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Abstract
Primary Sjögren’s syndrome, a chronic inflammatory process, is among the
most commonly occurring rheumatologic diseases. The clinical hallmark of this
disease is exocrine gland dysfunction, resulting predominately in dry eyes and
dry mouth. However, the disease often extends beyond the exocrine glands to
seriously affect other organs systems, such as the lungs, kidneys, and nervous
system. Moreover, patients with primary Sjögren’s syndrome develop
non-Hodgkin’s B cell lymphoma at a substantially higher rate than the general
population. New research has improved our understanding of disease
mechanisms, with notable advances in our knowledge about the genetic
susceptibility of disease, the molecular details of the chronic inflammatory
response in the salivary glands, and the complex role of the type 1 interferon
pathway. The pipeline of drugs under development for the treatment of primary
Sjögren’s syndrome is enriched with novel biologics and small molecular
entities targeting the pathogenic process. Herein, we summarize the latest
advances in elucidating the pathogenesis of primary Sjögren’s syndrome and
highlight new drugs in clinical development aiming to reverse the glandular
dysfunction and favorably impact the systemic features of this disease.
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Introduction
Despite its prevalence among the rheumatologic diseases, primary 
Sjögren’s syndrome has attracted less attention from researchers 
compared to rheumatoid arthritis (RA) and systemic lupus ery-
thematous (SLE), partly owing to a previous misconception that 
the disease was mostly a nuisance without recognizing that it can 
threaten the function of vital organ systems. The clinical hallmarks 
of Sjögren’s syndrome have been well known for many decades 
and include keratoconjunctivitis sicca, or dry eyes, and xerosto-
mia, or dry mouth. Sjögren’s syndrome is termed secondary when 
the sicca symptoms occur in association with RA, SLE, or other 
chronic inflammatory disease. Otherwise, it is termed primary 
Sjögren’s syndrome. The clinical diagnosis of primary Sjögren’s 
syndrome is based on the presence of symptoms of dry eyes and 
dry mouth, often with objective evidence of keratoconjunctivitis 
sicca and/or decreased salivary flow, and a positive test for serum 
anti-Ro antibodies or rheumatoid factor or, in the absence of 
these autoantibodies, a labial salivary gland biopsy showing focal 
lymphocytic infiltrates1. Reversal of glandular dysfunction and 
management of extraglandular disease has been hampered by the 
lack of a proven disease-modifying therapy. Herein, we describe 
some of the exciting new research about the genetic and immuno-
logic mechanisms of primary Sjögren’s syndrome and the recent 
progress towards finding a disease-modifying therapy.

Primary Sjögren’s syndrome is among the most common of the 
systemic autoimmune diseases, ranging in prevalence from 0.1 to 
0.6%; it is much more common in women than in men2. The disease 
is termed an “exocrinopathy” because of its predominant effects on 
the lacrimal and salivary glands, as well as other exocrine glands 
in the larynx (hoarseness), trachea (cough), skin (pruritus), and 
vagina (dyspareunia). In addition to the exocrinopathy, up to 75% 
of patients with primary Sjögren’s syndrome suffer from extraglan-
dular disease manifestations, and up to 25% develop moderate or 
severe extraglandular disease3. Extraglandular manifestations range 
from the less serious complications of purpura, urticaria, inflamma-
tory arthritis, and Raynaud’s syndrome to the more severe end of 
the spectrum exemplified by renal disease, lung disease, and periph-
eral neuropathy. Notably, patients with primary Sjögren’s syndrome 
have an increased risk of developing non-Hodgkin B cell lymphoma, 
with a recent study showing a cumulative risk at 15 years after diag-
nosis of 9.8%; this risk is higher than that of patients with RA and 
SLE who also have an increased risk of developing non-Hodgkin 
lymphoma4,5. Interestingly, most non-Hodgkin B cell lymphomas 
that develop in patients with primary Sjögren’s syndrome belong 
to the marginal zone histological type and localize to the mucosa- 
associated lymphoid tissue (MALT), where the underlying disease 
is most active. The presence of parotid gland enlargement, rheu-
matoid factor, low C4, cryoglobulinemia, lymphopenia, and higher 
levels of disease activity as measured by the EULAR Sjögren’s 
syndrome disease activity index (ESSDAI) predicts a higher 
lymphoma risk6.

