
Genetics of Sjögren’s Syndrome

Leyla Y. Teos and Ilias Alevizos
Sjögren’s Syndrome and Salivary Gland Dysfunction Unit, National Institute of Dental and 
Craniofacial Research, National Institutes of Health, Bethesda, Maryland, USA

Abstract

The pathogenesis of Sjögren’s syndrome has not been elucidated. There has been evidence that 

genetics play an important role in the development of this disease from earlier studies. However, 

till now only a number of genes have been identified to be associated with SS, and these have only 

a weak or moderate effect. In this review we summarize the findings of the genetics studies and 

emphasize the need of large multicenter projects that will increase the sample sizes to provide 

more meaningful associations, as is the case in other common autoimmune diseases.

Introduction

By the late 1940’s, the idea of Sjögren’s syndrome (SS) having an association with genetics, 

being primarily a women affecting disease, and existing as a systemic disorder had been 

recognized [1]. Thirty years later, the association of specific human leukocyte antigens 

(HLA) and autoimmune diseases had been accepted leading to the first published 

relationship between immune response genes and SS pathogenesis. [2–4]. In the early 80’s, 

studies on (HLA) antigens disclosed genetic connections and dissimilarities between 

primary SS; the disease occurring alone in the absence of other concomitant autoimmune 

diseases [5]. At present, the HLA locus remains the strongest genetic variant to SS 

predisposition, while the rest of the genetic variants have been shown to have feeble to 

reasonable influences [6].

Although SS is the 2nd most prevalent autoimmune disease, it has maintained a constant 

pattern of slow progress in genetics studies when compared to rheumatoid arthritis (RA), 

systemic lupus erythematosus (SLE), and Type 1 Diabetes. The approach taken in SS 

research has been focusing on candidate genes that have been linked to other autoimmune 

diseases. Additionally, most of these studies have been limited to small cohorts in focused 

populations making it difficult to replicate. [7, 8]. The current era of next generation 

sequencing and accessible tools such as genome wide association studies allow scientists to 

fill the gaps in genetics and epigenetics that are involved in the lack of regulation in both the 

innate and adaptive immune system in SS patients [9, 10]. The present time is promising to 
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further examine the environmental roles which have also been in question in SS. Viruses 

have been the factors declared most in terms of environmental activators among other 

contributing activators; these include Epstein-Barr virus (EBV), Human T-lymphotropic 

virus, HBV, retrovirus, HCV, Coxsackie virus [11–15].

In the field of SS, there have been numerous candidate gene approach studies using linkage 

disequilibrium and RFLP analysis and two major Genome-Wide Association Studies 

(GWAS). The candidate gene studies have identified several genes associated with SS, but 

the large scale GWAS have identified additional new loci as genetic risk factors. There is a 

very wide genomic variability in human genomes. GWAS allows for a simultaneous 

massive; in parallel screening for genomic loci that might be associated with a specific 

phenotype. The disadvantage of GWAS is inherent to the impressive human genomic 

variability, and for statistically significant results to be obtained. Massive numbers of DNAs 

have to be screened, and these DNAs need to be from the same racial background. 

Additionally, a further problem faced by GWAS for SS association is the heterogeneity of 

this disease. SS diagnosis encompasses a spectrum of similar expressed diseases and 

stratification of patients in distinct categories which is not only difficult, but also must 

maintain increased sample size requirements to be able to reach statistical and clinical 

significance.

The first GWAS study by Silvis group at the Oklahoma Medical Research Foundation, 

analyzed 10,000 samples from SS and healthy controls, all from European descent [16]. This 

seminal study identified association genes involved in both the innate and the adaptive 

immunity. The strongest associations were identified with the HLA region, but six additional 

loci surpassed the Genome Wide Significant (GWS) threshold of p < 5 × 10−8. These loci 

were IRF5-TNPO3, STAT4, IL12A, FAM167A-BLK, DDX6-CXCR5 and TNIP1. 

Importantly, 29 more loci were identified as having a suggestive association (p< 5 × 10−5). 

