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Interleukin-7, a key mediator in T cell−driven 

autoimmunity, inflammation, and tissue destruction: a 
possible role in Sjögren’s syndrome

I. Introduction to Sjögren’s syndrome

1.1 Background
Sjögren’s syndrome (SS) is a systemic autoimmune disease, which affects 1% of the 
general population, which makes it the second most prevalent autoimmune rheumatic 
disorder after rheumatoid arthritis (RA) [1]. It was first extensively examined and 
described by the Swedish ophthalmologist Henrik Sjögren, who published his findings in 
his doctoral thesis in 1933. He described a group of patients that suffered from dry eye 
condition, which he referred to as keratoconjunctivitis sicca [2]. 
Nine out of ten persons affected are female, and SS is often diagnosed in middle−aged 
individuals [1, 3], however it is not uncommon that patients already experience symptoms 
years before diagnosis. And with advances in laboratory tests, better−defined diagnostic 
criteria, and a growing knowledge of primary SS, the incidence of younger patients with 
primary SS seems to increase. Unfortunately, to this date effective therapeutic strategies 
remain to be discovered.
SS can occur either on its own (primary SS), or it can exist in association with other 
autoimmune diseases, such as RA, systemic lupus erythematosus (SLE) or systemic 
sclerosis (SSc) (secondary SS) [4]. In this thesis only primary Sjögren’s syndrome (primary 
SS) will be considered, although the findings described might also apply for secondary 
SS.

1.2 Classification criteria
Currently, diagnostic criteria for primary SS are not available. It is obvious to state that 
a broad range of other causes of dryness, including the use of medication, previous 
radiation therapy to the neck region and certain malignancies have to be ruled out, 
before a clinical diagnosis of primary SS can be made.
For scientific purposes, primary SS is classified according to the revised American-
European Consensus Group criteria. This consensus includes the subjective observation 
of the patient on (1) ocular and (2) oral dryness, objective measurements of (3) ocular 
and (4) salivary gland involvement, (5) histopathological evidence of focal lymphocytic 
sialoadenitis, with a focus score (number of aggregates of >50 lymphocytes per 4 mm2 
of glandular tissue) >1, and the presence of (6) autoantibodies to Ro/SSA and/or LA/SSB 
antigens [5]. A seventh diagnostic criterion is available, namely the relative expression 
of IgA+ plasma cells compared to IgG+ and IgM+ plasma cells in labial salivary gland 
specimen. This objective immunohistological assessment provides a reliable additional 
parameter, which together with the lymphocytic focus score (LFS), may help to strengthen 
a final diagnostic decision [6, 7]. 
After diagnosis, the differentiation between primary and secondary SS can be made. 
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Ro/SSA and La/SSB autoantibodies. The predominant anti−nuclear antibodies detected 
in primary SS patients are directed against the ribonucleoproteins (RNP) Ro(SSA) and 
La(SSB) [21]. La/SSB (50 kDa) functions as a transcription termination factor for RNA 
polymerase III transcripts [22]. Ro(SSA) consists of a complex of two polypeptide 
components of 52 and 60 kDa. The 60 kDa Ro(SSA) protein has an RNA binding domain, 
while the 52 kDa does not directly bind RNA. Ro(SSA) is involved in regulating inhibition 
of cytokine production induced by IFNγ. Antibodies directed against the 52 kDa Ro(SSA) 
can exist without the presence of 60 kDa Ro(SSA) antibodies [23]. 50-75% and 20-50% of 
primary SS patients have antibodies against Ro(SSA) and La(SSB) respectively detected 
in serum. Anti−La(SSB) occurs nearly almost in a complex with anti−Ro(SSA), whereas 
anti−Ro(SSA) can also occur in an isolated form [24].
The exact function of the autoantibodies directed against Ro(SSA) and La(SSB) in primary 
SS is still unclear. There is, however, a positive correlation between the presence of the 
autoantibodies and several disease parameters of primary SS such as early disease onset, 
parotid gland enlargement, higher frequency of extraglandular manifestations and more 
intense lymphocytic infiltration of the (minor) salivary glands [25, 26]. 
Other autoantibodies associated with primary SS are antibodies directed against α-fodrin 
and the anticholinergic muscarinic M3 receptor. α-fodrin is a cytoskeletal protein, which 
is aberrantly cleaved in the salivary glands of primary SS patients. As a result, it is thought 
that antibodies are developed against the newly generated cleavage product [27]. 
The M3 receptor is found on the surface of salivary acinar cells, and is involved in the 
nervous stimulation of saliva secretion. Inhibition of the M3 receptor functionality due 
to the binding of the autoantibodies in the salivary glands could lead to a (additional) 
decreased secretion of saliva [28].

II. Treatment of Sjögren’s syndrome 

2.1 Symptomatic treatment
Since there is no cure for primary SS, therapy is focused on managing symptoms. 
In this regard, substitutes for tears and saliva are often used [29]. To enhance the 
production of saliva and tears, patients may also be treated with M3−agonists, such 
as pilocarpine [30, 31] and cevimeline [32, 33]. Anti−malaria medications [34, 35], non 
steroidal anti−inflammatory drugs (NSAIDs) and corticosteroids are also used to treat 
various symptoms, although side-effects may occur which sometimes necessitate 
discontinuation of treatment [36]. Responses to these treatments may also vary greatly 
amongst patients. As a consequence, there is a strong need for disease modifying drugs. 
Several humanised monoclonal antibodies (biologicals) are currently being or have been 
studied in primary SS.

Patients that do experience symptoms and signs of dryness, together with fatigue, 
myalgia and arthralgia, without evidence of underlying generalised autoimmune disease 
or any other cause are classified as non-Sjögren’s sicca syndrome (nSS-sicca) patients [5, 
8, 9]. 
Finally, SS comprises a heterogeneous group of patients, with a wide range of symptoms 
and signs, in which disease activity and severity of disease are not easily assessed. 
Therefore, the use of an additional tool for stratifying this group of patients might prove 
very valuable. Recently, the use of the EULAR Sjögren’s syndrome disease activity index 
(ESSDAI) has shown promising results in doing so [10].

1.3. Clinical features
Primary SS is defined more in detail as an autoimmune exocrinopathology characterised 
by the infiltration of exocrine glands with immune cells, which is supposed causative 
to dysfunction and possibly destruction of these glands [11]. The main targets are the 
salivary and lacrimal glands, although other organs like the gastrointestinal tract, kidneys 
(distal renal tubular acidosis), pancreas, lungs (pneumonitis), vagina (dyspareunia), 
thyroid gland (hypothyroidism), skin and vasculature (Raynaud’s phenomena, purpura, 
vasculitis, skin ulcers), liver, and bladder may also be involved. The hallmark symptoms 
of primary SS are xerostomia (dryness of the mouth) and xerophthalmia (dryness of the 
eyes), which can sometimes be accompanied by swelling of the major (parotid) and minor 
salivary glands. The altered or lack of salivary flow often leads to problems of the mouth 
caused by opportunistic infections, like fungal or viral infections or dental caries, but 
also to daily problems with swallowing food. Infections of the eyes, a gritty and burning 
sensation and increased sensitivity to (sun−)light are common ocular manifestations. 
Other, sometimes underestimated and invalidating symptoms of primary SS include 
fatigue, myalgia, arthralgia, and unexplained neuropathies [5, 12, 13]. Approximately 
5% of patients with primary SS will develop B cell (non-Hodgkin) lymphoma, usually of 
the mucosal−associated lymphoid tissue (MALT)−type (59%), followed by nodal marginal 
zone lymphomas (NMZLs; 15%), and diffuse large B cell lymphomas (DLBCLs; 15%) 
[14]. It has been found that patients at time of diagnosis are more at risk when they 
display persistent gland enlargement, purpura, relative low levels of C4, and monoclonal 
cryoglobulinemia [15, 16]. Therefore, it might be important for especially these patients 
to be monitored by their rheumatologist on a regular basis.

1.4 Serological markers and laboratory findings
Typically, patients with primary SS can display an array of serological markers that are 
applicable to several (rheumatic) autoimmune diseases and inflammatory disorders. 
Serological markers and laboratory findings associated with primary SS include diffuse 
hypergammaglobulinemia (IgG>IgA>IgM, 80% of patients), elevated total protein and 
erythrocyte sedimentation rate (ESR), presence of cryoglobulins and leukopenia [17, 18]. 
Autoantibodies like rheumatoid factor, anti−nuclear antibodies (ANAs) and extractable 
nuclear antibodies (ENAs), more specifically anti−Ro(SSA) and/or anti−La(SSB) (important 
for the diagnosis of primary SS) are often present [19, 20].
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activation and gene expression of nuclear factor κB, prevents generation of Th1 cells and 
promotes differentiation to Th2 cells. The main changes observed in primary SS patients 
were improvements of leucocytoplastic vasculitis, a decrease in mean “general fatigue” 
sub-scores of the Multidimensional Fatigue Inventory (MFI), and an increase in the mean 
physical well-being score (SF-36 questionnaire). Twelve patients met the >20% overall 
response criteria and seven patients the >50% overall response criteria. Unfortunately, 
no significant changes were observed in the objective and subjective dryness of eyes and 
mouth (Schirmer’s test, sialometry, and Visual Analogue Scale dryness). Furthermore, 
several adverse events, as those seen with LEF−treated RA patients, as well as the 
occurrence of lupus−like skin lesions were reported. These adverse events might be 
caused due to the heterogeneity of the patient group, and LEF treatment could be more 
beneficial for a sub-group of patients [53].   

III. Immunopathology of primary SS: the important role 
of CD4 T cells and B cells

3.1 Aetiology
As with many other disorders, the aetiology of primary SS is largely unknown. What 
generally is concluded is that it comprises a multifactorial process that might be triggered 

Figure 1. Schematic overview of factors that are indicated to contribute to the pathogenesis and 
immunopathology of primary SS at different levels.

2.2 TNFα blocking agents
Anti−TNFα (receptor) treatment, which is successful in the treatment of RA, was one of 
the first and promising biologicals to be tested in clinical trials with primary SS patients. 
However, several larger controlled studies showed no signs of improvement in primary 
SS patients compared to placebo and did not meet the primary endpoints of the trial 
[37, 38]. This could be due to the fact that anti−TNFα has been shown to increase the 
production of IFNα and B cell activating factor of the TNFα family (BAFF), two cytokines 
that are associated to the severity of symptoms seen in primary SS [39]. As a result, the 
use of anti−TNFα is no longer recommended for the treatment of primary SS. Similarly, 
IFNα treatment did not meet primary endpoints in a phase III study [40].

2.3 B cell targeting strategies
Investigation for new therapies for primary SS is nowadays mostly focused on targeting B 
cells. Candidate targets for inhibiting B cell function are CD20, CD22 and BAFF.
Of these, anti−CD20 has been studied most extensively, and clinical trials are still on-
going, showing some promising results with improving symptoms, mainly of the salivary 
flow and fatigue scores in patients that still have some residual glandular function. 
CD20 is expressed on pre-B cells and mature B cells, but not on the antibody−producing 
plasma cells [41, 42]. Anti−CD20 therapy leads to B cell depletion, which has been shown 
to be effective in the treatment of B cell lymphomas and RA [14, 43]. However, there are 
still concerns on possible long-term effects of CD20+ B depletion. Furthermore, its use 
in the clinic might be limited due to high costs and the possible development of adverse 
events, such as serum sickness−like symptoms [44-46]. 

CD22 is also found on mature B cells, but not on plasma cells. The function of CD22 is 
not completely understood, but it is considered to be involved in the regulation of B cell 
function and survival. The first open−label study with an anti−CD22 mAb in primary SS 
shows promising results, although results are still preliminary [47].
Recent findings have pointed towards an important role for BAFF in the pathophysiology 
of primary SS [48]. Anti−BAFF therapy might therefore be beneficial for primary SS 
patients. So far, no anti−BAFF agents have been tested in primary SS. Anti−BAFF agents 
are currently being investigated in other autoimmune diseases like RA and SLE, with 
varying results [49, 50]. The most promising results are shown in two Phase III trial 
of anti−BAFF in SLE patients, where a reduction of severe flares was seen [51, 52]. 
Considering the importance of BAFF in primary SS, it is a promising target for treatment. 

2.4 Combined targeting of T cells and B cells
A phase II open−label pilot study in fifteen primary SS patients to test the safety and 
efficacy of leflunomide (LEF) treatment has been conducted by our group. LEF has been 
registered as a disease modifying anti−rheumatic drug for treatment of RA and psoriatic 
arthritis. It targets the de-novo pyrimidine synthesis by blocking the rate−limiting enzyme 
dihydro-orotate dehydrogenase. As a result, the cell cycle of stimulated lymphocytes 
is selectively inhibited. In addition, LEF also suppresses antibody production, inhibits 
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increased. And in epithelial islands and ductal epithelial cells the expression of TLR7 and 
TLR9 after stimulation is induced [79]. In systemic autoimmune diseases like SS and SLE, 
interest has mainly shifted towards the nucleic acid sensing TLRs, in particular TLR7 and 
TLR9. The rationale behind this are the autoantibodies found in these patients, directed 
against larger macromolecular complexes associated with either RNA or DNA [80, 81]. In 
this thesis we investigated the role of the B cell−activating, ssRNA−recognizing TLR7 in 
primary SS patients. It has been postulated that the production of autoantibodies by B 
cells can occur by binding of immune complexes (ICs) containing RNA (Ro(SSA)/La(SSB)-
protein/RNA complexes) to autoreactive B cell receptors (BCRs). As a consequence, 
these ICs are internalised and transported to the endosome where co-ligation of the BCR 
and TLR7 occurs and a proliferative and autoantibody−producing signal arises [82, 83]. 

Genetic predisposition. The predominance of certain Human Leukocyte Antigen (HLA) 
genes are well−documented risk factors for the development of autoimmune diseases in 
general. In primary SS, especially those of the HLA-DR and HLA-DQ genes are considered 
to be involved. Associations between SS and the increased incidence of HLA-DR3/DQ2 
haplotype (70% of primary SS patients) [84], as well as HLA-B8, HLA-Dw3 is observed [85, 
86]. Furthermore, heterozygosity for HLA-DQw1/DQw2 alleles is associated with a high 
concentration of anti−Ro/SSA and anti−La/SSB autoantibodies [87, 88].
Certain other non-HLA related genes have also been implicated in primary SS. 
Polymorphisms of genes encoding for cytokines such as IL-10, IL-6, IL-1RA, IL-4Rα, TNFα, 
IFNγ, and TGF-β have been associated with primary SS, although contradictory results 
have been reported. Polymorphisms of genes for IRF-5 and STAT4 have been reported to 
be involved as well (reviewed in [89]). 

Sex hormones. The strong female predominance of SS indicates an involvement of sex 
hormones. It is known that oestrogens are immuno−enhancing, whereas androgens 
are immune suppressors. Indeed, in salivary gland tissue and cultured salivary gland 
epithelial cells from primary SS patients, increased expression of oestrogen receptor 
(ER) and ER mRNA have been detected [90-92]. Moreover, in an experimental model, 
oestrogen−deficient mice develop a syndrome with SS−related symptoms [93].
In contrast, hormone transplantation therapy and androgen (DHEA) administration has 
not been proven effective in primary SS [94] and disease severity does not alter after 
menopause. These contradictory facts make it difficult to interpret the precise role of 
sex hormones in primary SS. 

3.3 Disruption of the glandular epithelial cells
The exocrine glands are the main target of infiltrating immune cells in SS patients, and 
there is strong evidence that the glandular epithelial cells themselves are involved. These 
cells act as (non−professional) antigen presenting cells (APCs), through the expression of 
MHC class I, MHC class II and B7 co-stimulatory molecules. Other molecules expressed 
by the salivary gland epithelial cells are adhesion (VCAM, ICAM-1) and apoptosis−related 
molecules (Fas, FasL). In the salivary gland of primary SS patients an increased expression 

at different levels of the disease. There are several exogenous and intrinsic triggers 
that may lead to the disruption of the glandular epithelial cells, lymphocyte migration 
and lymphocytic infiltration of the exocrine glands, T and B cell hyper-reactivity, and 
production of autoantibodies to Ro(SSA) and/or La(SSB) self-antigens. These factors on 
their turn influence one another, thereby aggravating disease development (figure 1) 
[54].  

3.2 Exogenous and intrinsic factors
Pathogens. Viral infections are thought to belong to the important exogenous triggers for 
the initiation of primary SS. Amongst the candidates of herpes viruses (cytomegalovirus 
(CMV) and Epstein-Barr virus (EBV)) [55, 56], retroviruses (human T cell leukaemia 
virus-1 (HTLV-1) [57, 58], human immunodeficiency virus (HIV) [59], human endogenous 
retroviruses (HERVs)) [60], some enteroviruses (coxsackievirus) [61] and the hepatitis C 
virus (HCV) [62, 63], a select few have received particular interest. The main hypothesis 
behind a possible role for viruses is molecular mimicry between viral antigens and self-
antigens. Cross-reactivity of the immune system with host antigens can lead to symptoms 
of autoimmunity [64]. Although results are contradictory, increased viral particles 
have been found in the salivary gland tissue, saliva and serum of primary SS patients 
compared to controls [56, 57, 65-67]. There are some other considerations that make 
viruses additionally interesting. For instance, the main port of entry for herpes viruses is 
through the mouth and salivary glands, and glandular epithelial cells are known to be a 
site of latency (EBV, CMV) and replication. EBV is known to escape immune surveillance 
by infecting B cells as another site of latency [55, 66, 67]. HCV is a single-stranded virus, 
which in some patients could explain the Ro(SSA) and or La(SSB) autoantibodies. HCV 
and HIV infection is often accompanied by sialoadenitis and symptoms of dryness and 
antiretroviral therapy in primary SS patients showed improvement of ocular, oral and 
extraglandular manifestations [68]. The (over)production of the classic antiviral protein 
type I interferons (IFNα and IFNβ) in primary SS could be another indication for the 
involvement of viruses [69].

Targeting Toll-like receptor−induced activation in primary SS. Toll-like receptors (TLRs) 
can be regarded as sentinels of the innate immune system, and make up the front 
line defence against these invading pathogens. They are specialised in recognizing so−
called pathogen−associated molecular patterns, or PAMPs, and also have an affinity for 
detection of self-ligands. Normally, there is an immune tolerance towards self-antigens, 
but when this tolerance is breached an immune response can be initiated [70-72]. 
The role of TLRs has extensively been studied in autoimmunity, where self-ligands are 
inappropriately present, due to increased inflammation (heat-shock proteins) and tissue 
destruction (defective nucleic acids clearance from apoptotic blebs) [73-75]. In primary 
SS, TLRs have been investigated with a growing interest and evidence is arising that TLRs 
are implicated in the immunopathology. In the salivary glands of primary SS patients, an 
increased protein expression of TLR2, TLR3, and TLR4 by epithelial cells has been found 
[76-78]. TLR7 and TLR9, but not TLR8 expression on infiltrating lymphocytes is found to be 
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Several studies reported a higher Th1 activity in the salivary glands from patients with 
primary SS [111-113]. In one of these studies, the Th1 cytokines in the peripheral blood 
were decreased, which might indicate migration of Th1 cells to the site of inflammation. 
In addition, a correlation between high levels of Th1 cytokines and disease activity has 
been found. Th1 activity has been associated with longer disease evolution, and the Th1 
cytokine IFNγ is positively correlated to the erythrocyte sedimentation rate (ESR) and 
serum IgG levels [111]. The mechanisms that initiate or maintain this proinflammatory 
Th1 response in the labial salivary gland of primary SS patients are poorly understood. 
A role has been suggested for IL-12, IL-15 and IL-18, which are known to activate 
Th1 cell activity. The expression of these cytokines in LSG and serum levels has been 
studied: increased LSG IL-12 mRNA levels were detected in primary SS patients [112, 
113]. Similarly, IL-15 and IL-18 levels were increased in primary SS patients compared to 
healthy controls. In addition, increased LSG IL-18 levels in primary SS correlated to an 
increase in inflammatory disease parameters [114]. 
The presence of IL-23, IL-17, and IL-17 producing cells in salivary glands of primary SS 
patients was reported as well, and IL-17 levels correlated with the degree of inflammation 
[115-117]. It has also been observed that IL-18 synergizes with IL-17 to induce IL-6 and 
IL-8 secretion from human parotid glandular cells [116]. In line with these observations, 
autoreactive murine CD4 T cells injected into adoptively transferred recipients induce 
SS−like symptoms in these mice [118].

3.6 B cells and B cell hyperactivity
B cells are another major player in the immunopathology of primary SS. They make up 
a large percentage of the infiltrating cells, but most of all they are responsible for the 
production of autoantibodies. B cell hyperactivity can lead to hypergammaglobulinemia 
(>15,3 g/L circulating IgG), of which autoantibodies make up a large part [119, 120]. 
One of the most prominent B cell activating cytokines is BAFF [121]. Serum and salivary 
BAFF levels are increased in patients with primary SS [122-126], and mice overexpressing 
BAFF develop symptoms resembling those in primary SS [127]. In primary SS patients, 
BAFF overexpression is associated with autoantibody production and abnormalities 
in circulating B cell subsets [128, 129]. It has been demonstrated that the salivary 
gland epithelial cells produce BAFF in response to, for instance, TLR triggering [130]. 
Other main producers of BAFF are myeloid DCs (mDCs) and monocytes/macrophages, 
although T cells and B cells themselves can produce BAFF [131]. Infiltrating B cells in the 
glandular tissue will organize into focal lymphocytic structures, and in approximately 15-
25% of primary SS patients germinal centre (GC)−like structures will develop, in which 
(proliferating) T and B cells aggregate together with follicular DCs and endothelial cells 
[132]. However, the exact mechanisms by which these GC−like structures contribute to 
the pathology of primary SS remain unclear. Because of the similarities between these 
ectopic GC−like structures and the GCs in secondary lymphoid organs, it is hypothesised 
that GC−like structures play a role in the recruitment and activation of (autoreactive) 
B cells and formation of autoantibodies in primary SS [119, 133, 134]. Hence, GC−like 
structures are implicated in the increased prevalence of B cell (non-Hodgkin) lymphomas 

of these molecules has been found [95]. Additionally, increased levels of TLRs are 
found in epithelial cells and triggering them causes the up-regulation of co-stimulatory 
molecules and lymphocyte attracting and activating cytokines [76-79, 96]. In fact, they 
could play an important role in the initiation of the immunopathology as they might 
also recognize autoantigens. Furthermore, in primary SS patients increased apoptosis of 
the glandular ductal and acinar epithelial cells has been demonstrated [17, 97]. Salivary 
gland epithelial cells from primary SS patients are hypersensitive to TLR3−induced 
apoptosis [76]. Apoptotic cells in the salivary gland could be the source of autoantigens 
and the aberrant release of apoptotic blebs and exosomes, and presentation by MHC 
molecules lead to recognition by resident and infiltrating immune cells. The infiltrating 
immune cells in their turn can cause more damage to the glandular architecture and 
thus sustain the on-going inflammation [98, 99].

3.4 lymphocyte migration and lymphocytic infiltration of the exocrine 
glands 
The distribution of the infiltrating immune cells in the salivary glands of primary SS 
patients varies depending on the severity of the lesions in the LSG. Previous studies 
suggested that the infiltrating cells consist mainly of CD4 T cells (45-50%), CD8 T cells 
(10-20%) and B cells (10-20%) [1, 100]. However, a recent study found that on average, 
the infiltrating immune cells consist of 33% CD4 T cells, 44% B cells, 15% CD8 T cells, 
5% macrophages and 2% dendritic cells (DCs). With a higher grade of infiltration, an 
increased percentage of B cells and monocytes was found, while the number of CD4 T 
cells seemed to decline [101].  Irrespectively, it is indicated that CD4 T cells and B cells 
play an important role in the immunopathology of primary SS and hence learning about 
the mechanisms behind their activation is of great importance for finding more selective 
ways of targeting both CD4 T cells and B cells.   

3.5 Imbalance of CD4 T helper subsets
CD4 T helper (Th) imbalances have been shown to be associated with several (auto)
immune diseases. Th1 cells, characterised by the production of proinflammatory 
cytokines like IL-2 and IFNγ, have been shown to play a pivotal role in (experimental 
models of) autoimmune diseases. Similar to Th1 cells, Th17 cells, characterised by their 
specific production of IL-17, have recently been identified as another important player in 
the immunopathology of such autoimmune diseases [102-104]. Th2 cells, characterised 
by production of IL-4 (and IL-5, and less specific IL-10 and IL-13), have been shown to 
counteract Th1 and Th17 activity and are hardly present at the inflammatory sites of 
autoimmune diseases [105, 106]. In autoimmunity, mostly a predominance of Th1 and 
Th17 activity over Th2 activity is observed. Similarly, the infiltrating lymphocytes in the 
salivary glands from primary SS patients are able to produce cytokines related to all 
three Th subtypes, although a strong predominance of Th1− and Th17−related cytokines 
is seen [100, 107-110].
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IV. IL-7R and IL-7 expression

4.1 Background
IL-7 is a member of the IL-2 family and signals through the IL-7 receptor-α chain (IL-7Rα), 
in conjunction with the common gamma chain (γc) that is shared by receptors for IL-
2, IL-4, IL-9, IL-15, and IL-21. An IL-7−related cytokine, the thymic stromal cell−derived 
lymphopoietin-1 (TSLP-1), also interacts with the IL-7Rα, but signals by formation of a 
heterodimer with another, γc−like chain, called the TSLP receptor [143-145]. 
For IL-7 to signal properly, both the surface expression of IL-7Rα and the γc chain are 
required. Since the γc chain is ubiquitously expressed by lymphocytes surface expression 
of IL-7Rα on cells determines the sensitivity of cells to IL-7. In the developing immune 
system IL-7Rα is expressed on immature B and T cells, whereas in the mature immune 
system it is predominantly expressed on T cells; the majority of CD4 (90-95%), CD8, γδ 
as well as NK T cells express the IL-7Rα on their surface. Additionally, innate lymphoid 
cells or lymphoid tissue inducer cells also express the IL-7Rα [146, 147]. In contrast, 
regulatory CD25+FoxP3bright T cells lack IL-7Rα expression, as do mature B cells and 
granulocytes. Innate cells, such as monocytes and dendritic cells, express substantial 
levels of IL-7Rα mRNA, but hardly express the receptor on their surface [148]. Activation 
of monocytes and dendritic cells by cytokines such as GM-CSF induces IL-7R surface 
expression, and IL-7R surface expression is down-regulated by cytokines such as IL-4 
by IL-7 itself. IL-21 has been shown to prevent down-regulation of the IL-7R upon IL-7 
stimulation. Transient down-regulation of the IL-7R expressed on T cells is also induced 
upon T cell receptor cross-linking (either by antigen or mitogenic stimuli).  

Well-known producers of IL-7 are epithelial stromal cells in lymphopoietic tissues such as 
bone marrow, thymus, spleen and gut. Apart from the sites of lymphopoiesis many cell 
types throughout the body, such as keratinocytes, hepatocytes, endothelial cells as well 
as cells from the immune system including monocytes, and (follicular) dendritic cells and 
B cells have been shown to produce IL-7 [149-151]. 
Similar to the IL-7Rα expression, several mediators are known to regulate the IL-7 
expression. TGFβ has been shown to down-regulate IL-7 production by stromal cells, 
whereas cytokines such as TNFα and IL-2 have shown to up-regulate IL-7 levels. In 
addition, T cell−dependent activation of dendritic cells and fibroblasts induces IL-7 
secretion by these cells.

4.2 Role of IL-7 in development and homeostatic expansion of T cells
Mice deficient in IL-7Rα have almost no circulating CD4 and CD8 T cells as well as no 
γδ T cells most noticeably demonstrating the critical non-redundant role for IL-7 and 
its receptor in T lymphopoiesis. IL-7−deficient mice show a similar, although less 
pronounced, reduction in T cell numbers as compared to mice lacking the IL-7Rα. This 
presumably largely relates to the fact that TSLP, which also signals through the IL-7R, can 
at least in part replace IL-7−mediated effects. 

[132].
In addition to the autoantibody production, B cells also contribute to the pathophysiology 
of SS by producing different (proinflammatory) cytokines, like TNFα, LTα, IL-6, IL-12 and 
IL-10. Moreover, they act as specialised APCs, thereby boosting T cell responses [135]. As 
such autoreactive B cells promote autoimmunity through several different ways.

With regards to the subject of this thesis, it has been reported by our group that IL-7 is 
a potent immunoregulatory cytokine that induces T cell activation and T cell−dependent 
activation of other cell types of the immune system [136]. The important role of IL-7 and 
its receptor in autoimmune diseases, leading to the studies described in this thesis will 
be discussed in detail in the following paragraphs.

3.7 Contribution of myeloid cells in primary SS
The role of myeloid cells in primary SS has been studied less extensively compared 
to the role of CD4 T cells and B cells. Although they make up a small percentage of 
the infiltrating cells, they are specialised in a number of crucial tasks, indicated to be 
involved in autoimmune diseases. They are very adept in antigen presentation, and 
the production of a plethora of proinflammatory cytokines, of which BAFF has gained a 
particular interest with regards to primary SS. Activated monocytes/macrophages and 
mDCs are known to be the main producers of BAFF [137-139]. It has been demonstrated 
that autoreactive B cells depend more on BAFF for survival than conventional B cells, 
transgenic mice overexpressing BAFF develop Sjögren−like symptoms [127] and serum 
and glandular BAFF levels are increased in primary SS patients [122-126]. Recently, it was 
demonstrated that circulating monocytes from primary SS patients express higher BAFF 
levels compared to normal monocytes [140]. They not only found a higher expression at 
baseline levels, but that these levels are amplified upon IFNγ stimulation.

Recent reports on the role of monocytes/macrophages and DCs in primary SS have 
been published by Wildenberg and co-authors [141, 142]. They found that in primary SS 
patients circulating mature CD16+ monocytes are more frequent compared to controls, 
and it is suggested that these cells can migrate to the submandibular salivary glands 
where they have the capacity to differentiate into (myeloid) DCs. Although this has not 
been confirmed in vivo in primary SS patients due to technical limitations, this effect 
was seen in the NOD mouse model for primary SS. Furthermore, in vitro both CD16+ 
and CD16− monocytes are capable to develop into DCs, expressing DC surface markers, 
such as MHC class II and DC-SIGN. However, DC-LAMP, CD80 and CD83 were primarily 
expressed by CD16+ monocyte−derived DCs, indicative of a more activated phenotype 
[141]. 
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suggests that IL-7 could serve as a potent vaccine adjuvant that is able to enhance and 
broaden immunity by increasing T cell responses to weak antigens [161]. Interestingly, 
several studies indicate that this is largely dependent on activation of DCs. As such, it 
was demonstrated that in cultures of CD4 T cells and DCs, CD40/CD40L−induced IL-7 
production by DCs led to increased CMV-specific CD8 T cell activation by these DCs [162]. 
Anti−viral IL-7−induced T cell responses against influenza virus were critically dependent 
on T cell-dendritic cell interactions [163].

Similar to anti−viral immunity, co-administration of IL-7 with bacilli Calmette-Guerin 
increased T cell responses and reduced the mycobacterial burden in the lungs of 
infected mice [164]. In a murine peritonitis model for sepsis rhIL-7 was recently shown to 
markedly improve host survival by blocking apoptosis of CD4 and CD8 T cells (associated 
with up regulation of Bcl-2), restoration of IFNγ production, and improvement of the 
recruitment of immune effector cells to the infected site. Importantly, rhIL-7 also 
prevented a hallmark of sepsis; the loss of delayed-type hypersensitivity, which is an 
IFNγ− and T cell−dependent response. IL-7 significantly increased the expression of 
the leukocyte adhesion markers LFA-1 and VLA-4, associated with its ability to improve 
leukocyte function and trafficking to the site of infection [165].

IL-7 also enhances anti−tumour immune responses in mice [153, 166-168]. An in vivo 
mouse model of IL-7 transfected glioma cells showed reduction of tumorigenicity that 
could be reversed by injecting an anti−IL-7 antibody at the tumour site [169]. IL-7 is critical 
for the proliferation and in vivo persistence of tumour specific T cells and enhances anti−
tumour responses and survival [168, 170, 171]. IL-7 administration post-transplantation 
results both in improved T cell recovery and in prolonged tumour free survival [168]. 
Similarly, in a pancreatic β-islet tumour model, adjuvant IL-7 induced tumour regression 
by antagonizing multiple cellular and inhibitory networks (incl. TGFβ signalling). This was 
associated by increased IL-6 production and enhanced Th17 differentiation [172]. 
Finally, studies in IL-7−deficient mice have shown that IL-7 is critical for GVHD. In 
contrast, blockade of the IL-7R significantly decreased GVHD−related morbidity, a result 
of a reduction in alloreactive CD4 and CD8 T cell numbers [173]. Furthermore, blocking 
both IL-7 and CD154 signalling synergistically prolonged allograft survival in mice [174]. 

Because effects of IL-7 in mice compared to primates might differ significantly in some 
aspects, as demonstrated by studies on IL-7Rα−deficient humans and mice [151, 153, 
154], analysis of IL-7−induced effects in humans and non-human primate models is of 
the utmost importance and justified. As with mice, treatment of monkeys (baboons, 
rhesus macaques) with IL-7 (after Total Bone marrow Irradiation (TBI) followed by 
transplantation of CD34+ cells) increases CD4 and CD8 T cell numbers and enlarges 
lymph nodes [175, 176]. IL-7 furthermore increased the ability of CD4 and CD8 T central 
memory and T effector memory cells to produce the proinflammatory cytokines TNFα 
and IFNγ [175, 176], whereas it had no effect on numbers of B cells, monocytes and NK 
cells [176]. 

The effects of IL-7 on B cell development differ significantly between mice and humans. 
Although in IL-7 knockout mice clear effects on B cell development have been shown 
and immature human B cells can respond to IL-7 [152] IL-7Rα deficiency in humans does 
not affect B cell development [153, 154]. IL-7Rα deficient individuals have abnormalities 
in T cell development as measured by diminished CD3 T cell numbers and reduced 
lymphocyte proliferation to mitogen and allogenic cells, whereas B cell numbers are 
normal [153, 154].

IL-7, produced by stromal cells, is continuously present in primary and secondary 
lymphoid organs. Both IL-7−dependent thymic output and expansion of peripheral T 
cells have been shown to contribute to expansion and maintenance of the peripheral 
T cell pool [151, 155]. With progressing age and with that strong atrophy of the thymus 
[156] the expansion and maintenance of the T cell pool by IL-7 becomes largely 
dependent on thymic−independent pathways [151, 157]. IL-7 plays an important role 
in T cell homeostasis in humans and mice by providing signals for T cell proliferation, 
growth and survival of both developing and mature cells [151, 158, 159]. Thus IL-7 
plays a major role in regulating the number of T cells in the periphery. This is observed 
most strikingly in lympho−depleted hosts, where IL-7 has been shown to be critical in 
T cell recovery. When T cell numbers are reduced, IL-7 levels increase causing a strong 
inverse correlation between T cell numbers and IL-7 levels, thus facilitating homeostatic 
expansion. Considering this, in several lymphopenia−inducing conditions, patients often 
experience prolonged reduced T cell numbers, despite increased IL-7 levels. Apparently, 
in these immunopathologic conditions increased IL-7 levels are not sufficient enough to 
fully recover T cell numbers. To overcome this, many groups have studied the capacity 
of exogenously added IL-7 to increase T cell numbers. Numerous preclinical animal and 
recently clinical studies as well have demonstrated that IL-7 administration augments 
immune reconstitution (reviewed in [160]).

4.3 IL-7 enhances T cell−driven immunity in experimental models for 
infection, malignancies and graft-vs-host disease
The biological activity of recombinant IL-7 in humans and mice has been investigated 
extensively. Supported by extensive preclinical evidence, IL-7 administration is thought 
to have multiple therapeutic applications in immunodeficiency states, either physiologic 
(immunosenescence), pathologic (HIV), or iatrogenic (post chemotherapy and post 
hematopoietic stem cell transplantation) (reviewed in [160]). IL-7 manipulation by 
either administration of exogenous or inhibiting endogenous IL-7 has been proposed 
to regulate immunity against viral and bacterial infections and tumours or to be used 
as a therapy in graft-vs-host (GVDH) disease. Encouraging preclinical data from several 
animal models stimulated clinical trials to test the feasibility of IL-7 to increase immunity 
against infection and tumours [160]. 
Furthermore, IL-7 administration during antigen vaccination in mice provokes adjuvant 
activity. Administration of rhIL-7 increased effector T cells directed against dominant 
antigens and dramatically enhanced CD8 effector T cells to less dominant antigens. This 
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absent this effect probably reflects IL-7 induced T cell−dependent B cell activity. In line 
with these observations we recently demonstrated that IL-7 stimulates T cell−dependent 
activation of mature CD19 B cells, which was increased in the presence of monocytes. In 
support of this IL-7 was found to enhance antibody responses in mice [185].

Besides IL-7−driven T and B cell and NK cell activation and T cell−dependent activation 
of myeloid cells, IL-7 can also directly activate cells from the innate immune system. IL-7 
induces secretion of IL-1α, IL-1b, IL-6, IL-8, MIP-1β and TNFα by human monocytes [182, 
186, 187]. However, it should be noticed that high, possibly supra-physiologic levels of 
IL-7 (50-100 ng/ml) are required to induce this cytokine secretion, approximately 100- to 
1000-fold higher than what is required for activation of T cells [136, 182, 188]. This may 
be related to the much lower, if not absent, surface expression of IL-7Rα on monocytes 
as compared to T cell surfaces [166]. In contrast to monocytes, IL-7 does not have any 
direct effect on granulocyte activity, reflecting the lack of IL-7Rα expression on these 
cells [167].