Current management
In primary Sjögren’s syndrome, the current treatments aim to 
reduce symptoms of the exocrinopathy as well as control the 
extraglandular features of the disease. Symptomatic therapies 
include topical therapies, such as artificial tears, artificial saliva, 
nasal saline spray, vaginal estrogen cream, and moisturizing skin 
lotions. Secretagogues, such as sugarless candy and chewing gum, 

as well as the muscarinic receptor agonists cevimeline and pilo-
carpine may be used to stimulate tear and saliva production. Topical 
cyclosporine eye drops are efficacious for improving the signs and 
symptoms of dry eyes.

At this stage, no disease-modifying drugs have been shown in rand-
omized, placebo-controlled trials to be effective for the treatment of 
primary Sjögren’s syndrome. While hydroxychloroquine has been 
employed for reducing the symptoms of fatigue and joint pain in 
primary Sjögren’s syndrome, it failed in a randomized controlled 
trial to significantly reduce symptoms of dryness, pain, and fatigue 
over placebo7. Methotrexate has not been well studied for the  
treatment of primary Sjögren’s syndrome. In a small open study 
published 20 years ago, oral weekly methotrexate was not effective 
in increasing tear or saliva production8. More recently, the tumor 
necrosis factor (TNF)-α inhibitors infliximab and etanercept have 
been investigated for their efficacy and safety in patients with pri-
mary Sjögren’s syndrome and neither was found to be effective for 
improving disease outcomes9,10.

The dearth of proven effective therapies for primary Sjögren’s 
syndrome has forced clinicians to take an empiric approach to 
the systemic treatment of extraglandular disease, guided by the 
severity of organ system involvement. Mild sensory neuropathies,  
common in patients with primary Sjögren’s syndrome, are generally 
treated symptomatically with, for example, gabapentin or pregaba-
lin. Recurrent lower extremity purpura caused by a leukocytoclas-
tic vasculitis may usually be managed with support stockings and 
non-steroidal anti-inflammatory drugs. Systemic corticosteroids 
may be prescribed for the treatment of organ-threatening vasculitis, 
non-specific interstitial pneumonitis (NSIP), interstitial nephritis, 
glomerulonephritis, and motor neuropathies. Other immunosup-
pressive agents, such as azathioprine, mycophenolate mofetil, and 
cyclophosphamide, are usually reserved for the treatment of seri-
ous or life-threatening extraglandular disease, such as NSIP and 
glomerulonephritis.

Advances in understanding of disease pathogenesis
Primary Sjögren’s syndrome results from a complex interplay 
of several factors, including genetic and epigenetic controls of 
immune homeostasis and gene expression, age and gender, and 
environmental insults. It follows a typical multistep model of 
human autoimmune diseases characterized by loss of immunologic 
tolerance to self-antigens, the permissive production of autoanti-
bodies, and the subsequent emergence of disease11,12. Studies of 
labial salivary glands reveal the contribution of a panoply of cell 
types, including T cells, B cells, macrophages, dendritic cells, and 
epithelial cells, that combine to orchestrate a persistent chronic 
inflammatory response.

The basis for the exocrine gland dysfunction is poorly under-
stood and may result from effects related to the pro-inflammatory 
cytokine/chemokine milieu, autoantibody-mediated blockade of 
muscarinic acetylcholine receptors (e.g. anti-muscarinic receptor 3 
antibodies), neurotransmitter imbalances, or the destruction of 
glands. The potential reversibility of glandular dysfunction is 
unclear and must necessarily await the discovery of a disease- 
modifying drug that can ameliorate the loss of lacrimal and salivary 
secretory flow.
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Genetics and epigenetics
Newly discovered genetic associations in primary Sjögren’s syn-
drome implicate disturbances in both the adaptive and the innate 
immune pathways13,14. Genome-wide association and candidate 
gene studies have identified susceptibility loci in BLK and CXCR5, 
genes encoding proteins involved in B cell activation, trafficking, 
and spatial localization, and in STAT4, IL-12A, and IRF5, genes 
regulating both adaptive and innate immunity. The finding of risk 
variants in the IRF5 gene may explain in part the activation of the 
type 1 interferon (IFN) pathway in primary Sjögren’s syndrome15, 
as IRF5 encodes a transcription factor important for the produc-
tion of type 1 IFN16. A risk variant of IRF5, a CGGGG indel, has 
been associated with increased levels of IRF5 transcripts, imply-
ing a functional role in the regulation of this pathway17. STAT4 is 
triggered by type 1 IFN, interleukin (IL)-12, and IL-23 and when 
activated leads to the induction of T helper type 1 (TH1) cells and 
up-regulation of IFN-γ.