The loci included TNFAIP3, PTTG1, PRDM1, DGKQ, FCGR2A, IRAK1BP1 among 

others.

The second large scale GWAS study, analyzed DNA from Han Chinese SS and controls [17]. 

The discovery cohort was comprised by 542 cases and 1050 controls, while the validation/

replication stages used 1303 cases and 2727 control samples. While this study identified in 

the Han Chinese some of the previously discovered associations in Europeans, (STAT4, 

TNFAIP3 and the MHC), it also identified for the first time GTF2I as a susceptibility locus 

for SS. Interestingly, the IRF5 polymorphism (as well as other immune genes) were not 

significant in the Han Chinese study. These differences suggest that the 2 examined 

populations may have different risk associated genes for SS and make the examination of SS 

subjects from other descent compelling.

One conclusion from these 2 studies is the lack of identification of genes with strong 

associations with disease (OR > 2.5) and till now, none of the statistically significant 

polymorphisms alter the coding sequences. An interesting observation is that none of the 

identified genes are directly involved in the functional machinery of the SS targeted organs 

(lachrymal and salivary glands). Larger studies, using diverse technologies to minimize 
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potential biases, should shed light to this observation and help better delineate the roles of 

the epithelial and immune cells in SS pathogenesis.

For the rest of this review, we summarize the global studies examining SS susceptibility to 

their associated HLA alleles and we summarize the findings of the non-antigen presenting 

genes identified as implicated in SS either through the gene candidate approach or through 

GWAS.

Sjögren’s syndrome predisposition to HLA

The cell surface antigen presenting proteins which are encoded by the HLA genes have been 

considered comprehensively in regards to autoimmune diseases. In Table 1, we show the 

summary of the worldwide HLA studies in primary SS patients. The first U.S.A studies 

associated with HLA antigens and disease condition were conducted in the mid-70’s., at the 

National Institute of Health. Gershwin reported that the occurrence of HLA-B8 among 24 

SS patients was 58% compare to 21% in controls. [18]. This study was followed by more 

studies on American Caucasians and the primary associations included HLA-Dw3, HLA-

B8, HLA-DRw3, HLA-DR3, DRw52 and B lymphocyte immune response associated 

antigens. [2–5, 19, 20]. The first comprehensive study on men in SS was published in 1986, 

which reported DRw52 as being strongly associated with men and primary Sjögren’s, 

nevertheless HLA-B8 and HLA-DR3 which at the time had been the best mutual locus seen 

in women; was not statically different from the control group in comparison to the male 

patients. [20].

By the 90s, studiesexamining HLA associations comparing different ethnic groups was 

published [21] and more followed since. The results revealed that in North American 

Caucasian the predicted haplotype was HLA-DRB1*0301-DRB3*0101-DQA1*0501 -

DQB1*0201, in Japanese (HLA-DRBl*O405-DRB4*0101 -DQA1*0301-DQB1*0401), an 

additional study added DRw53to the list in Japanese SS patients [22]; and in Chinese SS 

patients (DRB1*0803-DQAl*0103-DQB1*0601). A different study examining Chinese SS 

patients found HLA-DR3, DR52 and DR2 to be significantly higher than their control 

patients [23] There results emphasized that there is no single class II allele associated with 

primary SS [21]. In 2013 one of the 1st GWAS study examining Chinese patients endorsed 

HLA class II as a significant region in Han Chinese SS patients [17]

In Americas, outside of the U.S.A, Mexico and Columbia are among the countries that have 

examined HLA alleles associations in SS. By means of a High-Resolution HLA analysis the 

study on Mexican (SS) patients revealed HLA-DRB1*01:01 and HLA-B*35:01 as the 

highest prevalence compared to controls, confirming HLA connotation to primary SS, and 

with association to the production of anti-Ro/SSA [24]. In the Columbian population, HLA-

DRB1*0301-DQB1*0201 associations were significant in the samples with advanced 

histopathological features. In addition they verified HLADRB1*0301-DQB1*0201 to be 

linked with autoantibody production [25].