4.5 Involvement of IL-7 and IL-7R in rheumatic autoimmune diseases
RA is characterised by persistent inflammation of the joints, which results in progressing 
cartilage and bone destruction [170]. Several studies revealed an important role for 
CD4+ T cells, B cells, and macrophages in the inflamed joints of RA patients [43, 171, 
189-193]. Large numbers of these cells have been demonstrated in the synovial fluid 
and tissue of RA patients and their number and/or activity have been shown to correlate 
with clinical symptoms [189, 191-195]. Several “anti−T cell”, “anti−B cell” and “anti−
macrophage” therapies in RA patients have resulted in good clinical responses [43, 
196, 197] in substantial proportions of patients. Despite this success a large number of 
patients still does not respond to therapy or responds partially and effects of therapy 
are transient requiring repeated drug administration. This implicates that it is still 
worthwhile to identify other mediators and mechanisms as therapeutic targets in RA. 
Besides the therapeutic effect of targeting IL-7 and its receptor in experimental models, 
the overexpression of IL-7 and IL-7R implies that IL-7−driven immunity could play a 
unique role in immunopathology of RA and other (rheumatic) inflammatory diseases.

IL-7/IL-7 receptor expression in RA. Serum IL-7 concentrations in RA patients are higher 
than in healthy controls and correlated positively with markers of inflammation [198-
200], although this was not confirmed in one study [136]. This discrepancy in results 
may be due to heterogeneity in drug use between the studies as explained below. In 
further support of a role of IL-7 in RA synovitis it was found that in RA synovial fluid 
IL-7 levels (up to 480 pg/ml) are strongly elevated compared to synovial fluid levels of 
osteoarthritis patients (a joint disorder with mild to no inflammation) [136]. Additionally, 
synovial tissue (biopsies) of RA patients showed that high IL-7 levels are expressed by 
macrophages, fibroblasts, and endothelial cells throughout the tissue. Numbers of 
IL-7+ cells strongly correlated with the presence of CD68+ macrophages in the lining 
and sub-lining, and double staining demonstrated that CD68+ macrophages are major 

In baboons IL-7 also increased virus-specific IFNγ producing CD4 T cell numbers [177]. 
In line with this it was recently demonstrated that IL-7 treatment counteracts IFNα 
therapy−induced lymphopenia and stimulates simian immune deficiency virus (SIV)-
specific cytotoxic T lymphocyte responses in SIV-infected rhesus macaques [178]. 
Confirming the data in mice and non-human primates, rhIL-7 induced CD4 and CD8 T 
cells to enter cell cycle in HIV-infected humans; cell-cycle entry was also confirmed in 
antigen−specific CD8 T cells. Single-dose rhIL-7 increased the numbers of circulating CD4 
and CD8 T cells, predominantly of central memory phenotype. The percentage of CD4 T 
cells with a regulatory T cell phenotype (CD25brightCD127low) did not change after rhIL-7 
administration [179]. Although no significant improvement of IL-7 on viral load has been 
demonstrated, rhIL-7 was judged to have a good biologic and toxicity profile suggesting 
a potential for therapeutic trials in HIV infection and other settings of lymphopenia.
The above-mentioned data demonstrate that IL-7 is an important T cell−stimulating 
cytokine, with the therapeutic potential to stimulate immunity in several inflammatory 
conditions.

4.4 IL-7 induces T cell−driven immunity in human in vitro assays
Apart from its effects on T cell numbers, IL-7 also stimulates several effector functions 
of not only T cells but also other cells of both the acquired and innate immune system. 
In the absence of APCs and T cell receptor (TCR) stimulation IL-7 augments survival and 
proliferation of T cells. In the presence of CD3 stimulation IL-7 also enhances cytokine 
production (IFNγ, IL-2, TNFα and IL-4) of naïve and memory CD4 T cells [180]. Although 
IL-7 stimulates IL-4 production by human CD4 T cells to some extent, most in vitro studies 
demonstrated that IL-7 primarily induces Th1 and Th17 cytokine secretion (indicated by 
IFNγ and IL-17A production, respectively) with only limited IL-4 production [181]. 
Although IL-7 can activate T cells in the absence of APCs, IL-7−induced T cell activation is 
far more efficient when APCs such as monocytes, macrophages or DCs are present [136]. 
This enhanced T cell activation is also associated with enhanced activation of the APCs, 
resulting in up-regulation of co-stimulatory molecules, proinflammatory cytokines, and 
tissue-destructive enzymes. Recently, it was also demonstrated that antigen−activated 
T cells induce IL-7 production by myeloid DCs. Blockade of this IL-7 strongly prevented 
(further) T cell activation, of both CD4 and CD8 T cells [149, 162]. Thus IL-7 produced 
by non-immune cells such as epithelial cells, keratinocytes, and fibroblasts, but also by 
immune cells such as DCs can promote the proinflammatory activity of T cells. This T 
cell activation is not limited to CD4 T cell activation, since IL-7 also stimulates cytotoxic 
activity of CD8 T cells [182, 183] and augments function and survival of NK cells [184]. In 
humans, this activity seems to be restricted to mature NK cells, since disruption of the 
IL-7 pathway in IL-7R deficient individuals does not lead to impaired NK development 
[153]. 

Notwithstanding the lack of direct effect of IL-7 on B cell numbers, IL-7Ra deficiency 
does influence B cell activity since immunoglobulin levels in IL-7Rα−deficient humans 
are reduced [143]. Since the IL-7Rα expression levels of mature human B cells are low to 
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producers of IL-7 [201]. In addition, IL-7−expressing dendritic−like cells in the lymphoid 
follicles were observed. Recently we supported the latter observation by showing that 
in vitro GM-CSF/IL-4−generated dendritic cells from RA patients were indeed significant 
producers of IL-7 (unpublished data). 

Furthermore, increased IL-7 mRNA expression by articular cartilage chondrocytes from 
RA patients compared to OA patients was detected [202]. We indeed demonstrated 
IL-7 protein expression by chondrocytes from cartilage tissue of RA patients. Recently, 
fibronectin fragments were found to be involved in the production of IL-7 by 
chondrocytes. Compared with cells isolated from normal young adult human articular 
cartilage, increased IL-7 production was noted in cells isolated from older adult tissue 
donors and from osteoarthritic cartilage. Chondrocyte IL-7 production was also 
stimulated by treatment with the catabolic cytokines IL-1 and IL-6. Chondrocytes also 
expressed the IL-7R and responded to IL-7 stimulation with increased production of 
matrix metalloproteinase-13 and with proteoglycan release from cartilage explants. The 
role of this IL-7 in RA remains to be elucidated. 
Both in RA peripheral blood and synovial fluid IL-7Rα is primarily expressed on T cells, 
with the highest expression on CD4 T cells. In addition NK T cells express significant IL-
7Rα on their cell surface although at a lower level than on CD4 T cells. By contrast, CD19 
B cells and monocytes in the circulation of RA patients express no or little IL-7Rα on their 
surface. However, subpopulations of macrophages and CD19 B cells from synovial fluid 
display increased surface IL-7Rα levels [203]. The IL-7Rα distribution suggests that in RA 
patients T cells may be a primary target of IL-7 and that initial IL-7−driven effects may 
be primarily T cell−mediated, which in turn has its effect on cells of the innate immune 
system. In vitro studies support this suggestion.

Role of IL-7 in tissue destruction in (rheumatoid) arthritis. Since IL-7 is an inducer 
of TNFα, which also has been shown to be a pivotal inducer of joint destruction in a 
large proportion of RA patients, this implies that IL-7 could also contribute to TNFα−
dependent joint destruction. However, at least partly independent of TNFα IL-7 could 
also promote joint destruction by the induction of other mediators, involving different 
mechanisms. One such mechanism contributing to joint destruction that IL-7 might 
induce in particular is the activation of fibroblasts. Th1 and Th17 cells, either by cell-cell 
contact or cytokine secretion (e.g. IFNγ, IL-17A), have been shown to activate fibroblasts 
[202, 204]. Since IL-7 induces Th1 and Th17 activation it is anticipated that IL-7 also 
induces fibroblast−induced destruction of cartilage and bone matrices. It was also 
observed that IL-7Rα blockade in arthritic mice resulted in stronger IL-17 than TNFα 
inhibition [205]. In addition, the notion that TNFα, in contrast to IL-7, does not induce 
but inhibits Th1 activation, points towards IL-7−induced TNFα−independent effects that 
mediate immunopathology [206]. 
Apart from fibroblast activation IL-7 recently has been shown to play a pivotal role in 
osteoclastogenesis and bone loss. In non-arthritic mice IL-7 induces bone loss through 
increased osteoclastogenesis, whereas it was found that IL-7Rα−deficient mice show 
greatly increased femoral trabecular bone volume compared with wild-type and 

Figure 2. Proposed model for IL-7−driven T cell−dependent autoimmunity, inflammation, and tissue 
destruction.
Unknown triggers (“X” altered self or cross-reactive antigen, “Y” immune deregulation) may cause (self) 
antigen-specific T cell activation, resulting in cytokine production (IL-17, IFNγ) and cell-cell contact (incl. 
CD40L, CD80, LFA-1) which leads to activation of myeloid cells such as monocytes, macrophages and dendritic 
cells, associated with production of IL-7 and many other proinflammatory mediators (incl. TNFα, IL-6, IL-12, 
IL-23) [208]. In contrast, IL-7 cannot directly affect IL-7Rα− regulatory T cells but abrogates the suppressive 
function of these T cells by activation of IL-7Rα+ responder T cells. Activated T cells, via cell contact and 
cytokine production, also activate fibroblasts leading to IL-7 production [202]. Alternatively, triggers (“Z” 
e.g. toll−like receptors) activating macrophages and stromal cells such as fibroblasts could also lead to IL-7 
production. Increased IL-7 expression [136, 206] not only enhances the initiating antigen−driven responses 
but also induces cell contact−dependent cytokine−activated T cells [136, 222] causing activation (proliferation, 
survival, differentiation) of T cells responsive to less dominant epitopes. This induces a diversification of the 
T cell repertoire associated with autoantigenic recognition [223]. Such IL-7/cytokine−activated bystander 
T cells contribute to the chronicity of the inflammatory response and in their turn stimulate myeloid cells 
and B cells. Activated B cells are potent antigen presenting cells that can develop into plasma cells secreting 
pathogenic autoantibodies [43]. Immune complexes that are formed contribute to activation of myeloid cells. 
As a consequence of this and of direct IL-7 T cell dependent activation of monocytes these differentiate into 
macrophages secreting inflammatory mediators and catabolic factors that induce tissue destruction (TNFα, 
IL-1β, OSM, LIF, MMPs). IL-7−induced IFNγ, IL-17, IL-6 and TNFα also activate fibroblasts and epithelial cells 
leading to loss of matrix integrity of the glandular tissue [136, 209, 210]. 
Finally, the expression of IL-7 by follicular DCs, the capacity of IL-7 to activate IL-7Rα−expressing (innate) 
lymphoid tissue inducer cells (LTi), to induce cytokines essential for lymphoid tissue formation (LTα/β, TNFα), 
and to induce chemokines attracting CCR7 T cells (MIP-3β) all indicate that IL-7 plays a critical role in the 
formation of ectopic lymphoid follicles observed in several autoimmune diseases [224, 225].
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(no IL-4, IL-5). Th1 activity was associated by induction of Th1 cell differentiating factors 
such as IL-12 and small amounts of IL-18. Interestingly, IL-7 also induced chemokines 
(MIG and MIP-1α) that can cause chemotaxis of in particular Th1 cells.

Soluble human IL-7Rα: a naturally occurring antagonist of IL-7−mediated immune 
activation is increased in RA. IL-7 activity may be modified by a soluble form of IL-
7Rα (shuIL-7Rα, sCD127) resulting from alternative splicing of the full-length transcript 
of the IL-7Rα. shuIL-7Rα could play an important role in the immunopathogenesis of 
chronic infections, such as HIV, by inhibiting IL-7 activity [216-218]. Recently, it was 
demonstrated that recombinant and native sources of shuIL-7Rα significantly inhibited 
IL-7−mediated STAT5 and Akt phosphorylation in CD8 T cells. IL-7−induced proliferation 
and Bcl-2 expression were similarly reduced by shuIL-7Rα. In each case, native shuIL-
7Rα inhibited IL-7 activity to a greater degree than recombinant shuIL-7Rα. Anti−IL-7 
activity was inherent to human plasma and could be reversed by depletion of shuIL-
7Rα, revealing the biological activity of naturally occurring shuIL-7Rα. Plasma shuIL-7Rα 
concentrations were increased in HIV+ individuals compared with HIV-controls, and 
correlated with IL-7 levels. 
Recently, fibroblast−like synoviocytes (FLS) and CD4 T cells from RA patients were shown 
to also produce shuIL-7Rα, which was similarly regulated by proinflammatory cytokines 
as the surface IL-7Rα. Interestingly, shuIL-7Rα serum levels were higher in RA patients as 
compared to controls. In DMARD-resistant patients, high shuIL-7Rα serum concentrations 
were strongly associated with poor response to TNFα-blockade. In addition, shuIL-7Rα 
has been demonstrated to inhibit IL-7−induced activation of RA fibroblasts [219], as well 
as Th1 activation in mononuclear cell cultures of RA patients [203].
These studies suggests that determining the regulation and function of shuIL-7Rα, 
may be critical for understanding the pathogenesis of diseases in which IL-7 has a role, 
including (rheumatoid) autoimmune diseases. This could also be of importance for 
design of antibodies to prevent IL-7R−induced immune activation.

IL-7 in other arthritic conditions. In patients with juvenile idiopathic arthritis (JIA), 
with active systemic disease, plasma IL-7 levels were increased as compared to healthy 
children [199]. JIA patients in remission showed IL-7 levels comparable to controls. 
Recently, increased IL-7 levels were detected in synovial fluid of JIA patients and were 
related to clinical activity in that IL-7 levels were higher in polyarthritis compared to the 
milder oligoarthritic forms [220]. IL-7 was found to abrogate the suppressive activity of 
regulatory T cells, altering the balance between proinflammatory effector and suppressor 
T cells, a balance that was related to clinical activity in these patients [220]. 
A gene expression approach for identifying novel candidate mediators of spondylarthritis 
(SpA) revealed overexpression of IL-7 in the joints of these patients. Both IL-7 mRNA and 
protein expression were higher in SpA synovial fluid and synovial tissue samples than 
in osteoarthritis samples. Synovial fluid IL-7 levels were even higher in SpA than in RA, 
despite lower levels of TNFα and IL-1β, suggesting other inducers of IL-7 expression.
Increased IL-7 levels were also increased in other forms of SpA. In the lesional regions 
of the skin of psoriasis patients, compared to controls as well as compared to non-

heterozygous littermates [207, 208]. The IL-7−induced bone loss in mice is mediated by 
induction of RANKL and TNFα production from T cells [209]. These secreted cytokines 
were found to induce osteoclasts from monocytes and bone marrow B cell precursors 
[209]. Similarly, IL-7 induced osteoclast formation from human monocytes in a T cell−
dependent way that was strongly (approximately 50%) dependent on RANKL [210]. 
Together, this suggests that IL-7 could contribute to bone destruction in RA by induction 
of T cell−dependent osteoclastogenesis. In support of these data, IL-7 increased 
osteoclast activity in collagen−induced arthritis in mice, associated with increase in bone 
destruction and up-regulation of cytokines involved in bone destruction, including IFNγ, 
IL-17, FGF basic, and LIF. Blockade of IL-7 signalling decreased osteoclast activity in two 
experimental arthritis models for RA, associated with reduction of bone destruction and 
cytokines such as IFNγ, IL-17, RANKL, OSM, LIF, and MMP-9.

IL-7 activity on human CD4 T cells and monocytes of RA patients. RA is characterised 
by a diverse autoreactive T cell response against numerous self antigens expressed in 
the inflamed joints (e.g. collagen type II, heat-shock proteins, aggrecan) [211]. However, 
although detectable, such T cells are present in a low frequency and are part of an oligo/
polyclonal intra-articular T cell response [212]. Although several groups have tried to 
explain this widespread T cell response a causal linkage has not been provided. In fact, 
the T cell contribution in RA may have been underestimated since, based on the use 
of T cell receptor mediated mitogenic stimuli, hypo-responsiveness of intra-articular T 
cells from RA patients to TCR−driven activation has been suggested [213]. This contrasts 
the observation that in RA joints a large activated T cell pool is found. Until now the 
number of factors that explain these (hyper)activated T cells are limited [214, 215]. Our 
data demonstrated that intra-articular CD4 T cells are hyper-responsive to IL-7 [136]. In 
co-cultures of monocytes/macrophages and CD4 T cells, T cell activation was shown to 
require cell contact and was related to the IL-7−induced expression of co-stimulatory 
molecules on macrophages from the synovial fluid, such as CD40, CD86 and in particular 
CD80 [136, 208]. In addition, up regulation of co-stimulatory molecules such as LFA-
1 and CD69 was observed and could play an important role in (CD4) T cell activation. 
Recently we found that this IL-7−induced contact−dependent activation is associated 
with monocyte activation as measured by up-regulation of CD80 and CD40 and results 
in TNFα production [166]. Exogenous IL-7 at similar concentrations fails to induce TNFα 
secretion by isolated T cells or monocytes cultured separately. These data supported our 
previous data showing that IL-7 induces TNFα secretion by mononuclear cells from the 
synovial fluid of RA patients [188].

Previously we demonstrated that IL-7 promotes arthritogenic Th1 cell activity in cultures 
of mononuclear cells from RA patients. IL-7 primes T cells for IFNγ and TNFα production 
in contrast to IL-4 production [188]. IFNγ induction by IL-7 is IL-12−dependent since 
blockade of IL-12 significantly reduced IFNγ production. Interestingly, IL-7−induced TNFα 
production is not inhibited by IL-12-blockade [188]. IL-7 not only stimulates Th1 activity 
(IFNγ production) but also IL-17A production (Th17 activity) by T cells from RA patients, 
both from blood and synovial fluid. This was in the absence of induction of Th2 activity 
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effect of TLR7 stimulation on B cell activation from primary SS patients compared to 
healthy controls, and the possibility of inhibiting TLR7−induced activation by interfering 
with the IL-7/IL-7R pathway.
The association between TLR7 and IL-7 was further assessed by simultaneously 
stimulating B cells and CD4 T cells with both inflammatory mediators. The importance of 
myeloid cells (monocytes/macrophages) in this system was examined as well (chapter 
7).
Although it was not possible to realize targeting the IL-7/IL-7R pathway in vivo, we had the 
possibility to investigate the in vitro immunological changes of leflunomide treatment in 
a phase II open label pilot study performed by our group. Leflunomide is known to target 
both T cell and B cell activity, by suppressing T cell proliferation, restoring Th balance and 
down-regulating antibody responses (chapter 8). 
And finally, in chapter 9, the results reported in this thesis are summarised in short, a 
general discussion is given, final conclusions are made regarding the main hypothesis 
and possible strategies for future research are suggested.

lesional skin of patients increased IL-7 levels were documented [221]. In addition, 
serum levels of patients were higher than those of controls. Since circulating cells did 
not show an increased production compared to healthy controls, increased skin and 
serum IL-7 concentrations were suggested to be skin−derived, most likely produced by 
keratinocytes. 

Finally, IL-7 is also found increased in patients with relapsing polychondritis, a systemic 
disorder, in which patients suffer from recurrent widespread chondritis of the auricular, 
nasal and tracheal cartilages. The pathology is suspected to be autoimmune on basis 
of association with HLA-DR4 and evidence of humoral and cellular responses against 
cartilage components [200]. 

V. Scope of this thesis

IL-7 is a potent immunoregulatory cytokine that is produced by cells of the immune 
system and tissue cells at sites of inflammation characteristic for several chronic 
inflammatory diseases, and correlations between IL-7 and parameters of disease are 
found. IL-7 primarily activates T cells and causes T cell−dependent activation of B cells, 
macrophages, and dendritic cells. However, no studies have been conducted on the IL-7/
IL-7R pathway in primary SS. Activation by IL-7 could lead to spreading of autoimmunity 
and thus via an alternative, primarily cytokine−driven route might contribute to enhanced 
autoimmunity and immunopathology as seen in primary SS. Therefore, we hypothesized 
that IL-7 and the IL-7Rα play a crucial role in T cell and B cell−driven autoimmunity in 
primary SS and that targeting the IL-7/IL-7R pathway is potential promising approach to 
treat (primary) Sjögren’s syndrome.

We addressed this hypothesis by examining the presence of IL-7 (chapter 2) and IL-
7Rα expression (chapter 3) in the labial salivary gland specimen of primary SS patients 
compared with nSS-sicca controls. The correlations between these expression levels and 
several hallmark parameters of disease and inflammation in primary SS were explored. 
Of equal importance to the expression level, was to assess the balance between on the 
one side IL-7Rα+ CD4 T responder cells and on the other side IL-7Rα− CD4 T regulatory 
cells. Therefore, this was examined locally in labial salivary gland specimen (chapter 3) 
and systemically in peripheral blood mononuclear cells (chapter 4) of primary SS patients 
and compared to respectively nSS-sicca patients and healthy controls. Moreover, the 
functional properties of IL-7 on CD4 T cell proliferation and cytokine expression in vitro 
were investigated in these three chapters. 
Besides CD4 T cells, it has well been established that B cells take up a prominent part in 
the immunopathology of primary SS. Although reports on the influence of IL-7 on mature 
B cells are scarce, this thesis sets out to establish the effect of IL-7 in the activation of B 
cells (chapter 5). Additionally, an important role in the immunopathology of primary SS 
is reserved for Toll-like receptors (TLRs). The Toll-like receptor of interest in this thesis 
was TLR7, as B cells are potently activated by TLR7. In chapter 6, we investigated the 
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Abstract

Objective. To study expression levels and immunostimulatory capacities of interleukin-7   
(IL-7) in primary Sjögren’s syndrome.

Methods. Labial salivary gland (LSG) IL-7 expression was determined by 
immunohistochemistry, using a quantitative scoring system, in 30 patients with sicca 
syndrome: fifteen patients with primary Sjögren’s syndrome (SS) and fifteen patients 
with non-Sjögren’s sicca syndrome (nSS-sicca). The correlation of IL-7 expression in LSGs 
with parameters of local and peripheral disease was studied, and serum and salivary 
IL-7 levels were determined. Additionally, the effects of IL-7 on cytokine production 
by peripheral blood mononuclear cell (PBMCs) from patients with primary SS were 
determined in vitro by Luminex multicytokine assay and compared with the effects in 
control subjects.

Results. The expression of IL-7 in LSGs was higher in patients with primary SS compared 
to patients with nSS-sicca. IL-7 was observed primarily in the vicinity of lymphocytic 
infiltrates. Salivary IL-7 levels in patients with primary SS were higher than those in control 
subjects. In all 30 patients with sicca syndrome, IL-7 expression in LSGs correlated with 
parameters of both local and peripheral disease. Furthermore, IL-7 stimulated T cell−
attracting and T cell−differentiating cytokines (monokine induced by interferon-γ [IFNγ], 
IFNγ-inducible 10-kd protein, IL-12, and IL-15), as well as Th1 (IFNγ), Th2 (IL-4), Th17 
(IL-17A), proinflammatory (tumor necrosis factor α and IL-1α), and regulatory (IL-10 and 
IL-13) cytokine production by PBMCs. All of these cytokines were previously shown to 
be associated with primary SS. The IL-7−induced increase in IL-10 production in patients 
with primary SS was reduced compared with that in control subjects.

Conclusions. The correlation between LSG IL-7 expression and (local) disease parameters 
in primary SS as well as the IL-7−mediated induction of inflammatory cytokines indicate 
that IL-7 might contribute to the immunopathology of primary SS.
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In addition, high levels of IL-7 in vitro induce cytokine secretion by isolated monocytes 
(e.g. IL-8 and IL-6) [20, 21]. However, cytokine secretion by monocyte/macrophages (e.g. 
tumor necrosis factor α [TNFα]) is stimulated more potently when they are cultured in 
the presence of CD4 T cells [16]. The effects of IL-7 on cytokine production by monocytes 
and T cells are related to the level of IL-7R, which is expressed abundantly on T cells 
but very modestly on monocytes. Furthermore, in patients with RA, IL-7 promotes Th1 
cytokine production and TNFα production [15, 16, 22]. Finally, we recently demonstrated 
that IL-7R blockade inhibits proteoglycan−induced arthritis associated with reduced T 
cell activation and reduced levels of proinflammatory and tissue−destructive mediators 
[23]. Taken together, these data suggest that IL-7 might also contribute to the local 
proinflammatory activity observed in the LSGs of patients with primary SS.

The purpose of the present study was therefore to investigate LSG IL-7 expression in 
patients with primary SS compared with that in patients with nSS-sicca and to assess 
a possible correlation between the expression of LSG IL-7 and parameters of disease 
and immunopathology. Serum and salivary IL-7 levels were determined in patients with 
primary SS and compared with those in patients with nSS-sicca and control subjects. 
Furthermore, the capacity of IL-7 to stimulate proinflammatory and regulatory cytokine 
production by the peripheral blood mononuclear cells (PBMCs) of patients with primary 
SS was studied in vitro. For this purpose, chemokines capable of attracting T cells 
(macrophage inflammatory protein 1 [MIP-1], monokine induced by interferon-γ [IFNγ; 
MIG], interferon-γ [IFNγ]−inducible 10-kd protein [IP-10]), T cell differentiating cytokines 
(IL-12 and IL-15), T cell defining cytokines (for Th1, IFNγ and IL-2; for Th2, IL-4 and IL-5; 
for Th17, IL-17A and IL-22), regulatory cytokines (IL-10 and IL-13), and proinflammatory 
cytokines (TNFα, IL-1α, and IL-1β) were determined. Finally, IL-7−induced cytokine 
production in patients with primary SS was compared with that in control subjects.

Patients and Methods

Patients. Labial salivary gland IL-7expression and serum levels of IL-7 were determined 
in thirty patients with sicca syndrome who were referred to our university hospital 
outpatient clinic. Fifteen patients met the American-European Consensus Group criteria 
for primary SS [24] (including a lymphocytic focus score [LFS] of ≥ 1 in a LSG biopsy 
specimen). The remaining fifteen patients were classified as having nSS-sicca. The 
characteristics of these patients are shown in table 1. The mean ±SD ages of the patients 
with primary SS and those with nSS-sicca were 50 ±15 years and 55 ±11 years, respectively. 
All patients with primary SS were female, and all except 1 patient with nSS-sicca were 
female. Furthermore, none of the patients had received any immunosuppressive drugs 
for at least 3 months prior to the time when blood samples were obtained for this study. 
The LFS and the percentage of IgA-producing plasma cells were considered to be local 
disease parameters; values ≥1 focus/4 mm2 and <70% IgA−producing plasma cells are 
regarded as being compatible with an established disease state [25]. The erythrocyte 
sedimentation rate (ESR), serum IgG level, and leukocyte numbers were considered to 

Introduction

Primary Sjögren’s syndrome (SS) is a systemic autoimmune disorder mainly characterized 
by lymphocytic infiltration in salivary and lacrimal glands, resulting in xerostomia and 
keratoconjunctivitis sicca. The lymphocytic infiltrate in the labial salivary glands (LSGs) 
of patients with primary SS consists of 45−50% CD4 T cells, 15−20% CD8 T cells, 10−20% 
B cells, and smaller, but significant percentages of plasma cells and macrophages [1, 2]. 
Furthermore, a predominance of Th1 cell responses compared with Th2 cell responses in 
the LSGs of patients with primary SS has been documented [3-5]. This Th1 cell response 
in LSGs has been demonstrated to correlate with the intensity of lymphocytic infiltration 
[6].

The mechanisms that initiate or maintain this proinflammatory Th1 cell response in the 
LSGs of patients with primary SS are poorly understood. A role has been suggested for 
interleukin-12 (IL-12), IL-15, and IL-18, all of which are known to activate Th1 cell activity. 
The expression of these cytokines in LSGs and serum has been studied, and increased 
LSG IL-12 messenger RNA levels were detected in patients with SS [7, 8]. In addition, 
increased LSG IL-18 levels in patients with primary SS correlated with an increase in 
disease activity parameters [8]. In addition, increased LSG IL-18 levels in patients with 
primary SS correlated to an increase in disease activity parameters [9-11]. Furthermore, 
the presence of IL-23−, IL-17−, and IL-18−producing cells in the salivary glands of patients 
with primary SS was recently reported [11, 12]. It has also been observed that IL-18 
synergizes with IL-17 to induce IL-6 and IL-8 secretion from human parotid glandular 
cells [11]. In the present study, we investigated the role of IL-7 to further define how 
local Th1 cell, Th17 cell, and proinflammatory activity might be induced in patients with 
primary SS.

IL-7 is an important immunoregulatory cytokine that, in particular, is recognized for its 
role in T cell homeostasis. IL-7 serves as a growth factor in early T cell development and 
can stimulate the growth, proliferation, survival, and differentiation of mature, naive, 
and memory T cells [10]. Although clear effects of IL-7 on B cell development have been 
demonstrated in mice, these effects do not seem to play a role in humans; individuals 
who are deficient in the expression of IL-7 receptor α (IL-7Rα) mostly show reduced (CD4) 
T cell numbers and normal B cell numbers [13, 14]. However, although B cell numbers 
are normal, B cell activity is impaired, as reflected by reduced immunoglobulin levels.

Apart from the developmental role of IL-7, evidence is accumulating that IL-7 contributes 
to inflammation in several chronic inflammatory (autoimmune) diseases. Increased levels 
of IL-7 have been observed both systemically and locally in autoimmune diseases such 
as rheumatoid arthritis (RA) [15, 16], juvenile idiopathic arthritis [17], spondyloarthritis 
[18], psoriasis, and psoriatic arthritis [19]. In the synovial tissue of patients with RA, IL-7 
was demonstrated to be produced by tissue macrophages, fibroblasts, and endothelial 
cells [16]. 
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to the patient’s identity. IL-7−expressing cells were counted in 3−5 tissue sections per 
patient; each section included adequate numbers of acini and ducts. The numbers of 
positive cells per square millimeter were calculated. 

In addition, for double staining of CD68 or CD20 and IL-7, tissue sections were incubated 
for 1 hour with monoclonal murine anti−CD68 (EBM11; Dako, Glostrup, Denmark) or 
anti−CD20 (M755; Dako) and polyclonal rabbit anti−human IL-7 (H-151; Santa Cruz 
Biotechnology) together with 1% rabbit serum (anti−CD68 or anti−CD20) or 1.5% 
swine serum (anti−IL-7). This was followed by a 2-step staining in which rabbit anti−
human IL-7 was incubated with swine anti−rabbit peroxidase that was visualized with 
tyramide−biotin/streptavidin−Texas red (PerkinElmer, Emeryville, CA, USA). Anti−CD68 
or anti−CD20 was incubated with rabbit anti−mouse peroxidase that was visualized 
with tyramide−fluorescein isothiocyanate (PerkinElmer). This yielded red and green 
fluorescent staining for IL-7 and CD68- or CD20-positive cells, respectively, and yellow 
staining for double-positive cells. Endogenous peroxidase was inactivated by hydrogen 
peroxide incubation prior to incubation with both peroxidase-labeled antibodies. In 
addition, to prevent nonspecific binding during the second staining step for CD68 and 
CD20, 10% rabbit serum was added.

Measurement of serum IL-7. In addition to salivary gland IL-7 expression, serum IL-7 
expression was measured with a commercially available enzyme-linked immunosorbent 
assay (ELISA) according to the manufacturer’s instructions (Diaclone, Besançon, France). 
Nonspecific staining due to heterophilic antibodies such as rheumatoid factor was 
previously checked by replacing the coating antibody with an isotype control antibody. 
This reduced the IL-7−specific signal in the samples almost completely, indicating an 
insignificant disturbance by heterophilic antibodies in the assay [16].

PBMC isolation and culture. PBMCs obtained from twenty patients with primary SS 
were isolated and stimulated with IL-7 to analyze its capacity to stimulate cytokine 
production. All twenty patients were female, with a mean ±SD age of 52.0 ±3.0 years, 
and all fulfilled the American−European Consensus Group criteria for primary SS[24]. 
Additionally, to evaluate the potential difference in IL-7−induced cytokine production 
between patients with primary SS and control subjects, the IL-7−induced cytokine 
production of PBMCs from six patients with primary SS (57.7 ±3.6 pg/ml) was compared 
with that of six age− and sex−matched control subjects (56.5 ±4.9 pg/ml). Peripheral 
blood was diluted 1:1 with RPMI 1640 medium (Gibco BRL-Life Technologies, Merelbeke, 
Belgium) containing penicillin (100 units/ml), streptomycin (100 μg/ml), and glutamine 
(2 mM). Mononuclear cells were isolated by density gradient centrifugation, using Ficoll-
Paque (Pharmacia, Uppsala, Sweden). PBMCs were cultured in 24-wells plates (1.106 
cells/ml; Nunc, Roskilde, Denmark) for 3 days. 
The cells were cultured in RPMI 1640 medium supplemented with penicillin/streptomycin/
glutamine and 10% pooled fetal calf serum (Gibco-BRL Life Technologies) in the presence 
or absence of 10 ng/ml of IL-7 (PreproTech, Rocky Hill, NJ, USA) (specific activity 2.107 
units/mg). Because of the expected low and often undetectable concentrations of IFNγ, 

be peripheral disease parameters. Peripheral blood samples were obtained within 10 
minutes before the LSG biopsy procedure. LSG IL-7 expression was correlated with these 
local and peripheral disease parameters. The study was performed according to the 
medical ethics regulations of the University Medical Centre Utrecht; all patients gave 
informed consent for part of their LSG tissue to be used for research purposes. 

Immunochemical analysis of LSG IL-7 expression. A section from each LSG biopsy 
specimen was fixed and embedded in paraffin for routine diagnostic procedures 
(classification), and another part was snap-frozen in TissueTek (Sakura, Zoeterwoude, 
The Netherlands) in liquid nitrogen and stored at −80°C. Seven-micrometer sections were 
cut on a freezing microtome and mounted on 3-aminopropyltriethoxysilane−coated 
slides. Sections were fixed with acetone, air-dried, and washed with phosphate buffered 
saline (PBS). Nonspecific binding was prevented by incubating the tissue with 10% goat 
serum. Next, tissue sections were incubated with polyclonal rabbit anti−human IL-7 (H 
151; Santa Cruz Biotechnology, Santa Cruz, CA, USA) together with 2% goat serum for 1 
hour. Control stainings for each donor were performed by omitting the primary antibody. 
For the anti−IL-7 staining, polyclonal rabbit anti−ovalbumin (Sigma, Munich, Germany) 
as a primary antibody served as a second control. After the primary incubations, 
the solution was removed, and the slides were washed in PBS again. Sections were 
incubated with alkaline phosphatase (AP)−labeled anti−rabbit secondary antibodies 
(PowerVision poly-AP; ImmunoLogic, Utrecht, The Netherlands), using naphthol AS-
biphosphate (Sigma) as substrate and New Fuchsin (Merck, Darmstadt, Germany) as a 
chromogen, resulting in red staining for IL-7−expressing cells. The nuclei of cells were 
counterstained with hematoxylin (Merck). The numbers of IL-7−expressing cells were 
counted independently by 2 observers (MW-vW and AB) who were blinded with regard 

* Except where indicated otherwise, values are the median (interquartile 
range). No patient in either group received immunosuppressive 
drugs. SS=Sjögren’s syndrome; NS=not significant; ESR=erythrocyte 
sedimentation rate; LFS=lymphocytic focus score; IgA=IgA-producing 
plasma cells in labial salivary gland biopsy specimen.
† By Mann-Whitney U test.
‡ By t-test for independent samples. 

Table 1. Demographic data and disease parameters*
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other cytokines and chemokines was determined by multiplex cytokine assay, as 
extensively described elsewhere [26]. Briefly, the principle of a sandwich immunoassay 
was combined with Luminex fluorescent bead−based technology (Luminex, Austin, TX, 
USA), allowing measurement of large numbers of cytokines and chemokines in small 
sample volumes. Cytokines were measured and analyzed using the Bio-Plex system (Bio-
Rad, Hercules, CA, USA).

Statistical analysis. The Mann-Whitney U test or the t-test for independent samples was 
performed when appropriate, to detect differences between patients with primary SS 
and those with nSS-sicca. Spearman’s correlation coefficients were calculated to evaluate 
correlations between LSG IL-7 expression and parameters of disease (ESR, soluble IgG, 
LFS). Pearson’s correlation coefficients were calculated to evaluate correlations between 
LSG IL-7 expression and the percentage of IgA−expressing plasma cells and numbers 
of circulating leukocytes. Wilcoxon’s test was used to test for significant differences in 
cytokine production by PBMCs cultured with or without IL-7, and two-way analysis of 
variance was used to test for significant differences in cytokine production between 
patients with primary SS and healthy control subjects.

Results

Increased IL-7 expression in LSGs and saliva of patients with primary SS. IL-7−expressing 
cells were observed in the LSGs of nearly all of the patients with sicca syndrome. 
Representative photomicrographs of the expression patterns in patients with nSS-sicca 
and in those with primary SS, as well as control stainings, are shown in Figures 1A−D. 
IL-7−expressing cells were specifically present in the vicinity of the lymphocytic infiltrates 
and the interstitium between the acini and ducts. Furthermore, a large proportion 
of endothelial cells in blood vessels expressed IL-7. No expression by acinar or ductal 
epithelial cells was observed (fig. 1E and F). In addition, CD20+ B cells did not express IL-
7, and only a minority of CD68+ macrophages expressed IL-7. IL-7 expression was mostly 
visible in cells with fibroblast morphology (fig. 1E and F).

Figure 2. IL-7 expression 
in labial salivary gland 
biopsy specimens from 
patients with nSS-sicca 
and those with primary 
SS (pSS). IL-7 expressing 
cells were counted in 
3−5 tissue sections 
per patient (A). IL-7 
expression in saliva 
samples from patients 
with primary SS (n=15) 
and control subjects 
(n=8). See fig. 1 for other 
definitions (B).

IL-4, and IL-17A, IL-7−activated T cells were also restimulated on day 3 for 18 hours 
with anti−CD3/28 (0.4 μg/ml; CLB Reagentia, Amsterdam, The Netherlands). After this 
culture period, supernatants were collected, rendered cell-free, and stored at −80°C 
until cytokine analysis.