Genome-wide association and candidate gene studies have also 
identified risk loci in the TNFAIP3 and TNIP genes, which regu-
late nuclear factor kappa-light-chain-enhancer of activated B cells 
(NFκB) signaling. The potential importance of the TNFAIP3 locus 
in the pathogenesis of primary Sjögren’s syndrome is underscored 
by the finding that TNFAIP3 knockout mice develop an autoim-
mune phenotype and have high rates of lymphoma18. Moreover, a 
study of patients with primary Sjögren’s syndrome from a French 
cohort has recently found germline mutations in the coding region 
of TNFAIP3 (A20) that are associated with an increased risk for 
lymphoma19. Interestingly, in some instances, the samples of lym-
phoma tissue harbored the same germline mutations in TNFAIP3 
that were associated with an increased risk for lymphoma develop-
ment, while in other cases without the germline mutation, the lym-
phoma tissue had somatic mutations in TNFAIP3. Some of these 
TNFAIP3 variants impaired control of NFκB activation, suggesting 
a possible escape mechanism for transition into lymphoma19.

The epigenetic regulation of gene expression in primary Sjögren’s 
syndrome has not been studied until recently. Patients with 
primary Sjögren’s syndrome have an increase in hypomethylation 
of the STAT4, IL-12A, IRF5, BLK, CXCR5, and TNIP genes20,21, 
suggesting a possible role for epigenetic regulation in the patho-
genesis of this disease.

Adaptive immunity
The role of B cells in the pathogenesis of primary Sjögren’s syn-
drome is strongly implied by the association of this disease with 
autoantibody production, B cell hyperactivity, germinal center 
formation in the target tissue, and lymphomagenesis. In primary 
Sjögren’s syndrome, it is not known if pathologic B cell activation 
occurs in the spleen and lymph nodes or the germinal center-like 
structures (tertiary lymphoid tissue) of the target tissues, or both. 
T-cell-dependent antigens that activate B cells rely on T follicu-
lar helper (TFH) cells, which stimulate the formation and mainte-
nance of germinal centers through the expression of CD154 (CD40 
ligand) on the cell surface and the secretion of IL-4 and IL-21; they 
mediate the selection and survival of B cells that differentiate into 
antibody-secreting plasma cells and memory B cells. TFH cells 
have been identified in labial salivary gland tissue, predominantly 

within organized structures22. The differentiation of CD4+ naïve T 
cells into TFH cells may be promoted by the glandular epithelium. 
Salivary gland epithelial cells expressing IL-6 and inducible T cell 
co-stimulator ligand (ICOS-L) have been shown in culture to stimu-
late the differentiation of CD4+ naïve T cells into IL-21-secreting 
TFH cells23.

Controlling TFH cell-mediated B cell activation may be a useful 
therapeutic strategy in primary Sjögren’s syndrome. Two experi-
mental therapies, abatacept and rituximab, have been shown to 
reduce the absolute number of circulating TFH cells24, but the sig-
nificance of these findings is unclear, since neither of these agents 
has been proven effective in randomized, controlled trials involving 
patients with primary Sjögren’s syndrome. In the future, inhibiting 
the differentiation of TFH cells by neutralizing IL-21 or IL-6 or 
blocking the interaction between ICOS and ICOS-L, either alone or 
in combination, may also be therapeutic strategies worth pursuing.

