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INTRODUCTION

Sjögren’s syndrome
Gougerot-Sjögren’s syndrome was first described by a French dermatologist and a 
Swedish ophthalmologist: Henry Gougerot and Hendrik Samuel Conrad Sjögren. 
Several years later, Hendrik Sjögren wrote a detailed and comprehensive report of the 
disease in his thesis “Zur Kentniss der Keratoconjunctivitis sicca” (1933). From now 
on, this autoimmune disease is known as Sjögren’s syndrome (SS).

SS refers to a clinical syndrome, specifically characterized by a combination of a dry 
mouth (xerostomia) and dry eyes (keratoconjunctivitis sicca) 1. Other symptoms of this 
disease are painful joints (arthralgia), fatigue and 25% of the patients have involvement 
of the lungs. At the histological level, the salivary and lacrymal glands are characterized 
by lymphocytic infiltrates and destruction of glandular tissue. Moreover, SS patients 
are at increased risk (5%) for developing a B cell non-Hodgkin’s lymphoma. Serological 
findings are characterized by antinuclear antibodies (ANA) and autoantibodies against 
nuclear antigens (Ro and La) 2. Together, these findings resulted in the classification of 
SS as a systemic autoimmune disorder of the exocrine glands. 

SS may occur alone, termed primary SS, or in association with another defined 
autoimmune disease, termed secondary SS. SS is one of the most common autoimmune 
diseases, affecting 0.6% of the total population in the Netherlands with women being 
nine times more likely to be affected than men. In general, there are two age-peaks 
seen in primary SS patients, the first is between 20-30 years and the second is around 
50-60 years. 

Pathogenesis
SS is an autoimmune disorder of unknown etiology, but it is clearly multifactorial. 
One of the aspects is the presence of focal infiltration of T and, to a lesser degree, B 
lymphocytes in the salivary glands. This chronic inflammation in SS patients is reflected 
by an imbalance in cytokines locally in the glands but also systemically in the blood. 
Interferon and associated genes have been shown to be upregulated in minor salivary 
glands of SS patients 6, 7, which might support the interaction between the innate and 
adaptive immune system in SS pathogenesis. Also, salivary epithelial duct cells have 
been shown to present antigens and synthesize immunomodulatory molecules, such 
as cytokines 8. One of these cytokines is the B cell activating factor (BAFF), which is a 
member of the TNF superfamily. In SS, increased BAFF levels have been found in serum 
and salivary glands, correlating with disease activity 9-11. Moreover, BAFF has been 
implicated in the development of B cell lymphoma’s 12, highlighting the pathogenic role 
of B cells in SS. A proliferation inducing ligand (APRIL) is a cytokine related to BAFF. 
In contrast to BAFF, little is known about local and systemic expression levels of APRIL 
and its possible role in SS pathogenesis. Interestingly, although BAFF and APRIL are 
often considered to be similar in function, an inverse association between circulating 
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APRIL levels and disease parameters in systemic lupus erythematosus (SLE) patients 
has been described 13 and BAFF and APRIL serum levels are inversely correlated in SLE 
patients 14. Therefore, there is a need to gain more insight into the role of APRIL in SS. 
Taken together, these data provide also a rationale for targeting B cells in SS.

Current treatment
While there is symptomatic treatment available for the lacrymal manifestations with 
some efficacy, no effective treatment exists for the salivary gland (SG) dysfunction, which 
may cause great discomfort to the patient. Current symptomatic treatment for salivary 
gland dysfunction includes artificial saliva, frequent dental prophylaxis, stimulation 
by muscarinic receptor agonists and the use of steroids and other immunomodulatory 
agents. Systemic immunosuppressive and immunomodulatory therapies, including 
classical immunosuppressants and systemic tumor necrosis factor (TNF) inhibitors, are 
largely ineffective 3, 4. Recently, a clinical trial using the B cell depleting agent rituximab, 
has shown promising results in SS patients 5. Currently, only secretagogues have been 
approved for the alleviation of the dryness, which is unsatisfactory for many patients. 
Therefore, there is a need for development of new treatment strategies for SS patients. 

Pre-clinical models
In order to validate the safety and efficacy of experimental therapeutic approaches, 
such as gene therapy, and gain inside into the biology of SS, development of animal 
models that mimic the disease in patients is critical. Several animal models have been 
developed over the years and each displays different aspects of SS. The histopathology 
of salivary gland infiltrates in SS patients shows mostly CD4-positive T lymphocytes, 
with some CD8-positive T lymphocytes and B lymphocytes. Some animal models have 
the same histopathology within the salivary glands (NOD, Id3-/- and MRL/lpr mice), 
others show CD4-positive T lymphocytes only (NZB/W, Aly/Aly) 15, 16.  A common 
feature theme in all of these models is the presence of inflammatory infiltrates that 
usually precede the secretory dysfunction, a condition that may not parallel the findings 
in patients, where the extent of the inflammation does not always correlate with the 
degree of glandular hypofunction 17. Therefore, there is a need for investigating new 
animal models that mimic SS, such as interleukin (IL)-12 transgenic mice and Ro-
peptide immunization in mice (in this thesis) 18.