Cytokine assays. The expression of cytokines that can contribute to the activation of 
proinflammatory T cells (IL-12 and IL-15) as well as cytokines produced by Th1, Th2, and 
Th17 cells (IFNγ, and IL-2, IL-4, and IL-17A, respectively) was assessed. In addition, the 
expression of chemokines capable of attracting T cells to the site of inflammation (MIG 
and IP-10) was determined. Finally, the expression of suppressive/ regulatory cytokines 
(IL-10 and IL-13) and cytokines that can contribute to immunopathology (IL-1α, IL-1β, and 
TNFα) was determined. Additionally, in a subgroup of 6 patients with primary SS, IL-7−
induced cytokine expression was compared with that in 6 age- and sex-matched control 
subjects. Expression of the same set of cytokines was measured, as well as that of 4 
additional cytokines, namely, MIP-1, IL-6, IL-17, IL-22, and IL-23. Measurement of TNFα, 
IL-1β, IL-4, IFNγ (Biosource, Nivelles, Belgium), and IL-17A (R&D Systems, Minneapolis, 
MN, USA) after anti−CD3/CD28 restimulation was performed using commercially 
available ELISAs, according to the manufacturer’s instructions. The expression of all 

Figure 1. A and C, Photomicrographs of representative labial salivary gland biopsy specimens from a patient 
with non-Sjögren’s sicca syndrome (nSS-sicca) (A) and a patient with primary SS (C), showing areas with a low 
number of interleukin-7 (IL-7)−expressing cells/mm2 and low intensity, and areas with a high number of IL-7−
expressing cells/mm2, respectively. B and D, Isotype control stainings. E and F, immunofluorescent double-
staining of IL-7–producing cells (red) and CD20+ B cells (green) (E) or CD68+ macrophages (green) (F). Arrows 
in E and F indicate cells with fibroblast morphology and CD68+ macrophages, respectively.
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IL-7−induced inflammatory and regulatory cytokine production by PBMCs from 
patients with primary SS and control subjects. The correlations between IL-7 and 
immunopathology prompted us to investigate the IL-7−induced immune response of 
PBMCs from patients with primary SS. For this purpose, we investigated the extent to 
which IL-7 was able to induce cytokine secretion by PBMCs from patients with primary 
SS (n=20). IL-7 significantly stimulated production of cytokines that can contribute to the 
attraction (MIG and IP-10) and activation (IL-12 and IL-15) of T cells, as well as cytokines 
produced by Th1 cells (IFNγ) and Th2 cells (IL-4). IL-7 did not significantly stimulate 
production of IL-2 (Table 2). Moreover, IL-7 increased the production of cytokines that 
can contribute to immunopathology (TNFα and IL-1α). However, IL-1β production was 
not significantly altered by IL-7. Apart from the proinflammatory cytokines, IL-7 also 
induced regulatory cytokines (IL-10 and IL-13) (Table 2).
In patients with primary SS, the IL-7−induced production of the major defining Th1 
(IFNγ), Th2 (IL-4), and Th17 (IL-17A) cytokines upon restimulation of T cells with anti−
CD3/CD28 was additionally determined.
IL-7 was observed to promote IFNγ production (24-fold increase, from mean ±SD 299 
±365 pg/ml to 7,192 ±7,458 pg/ml) and IL-17A production (18-fold increase, from 15.0 
±69.6 pg/ml to 275 ±556 pg/ml) to a higher extent than IL-4 (7-fold increase, from 18.4 
±34.6 pg/ml to 135 ±219 pg/ml) (Table 2). Furthermore, we investigated whether the 
IL-7−stimulated cytokine production by PBMCs from patients with primary SS differed 
from that by PBMCs from control subjects. Comparable with the results observed in the 
larger group of patients with primary SS (Table 2), IL-7 significantly stimulated chemokine 
production (MIG, IP-10, and MIP-1α), T cell cytokine production (IFNγ, IL-4, and IL-17A), 
catabolic cytokine production (IL-1α and TNFα), and regulatory cytokine production (IL-
10 and IL-13) in PBMCs from the six patients included in these experiments (fig. 4). In 
addition, IL-7 significantly stimulated IL-6 and IL-22 production. IL-7 did not significantly 

In the group of patients with primary 
SS, the mean ±SD number of 
IL-7−positive cells/mm2 was 572.3 
±69.7, compared with 352.5 ±31.9 
cells/mm2 in the group of patients 
with nSS-sicca (p=0.008) (fig. 2A). In 
support of the notion that LSG IL-17 
expression is increased in patients 
with primary SS, a significantly 
higher level of IL-7 in the saliva of 
patients with primary SS compared 
with healthy control subjects was 
observed (p=0.04) (fig. 2B). In 

contrast, although serum IL-7 levels were slightly increased in patients with primary SS, 
the level did not differ significantly between patients with primary SS and those with 
nSS-sicca (mean ±SD 11.0 ±8.5 and 9.3 ±4.3 pg/ml, respectively).

Correlation between IL-7 expression in LSGs and disease parameters. All parameters 
of disease differed significantly between the group of patients with primary SS and the 
group with nSS-sicca (Table 1). In the entire group of patients with sicca syndrome (n=30), 
IL-7 expression in LSGs correlated with both peripheral and local disease parameters. In 
patients with sicca syndrome, IL-7 expression in LSGs correlated significantly with the LFS 
(r=0.627, p=0.000) (fig. 3A), the percentage of IgA−expressing plasma cells (r=−0.445, 
p=0.016) (fig. 3B), and the number of circulating leukocytes (r=−0.381, p=0.038) (fig. 3C). 
Within the group of patients with primary SS (n=15), a significant correlation between 
LSG IL-7 expression and the LFS was observed (r=0.512, p=0.05). Within the group of 
patients with nSS-sicca (n=15), no significant correlations between LSG IL-7 expression 
and disease parameters were observed. Among patients with sicca syndrome, no 
significant correlation was observed between LSG IL-7 expression and soluble IgG levels 
or the ESR.

Figure 3. Correlation between the number of IL-7−expressing cells/mm2 in the labial salivary glands and the 
lymphocytic focus score (A), the percentage of IgA-producing plasma cells (B), and the number of leukocytes 
per liter of blood (C). The solid lines represent the entire group of patients with sicca syndrome (n=30), and the 
broken lines represent only the patients with primary SS (n=15). The correlation coefficients (r) and p-values 
for significant correlations between disease parameters and the numbers of IL-7−expressing cells are shown. 
See fig. 1 for definitions.

Table 2. IL-7 stimulates cytokine production by peripheral 
blood mononuclear cells of pSS patients

IL-7 stimulates (10 ng/ml) cytokine 
production of PBMC from pSS patients 
(n=20). Cytokine levels are given in pg/
ml. Medians (interquartile ranges) and 
p values of Wilcoxon test are given. IFNγ 
= interferon-γ, MIG = monokine induced 
by IFNγ, IP-10 = interferon-γ-inducible 
protein-10. Cytokines were analyzed by 
Multiplex assay except for IL-1β, TNFα, and 
IL-4*, IL-17A*, IFNγ* that were assayed by 
ELISA. *T cell cytokine expression upon IL-7 
activation followed by T cell restimulation 
with α-CD3/CD28 for 18h. 
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28]. In turn, IL-7−activated T cells can activate B cells and monocyte/macrophages to 
secrete immunoglobulins and proinflammatory cytokines. It has been previously reported 
that T cell−dependent B cell proliferation and differentiation require both cytokines and 
physical cell−cell contact [29]. Our preliminary data show that IL-7 can also activate B 
cells from patients with primary SS in the presence of CD4 T cells in vitro (Bikker A, et al: 
Chapter 5). IL-7 stimulates the production of cytokines that can contribute to activation 
of proinflammatory T cells (IL-12 and IL-15) and that are up-regulated in patients with 
primary SS [8]. The chemokines that are expressed in the LSGs of patients with primary 
SS and have been suggested to contribute to T cell infiltration in these patients [30], 
MIG, IP-10 and MIP-1α, were also significantly up-regulated by IL-7, which indicates that 
IL-7 may contribute to the accumulation of T cells in the salivary glands. 
Moreover, cytokines that are indicative of Th1 cells (IFNγ) and Th17 cells (IL-17A) and 
that have also been shown to be up-regulated in the exocrine glands of patients with 
primary SS were significantly stimulated by IL-7 [11, 12]. To a lesser extent, IL-7 also 
stimulated IL-4, a major defining Th2 cytokine that is expressed less predominantly in 
the exocrine glands of patients with primary SS [5]. IL-4 was only modestly induced in 
IL-7−treated cells, with or without restimulation, in comparison with IFNγ and IL-17A. 
These data suggest that IL-7 in vivo may contribute to the predominance of Th1/Th17 
over Th2 cell activity in patients with primary SS [3-6, 11, 12]. This could lead to the IL-7−
stimulated production of IL-1α and TNFα, which are cytokines that are also expressed at 
the sites of inflammation in patients with primary SS [31, 32] and that may in part cause 
immunopathology due to their catabolic effects on tissue cells. 

In contrast to stimulating production of proinflammatory cytokines, IL-7 also stimulated 
production of IL-10 and IL-13, which are regulatory cytokines that have been associated 
with primary SS and can down-regulate cellular proinflammatory responses and promote 
humoral responses. Although IL-10 and IL-13 may potentially inhibit proinflammatory 
cytokine production induced by IL-7, apparently these cytokines are not sufficiently 
capable of preventing production of the proinflammatory cytokines measured in this 
study.
Apart from the insufficient inhibition of these proinflammatory cytokines, IL-10 and IL-13 
were also unable to prevent lymphocyte proliferation, which was significantly stimulated 
by IL-7 (data not shown). Furthermore, the increase in IL-10 production stimulated by 
IL-7 was significantly lower in patients with primary SS compared with control subjects. 
Although this may contribute to increased IL-7−induced production of proinflammatory 
cytokines, in the present study this difference in IL-10 production was not directly related 
to changes in other cytokines.
Therefore, the exact significance of this in vitro observation remains to be demonstrated. 
In this respect, it will be relevant to study whether cells from the site of inflammation 
are also characterized by decreased IL-7− induced IL-10 production, to indicate whether 
this could contribute to increased local proinflammatory cytokine production. As for 
the other cytokines and chemokine induced by IL-7 in vitro, no significant difference 
between patients with primary SS and healthy control subjects could be identified. This 
indicates that in patients with primary SS, IL-7−induced activation of circulating immune 

increase IL-1β, IL-23, or IL-2 production (data not shown). The IL-7−induced cytokine 
production was not significantly different between patients with primary SS and control 
subjects, except for a significantly (p<0.05) smaller increase in IL-10 production in 
patients with primary SS compared with control subjects.

Discussion

To our knowledge, this is the first report on the possible role of IL-7 in immunopathology 
of primary SS. Our data demonstrate an increased number of IL-7−producing cells in the 
LSGs of patients with primary SS as compared with patients with nSS-sicca. IL-7 potently 
induced the secretion of cytokines by cells from patients with primary SS, which can 
facilitate proinflammatory responses and tissue destruction. In concordance with these 
findings, elevated numbers of IL-7−producing cells in patients with primary SS correlated 
with increased glandular inflammation, as indicated by an increased LFS and a decreased 
percentage of IgA+ plasma cells in the LSGs. High numbers of IL-7−producing cells were 
observed in the vicinity of LSG lymphocytic infiltrates and in the interstitial. A minority 
of IL-7−producing cells were CD68+ macrophages, but these cells had mostly a fibroblast 
morphology. In addition, endothelial cells of the capillaries expressed IL-7, while neither 
ductal nor acinar epithelial cells produced IL-7. Although IL-7 production by fibroblasts 
was not demonstrated in the present study, it has previously been shown that inpatients 
with RA, these cells, together with macrophages and endothelial cells, are potent 
producers of IL-7 [10, 16, 27]. 

In the lymphocytic foci, the presence of macrophages and fibroblasts in particular could 
lead to T cell activation, which may be cell contact dependent, as previously shown [16, 

Figure 4. IL-7−induced stimulation (10 ng/ml) of cytokine production in PBMCs from 6 patients with primary 
SS (black lines) and 6 age- and sex-matched control subjects (grey lines). The IL-7−induced increase in IL-
10 production by PBMCs from patients with primary SS was significantly decreased compared with that in 
control subjects. *=p<0.05; **=p<0.01; ***=p<0.001, unstimulated versus IL-7−stimulated cultures. MIP-
1α=macrophage inflammatory protein 1α; MIG=monokine induced by interferon-γ (IFNγ); IP-10=IFNγ-
inducible 10-kd protein; TNFα=tumor necrosis factor α (see fig. 1 for other definitions).
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cells is not hampered. 
Taken together, our in vitro data indicate that IL-7 might significantly contribute to 
sialoadenitis in patients with primary SS. This possibility is supported by the observation 
that elevated numbers of IL-7−positive cells correlate with an increased LFS and a 
decreased percentage of IgA−producing plasma cells, which are indicative of increased 
local inflammation.
Besides correlations with local parameters of disease, we also observed a correlation 
between the increased number of IL-7−expressing cells and a decreased number of 
circulating leukocytes. The mechanisms that underlie this phenomenon remain to 
be elucidated. Previously, leukopenia has been linked to a higher risk of lymphoma 
developing [33] and was associated with increased immunopathology [34]. Although the 
association of IL-7 with glandular inflammation suggests a role in the immunopathology 
of primary SS it remains to be demonstrated whether IL-7 expression is helpful in 
stratifying patients who are at risk of the development of non-Hodgkin’s lymphoma. 
Although mature B cells lack IL-7R, it might be possible that their survival is prolonged 
indirectly, via IL-7−dependent T cell activation by the enhanced production BAFF [35]. 
Furthermore, anti−apoptotic proteins such as Bcl-2 are potently up-regulated by IL-7 in 
T cells, possibly also contributing to the indirect survival of B-cells.
Moreover, it has been found that the development of ectopic lymphoid structures 
requires activation of the IL-7 signaling pathway. IL-7 is produced by follicular dendritic 
cells and promotes the survival of lymphoid tissue-inducer cells [36, 37]. It has been 
postulated that these ectopic lymphoid structures can develop into germinal centers 
and possibly, in ~5% of the patients turn into lymphoma. In IL-7−transgenic mice, 
overexpressing IL-7, functional tertiary lymphoid follicles were formed at sites of 
inflammation and spontaneous in target organs for autoimmune reactions, such as the 
pancreas and salivary gland [36].

Consistent with previously published data, our results show that, despite the induction 
of regulatory cytokines, IL-7 can stimulate proinflammatory and tissue−destructive 
cytokine production by immune cells from patients with primary SS. In addition, the 
facts that IL-7 is prominently expressed in LSG of patients with primary SS and that this 
IL-7 expression strongly correlates with several disease parameters suggests that IL-7 
might contribute to the immunopathology of primary SS. Therefore, blockade of IL-7 
or the IL-7R might be considered to prevent proinflammatory and tissue−destructive 
responses in primary SS.
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Abstract 

Objective. To identify IL-7Rα expression in the labial salivary glands (LSGs) of patients 
with primary Sjögren’s syndrome (SS) and non-Sjögren’s sicca syndrome (nSS-sicca) and 
to study its correlation with glandular inflammation and IL-7 expression. 

Methods. The presence of infiltrating immune cells and IL-7Rα+ cells in inflamed 
LSGs of patients with primary SS (n=12) and nSS-sicca controls (n=7) was studied by 
immunohistochemistry and fluorescence activated cell sorting (FACS) analysis upon 
tissue digestion (n=15 and n=13 respectively). Additionally, the correlations of IL-7Rα+ 
cells with hallmark disease parameters of primary SS, major infiltrating inflammatory 
cells and IL-7 were assessed. 

Results. In the LSGs of patients with primary SS increased numbers of IL-7Rα+ cells were 
found as compared with patients with nSS-sicca. IL7Rα+ cells strongly correlated with the 
lymphocytic focus score, IL-7 expression, the decrease in percentage IgA+ plasma cells 
and numbers of CD3 T cells, CD20 B cells, and CD1a and CD208 myeloid dendritic cells. 
Analysis of isolated cells from LSGs demonstrated strongly increased percentages of IL-
7Rα+ CD3 T cells in primary SS as compared with nSS-sicca, showing abundant IL-7Rα 
expression on both CD4 and CD8 T cells. Other CD45 leucocytes and CD45− tissue cells 
hardly expressed the IL-7Rα. Percentages of IL-7Rα+ T cells also significantly correlated 
with glandular inflammation. 

Conclusions. This study shows the presence increased IL-7Rα+ T cells in the LSGs of 
patients with primary SS and their association with the severity of sialoadenitis, disease 
parameters and IL-7 expression. Considering the immunostimulatory capacity of IL-7Rα+ 
T cells and IL-7 this suggests that IL-7(R)-dependent T cell-driven immune activation 
plays an important role in inflammation in primary SS. 
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differentiating cytokines and cytokines, indicative of T cell activation (IFNγ, IL-17) [15]. 
We and others have shown that IL-7Rα−expressing CD4 T cells strongly proliferate upon 
T cell receptor (TCR) activation and promote inflammatory activity in vitro, while CD4 T 
cells lacking the IL-7Rα and expressing CD25 are anergic and regulatory in nature [16, 
17]. At the level of the salivary gland an increased number of IL-7Rα+ T cells could lead 
to an increased and continuing inflammatory response, especially in the presence of 
an increased local IL-7 expression. Therefore, this study was designed to determine the 
expression of the IL-7Rα on cells in labial salivary glands (LSGs) of patients with primary 
SS in relation to markers of inflammation and disease.

Patients and Methods

Patients. LSG specimens of twelve patients with primary SS were used for immuno-
histochemical staining. All patients were diagnosed according to American-European 
Consensus Group criteria [18]. Seven patients not fulfilling these criteria for SS, were 
classified as non-Sjögren’s sicca patients (nSS-sicca), and were included as a control-
group for immunohistochemistry. All of the above-mentioned patients were naive to 
the use of immunosuppressive drugs. Demographic and clinical data of patients with 
primary SS and nSS-sicca are shown in table 1.

Table 1. Demographic data and disease parameters

Mean (±SEM) of demographic and clinical parameters is given.
#Percentages were available in 6, 10, and 9 patients, respectively. 
ESR, erythrocyte sedimentation rate; IgA+/IgM+/IgG+ cells, IgA−/IgM−/IgG− containing plasma cells in labial 
salivary gland biopsy; LFS, lymphocytic focus score; nSS-sicca, non-Sjögren’s sicca syndrome; primary SS, 
primary Sjögren’s syndrome.

Introduction

Primary Sjögren’s Syndrome (primary SS) is a systemic autoimmune disease 
characterised by lymphocytic infiltration of the exocrine (mainly salivary and lachrymal) 
glands, resulting in clinical symptoms of dryness. The lymphocytic infiltration consists 
of large numbers of activated T cells and B cells, together with smaller numbers of 
specialised antigen-presenting cells, like monocytes/macrophages and dendritic cells 
[1]. It has been suggested that T cell−driven sialoadenitis contributes to glandular 
damage and dysfunction associated with sicca complaints. The close relationship of 
major histocompatibility complex (MHC) class II molecules (HLA-DR/DQ) with the 
presence of autoantibodies in primary SS suggests a crucial involvement of CD4 T cells 
in the immunopathology of primary SS since these T cells need antigen presentation 
by MHC class II molecules [2]. In addition, T helper cells secreting interferon γ (IFNγ) 
and interleukin (IL)-17 have been demonstrated in the inflamed salivary glands and are 
associated with tissue damage [3, 4]. Furthermore, autoreactive CD4 T cells induce SS-
like symptoms, when injected in mice [5].

The vast majority of peripheral blood (PB) CD4 T cells express the interleukin 7 (IL-7) 
receptor (IL-7R), which, through binding of interleukin-7 (IL-7) are potently activated. 
IL-7 signals through the IL-7R, which consists of the high−affinity α chain (IL-7Rα, CD127) 
in conjunction with a shared common γ chain. IL-7 is a pleiotropic immunostimulatory 
cytokine known for its crucial role in maintaining homeostasis of the peripheral T cell pool. 
Activation of the IL-7/IL-7R pathway leads to survival, proliferation, and differentiation of 
mature naive and memory T cells [6]. 
Disturbance of the IL-7/IL-7R pathway has been implicated in the pathogenesis of several 
rheumatic autoimmune diseases. IL-7 levels are increased in rheumatoid arthritis (RA) 
patients as compared with healthy controls (HCs) [7, 8]. Associated with increased IL-7 
levels, IL-7Rα+ cells are found to be increased in the synovial tissue of patients with RA 
in comparison patients with osteoarthritis [9]. Furthermore, in experimental arthritis 
models, IL-7 administration to collagen−immunised mice increased T cell activation, 
associated with a strong aggravation of joint inflammation and joint destruction [10].
Blockade of the IL-7R and/or IL-7 leads to a reduction of arthritis severity in different 
arthritis models as demonstrated by a reduced joint damage and decrease in 
proinflammatory cytokines and tissue−destructive mediators [12, 13]. In addition to RA, 
elevated expression levels of IL-7 and/or IL-7R mRNA were also found in the synovial 
fluid and tissue of patients with spondylarthritis and serum and skin of patients with 
psoriasis [13, 14].  

Recently data were presented indicating that IL-7 can also contribute to the chronic 
inflammation in primary SS. IL-7 expression is increased in glandular tissue of patients 
with primary SS and correlates with increased markers of glandular inflammation. 
Furthermore IL-7R−mediated in vitro activation of mononuclear cells from these 
patients by IL-7 is associated with production of T cell−attracting chemokines, T cell−
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flow cytometry. The following labelled antibodies were used: anti-CD45-APC (BD), 
anti-CD3-FITC (Pharmingen, San Diego, CA, USA), anti-CD4-PERCP (BioLegend, San 
Diego, CA, USA), anti-CD8-PE (BD), anti-CD14-FITC (DAKO), anti-CD19-FITC (DAKO), anti-
CD127-PE (Immunotech), and anti-CD25-FITC (DAKO). Anti-IgG1-FITC/IgG1-PE antibody 
(Immunotech) was used as isotype control. When appropriate, the mean fluorescence 
intensity was calculated from the fluorescence histogram and expressed in arbitrary 
units. 
Additionally, peripheral blood mononuclear cells (PBMCs) from seven patients with 
primary SS and age- and gender matched HCs were stained for IL-7Rα and CD25 as well. 
Simultaneously, intracellular FoxP3 staining was performed using an APC−conjugated rat 
anti-human FoxP3 staining set (eBioscience). As a control, an APC−labelled rat isotype 
control antibody was used (eBioscience).
Cell counting was done using a FACScan flow cytometer and data were analysed with 
FlowJo software, version 7.5 (Tree Star Inc., Oregon, USA).

CD4 T cell and CD14 monocyte (co-)culture and cytokine measurements. PBMCs were 
isolated by Ficoll-Paque density gradient centrifugation (Pharmacia, Uppsala, Sweden). 
CD14+ and CD4+ cells were isolated from PBMCs by magnetic-activated cell sorting 
(MACS, Miltenyi Biotec, Utrecht, The Netherlands). 
Isolated CD4 T cells and CD14+ monocytes/macrophages (both 5.105/ml) were co-
cultured for 3 days at a ratio 1:1 in RPMI/glutamax (Gibco BRL) with added penicillin 
(100 U/ml), streptomycin (100 mg/ml), and 10% pooled FCS in the presence or absence 
of 10 ng/ml IL-7 (PeproTech Inc., Rocky Hill, New Jersey). Measurements of cytokine 
production (IFNγ [Biosource, Belgium] and IL-17A [R&D]) after short anti-CD3/CD28 
restimulation (18 h) were performed by commercially available ELISAs, according to the 
manufacturer’s instructions.

Statistical analysis. The Mann−Whitney U test or independent sample t test was 
performed, where appropriate, to detect differences between patients with primary 
SS and nSS-sicca or HCs. Values of p<0.05 were considered statistically significant. 
Spearman correlation was used to evaluate correlations between LSG IL-7Rα expression, 
expression of different inflammatory cells, and parameters of disease. Values of p<0.0048 
were considered statistically significant. This p value (p<0.05/12) was calculated after 
application of a Bonferroni correction for multiple comparisons (n=12).

Results

Numbers of IL-7Rα+ cells are increased in primary SS and correlate with markers of 
inflammation and glandular inflammatory cells. LSG biopsy samples obtained from 
twelve patients with primary SS and seven nSS-sicca controls were analysed for the 
expression of IL-7Rα using immunohistochemistry. Since IL-7Rα is known to be expressed 
mainly by CD3 positive T cells, the co-localization of CD3 and IL-7Rα was examined, 
together with proliferating (Ki67−expressing) cells. Figure 1 provides representative 

Flow cytometry analysis was performed using LSG tissue biopsy specimen from an 
additional group of fifteen patients with primary SS and thirteen control patients 
with nSS-sicca. Two patients with primary SS used a daily low maintenance dose of 
prednisone (5 mg a day) at the time of biopsy; all other patients were naive to the use of 
immunosuppressive drugs. Demographic data and disease parameters of this group are 
also shown in table 1.
The study was performed according to the medical ethical regulations of the University 
Medical Centre Utrecht.

Immunohistochemistry of LSG tissue. From each LSG specimen, 6 μm sections were cut 
on a freezing microtome and mounted in a serial manner on glass slides (three sections 
a slide; Star Frost adhesive slides, Knittergläser, Braunschweig, Germany). Sections were 
fixed with acetone, air-dried, and washed with phosphate-buffered saline. Different 
tissue sections on a glass slide were separately stained using a liquid blocker (PAP pen), 
keeping staining reagents localised on individual tissue sections. Endogenous peroxidase 
activity was blocked, and non-specific binding was prevented by incubating the tissue 
with 5% pooled-human AB serum and 10% goat serum. Serial tissue sections were 
incubated overnight respectively with monoclonal mouse anti-human IL-7Rα (eBioRDR5, 
eBioscience, San Diego, CA, USA), mouse anti-human CD3 (BD Bioscience, San Jose, CA, 
USA), and polyclonal rabbit-anti-human IL-7 (H151, Santa Cruz biotechnology, Santa 
Cruz, CA, USA) on the first slide. 
Additionally, parallel slides were stained with a mouse anti-human CD19 (BD), 
mouse-anti-human anti-Ki67 (DAKO, Glostrup, Denmark) as a marker of proliferating 
cells. Infiltrating dendritic cells were visualised with mouse anti-CD1a (OKT6, own 
production), mouse anti-human CD208 (Immunotech, Marseille, France) and mouse 
anti-human CD209 (R&Dsystems, Minneapolis, MN, USA). A mouse IgG1κ was used as 
isotype control (R&D) and control stainings were performed omitting the first antibody. 
Antigen-antibody complexes were visualised using a two-step peroxidase staining 
method (powervision-peroxidase-DAB for isotype control, IL-7Rα, CD3, CD19, IL-7, and 
powervision-peroxidase-new fuchsine for Ki67) or a two-step phosphatase staining 
method [19] (AB complex-phophatase-new fuchsine for CD1a, CD208, CD209), both 
according to standard protocols. 
The numbers of IL-7Rα and Ki67 positive cells were calculated per mm2. For the 
other stainings a semi-quantitative scoring system was used to grade the intensity of 
expression, using a scale of 0-4, with 0 indicating no positive cells, 1 only a few positive 
cells, 2 considerable numbers of positive cells, 3 widespread expression, and 4 abundant 
expression of positive cells. Scoring of subsets of cells and IL-7 expression was performed 
fully blinded to the expression of the IL-7Rα.

LSG tissue digestion and flow cytometry. LSG tissue specimens were cut into small 
pieces and digested in 2 mg/ml collagenase type IV (Worthington, Lakewood, NJ, USA) 
supplemented with 10% FCS (Gibco BRL, Life Technologies, Merelbeke, Belgium) (to 
inhibit possible trypsin activity) for 3 hours at 37oC. LSG cell suspensions were then 
pushed through a 70 µm cell strainer to remove remaining tissue debris and used for 
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Isolated glandular T cells abundantly express the IL-7R and correlate with inflammation. 
The expression of the IL-7Rα (CD127) on cells isolated from labial biopsy specimen from 
fifteen primary SS and thirteen nSS-sicca patients analysed by flow cytometry is shown 
in figure 3, demonstrating IL-7Rα expression mainly on T cells from the LSGs. Analysis of 
the IL-7Rα expression on CD45− tissue cells, CD19 B cells and CD14 monocytes showed 
that on average less than 2%, 6% and 7%, respectively, of these cells express the IL-7Rα 
(representative FACS analysis and histograms from one patient with primary SS; fig. 3A). 
The IL-7Rα was expressed by a large percentage of CD3 T cells (nSS-sicca vs. primary SS; 
67.5 ±4.5% vs. 53.9 ±3.9%, ns), in particular on CD4 T cells and to a lesser extent on CD8 
T cells (fig. 3D). Supporting our immunohistochemistry data, an increased percentage 
of IL-7Rα+ CD3 T cells (expressed as percentage of the total number of tissue cells) was 
found for patients with primary SS as compared with nSS-sicca controls (fig. 3B). A similar 

photomicrographs of isotype control, CD3, IL-7Rα and Ki67 stainings in the LSG of 
a patient with primary SS (fig. 1A-D, respectively) and a nSS-sicca control (fig. 1E-H, 
respectively). The increased IL-7Rα expression in patients with primary SS was most 
prominently detected in the T cell−rich lymphocytic infiltrates throughout the tissue, 
and co-localised with CD3− and Ki67−expressing cells. 

In the primary SS group, the number of IL-7Rα positive cells/mm2 had a median value 
of 357 (range 85-1640), compared to 85 (range 27-157) in the nSS-sicca group (p<0.01 
fig. 2A). In the whole sicca group, a significant positive correlation was found with the 
number of CD3+ T cells (p<0.001, r=0.809, fig. 2B). Additionally, LSG IL-7Rα expression 
strongly correlated with local disease parameters in the whole sicca patient group 
(lymphocytic focus score [LFS], p<0.001, r=0.720, fig. 2D, table 2; % IgA+ plasma cells, 
p<0.005, r=-0.639, table 2). No significant correlation was found between the LSG IL-7Rα 
expression and peripheral inflammatory disease parameters − that is sIgG, erythrocyte 
sedimentation rate, and circulating leukocyte numbers (table 2).

Additionally it was assessed whether the presence of CD19 B cells, CD1a, CD208 and 
CD209 myeloid DCs (mDCs), as well as the IL-7 expression, and Ki67+ proliferating cells 
were increased and whether these cells correlated with the number of IL-7Rα+ cells 
(Table 2). The numbers of almost all inflammatory cells (all at least p<0.01; except CD209 
mDCs, p=0.105), IL-7−expressing cells and Ki67+ proliferating cells (both p<0.001) were 
significantly higher in patients with primary SS as compared with nSS-sicca controls (see 
van Blokland et al [20] and data not shown). Significant positive correlations were found 
between numbers of IL-7Rα+ cells and the infiltrating and proliferating immune cells (fig. 
2C, Table 2).

Figure 2. Positive correlation between Interleukin-7 R α (IL-7Rα) expression in the 
labial salivary glands (LSGs) and number of CD3 T cells, number of proliferating 
cells, and lymphocytic focus score. The IL-7Rα+ cells/mm2 in LSGs tissue sections of 
patients with primary SS and non-Sjögren’s sicca syndrome (nSS-sicca) controls are 
shown (A). The number of IL-7Rα+ T cells is significantly increased in patients with 
primary SS (n=12) as compared with nSS-sicca controls (n=7) and shows a significant 
positive correlation with the presence of CD3 T cells (B, SQS = semi-quantitative 
score from 0-4, whole sicca group; R=0.809, p<0.001, primary SS group; R=0.681, 
p<0.05), the number of proliferating Ki67+ cells (C, whole sicca group; R=0.835, 
p<0.001, primary SS group; R=0.687, p<0.05) and the lymphocytic focus score 
(D, whole sicca group; R=0.720, p<0.001, primary SS group; R=0.399, p=0.199). 
Correlation coefficients (R) and p-values of correlations with IL-7Rα+ cells are given. 
Statistical significance **p<0.01. 

Figure 1. Increased expression of interleukin-7 receptor α (IL-7Rα) in CD3 T cell−rich lymphocytic area in 
LSGs of patients with primary SS as compared with non-Sjögren’s sicca syndrome (nSS-sicca) controls. 
Representative images showing staining for the expression of isotype control (A, E), CD3 T cells (B, F), IL-7Rα 
(C, G), and Ki67 (D, H) in LSGs tissue sections from a patient with primary SS (A, B, C, D) and a nSS-sicca control 
patient (E, F, G, H). Insets show higher-magnification view (original magnification x 400).
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1.3% ±0.2%, p<0.05, fig. 4C). Furthermore, the IL-7Rα−CD25− subset was also found to 
be significantly increased in patients with primary SS (HC vs. primary SS; 0.8 ±0.2% vs. 
5.0 ±2.4%, p<0.01). The FoxP3 expression in these subsets were simultaneously analysed 
and demonstrated that nearly all IL-7Rα+CD25− CD4 T cells were FoxP3 positive (primary 
SS vs. HC; 94.8 ±0.8% vs. 94.7 ±2.8%, Figure 4D). No significant difference in the FoxP3 
expression of these FoxP3brightIL-7Rα−CD25+ T cells between patients with primary SS 
and HCs was observed, however, IL-7Rα+CD25− T cells showed an increased percentage 
of FoxP3dim−expressing cells in patients with primary SS (HC vs. primary SS; 1.8 ±0.2% vs. 
4.2 ±0.5%, p<0.001). 

To assess the possible consequences of the increased percentage of FoxP3brightIL-7Rα−
CD25+ Treg population, CD4 T cells were cultured together with CD14 monocytes as 
antigen presenting cells and stimulated with IL-7. IL-7 induced production of the two 
major Th1− and Th17−defining cytokines, IFNγ (HC vs. primary SS; 1785 ±352 pg/ml vs. 

difference was found for the percentage 
of IL-7Rα+ CD4 T cells and IL-7Rα+ CD8 
T cells (both p<0.05, data not shown). 
In addition, a significant correlation was 
found between the LFS and the isolated 
and FACS−identified percentage IL-7Rα+ 
CD3 T cells (p<0.05, r=0.516, fig. 3C), 
and similarly for the percentage IL-7Rα−
expressing CD4 (p<0.01, r=0.425) and 
CD8 T cells (p<0.01, r=0.558) (data not 
shown).

Percentages of CD25+IL-7Rα− CD4 T 
cells in LSGs and PB of patients with 
primary SS are decreased. In contrast 
to CD8 T cells, the percentage of IL-
7Rα−expressing cells within the CD4 T 
population was reduced in patients with 
primary SS as compared with patients 
with nSS-sicca (55.8 ±3.0% vs. 74.1 ±3.5% 
respectively, p<0.05, fig. 3D). We and 
others have previously demonstrated 
that in the PB of patients with RA (and 
in HCs) regulatory T cells, which express 
CD25 (IL-2R) are characterised by a 
high FoxP3 expression and a lack IL-7Rα 
expression. Therefore, it was analysed 
whether a reduction in the percentage 
IL-7Rα+ cells was associated by increases 
in the percentage IL-7Rα−CD25+ T cells. 

Indeed, the IL-7Rα−CD25+ subset was significantly increased in LSG biopsies of primary 
SS as compared with nSS-sicca patients (7.4 ±1.2%; n=7 vs. 1.7 ±0.7%, n=5, p<0.05; 
fig. 4A, B). The IL-7Rα−CD25− subset also was increased in patients with primary SS 
as compared with nSS-sicca controls, although this difference did not reach statistical 
significance (nSS-sicca vs. primary SS; 23.1 ±5.6% vs. 32.3 ±3.7%, p=0.20). Associated 
with this increase, the percentage IL-7Rα+CD25− effector T cells showed a significant 
decrease (nSS-sicca vs. primary SS; 64.5 ±4.5%vs. 46.6 ±6.1%, p<0.01). 

Next we assessed whether the observed changes in IL7RαCD25−defined T cell subsets in 
the LSGs were reflected in the PB of patients with primary SS as compared with controls. 
IL-7RαCD25−defined CD4 T cell subsets from the PB of patients with primary SS and 
HCs were analysed (n=7), age− and gender−matched to the patients with primary SS 
from the LSG group. Similar to the LSGs, a significant increase in the IL-7Rα−CD25+ T 
cell subset was found for patients with primary SS as compared with HCs (3.0 ±0.6% vs. 

Figure 3. Interleukin-7 receptor α (IL-7Rα) is abundantly expressed on CD3, CD4 and CD8 T lymphocytes in 
single−cell suspensions of LSGs tissue samples. Representative FACS analysis of single−cell suspension of a 
LSG biopsy specimen from a patient with primary SS shows the presence of CD45 leucocytes. Within the CD45 
leukocyte population, the majority of CD3, CD4 and CD8 T cells express the IL-7Rα, while CD45− tissue cells, 
CD19 B cells and CD14 monocytes/macrophages show no, or hardly any, IL-7Rα expression (right six panels). 
Grey lines indicate isotype controls (A). An increased percentage of IL-7Rα+ CD3 T cells in the total LSG cell 
population is found for patients with primary SS (n=13) as compared with non-Sjögren’s sicca syndrome (nSS-
sicca) controls (n=10) (B). A significant correlation between the % IL-7Rα+ CD3 T cells and the lymphocytic 
focus score is seen (C). Within the CD4 T cell population, the percentage IL-7Rα+ CD4 T cells and the mean 
fluorescence intensity (MFI) of IL-7Rα on CD4 T cells are reduced in patients with primary SS as compared with 
patients with nSS-sicca. IL7Rα expression on CD8 T cells in patients with primary SS as compared with nSS-sicca 
controls was not significantly different (D). Statistical significance is*p<0.05.

Table 2. Correlation between IL-7Rα+ cells and 
infiltrating immune cells, IL-7 expression, and local 
and peripheral inflammatory disease parameters. 

Correlation of IL-7R and CD3 T cells, CD20 B cells 
and tissue dendritic cells expressing CD1a, CD208 
and CD209 was assessed in the whole sicca patient 
group. In addition, the correlation of IL7Rα+ cells with 
Ki67+ proliferating cells, IL-7 expression and disease 
parameters was assessed. 
ESR, erythrocyte sedimentation rate; % IgA+ cells, IgA 
containing plasma cells in labial salivary gland biopsy 
(% of total plasma cells), LFS, lymphocytic focus score; 
sIgG, serum IgG.
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decreased percentages of IgA+ plasma cells, which is a result of an increase in local IgM− 
and IgG−secreting plasma cells [21]. Recently, we demonstrated that IL-7 is capable to 
induce T cell-driven B cell activation in vitro, indicating that IL-7 might contribute to local 
T cell−dependent B cell activation in patients with primary SS.  Furthermore, this IL-7(R)−
induced B cell activation was enhanced in the presence of myeloid antigen-presenting 
cells (Bikker et al., Chapter 7). In line with this observation, the increased number of IL-
7Rα+ T cells also significantly correlated with the increased number of activated mDCs 
expressing DC-LAMP (CD208) or DC-SIGN (CD209), possibly contributing to enhanced 
IL-7−driven T and B cell activation [22]. 