B-cell-activating factor (BAFF), a member of the TNF receptor 
family, is a potent activator of B cells. BAFF is the natural ligand 
of three receptors, BAFF-R (BR3), a transmembrane activator and  
calcium modulator, as well as transmembrane activator and cal-
cium-modulator and cyclophilin ligand interactor (TACI) and B 
cell maturation antigen (BCMA). Several lines of evidence impli-
cate BAFF in the pathogenesis of primary Sjögren’s syndrome. 
First, compared with healthy controls, patients with primary 
Sjögren’s syndrome have higher serum levels of BAFF and show 
increased expression of BAFF in labial salivary glands25. Second, 
BAFF transgenic mice exhibit a Sjögren’s syndrome phenotype 
characterized by infiltration of lacrimal and salivary glands with 
lymphocytes that include a unique population of marginal zone 
B cells26. Third, salivary gland epithelial cells from patients with 
primary Sjögren’s syndrome also express BAFF; in addition, type 1 
IFN, which is up-regulated in both blood and salivary gland 
tissue from patients with primary Sjögren’s syndrome, is a potent 
stimulator of BAFF expression25,27. BAFF engagement with its 
receptor, BR3, has been shown to activate the phosphatidylinositol 
3-kinase delta isoform (PI3kδ), a signaling molecule involved in 
the regulation of cell growth, proliferation, differentiation, motil-
ity, survival, and intracellular trafficking of B cells, as well as 
lymphomagenesis28. For these reasons, the BAFF/BR3 pathway is a 
promising therapeutic target in primary Sjögren’s syndrome.

The lymphotoxin β receptor (LTβR) is part of the signaling 
system that directs stromal cells to differentiate into specialized 
vasculature and regulates certain reticular networks that guide and 
position cells for optimal encounters with antigen29. Blockade of 
the LTβR system in mice reduces addressin expression on high 
endothelial venules (HEVs) and thereby inhibits entry of lym-
phocytes into lymph nodes and mucosal environments, resulting 
in a circulating lymphocytosis30. In male NOD mice, LTβR-Ig 
treatment reduces glandular inflammation, blocks HEV formation, 
and partially restores salivary flow31. In a phase II trial, baminer-
cept (LTβR-Ig) treatment was ineffective in decreasing the signs 
and symptoms of RA; however, it was shown to increase the blood 
lymphocyte counts and reduce the whole blood IFN signature32. 
Although inhibiting the lymphotoxin pathway has a sound theo-
retical basis for treating primary Sjögren’s syndrome, preliminary 
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results from a randomized, placebo-controlled 24-week trial 
showed no significant differences between the baminercept and pla-
cebo groups in the change in stimulated salivary flow or ESSDAI33.

Innate immunity
Viruses have long been considered etiologic factors in primary 
Sjögren’s syndrome. They have been receiving more attention of 
late as a possible disease trigger because of the association between 
primary Sjögren’s syndrome and up-regulation of the type 1 IFN 
pathway, an innate immune mechanism of antiviral host defense. 
An IFN signature has been detected in the peripheral blood of 
65% of patients with primary Sjögren’s syndrome34 and can be 
observed in labial salivary gland tissue from patients with this 
disease34. The majority of the IFN inducible genes are up-regulated 
by both IFN-α and IFN-γ, while some are uniquely due to the 
effects of IFN-α or IFN-γ. In the labial salivary glands, there is 
heterogeneity among patients in the expression of IFN-α and IFN-γ 
inducible genes, with higher focus scores associated with predomi-
nant IFN-γ effects34,35.

To protect against viral infection, the host innate immune system 
has evolved sensors of nucleic acids. The same nucleic acid sensors 
that defend against viruses may also contribute to the pathogen-
esis of autoimmune diseases. The two main systems for detecting 
nucleic acids are the Toll-like receptors (TLRs) and the cytosolic 
RNA and DNA sensors. The endosomal TLRs mainly detect 
nucleic acids, such as double-stranded RNA (TLR3), single- 
stranded RNA (TLR7), and double-stranded DNA (TLR9)36. 
Through an autoantibody-dependent, FcγR-mediated process, 
nucleic acids gain access to the cytosol and in turn ligate endo-
somal TLRs, which activate dendritic cells and macrophages to 
produce type 1 IFN37. Two other key intracellular sensors of RNA 
and DNA may also play a role in the pathogenesis of autoimmune 
diseases such as primary Sjögren’s syndrome, namely the retinoic 
acid-inducible gene I (RIG-I)-like receptors RIG-I and Mda5 and 
cyclic GMP-AMP synthase/STING, respectively, which also acti-
vate the production of type 1 IFN38. It has been theorized that the 
evolutionary pressures to produce a more robust antiviral response 
may also tip the balance towards developing an autoimmune disease.

