue diseases, do not reach clinical diagnostics and the vast 
majority languish in the so-called autoantibody ‘death valley’ [91]. 
However, particular stages of disease, clinical phenotypes and long-term 
complications such as lymphoma may be associated with specific 
(combinations of) autoantibodies (Table 2). In a recent study by 
Martin-Nares et al. [90] novel antibodies have been evaluated for their 
usefulness as diagnostic tool, pathogenic role, identification of a clinical 
phenotype and as predictors of an overlap syndrome in SS patients. 
Three novel autoantibodies are considered to have added value to the 
diagnostics of SS patients, namely anti-salivary protein 1 (anti-SP1), 
anti-carbonic anhydrase VI (anti-CA6), and anti-parotid secretory pro-
tein (anti-PSP). In Il14a transgenic mice, an experimental model of 
Sjögren’s disease, Shen et al. observed that these autoantibodies were 
present and could be detected earlier in the course of the disease than 
anti-Ro/SSA or anti-La/SSB antibodies. Moreover, these autoantibodies 
were more prevalent in SS patients negative for anti-Ro/SSA antibodies 
or in relatively newly diagnosed patients with sicca symptoms. Based on 
these data, anti-SP1, anti-CA6 and anti-PSP are considered as early 
biomarkers for SS [92]. Moreover, autoantibodies to nuclear auto-
antigen 14 (NA-14) are considered as a possible diagnostic marker useful 
for discriminating between primary versus secondary SS [93,94]. Of 
particular interest, autoantibodies against cofilin-1, alpha-enolase and 
Rho GDP-dissociation inhibitor 2 (RGI2) are considered as possible 
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predictors of malignant lymphoma. The combination of these three 
autoantibodies led to an AUC value of 0.99 with a 95% sensitivity and 
94% specificity in distinguishing pSS/MALT patients from healthy in-
dividuals and an AUC value of 0.86 with a 75% sensitivity and 94% 
specificity in distinguishing pSS/MALT patients from pSS patients [95]. 
Autoantibodies that have been predictors of an overlapping autoim-
mune condition include anti-centromere (Raynaud’s phenomenon), 
anti-mitochondrial (liver involvement) and anti-aquaporine-4 
(NMOSD). Moreover, anti-carbonic anhydrase 2 antibodies have been 
associated with renal tubular acidosis [40,42,96–100]. 

Autoantibodies that have not been reported as useful diagnostic tool 
yet, but may have added value for phenotype identification include 
autoantibodies against interferon-inducible protein-16 (IFI16), NR2 and 
mouse double minute 2 (MDM2). Anti-IFI16 antibodies have been 
associated with markers of a more severe disease such as higher focus 
score, germinal center-like structures and high-titer ANA [101]; how-
ever, controversy exists [102]. Moreover, pSS patients with anti-MDM2 
antibodies were characterized by a longer disease duration and titers 
were positively associated with the European Sjögren’s syndrome dis-
ease activity index (ESSDAI) and level of IgG in serum [103]. In a study 
by Lauvsnes et al., anti-NR2 antibodies have been detected in serum 
(20%) and cerebrospinal fluid (12%) of SS patients and appeared to be 
associated with memory dysfunction and depression in a subgroup of 
patients [104]. Altogether, insight in the plethora of autoantibodies 
detectable in pSS patients may be useful in diagnostics and future 
classification of disease subgroups as well as risk stratification. 

6. Conclusions 

Autoantibodies are important biomarkers for diagnosis and classifi-
cation of autoimmune diseases, including Sjögren’s syndrome. Sjögren’s 
syndrome is characterized by a variety of autoantibodies among which 
the anti-Ro/SSA is part of the current 2016 ACR/EULAR classification 
criteria. Although standardization and harmonization in autoantibody 
detection is still challenging and future large-scale validation studies are 
still needed for the novel antibodies present, it would be interesting to 
consider the development of subcriteria for pSS based on the extended 
serological antibody profiles as it would allow identification of sub-
groups of patients, thereby contributing to tailored treatment strategies 
for this heterogeneous disease. 
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Sjögren’s syndrome, Sci. Rep. 8 (2018) 6180. 

[59] C. Martel, G. Gondran, D. Launay, F. Lalloué, S. Palat, M. Lambert, K. Ly, 
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Classification criteria for Sjögren’s syndrome: a revised version of the European 
criteria proposed by the American-European Consensus Group, Ann. Rheum. Dis. 
61 (2002) 554–558. 

[62] S.C. Shiboski, C.H. Shiboski, L. Criswell, A. Baer, S. Challacombe, H. Lanfranchi, 
M. Schiødt, H. Umehara, F. Vivino, Y. Zhao, Y. Dong, D. Greenspan, A. 
M. Heidenreich, P. Helin, B. Kirkham, K. Kitagawa, G. Larkin, M. Li, T. Lietman, 

S. Veenbergen et al.                                                                                                                                                                                                                            

http://refhub.elsevier.com/S2589-9090(21)00058-7/sref14
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref14
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref14
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref15
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref15
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref15
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref15
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref16
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref16
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref16
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref16
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref17
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref17
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref17
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref17
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref17
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref18
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref18
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref19
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref19
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref19
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref19
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref20
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref20
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref20
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref21
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref21
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref21
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref21
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref22
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref22
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref22
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref23
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref23
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref23
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref23
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref24
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref24
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref24
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref25
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref25
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref25
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref26
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref26
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref26
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref26
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref27
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref27
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref27
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref27
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref28
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref28
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref28
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref28
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref28
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref29
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref29
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref29
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref29
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref30
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref30
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref30
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref31
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref31
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref31
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref31
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref32
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref32
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref32
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref33
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref33
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref33
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref33
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref33
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref33
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref34
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref34
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref34
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref34
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref35
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref35
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref35
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref35
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref36
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref36
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref37
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref37
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref37
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref37
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref38
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref38
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref38
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref39
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref39
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref40
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref40
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref40
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref40
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref41
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref41
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref41
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref42
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref42
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref43
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref43
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref43
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref44
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref44
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref45
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref45
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref45
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref45
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref46
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref46
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref46
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref46
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref46
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref47
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref47
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref47
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref47
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref48
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref48
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref48
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref48
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref49
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref49
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref49
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref49
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref50
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref50
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref50
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref51
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref51
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref51
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref52
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref52
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref52
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref53
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref53
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref53
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref54
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref54
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref54
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref55
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref55
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref55
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref56
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref56
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref57
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref57
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref58
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref58
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref58
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref59
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref59
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref59
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref59
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref60
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref60
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref60
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref60
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref61
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref61
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref61
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref61
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref61
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref61
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref62
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref62
http://refhub.elsevier.com/S2589-9090(21)00058-7/sref62


Journal of Translational Autoimmunity 5 (2022) 100138

8

J. Lindegaard, N. McNamara, K. Sack, P. Shirlaw, S. Sugai, C. Vollenweider, 
J. Whitcher, A. Wu, S. Zhang, W. Zhang, J. Greenspan, T. Daniels, G. Sjögren’s 
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