Utilizing a sequence-specific oligonucleotide probe; Roitberg-Tambur et al examined the 

HLA genes that contribute to the predisposition of SS; in a cohort of patients with Jewish 
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Israel descent and Greeks, non- Jewish patients in 1993. The authors confirmed HLA-

DQA1*001-DQA1*0201-DQB1*0501 in Israelite Jews and in Greeks HLA-DQA1*050 

[26]. Five years prior, HLA-DR5 was found to be one of the susceptibility genes in SS 

Greek patients [27], and in 2004 an extensive study examining Sjögren’s syndrome 

associated with Systemic Lupus Erythematosus revealed that in these patients a high 

frequency of the HLA-DRB1*0301 allele was present [28].

Significant associations were also found in primary SS patients from southern Spain with 

HLA-Cw7, HLA-DR3 and HLA-DR11 [29]. In the French population, the leading 

association determined to be HLA-DRB1*15-DRB1*0301, but it was also observed that the 

DRB1*0301 haplotype was associated with the DPB1* 0201 and TNF-a2 alleles in SS 

patients [30], However, a second study found HLA-DRB1*03 and DQB1*02 associated 

exclusively with the presence of anti-SSA and/or anti-SSB antibodies in a French SS patient 

cohort [31]. A study examining a primary SS Italian cohort identified DR3 to be correlated 

with autoantibodies and extraglandular indices [32].

Two studies from Denmark observing the role HLA alleles and SS, the 1st study found 

HLA-Dw2 to be significantly increased [33], and the second study found DQA1*0501-

DQB1*0201-DQA1*0301 to have positive association [34]. In a Finnish study the 

significant haplotypes were HLA-DRB1*0301-DQA1*0501-DQB1*0201[35]. Two 

Norwegian studies published in the same year (2001) showed HLA alleles as having 

association with SS patients with anti-SSA and/or anti-SSB, the alleles identified were 

DRB1*03-DQB1*02-DQA1*0501 [36] and DRB1*0301 and DRB3*0101 [37]. Among 

other countries which have examined HLA allele and it association to SS are United 

Kingdom (HLA-DR3, and HLA-DRw52) [38], Hungary (HLA-DQB1*0201-DRB1*03-

DQB1*0501)[39] and Australia DR3-DQA1*0501-DQB1*02 which haplotype were 

primarily associated to La/Ro ribonucleoproteins [40].

Non-Antigen Presenting Risk Genes

There is a small number of risk genes that fall outside the antigen presenting clusters, that 

have been examined mainly in small cohorts, with the exemption of the 2 GWAS studies 

previously mentioned. In Figure 1, we summarize these genes within their chromosomal 

localization. Overall the identified genes seem to be falling in the following categories based 

on their function:

1. Genes Associated with Interferon Signature: Interferon Regulatory Factor 5 

(IRF5), Signal Transducer and Activator of Transcription 4 (STAT4), Interleukin 

12A (IL12A) and Natural Cytotoxicity Triggering Receptor 3 (NCR3)

2. Genes Associated with B and T-Cell function: B-Lymphocyte Kinase (BLK), B-

cell activating factor (BAFF), Early B-Cell Factor 1(EBF1), General 

Transcription Factor IIi (GTF2I), C-X-C chemokine receptor type 5 (CXCR5), 

Tumor Necrosis Factor Superfamily Member 4 (TNFSF4), TNF-Alpha Induced 

Protein 3 (TNFAIP3), TNFAIP3-Interacting Protein 1 (TNIP1), Lymphotoxin-α 
(LTA), C-C motif chemokine 11 (CCL11).
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3. Other categories: Serotonin Transporter (HTT, Solute Carrier Family 6 Member 

4)

These genes have been extensively discussed in other reviews. Here we briefly discuss a few 

genes involved in the aforementioned categories.

Interferon regulatory factor 5

The Interferon regulatory factor 5 (IRF5) is the gene shown to have the strongest genetic 

association in SS but also has been implicated in other autoimmune diseases such as 

systemic lupus erythematosus, inflammatory bowel disease, rheumatoid arthritis, multiple 

sclerosis and systemic sclerosis [41–45]. This gene encodes for a transcription factor 

regulating a number of homeostatic processes but also immunity, inflammation, antiviral 

defenses and tumor pathogenesis [46–48]. IRF5 is expressed on a number of cell types, 

including white blood cells and epithelial cells.