The non obese diabetic (NOD) mice are mice that spontaneously develop almost all 
the SS features, including age-dependent lymphocytic infiltrates in the salivary glands, 
autoantibodies in serum, and a loss in salivary gland function. However, these mice also 
develop insulin-dependent diabetes mellitus (IDDM), a condition that is not routinely 
observed in patients. Furthermore, the SS phenotype in this mouse line is genetically 
poorly defined. Despite their limitations, NOD mice are useful in evaluating localized 
gene transfer strategies for SS.  
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Gene therapy 
Gene therapy refers to an experimental procedure to deliver genes encoding proteins 
or inhibitory RNA to a specific target cell. This nucleic acid can act to restore normal 
cellular activity or to augment a cell’s function. An advantage of gene therapy over 
conventional therapies is that expression of the therapeutic molecule can be targeted 
and expressed locally in a few defined cells, or expression can be directed systemically. 
For some therapeutic proteins, localized expression would mimic more closely their 
physiological pattern of expression, thus limiting side effects associated with high 
systemic levels. 

Gene therapy for SS has focused on the salivary glands as a target tissue, because the 
loss of salivary gland function is a central aspect of SS. Delivery of the vector via the 
lumen of the gland is possible through retrograde cannulation of the duct. Retrograde 
cannulation is routinely performed in patients for contrast radiography. This route of 
delivery would result in both local expression of the therapeutic molecule and keep the 
vector at high concentration, which would enhance gene transfer. Salivary epithelial 
cells are also a slowly dividing population, thereby making it possible to use episomal 
vectors for gene transfer.

Recombinant adeno associated virus (rAAV) has the ability to direct long-term 
expression with minimal immune response and there are currently several different 
types of AAV vectors that have different cell tropism in animal models 19. Therefore, 
with the AAV vectors, it might be possible to deliver one gene to ductal cells to alleviate 
xerostomia by creating a de novo salivary flow or target the expression of another gene 
to acinar cells to prevent apoptosis and preserve existing secretory activity. Moreover, 
in the past years, rAAV serotype 2 (rAAV2) vectors have proven useful in gene delivery 
to salivary glands in animal models of SS 20-22.

CONTENT OF THIS THESIS

The general outline of this thesis contains the results of studies in which several aspects 
of SS are described: (1) the evaluation of SS animal models, (2) the investigation of 
salivary gland gene therapy in the NOD mouse model for SS using different targets, 
and (3) an observational study to evaluate the role of APRIL in the salivary glands and 
serum from SS patients. 

Chapter 2 reviews the use of salivary gland gene therapy in SS. The technique is 
described and the benefits of this method and the delivery to the salivary glands are 
discussed. Furthermore, animal models and new future targets for SS are summarized. 

There is still a need for an animal model that resembles all the clinical features of 
SS. Chapter 3 describes IL-12 transgenic mice, a new animal model for SS. These 
mice overexpress the pro-inflammatory cytokine IL-12 in the thyroid gland, and were 
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evaluated for salivary gland function, histopathology of the exocrine glands, and 
autoantibodies against Ro- and La-antigens in serum. 

In chapter 4, another animal model with a different mechanism of induction is 
investigated. Based on the presence of anti-Ro antibodies in serum from SS patients, 
mice were immunized with a 60-kDa Ro-peptide and evaluated for SS symptoms. This 
study was initiated with two goals: (1) to elucidate the mechanism of SG dysfunction 
after Ro-peptide immunization, and (2) to optimize this animal model for therapeutic 
interventions.

The following chapters describe studies of salivary gland gene therapy in NOD mice 
with different targets. Previously, the efficacy of systemic etanercept treatment in SS 
patients was investigated and could not demonstrate clinical benefit 23. Therefore, 
the effects of local TNF blockade (TNFR1-Fc) using gene therapy is evaluated, and 
described in chapter 5. 

Intercellular adhesion molecule-1 (ICAM-1) is involved in migration and co-
stimulation of T and B cells, and membrane bound ICAM-1 is overexpressed in the 
salivary glands of patients with SS. Therefore, this molecule has been proposed as 
a potential therapeutic target. Competition for binding to the receptor lymphocyte 
function-associated antigen-1 (LFA-1) can be achieved by delivery of soluble ICAM-1. 
Chapter 6 describes a study, in which the effect on SG inflammation is evaluated in 
NOD mice by local gene delivery of soluble ICAM-1 before and after the influx of 
immune cells in the salivary glands.

SS patients display activation of B cells and have increased levels of B cell-related 
mediators like BAFF and APRIL. Chapter 7 describes the biological effect of neutralizing 
these cytokines by local gene transfer of their common receptor, transmembrane 
activator and CAML interactor (TACI), in NOD mice. 

Up to now, the exact role of APRIL in SS pathogenesis is unknown. Chapter 8 
describes the presence and localization of APRIL in the salivary glands from SS 
patients. Furthermore, salivary epithelial duct cells are evaluated for APRIL RNA and 
protein expression, before and after stimulation with interferon (IFN)-γ and TNF-α, 
commonly upregulated cytokines in SS.

A summary and general discussion is given in chapter 9. Herein, future plans are 
proposed for the optimal treatment of SS patients.
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