Epstein-Barr virus (EBV) is a promising candidate for triggering 
autoimmune disease owing to its ability to infect B cells and pro-
mote the survival of autoreactive B cell clones39. A human DNA 
γ-herpesvirus, it establishes an asymptomatic latent infection in B 
cells and epithelial cells. EBV-encoded small RNA (EBER), the 
most abundant transcripts in latently infected cells, contribute to 
EBV-mediated pathogenesis by activating RIG-I and stimulating 
innate immune signaling through TLR340. EBERs also bind to the 
La protein and are secreted outside the cell in exosomes, where 
they may bind to TLR3 and activate dendritic cells41. However, 
studies comparing the expression of EBV nucleic acids and pro-
teins in the salivary glands between patients with primary Sjögren’s 
syndrome and healthy controls have produced conflicting results.

Croia and colleagues recently attempted to settle this controversy 
by focusing their search for latent EBV infection on labial sali-
vary gland tissue with germinal center-like structures expressing 
the mRNA for activation-induced cytidine deaminase (AID) and 

CD2142. AID is involved in somatic hypermutation, gene conver-
sion, and class-switch recombination of immunoglobulin genes, 
while CD21 is a marker of follicular dendritic cells. They found 
that EBERs were preferentially expressed in the AID+CD21+ labial 
salivary gland biopsies compared to AID-CD21- samples from the 
disease patients and healthy controls, with EBERs localized mostly 
to the follicular B cells and plasma cells. Further evidence of 
EBV latency was obtained by detection of the latent EBV antigen 
LMP-2 in the B cells within the ectopic follicles. Notably, the lytic-
phase antigen BFRF1 was expressed in the perifollicular plasma 
cells with Ro52 autoreactivity, a prominent autoantigen in primary 
Sjögren’s syndrome. Whether EBER transcripts from latent EBV 
infection are contributing to the inflammatory response in primary 
Sjögren’s syndrome is an open question, but the results of this 
study draw more attention to this possibility.

Retrotransposons comprise approximately 40% of the human 
genome and include the retrovirus long-terminal repeats (LTRs), 
members of the ‘long interspersed nuclear element 1’ (LINE-1, or 
L1) family, and ‘short interspersed nuclear elements’ (SINEs)39. 
Most human SINEs are ‘Alu’ elements, which are capable of rep-
licating themselves by hijacking the L1 reverse transcriptase39.  
A recent study found that anti-Ro60–positive SLE immune com-
plexes containing Alu RNAs and Alu transcripts were up-regulated 
in whole blood samples from patients with SLE relative to control 
samples and established that aberrant expression of endogenous 
Alu RNAs stimulated a TLR7-dependent response that enhances 
the secretion of IFN-α, IL-6, and TNF-α41. The results from these 
studies suggest that retroelements may stimulate autoimmu-
nity by amplifying immune responses through endogenous RNA  
sensors41. There is also evidence that endogenous retroviruses and 
innate sensing pathways are integral to T cell-independent B cell 
activation43. Thus, if retroelements play a significant role in the  
pathogenesis of primary Sjögren’s syndrome, then decreasing the 
abundance of nucleic acids inside cells or increasing the threshold 
of their intracellular sensors may represent a new strategy for 
treating this disease.

Natural killer (NK) cells are innate lymphoid cells that play an 
important role in antiviral host defense and are increasingly impli-
cated in the pathogenesis of autoimmune disease44. Human NK 
cells are CD3- and separated into two major groups by their 
expression of CD16 and CD56. The CD56dim NK cells that com-
prise approximately 90% of the circulating NK cells express high 
levels of CD16, inhibitory killer-like receptors (KIRs), and per-
forin; CD56bright NK cells express low levels of CD16, KIRs, and 
perforin and are abundant in secondary lymphoid tissues where 
they modulate immune responses through their secretion of 
cytokines and chemokines44.