IRF5 is a multi-domain 60–63 kDa protein with an amino-terminal DNA-binding domain, 

an association domain and a transcriptional co-activator binding domain on the C-terminus 

[48, 49]. All these domains are required for the transcriptional function of this gene which 

occurs, after an initial activation, through serine phosphorylation that leads to dimerization, 

nuclear translocation and binding to gene promoters along with other transcription factors. 

The most well characterized function of IRF5 and the one likely most relevant in SS is its 

role in the production of Type-I IFNs and proinflammatory cytokines such as IL-12, IL-17, 

IL-23 and TNFα [50, 51].

Signal Transducer and Activator of Transcription 4

The signal transducer and activator of transcription 4 (STAT4) is one of the very first genes 

discovered to have a polymorphism associated with SS. More specifically, Korman et al, 

showed that the intronic rs7574865 T allele was more common in SS patients (P=0.01)[29]. 

Prior to SS, STAT4 was shown to be associated with RA and SLE [52].

STAT4 is a member of the STAT family of transcription factors that upon phosphorylation, 

they dimerize and translocate to the nucleus to initiate the transcription of a number of 

genes. IL17 and interferon have been shown to be induced by the translocation of STAT4, 

guiding T helper cells toward the proinflammatory T-helper type 1 and T-helper type 17 

lineages, while the activation of STAT4 is induced by IL12, IL23 and Type I interferons.

The specifics about how the functional variant of rs7574865 is involved in SS are not 

known. It is possible that the rate of transcription is altered by this nucleotide change by 

alteration of binding of histones in that area[52].

Interleukin 12A

The interleukin 12A (IL12A) gene encodes for a subunit of the Interleukin 12 (IL12). IL12 

is one of the cytokines involved in the induction of IFN-γ, in a T-cell independent matter. It 

has been shown to be critical for the differentiation of Th1 and Th2 cells. Additionally, IL12 

is regulated by IRF5. Additionally, STAT4 mediates IL12 response in lymphocytes.
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A total of 7 variants of IL12A have met genome wide significance and the rs485497 variant 

in the promoter region of the gene has been shown to significantly influence IL12A 

transcript expression [16].

Tumor necrosis factor receptor-1

Tumor necrosis factor receptor-1 (TNFR1) is a ubiquitously expressed receptor that initiates 

most of the cellular TNF-associated signaling. This signaling pathway has been very well 

characterized and it leads to the activation and nuclear translocation of NF-κB, c-Fos and c-

Jun. These transcription factors lead to the induction of a number of pro-inflammatory and 

anti-apoptotic genes [53, 54].

TNFR1 knockout mice have also shown an important role of this protein in immunity as it 

protects against bacterial infections and viruses. [55, 56]. In SS, soluble TNFR1 has been 

shown to be highly expressed in salivary glands and serum [57]. Similar findings have been 

observed in in rheumatoid arthritis [58]. The importance of this receptor in autoimmune 

diseases is also shown by the successful treatment of rheumatoid arthritis and inflammatory 

bowel disease with anti-TNF biologics. Both of these diseases present with markedly 

elevated TNF levels which mediates its effects primarily through TNFR1.

A recent study examined the association of a polymorphism in TNFR1 promoter with 

clinical characteristics of SS patients in Mexico [59]. This polymorphism (TNFR1-383 

A>C) has previously been associated with other autoimmune diseases. In this study, SS 

patients with A>C genotype showed high levels of C-Reactive Protein (P = 0.045) and 

Rheumatoid Factor (p = 0.04). No statistically significant genotypic and allelic frequencies 

were observed in this study between SS and controls.