As demonstrated in our previous study IL-7 is expressed throughout the LSGs, largely 
produced by fibroblast-like cells. The increased IL-7Rα expression was found co-localised 
with CD3 T cells in the lymphocytic infiltrates, and as confirmed by FACS analysis, 
mainly expressed on CD3 T cells, in particular on CD4 T cells, but also on CD8 T cells. 
Only minimal IL-7Rα expression was detected on CD19 B cells and CD14 macrophages/
monocytes, and tissue cells lacking CD45 expression. From in vitro work by others 
and by us it is known that IL-7Rα+ CD4 T cells are highly proliferating cells upon TCR 
stimulation and IL-7−induced activation [23, 24]. In line with previous studies, we 
here show that this IL-7R−mediated T cell activation by IL-7 in vitro strongly induces 
Th1 (IFNγ) and Th17 (IL-17) cytokine secretion by T cells from patients with primary SS 
suggesting that overexpression of IL-7 in the exocrine glands could contribute to the 
Th1/Th17−driven immunopathology in primary SS [23]. Recently, it has been reported 
that the IL-7/IL-7R pathway plays an important role in promoting Th1 cell survival and 
also Th17 cell survival and in vivo expansion in an experimental model of autoimmune 
encephalomyelitis (EAE) [25]. Furthermore, blockade of the IL-7/IL-7R pathway in vivo 
in experimental models for autoimmune arthritis reduced arthritis severity, associated 
with a reduction in proinflammatory cytokines and chemokines [11, 12, 26]. Although 
the small numbers of LSG cells impedes functional analyses of T cell properties from the 
LSGs, these above-mentioned studies suggest that the glandular IL-7Rα−expressing T 
cells in primary SS are immunostimulatory and promote inflammation, especially in the 
presence of overexpressed IL-7. 

In this study we also found a significant increase in the percentage of IL-7Rα− cells within 
the CD4 T cell population of patients with primary SS. A mechanism that might account 
for the lower IL-7Rα expression on CD4 T cells is the transient down-regulation of the IL-
7R upon TCR triggering and/or binding of several cytokines, like IL-6, IL-15, and IL-7 itself 
[16]. In addition, the reduction in IL-7Rα+ T cells is related to significant increases in the IL-
7Rα−CD25+ subset. Unfortunately, owing to the limited numbers of IL-7Rα−CD25+ CD4 T 
cells obtained from LSG biopsy specimen and owing to technical limitations we were not 
able to simultaneously stain for FoxP3. However, two other studies that looked at FoxP3 
expression in the LSGs of patients with primary SS using immunohistochemistry, found 
that the number of FoxP3+ T cells correlated with the grade of glandular infiltration (LFS) 
[27, 28]. Also, in this study, we were able to demonstrate that the observed increases 
in IL-7Rα−CD25+ CD4 T cells in the LSGs are reflected in the PB. Similar to HCs (and 

2506 ±871 pg/ml) and IL-17A (683 ±215 pg/ml vs. 461 ±188 pg/ml), equally effective in 
HCs and patients with primary SS. 

Discussion

This study shows an increased IL-7Rα expression in the LSGs of patients with primary 
SS as compared with nSS-sicca controls. Furthermore, it showed that the glandular IL-
7Rα+ cells are mainly CD3 T cells, and that they strongly correlate with B cells, mDCs and 
proliferating cells as well as with IL-7 expression and markers of inflammation (LFS, % 
IgA+ cells).
Previously we demonstrated an increased expression of IL-7 in the LSGs [15]. Here 
we show that the number of IL-7Rα−expressing cells correlates with IL-7 expression, 
supporting the hypothesis that IL-7−driven immune activation is involved in the 
immunopathology of primary SS. Further support for a role of IL-7R−driven immune 
activation is given by the association between the increased number of IL-7Rα+ cells 
and the increased LFS. In addition, the increased number of IL-7Rα+ cells correlates with 

Figure 4. Percentages of IL-7Rα−CD25+ T cells are increased in the labial salivary glands (LSGs) and peripheral 
blood (PB) of patients with primary SS, but do not prevent interleukin(IL)-7-induced interferon γ and IL-17A 
production. Representative FACS analysis of single−cell suspension of a LSG biopsy specimen of a nSS-sicca 
control and patient with primary SS shows the expression of CD127 (IL-7Rα) and CD25 (IL-2R) on CD4 T cells 
(A). Within the CD4 population an up-regulation of the IL-7Rα−CD25+ T cell population is seen, associated 
with a significant decrease in IL7Rα+CD25− effector T cells (B). In the PB, IL-7Rα−CD25+ CD4 T cells in patients 
with primary SS are increased as compared with HCs (C). Nearly all IL-7Rα−CD25+ are positive for FoxP3. No 
significant difference between HCs and patients with primary SS in FoxP3 expression for the IL-7Rα−CD25+ 
subset is found. However, an increase in the % FoxP3 cells in the IL7Rα+CD25− effector T cell subset is seen in 
patients with primary SS (D). Notwithstanding the increased numbers of IL-7Rα−CD25+ Tregs, IL-7 still induces 
a robust Th1 and Th17 response in PB CD4 T cells from patients with primary SS (E). Statistical significance is 
*p<0.05, **p<0.01 and ***p<0.001.
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patients with RA) the majority of this subpopulation of CD4 T cells in patients with 
primary SS expresses FoxP3 at a high level [16, 29, 23]. An elevated expression of IL-7Rα−
CD25+ Tregs at the site of inflammation might be an attempt to control the continuing 
inflammation. Apparently however, these Tregs seem to fail at this, which might be owing 
to the proinflammatory environment that provides signals to overcome suppression by 
Tregs or causes Tregs to lose their regulatory function. These proinflammatory signals, 
resulting from co-stimulation, such as CD28, or cytokines, such as IL-7, IL-1β, and IL-6, 
might render effector T cells unresponsive to Treg−mediated suppression [23, 29]. In 
line with this, we demonstrate that IL-7 stimulation in vitro strongly induces IFNγ and 
IL-17A production by CD4 T cells from patients with primary SS and thereby overcomes 
suppression by increased numbers of IL-7Rα−CD25+(FoxP3bright) T cells.

Altogether this study shows an increased presence of IL-7Rα+ T cells in the LSGs of 
patients with primary SS and their association with the severity of sialoadenitis and 
disease parameters. The in vitro proinflammatory capacities of IL-7 and beneficial 
effects of IL-7/IL-7R blockade in several experimental autoimmune models suggests that 
inhibition of the IL-7/IL-7R pathway to suppress the continuing immune activation in 
primary SS might be a potential therapeutic strategy. 
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Abstract

Objective. To study the phenotypic characteristics of and the balance between systemic 
IL-7 receptor (IL-7R)α+ and IL-7Rα− Tregs in primary SS (SS) patients as compared with 
control subjects and to assess the functional consequences this has for (IL-7−induced) T 
cell activation. 

Methods. The functional properties of IL-7Rα+ and IL-7Rα− (CD25+) CD4 T cells from 
patients with primary SS were tested in vitro. Expression of CD25 and FoxP3 by IL-7Rα+ 
and IL-7Rα− CD4 T cells from patients with primary SS and healthy control (HCs) was 
assessed. Also, the net ex vivo T cell cytokine production and the capacity of IL-7 to 
activate total CD4 T cells from patients with primary SS as compared with HCs in vitro 
was tested.

Results. IL-7Rα+ T cells from patients with primary SS strongly proliferated and their 
numbers were slightly reduced as compared with healthy controls. This reduced 
number was caused by an increase in both anergic and suppressive IL-7Rα−CD25+ T 
cells expressing high levels of FoxP3, but also by increases in IL-7Rα−CD25− CD4 T cells 
that only moderately expressed FoxP3. This altered balance in IL-7Rα+ and IL-7Rα− CD4 
T cells was accompanied by unchanged ex vivo Th1, Th2 and Th17 cytokine production 
of total CD4 T cells. Furthermore, the increased numbers of IL-7Rα−CD25+ T cells did 
not prevent specific IL-7−induced Th1 and Th17 cytokine production by IL-7Rα+ T cells. 

Conclusions. IL-7Rα+ cells are highly proliferating cells that respond strongly to IL-7 
despite an increased number of IL-7Rα− T cells that express FoxP3 and CD25. The 
recent finding that IL-7 and IL-7Rα+ T cells were both found to be increased in exocrine 
glands of patients with primary SS this indicates that IL-7 could contribute to glandular 
inflammation by activation of IL-7Rα+ effector T cells despite the increased numbers of 
Tregs.
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Since a shift in the balance of IL-7Rα+ over IL-7Rα− T cells could lead to an increase in 
local inflammation and tissue destruction in patients with primary SS, in the present 
study we examined the characteristics of and balance between systemic IL-7Rα+ and 
IL-7Rα− T cells in patients with primary SS as compared with control subjects and the 
functional consequences this has for (IL-7-induced) T cell activation.

Patients and Methods

Patients. Fourteen patients with primary SS, diagnosed according to American-
European Consensus Group criteria (all with a lymphocytic focus score (LFS) ≥ 1 in their 
labial salivary gland (LSG) biopsy specimen) and fourteen age− and gender−matched 
healthy controls (HCs) were examined. Peripheral blood was collected simultaneously 
from matched individuals and used for ex vivo and in vitro analyses. Demographic and 
immunoserological data are shown in Table 1. The majority of the patients were female 
(female/male, n=11/3), and all patients showed characteristics of established disease 
and one or more immunoserological parameters fitting primary SS. One of the patients 
used a daily low maintenance dose of prednisone (5 mg/day) at the time of blood 
withdrawal. The study was approved by the ethics committee from the UMC Utrecht. All 
patients gave their informed consent for this study.

T cell subset characterisation by flow cytometry. The expression of IL-2Rα (CD25), 
IL-7Rα (CD127), and FoxP3 was assessed by FACS analysis. To analyse the expression 
of the cell surface markers, peripheral blood mononuclear cells (PBMCs) and isolated 
CD4 T cells were stained in different combinations. The following labelled antibodies 
were used: anti-CD4-PERCP (BD, Erembodegem-Aalst, Belgium), anti-CD45/CD14-FITC/
phycoerythrin (PE) (Immunotech, Marseilles, France), anti-CD19-FITC (DAKO, Glostrup, 

amean (±SEM).
ESR = erythrocyte sedimentation rate, LFS = lymphocytic focus score, IgA+ cells = IgA containing plasma cells 
in LSG biopsy.

Table 1. Demographic data and disease parameters

Introduction

Primary Sjögren’s Syndrome (primary SS) is a chronic systemic autoimmune disorder 
mainly characterised by lymphocytic infiltration of the exocrine glands. In patients with 
primary SS local T cell−driven inflammation is suggested to contribute to the glandular 
destruction and dysfunction associated with clinical symptoms of dryness. The close 
association of MHC class II molecules (HLA-DR/DQ) with the presence of autoantibodies 
in primary SS [1, 2] suggests a critical involvement of CD4 T cells in the immunopathology 
of primary SS since these T cells require antigen presentation by MHC class II molecules. 
In addition, CD4 T cells make up for the majority of the infiltrating cells (45-50%) [3, 4] 
and T helper cells secreting IFNγ and IL-17 have been demonstrated in the inflamed 
salivary glands [5-7]. Furthermore, autoreactive CD4 T cells induce SS−like symptoms, 
when injected in mice [8]. For the control of mature naive and memory CD4 T cell 
homeostasis, expression of the IL-7 receptor (IL-7R) is of great importance [9, 10]. The 
IL-7R comprises two separate subunits, the alpha-chain of the IL-7R (IL-7Rα, CD127) and 
the common cytokine receptor γ chain, which is shared with the other receptors of the 
IL-2 cytokine family. Signalling through the IL-7R upon binding of IL-7 potently causes 
survival, proliferation and differentiation of T cells, in particular of CD4 T cells [11]. In 
recent years IL-7 and the IL-7R signalling pathway have been implicated in autoimmune 
diseases, like rheumatoid arthritis (RA) and multiple sclerosis [12-15]. In a collagen−
induced arthritis model, blockade of the IL-7R prevents T cell activation that leads to the 
reduction of arthritis severity as demonstrated by a markedly reduced joint damage and 
decrease in proinflammatory cytokines and mediators associated with tissue damage 
[16]. 

Recently we presented data to indicate that IL-7 might also contribute to the chronic 
inflammation in primary SS. IL-7 expression is increased in glandular tissue of 
patients with primary SS and IL-7 levels correlate with increased markers of glandular 
inflammation. Furthermore IL-7R−mediated activation of mononuclear cells from these 
patients by IL-7 was associated with production of T cell−attracting chemokines, T cell−
differentiating cytokines and cytokines indicative of T cell activation [17]. In line with the 
above-mentioned data, CD4 T cells expressing the IL-7Rα subunit have recently been 
classified as proinflammatory effector T cells. On the other hand, T cells lacking the IL-
7Rα have been classified as naturally occurring Tregs, especially in combination with the 
expression of CD25 [18-20]. IL-7R−CD25+ T cells identify T cells that are characterised 
by high levels of FoxP3 and in healthy individuals display a suppressive function in vitro 
[20]. Under normal conditions, these T cells are assigned necessary for maintaining 
self-tolerance in vivo and thereby preventing autoimmunity. Although (lack of) IL-7R 
expression in patients with primary SS has not been reported, several groups have 
suggested an imbalance of CD25-expressing Tregs in patients with primary SS; however, 
these reports yielded inconsistent results [21-23]. Partly this may be due to the fact 
that characterisation and isolation of Tregs was based solely on the expression of CD25. 
Given that activated T cells also express CD25, this could have its limitations [24].
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with anti-PE magnetic beads (Miltenyi) and separation of IL-7Rα+ and IL-7Rα− cells by 
autoMACS. Subsequently, from IL-7Rα− CD4 T cells, CD25+ cells were isolated using 
anti-CD25 labelled with goat anti-mouse IgG magnetic beads (Miltenyi). IL-7Rα+ T cells, 
IL-7Rαdim/− and IL-7Rα−CD25+ T cells (all 1.105/ml) were cultured for 3 days, with and 
without 2 mg/ml coated anti-CD3 mAb (clone OKT3, eBioscience) in the presence or 
absence of irradiated autologous APCs (1.105/ml). Proliferation was measured using 
3H-thymidine incorporation.

Cytokine analysis of CD4 T cells. Measurements of the major Th1−, Th2− and Th17−
defining cytokines IFNγ, IL-4 (Biosource, Belgium) and IL-17A (R&D systems, Minneapolis, 
MN, USA), respectively, were performed by commercially available ELISA’s according the 
manufacturer’s instructions.

Statistical analysis. Significant differences between paired individuals from the primary 
SS and HC group were analysed by the parametric paired sample t test or the non−
parametric Wilcoxon’s singed rank test when appropriate. All statistical analyses were 
performed using Graphpad Prism (GraphPad Prism 5.0, GraphPad software Inc.) and 
differences with a two-tailed p≤0.05 were considered statistically significant.

Results
Figure 1. IL-7Rα+ from patients 
with primary SS are strongly 
proliferating cells while IL-
7Rα−CD25+ T cells suppress 
IL-7Ra+ effector T cells. CD25 
and CD127 expression (IL-7Rα) 
on IL-7Rα+, IL-7Rαdim/−, and IL-
7Rα−CD25+ CD4 T cells is shown 
for a representative patient with 
primary SS (A). These subsets of 
T cells were sorted by MACS 
and CD3−restimulated in vitro 
in the presence of irradiated 
APCs (2.104). IL-7Rα+ cells 
strongly proliferated while IL-
7Rαdim/− cells and IL-7Rα−CD25+ 
T cells were anergic to CD3 
cross-linking (anergy is defined 
as ≤20% of the proliferative 
capacity of IL-7Rα+ T cells) (B). 
When cultured in the presence 
of APCs (C) or absence of APCs 
(D) in a 1:1 ratio with IL-7Rα+ 
T cells, IL7Rα−CD25+ T cells 
suppressed IL-7Rα+ T cells, 
while no significant change 
in proliferation was observed 
when IL-7Rα+ T cells were co-
cultured with IL-7Rα− T cells.

Denmark), anti-CD8-PE (BD), anti-CD3-FITC/CD16+CD56-PE (Immunotech), anti-
CD25-FITC (DAKO), anti-CD127-PE (Immunotech), and anti-CD25-PECy7 (eBioscience, 
San Diego, CA, USA). Memory T cell subsets were identified using anti-CD27-APC 
(Immunotools, Friesoythe, Germany), and anti-CD45RO-FITC (Immunotools). Anti-IgG1-
FITC/IgG1-PE antibodies (Immunotech) were used as isotype controls. Intracellular 
FoxP3 staining was performed using an APC-conjugated rat anti-human FoxP3 staining 
set (eBioscience). For intracellular staining, an APC-labelled rat isotype control antibody 
was used (eBioscience). Percentages positive/negative cells were determined based 
on markers that were set using isotype controls [20]. Cell acquisition was done using a 
FACScan flow cytometer and data were analysed with FlowJo software, version 7.5 (Tree 
Star Inc., OR, USA). 

CD4 T cell and CD14 monocyte isolation and (co-)culture. Peripheral blood (PB) was 
diluted 1:1 with RPMI 1640 medium (Gibco BRL, Life Technologies, Merelbeke, Belgium) 
containing penicillin (100 U/ml, Yamanouchi, Leiderdorp, The Netherlands), streptomycin 
(100 mg/ml, Fisiopharma, Milano, Italy) and glutamine (2 mM, Gibco BRL). PBMCs 
were isolated by Ficoll-Paque density gradient centrifugation (Pharmacia, Uppsala, 
Sweden). CD14+ and CD4+ cells were isolated from PBMCs by magnetic-activated cell 
sorting (MACS). CD14+ cells were positively selected by incubating PBMCs with anti-
CD14 labelled with goat anti-mouse IgG magnetic beads (Miltenyi Biotec, Utrecht, The 
Netherlands) following MACS procedures according to manufactures instructions using 
the autoMACS (Miltenyi Biotec). Untouched CD4+ cells were negatively selected by using 
the CD4 isolation kit II (Miltenyi Biotec) and autoMACS (Miltenyi Biotec). Cells were used 
directly for FACS staining or in vitro culture.

Cytokine production [IFNγ, IL-4 (Biosource, Belgium) and IL-17A (R&D systems, 
Minneapolis, MN, USA)] was measured upon activation of isolated CD4 T cells with 
Ionomycin (50 mg/ml) and phorbol myristate acetate (PMA, 500 mg/ml) for 18h and 
3 days. Isolated CD4 T cells and CD14 monocytes/macrophages (both 5.105/ml) were 
also co-cultured for 3 days at a ratio 1:1, and proliferation and cytokine production 
(IFNγ, IL-4 and IL-17A) were measured. Cells were cultured in RPMI/glutamax (Gibco 
BRL) with added penicillin (100 U/ml), streptomycin (100 mg/ml) and 10% pooled fetal 
calf serum (Gibco BRL) in the presence or absence of 10 ng/ml IL-7 (PeproTech Inc., 
Rocky Hill, NJ, USA). In order to measure proliferation, 3H-thymidine was added (5 mCi/
ml, NEN Life Science Products, Amsterdam, The Netherlands) to each well during the 
last 18h of the 3−day cell culture. After this culture period, cells were harvested and 
3H-thymidine incorporation was measured by liquid scintillation in counts per minute 
(CPM). Measurements of IFNγ, IL-4 and IL-17A after a shortanti-CD3/CD28 restimulation 
(18h) were performed by commercially available ELISA’s according to the manufacturer’s 
instructions.

In vitro culture of isolated CD4 T cell subsets. CD4 T cells were isolated as described 
above and CD4 T cells expressing IL-7Rα were selected by incubating CD4 T cells with 
a PE-labelled anti-IL-7Rα antibody (R34.34, Immunotech), followed by incubation 
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T cells is observed in the inflamed exocrine glands of patients with primary SS and T−T 
cell interactions could also contribute to the inflammation, the ability of IL-7Rα−CD25+ 
T cells to suppress IL-7Rα+ T cells in T−T cell co-cultures without APCs, was examined as 
well. In the absence of APCs, IL-7Rα−CD25+ T cells also suppressedIL-7Rα+ T cells (fig. 
1D). Total IL-7Rαdim/− on average did not suppress IL-7Rα+ T cells.
The observation that IL-7Rα+ CD4 T cells were highly proliferating and that IL-7Rα−
CD25+ T cells had an anergic state and were capable to suppress IL-7Rα+ was similar to 
what was previously found for HCs [19, 20, 25]. Since our final goal was to investigate 
whether an ex vivo altered IL-7Rα+:IL-7Rα− T cell balance in patients with primary SS 
was associated with changes in ex vivo T cell activity as well as IL-7−induced in vitro T 
cell activation, we therefore next assessed the numbers of IL-7Rα+ and IL-7Rα−T cells in 
comparison with HCs. In addition, the FoxP3 levels were investigated, not only of the IL-
7Rα−CD25+ Tregs, but of all subsets identified by CD25 and IL-7Rα staining.

Increased numbers of IL-7Rα− CD4 T cells in peripheral blood of patients with primary 
SS as compared with HCs. The majority of CD4 T cells in patients with primary SS and 
HCs expressed the IL-7Rα (CD127) (fig. 2A, histograms of a representative isotype control 
staining and IL-7Rα staining on CD4 T cells from a primary SS patient and HC). However, 
in patients with primary SS there was a reduction in IL-7R−expressing cells, most clearly 
observed by a significant higher percentage of IL-7Rα−T cells in the primary SS patient 
group as compared with HCs (6.3% ±1.4% vs. 2.5% ±0.3%, p<0.001). By contrast, no 
difference was found for the percentage of CD25+ T cells between the two subject 
groups (fig. 2B).

When analysing CD25 combined with IL-7Rα expression (fig. 2C, representative stainings 
for a primary SS patient and HC), it was found that percentages of circulating IL-7Rα−
CD25+ CD4 T cells were significantly higher in patients with primary SS as compared 
with HCs (2.5% ±0.3% vs. 1.5% ±0.2%; p<0.01, fig. 2D, insert). These percentages were 
determined based on isotype controls (quadrants in fig. 2C were set based on these 
isotype controls). We also found a significant higher percentage IL-7Rα−CD25− CD4 T 
cells in patients with primary SS (3.7% ±1.2% vs. 1.0% ±0.2%, fig. 2D insert). No significant 
differences between patients with primary SS and HCs were detected for IL-7Rα+ T cells 
either lacking or expressing CD25 (fig. 2D). To assess the relation of these phenotypical 
changes to clinical disease parameters, correlations with the disease parameters as 
given in table 1 were determined. Both the IL-7Rα−CD25+ and the IL-7Rα−CD25− subset 
significantly correlated with serum levels of IgG (p<0.05, r=0.604 and p<0.05, r=0.577 
respectively).

Subsequently, to assess to what extent the IL-7Rα+ and IL-7Rα− subsets belonged to 
differentiated (antigen-experienced) T cell pools in patients with primary SS vs. HCs, 
naive (CD27+CD45R0−), central memory (CD27+CD45R0+), effector memory (CD27−
CD45R0+), and effector T cell (CD27−CD45R0−) phenotypes were analysed. Within the 
total CD4 T cell population a significant higher percentage of CD45R0+CD27− effector 
memory T cells for patients with primary SS was found as compared with HCs (5.8% 

IL-7Rα+ T cells are highly proliferating T cells that are inhibited by anergic/suppressive 
IL-7Rα−CD25+ T cells from patients with primary SS. Recently, others and we have 
demonstrated the potent proliferative capacity of IL-7Rα+ T cells and suppressive 
capacity of IL-7Rα−CD25+ T cells in HCs [19, 20, 25]. To determine the functional ability of 
isolated CD4 T cells lacking IL-7R expression in patients with primary SS IL-7Rα−positive T 
cells, IL-7Rα−CD25+ T cells, and T cells expressing no to low levels of IL-7Rα (IL-7Rαdim/−) 
were stimulated with immobilised (coated) anti-CD3 (to mimic TCR−mediated activation) 
and cultured in the presence of irradiated antigen presenting cells (APCs) (see CD25 
and CD127 expression of isolated cell populations, fig. 1A). IL-7Rα+ CD4 T cells strongly 
proliferated upon T cell stimulation, on average displaying a >10-fold higher proliferation 
as compared with IL-7Rαdim/− and IL-7Rα−CD25+ T cells which were found to be anergic 
(both p<0.01, fig. 1B). Anergy was defined as <20% of the proliferative capacity of IL-
7Rα+ T cells, with IL-7Rαdim/− and IL-7Rα−CD25+ T cells having a proliferative capacity of, 
on average, 11% (±2%) and 9% (±4%) respectively, of the proliferative capacity of IL-7Rα+ 
T cells in patients with primary SS.
IL-7Rα−CD25+ T cells significantly suppressed IL-7Rα+ T cells, when added together in co-
culture in a 1:1 ratio in the presence of irradiated APCs, whereas total IL-7Rαdim/− T cells 
on average did not significantly suppress IL-7Rα+ T cells (fig. 1C). Since an abundance of 

Figure 2. IL-7Rα−(CD25− and CD25+) CD4 T cells in contrast to CD25+ CD4 T cells are increased in patients 
with primary SS as compared with HCs. Representative flow cytometry staining of the IL-7Rα on CD4 T 
cells in a patient with primary SS and HC (A). Percentages of IL-7Rα− CD4 T cells were significantly increased 
inpatients with primary SS (n=14) as compared with HCs (n=14), while CD25+ CD4 T cells were not (B). When 
CD4 T cells were double−stained for CD25 (IL-2R) and CD127 (IL-7Rα) (C, representative isotype controls and 
staining of CD25 and CD127) a significant increased percentage of IL-7Rα−CD25+ and IL-7Rα−CD25− was found 
(D). The majority of IL-7Rα+(CD25− and CD25+) T cells had a naive (CD27+CD45R0−) and central memory 
(CD27+CD45R0+) phenotype, while the IL-7Rα−CD25+ T cells were mainly located in the central memory 
population, and the IL-7Rα−CD25− subset had a more evenly distribution pattern, with a considerable 
percentage of effector cells (CD27−CD45R0−) (E). **p<0.01 and ***p<0.001 indicate statistical significances.
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increased percentage of IL-7Rα+FoxP3+ cells was found for patients with primary SS (HC 
vs. primary SS; 3.9% ±0.4% vs. 6.0% ±0.6%, p<0.01; fig. 3B). Similarly, the percentage of 
CD25+ CD4 T cells, expressing FoxP3 outnumbers the percentage FoxP3+CD25− CD4 T 
cells, although this dichotomy in FoxP3 expression is less pronounced as compared with 
that between IL-7Rα positive and negative T cell subsets. No significant difference is 
seen between HCs and patients with primary SS for the FoxP3+CD25+ CD4 T cell subset 
(HC vs. primary SS; 28.7% ±3.7% vs. 40.5% ±3.6%; fig 3B), while a significant increased 
percentage of FoxP3+CD25− CD4 T cells is found in patients with primary SS (HC vs. 
primary SS; 2.4% ±0.4% vs. 5.5% ±0.6%, p<0.01; fig 3B).
More detailed subset analysis demonstrated that IL-7Rα+CD25− T cells are almost 
all lacking FoxP3 expression (HC vs. primary SS; 2.1% ±0.3% vs. 4.0% ±0.3%; fig. 3D), 
nevertheless this limited FoxP3+ cells in this subset is significantly increased in patients 
with primary SS as compared with HCs (p<0.01).
CD4 T cells expressing both the IL-7Rα and CD25 (HC vs. primary SS; 20.4% ±2.9% vs. 
26.3% ±3.3%) and T cells lacking both IL-7Rα and CD25 (HC vs. primary SS; 36.6% ±3.6% 
vs. 36.7% ±5.0%) show a more intermediate percentage of FoxP3+ cells. In concordance 

Figure 4. Ex vivo and IL-7−induced Th1, Th2, and Th17 cytokine production are similar in 
patients with primary SS and HCs. Isolated CD4 T cells were stimulated with ionomycin/PMA 
(iono/PMA) for 18h (ex vivo) to measure the net effect of the altered T cell balance in primary 
SS. No statistically significant difference for the ex vivo expression of IFNγ (Th1), IL-4 (Th2), and 
IL-17A (Th17) is found between patients with primary SS (n=11) and HCs (n=11)  (A).  Isolated 
CD4 T cells were co-cultured 1:1 together with IL-7Rα− CD14 monocytes and stimulated with 
or without IL-7 for 3 days CD4 T cells from patients with primary SS showed an increased 
proliferative capacity (B) and similar IFNγ (Th1), IL-4 (Th2), and IL-17A (Th17) production after 
IL-7 stimulation (upon anti-CD3/28 restimulation) as compared with HCs (C). *p<0.05 indicates 
statistical significance.

±0.9% vs.3.7% ±0.5% respectively, p<0.05). No significant differences were found for 
naive, central memory and effector T cells between patients with primary SS and HCs. 
Most IL-7Rα+ cells (IL-7Rα+CD25− and IL-7Rα+CD25+) resided within the naive and 
central memory T cell population. The vast majority of the IL-7Rα−CD25+ cells expressed 
CD45R0 (primary SS vs. HC, 78.3% ±4.4% vs. 75.9% ±3.9%), with mainly a central memory 
phenotype (fig. 2E, lower right panel). The IL-7Rα−CD25− population displayed a more 
equal distribution over naive, central memory, effector memory, and effector T cells (fig. 
2E, upper right panel). 

Percentages of FoxP3−expressing cells are increased in the IL-7Rα+ and total CD4 
T cell population in patients with primary SS. As high FoxP3 expression has been 
acknowledged as an important marker of Tregs and FoxP3+ Tregs are known to be 
anergic and suppressive in vitro, the distribution of FoxP3+ cells was analysed within 
the different T cell subsets characterised on the expression of the IL-7Rα and CD25 [20, 
26, 27]. Representative flow cytometry histograms of the FoxP3 expression are depicted 
in fig. 3A. A high percentage of FoxP3+ cells was found in the IL-7Rα− T cell population, 
but no statistically significant difference was observed between HCs and patients with 
primary SS (HC vs. primary SS; 68.8% ±4.9% vs. 59.2% ±5.7%; fig. 3B). Although only a 
limited percentage of the IL-7Rα+ subset is positive for FoxP3, a small but significantly 

Figure 3. Increased percentage FoxP3-expressing IL-7Rα+CD25− T cells and increased numbers of IL-7Rα−
CD25+ T cells contribute to the total increased FoxP3+ CD4 T cell numbers in primary SS. IL-7Rα− and IL-7Rα−
CD25+ CD4 T cell subpopulations identified cells with a high FoxP3 expression (A). In patients with primary 
SS, significant increases in percentages FoxP3+ T cells within the IL-7Rα+and CD25− population (B) and in the 
IL-7Rα+CD25− population were found (C). As a consequence of this and the increased percentages of IL-7Rα− 
T cells, the percentage of FoxP3−expressing cells in total CD4 T cell population was significantly increased in 
patients with primary SS (n=13) as compared with HCs (n=13). Representative staining of FoxP3 and average 
percentage of FoxP3-expression in CD4 T cells from patients with primary SS and HCs are shown (D). **p<0.01 
indicate a statistical significance.
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Discussion

In the present study we demonstrate that circulating IL-7Rα+ T cells in patients with 
primary SS are highly proliferating T cells in contrast to IL-7Rα− T cells. Patients with 
primary SS are furthermore characterised by an increase in circulating IL-7Rα− T cells, both 
CD25+ and CD25−. This shift in IL-7Rα+:IL-7Rα− balance CD4 T cells was not associated 
by an altered balance of IFNγ−, IL-17− or IL-4−secreting CD4 T cells. Furthermore, despite 
an increase in regulatory CD25+IL-7Rα− T cells, IL-7 was still capable to induce a Th1 and 
Th17 cytokine production in patients with primary SS, which was not different from HCs. 
IL-7R−expressing cells form the majority of circulating (~95%, this study) and salivary 
gland CD4 T cells of patients with primary SS (~70%, [28]). Besides TCR triggering 
through autoantigens, IL-7Rα+ T cells can be activated by several proinflammatory 
mediators overexpressed in the inflamed salivary glands (e.g. by IL-12 and IL-18[7, 29]). 
Interestingly, our data show that the IL-7Rα−CD25+ CD4 T cells are increased in patients 
with primary SS as compared with HCs and that they are anergic and suppress the IL-
7Rα+ T cells in these patients. IL-7Rα−CD25− CD4 T cells are also elevated in patients 
with primary SS. This subset of cells previously has shown to poorly proliferate upon 
TCR triggering in healthy individuals and to suppress T cell proliferation when added to 
IL-7Rα+ effector T cells. Despite the altered balance in IL-7Rα+:IL-7Rα− T cell subsets in 
patients with primary SS, this is not associated with significant changes in ex vivo Th1, 
Th2 and Th17 cytokine production as compared with HCs. Furthermore, the increased 
numbers of IL-7Rα−CD25+ T cells do not prevent specific Th1 and Th17 activation of 
IL-7Rα+ T cells by IL-7. In fact, proliferation of CD4 T cells from patients with primary SS 
is significantly increased as compared with HCs, which indicates that CD4 T cells from 
patients with primary SS in some aspects are more prone to IL-7−induced activation.

To this date, four studies investigated the characteristics of circulating regulatory T cells 
in primary SS, characterised by the expression of CD25 [21-23, 30]. Two studies found 
increased levels of regulatory T cells in the peripheral blood of patients with primary 
SS, the other two found a decrease in CD4 CD25+ T cells. This discrepancy in Treg 
numbers between different studies is not only seen for studies on primary SS, but also 
on several other autoimmune diseases. In part this might be explained by the fact that 
CD25 expression is also seen on conventional T cells upon activation [24, 31]. The results 
presented in the current study are in concordance with other studies characterising 
regulatory T cells by a lack of IL-7Rα and expression of CD25. They are high in FoxP3 
expression and have the capacity to suppress IL-7Rα+ T cells [19, 20, 25]. Moreover, the 
number of IL-7Rα−CD25+ T cells have been shown to be increased patients with primary 
SS as compared with HCs, while the total CD25+ T cell population is not. The IL-7Rα−CD25+ 
regulatory T cells in patients with primary SS mainly comprises antigen−experienced 
memory T cells [23, 27], in particular those of the central memory phenotype. In line 
with our observation, numbers of FoxP3−expressing T cells have been demonstrated in 
the salivary gland of patients with primary SS and are found to positively correlate with 
lymphocytic focus scores and Th17 cells [32]. The increase in Tregs might function as an 

with the poor proliferative capacity of FoxP3−expressing cells as previously described in 
literature, and shown in fig. 1, the anergic and suppressive IL-7Rα−CD25+ T cell subset 
has the highest percentage of FoxP3+ cells (HC vs. primary SS; 94.0% ±0.8%vs. 94.0% 
±0.9%; fig. 3C) and the highest FoxP3 levels within the FoxP3+ cells as reflected by the 
mean fluorescence intensity (HC vs. primary SS; 79.2 ±5.2 vs.76.2 ±5.4, data not shown), 
with similar levels in patients with primary SS and HCs.
Altogether, due to the significant increase of the (mainly FoxP3+) IL-7Rα− population, 
and due to the increased number of FoxP3+ cells in the IL-7Rα+ population, a significant 
higher percentage of FoxP3−expressing cells is found in the total CD4 T cell population of 
patients with primary SS (HC vs. primary SS; 5.3% ±0.7% vs. 9.1% ±0.9%, p<0.01; fig. 3D). 

Altered balance of IL-7Rα+ and IL-7Rα− T cells in patients with primary SS as compared 
with HCs is not associated with altered ex vivo and IL-7-induced production of Th1−, 
Th2−, and Th17−defining cytokines. To determine whether the above-described 
phenotypical alterations in the CD4 T cell population had resulted in regulation of CD4 
T cell activation, isolated CD4 T cells from an additional eleven patients with primary SS 
and eleven age− and gender−matched HCs were shortly restimulated with ionomycin/
PMA. No significant difference in the ex vivo expression of IFNγ (Th1), IL-4 (Th2), and IL-
17A (Th17) was found between patients with primary SS and HCs (fig. 4A). Prolonged in 
vitro T cell activation for 3 days also did not reveal a significant difference in proliferation 
(stimulation index of 180 ±42 vs. 175 ±33 for HCs and primary SS respectively; data not 
shown) or T cell cytokine production between HCs and patients with primary SS (data 
not shown).