NKp30, a NK cell-specific activating receptor, regulates cross-talk 
between NK and dendritic cells and mediates secretion of IL-12 
and IFN-γ. In a large cohort of patients with primary Sjögren’s 
syndrome, genetic polymorphisms within the promoter region of 
the NKp30 gene were found to be associated with decreased disease 
susceptibility and reduced levels of gene expression and function 
of the NKp30 protein45. In this study, circulating NK cells from 
the patients with primary Sjögren’s syndrome expressed higher 
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levels of NKp30 than controls and showed increased secretion of 
IFN-γ45. Moreover, excessive numbers of NK cells were found to be 
present in the labial salivary gland tissue from patients with primary  
Sjögren’s syndrome, localizing outside inflammatory foci, and 
nearby glandular epithelial cells expressing B7H6, the ligand for 
NKp3045. It is possible that NKp30+ cells may be an important 
source of IFN-γ in the target organ of primary Sjögren’s syndrome 
through the engagement of B7H6 on epithelial cells.

IL-22, a member of the IL-1 family, is produced by a variety of 
cell types, including TH17 cells, γδ T cells, NK T cells, and innate 
lymphoid cells (ILCs); it mainly acts on nonhematopoietic cells 
such as epithelial cells46. Increased expression of IL-22 has been 
linked to the pathogenesis of tissue inflammation and regeneration 
of epithelial tissues following injury46. Therefore, IL-22 exerts both 
pro-inflammatory and protective effects and its function has been 
shown to be tissue and context dependent. IL-22, IL-23, and IL-17 
mRNA and protein levels are up-regulated in labial salivary gland 
tissue from patients with primary Sjögren’s syndrome compared to 
healthy controls47.

In labial salivary glands from patients with primary Sjögren’s  
syndrome, IL-22 has been shown to be produced by activated 
dendritic cells, T cells, and the NKp44+ subset of NK cells47. 
Further insights into the possible role of IL-22 have been investi-
gated in a virus-induced mouse model of Sjögren’s syndrome, where 
IL-22 was found to be mainly produced in the early stages of 
infection by γδ T cells and then later by αβ T cells, with lesser 
amounts coming from ILCs and NK cells48. In this study, IL-22/IL-
22R engagement was needed for enhanced expression of CXCL12 
and CXCL13, recruitment of B cells, and organization of tertiary 
lymphoid tissue. Although IL-22 may be a potential therapeutic 

target in primary Sjögren’s syndrome, its role in promoting tissue 
regeneration and restoring barrier function after tissue injury may 
preclude systemic IL-22 blockade over long periods of time.

Investigational systemic therapies
The pipeline of investigational therapies for primary Sjögren’s 
syndrome has grown substantially over the past 5 years (Table 1). 
Despite the initial promise of rituximab therapy for this disease, 
the results of two randomized, placebo-controlled trials from 
France and the United Kingdom recently failed to demonstrate 
significant improvement in the endpoints of dryness, pain, and 
fatigue49,50. Other targeted approaches are in much earlier phases of  
development and have not been adequately studied in randomized, 
controlled trials. Open treatment with belimumab, a monoclonal 
antibody that inhibits BAFF, led to some improvement in physician 
assessment of systemic disease activity and serologic markers of B 
cell function but failed to show any significant benefit in terms of 
reducing symptoms of fatigue, pain, and dryness51.

A clinical trial has been initiated in patients with primary  
Sjögren’s syndrome that combines treatment with both rituxi-
mab and belimumab. It is based on the rationale that BAFF levels 
increase following rituximab-induced CD20 B cell depletion52, 
which in turn may promote the survival of self-reactive B cells 
and perpetuate the breach in B cell tolerance. In theory, combin-
ing belimumab with a B-cell-depleting agent would neutralize the 
excessive BAFF and allow for reconstitution of a non-self-reactive 
B cell repertoire. Other inhibitors of the BAFF/BR3 pathway 
are under development as well. Since PI3kδ is a signaling mol-
ecule crucial for BR3 function28, studies are also now underway 
in patients with primary Sjögren’s syndrome to investigate the 
potential benefits of a small molecule PI3kδ inhibitor.