Family with sequence similarity 167 member A-B-lymphoid tyrosine kinase

Associated with autoimmune diseases, a single (SNP -rs2736340) within the Family with 

sequence similarity 167 member A–B lymphoid tyrosine kinase (FAM167A-BLK) has been 

linked with systemic lupus erythematosus [60–64], rheumatoid arthritis [65–68], Kawasaki 

disease [69], primary antiphospholipid syndrome (APS) [70] in addition to SS [71]. Zhou et 

al performed a meta-analysis study showing this specific (SNP-rs2736340) as having 

increased susceptibility in European, North Americans, and Asians, yet not Africans [72]. 

BLK is involved in B-Cell development, differentiation and signaling. Although the 

functional role of this SNP has not been identified, it has been suggested that it might lead to 

an upregulation of B cells including auto-reactive B cells that are key factors in the 

propagation and severity of autoimmune diseases

Serotonin transporter

The Serotonin transporter (5-HTT or SLC6A4) is a gene coding for a membrane protein that 

transports serotonin in a sodium- and chloride-dependent manner from synaptic spaces into 

presynaptic neurons. Platelet serotonin levels (PSL) have been shown to be decreased not 

only in SS [73]; but also in other autoimmune diseases such as rheumatoid arthritis, and 

systemic sclerosis [74, 75]. Recently, Markeljevic et al showed that in a subset of SS patients 
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the presence of variants of the 5-HTT gene contributes to decreased PSL. This is one of the 

few studies looking for associations of genes that might not be directly linked to the immune 

and autoimmune genes and might be interesting to explore for a number of neurological and 

psychological findings in the SS population [76].

Discussion

With the exception of HLA loci, the genetic variations that have been discovered for SS have 

a weak, or at best a moderate effect with low Odds Ratios, even if there are a lot of clinical 

evidences that there is a genetic component in SS. It is commonly accepted that the vast 

majority of SNPs underlie the various degrees of susceptibility to a specific disease. SS 

being a complex disease with diverse phenotypes is probably manifested by a coordinated 

altered function of sets of SNPs, possibly influenced by a number of epigenomic factors. 

Viral and microbial infections have been long discussed it the context of autoimmunity. 

Several mechanisms have been suggested of how infections can cause an autoimmune 

condition, among them molecular mimicry, epitome spreading and cryptic antigens. These 

mechanisms do not require an active infection and can lead to autoimmunity a long time 

after the initial infection, that might also be subclinical. The potential interplay between 

infections and SNPs will be hard to discern, but the understanding of the function of the 

identified SNPs will need to be take into consideration as many epigenetic parameters as 

possible.

Large cohort studies are clearly needed to assess better role the role of genes in the 

development of SS. Since SS encompasses a spectrum of similarly presenting diseases, it 

will also be very important the examined samples to be fully phenotyped so that the 

associations can reach statistical and clinical significance in relevance to their position in the 

spectrum of this diverse disease. This could also allow for a more precise exploration of the 

environmental and epigenetic aspects that also contribute to the development of SS by 

identifying the pathways altered on the specific disease phenotypes. With new sequence 

technologies, analysis platforms and with large scale collaborative projects future genetic 

studies in SS are promising and their deliverables will certainly help in our understanding of 

its pathophysiology.
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Highlights

• With the exception of HLA loci, the genetic variations that have been 

discovered for Sjogren’s syndrome have a weak, or at best a moderate effect 

with low Odds Ratios

• There is a need for large scale studies with complete phenotypic data to 

redefine the wide spectrum of diseases encompassing Sjogren’s syndrome
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Figure 1. 
A summary of the chromosomal localization of the genes identified in single candidate 

genes or GWAS studies. No discernible patterns are observed and no genes expressed in the 

X chromosome have been identified so far.
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Table 1

Country of Origin/Population HLA Alleles Connotation Method/Patients/Controls Reference/Year

U.S.A./American Caucasian HLA-B8 microcytotoxicity assay/24/1,205 Gershwin et al./1975

U.S.A./American Caucasian HLA-Dw3 microcytotoxicity assay/19/91 Chused et al./1977

U.S.A./American Caucasian HLA-Dw3-HLA-B8 microdroplet lymphocyte cytotoxicity technique/19/96 Fye et al./1978