Elevated IL-7 expression in the salivary glands of patients with primary SS has been 
described recently [17]. To see whether the altered T cell balance between IL-7Rα+ and 
IL-7Rα− CD4 T cells would affect specific activation of the IL-7Rα+ T cells stimulation 
with IL-7, CD4 T cells were cultured in vitro for 3 days with and without IL-7. They were 
co-cultured with CD14 monocytes at a ratio of 1:1. The CD14 monocytes used in our 
co-cultures did not express the IL-7R, and were used as APCs to optimally induce IL-7-
mediated CD4 T cell activation in vitro. Furthermore, monocytic cells have recently been 
associated with increased immunopathology in primary SS [15]. A slight, but significant 
increase in IL-7-induced proliferation of CD4 T cells was observed for patients with 
primary SS as compared with HCs (fig 4B, p<0.05). T cell cytokine production (IFNγ, IL-4, 
and IL-17A) of the IL-7-activated CD4 T cells was measured upon short restimulation with 
anti-CD3/28. Activation of IL-7Rα+ T cells by IL-7 resulted in a strong increase in IFNγ (78-
fold ±23) and IL-17A (23-fold ±6), and to a lesser extent IL-4 (6-fold ±1). No significant 
differences in the secretion of the three major Th1−, Th2−, and Th17−defining cytokines 
were detected between HCs and patients with primary SS (fig. 4C and D).
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attempt of the immune system to temper the continuing inflammatory responses and 
to restore homeostasis. Nevertheless, these regulatory T cells apparently do not prevent 
immune activation sufficiently.
In addition to the increased numbers of IL-7Rα−CD25+ regulatory T cells in patients with 
primary SS, increased numbers of IL-7Rα−CD25− T cells were observed as well. They 
showed a significant percentage of FoxP3−expressing cells albeit at a lower level than for 
the IL-7Rα−CD25+ regulatory T cells. A large percentage of the IL-7Rα−CD25− T cells are 
found within CD45R0−CD27− effector T cell population unlike the other three CD4 T cell 
subpopulations. These IL-7Rα−CD25− T cells were previously shown to be anergic and 
to suppress IL-7Rα+ effector T cells. Recently it was demonstrated that IL-7Rα−CD25− T 
cells exhibit features of effector T cells that are characterised by increased markers of 
proliferation (Ki67), activation (HLA-DR) and increased IFNγ and perforin secretion [33]. 
It remains to be demonstrated in what way these IL-7Rα− T cells contribute to regulation 
of inflammatory responses in primary SS, but similar to regulatory T cells this could be by 
killing of several target cells by perforin or granzyme B−dependent mechanisms [34, 35]. 
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antigen−driven T cell activation since TCR−mediated activation has been shown to 
reduce IL-7R expression [36]. Moreover, this may also be a consequence of the increased 
levels of IL-7 that have been demonstrated in primary SS since IL-7 transiently down-
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numbers of FoxpP3−expressing IL-7Rα−CD25+ Tregs and immunostimulatory IL-7Rα−
CD25− T cells. In addition, FoxP3 expression was detected in a small fraction of IL-
7Rα+CD25−effector T cells, which were markedly increased in patients with primary SS. 
The latter observation might reflect an increased state of activation of IL-7Rα+ effector 
T cells. Recent reports have documented a transient up-regulation of FoxP3 expression 
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overactivation of stimulated T cells [37, 38]. In support of this, the level of FoxP3 
expression of FoxP3+IL-7Rα+CD25− effector T cells is much lower in comparison with 
the FoxP3 expression level of IL-7Rα−CD25+ Tregs.

The imbalance in circulating IL-7Rα− and IL-7Rα+ T cells points towards a continuing 
immune activation in patients with primary SS. The lack of clear T cell polarisation 
suggests that systemically, although an altered T cell balance exists, cytokine secreting 
effector T cells seem to be well−controlled by regulatory IL-7Rα−CD25+ T cells. However, 
in the inflamed salivary glands increased numbers of IL-7Rα+ T cells in primary SS could 
become specifically activated by overexpressed IL-7 [17, 28, 39]. As indicated in this study 
this seems to be associated with induction of primarily Th1 and Th17 cytokine production, 
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indicate that targeting the IL-7R or IL-7 might prevent immune activation in primary SS.   
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Abstract

Objective. To study the role of IL-7 in T cell and B cell activation in primary Sjögren’s 
syndrome.

Methods. The association of IL-7 with lymphocyte proliferation in the labial salivary 
glands (LSGs) from primary Sjögren’s syndrome (SS) and non-Sjögren’s sicca syndrome 
(nSS-sicca) patients was tested by immunohistochemistry using IL-7 and Ki67 staining. 
The capacity of IL-7 to induce T cell−dependent B cell activation was tested by use of 
peripheral blood mononuclear cells (PBMCs) and isolated CD4 T and CD19 B cells. Cells 
were analysed for ex vivo expression of the IL-7Rα. Upon activation with IL-7 activation 
markers (CD25, CD69 and HLA-DR) on CD4 T cells and B cells and proliferation of 
lymphocytes were determined (by 3H-thymidine incorporation and Ki67 expression).

Results. An increased number of Ki67+ proliferating cells was found, which significantly 
correlated to the expression of IL-7 in LSGs. In contrast to CD4 T cells, CD19 B cells did 
not express the IL-7Rα, however in PBMCs and CD4/CD19 co-cultures IL-7 significantly 
increased of activation markers and proliferation on both CD4 T cells and CD19 B cells.

Conclusions. To our knowledge, this is the first time that IL-7−induced T cell-dependent 
activation of mature B cells that lack the IL-7Rα, is demonstrated in humans. Together 
with the strong association of increased IL-7 expression and proliferating cells in the LSGs 
of primary SS, IL-7 is suggested to be an important mediator in the immunopathology of 
primary SS through activation of both T and B cells.
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IL-7 is a potent immunoregulatory cytokine of the IL-2 family that plays a critical role in 
T cell activation. It is primarily a tissue cytokine that is produced by non-hematopoietic 
stromal and epithelial cells in various organs, like the thymus, intestine, lymphoid tissue 
and bone marrow [24, 25]. Of the immune cells, dendritic cells and macrophages are 
able to produce IL-7 [26-28]. 
Signalling of IL-7 through its receptor requires two receptor subunits, namely the common 
cytokine gamma chain (γc) and the IL-7 receptor alpha chain (IL-7Rα, CD127) [24, 29, 30]. 
The effect of IL-7 on the survival and proliferation of T cells is established amongst others 
by increased Jak/Stat signalling and by up-regulation of anti-apoptotic genes of the Bcl-
family [24]. Signalling of IL-7 furthermore results in activation of Th1/Th17 cells, which 
induces a proinflammatory response [27]. Because of its important role on T cell survival 
and proliferation, including self−reactive cells [31], IL-7 has been implicated to play a 
role in several autoimmune disorders; increased levels of IL-7 have been observed both 
systemically and locally in autoimmune diseases such as rheumatoid arthritis (RA) [28, 
32], juvenile idiopathic arthritis (JIA) [33], spondylarthritis [34], psoriasis, and psoriatic 
arthritis [35]. Furthermore, IL-7 is involved in promoting Th1/Th17-driven arthritis in 
mice [36, 37].
In mice, IL-7 is not only involved in T cell homeostasis, but contributes to survival 
of mature B cells as well [23, 38]. To our knowledge, reports on the effect of IL-7 on 
activation of mature human B cells are lacking and the studies that point in the direction 
of the role of IL-7-driven B cell activation in health and autoimmunity are scarce. The 
IL-7/IL-7R pathway has been implicated in B cell oncogenesis, with adult B cell−derived 
neoplasms expressing the IL-7R in a subset of patients and increased IL-7 plasma levels 
in all patients. Furthermore, human IL-7R-deficient severe combined immune deficiency 
(SCID) syndrome individuals suffer from a severe T cell lymphopenia with normal B cell 
numbers, although their immunoglobulin production is lowered [39]. 

The purpose of the present study was to investigate the association of IL-7 expression and 
lymphocyte activation in LSGs of primary SS patients. In addition, the capacity of IL-7 to 
induce activation and proliferation of T cells, but in particular B cells from the peripheral 
blood of primary SS patients as compared to healthy controls (HCs) was studied.

Patients and Methods

Patients. LSG biopsy specimen of twenty-four patients with primary SS was used for 
immunohistochemical staining. All patients were diagnosed according to American-
European Consensus Group criteria (all with a lymphocytic focus score (LFS) ≥ 1) [40]. 
Twenty patients not fulfilling the these criteria for Sjögren’s Syndrome, were classified 
as non-Sjögren’s sicca patients (nSS-sicca), and were included as a control group for 
immunohistochemistry. All of the above−mentioned patients were naive to the use of 
immunosuppressive drugs. Peripheral blood (PB) samples for flow cytometry and in vitro 
culture were collected from an additional group of eight primary SS patients who were 
referred to the hospital outpatient clinic. In addition, eight age− and gender−matched 

Introduction

Primary Sjögren’s syndrome (SS) is a systemic autoimmune disorder characterised 
by lymphocytic infiltration of the exocrine glands, involving mostly the salivary and 
lacrimal glands. Patients suffer from xerostomia and keratoconjunctivitis sicca, often 
accompanied by extraglandular manifestations like fatigue, muscle and joint problems, 
dry skin, and pulmonary, gastro-intestinal and neurological symptoms [1]. The infiltrating 
leukocytes of LSG specimen mainly consist of activated CD4 T cells (45-50%) and B cells 
(10-20%), CD8 T cells (10-20%) and a small but significant number of specialised antigen 
presenting cells (APCs) like monocytes/macrophages and dendritic cells (DCs) [2, 3]. 
These infiltrating immune cells are considered responsible for the glandular dysfunction 
through several mechanisms (e.g. production of catabolic cytokines, enzymes including 
proteases, and cytotoxic mediators), leading to epithelial damage that in its turn might 
aggravate the inflammatory activity and eventually leads to the clinical symptoms as 
seen in primary SS. 
It has long been established that both B cells as CD4 T cells play an important role in 
the immunopathology of primary SS [4, 5]. Increased numbers of B cells in the inflamed 
glands, the presence of auto-antibodies, mostly directed against Ro- and/or La-proteins 
(anti−Ro(SSA) and anti−LA(SSB)) [6], as well as the association of B cell activation with 
the increased incidence of B cell (non-Hodgkin’s) lymphoma [7] support an important 
role of B cells in primary SS. In addition, in an experimental BAFF (B cell activating factor 
belonging to the TNF family)−transgenic murine model it has been demonstrated that 
overexpression of BAFF and consequently B cell activation cause SS−like symptoms in 
these mice [8]. And so far, only B cell-targeting strategies (anti-CD20) have been proven 
potentially effective in primary SS, although long-term effects still need to be evaluated 
[9-12]. 
Several observations also provide evidence for the importance of CD4 T cells in 
the immunopathology of primary SS as well [13]. Activated T cells, in particular 
proinflammatory Th1/Th17 cells, are predominantly present in LSGs of primary SS 
patients [14-16]. Also, the involvement of MHC class II (HLA-DR) [17-19] as well as 
the close association of the haplotype HLA-DR3/DQ2 with the presence of anti-Ro/La 
autoantibodies [20] point towards a role for CD4 T cells, since these cells are critically 
dependent on antigen-presentation by MHC class II molecules. Finally, transfer of 
autoreactive CD4 T cells into normal syngeneic recipients leads to the induction of 
autoimmune lesions similar to those observed in primary SS [21]. 

In view of this important role of CD4 T and B lymphocytes in primary SS, mediators 
that induce activation of both cells are of particular interest as targets for therapeutic 
interventions. Recently, our group found elevated levels of interleukin-7 (IL-7) [22] as 
well as the IL-7 receptor α (IL-7Rα) [23] in the labial salivary glands (LSGs) of primary SS 
patients, which both correlated significantly with markers of inflammation. IL-7 is found 
to be mainly expressed by fibroblast−like cells, while the IL-7R is present on (CD4) T cells, 
but not on other immune cells [23].
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expression was performed fully blinded.

Peripheral Blood Mononuclear Cell isolation and culture. PB was diluted 1:1 with RPMI 
1640 medium (Gibco BRL, Life Technologies, Belgium) containing penicillin (100 U/
ml), streptomycin (100 μg/ml) and glutamine (2 mM) (PSG). PBMCs isolated by density 
centrifugation using Ficoll-Paque (Pharmacia, Uppsala, Sweden). PBMCs were cultured 
in 24-wells plates (surface activation marker analysis) or 96-wells plates (3H-thymidine 
incorporation) (Nunc, Roskilde, Denmark) at a concentration of 1.106 cells/ml for 4 days 
at 37oC. For intracellular Ki67 staining, cells were cultured in 24-wells plates for 6 days.
Cells were cultured in RPMI/glutamax (Gibco BRL) with additional penicillin (100 U/ml, 
Yamanouchi), streptomycin (100 μg/ml Fisiopharma), and 10% fetal calf serum (FCS, 
Gibco BRL) in the presence or absence of 10 ng/ml interleukin-7 (IL-7, PeproTech Inc., 
Rocky Hill, New Jersey). In order to measure proliferation, 3H-thymidine was added (5 
mCi/ml, NEN Life Science Products, Amsterdam, The Netherlands) to each well during 
the last 18h of the 4−day cell culture. After this labelling period, cells were harvested 
and 3H-thymidine incorporation was measured by liquid scintillation counting in counts 
per minute (CPM). 

CD19 B cell and CD4 T cell isolation and (co-)culture. CD19+ and CD4+ cells from 
an additional group of primary SS patients and HC (n=5) were isolated selected by 
incubating PBMCs with anti-CD19 labelled with goat anti-mouse IgG magnetic beads 
(MiltenyiBiotec, Utrecht, The Netherlands) following MACS procedures according to 
manufactures instructions using the autoMACS (MiltenyiBiotec). Untouched CD4+ cells 
were negatively selected by using the CD4 T cell isolation kit II (MiltenyiBiotec) and 
autoMACS (MiltenyiBiotec). Cells were used directly for in vitro culture similar to the 
protocol for PBMCs.

Markers of activation and proliferation by flow cytometry. Expression of the following 
markers on CD4 T cells and CD19 B cells was assessed after 4 days in culture (n=6): CD4-
PERCP (Biolegend, San Diego, CA, USA), CD19-APC (BD, Erembodegem-Aalst, Belgium), 
CD69-FITC (DAKO), CD25-PE (DAKO), HLA-DR-FITC (BD), and CD127-PE (Immunotech, 
Marseilles, France). IgG1-FITC/IgG1-PE (Immunotech) was used as isotype control. Ki67 
intracellular staining was performed using mouse-anti-human Ki67-FITC staining set 
(eBioscience, San Diego, CA, USA) following manufactures instructions (eBioscience). 
Cell acquisition was done using a FACScan flow cytometer and data were analysed with 
FlowJo software, version 7.5 (Tree Star Inc., OR, USA). 

Statistical analysis. Significant differences between the nSS-sicca and primary SS patient 
group and between LSG Ki67 expression and the three different IL-7 expression groups 
were analysed with the nonparametric Mann-Whitney test. Culture conditions were 
analysed by the parametric paired sample t test or the nonparametric Wilcoxon’s singed 
rank test where appropriate. Paired individuals from the primary SS and HC group were 
analysed by the parametric independent-sample t test or the non-parametric Mann-
Whitney test where appropriate. All statistical analyses were performed using GraphPad 

HCs were used. Demographic and immunoserological data of primary SS and nSS-sicca 
patients and HCs are shown in table 1. 
The study was performed according to the medical ethical regulations of the University 
Medical Centre Utrecht and all patients gave written informed consent.

Immunohistochemistry of labial salivary gland tissue. Of each LSG biopsy specimen, a 
part was fixed and embedded in paraffin for routine diagnostic procedures (classification) 
and another part was snap frozen in Tissue-Tek® (Sakura, Zoeterwoude, The Netherlands) 
in liquid nitrogen and stored at -80oC. Six μm sections were cut on a freezing microtome 
and mounted on glass slides (Star Frost adhesive slides, Knittergläser, Braunschweig, 
Germany).
Sections were fixed in acetone and air-dried. Non-specific binding sites were blocked 
with 10% goat serum in phosphate buffered saline (PBS). Serial tissue sections were 
incubated overnight at 4oC respectively with mouse-anti-human anti-Ki67 (DAKO, 
Glostrup, Denmark), mouse-anti-human IgG1 (R&D systems; Minneapolis, USA), and 
polyclonal rabbit-anti-human IL-7 antibody (H151, Santa Cruz biotechnology, Santa Cruz, 
CA, USA). Antigen−antibody complexes were visualised using a two−step peroxidase 
staining method (powervision-peroxidase-new fuchsine) according to standard protocol 
[22]. Positive cells were counted in 3-5 tissue sections per patient; each section included 
adequate numbers of acini and ducts. The numbers of Ki67+ cells were calculated per 
mm2 of LSG tissue. For the IL-7 staining a semi-quantitative scoring system was used 
to grade the intensity of expression, using a scale of 0-4, with 0 indicating no positive 
cells, 1 only a few positive cells, 2 considerable numbers of positive cells, 3 widespread 
expression, and 4 abundant expression of positive cells. Scoring of Ki67 and IL-7 

Mean (±SEM) of demographic and clinical parameters are given. ESR = erythrocyte sedimentation rate, LFS 
lymphocytic focus score, IgA+ cells = IgA containing plasma cells in LSG biopsy. 

Table 1. Demographic and clinical data
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found for the Ki67+ cells (fig. 1D).
IL-7 elevates activation markers on both CD4 T cells and CD19 B cells in a PBMC culture, 
although B cells hardly express IL-7Rα. Ex vivo analysis showed that B cells hardly 
expressed the IL-7Rα (2,5 ±0,8%), while nearly all CD4 T cells expressed the IL-7Rα (92,8 
±1,8%) (n=8, fig. 2A). In order to further investigate the role of IL-7, not only in T cell 
activation, but also in B cell activation, PBMCs from primary SS patients (n=6) were 
cultured in the presence of IL-7. Surface expression of markers of lymphocyte activation 
CD25, CD69 and HLA-DR on the surface of CD4 T cells and CD19 B cells was assessed by 
flow cytometry.

As expected, IL-7 increased markers of activation on CD4 T cells (CD25+ cells from 28.8 
±4.0% to 79.8 ±2.4%, p≤0.0001; HLA-DR+ from 6.3 ±0.9% to 7.9 ±1.2%, p<0.05; CD69+ 
cells from 2.3 ±1.2% to 4.5 ±2.0%, p<0.05, fig. 2B). Surprisingly, IL-7 also caused an 
increase of activation markers on B cells as well (CD69+ B cells from 7.8 ±2.0% to 11.6 
±1.9%, p<0.01, mean increase 81.3 ±34.7%; HLA-DR MFI from 282.4 ±110.6 to 375.0 
±135.1, p<0.05, mean increase 36.8 ±5.7%, fig. 2C), indicating that IL-7 activates both 
CD4 T cells and CD19 B cells in PBMC culture. 
IL-7 induces T cell and B cell proliferation in PBMC cultures and in co-cultures of purified 
T and B cells equally effective in HCs and PSS patients. Culture of PBMCs with IL-7 
induced a significant increase of lymphocyte proliferation equally effective in both HCs 
and primary SS patients (HC vs. primary SS; mean increase ±SEM 12101 ±4273 CPM vs. 
6095 ±1817 CPM, fig. 3A).
IL-7 induced a significant increase in Ki67+ proliferating CD4 T cells (representative fig. 

Prism (GraphPad Prism 5.0, GraphPad software Inc.) and differences with a p<0.05 were 
considered statistically significant.

Results

Cell proliferation is significantly correlated to IL-7 expression in labial salivary glands of 
primary SS patients. LSGs of primary SS patients are characterised by the presence of 
lymphocytic infiltrates, which mostly consist of CD4 T cells (40-50%) and B cells (20%) 
[41]. To determine whether IL-7 could contribute to the activation of lymphocytes in 
the LSGs we first analysed IL-7 expression in relation to Ki67-expression indicating cell 
proliferation. Representative stainings of Ki67 expressing cells in LSGs from nSS-sicca and 
primary SS patients are shown in figure 1A and 1B, respectively. A few Ki67+ cells were 
found throughout the epithelial cell-containing LSG tissue, but most Ki67+ cells were 
found in the lymphocytic infiltrates, in the vicinity of CD3 T cells and B cells. Levels of 
Ki67+ cells were significantly elevated in the LSGs of primary SS patients compared with 
those of nSS-sicca patients. In primary SS patients, the mean number (±SEM) of Ki67–
positive cells/mm2 was 141 (±24), compared to 29 (±4) cells/mm2 in nSS-sicca (p<0.001, 
fig. 1C).
As reported previously by Bikker et al. [42] numbers of IL-7 expressing cells were also 
elevated in LSGs of primary SS compared with nSS-sicca (SQS; 2.4 ±0.1 vs. 1.1 ±0.1 
respectively, p<0.001).  High numbers of IL-7+ cells correlated with the high numbers of 
Ki67 proliferating cells (r=0.643, p<0.001, data not shown). Based on the SQS, IL-7+ cells 
were divided into three groups with SQS ranging from 0-1 for group 1, ≥1-2 for group 
2, and ≥3 for group 3. Statistically significant differences between all three groups were 

Figure 1. Presence of Ki67+ cells in 
labial salivary glands of primary 
SS patients. Photomicrographs 
of representative immuno-
histochemical staining for Ki67 
in labial salivary gland biopsy 
areas of an nSS-sicca patient 
(A) and primary SS patient (B). 
Inset shows higher-magnification 
view (original magnification x 
400). Numbers of Ki67+ cells in 
primary SS patients (n=24) are 
significantly higher compared 
to nSS-sicca patients (n=20) (C). 
Higher numbers of IL-7 positive 
cells were related to higher 
numbers of Ki67 positive cells in 
labial salivary glands for the whole 
sicca group (r=0.645 p<0.001) (D). 
SQS = semi-quantitative score. 
* and *** indicate a statistical 
significance of p<0.05 and 
p<0.001 respectively. 

Figure 2. Stimulation of PBMCs with IL-7 increases activation markers on both CD4 T cells and CD19 B 
cells in primary SS. IL-7Rα is expressed on nearly all T cells, however not on B cells (n=8) (A). Stimulation of 
PBMCs from primary SS patients (n=6) with IL-7 for 3 days leads to a significant increase in the percentage 
of CD25+, CD69+ and HLA-DR+ CD4 T cells (B). Similarly, IL-7 induces an increase in the percentage of 
CD69+ B cells and HLA-DR expression (MFI) on B cells (C). * and *** indicate a statistical significance of 
p<0.05 and p<0.001 respectively.
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±0.1% to 5.8 ±1.7%, p<0.05, fig. 4B). In a T cell-dependent fashion IL-7 increased Ki67+ 
proliferating B cells (HC vs. primary SS; from 1.2 ±0.2% to 3.7 ±0.7%, p<0.05 vs. from 1.2 
±0.2% to 3.5 ±0.8%, p<0.05). 
In support of the IL-7-driven T and B cell activation, additionally, upon IL-7 stimulation a 
significant increase of the percentage HLA-DR+ CD4 T cells (HC vs. primary SS; from 7.4 
±1.4% to 15.0 ±4.4%, p<0.05 vs. from 5.7 ±0.9% to 15.5 ±2.1%, p<0.05; mean increase 
4.9 ±1.2% vs. 7.2 ±0.4%) as well as the HLA-DR marker expression on B cells (HC vs. 
primary SS; from 240 ±38 to 301 ±73, p<0.05 vs. from 237 ±45 to 300 ±71, p<0.05; mean 
increase 20.8 ±9.8% vs. 24.7 ±8.5%) was observed (data not shown).

Discussion

In the present study, an increased number of proliferating cells in the LSGs of primary SS 
patient compared with nSS-sicca controls is demonstrated, which correlates significantly 
with the expression of IL-7. The in vitro capacity of IL-7 to activate CD4 T cells is observed, 
and more importantly, IL-7 induces T cell-dependent B cell activation.
In line with what was reported before [22], an increased number of IL-7−expressing cells 
is found in the LSG tissue of primary SS patients compared with nSS-sicca controls, which 
correlates with disease parameters (LFS, %IgA+ cells). IL-7 is found primarily expressed by 
tissue cells with a fibroblast−like morphology and is widely spread throughout the tissue, 
surrounding the lymphocytic infiltrates. In addition, using immunofluorescent double-
staining we recently found that CD208+ and CD209+ dendritic cells also expressed IL-7 
(data not shown). It was also demonstrated that surface IL-7Rα is abundantly and almost 
exclusively expressed by T cells and not by B cells or myeloid cells [23]. In previous 
studies [43, 44], increased expression of Ki67+ proliferating cells in the LSGs of primary 

3B, in HC from 0.9 ±0.2% to 14.6 ±3.9%, p<0.01; in primary SS from 1.1 ±0.2% to 14.4 
±3.7%, p<0.01, fig. 3C) and Ki67+ proliferating CD19 B cells (representative fig. 3B, in HC 
from 1.9 ±0.3% to 4.4 ±0.6%, p<0.01; in primary SS from 1.9 ±0.3% to 4.1 ±0.9%, p<0.05, 
fig. 3C). 
Since the majority of the infiltrating cells to the LSGs are CD4 T cells and B cells and 
B cells hardly express the IL-7Rα, it was further investigated whether IL-7−induced B 
cell activation is also observed in cultures of isolated CD4 T cells or CD19 B cells or in 
co-cultures of these purified cells. When isolated CD4 T cells were stimulated with IL-
7, proliferation as measured by 3H-thymidine incorporation was significantly increased, 
equally effective in HCs and primary SS patients (HC vs. primary SS; mean increase ±SEM 
406 ±185 CPM vs. 656 ±339 CPM, ns). In line with the absence of IL-7Rα expression, IL-7 
did not induce proliferation of isolated B cells. However, upon co-culture of CD4 T and B 
cells, a significant increase in proliferation was found, which was significantly higher as 
compared to T cells alone (mean increase ±SEM 406 ±185 CPM compared to 2529 ±700 
CPM, p<0.05 for isolated CD4 T cell compared to CD4 T/CD19 B cell co-culture of HC and 
656 ±339 CPM compared to 2662 ±732 CPM, p<0.01 for isolated CD4 T cell compared 
to CD4 T/CD19 B cell co-culture of primary SS) (fig. 4A). IL-7−induced T cell-dependent 
proliferation in primary SS patients was not significantly different from that in HC.  
Similar to PBMC cultures, IL-7 induced an increase in the percentage of Ki67+ proliferating 
CD4 T cells (HC vs. primary SS; from 0.8 ±0.1% to 11.5 ±2.8%, p<0.05 vs. from 0.9 

Figure 4. IL-7 induces T cell-dependent B 
cell activation in T cell/B cell co-cultures. 
Purified CD4 T from HCs and primary SS 
patients show an increase in proliferation 
when cultured in the presence of IL-7 for 4 
days. Purified CD19 B cells did not respond 
to IL-7, but when co-cultured 1:1 with 
CD4 T cells showed a significant elevated 
proliferation (A). Similarly as in PBMC 
culture, IL-7 increased both proliferating 
Ki67+ CD4 T cells (B) and CD19 B cells (C), 
equally effective in HCs (n=5) and primary 
SS patients (n=5). * and ** indicate a 
statistical significance of p<0.05 and p<0.01 
respectively.

Figure 3. IL-7 induces T cell and B cell proliferation in PBMC culture. PBMCs from HCs (n=9) 
and primary SS patients (n=9) show an increase in proliferation when cultured in the presence 
of IL-7 for 4 days (A). Upon IL-7 stimulation both CD4 T cells as well as CD19 B cells show a 
significant increase in Ki67+ cells. Representative FACS staining for Ki67+ CD4 T cells and CD19 B 
cells without and with IL-7 stimulation of a HC and primary SS patient is shown (B).  On average 
no differences in the IL-7−induced increase of percentages Ki67+ CD4 T cells and CD19 B cells 
between HCs and primary SS patients are found (C). * and ** indicate a statistical significance of 
p<0.05 and p<0.01 respectively.
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other hand, do not express do IL-7Rα and therefore do not respond to IL-7 stimulation. 
Previously, we have shown that despite an increased expression of Tregs in the peripheral 
blood of primary SS patients, IL-7 overcomes T cell suppression and strongly activates T 
cells, equally effective in HCs and primary SS [46]. 

To our knowledge, the stimulatory effect of IL-7 on mature B cells in vitro has never 
been demonstrated before, and studies that reported on the potential role of the IL-7/
IL-7R pathway in mature B cells in humans are limited. The present study demonstrates 
a possible contribution of IL-7 to enhance the numbers of activated proliferating 
lymphocytes in the LSG tissue of primary SS patients, not only by activation of T cells 
but also by T cell-dependent B cell activation. Together with previous reported data on 
increased LSGs IL-7 and IL-7R expression in primary SS, these results provide additional 
support for the involvement of IL-7/IL-7R pathway in the immunopathology of primary 
SS and suggest that targeting the IL-7/IL-7R pathway might effectively suppress not only 
CD4 effector T cell activity, but B cell activity as well. 

SS patients was demonstrated as well. Since the majority of Ki67+ cells are found within 
and in the vicinity of lymphocytic infiltrates, this suggests that IL-7 can play a significant 
role in the activation of the infiltrating lymphocytes. This is supported by the correlation 
between IL-7 expression and cell proliferation (Ki67 expression).

Subsequently, it was investigated to what extent IL-7 might contribute to both T cell 
and B cell activation in the inflamed salivary glands. Using PBMC cultures the potent 
immunostimulatory abilities of IL-7 on CD4 T cells was demonstrated in vitro. Surprisingly, 
IL-7 also significantly activated mature CD19 B cells in PBMC cultures, as shown by 
increased numbers of Ki67−expressing B cells and an increase of surface activation 
markers, including CD69 and HLA-DR. Although it was previously shown that B cells from 
the synovial fluid of RA patients expressed increased levels of IL-7Rα [45], B cells from 
the LSGs of primary SS patients hardly expressed any IL-7Rα [23]. Similarly, on circulating 
B cells from primary SS patients no IL-7Rα expression was detected. In line with the lack 
of IL-7Rα expression, purified B cells did not respond to IL-7 directly. 

In contrast to B cells, T cells abundantly expressed IL-7Rα and, when cultured alone, 
responded to IL-7.  However, similar to the PBMC cultures, in co-cultures of purified CD4 
T cells and CD19 B cells IL-7 not only significantly activated T cells, but also increased T 
cell−dependent B cell activation. This T cell and B cell activation was equally effective 
in primary SS patients and HCs. This is of interest since recently increased percentages 
of CD25+IL-7Rα− Tregs in primary SS patients were shown [46]. These Tregs have to 
potential to inhibit B cell activation, either directly [47, 48], or by suppression of effector 
T cell activity. Our data however show, that despite increased numbers of circulating 
Tregs in primary SS patients, IL-7 overrides the suppressive activity of these cells by 
activating IL7Rα−expressing T cells. Similarly, increased numbers of circulating Tregs in 
patients with primary SS did not prevent IL-7−induced Th1 and Th17 activation in the 
context of monocytes [46].
As shown in this study in patients with primary SS IL-7 could contribute to B cell 
activation. In support of this IL-7 stimulates the production of cytokines indicative of 
Th1 (IFNγ), and Th17 (IL-17A) activity, and to a lesser extent Th2 (IL-4) activity [22]. 
All three T cell subsets have been shown to be associated with B cell stimulation and 
therefore could be involved in the B cell activation demonstrated in the present study. 
Furthermore, IL-7 has been shown to stimulate production of regulatory cytokines (IL-10 
and IL-13) [22], also capable of mediating B cell activation. IL-7 might contribute to B cell 
activation by stimulating follicular helper CD4 T cells as well, which are specialised for B 
cell help both within and outside germinal centres [49, 50]. Recently, a specific subset 
of human tonsil Tfh cells was identified outside the germinal centres expressing BCL-6, 
low levels of CXCR5 and ICOS, and the IL-7Rα [51]. In addition to these data, we found 
that myeloid cells such as monocytes significantly enhance IL-7−driven T cell−dependent 
B cell activation.
Both CD4 T cells and B cells have been suggested to play important roles in the 
immunopathology of primary SS [52, 53]. IL-7 is known for its potent immunostimulatory 
properties on effector (CD4) T cells, which express the IL-7Rα. Regulatory T cells, on the 



108 109

Chapter 5   IL-7−induced B cell activation in primary SS Chapter 5   IL-7−induced B cell activation in primary SS

5 5

References

1. Fox RI. Sjogren’s syndrome. Lancet 2005;366:321-31.
2. Christodoulou MI, Kapsogeorgou EK, Moutsopoulos HM. Characteristics of the minor salivary gland infiltrates 
in Sjogren’s syndrome. J Autoimmun 2010;34:400-7.
3. Wildenberg ME, Welzen-Coppens JM, van Helden-Meeuwsen CG, et al. Increased frequency of CD16+ 
monocytes and the presence of activated dendritic cells in salivary glands in primary Sjogren syndrome. Ann 
Rheum Dis 2009;68:420-6.
4. Price EJ, Venables PJ. The etiopathogenesis of Sjogren’s syndrome. Semin Arthritis Rheum 1995;25:117-33.
5. Yamamoto K. Pathogenesis of Sjogren’s syndrome. Autoimmun Rev 2003;2:13-8.
6. Fauchais AL, Martel C, Gondran G, et al. Immunological profile in primary Sjogren syndrome: clinical 
significance, prognosis and long-term evolution to other auto-immune disease. Autoimmun Rev 2010;9:595-9.
7. Manoussakis MN, Moutsopoulos HM. Sjogren’s syndrome: current concepts. Adv Intern Med 2001;47:191-
217.
8. Groom J, Kalled SL, Cutler AH, et al. Association of BAFF/BLyS overexpression and altered B cell differentiation 
with Sjogren’s syndrome. J Clin Invest 2002;109:59-68.
9. Saraux A. The point on the ongoing B-cell depleting trials currently in progress over the world in primary 
Sjogren’s syndrome. Autoimmun Rev 2010;9:609-14.
10. Ramos-Casals M, Tzioufas AG, Stone JH, et al. Treatment of primary Sjogren syndrome: a systematic review. 
JAMA 2010;304:452-60.
11. Meijer JM, Meiners PM, Vissink A, et al. Effectiveness of rituximab treatment in primary Sjogren’s syndrome: 
a randomized, double-blind, placebo-controlled trial. Arthritis Rheum 2010;62:960-8.
12. Alcantara C, Gomes MJ, Ferreira C. Rituximab therapy in primary Sjogren’s syndrome. Ann N Y Acad Sci 
2009;1173:701-5.
13. Katsifis GE, Moutsopoulos NM, Wahl SM. T lymphocytes in Sjogren’s syndrome: contributors to and 
regulators of pathophysiology. Clin Rev Allergy Immunol 2007;32:252-64.
14. Nguyen CQ, Hu MH, Li Y, et al. Salivary gland tissue expression of interleukin-23 and interleukin-17 in 
Sjogren’s syndrome: findings in humans and mice. Arthritis Rheum 2008;58:734-43.
15. van Woerkom JM, Kruize AA, Wenting-van Wijk MJ, et al. Salivary gland and peripheral blood T helper 
1 and 2 cell activity in Sjogren’s syndrome compared with non-Sjogren’s sicca syndrome. Ann Rheum Dis 
2005;64:1474-9.
16. Katsifis GE, Rekka S, Moutsopoulos NM, et al. Systemic and local interleukin-17 and linked cytokines 
associated with Sjogren’s syndrome immunopathogenesis. Am J Pathol 2009;175:1167-77.
17. Bolstad AI, Wassmuth R, Haga HJ, et al. HLA markers and clinical characteristics in Caucasians with primary 
Sjogren’s syndrome. J Rheumatol 2001;28:1554-62.
18. Fei HM, Kang H, Scharf S, et al. Specific HLA-DQA and HLA-DRB1 alleles confer susceptibility to Sjogren’s 
syndrome and autoantibody production. J Clin Lab Anal 1991;5:382-91.
19. Fox RI, Bumol T, Fantozzi R, et al. Expression of histocompatibility antigen HLA-DR by salivary gland epithelial 
cells in Sjogren’s syndrome. Arthritis Rheum 1986;29:1105-11.
20. Ricchiuti V, Isenberg D, Muller S. HLA association of anti-Ro60 and anti-Ro52 antibodies in Sjogren’s 
syndrome. J Autoimmun 1994;7:611-21.
21. Arakaki R, Ishimaru N, Saito I, et al. Development of autoimmune exocrinopathy resembling Sjogren’s 
syndrome in adoptively transferred mice with autoreactive CD4+ T cells. Arthritis Rheum 2003;48:3603-9.
22. Bikker A, van Woerkom JM, Kruize AA, et al. Increased expression of interleukin-7 in labial salivary 
glands of patients with primary Sjogren’s syndrome correlates with increased inflammation. Arthritis Rheum 
2010;62:969-77.
23. Bikker A, Kruize AA, Wenting M, et al. Increased interleukin (IL)-7Ralpha expression in salivary glands of 
patients with primary Sjogren’s syndrome is restricted to T cells and correlates with IL-7 expression, lymphocyte 
numbers and activity. Ann Rheum Dis 2012.
24. Fry TJ, Mackall CL. Interleukin-7: from bench to clinic. Blood 2002;99:3892-904.
25. Lee SK, Surh CD. Role of interleukin-7 in bone and T-cell homeostasis. Immunol Rev 2005;208:169-80.
26. Capitini CM, Chisti AA, Mackall CL. Modulating T-cell homeostasis with IL-7: preclinical and clinical studies. 
J Intern Med 2009;266:141-53.
27. Hartgring SA, Bijlsma JW, Lafeber FP, et al. Interleukin-7 induced immunopathology in arthritis. Ann Rheum 
Dis 2006;65 Suppl 3:iii69-74.
28. van Roon JA, Verweij MC, Wijk MW, et al. Increased intraarticular interleukin-7 in rheumatoid arthritis 
patients stimulates cell contact-dependent activation of CD4(+) T cells and macrophages. Arthritis Rheum 
2005;52:1700-10.