Table 1. Biologic therapies under development in primary Sjögren’s syndrome*

Drug Target Mechanism of Action Phase of 
Study

UCB5857 PI3Kδ Selective inhibitor of PI3Kδ preventing transmission of cell surface 
receptor signaling II

CFZ533 CD40 Fc silent antibody to CD40 preventing B cell stimulation and 
differentiation without depletion II

AMG557 ICOS Inhibit activation of TFH II

VAY736 BAFF-R Antibody to BAFF-R preventing BAFF-mediated B cell proliferation 
and survival II

Low-dose IL-2 CD4+CD25+ T cells Low-dose interleukin 2 expands Treg cells II

Rituximab + 
belimumab CD20 B cells, BAFF Anti-CD20-dependent depletion of B cells combined with BAFF 

blockade to decrease survival of self-reactive B cells II

Tocilizumab IL-6R Blockade of IL-6R preventing IL-6-dependent TH17 and TFH cell 
differentiation II

Abatacept CD80/86 CTLA4-Ig binding of CD80/86 prevents co-stimulation-dependent 
activation of CD4 T Cells III

* From clinicaltrials.gov

Abbreviations: BAFF, B-cell-activating factor; BAFF-R, B-cell-activating factor receptor; CTLA4-Ig, cytotoxic T-lymphocyte-
associated protein 4 – Ig fusion protein (abatacept); ICOS, inducible T cell costimulator; IL-6, interleukin-6; IL-6R, interleukin-6 
receptor; PI3Kδ, phosphatidylinositol-4,5-bisphosphate 3-kinase delta; TFH, T follicular helper cell; TH17, T helper 17 cell; Treg 
cell, T regulatory cell
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Bruton’s tyrosine kinase (Btk) inhibitors, which are approved for 
the treatment of certain B cell malignancies, are also in early stage 
clinical trials for the treatment of primary Sjögren’s syndrome. 
These small molecule Btk inhibitors can not only inhibit B cell 
receptor-dependent B cell proliferation and activation but also 
impact FcR-dependent proinflammatory cytokine production by 
myeloid cells53.

The use of co-stimulatory blockade with abatacept is a well- 
reasoned therapeutic intervention for primary Sjögren’s syndrome 
owing to the important role of T cell activation in the pathogen-
esis of this disease. In an open-label study, treatment with abata-
cept was shown to significantly decrease the scores for the ESSDAI 
and EULAR Sjögren’s syndrome patient-reported index (ESSPRI) 
and the serum levels of rheumatoid factor and IgG54. However, 
measures of salivary and lacrimal gland function did not change 
during treatment52. Larger controlled studies of abatacept therapy 
for primary Sjögren’s syndrome are in progress.

Several biologics are under development for the treatment of 
primary Sjögren’s syndrome that inhibit the activation of T cells. A 
non-depleting, Fc-silent, anti-CD40 monoclonal antibody (CFZ533) 
blocks the binding of CD40 to CD154 and thereby inhibits T cell 
activation. CD154 is particularly important in the activation of TFH 
cells. TFH cells are also being targeted by a monoclonal antibody 
to B7RP1 (ICOS-L), or AMG557. Blocking the B7RP1/ICOS-L 
pathway has been shown to decrease the differentiation of CD4+ 
naïve T cells into TFH cells and inhibit germinal center formation55 
and thus could decrease B cell activation and ectopic lymphoid tis-
sue formation in the target organs of primary Sjögren’s syndrome.