U.S.A./American Caucasian B lymphocytes immune response associated (Ia) antigen microdroplet lymphocyte cytotoxicity technique/24/184 Moutsopoulos et al./1978

U.S.A./American Caucasian HLA-DRw3-HLA-B8 microcytotoxicity assay/22/184 Moutsopoulos et al./1979

U.S.A./American Caucasian HLA-DRw3-HLA-B8 microcytotoxicity assay/25/27 Mann and Moutsopoul os/
1979

U.S.A./American Caucasian DRw52 microcytotoxicity assay/36 male/69 females/626 controls Molina et al./1986

U.S.A./American Caucasian HLA-DRB1*0301-DRB3*0101-DQA1*0501 -DQB1*0201 PCR amplification of genomic DNA using 
oligonucleotide primer/75/135

Kang et al./1993

Japan/Japanese population DRB1*0405-DRB4*0101-DQA1*0301-DQB1*0401 PCR amplification of genomic DNA using 
oligonucleotide primer/33/49

Kang et al./1993

Japan/Japanese population DRw53 complement-dependent microcytotoxicity method/21/114 Moriuchi et al./1986

China/Chinese population DRB1*0803-DQA1*0103-DQB1*0601 PCR amplification of genomic DNA using 
oligonucleotide primer/45/42

Kang et al./1993

PCR-SSP technique/70/136 Wang et al./1997

Mexico/Mexican population HLA-DRB1*01:01 and HLA-B*35:01 Allele SEQR Sequenced Based Typing Kits/28 pSS, 30
sSS, 96 connective tissue disease w/o SS patients/234 
controls

Hernández-Molina et al./2015

Colombia/Mestizo Colombian population HLADRB1*0301-DQB1*0201 polymerase chain reaction techniques/75/76 Anaya et al./2002

Israel/Israeli Jewish/Greek DQA1*001-DQA1*0201-DQB1*0501-Jewish/DQA1*0501-Greek sequence-specific oligonucleotide probe technique/
Jewish (17/258) & Greek (22/54)

Roitberg-Tambur et al./1993

Greece/Greek population DR-5 NIH microlymphocytotoxicity test/46/172 Papasteriade s et al./1988

Greece/Greek population DRB1*0301 polymerase chain reaction & and hybridization with 
sequence-specific oligonucleotide probes/55/246

Manoussakis et al./2004

Spain/Spanish population HLA-Cw7, HLA-DR3 and HLA-DR11 Serological Technique/30/256 Portales et al./1994

France/French population DRBI*1501*-0301-DQB1*0201*-0602 PCR-based methodologies/42/200 Jean et al./1998

France/French population HLA-DRB1*03 and DQB1*02 microlymphocytotoxicity method with monoclonal 
antibodies & polymerase chain reaction single-strand 
oligonucleotide reverse dot-blot kits/149/222

Gottenberg et al./2003

Italy/Italian population DR3 microlymphocytotoxicity method/28/62 Vitali et al./1986

Denmark/Danish population HLA-Dw2 microlymphocytotoxic method/32/-- Manthorpe et al./1981

Denmark/Danish population DQA1*0501-DQB1*0201-DQA1*0301 microlymphocytotoxic method/19/-- Morling et al./1991

Finland/Finnish population DRB1*0301, DQA1*0501, ANR DQB1*0201 2-step polymerase chain reaction (PCR)/20/9 Kerttula et al./1996

Norway/Norwegian Caucasian population DRB1*0301 polymerase chain reaction (PCR) using sequence-
specific primers (SSP)/29/181

Nakken et al./2001

Norway/Norwegian Caucasian population DRB1*03-DQB1*02-DQA1*0501 oligonucleotide hybridization of enzymatically amplified 
DNA/31/64

Bolstad et al./2001

United Kingdom/British Caucasian DR-3 & DRw52 PCR-based methodologies/41/100 Pease et al./1989

Australia/Australian population DR3-DQA1*0501-DQB1*02 polymerase chain reaction sequence-specific 
oligonucleotide/80/164

Rishmueller et al./1998
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