29. Sieling PA, Sakimura L, Uyemura K, et al. IL-7 in the cell-mediated immune response to a human pathogen. 
J Immunol 1995;154:2775-83.
30. Hofmeister R, Khaled AR, Benbernou N, et al. Interleukin-7: physiological roles and mechanisms of action. 
Cytokine Growth Factor Rev 1999;10:41-60.
31. Calzascia T, Pellegrini M, Lin A, et al. CD4 T cells, lymphopenia, and IL-7 in a multistep pathway to 
autoimmunity. Proc Natl Acad Sci U S A 2008;105:2999-3004.
32. van Roon JA, Glaudemans KA, Bijlsma JW, et al. Interleukin 7 stimulates tumour necrosis factor alpha and 
Th1 cytokine production in joints of patients with rheumatoid arthritis. Ann Rheum Dis 2003;62:113-9.
33. De Benedetti F, Pignatti P, Massa M, et al. Circulating levels of interleukin 1 beta and of interleukin 1 
receptor antagonist in systemic juvenile chronic arthritis. Clin Exp Rheumatol 1995;13:779-84.
34. Rihl M, Kellner H, Kellner W, et al. Identification of interleukin-7 as a candidate disease mediator in 
spondylarthritis. Arthritis Rheum 2008;58:3430-5.
35. Bonifati C, Trento E, Cordiali-Fei P, et al. Increased interleukin-7 concentrations in lesional skin and in the 
sera of patients with plaque-type psoriasis. Clin Immunol Immunopathol 1997;83:41-4.
36. Hartgring A, Willis CR, Bijlsma J, et al. IL-7 Receptor Ligands IL-7 and TSLP Promote Collagen−induced 
Arthritis, Associated by Differential T-Cell Activity and Induction of Proinflammatory Mediators. Arthritis 
Rheum 2009;60:S1091.
37. Sawa S, Kamimura D, Jin GH, et al. Autoimmune arthritis associated with mutated interleukin (IL)-6 receptor 
gp130 is driven by STAT3/IL-7-dependent homeostatic proliferation of CD4+ T cells. J Exp Med 2006;203:1459-
70.
38. Komschlies KL, Gregorio TA, Gruys ME, et al. Administration of recombinant human IL-7 to mice alters 
the composition of B-lineage cells and T cell subsets, enhances T cell function, and induces regression of 
established metastases. J Immunol 1994;152:5776-84.
39. Giliani S, Mori L, de Saint Basile G, et al. Interleukin-7 receptor alpha (IL-7Ralpha) deficiency: cellular and 
molecular bases. Analysis of clinical, immunological, and molecular features in 16 novel patients. Immunol Rev 
2005;203:110-26.
40. Vitali C, Bombardieri S, Jonsson R, et al. Classification criteria for Sjogren’s syndrome: a revised version of 
the European criteria proposed by the American-European Consensus Group. Ann Rheum Dis 2002;61:554-8.
41. Joseph A, Brasington R, Kahl L, et al. Immunologic rheumatic disorders. J Allergy Clin Immunol;125:S204-15.
42. Bikker A, van Woerkom JM, Kruize AA, et al. Increased expression of interleukin-7 in labial salivary glands of 
patients with primary Sjogren’s syndrome correlates with increased inflammation. Arthritis Rheum;62:969-77.
43. Busamia B, Gonzalez-Moles MA, Ruiz-Avila I, et al. Cell apoptosis and proliferation in salivary glands of 
Sjogren’s syndrome. J Oral Pathol Med 2011.
44. Kimura T, Fukui H, Sekikawa A, et al. Involvement of REG Ialpha protein in the regeneration of ductal 
epithelial cells in the minor salivary glands of patients with Sjogren’s syndrome. Clin Exp Immunol 2009;155:16-
20.
45. Hartgring SA, van Roon JA, Wenting-van Wijk M, et al. Elevated expression of interleukin-7 receptor in 
inflamed joints mediates interleukin-7−induced immune activation in rheumatoid arthritis. Arthritis Rheum 
2009;60:2595-605.
46. Bikker A, Moret FM, Kruize AA, et al. IL-7 drives Th1 and Th17 cytokine production in patients with primary 
SS despite an increase in CD4 T cells lacking the IL-7Ralpha. Rheumatology (Oxford) 2012.
47. Lim HW, Hillsamer P, Banham AH, et al. Cutting edge: direct suppression of B cells by CD4+ CD25+ regulatory 
T cells. J Immunol 2005;175:4180-3.
48. Jang E, Cho WS, Cho ML, et al. Foxp3+ regulatory T cells control humoral autoimmunity by suppressing the 
development of long-lived plasma cells. J Immunol 2011;186:1546-53.
49. King C, Sprent J. Emerging cellular networks for regulation of T follicular helper cells. Trends Immunol 2011.
50. Morita R, Schmitt N, Bentebibel SE, et al. Human blood CXCR5(+)CD4(+) T cells are counterparts of T follicular 
cells and contain specific subsets that differentially support antibody secretion. Immunity 2011;34:108-21.
51. Bentebibel SE, Schmitt N, Banchereau J, et al. Human tonsil B-cell lymphoma 6 (BCL6)−expressing CD4+ 
T-cell subset specialized for B-cell help outside germinal centers. Proc Natl Acad Sci U S A 2011;108:E488-97.
52. Adamson TC, 3rd, Fox RI, Frisman DM, et al. Immunohistologic analysis of lymphoid infiltrates in primary 
Sjogren’s syndrome using monoclonal antibodies. J Immunol 1983;130:203-8.
53. Youinou P, Saraux A, Pers JO. B-Lymphocytes govern the Pathogenesis of Sjogren’s Syndrome. Curr Pharm 
Biotechnol 2012.

 





A Bikker1

CR Willis2

M Dankers1

KMG van der Wurff-Jacobs1

AA Kruize1

JWJ Bijlsma1

FPJG Lafeber1

JAG van Roon1

1Dept. of Rheumatology & Clinical Immunology
University Medical Centre Utrecht
2Dept. of Inflammation
Amgen Inc., Seattle, WA, USA 

Submitted for publication

INHIBITION OF THE IL-7R PATHWAY 
SELECTIVELY INHIBITS TLR7−INDUCED B 
CELL ACTIVATION IN PRIMARY SJÖGREN'S 
SYNDROME

Chapter 6



113

Chapter 6   shuIL-7R inhibits TLR7−induced B cell activation

6

Abstract

Objective. To investigate the role of IL-7/IL-7R−mediated signalling in TLR7−induced 
B cell activation in primary Sjögren’s syndrome (SS) patients as compared to healthy 
controls (HCs).

Methods. Peripheral blood mononuclear cells (PBMCs) or isolated CD4 T and CD19 B 
cells either with/without CD14 monocytes/macrophages from HCs and patients with 
primary SS were co-cultured and stimulated with the TLR7 agonist (Gardiquimod™) -/+ 
soluble human IL-7Rα (shuIL-7Rα) or a fully human anti-human IL-7 mAb (anti-huIL-7 
mAb). Proliferation was measured using 3H-thymidine incorporation and Ki67 expression. 
Activation markers (CD19, HLA-DR, CD25) and intracellular IL-7 and IL-7Rα expression by 
B cells were measured by FACS analysis. 

Results. A strongly TLR7−increased proliferation of T/B cell co-cultures appeared 
dependent on a selective increase in CD19 B-cell, but not CD4 T-cell proliferation (Ki67+). 
Associated with this, activation markers on CD19 B cells were significantly increased. 
No differences between HCs and pSS were observed. TLR7−induced B cell activation 
was clearly enhanced in the presence of monocytes/macrophages. TLR7 triggering of B 
cells resulted in increase in intracellular IL-7Rα and IL-7 protein levels. IL-7(R) blockade 
inhibited lymphocyte proliferation of TLR7 stimulated PBMCs, associated by a selective 
inhibition of Ki67−proliferating B cells. 

Conclusion. TLR7 triggering activates B cells in pSS and HCs, which is facilitated by 
monocytes/macrophages. Interestingly, TLR7−induced B cell activation is associated with 
up regulation of IL-7 and IL-7Rα. This novel autocrine function of IL-7 in TLR7−activated 
B cells can be inhibited by IL-7(R) blockade (shuIL-7Rα/anti-huIL-7 mAb) and might be of 
potential use in treatment of primary SS. 
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Recently, increased levels of IL-7 and its receptor were demonstrated in the minor 
salivary gland of patients with primary SS, which strongly correlated to inflammation 
and disease parameters.
Furthermore, in patients with chronic B cell lymphocytic lymphoma, non-Hodgkin’s 
lymphoma, and HIV−associated Burkitt’s lymphoma, elevated levels of IL-7 are found 
and for a subset of patients an increased IL-7Rα expression on B cells is seen [27]. 
Additionally, in a Burkitt’s lymphoma tumor cell line and EBV−transformed B cells, IL-7 
transcripts are detectable and EBV+ B cells can secrete IL-7 themselves [26].

Recently, a newly identified subset of B cells, called age−associated B cells (ABCs), which 
express CD11c, were detected at higher frequency in aged female mice and autoimmune-
prone young female mice as well as in female autoimmune patients. Depletion of these B 
cells significantly diminished the secretion of the autoreactive antibodies. Interestingly, 
the development of these B cells required signalling through TLR7 [28]. For B cells to 
become fully responsive autoantibody secreting plasma cells, the presence of T cells is 
required. In order for T cells to become autoreactive, as with B cells, immune tolerance 
has to be breached. Antigen presenting cells (APCs), such as B cells themselves, dendritic 
cells (DCs) or monocytes/macrophages can induce this loss of tolerance [29-31]. 

Considering the importance of TLR7−mediated immunity in pSS and the potential link 
between TLR7−induced B cell activation and IL-7/IL-7R−driven immune responses, this 
study set out to determine the in vitro responsiveness of B cells and CD4 T cells to TLR7 
stimulation and investigated the role of IL-7 and its receptor in this activation.

Patients and Methods
Table 1. Demographic and clinical data

Mean (±SEM) of demographic and clinical parameters are given. ESR = 
erythrocyte sedimentation rate, LFS = lymphocytic focus score, IgA+ cells = IgA 
containing plasma cells in labial salivary gland biopsy, n/a = not applicable. 

Introduction

Toll-like receptors (TLRs) have been implicated in many autoimmune diseases, not in the 
least because they are equipped to recognize so-called pathogen−associated molecular 
patterns (PAMPs), and have also been implicated in recognizing self-antigens, like heat-
shock proteins and nucleic remnants of dying cells [1, 2]. It has been suggested that the 
inappropriate clearance of such particles and cell debris as seen in inflammatory and 
autoimmune diseases might be one of the underlying causes of the immune system 
turning against ‘self’ [3, 4]. In systemic autoimmune diseases, such as systemic lupus 
erythomatosus (SLE) and primary Sjögren’s syndrome (SS), there is a particular interest 
towards TLRs involved in the recognition of nucleic acids (viral, bacterial, and possibly 
‘self’). The rationale behind this is the presence of autoantibodies directed against 
double-stranded DNA (dsDNA) or protein-RNA complexes (Ro/SSA and La/SSB proteins), 
which are commonly found in these patients [5-7]. Secondly, activation of these TLRs, 
especially in plasmacytoid dendritic cells (pDCs) induces a strong secretion of type I 
interferons (IFNs) [8, 9]. These IFNs are normally necessary for the clearance of viral 
infections. In several autoimmune diseases type I IFN levels in serum and at sites of 
inflammation are increased, and expression levels are correlated with disease severity 
[10-12]. 

Normally, recognition of self-nucleic acids by these TLRs is impeded by structural 
differences compared with viral RNA sequences and their intracellular endosomal 
location. However, the aberrant expression of nucleosomes on the surface of apoptotic 
blebs [13], together with other antigens released by dying cells as observed in autoimmune 
diseases are potent targets for autoantibodies [14]. It has been demonstrated that the 
formation of autoantibody/nucleic acid immune complexes facilitates internalization 
through binding of the B cell receptor (BCR) on autoreactive B cells. This larger complex 
translocates to the endosome where self-nucleic acids are subsequently available for 
binding to the endosomal TLRs [15, 16].

One of these candidate TLRs is TLR7, which is found primarily expressed in pDCs and B 
cells. Under normal conditions, TLR7 specifically recognizes uridine−rich single stranded 
RNA originating from viruses [17-19]. Recent data have shown a pathogenic role 
particularly for TLR7 in autoimmunity, while TLR9 might display protective properties 
[7, 20, 21]. In patients with primary SS, on infiltrating lymphocytes an increased 
expression of both TLR7 and TLR9, but not TLR8 was documented. Additionally, in 
epithelial islands and ductal epithelial cells the expression of TLR7 and TLR9 is induced 
following stimulation [22]. In naive B cells, Epstein-Barr virus (EBV) infection, one of the 
suggested triggers involved in the immunopathology of pSS, has been demonstrated to 
up-regulate expression of TLR7 and its downstream mediator IRF5 [23]. EBV infection 
has also been shown to induce anti-Ro and anti-DNA autoantibodies in mice, which is 
critically dependent on TLR7-triggered immune activation [24, 25]. Interestingly, EBV-
transformed B cells have been shown to express the IL-7Rα and to secrete IL-7 [26]
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Denmark), and anti-HLA-DR-FITC (BD). Anti-IgG1-FITC/anti-IgG1-PE (Immunotech) was 
used as isotype control. Proliferating lymphocytes were assessed by Ki67 intracellular 
staining, which was performed using mouse-anti-human anti-Ki67-FITC staining 
set (eBioscience, San Diego, CA, USA) according to the manufacturer’s instructions 
(eBioscience). 
Additionally, isolated CD19 B cells, stimulated for 4 days with/without TLR7, were used 
to stain for intracellular IL-7Rα and IL-7. In order to measure intracellular IL-7 expression, 
Brefeldin A and CD40L (Amgen Inc.) were added during the last 5 hours of culture. Cells 
were permeabilised using the fixation/permeabilization solution kit (BD) according to 
the manufacturer’s instructions, after which cells were stained with anti-CD127-PE 
(R&Dsystems, Inc. Minneapolis, MN, USA) and biotinylated-anti-IL-7 (2H11, Amgen Inc.). 
IL-7 expression was detected by binding of streptavidin-PE (BD) to the biotin-labelled 
antibody. As a negative control, unstained B cells or B cells stained with Streptavidin-PE 
alone were used. Cell acquisition was done with a FACScan flow cytometer and data 
were analysed with FlowJo software, version 7.5 (Tree Star Inc., Oregon, USA). 

Statistical analysis. Culture conditions from the pSS or HCs group were analysed by 
the parametric paired sample t test or the nonparametric Wilcoxon’s singed rank test 
where appropriate. Significant differences between the HCs and pSS patient group 
were analysed with the parametric independent sample t test or nonparametric Mann-
Whitney test where appropriate. All statistical analyses were performed using Graphpad 
Prism (GraphPad Prism 5.0, GraphPad software Inc.) and differences with a p-value of 
0.05 or less were considered statistically significant.

Results

TLR7 selectively increases B cell proliferation in HCs and patients with primary SS, which 
is enhanced by monocytes/macrophages. The effect of TLR7 stimulation of B cells from 

Figure 1. Toll-like receptor 
7 (TLR7) signalling induces 
lymphocyte proliferation of 
T/B cell co-cultures. Isolated 
B cells co-cultured in a 1:1 
ratio with CD4 T cells for 
4 days show an increased 
lymphocytic proliferation 
upon TLR7 stimulation. Overall 
proliferation is increased when 
m o n o c y te s / m a c ro p h a ge s 
are added to the culture at 
a T cell:B cell:monocyte/
macrophages ratio of 1:1:0,1. 

A significant difference in TLR7 stimulated lymphocyte proliferation is found between HCs (n=8) and patients 
with primary SS (n=8) in the presence of monocytes/macrophages (A), however when this is expressed as 
a fold-change (stimulation index, SI) compared to the proliferation of unstimulated cells (SI), no difference 
between HCs and pSS patient was found (B). **p<0.01 indicates statistical significances.

Patients. Peripheral blood samples for flow cytometry and in vitro culture were collected 
from patients with primary SS who were referred to the hospital outpatient clinic, and 
were age− and gender−matched to HCs. All patients were diagnosed according to 
American-European Consensus Group criteria (AECC) [32]. Demographic for primary 
SS and healthy controls (HCs) and immuno-serological data of patients with primary SS 
are shown in table 1. All of the above−mentioned patients were naive to the use of 
immunosuppressive drugs, except for one patient (daily maintenance dose of prednisone 
5 mg). The study was performed according to the medical ethical regulations of the 
University Medical Centre Utrecht and all patients gave their written informed consent.

Cell isolation and culture. Peripheral blood (PB) was diluted 1:1 with RPMI 1640 medium 
(Gibco BRL, Life Technologies, Belgium) containing penicillin (100 U/ml), streptomycin 
(100 μg/ml), and glutamine (2 mM) (PSG). Peripheral blood mononuclear cells (PBMCs) 
were isolated by density centrifugation using Ficoll-Paque (Pharmacia, Uppsala, Sweden). 
CD19+ cells were positively selected by incubating PBMCs with anti-CD19 labelled 
with goat anti-mouse IgG magnetic beads (MiltenyiBiotec, Utrecht, The Netherlands) 
and CD14+ cells were positively selected by incubating PBMCs with anti-CD14 labelled 
with goat anti-mouse IgG magnetic beads (MiltenyiBiotec) following MACS procedures 
according to manufactures instructions using the autoMACS (MiltenyiBiotec). Untouched 
CD4 T cells were negatively selected using the CD4 isolation kit II (MiltenyiBiotec) and 
autoMACS (MiltenyiBiotec). 

CD4 T cells and CD19 B cells (5.105 cells/ml) were co-cultured 1:1 in 96-wells plates for 
analysis of proliferation which was measured by 3H-thymidine incorporation (5 mCi/
ml, NEN Life Science Products, Amsterdam, The Netherlands) during the last 18 hours 
of the 4-day cell culture). To measure cell surface activation markers and intracellular 
Ki67 expression as a marker for proliferation, T and B cells were co-cultured at 37oC in 
24-wells plates at a concentration of 5.105 cells/ml for 4 and 6 days, respectively. 
In addition, all analyses were also performed for CD4 T/CD19 B cell co-cultures in the 
presence of CD14 monocytes/macrophages (1:1:0,1 ratio). Cells were cultured in RPMI/
glutamax (Gibco BRL) with additional penicillin (100 U/ml, Yamanouchi), streptomycin 
(100 μg/ml Fisiopharma), and 10% fetal calf serum (FCS, Gibco BRL) in the presence or 
absence of 1 ng/ml TLR7 agonist (Gardiquimod™, Invivogen, San Diego, CA, USA). 
PBMCs (5.105 cells/ml) from HCs and patients with primary SS were cultured under the 
same conditions in the presence or absence of 1 ng/ml TLR7 agonist (Invivogen) and 
soluble human IL-7Rα (Amgen Inc., Seattle WA, USA). Additionally, from a separate group 
of healthy donors PBMC cultures were stimulated with 1 ng/ml TLR7 agonist (Invivogen) 
with/without a fully human anti-human IL-7 monoclonal antibody (anti-huIL-7 mAb, 
2H11, Amgen Inc., Seattle, WA, USA). 

Markers of activation and proliferation by flow cytometry. Expression of the following 
markers on CD4 T cells and CD19 B cells was assessed after 4 days in culture using the 
following monoclonal antibodies (mAb): anti-CD4-PerCP (Biolegend, San Diego, CA, 
USA), anti-CD19-APC (BD, Erembodegem-Aalst, Belgium), anti-CD25-PE (DAKO, Glostrup, 
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enhanced the TLR7−induced increase of Ki67+ B cells (HCs from 0.9 ±0.1% to 30.2 ±8.9% 
vs. pSS from 1.0 ±0.1% to 11.6 ±2.9%, both p<0.05) and although a very slight increase 
in Ki67+ CD4 T cells was seen upon TLR7 stimulation in the presence of monocytes/
macrophages, this increase was not statistically significant (fig. 2C and D, representative 
FACS analysis and average, respectively).

TLR7 selectively increases expression of activation markers on B cells. Associated with 
increased function of B cells (proliferation), TLR7 triggering up-regulated activation 
marker expression on CD19 B cells (fig. 3), but not on CD4 T cells (data not shown). TLR7−
induced B cell activation was associated with significant increases in the expression of 
CD19 (HC; mean fluorescence intensity, MFI, from 26.8 ±3.3 to 63.4 ±9.6, p<0.01 vs. pSS 
from 38.4 ±4.7 to 56.5 ±9.6, p<0.05), HLA-DR (HC; MFI from 214 ±32 to 649 ±105, p<0.01 
vs. pSS from 238 ±45 to 809 ±269, p<0.05) and CD25 (HC; % from 42.2 ±4.8 to 80.1 ±4.4, 
p<0.05 vs. pSS from 19.3 ±3.5 to 63.6 ±8.9, p<0.01). Addition of monocytes/macrophages 
to the cultures, only significantly enhanced expression of CD19 (HC; MFI from 60.4 ±15.5 

Figure 3. TLR7 selectively increases expression of activation markers on B cells in HCs and 
patients with primary SS. Representative histograms for CD19, HLA-DR, and CD25 expression 
on B cells from an unstimulated and TLR7−stimulated T/B cell co-culture are shown (HC vs. 
pSS, n=8) (A, B, C). TLR7 stimulation significantly increases CD19 expression on B cells, which 
is enhanced by the presence of monocytes/macrophages, although regarding the latter, 
this does not reach statistical significance for patients with primary SS (D). HLA-DR (E) and 
CD25 (F) expression on B cells is similarly up-regulated upon TLR7 stimulation. No significant 
differences in expression are found between B cells from HCs and patients with primary SS.  
*p<0.05 and **p<0.01 indicate statistical significances.patients with primary SS and age− and gender−matched HCs (both n=8) was assessed 

in vitro in a co-culture of purified B cells and CD4 T cells in a 1:1 ratio. TLR7 agonist 
(Gardiquimod™) induced a significant lymphocyte proliferation (HC from 818 ±256 cpm 
to 10970 ±3683 cpm vs. pSS from 474 ±237 cpm to 4764 ±1351 cpm, both p<0.01), which 
was further enhanced by the presence of monocytes/macrophages (1:1:0,1 ratio) (HC 
from 5884 ±2776 cpm to 20081 ±4724 cpm vs. pSS from 1511 ±262 cpm to 10082 ±1971 
cpm, both p<0.01) (fig. 1A). The stimulation index (SI; TLR7−stimulated condition vs. 
unstimulated condition) was not significantly different between HCs and patients with 
primary SS, both for the CD4 T cell/CD19 B cell co-cultures in the absence (HC vs. pSS; 
13.1 ±1.4 vs. 14.2 ±2.0) or presence of monocytes/macrophages (HC vs. pSS; 5.8 ±1.0 vs. 
7.1 ±1.1) (fig. 1B).

Analysis of lymphocyte proliferation by the proliferation marker Ki67 in HCs and 
patients with primary SS (both n=5) showed that TLR7 selectively stimulated CD19 B 
cell proliferation (HC from 1.2 ±0.2% to 9.3 ±1.3%, p<0.01 vs. pSS from 1.2 ±0.2% to 7.0 
±2.2%, p<0.05), but interestingly and unexpected not that of CD4 T cells (fig. 2A and 
B, representative FACS analysis and average, respectively). Monocytes/macrophages 

Figure 2. TLR7 selectively increases B cell proliferation in HCs and patients with primary SS, which is 
enhanced by monocytes/macrophages. Representative FACS stainings for Ki67+ B cells and CD4 T cells from 
an unstimulated and TLR7−stimulated T/B cell co-culture -/+ monocytes/macrophages are shown (A and C). 
TLR7 stimulation induces a significant increase in the percentage of KI67+ proliferating B cells from HCs (n=5) 
and patients with primary SS (n=5), which is enhanced by the presence of monocytes/macrophages, although 
this does not reach statistical significance for patients with primary SS (B). CD4 T cells from HCs and patients 
with primary SS are not activated upon TLR7 stimulation, and though there is a slight increase in Ki67+ CD4 T 
cells in the presence of monocytes/macrophages, this is not statistically significant. (D). *p<0.05 and **p<0.01 
indicate statistical significances.
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to 157.1 ±41.0, p<0.01 vs. pSS 66.3 ±14.0 
to 111.3 ±18.8, p<0.01) and only in the 
TLR7 stimulated condition. TLR7−induced 
up-regulation of B cell activation markers 
was equally effective in HCs (n=8) and 
patients with primary SS (n=8). 

TLR7 triggering of B cells is accompanied 
by intracellular up-regulation of IL-
7Rα and IL-7. Previous studies in other 
autoimmune diseases have shown IL-7 
mRNA expression by B cells [33]. In patients 
with primary SS, vaccination with influenza 
virus increased serum levels of IL-7 [34]. In 
addition, IL-7 and IL-7Rα expression and 
secretion upon EBV−induced activation 
of B cells has been demonstrated [26]. 
Therefore, the ability of TLR7 activation 
to induce IL-7 protein expression was 
investigated in HCs. 
The secretion of IL-7 was first measured 
in the supernatant of TLR7 stimulated 
cultures (PBMCs and T/B co-cultures 
+/- monocytes/macrophages), but 
unfortunately IL-7 could not be detected. Considering that IL-7 might be consumed, 
next, in isolated B cells IL-7 protein expression was measured intracellularly by FACS 
analysis. Intracellular IL-7 expression was increased from 18.7 ±2.2% to 38.2 ±5.6% upon 
TLR7 stimulation (fig. 4A). 
To establish whether B cells are capable to respond to IL-7, in addition the IL-7Rα 
expression was assessed as well. B cells did not express the IL-7Rα on their surface ex 
vivo, nor upon stimulation with TLR7 agonist (data not shown). Therefore, similar to IL-7 
the IL-7Rα was measured intracellularly. Intracellular IL-7Rα was also increased in B cells 
upon TLR7 triggering (from 2.7 ±0.6% to 8.1 ±1.8%; fig. 4B).  

Blockade of IL-7R−mediated signalling by shuIL-7Rα strongly inhibits TLR7−induced B 
cell activation. To investigate the role of the IL-7R−mediated stimulation in TLR7−induced 
B cell activation, this pathway was inhibited by adding shuIL-7Rα to PBMC cultures from 
HCs (n=5) and patients with primary SS (n=8). Interestingly, a significant and striking 
decrease in lymphocyte proliferation was observed for HCs (from 8880 ±2069 cpm to 
2289 ±624 cpm; p<0.05) and patients with primary SS (from 8580 ±2555 cpm to 4802 
±1526 cpm; p<0.01) with similar efficacy (fig. 5A). Analysis of the proliferation marker 
Ki67 in B cells and CD4 T cells from PBMCs of HCs and patients with primary SS showed 
once more that TLR7 stimulation results in a selective B cell activation (Ki67 proliferating 
cells), which is potently inhibited by shuIL-7Rα (fig. 5B). 

Because shuIL-7Rα in theory could inhibit both IL-7 and the IL-7-related cytokine TSLP, 
a specific fully human anti-huIL-7 mAb was additionally tested in PBMC cultures (n=7). 
Similar to inhibition by shuIL-7Rα, proliferation of TLR7−stimulated PBMCs was also 
significantly blocked by anti-hIL-7 mAb (fig. 5C). 

Discussion

In the present study it is demonstrated that TLR7 stimulation of mature B cells from 
patients with primary SS in co-culture with CD4 T cells in the presence or absence of 
CD14 monocytes/macrophages results in specific stimulation of B cells which is not 
accompanied by T cell activation (measured by proliferation and activation markers). 
This activation is associated with increases in B cell IL-7 and IL-7Rα levels. Blocking the 
IL-7/IL-7R pathway strongly and specifically prevents TLR7−induced B cell activation. 

Autoantibody production, in particular antibodies directed to RNA-binding proteins 
(anti-SSA, anti-SSB) are a hallmark of pSS and are associated with disease severity. In 
addition, overstimulation of B cells is associated with development of malignancies 
and mortality in these patients. In recent years a critical role has been demonstrated 
for TLR7−mediated immunity in the development of autoantibodies directed to RNA-
binding proteins [15, 20, 35, 36], which can be triggered upon exposure to viral antigens 
and RNA. The exact sequence of events that induces B cell activation and inflammation 

Figure 5. Blockade of IL-7R−mediated signalling by shuIL-7Rα 
strongly and selectively inhibits TLR7−induced B cell activation. TLR7 
stimulation increases lymphocyte proliferation, which is associated with 
a significant increase of Ki67+ proliferating B cells, not CD4 T cells. When 
shuIL-7Rα is added to the TLR7−stimulated PBMC culture a significant 
decrease of B cell proliferation is observed; T cell proliferation remains 
unaffected (A). The inhibition of TLR7−induced activation by shuIL-7Rα 
is equally effective in HCs and pSS (B). Representative FACS stainings 
for Ki67+ B and CD4 T cells from an unstimulated and TLR7−stimulated 
PBMC culture -/+ shuIL-7Rα are shown (B). TLR7 stimulated PBMCs are 
also potently blocked by a fully human anti-huIL-7 mAb (C). *p<0.05 and 
**p<0.01 indicate statistical significances.

Figure 4. TLR7 triggering of B cells is accompanied 
by intracellular up-regulation of IL-7Rα and IL-
7. TLR7 stimulation of isolated B cells from HCs 
increases intracellular expression of IL-7 (A) and 
CD127 (IL-7Rα) (B) upon TLR7 stimulation. Lines 
represent data from individual patients; on average 
the increase was statistically significant.



122 123

Chapter 6   shuIL-7R inhibits TLR7−induced B cell activation Chapter 6   shuIL-7R inhibits TLR7−induced B cell activation

6 6

as myeloid cells are the main producers of BAFF. Additionally, it has been demonstrated 
that type I IFN production is not only restricted to pDCs, but can also occur in other DC 
subsets as well as macrophages [54]. TLR7 activation of B cells in vitro via co-ligation of 
BCR and RNA−containing immune complexes is in fact far more potent when these B 
cells are primed with IFNα [16].  Another study found that memory B cells upon TLR7 
triggering produce their own type I IFN, and that IFNβ−deficient B cells are unable to 
respond to TLR7 stimulation, without the addition of exogenous type I IFN [55]. The 
mechanisms behind the enhancing effect of monocytes/macrophages in the TLR7−
induced B cell activation remain to be elucidated.

TLR7−induced activation of B cells is indicated to play a pivotal role in the induction 
of autoantibodies directed against RNA-binding proteins. The association of B cell 
overstimulation and these autoantibodies with both morbidity, malignancies, and 
mortality in pSS indicate that discovery of pathways that are involved in B cell activation 
are of major importance, potentially leading to novel therapeutic strategies. Our data 
demonstrating that TLR7−induced B cell activation is strongly inhibited by targeting 
the IL-7/IL-7R pathway warrants further study on this pathway as a potential target for 
treatment.

of the exocrine glands in patients with primary SS is unclear. TLR7− and IL-7−driven 
pathways could be involved, since both TLR7 and IL-7 are overexpressed at the site of 
inflammation. The current study provides data to suggest a link between these pathways, 
since TLR7−induced B cell activation is strongly inhibited by prevention of IL-7−mediated 
signalling. 

In recent studies we and others have demonstrated the strong potential of exogenously 
added IL-7 to promote T cell−driven pro-inflammatory responses in human in vitro [37-
43] and experimental animal models for several autoimmune diseases [42, 44, 45]. 
Oppositely, blockade of IL-7 or its receptor has been shown to strongly inhibit T cell−
driven inflammation and immunopathology in numerous human and mouse models for 
autoimmunity [43, 46-50]. In all these models increased or decreased disease activity or 
inflammatory responses were associated with a prominent T cell activation. In a limited 
number of these studies B cell activity has been studied and it was unclear whether those 
effects were on the development of B cells or on mature B cells. However, recently it was 
shown that IL-7 has the capacity to also induce T cell−dependent activation of mature 
B cells, resulting in survival, expansion of these cells and immunoglobulin production, 
both in HCs and patients with primary SS [51, 52]. Therefore, in patients with primary SS, 
IL-7 that was shown to be overexpressed by fibroblasts, endothelial cells, and dendritic 
cells [53], together with increased numbers of IL-7Rα−expressing T cells [37] could 
considerably contribute to the overstimulation of B cells that is characteristic of pSS.

In the current study TLR7−induced B cell activation resulted in vigorous B cell proliferation 
and up-regulation of various activation markers, including MHCs class II expression that 
can be involved in TCR−mediated T cell activation. In addition, TLR7 signalling increased 
IL-7 and IL-7Rα expression in B cells. Interestingly and unexpectedly, this type of B cell 
activation was hardly associated with T cell activation, as measured by proliferation and 
activation markers, including CD25 and HLA-DR. This observation might be related to the 
fact that proliferation, as measured by Ki67 expression, is rather insensitive. Although T 
cell activation induced by IL-7 secreted by B cells was not observed, a strong reduction in 
B cell activation was seen upon addition of both shuIL-7Rα and anti-huIL-7 mAb in PBMC 
culture. This observation, together with the increased expression of IL-7Rα suggests that 
TLR7−induced IL-7 facilitates autocrine activation of B cells. Our data are supported by 
data from other groups showing that triggers, like EBV, that induce TLR7 activation are 
associated by increased production of both IL-7 and/or IL-7Rα protein levels by B cells 
[26].

Our group previously has demonstrated a supportive role of monocytes/macrophages 
in enhancing the IL-7−induced activation of CD4 T cells and found that cell-cell contact 
was crucial for this effect [41, 51]. Despite the absence of an effect of monocytes/
macrophages on TLR7−induced T cell activation, monocytes/macrophages seem to play 
an important role in enhancing the TLR7−induced activation of B cells. Although we 
did not measure levels of B cell-activating factor belonging to the TNF family (BAFF), 
cytokines like BAFF could well mediate the B cell activating effects in this in vitro system, 
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ABSTRACT

Objectives. To investigate the potential synergy of IL-7–driven T cell–dependent 
and TLR7–mediated B cell activation and to assess the additive effects of monocyte/
macrophages in this respect.

Methods. Isolated CD19 B cells and CD4 T cells from HC were co-cultured with TLR7 
agonist (TLR7, Gardiquimod™), IL-7, or their combination with or without CD14 
monocytes/macrophages (T:B:mono; 1:1:0,1). Proliferation was measured using 
3H-thymidine incorporation and Ki67 expression. Activation marker (CD19, HLA-DR, 
CD25) expression was measured by FACS analysis. Immunoglobulins were measured by 
ELISA and release of cytokines was measured by Luminex assay. 

Results. TLR7–induced B cell activation was not associated with T cell activation. 
IL-7–induced T cell activation alone and together with TLR7 synergistically increased 
numbers of both proliferating (Ki67+) B cells and T cells, which was further increased 
in the presence of monocytes/macrophages. This was associated by up-regulation of 
activation markers on B cells and T cells. Additive or synergistic induction of production 
of immunoglobulins by TLR7 and IL-7 was associated by synergistic induction of T cell 
cytokines (IFNγ, IL-17A, IL-22), which was only evident in the presence of monocytes/
macrophages.

Conclusions. IL-7–induced CD4 T cell activation and TLR7–induced B cell activation 
synergistically induce T helper cell cytokine and B cell immunoglobulin production, which 
is critically dependent on monocytes/macrophages. Our results indicate that previously 
described increased expression of IL-7 and TLR7 together with increased numbers of 
macrophages at sites of inflammation in autoimmune diseases like RA and primary SS 
significantly contributes to enhanced lymphocyte activation.
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exposed extracellular RNA to the endosomal compartment of B cells and pDCs (via the B 
cell receptor or Fc receptors) and subsequently trigger TLR7 signalling [39]. 

Since both TLR7 and IL-7 are implicated in the B cell–associated immunopathology of 
several systemic autoimmune diseases, this study aimed to investigate the potential 
synergy between TLR7–driven B cell activation and IL-7–driven T cell activation. 
Furthermore, given the importance of myeloid cells in immunopathology of these 
diseases, the capacity of monocytes/macrophages to potentiate this effect was examined 
as well.  

METHODS 

Cell isolation and culture. Peripheral blood (PB) was diluted 1:1 with RPMI 1640 medium 
(Gibco BRL, Life Technologies, Belgium) containing penicillin (100 U/ml), streptomycin 
(100 μg/ml) and glutamine (2 mM) (PSG). Peripheral blood mononuclear cells (PBMCs) 
from healthy donors (in-house donor program, approved by the UMCU medical ethical 
committee) were isolated by density centrifugation using Ficoll-Paque (Pharmacia, 
Uppsala, Sweden). CD19 B cells, CD14 monocytes/macrophages and CD4 T cells were 
isolated from PBMCs by magnetic–activated cell sorting (MACS). CD19 cells and CD14 
monocytes/macrophages were positively selected by incubating PBMCs with anti-CD19 
or anti-CD14 labelled with goat anti-mouse IgG magnetic beads (Miltenyi Biotec, Utrecht, 
The Netherlands) following MACS procedures according to manufactures instructions 
using the autoMACS (Miltenyi Biotec). Untouched CD4 T cells were negatively selected 
by using the CD4 isolation kit II (Miltenyi Biotec) and autoMACS (Miltenyi Biotec). 

CD4 T cells and CD19 B cells were co-cultured 1:1 in 96-wells plates and proliferation 
determined by 3H-thymidine incorporation during the last 18 hours of culture (5 μCi/ml, 
NEN Life Science Products, Amsterdam, The Netherlands). Additionally, proliferation and 
activation of B and T cells was determined by surface activation marker expression and 
intracellular Ki67 expression, respectively (24-wells plate). Cells were cultured for 4 days 
at a concentration of 5.105 cells/ml at 37oC. For analysis of cytokine and immunoglobulin 
levels, after a 6− and 12−days culture period respectively, supernatants were rendered 
cell free and stored at –80oC until analysis. In addition, all analyses were also performed 
for CD4 T/CD19 B cell co-cultures in the presence of CD14 monocytes/macrophages 
(5.105 cells/ml, 1:1:0,1 ratio). Cells were cultured in RPMI/glutamax (Gibco BRL) with 
additional penicillin (100 U/ml, Yamanouchi), streptomycin (100 μg/ml Fisiopharma), 
and 10% fetal calf serum (FCS, Gibco BRL) in the presence or absence of 1 ng/ml TLR7 
agonist (Gardiquimod™, Invivogen, San Diego, CA, USA) and 10 ng/ml IL-7 (Peprotech 
Inc., Rocky Hill, NY, USA).

Markers of activation, proliferation, and B cell differentiation by flow cytometry. 
Expression of the following markers on CD4 T cells and CD19 B cells was assessed after 4 
days in culture using the following monoclonal antibodies (mAb): CD4-PerCP (Biolegend, 

INTRODUCTION

Interleukin-7 (IL-7) is a potent T cell activating cytokine that causes proliferation, survival 
and differentiation of T cells in the periphery to maintain homeostatic T cell balance [1]. 
Not only in health, but also in disease, IL-7 has been shown to play an important role in 
T cell expansion and enhancement of T cell–driven immunity. Addition of IL-7 increases 
T cell numbers and functionality in immunodeficient states due to HIV infection, 
chemotherapy, and after bone marrow transplantation [2-4]. 
Furthermore, IL-7 and its receptor have been implicated in several autoimmune diseases 
like rheumatoid arthritis (RA) [5-7], psoriasis [8], spondylarthritis [9], inflammatory 
bowel’s disease (IBD) [10, 11] multiple sclerosis (MS) [12-14], and recently primary 
Sjögren’s Syndrome (primary SS) [15, 16]. In the inflamed tissues of patients with 
autoimmune diseases, increased IL-7 production and IL-7 receptor (IL-7R) expression 
by tissue cells and immune cells have been documented [5-9, 15, 16]. In many in vitro 
models IL-7 was shown to induce T cell activation (Th1 and Th17 induction) and T cell–
dependent activation of monocytes/macrophages and dendritic cells (DCs) [5, 15, 17]. 
In addition, gene polymorphisms of the IL-7Rα gene are associated with susceptibility to 
MS [13]. Finally, IL-7 and IL-7R have been shown to play critical proinflammatory roles in 
experimental models for diabetes, MS, IBD and RA [3, 14, 18-20].