Tocilizumab, an IL-6 receptor-blocking antibody, has been approved 
for the treatment of RA and juvenile idiopathic arthritis and is  
currently in a phase II study investigating its efficacy and safety 
in primary Sjögren’s syndrome. The IL-6/IL-6 receptor pathway 
is important in promoting the differentiation and maintenance of 
TH17 and TFH cells. Low-dose IL-2 therapy is also being consid-
ered as a possible therapy for primary Sjögren’s syndrome because 
of its capacity to expand the T regulatory cell population56,57; 
however, IL-2 can also have the undesirable effect of activating 
T cells and perpetuating the effector arm of a T-cell-driven 
response. Whether the dose of IL-2 can be adjusted to favor the 
expansion of T regulatory cells over the activation of pathogenic 
effector T cells will require further study.

IFN-α is an intriguing therapeutic target in primary Sjögren’s  
syndrome for the reasons described above. Sifalimumab and 
rontalizumab, anti-IFN-α monoclonal antibodies under develop-
ment for the treatment for SLE, would also have a strong rationale 
for testing in primary Sjögren’s syndrome. In addition, anti-
retroviral therapies might have some therapeutic appeal in the 
future considering the emerging evidence that expression of endog-
enous retroelements in the target tissue may engage nucleic acid 
sensors and augment chronic inflammatory responses.

Looking forward
Drug developers are gradually shifting their attention towards 
primary Sjögren’s syndrome as a possible indication for new tar-
geted therapies. The prevalence of primary Sjögren’s syndrome and 
the ready access to the target tissue through labial salivary gland 
biopsy provides unique advantages for investigation. Moreover, the 
lack of an approved disease-modifying therapy affords appropriate 
equipoise for conducting placebo-controlled trials of experimental 
therapies without the concomitant use of background immunosup-
pressive agents.

There are also challenges ahead in bringing a new drug through 
the development process owing to the lack of a roadmap for  
success. Many failed drug trials in primary Sjögren’s syndrome 
have raised questions about the optimal approach for investigat-
ing new therapeutics in the future. Thus far, the focus has been 
on interventions that are immunomodulatory and that down- 
regulate chronic inflammatory responses. Other mechanisms may 
be at play, such as neuroendocrine abnormalities, that affect some 
of the disease manifestations, such as fatigue. There is uncertainty 
about the most appropriate selection of subjects for clinical trials. 
Some authorities have advocated for the inclusion of patients with 
early disease only (e.g. < 4 years from diagnosis) with a minimum 
cut-off for stimulated whole salivary flow to ensure participants 
have sufficient glandular secretory capacity to detect a treatment 
response. This approach is logical if the experimental treatment is 
aimed at improving glandular function. Other trials may be designed 
to focus on the subset of patients with moderate-to-high levels 
of systemic disease activity if the investigational drug is hypoth-
esized to benefit patients with extraglandular manifestations of 
disease.

What is the appropriate primary endpoint for evaluating the 
clinical efficacy of a targeted therapy? Is it unstimulated or stimu-
lated salivary flow? The answer is probably “yes” if increasing tear 
and salivary flow is the postulated action of the experimental agent. 
If the therapy is aimed at other disease manifestations, then two 
composite indices, the ESSPRI and ESSDAI, have been developed 
that broadly quantify disease activity. ESSPRI is an instrument 
that measures patient-oriented outcomes such as dryness, fatigue 
and pain symptoms, while the ESSDAI is a validated index of 
systemic disease activity. Recent work has set thresholds for 
clinically meaningful improvement in the ESSPRI (decrease in one 
point or 15%) and ESSDAI (≥ three points)58. It has been proposed 
that an ESSDAI of five points or more (moderate disease activity) 
should be an eligibility requirement for evaluating new therapies 
directed at systemic manifestations of primary Sjögren’s syn-
drome58. However, applying these restricted inclusion criteria sig-
nificantly reduces the proportion of patients with primary Sjögren’s  
syndrome that would be eligible for a clinical trial59,60. Regardless, 
a more focused approach of testing new drugs in selected study 
populations with outcomes based on the mechanistic rationale of 
the experimental drug may improve the success rate of clinical 
trials in this disease.
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The accelerated pace of discovery in primary Sjögren’s syndrome 
promises to illuminate the genetic, epigenetic, and environmen-
tal factors that are responsible for triggering and perpetuating the 
disease process. This new knowledge will inform the develop-
ment of novel therapies that in the future will positively impact the 
care of patients who suffer from this chronic illness.
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