Although its role on T cell activation has extensively been studied (reviewed in [21, 22]), 
less is known about the stimulatory effect of IL-7 on B cells. Although reduced serum 
immunoglobulin levels in IL-7R-deficient individuals suggested that IL-7 might play a role 
in activation of mature human B cells [23], direct evidence for this is lacking. Recently, 
we found that, at least in vitro, IL-7 significantly and equally effective increased B cell 
activation in PBMC culture and CD4 T cell co-culture of healthy controls and patients with 
primary SS [24]. Another recently published study demonstrated that IL-7 modulates 
survival and activation of B cells from healthy controls trough CD70 expression by T cells 
[25]. In the present study it was investigated to what extent IL-7–driven T cell–dependent 
B cell activation could synergize with TLR7–driven B cell activation.

Pathogen-associated molecular pattern (PAMP)−recognising molecules such as Toll-like 
receptors (TLRs) have extensively been examined and have been implicated to play an 
important role in autoimmune diseases like RA [26, 27], systemic sclerosis [28], systemic 
lupus erythematosus (SLE) [29], and primary SS [30-33]. Because of the predominance 
of autoantibodies directed against RNA-binding proteins (anti−Ro and La), in several 
systemic autoimmune diseases TLR7 has been studied. TLR7 is located intracellular, in 
the endosomal compartments of B cells and plasmacytoid DCs (pDCs) [34, 35]. TLR7 is 
specialised in recognising single-stranded RNA (ssRNA) originating from viruses [34], but 
it has been postulated that self-RNA becomes a target, when self-tolerance is breached 
[36]. This break of tolerance has been demonstrated upon EBV infection, inducing anti-
Ro and Sm antibodies [37, 38]. In autoimmune diseases, autoantibodies directed against 
RNA-binding self-antigens (anti-Ro/SSA and La/SSB), consequently deliver aberrantly 
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TLR7 and IL-7 additively increase CD4 T cell proliferation in co-cultures of T cells and B 
cells. TLR7–induced B cell activation in CD4 T/B cell co-cultures was not associated with 
T cell activation (from 0.8 ±0.1% to 1.1 ±0.3%), whereas IL-7 significantly increased CD4 
T cell proliferation (from 0.8 ±0.1% to 11.5 ±2.8%, p<0.05), and IL-7 added to TLR7 also 
additively increased T cell proliferation (29.2 ±5.2%, p<0.05) (fig. 2A, representative; fig. 
2B, average). Monocytes/macrophages strongly enhanced proliferation of CD4 T cells 
upon IL-7 stimulation (from 1.0 ±0.1% to 49.3 ±2.2%, p<0.05), equally effective to the 
combination of IL-7 and TLR7 stimulation (51.4 ±6.3%) (fig. 2C, representative; fig. 2D, 
average). 

TLR7 and IL-7 additively up-regulate expression of CD19 and HLA-DR on B cells. 
Associated with increased B cell proliferation upon IL-7 and TLR7 stimulation, similar 
increases were observed for the expression of activation markers on B cells (CD19, HLA-
DR, and CD25) and on T cells (HLA-DR, and CD25) (fig. 3A, representative histograms). 

San Diego, CA, USA), CD19-APC (BD, Erembodegem-Aalst, Belgium), CD25-PE (DAKO, 
Glostrup, Denmark), and HLA-DR-FITC (BD). For analysis of B cell differentiation the 
following monoclonal antibodies were used: CD3-FITC (BD Pharmingen, San Diego, CA, 
USA), CD19-APC-Alexa Fluor®750 (BD), CD20-eFluor®450 (eBioscience, San Diego, CA, 
USA) CD27-APC (ImmunoTools GmbH, Friesoythe, Germany), CD38-PE-CY7 (BD), and 
IgD-PE (BD). IgG1-FITC/IgG1-PE (Immunotech, Marseille, France) was used as isotype 
control. 
Ki67 intracellular staining was performed using mouse-anti-human Ki67-FITC staining 
set (eBioscience) following manufactures instructions. Cell acquisition was done using a 
FACScan flow cytometer and data were analysed with FlowJo software, version 7.5 (Tree 
Star Inc., Oregon, USA). 

Immunoglobulin and cytokine measurements. IgG, IgM were measured by ELISA 
according to the manufacturer’s instructions (Bethyl laboratories, Montgomery, TX, 
USA), kappa and lambda free light chains (FLCs) were measured with in-house developed 
ELISA kits adapted from Abe et al. [40], and described elsewhere [41]. IL-6 levels were 
determined by ELISA according to the manufacturer’s instructions (Biosource, Etten-
Leur, The Netherlands; detection limit 10 pg/ml). All other cytokines (IFNγ, IL-4, IL-17A, 
IL-21, IL-22, IL-2, IL-10, IP-10, CCL7, MDC) were determined by a multiplex cytokine assay 
as extensively described elsewhere [42]. 

Statistical analysis. Culture conditions were analysed by the parametric paired sample t 
test or the nonparametric Wilcoxon’s singed rank test where appropriate. All statistical 
analyses were performed using Graphpad Prism (GraphPad Prism 5.0, GraphPad 
software Inc.) and differences with a p-value of 0.05 or less were considered statistically 
significant.

RESULTS

TLR7 and IL-7 synergistically increase proliferation of B cells in co-culture with CD4 T 
cells. Lymphocyte proliferation of T cell/B cell co-cultures as measured by 3H-thymidine 
incorporation was significantly increased by TLR7 (from 818 ±256 cpm to 10970 ±3683 
cpm, p<0.01), IL-7 (to 6430 ±1597 cpm, p<0.01) and additively by TLR7 plus IL-7 (to 
23901 ±5080 cpm, p<0.01 vs. cultures with IL-7 and TLR7 alone) (fig.1A). Monocytes/
macrophages added to the T/B cell co-cultures significantly enhanced overall proliferation, 
but no significant change in the proliferation pattern was observed (fig. 1B). 
TLR7 specifically induced B cell activation, as measured by KI67+ (from 1.2 ±0.2% to 
9.3 ±1.4%, p<0.01). Whereas IL-7 on its own only slightly increased B cell proliferation 
(from 1.2 ±0.2% to 3.7 ±0.7%, p<0.05), the combination of IL-7 and TLR7 synergistically 
increased the number of Ki67+ B cells (33.4 ±7.3%) (fig. 1C). Furthermore, TLR7–induced 
B cell proliferation (30.2 ±8.9%, p=0.07) and TLR7/IL-7–induced stimulation (63.0 ±8.0%, 
p<0.01) (fig. 1D) was enhanced by monocytes/macrophages.

Figure 1. IL-7 synergistically increases proliferation of TLR7–stimulated B cells in co-culture with CD4 T cells, 
which is enhanced by monocytes/macrophages. Isolated B cells co-cultured 1:1 together with CD4 T cells 
for 6 days show an increased lymphocytic proliferation upon TLR7 or IL-7 stimulation, which is additively 
increased upon combined stimulation with IL-7/TLR7 (n=8) (A). A similar, but overall enhanced effect for the 
total proliferation is seen when monocytes/macrophages are added to the culture (B). Representative FACS 
stainings for KI67+ B cells from an unstimulated, TLR7, IL-7, and TLR7/IL-7 stimulated CD4 T/B cell co-culture 
-/+ monocytes/macrophages are shown as well as the average data (n=5) (C, D). TLR7 induces a significant 
increase in the percentage of KI67+ B cells. IL-7 stimulation induces a small, but statistically significant increase 
in Ki67+ B cells. When TLR7 and IL-7 are added together a synergistic increase in proliferation is observed (C). 
Overall the effects are enhanced by addition of monocytes/macrophages to the T/B cell co-cultures (D). * and 
** indicate a statistical significant differences of p<0.05 and p<0.01, respectively, as compared to medium 
values or between treatments.
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Additive/synergistic effect of TLR7/IL-7 on the release of IgG, IgM, and free-light chains 
from B cells is dependent on by monocytes/macrophages. To further evaluate the 
additive effect of TLR7 and IL-7 on B cells, CD4 T cells and B cells were cultured for 12 
days in the presence and absence of monocytes/macrophages after which the secretion 
of IgG, IgM (fig. 4A) and kappa and lambda FLCs (fig. 4B) was measured. In the absence 
of monocytes/macrophages, after 12 days of culture a slight increase for IgG (11.1 ±11.1 
vs. 147.3 ±134.8 ng/ml), IgM (13.9 ±6.6 vs. 78.8 ±51.0 ng/ml), kappa FLCs (14.6 ±7.1 vs. 
71.2 ±53.9 ng/ml) and lambda FLCs (12.0 ±5.2 vs. 27.8 ±14.1 ng/ml) expression upon 
IL-7 stimulation was seen. No increased release of immunoglobulins was measured 
upon TLR7 stimulation and no additive or synergistic effect was observed upon IL-7/
TLR7 stimulation. Addition of monocytes/macrophages increased IL-7–induced IgG (22.2 
±19.2 vs. 129.7 ±50.4 ng/ml), IgM (38.2 ±4.0vs. 251.4 ±53.6 ng/ml), kappa FLCs (14.6 
±7.1 vs. 71.2 ±53.9 ng/ml) and lambda FLCs (23.4 ±6.7 vs. 91.6 ±26.1 ng/ml). Again, 
this was not observed upon TLR7 stimulation. IL-7 and TLR7 together synergistically up-
regulated IgG (346.1 ±170.6 ng/ml), and additively up-regulated IgM (202.3 ±109.9 ng/
ml), and kappa FLC secretion (397.4 ±227.7 ng/ml), after 12 days of culture (fig. 4A and 
B).

TLR7 and IL-7 synergistically increase T cell cytokine production. Next it was assessed 
whether additive stimulation of immunoglobulin was associated with increased 
expression of activation markers on CD4 T cells (fig. 5A) or cytokine production (fig. 
5B, C). TLR7/IL-7 stimulation additively up-regulated percentages of activated HLA-DR−

TLR7 stimulation up regulated expression of CD19 (MFI from 26.8 ±3.3 to 63.4 ±9.6, 
p<0.01) and HLA-DR (MFI from 240 ±39 to 791 ±169, p<0.01) on B cells and increased 
percentages of CD25+ B cells (from 42.2 ±4.8% to 80.1 ±4.4%, p<0.05). The combined 
stimulation with IL-7 and TLR7 additively up-regulated CD19 expression (MFI 116 ±30, 
p<0.05 as compared with TLR7 and IL-7 stimulations alone) and additively increased 
HLA-DR expression (MFI 1121 ±341, p<0.05 as compared with TLR7 and IL-7 stimulations 
alone). No difference in increase between TRL7 and IL-7/TLR7 was seen for the 
percentages of CD25+ B cells. When monocytes/macrophages were added to CD4 T/
CD19 B cell co-cultures similar but in general higher expression patterns of CD19 and 
HLA-DR upon stimulation were observed (fig. 3B and C). 

Furthermore, to assess the effect on B cell differentiation in two donors, differentiation 
markers CD19, CD20, CD27, IgD, CD38 were analysed by flow cytometry. Within the 
total B cell population, an additive effect of IL-7 and TLR7 stimulation on the increase of 
CD27+IgD− memory B cells (medium, 3.3 ±0.7% vs. IL-7, 3.4 ±0.7% vs. TLR7, 10.6 ±3.0% 
vs. IL-7/TLR7, 14.0 ±5.3%) and an additive increase of CD27highCD38high (CD19+CD20−) 
plasmablasts (medium 0% vs. IL-7 0% vs. TLR7 2.6 ±2.3% vs. IL-7/TLR7 4.1 ±3.3%) was 
seen (data not shown). This effect was most prominent in the presence of monocytes/
macrophages (medium, 9.8 ±2.9% vs. IL-7, 6.6 ±1.8% vs. TLR7, 17.8 ±7.0% vs. IL-7/TLR7, 
28.1 ±12.5% (memory B cells) and 5.7 ±5.1% vs. 10.5 ±7.6% (plasmablasts)). 

Figure 3. TLR7 and IL-7 additively 
up-regulate expression of CD19 and 
HLA-DR on B cells. Representative 
histograms for CD19, HLA-DR, and 
CD25 expression on B cells from 
unstimulated, TLR7, and IL-7/TLR7 
stimulated T/B cell co-cultures are 
shown (n=8) (A). TLR7 causes a 
significant increase in CD19 and 
HLA-DR B cell expression and in 
the number of CD25+ B cells. IL-7 
stimulation induces a slight, but 
significant increase in HLA-DR 
expression, but with the addition of 
IL-7 to TLR7 stimulation a significant 
and increased expression is seen 
for CD19 and HLA-DR on B cells (B). 
Monocytes/macrophages added 
to the T and B cell co-cultures, 
significantly enhanced overall 
expression levels, displaying a 
similar relative expression pattern 
as seen without monocytes/
macrophages (C). *p<0.05, 
**p<0.01 indicate a statistical 
significant difference compared to 
medium values.

Figure 2. IL-7 and TLR7 synergistically increases CD4 T cell proliferation in T and B co-cultures. Representative 
FACS stainings for KI67+ CD4 T cells from unstimulated, IL-7, and TLR7/IL-7 stimulated T/B cell co-cultures in the 
absence or presence of monocytes/macrophages are shown (n=5). IL-7 significantly stimulates proliferation of 
CD4 T cells, which is synergistically increased when combined with TLR7 stimulation (A). IL-7–induced CD4 T 
cell proliferation is enhanced in the presence of monocytes/macrophages, but no additive effect is observed 
with a combination of IL-7 and TLR7 stimulation (B).*p<0.05 and **p<0.001 indicate statistical significance 
compared to medium values.
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potential to stimulate B cells were measured as well. IL-10 also showed a significant 
increase upon TLR7 stimulation in CD4 T cell/B cell co-culture without (med vs. TLR7; 0.1 
±0 vs. 31 ±27 pg/ml, p<0.05) and with monocytes/macrophages (med vs. TLR7; 1.7 ±0.7 
vs. 159 ±59 pg/ml, p<0.05), which was synergistically increased upon the addition of IL-7, 
both in the absence (155 ±118 pg/ml, p<0.05) and presence (482 ±155 pg/ml, p<0.01) 
of monocytes/macrophages. IL-6 was potently increased by TLR7 stimulation (102 ±49 
pg/ml, p<0.01) independently of IL-7 (110 ±55 pg/ml, ns), and showed a 10-fold increase 
(1126 ±505 pg/ml, p<0.01) when monocytes/macrophages were present (fig. 5C). 

expressing T cells (medium, TLR7, IL-7 vs. IL-7/TLR7; 10.0 ±2.6%, 11.4 ±1.2%, 14.4 ±2.6% 
vs. 17.1 ±1.6%, p<0.05). Percentages of CD25+ CD4 T cells were only up-regulated upon 
IL-7 stimulation, and were not further increased by a combination of IL-7 and TLR7 (fig. 
5B). Upon addition of monocytes/macrophages to the T/B cell cultures, the overall HLA-
DR expression increased slightly and a similar additive effect of TLR7 and IL-7 is seen 
(medium, IL-7, TLR7 vs. IL-7/TLR7; 13.2 ±2.0%, 16.3 ±2.8%, 17.7 ±2.9% vs. 20.4 ±3.1%, 
p<0.05, fig. 5A).
To see whether the additive activation of B cells is associated by specific T helper cell 
activity major T cell-related cytokines; IFNγ, IL-2 (Th1), IL-17A, IL-21 and IL-22 (Th17), 
and IL-4 (Th2), were measured in supernatants of the co-cultures. In T/B co-cultures IL-
4, IL-2 and IL-21 were not detected by Luminex assay, however a slight, but statistically 
significant increase was seen for IFNγ, IL-17A and IL-22 upon IL-7/TLR7 stimulation, 
suggesting a clear synergistic effect of both IL-7 and TLR7. In the presence of monocytes/
macrophages a markedly elevated increase was seen upon TLR7 (med vs. TLR7; IFNγ, 0.1 
±0 vs. 112 ±82 pg/ml; IL-17A, 9.8 ±2.7 vs. 182 ±142 pg/ml; IL-22, 5.5 ±3.1 vs. 146 ±92 
pg/ml, all p<0.05) and IL-7 (med vs. IL-7; IL-17A, 9.8 ±2.7 vs. 145 ±77 pg/ml; IL-22, 5.5 
±3.1 vs. 78.7 ±45 pg/ml, all p<0.05) stimulation. Furthermore, an additive TLR7/IL-7–
induced increase was observed for the release of IL-17A (417 ±226 pg/ml, p<0.05), while 
IFNγ (548 ±236 pg/ml, p<0.05) and IL-22 (1284 ±721 pg/ml, p<0.01), were synergistically 
increased (fig. 5B). 
Cytokines that are released both by B cells and monocytes/macrophages and have the 

Figure 5. IL-7 and TLR7 stimulation synergistically increase Th1 and Th17 cytokine secretion. HLA-DR and 
CD25+ expression on CD4 T cells in unstimulated, TLR7, IL-7, and IL-7/TLR7 stimulated co-cultures are shown 
(n=8) (A). IL-7 significant increases percentages of CD25+ CD4 T cells. HLA-DR+ CD4 T cells are increased upon 
TLR7 stimulation. IL-7 and TLR7 slightly additively increase HLA-DR+ CD4 T cells in the absence or presence 
of monocytes/macrophages. No additive effect is seen for the increase in CD25+ CD4 T cells. IL-7 and TLR7 
synergistically up regulate Th1 and Th17-related cytokines, IFNγ, IL-17A, and IL-22, only in the presence of 
monocytes (B). The B cell activating cytokine IL-10 is up-regulated upon TLR7 stimulation, and synergistically 
upon IL-7/TLR7, both in the presence and absence of monocytes, while IL-6 is potently up-regulated by TLR7 
stimulation (n=5) (C). *p<0.05, **p<0.01, and ***p<0.001 indicate statistical significance compared to medium 
values.

Figure 4. synergistic effect of IL-7 and TLR7 on the release of IgG, IgM, and free-light chains 
from B cells is dependent on the presence of monocytes/macrophages. The production of 
immunoglobulins and free-light chains was measured after a 12-day culture, cultured with or 
without monocytes/macrophages (n=5). IL-7 significantly increases IgG (A), IgM (B), kappa (C) and 
lambda FLC (D) in the presence of monocytes/macrophages. Combined stimulation with IL-7/TLR7 
induced a significant additive increase in the secretion of IgG (A), IgM (C), and kappa FLCs (B), only 
in the presence of monocytes/macrophages *p<0.05, indicates a statistical significance compared 
to medium values.
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53, 54]. In the present study, T cell cytokine secretion upon IL-7 was hardly detectable, 
because IL-7 secretion was not measured upon mitogenic restimulation with ionomycin/
PMA or anti-CD3/CD28, as was done in our previous study and in the majority of other 
studies. Interestingly in this respect, without T cell restimulation, TLR7 activation 
together with IL-7 robustly increased expression of IFNγ, IL-17 and IL-22. In contrast to 
the increased induction of Th1− and Th17/Th22–related cytokines, Th2–related cytokines 
(IL-4) were undetectable. Although in the present study the relative contribution of 
these T cell cytokines to B cell activation, in particular immunoglobulin secretion, was 
not demonstrated, previous studies have demonstrated the capacity of Th1, Th17/Th22 
cells and their cytokines to cause B cell activation including immunoglobulin secretion.

As indicated our data clearly show that the release of immunoglobulins by B cells and the 
production of T cell cytokines is critically dependent on CD14 monocytes/macrophages. 
In particular in the presence of combined IL-7 and TLR7 stimulation, the synergistic 
secretion of IgG and T cell cytokines was facilitated by monocytes/macrophages. Even 
in small quantities, monocytes/macrophages can make a distinct difference. Since 
monocytes themselves are hardly activated by TLR7 stimulation and they do not express 
the TLR7 (data not shown), indirect effects of TLR7–activated B cells and IL-7–activated 
CD4 T cells, both could potently activate monocytes, which in their turn cause additional 
activation of B cells and T cells. Although our data do not reveal the monocyte/
macrophage–driven mechanisms that are mediating the synergy of IL-7 and TLR7, they 
do suggest that myeloid cells, present at the site of inflammation contribute to this type 
of activation. In this respect, increased numbers of CD14–expressing monocytes, CD68 
or CD163–expressing macrophages, CD1c or CD11c–expressing myeloid dendritic cells 
have been documented in different autoimmune diseases [16, 43, 55-58]. The potency 
of these different subsets, as well as that of other potentiating cells such as plasmacytoid 
dendritic cells, which vastly express TLR7, remains to be demonstrated.

Elevated levels of IL-7 have been found in autoimmune diseases, like primary SS [16], RA 
[5], JIA [59], psoriatic arthritis [8] and MS [14]. Similarly, TLRs have been linked to the 
pathogenesis of autoimmune disorders and increased expression of TLRs at the site of 
inflammation has been documented [26-28]. The results presented in this study show 
that combined stimulation of B cells with TLR7 agonist and IL-7–induced T cell activation 
synergistically enhance proliferation of B cells and CD4 T cells. This is associated with 
synergistically induced secretion of T helper cytokines and immunoglobulins, which 
are critically dependent on monocytes/macrophages. These data provide more insight 
into the activation and interplay of B cells and CD4 T cells and help to understand the 
mechanisms that play a detrimental role in autoimmune disease.
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DISCUSSION

Here we report the synergistic effect of IL-7 and TLR7 on the proliferation and activation 
of both CD19 B and CD4 T cells. Furthermore, it is demonstrated that synergistic increases 
in immunoglobulin production are associated with synergistic induction of Th1– and 
Th17–related cytokines and are critically dependent on monocytes/macrophages. 
Others and we have demonstrated increased numbers of Ki67-expressing proliferating 
lymphocytes at sites of inflammation [24, 43, 44]. In salivary glands of patients with 
primary SS we have shown that Ki67 expression is associated with IL-7 expression [24]. 
In this study it is demonstrated that in co-cultures of T and B cells, IL-7 causes a profound 
increase in Ki67-expressing proliferating CD4 T cells, and a modest, but significant B cell 
proliferation. Additionally, the present data show that TLR7 stimulates B cell proliferation 
at a higher level, but most important IL-7 and TLR7 synergistically increases (Ki67+) 
proliferating B cells and T cells. Previously, increased expression of TLR7 in patients with 
primary SS has also been found [45]. This suggests that both stimuli at inflammatory 
sites of patients with primary SS, but also in other diseases, can strongly contribute to T 
cell and B cell proliferation. 

To our knowledge the present data are also the first to demonstrate that in the presence 
of monocytes/macrophages IL-7–driven T cell activation and TLR7–driven B cell activation 
synergistically induce immunoglobulin secretion, in the absence of B cell receptor cross-
linking. Cooperation of TLRs with other inflammatory mediators in the activation of B cells 
has been reported before, but this has mostly been in combination with BCR triggering 
[39, 46-48]. Overall, stimulation of the BCR together with TLRs significantly enhances B 
cell effector functions. The co-engagement of TLR7 and BCR has been shown to promote 
autoreactive B cell activity [49, 50] indicating that this could contribute to disease 
symptoms in autoimmune diseases. Others have shown that TLR7 can also cooperate 
with CD40 to enhance IL-6 secretion, independently of BCR signals [51]. However, in 
this latter study it has not been shown that this leads to immunoglobulin secretion. 
The culture system used in this study also demonstrates that in an antigen-independent 
environment locally overexpressed IL-7 and TLR7 [8, 16, 45], as has been shown in 
several autoimmune disease, are sufficient to trigger immunoglobulin production, which 
makes this a relevant observation.

In association with synergistic B cell activation IL-7 and TLR7 synergistically induce 
Th1 and Th17 activity, which is also critically dependent on monocytes/macrophages. 
Surprisingly, although TLR7 hardly induces proliferation of CD4 T cells, even in the 
presence of monocytes/macrophages, TLR7 stimulation by itself already induced IFNγ, 
IL-17A and IL-22 secretion. Our data corroborate recent findings demonstrating that 
supernatants from TLR7–stimulated PBMCs preferentially induce polarization of naive 
CD4 T cells towards the Th17 lineage and the release of Th17-related cytokines [52]. In 
addition, previously, we have shown that IL-7, strongly induces Th1, Th17 and to a lesser 
extent Th2 activity in co-cultures of CD4 T cells and monocytes/macrophages [6, 16, 
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Abstract

Objectives. To investigate whether the immunomodulatory capacities of leflunomide are 
associated with clinical efficacy in the treatment of primary Sjögren’s syndrome (SS) in a 
phase II pilot study. 

Methods. Peripheral blood mononuclear cells (PBMCs) from thirteen patients with 
primary SS were obtained at baseline and after 24 weeks of leflunomide treatment. 
Ex vivo production of Interleukin (IL)-1β and tumour necrosis factor α (TNFα) and of 
interferon γ (IFNγ), IL-4, as well as TNFα ELISA measured production upon T cell and 
monocyte stimulation. In addition, the authors investigated the ability of leflunomide to 
influence systemic levels of inflammatory cytokines, as well as T cell activation markers 
and the expression of IL-7 receptor α (IL-7Rα) by flow cytometry. Correlations between 
changes in cytokine levels and changes in clinical response parameters were studied. 

Results. Ex vivo production of IL-1β and TNFα was decreased at 24 weeks in the whole 
patient group, whereas IFNγ and IL-4 production were not significantly changed. However, 
a significant decrease in T cell stimulated IFNγ and TNFα production was observed in 
clinical responders, but not in non-responders. Moreover, significant correlations were 
found between increased sialometry values and decreased IFNγ and TNFα production. 
In addition, leflunomide reduced levels of inflammatory serum cytokines and CD40L 
expression, whereas it up-regulated IL-7Rα expression on CD4 T cells with persistent 
serum IL-7 concentrations.

Conclusions. Leflunomide treatment suppressed cytokine release from circulating 
immune cells. Inhibition of T-helper 1 (Th1) cell cytokine production was related to clinical 
efficacy. This suggests that selective T cell targeting might be a relevant therapeutic 
strategy in primary SS, possibly enhancing clinical efficacy and safety.
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Th2 cell cytokine production, T cell activation markers as well as monokine (IL-1β 
and TNFα) production in these patients with primary SS. Moreover, it is investigated 
whether changes in production of these cytokines, and serum cytokine levels, correlate 
with clinical response parameters. Since we have recently demonstrated an increased 
expression of IL-7 and IL-7Rα in the labial salivary glands (LSGs) of patients with primary 
SS and documented the IL-7−driven T cell−dependent immune activation in these 
patients [23, 24], both IL-7 and IL-7Rα levels upon leflunomide therapy were examined.

Patients and Methods

Patients. From thirteen female patients (mean age 45 yrs.) fulfilling European-American 
Consensus Group criteria for primary SS [25], participating in a phase II clinical pilot 
study on safety and efficacy of leflunomide, peripheral blood mononuclear cells (PBMCs) 
were obtained at baseline (pre-treatment) and at 24 weeks (post-treatment). Patients 
had early disease (mean duration of sicca complaints was 3.3 years; mean interval 
between diagnosis and study start was 1.3 years) and active disease (mean erythrocyte 
sedimentation rate [ESR] of 49mm/first hour, mean serum IgG of 23.8 g/L). The study 

was performed according to the medical ethical regulations of the University Medical 
Centre Utrecht and all patients gave their informed consent. Patient characteristics are 
given in table 1.

Study set up. All patients received oral leflunomide 20 mg once a day for 24 weeks. In 
two patients (patients 1 and 8), the dose was reduced to 10 mg once a day because 
of elevations of serum alanine aminotransferase.  Patients reported subjective dryness 
of eyes and mouth on Visual Analogue Scales (VAS) at baseline and after 24 weeks. To 
objectify ocular and oral dryness respectively, an unaesthesised Schirmer’s test and 
sialometry (stimulated salivary flow of one parotid gland for 10 min) were determined 

Schirmer’s test values in mm after 5 minutes (mean value of both eyes), VAS in mm, sialometry values (stimulated 
salivary flow) in ml after 10 min, ESR mm/first hour, serum IgG (g/L). ESR, eryhtrocyte sedimentation rate; IgG, 
immunoglobulin G; NA, not assessed; VAS, visual analogue scale.

Table 1. Demographic and clinical scores

Introduction

Sjögren’s syndrome (SS) is a chronic autoimmune disorder characterised by lymphoid 
infiltration and functional deterioration of exocrine glands, mainly the lacrimal 
and salivary glands, resulting in dry eyes (keratoconjunctivitis sicca) and dry mouth 
(xerostomia). Other exocrine glands may also be affected. SS may occur in the absence 
(primary SS) or in the presence of another systemic autoimmune disease such as 
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE) and systemic sclerosis 
(secondary SS). In addition to B cell hyperactivity [1], T helper (Th) 1 (interferon γ [IFNγ]) 
and proinflammatory/tissue−destructive (interleukin [IL]-1β, tumour necrosis factor α 
[TNFα]) cytokines have clearly been demonstrated to be involved in the proinflammatory 
immune response in primary SS [2-6]. 
Primary SS patients commonly use tear and saliva substitutes. Some patients may benefit 
from secretagogues as pilocarpine and cevimeline [7, 8]. Regarding systemic therapy, 
studies with limited patient numbers have shown that the use of hydroxychloroquine, 
sulphasalazine, azathioprine, methotrexate, infliximab and etanercept in SS is limited 
due to lack of efficacy or adverse events [9-13]. Recently, B cell depletion by CD20 
monoclonal antibody (rituximab) induced clinical efficacy in a subpopulation of patients 
[14], however, long−term efficacy and safety remain to be demonstrated. Therefore, 
since the combination of dryness with concomitant arthralgia, myalgia and fatigue make 
the course of primary SS functionally invalidating [15], a need remains for an easy to 
administer, non−depleting, (cost)−effective and well−tolerated therapy for SS. 

Leflunomide is an isoxazole derivative, structurally unrelated to other immunomodulatory 
agents, that interferes in multiple immunological pathways. It is registered for treatment 
of RA and psoriatic arthritis. The primary mode of action of the drug is arresting the cell 
cycle of stimulated lymphocytes by selective inhibition of de novo pyrimidine synthesis 
by blocking the rate−limiting enzyme dihydro-orotate dehydrogenase [16]. This leads to 
suppression of T and B cell expansion. In that respect leflunomide has been reported 
to prevent the generation of proinflammatory Th1 cells and promotes differentiation 
towards anti-inflammatory Th2 cells [17].  This is supported by animal studies in 
which administration of leflunomide resulted in inhibition of IFNγ production [18, 19]. 
Leflunomide also has the capacity to suppress B cell antibody production [20]. In addition, 
it inhibits activation and gene expression of nuclear factor κB [21], thus having the ability 
to suppress the production of proinflammatory cytokines such as TNFα and IL-1β. These 
characteristics make leflunomide a candidate immunomodulating agent for systemic 
treatment of primary SS, because the immunopathology is associated with T and B cell 
activity and the resulting proinflammatory/tissue−destructive cytokine production.

Our group has previously performed an open−label phase II pilot study in which fifteen 
patients with primary SS were treated with leflunomide during 24 weeks; it was found 
to be fairly safe, although the observed indications for efficacy were modest [22]. 
The aim of the present study was to investigate whether leflunomide modulates Th1/
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mg/ml and 2 mg/ml, respectively) [28]. In addition, the ex vivo production of IL-1β and 
TNFα was determined in unstimulated cultures.
Because TNFα can be produced by T cells as well as by monocytes/macrophages TNFα 
production was measured upon T cell stimulation and upon LPS stimulation (100 ng/
ml Sigma; monocyte/macrophage stimulation). After this ex vivo culture period, 
supernatants were collected, rendered cell free and stored at –80oC until analysis by 
ELISA.

Cytokine assessment. IL-1β, TNFα, IFNγ, and IL-4 levels were determined by ELISA 
according to the manufacturer’s instructions (Biosource, Etten-Leur, the Netherlands). 
Detection limits in the assays were 5 pg/ml for IFNγ and 10 pg/ml for IL-β, TNFα, and 
IL-4. IL-7 was measured using quantikine kit (R&DSystems, Minneapolis, MN, USA). The 
detection limit of this assay was 0.1 pg/ml. Serum cytokines (IFNγ, IL-4, IL-17, IL-21, 
IL-2, IL-6, IL-10, IP-10, IL-1β, TNFα) were determined by a multiplex cytokine assay as 
extensively described elsewhere [29]. 

Flow cytometry. After isolation PBMCs were directly stained for cell-surface markers and 
analysed by flow cytometry. To identify CD4 T cells and expression markers on these cells, 
the following labelled antibodies were used: anti-CD4-PERCP (MT310, DAKO, Denmark), 
anti-CD127-PE (R34.34, Immunotech, Marseilles, France), and anti-CD25-PE (ACT-1, 
DAKO), HLA-DR-FITC (Tu39, BD Pharmingen, CA, USA, CD28-FITC (CD28.2, BD), CD40L-PE 
(TRAP1, BD). IgG1-FITC/IgG1-PE antibodies (Immunotech) were used as isotype controls. 
Percentages of CD40L−, HLA-DR− and CD25−expressing cells were calculated based on 
isotype control stainings. For IL-7Rα and CD28, expressed on almost all CD4 T cells, the 

Figure 1. Leflunomide therapy inhibits IL-1β and TNFα production by mononuclear cells and restimulated T 
cells. Changes in ex vivo cytokine production by PBMCs of patients with primary SS treated with leflunomide 
were measured. Baseline (pre-treatment) values and values at 24 weeks of treatment (post-treatment) with 
leflunomide for each individual patient are depicted. Production of IL-1β and TNFα by unstimulated ex vivo 
cultured PBMCs is shown; values of IFNγ and IL-4 were undetectable (A). Production of IFNγ, IL-4 and TNFα 
upon short−term T cell restimulation (anti-CD3/CD28) (B) and of IL-1β and TNFα by monocytes/macrophages 
stimulated with LPS was measured (C). * indicates a statistically significant difference of p<0.05 between 
baseline and 24 weeks. n.s., not significant.

at baseline and 24 weeks. The ESR and serum IgG were determined at baseline and at 
study closure (see tables 1 and 2).

Determination of A77 1726 concentrations. Serum concentrations of A77 1726, the active 
metabolite of leflunomide, were determined by high−affinity liquid chromatography, as 
described elsewhere [26] at 24 weeks of treatment.

Response criteria. The Utrecht Sjögren’s syndrome 50% response criteria, based on 
Pillemer et al. [27], in which improvement in three disease domains (ocular, oral and 
laboratory) is determined, were used.  Ocular responder was defined as a 50% or greater 
improvement in VAS dry eyes or a 50% or greater improvement in Schirmer’s test values. 
Oral responder was defined as a 50% or greater improvement in VAS dry mouth or a 
50% or greater improvement in sialometry values. Laboratory responder was defined 
as a 50% or greater improvement in ESR or serum IgG. Patients were designated overall 
responders if they were responders on at least two of the three domains: dry eyes, dry 
mouth or laboratory. All individual data of these changes are given in table 2. 

PBMC isolation and culture. Peripheral blood (PB) was drawn from the thirteen patients 
at baseline and after 24 weeks of treatment. PB was diluted 1:1 with RPMI 1640 medium 
(Gibco BRL, Life Technologies, Belgium) containing penicillin (100 U/ml), streptomycin 
(100 μg/ml) and glutamine (2 mM) (PSG). PBMCs were isolated by density centrifugation 
using Ficoll-Paque (Pharmacia, Uppsula, Sweden). PBMCs were incubated in 24-wells 
plates (1x106 cells/ml; Nunc, Roskilde, Denmark) for three days in RPMI supplemented 
with PSG and 10% pooled fetal calf serum (Gibco BRL, Life Technologies, Belgium). 
Because IFNγ  (Th1) and IL-4 (Th2) were not detectable in unstimulated cultures of almost 
all patients, for detection of these cytokines, T cell cytokine production was amplified 
by adding anti-CD3/CD28 monoclonal antibodies (CLB, Amsterdam, The Netherlands 1.5 

Changes (in percentages) between 24 weeks of treatment and baseline exceeding 200% are depicted greater 
than 200. A771726 level (mg/L). ESR, erythrocyte sedimentation rate; IgG, immunoglobulin G; NA, not 
assessed; VAS, visual analogue scale.

Table 2. Clinical responses in 13 patients with primary SS treated with leflunomide during 24 weeks
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PBMCs were found (p=0.028 and 0.018 respectively; fig. 2). No significant changes in the 
production of IL-4 were found in responders.
Significant correlations were found between increases in sialometry values (stimulated 
salivary flow) and decreases in IFNγ (r=-0.667, p=0.050) and TNFα production (r=-
0.648. p=0.043) upon T cell restimulation. No correlations were observed between the 
decrease in these cytokine concentrations and changes in VAS dry mouth, changes in 
clinical parameters of the ocular domain (VAS dry eyes or Schirmer’s test) or laboratory 
domain (ESR and serum IgG). 

Leflunomide therapy is associated with down-regulation of serum cytokine levels. In 
addition to assessment of cytokine production by circulating cells from leflunomide treated 
patients, corresponding cytokine levels were measured in the serum by multicytokine 
analysis. Unfortunately, IL-1β was undetectable in all patients, both at baseline and at 
24 weeks. TNFα at baseline was detectable in four patients: one responder displayed 
reduced levels (16.3 to 0 pg/ml), three non-responders displayed unchanged levels (on 
average from 20.7 to 24.3 pg/ml). In all other patients TNFα remained undetectable. 
With respect to T cell cytokines, IL-4 (and also IL-17 and IL-21) was undetectable in all 
patients at both time points. Th1 cell cytokines, IFNγ (p=0.018) and IL-2 (p=0.003), were 
detectable in a majority of patients and were significantly reduced in all patients, equally 
effective in non-responders and responders (fig. 3). In addition, cytokines involved in B 
cell activation and shown to be overexpressed in primary SS, were down-regulated in 
both responders and non-responders (IL-6 and IL-10; p=0.018 and p=0.008 respectively). 
IFNγ−induced protein-10 (IP-10), a chemokine capable of mediating chemotaxis of T 

mean fluorescence intensity (MFI) was calculated from the fluorescence histogram and 
expressed in arbitrary units. Cell counting was done using a FACScan flow cytometer and 
data were analysed with FlowJo software, version 7.5.

Statistical analysis. Wilcoxon signed rank test or paired sample t test was performed to 
test for differences in cytokine levels between pre- and post-treatment values. Changes 
in cytokine levels were correlated to changes in individual efficacy parameters (VAS dry 
eyes, Schirmer’s test values, VAS dry mouth, sialometry values, ESR, and serum IgG) 
using Spearman correlation analysis.

Results

Leflunomide therapy inhibits proinflammatory cytokine production by mononuclear 
cells. Treatment of patients with primary SS (n=13) with leflunomide significantly 
decreased the ex vivo production of monokines, IL-1β and TNFα, by unstimulated PBMCs 
(fig. 1A, IL-1β median values from 110 to 24 pg/ml, p=0.015; TNFα from 318 to 107 pg/
ml, p=0.046). As IFNγ and IL-4 production by unstimulated cells was undetectable in 
almost all patients, these cytokines were determined upon T cell restimulation (fig. 1B). In 
addition, TNFα production was evaluated on this T cell restimulation. We have previously 
determined that TNFα production quantified in this way is for more than 90% T cell 
derived [28]. Leflunomide reduced IFNγ production, although not statistically significant 
(median values from 11785 to 4741 pg/ml, p=0.133). IL-4 production did not significantly 
change upon treatment (from 72 to 39 pg/ml, p=0.754). TNFα production upon T 
cell stimulation significantly decreased (from 17831 to 8902 pg/ml, p=0.004; fig. 1B). 
IL-1β and TNFα production by monocytes/macrophages upon LPS stimulation was also 
evaluated, but these were not significantly changed by leflunomide (on average from 
5986 to 6975 pg/ml and 4151 to 3991 pg/ml, pre− and post−therapy, respectively; fig. 
1C). 

Inhibition of T cell cytokine production by leflunomide is associated with clinical 
response. Table 2 shows the changes (in percentages) in the individual efficacy 
parameters of the three disease domains of ocular dryness, oral dryness and laboratory 
parameters at 24 weeks compared with baseline in the thirteen studied leflunomide−
treated patients with primary SS. Based on a 50% or greater improvement in two out 
of three disease domains, seven responders and six non-responders were identified. 
Differences in A77 1726 concentrations between responders and non-responders were 
not statistically significantly different (45.7 and 30.2 mg/ml, respectively; p=0.59).
Although leflunomide reduced levels of TNFα and IL-1β produced by ex vivo cultured 
PBMCs, these reductions were not associated with efficacy. By contrast, T cell cytokine 
production upon anti-CD3/28 stimulation was associated with clinical response. In 
non-responders (n=6), no significant changes in T cell−stimulated cytokine production 
(IFNγ, IL-4 and TNFα) were found between 24 weeks and baseline (fig. 2). However, in 
responders (n=7), significant decreases in IFNγ and TNFα production by T cell stimulated 

Figure 2. Clinical efficacy of leflunomide is associated with regulation of T cell cytokine production. Box-plots 
indicating median values (with 25 and 75 percentiles) of pre- and post-treatment values for T cell−stimulated 
production of TNFα, IFNγ and IL-4 in clinical responders (n=7) (right panel) and non-responders (n=6; see table 
2) (left panel). * indicates a statistically significant difference of p<0.05 between baseline and 24 weeks. n.s., 
not significant.
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Discussion

The present study demonstrates the profound suppression of TNFα and IL-1β production 
by PBMCs from leflunomide−treated patients with primary SS, as well as reduced serum 
concentrations of inflammatory cytokines (TNFα, IFNγ, IL-2, IL-6 and IL-10). Additionally, 
suppression of T cell IFNγ and TNFα production was associated with good clinical 
response. Finally, leflunomide suppressed CD40L expression on CD4 T cells, which was 
associated with up-regulation of IL-7Rα expression and unchanged CD25 and HLA-DR 
expression. 
To our knowledge this is the first description of inhibition of TNFα and IL-β production 
in patients with primary SS during leflunomide treatment. These data are in line with 
the described capacity of leflunomide to inhibit NF-κB activation and consequently 
proinflammatory cytokine production. Suppression of IL-1β and TNFα production in 
RA patients has previously been reported and was associated with disease suppression 
[21]. Contrary to RA patients, reduction of TNFα or IL-1β secretion in unstimulated 
or LPS−stimulated cultures was not associated with clinical efficacy of leflunomide in 
patients with primary SS. This may be related to the fact that the immunopathology of 
primary SS is largely independent of TNFα and IL-1β. In support of this, TNFα blockade 
was proven unsuccessful in treatment of primary SS [12, 13, 30]. Also, animal models 

cells and myeloid cells was not significantly regulated by leflunomide. 
Changes in serum IL-2 levels significantly correlated with changes in ESR (r=-0.673, 
p=0.023). No other correlations were observed between changes in serum cytokine 
concentrations and changes in dryness symptoms of mouth and eyes or laboratory 
measures.

Leflunomide therapy is associated with down-regulation of CD40L and up-regulation 
of IL-7Rα expression on CD4 T cells. To further study the effect of leflunomide on T cells 
several markers of T cell activation were assessed. For practical reasons this was only 
performed in five patients. Leflunomide significantly down-regulated the percentage of 
CD40L−expressing cells (fig. 4A), but did not significantly affect percentages of CD25−
expressing (regulatory) T cells and HLA-DR−expressing T cells (fig. 4B). 
In addition, we assessed whether leflunomide−induced changes were related to changes 
in expression of IL-7Rα on CD4 T cells and serum IL-7 levels. The increased expression of 
IL-7 and IL-7Rα in LSGs of patients with primary SS was recently shown to correlate with 
local and systemic disease parameters and to induce Th1 cytokine production (IFNγ), 
despite increased numbers of regulatory T cells (Tregs).  
Leflunomide treatment significantly increased IL-7Rα expression in all patients (fig. 
4C). This increase seemed to be rather specific since expression of another surface−
expressed (co-stimulatory) molecule, CD28, was not significantly changed by leflunomide 
(fig. 4D). Serum IL-7 concentrations were not influenced by leflunomide (fig. 4E). IL-7 
concentrations in responders and non-responders also were not significantly changed 
(mean 12.8 ±2.5 to 13.4 ±3 and 11.4 ±1.4 to 11.5 ±1.5 pg/ml, respectively).

Figure 4. Leflunomide treatment down-regulates CD40L and up-regulates IL-7Rα expression on CD4 T 
cells. Leflunomide significantly down-regulates the percentage of CD40L-expressing cells (A), but not the 
percentages of CD25+ T cells and HLA-DR+ CD4 T cells (B). Mean fluorescence intensity (MFI) of IL-7Rα 
expression was significantly enhanced upon leflunomide treatment (C), in contrast to CD28 expression (D). IL-7 
serum concentrations were not significantly changed by leflunomide treatment (E). * indicates a statistically 
significant difference of p<0.05 between baseline and 24 weeks. n.s., not significant.

Figure 3. Leflunomide therapy down-regulates serum levels of IFNγ, IL-2, IL-6, and IL-10. In the 
serum of patients treated with leflunomide Th1 cell cytokines, IFNγ and IL-2 are reduced in non-
responder and responder patients. Cytokines involved in B cell activation, IL-6 and IL-10 are also 
down-regulated. * and ** indicate a statistical significance of p<0.05 and p<0.01 respectively. IP-10, 
IFNγ−induced protein 10.
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In contrast to down-regulation of percentages of CD40L−expressing cells, percentages 
of CD25−expressing and HLA-DR−expressing CD4 T cells, although on average increased, 
were not significantly changed. Although previously considered as activation−associated 
markers, in the last decade it has become evident that that expression of these latter 
markers on circulating CD4 T cells is largely confined to regulatory T cells (Tregs) [35-
37]. Unchanged percentages of CD25 and HLA-DR−expressing T cells could indicate 
persisting numbers of Tregs, although this has to be confirmed by functional data. In line 
with this, leflunomide recently was shown to inhibit arthritis that related to increases in 
CD4 CD25+ Tregs (FoxP3+). In addition, the active metabolite of leflunomide promoted 
differentiation of spleen lymphocytes into CD25+ Tregs, associated with increased TGFβ 
secretion [38].

Associated with down-regulation of T cell−secreted IFNγ and TNFα levels and CD40L 
expression, leflunomide also up-regulates IL-7Rα expression on CD4 T cells. Increase 
in IL-7Rα expression upon T cell deactivation may represent a homeostatic mechanism 
to maintain a sufficient level of T cell activation and expansion. Similar findings have 
been observed for glucocorticoid−mediated T cell inhibition that was associated with 
significant up-regulation of IL-7Rα expression [39]. As IL-7 is a potent T cell activating 
cytokine and IL-7 and its receptor are overexpressed in the exocrine glands of patients 
with primary SS, serum IL-7 levels were subsequently studied [23, 24, 40, 41]. Leflunomide 
did not alter systemic IL-7 levels. However, considering the increased IL-7R expression 
levels, persistent IL-7 (as well as locally overexpressed IL-7) may contribute to the limited 
inhibition by leflunomide by activation of IL-7Rα−expressing T cells. Indeed in vitro we 
demonstrated that IL-7 administration to some extent could overcome the effects of 
leflunomide (data not shown). However, it remains to be demonstrated whether this 
mechanism contributes to a lack of clinical efficacy. 

In conclusion, in patients with primary SS leflunomide is not only able to inhibit the Th1 
cytokine IFNγ, a cytokine that plays a key role in the pathogenesis of primary SS, but it also 
inhibits proinflammatory and tissue−destructive cytokines (IL-1β and TNFα) and serum 
levels of IFNγ, IL-2, IL-6 and IL-10. The fact that proinflammatory cytokine production by 
circulating CD4 T cells correlates with clinical response, supports the important role for 
T cell activity in the pathogenesis of primary SS. Due to the reasonably acceptable safety 
profile, but with indications of modest efficacy of leflunomide in patients with primary 
SS [22], it is questioned whether a double-blind, placebo-controlled clinical study to test 
safety and efficacy of leflunomide in primary SS is justified. However, our data suggest 
that more specific T cell targeting may result in enhanced clinical responses and reduced 
side effects. 

demonstrated that SS−like immunopathology in BAFF−transgenic mice is largely TNFα 
independent [31]. An alternative explanation for the lack of correlation between TNFα 
(and IL-1β) inhibition and efficacy may be related to the fact that inflammatory triggers 
at the site of inflammation can overcome the suppression of monokines by leflunomide. 
Our data support this notion because leflunomide−induced inhibition of TNFα (and IL-
1β) production did not persist upon TLR4 (LPS) stimulation in vitro. 

Interestingly, the decrease in T cell cytokine production (both IFNγ and TNFα) was clearly 
related to clinical outcome. Contrary to non-responders, in responders T cell−induced 
IFNγ and TNFα production was significantly decreased. This is in line with the ability of 
leflunomide to inhibit proliferation of activated T cell lymphocytes and to restore Th cell 
balances by skewing Th cells towards a Th2 phenotype [16, 17, 20, 21]. Also, an inhibitory 
effect on the production of IFNγ by leflunomide in patients with RA has been shown 
before [32]. This is also in concordance with several reports indicating an important 
role for IFNγ in the pathogenesis of primary SS, demonstrating increased expression of 
IFNγ and IFNγ−induced chemokines in the salivary glands [4, 5, 33]. IFNγ was shown to 
activate epithelial cells and up-regulate major histocompatibility complex class II and 
La(SSB) antigen expression in primary cultures of LSGs cells from patients with primary 
SS [34]. Earlier work from our group showed relatively high serum IFNγ levels in some 
patients with extraglandular symptoms (Kruize AA, personal communication). Both the 
association of reduced T cell IFNγ and T cell TNFα production with clinical efficacy indicate 
that proinflammatory T cell activity might be more important in the perpetuation of the 
immune response (and clinical phenomena) in primary SS than monocyte/macrophage 
activity.

Leflunomide is also well known for its ability to inhibit proliferation of B cell activity. 
Serum levels of total IgA, IgG and IgM were all significantly reduced [22]. In addition, 
autoantibody production was also significantly reduced. These reductions were seen 
in the whole patient group and might also partly reflect the indirect inhibition of B 
cell activation through prevention of T cell activation. The down-regulation of T cell−
associated cytokines, IFNγ and IL-2, is in line with this assumption. In addition, the 
reduced expression of CD40 ligand, which is crucial for T cell−dependent B cell activation, 
could contribute to this effect. Apart from this, expression of IL-6 and IL-10, potent B 
cell−activating cytokines, were reduced by leflunomide and could contribute to B cell 
deactivation observed in the present study. 
Although leflunomide both down-regulated serum immunoglobulin levels and serum 
inflammatory cytokines (and CD40L), no clear associations were observed between 
these measures. Possibly this is due to the low number of patients in this study and 
the lack of detection of several cytokines in a number of patients. Alternatively, other 
factors involved in B cell activation, such as BAFF, might be more tightly associated with 
B cell activation. Low patient numbers and sensitivity of detection of our assays might 
also contribute to the lack of correlations between other clinical parameters and serum 
cytokine levels. 
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SUMMARY AND DISCUSSION

I. Summary

Apart from its importance in T cell activation, during T cell homeostasis and immunity 
against infections and malignancies, the pivotal role of IL-7 and its receptor has been 
demonstrated in several (rheumatic) autoimmune diseases, most extensively in RA [1 
2]. Data from human in vitro studies and from several experimental animal models for 
autoimmune diseases has indicated that activation of the IL-7/IL-7R pathway leads to a 
cascade of T cell−driven immune−enhancing and proinflammatory responses and finally 
immunopathology in these autoimmune diseases. Since T cells have been indicated 
to play a non-redundant role in primary Sjögren’s Syndrome (SS), in this thesis, we set 
out to identify the role for IL-7 and its receptor in the immunopathology of primary SS. 
Summarised below are the main findings reported in this thesis, documenting expression 
of IL-7 and its receptor in relation to disease activity and their regulation upon therapy, 
as well as the functional abilities of IL-7 to mediate T cell−driven activation of B cells and 
myeloid cells in primary SS. 

In chapter 2 it is demonstrated that an “Increased expression of interleukin-7 in labial 
salivary glands (LSGs) of patients with primary Sjögren’s syndrome correlates with 
increased immunopathology”. Our data have shown that numbers of IL-7 producing cells 
in LSGs of primary SS patients as compared to non-Sjögren’s sicca syndrome (nSS-sicca) 
patients are increased and that the main source of IL-7 production in the LSGs of primary 
SS patients are cells with a fibroblast−like morphology as well as endothelial cells. In 
addition, IL-7 levels in saliva are increased in primary SS patients compared with healthy 
controls (HCs), while serum IL-7 levels on average are somewhat increased although not 
statistically significant. Moreover, glandular IL-7 levels correlate with local (lymphocytic 
focus score [LFS] and % IgA+ plasma cells) and systemic parameters of disease. Finally, in 
vitro stimulation of PBMCs from primary SS patients with IL-7 resulted in a predominantly 
Th1/Th17 over Th2 cytokine secretion profile, which was associated with a significant 
up-regulation of several important proinflammatory cytokines, including chemokines 
such as MIP1α, MIG, and IP-10. 

Along with overexpressed IL-7 in primary SS in chapter 3 it was shown that an “Increased 
IL-7Rα expression in salivary glands of patients with primary Sjögren’s Syndrome is 
restricted to T cells and correlates with IL-7 expression as well as lymphocyte numbers 
and activity”. IL-7Rα+ cells are increased in the LSGs of primary SS patients compared 
with non-Sjögren’s syndrome sicca (nSS-sicca) patients and glandular IL-7Rα expression 
correlates with several immune cells present in the salivary gland (CD3 T cells, CD20 B 
cells, and CD1a−, CD208−, and CD209−expressing DCs). Its expression also correlates 
with numbers of Ki67+ proliferating cells, IL-7 expression, and local and peripheral 
parameters of disease. In addition, flow cytometry analysis of cells from LSG biopsy 
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activation of Toll-like receptor 7 (TLR7) appears crucial for B cell activation. Hence, it was 
studied whether TLR7−induced B cell activation was linked to IL-7/IL-7R−driven immune 
activation. In chapter 6 we reveal that “Inhibition of the IL-7R pathway selectively inhibits 
TLR7−induced B cell activation in primary Sjögren’s Syndrome”. Stimulation through 
TLR7 induced a profound lymphocytic proliferation in CD4 T/CD19 B cell co-cultures, 
which is caused by a selective activation of B cells and not of CD4 T cells. This TLR7−
induced activation was similar in primary SS patients as compared to HCs. Monocytes/
macrophages significantly enhanced this effect on B cells when added to the T/B co-
cultures, however, again this hardly increased T cell proliferation. Surprisingly, in isolated 
B cells TLR7 activation leads to up regulation of the intracellular expression of IL-7 and 
IL-7Rα. Interestingly, upon inhibition of the IL-7/IL-7R pathway by soluble huIL-7Rα and a 
fully human anti-IL-7 antibody, a strong and significant reduction in TLR7−induced B cell 
activation is observed.

Considering the overexpression of IL-7, the increased numbers of IL-7Rα+ T cells and 
the previously reported enhanced expression of TLR7 in LSGs of primary SS patients, 
we studied whether B cell activation via TLR7 could be potentiated in the presence of 
IL-7−activated T cells. Given the prominent role of myeloid cells in B cell activation the 
capacity of monocytes/macrophages to potentiate this immune activation was also 
investigated. In chapter 7 it is demonstrated that “Interleukin-7 and Toll-like receptor 
7 induce synergistic B cell and T cell activation”. IL-7 cooperates with TLR7 activation 
to induce an additive proliferation and synergistically activates CD4 T and CD19 B cells 
in CD4 T/CD19 B cell co-cultures. Monocytes/macrophages added to these co-cultures, 
amplified the activation of B cells and T cells. Furthermore, the additive/synergistic IL-7/
TLR7−induced production of immunoglobulins (IgG, IgM, free-light chains) in CD4 T/
CD19 B cell co-cultures is enhanced by the presence of monocytes/macrophages. This 
induction of immunoglobulin production is associated by a synergistic induction of Th1− 
(IFNγ) and Th17−related cytokines (IL17, IL22) and the B cell activating cytokine IL-10, 
which is significantly enhanced by the presence of monocytes/macrophages  

Recently, our group demonstrated in an open-label phase II study that clinical efficacy 
of primary SS patients, treated with leflunomide was achieved in almost 50% of the 
patients. In this thesis, it was investigated whether in vitro bioassays (using immune 
cells from blood) or biomarkers (serum cytokines, including IL-7) could identify patients 
that responded from those that did not. In chapter 8 it was shown that “Clinical efficacy 
of leflunomide in primary Sjögren’s syndrome is associated with regulation of T cell 
activation and up regulation of IL-7 receptor α expression”. It was documented that clinical 
responders to leflunomide were characterised by a significant decrease in T cell produced 
IFNγ and TNFα, which was not observed in non-responders. Significant correlations 
between increased sialometry values and decreased IFNγ and TNFα production were 
subsequently found. In addition, leflunomide reduced levels of inflammatory serum 
cytokines (IFNγ, IL-2, IL-6, IL-10) and changes in IL-2 serum levels significantly correlated 
to changes in the erythrocyte sedimentation rate (ESR). No significant correlations 
between changes in other cytokines, including IL-7, and changes in disease parameters 

specimens confirmed the increased IL-7Rα expression and identified both CD4 and CD8 
T cells as the main cell types expressing the IL-7Rα, whereas B cells and macrophages 
hardly expressed IL-7Rα on their surface. Relative expression of IL-7Rα on CD4 T cells was 
significantly lower in primary SS patients as compared to nSS-sicca patients, reflecting 
a significant increased percentage of IL-7Rα−CD25+ CD4 T cells, similar to the altered 
expression found in the peripheral blood of primary SS patients compared with HCs. 

Although the absolute number of IL-7Rα−expressing T cells was increased in salivary 
gland tissue of primary SS patients, as mentioned above, an increased percentage of T 
cells that lack the IL-7Rα was observed, both in the LSGs and the blood. In chapter 4 we 
however established that “IL-7 drives Th1 and Th17 cytokine production in patients with 
primary Sjögren’s Syndrome despite an increase in CD4 T cells lacking the IL-7Rα”. Besides 
the lack of IL-7Rα expression on a considerable percentage of T cells, it was previously 
shown that IL-7Rα− T cells express a certain level of FoxP3 and display suppressive 
properties. Therefore the functional properties of IL-7Rα+ and IL-7Rα− T cells from 
peripheral blood of primary SS patients as compared to healthy controls were studied. 
In line with previous studies in healthy individuals and other autoimmune diseases [3-
5], it was observed that IL-7Rα+ CD4 T cells are highly proliferating cells, which can be 
suppressed by IL-7Rα−CD25+ CD4 T cells. Percentages of anergic/suppressive FoxP3−
expressing IL-7Rα−CD25+ and IL-7Rα−CD25− CD4 T cells were significantly increased 
in primary SS patients. In co-cultures of monocytes and CD4 T cells, IL-7 apparently 
overcomes suppression by the increased number of IL-7Rα−CD25+FoxP3high Tregs, since 
IL-7 was shown to strongly induce Th1/Th17 activity in primary SS patients, equally 
effective as in HCs. 

The role of IL-7 in T cell−dependent B cell activation has not previously been studied. 
Considering the pivotal role of B cell autoimmunity in primary SS patients, we set 
out to study the capacity of IL-7 to induce B cell activation in primary SS patients. In 
chapter 5 it was documented that “IL-7 correlates with an increased number of activated 
lymphocytes in the salivary gland and induces T cell−dependent B cell activation in 
patients with primary Sjögren’s syndrome”. Proliferating cells were increased in the LSGs 
of primary SS patients compared with nSS-sicca patients and significantly correlated 
with IL-7 expression. In vitro, IL-7 was shown to up regulate activation markers on and 
proliferation of both CD4 T cell and CD19 B cells in PBMC cultures from primary SS 
patients, despite the lack of the surface expression of IL-7Rα on B cells. In line with this 
latter observation, isolated B cells showed no response to IL-7, however in CD4 T/CD19 
B cell co-culture, IL-7−induced CD4 T cell−dependent B cell activation was observed. This 
was associated with a significant induction of IgM and IgG, which was observed in the 
absence or presence of addition of exogenous antigen.

Viral infections, such as EBV, have been implicated in the pathogenesis of primary SS 
and this virus was shown to up-regulate expression of IL-7 and IL-7Rα in B cells. In 
experimental animal models EBV−derived proteins (EBNAs) and RNA (EBERs) induce 
cross−reactive autoantibodies that are a hallmark of primary SS [6 7]. In this process, 
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were observed. Interestingly, whereas leflunomide down-regulated CD40L expression 
(indicative of T cell deactivation), it up-regulated IL-7Rα expression on CD4 T cells. 

In the introduction of this thesis, it is hypothesised that the IL-7/IL-7R pathway plays a 
crucial role in the immunopathology of primary SS. Based on previously reported studies 
on IL-7−driven T cell−dependent autoimmunity, a model is proposed in figure 2 on page 
25 of this thesis, discussing the possible mechanisms behind this. Taken into account the 
results presented in this thesis, now a refined model for the role of IL-7 and its receptor 
in primary SS is depicted in figure 1.

IL-7 activates B cells through a T cell−dependent manner, but B cell proliferation and 
expansion in primary SS (and possibly other autoimmune diseases) is also shown 
to be dependent on an autocrine IL-7−driven pathway (Figure 1, chapter 6). TLR7−
induced B cell cactivation is strongly dependent on B cell−produced IL-7. This IL-7, 
in contrast to exogenously added IL-7, seems not sufficient for T cell activation and 
immunoglobulin production. Although TLR7−activated B cells have up-regulated MHC 
class II and CD19 expression and seem potent antigen-presenting cells, development 
into plasma cells secreting (pathogenic) autoantibodies requires T cell help (chapter 
6). In fact, IL-7−induced T cell activation and TLR7 B cell stimulation additively activate 
B cells to proliferate and increase the expression of HLA-DR and CD19, surface 
molecules necessary for appropriate antigen presentation. This activation is significantly 
enhanced by monocytes/macrophages and is associated with a significant increase in 
immunoglobulin production (IgG, IgM, and free-light chains) that can be initiated in the 
absence of exogenously added antigens (chapter 7). 

The synergistic effect of IL-7 and TLR7 stimulation on B cells is associated by a strong 
increase in Th1− and Th17−related cytokines, which similar to immunoglobulin secretion, 
is strongly enhanced in the presence of monocytes/macrophages (chapter 7). Both the 
IL-7−induced activation of CD4 T cells and B cells and the TLR7−induced activation of B 
cells can be potently inhibited by the blockade of the IL-7/IL-7R pathway with soluble 
huIL-7Rα or a fully human anti-IL-7 antibody (chapter 6). Finally, the combined targeting 
of B and T cell activation by leflunomide results in reduction of circulating cytokine and 
immunoglobulin levels, and decreased T cell activation (as measured ex vivo), that is 
associated with clinical response (chapter 8).

The results of each individual study reported in this thesis have been extensively discussed 
in each chapter. On the previous page an integrated concept of immunopathology with 
a central role for IL-7/IL-7R and TLR7 pathways has been described and visualised. 
However, at least as important are the overall implications these results have for 
the continuation of research on primary SS and most importantly, the rationale for 
investigating therapeutic applications of IL-7/IL-7R blockade. Some of these implications 
are described in more detail in the following section.

Figure 1. The role of IL-7 and its receptor in the immunopathology of primary SS
Based on literature and the knowledge gained by the data described in this thesis the following course of 
events may be considered in the immunopathology in primary SS patients.
In primary SS patients, unknown triggers, in part through activation of Toll-like receptors, may cause increased 
expression of IL-7 by tissue cells or resident myeloid dendritic cells (mDCs) or B cells (triggers “X”, Figure 1). 
Although not studied in this thesis, T cells, activated via antigen or cytokines, have been shown to induce IL-7 
production by mDCs and tissue cells. In the minor salivary glands, endothelial cells, dendritic cells (A. Bikker, 
unpublished results), and fibroblasts are an important source of IL-7 production and IL-7 expression correlates 
with parameters of disease and inflammation (chapter 2 and 3). Overexpressed IL-7 activates IL-7R−expressing 
resident T cells or T cells that have migrated to the tissue in response to chemokines induced by the initiating 
triggers (chapter 2 and 3). IL-7−induced Th1 and Th17 activity is subsequently associated with increased 
production of several important proinflammatory cytokines (IL-1α, IL-6, TNFα, IL-12, IL-15) and chemokines 
(IP-10, MIG, MIP-1α) responsible for attracting increased numbers of CD4 T and B cells, monocytes, and DCs 
to the salivary gland and the subsequent activation of these infiltrating cells (chapter 3). As a consequence, 
IL-7 contributes to the continuing immune response in primary SS patients that is associated by a prominent 
Th1 and Th17 cell activation (indicated by Th1 [IFNγ] and Th17−related cytokines [IL-17A, IL-22]) (chapter 4) 
and the additional activation of infiltrating myeloid cells (monocytes, macrophages, and dendritic cells) and B 
cells (chapter 5). 
Increased numbers of FoxP3−expressing regulatory T cells that lack the IL-7R seem to fail to fully control T cell−
driven inflammation. Although IL-7 cannot directly affect CD25+IL-7Rα− regulatory T cells (Tregs), it abrogates 
the suppressive function of these T cells through activation of IL-7Rα+ responder T cells. Therefore, despite 
their increased presence in the salivary glands and peripheral blood, IL-7 overrides suppression by Tregs and 
can contribute to the persistent inflammation (chapter 4). Increased IL-7 expression cannot only enhance 
the initiating antigen−driven responses but also induces cell contact−dependent cytokine−activated T cells 
causing activation (proliferation, survival, and differentiation) of T cells responsive to less dominant epitopes. 
Such IL-7/cytokine−activated bystander T cells contribute to the chronicity of the inflammatory response and 
in their turn stimulate myeloid cells and otherwise anergic autoreactive B cells. Inhibition of T cell and B cell 
activation by DMARDs such as leflunomide (chapter 8) or specific targeting of IL-7 or its receptor (chapter 6) 
may hold a promise to inhibit inflammation and immunopathology in primary SS.
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IL-7−induced responses, and to a lesser extent TSLP (a 100-fold difference in inhibition of 
chemokine production by mouse cells in vitro was observed). Associated with inhibited 
T cell activation, anti-IL-7Rα treatment reduced T cell costimulatory molecules such as 
CD40L/CD40 [12], proinflammatory/catabolic cytokines, including TNFα, IL-1β, IL-11, IL-
18, LIF and oncostatin M. In addition, chemotactic factors for T and B cells (IP-10, MIP-
1α, lymphotactin, MIP-3β), myeloid cells (MCP-5) and granulocytes (KC, MIP-2) were 
inhibited. The immune modulatory effect of IL-7Rα blockade was also reflected by lower 
circulating levels of acute phase proteins such as C-reactive protein, von Willibrand 
factor and molecules indicative of vascular activation such as Vascular Cell Adhesion 
Molecule-1 (VCAM-1). Finally, both inhibition of osteoclast activity and reduction of 
RANKL levels were observed.

Transgenic overexpression of IL-7 induces colitis in mice, resembling human chronic 
colitis (inflammatory bowel’s disease) [13]. In support of these observations mucosal T 
cells expressing high levels of IL-7Rα induced chronic colitis in RAG2−/− mice. Selective 
elimination of these IL-7Rα+ T cells by toxin-conjugated anti-IL-7Rα antibody prevented 
colitis [14]. In addition, IL-7 administration in TCRα−/− RAG−/− mice exacerbated chronic 
colitis, which was associated with expansion of memory IL-7Rαhigh CD4 mucosal T cells 
[15]. Blockade of the IL-7R in this model inhibited disease. Although the role of IL-7 
in animal models for IBD has not been demonstrated in fully immunocompetent non-
transgenic mice, the increased serum levels of IL-7 that were demonstrated in patients 
with ulcerative colitis [16] as well the expression of IL-7 by mucosal epithelial cells [17], 
suggests that IL-7 both locally in the gut as well as in lymphoid organs throughout the 

Table 1. Effects of IL-7 and IL-7/IL-7R blockade on experimental autoimmunity and associations with human 
disease

 (+) significant expression found, however no difference between patients and HCs
−, + decrease or increase in disease symptoms or expression as compared to healthy individuals or control 
animals

II. Final considerations

2.1 Prevention of T cell activation by blockade of the IL-7/IL-7R pathway: 
a novel therapeutic approach for primary SS?
Although the efficacy of IL-7/IL-7R blockade in in vivo models for primary SS remains 
to be demonstrated, the results presented in this thesis provide well-founded support 
that the use of IL-7/IL-7R blocking strategies should be considered for future therapeutic 
strategies and should therefor be further explored. This belief is strengthened by data 
from numerous other studies that have demonstrated the potential of IL-7 to aggravate, 
and the efficacy of IL-7 or IL-7R blockade to ameliorate inflammatory responses and 
immunopathology in in vitro and in vivo experimental animal models for RA, JIA, IBD, 
MS, diabetes, psoriasis, and polychondritis [1].

In the collagen−induced arthritis (CIA) model for RA it was demonstrated that IL-7 
strongly aggravates severity of joint inflammation and destruction of articular cartilage 
and bone, of which the latter was associated with increased osteoclasts numbers [8]. 
Increased splenic CD4 and CD8 T cell numbers, but not thymic T cell numbers, were 
associated with the enhanced arthritis severity. Also, IL-7 expanded central and effector 
memory T cells associated with increased percentages of IFNγ− and IL-17−producing T 
cells. This shift in T cell activity was supported by ex vivo production of these cytokines by 
draining lymph node cells upon antigen re-stimulation. This furthermore was associated 
with increases in serum levels of the costimulatory molecule CD40 ligand that is 
indicative of T cell activation and that can induce activation of other cells of the immune 
system. IL-7 administration in CIA mice up regulated chemokines that are capable to 
facilitate migration of lymphocytes (MIP-1α, MIP-3β and lymphotactin) and monocytes/
macrophages (MCP-5) and granulocytes (MDC). Increases in the acute phase reactant Von 
Willibrand factor, as well as other markers of endothelial cell activation and angiogenesis 
such as VCAM-1, VEGF, and TPO also reflected the immune stimulatory effect of IL-7. 
VEGF and TPO are claimed to be important in mediating synovial hyperplasia in RA [9 
10]. In this arthritis model IL-7 also expanded CD19 B cells and CD19/GL7−expressing 
germinal centre B cells. Whether this increase is associated with increased production of 
pathogenic autoantibodies remains to be demonstrated. 
Similarly to RA patients, IL-7 was increased in serum and joints of arthritic mice and intra-
articular IL-7 levels correlated with severity of proteoglycan−induced arthritis (PGIA) 
[11]. IL-7 blockade in vitro inhibited PG−induced proliferation of splenocytes. Treatment 
with neutralizing anti-IL-7 mAb ameliorated joint inflammation in the PGIA model. 

Besides the capacity of IL-7 to increase immunopathology in CIA, both prophylactic and 
most importantly therapeutic blockade of the IL-7Rα decreased severity of not only 
CIA, but also proteoglycan−induced arthritis (PGIA). This was associated by specific 
reductions in T cell numbers and T cell cytokines in CIA. IL-7R blockade reduced levels of 
IFNγ, IL-2, IL-5 and IL-17, cytokines indicative of Th1, Th2 and Th17 activity. Of interest, 
the monoclonal antibody against the IL-7Rα that was used in this study primarily blocks 
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develop germinal centres and possibly in 5-10% of the patients turn into lymphoma. 
In IL-7 transgenic mice overexpressing IL-7, functional tertiary lymphoid follicles were 
formed at sites of inflammation and spontaneous in target organs for autoimmune 
reactions, such as the pancreas and salivary gland [21]. 

In the context of ectopic lymphoid tissue formation, a specialised subset of CD4 T cells 
has recently been identified. These so-called CD4 follicular helper T cells (CD4 fTh cells) 
are specialised in aiding the selection and development of long-lived plasma cells and 
memory B cells located within the germinal centre follicles [23 24]. The key mediating 
cytokine produced by CD4 fTh cells is IL-21, which is very potent in activating B cells 
as well as CD4 fTh cells in an autocrine manner [25]. CD4 fTh cells are characterised 
by the surface expression of CXCR5, ICOS and PD1, and furthermore high expression 
of B cell lymphoma 6 (Bcl-6) [26]. In patients with SLE and primary SS increased levels 
of circulating CXCR5+ICOShighPD1high CD4 T cells are found [27], which are appear to 
represent the circulating counterparts of CD4 fTh cells found in germinal centres [28]. 
In addition, serum levels of IL-21 and as well as the expression of IL-21 and the IL-21R in 
the LSGs of primary SS patients compared with nSS-sicca patients are demonstrated to 
be increased [29]. In recent years it has been shown that IL-7 induces IL-21 production 
by T cells and that IL-7 together with IL-21 synergistically activates both CD4 and CD8 T 
cells [30 31]. In addition, IL-7 and IL-21 are both overexpressed in primary SS patients 
[29 32]. Since both IL-7 and IL-21 are implicated in the formation of germinal centres 
and the subsequent activation of lymphocytes located in these centres, this indicates 
that dissecting the role of IL-7 in relationship to IL-21 and germinal centre formation is 
of relevance for future research. 

Considering the strongly increased risk of lymphoma development in primary SS patients 
that are characterised by germinal centres, it will be extremely relevant to study the 
role of IL-7 in GC formation. In this respect, in vitro experiments studying the capacity 
of IL-7 to specifically activate CD4 fTh cells and innate lymphoid tissue inducer cells, in 
concert with mDCs will be relevant. Finally, considering that autoantibody formation 
is a hallmark of primary SS, understanding the impact of IL-7−driven germinal centre 
reactions on B cell activation in primary SS is of major interest. Targeting the IL-7/IL-7R 
pathway could be an effective novel therapeutic strategy in preventing the formation of 
ectopic lymphoid structures, germinal centres and thereby morbidity and mortality in 
pSS. 

It still remains to be demonstrated whether targeting IL-7/IL-7R would be beneficial 
in vivo in patients with primary SS, and these possible new therapeutic strategies will 
certainly not be available in the near future. With regards to a more short-term solution, 
others and we have provided evidence for the efficacy of disease modifying anti-
rheumatic drugs (DMARDs) in the treatment of a subset of patients with primary SS. It 
is still under discussion whether these therapies individually have a satisfying benefit to 
potential side effect ration. In the last section therefore we propose a strategy that offers 
an approach to increasing DMARD efficacy.

body contributes to activation of colitogenic T cells.
Suggestive of a role IL-7 in multiple sclerosis, IL-7 administration was shown to mediate 
Th17 T cell survival and expansion in the EAE model, which was associated by increased 
EAE severity. Oppositely, IL-7R blockade resulted in disease inhibition and rendered 
Th17 cells susceptible to apoptosis, leaving Th1 cells and IL-7R lacking regulatory 
T cells unaffected [18] (see table 1 for a complete overview of IL-7/IL-7R blockade in 
autoimmune models).
 
2.2 IL-7 and formation of ectopic lymphoid structures: a role in B cell 
malignancies?
Typical of chronic inflammatory autoimmune diseases is the formation of ectopic 
germinal centres. In approximately 25% of salivary gland tissues from primary SS 
patients, infiltrates of T cells, B cells, and follicular DCs (fDCs) are spatially organised into 
structures that resemble lymph nodes with germinal centres [19]. The remainder of the 
tissues lacks fDCs and shows diffuse or aggregated T cell and B cell infiltrates. Pathway 
analysis upon gene expression profiling revealed increased expression of genes involved 
in JAK/STAT signalling, T cell− and B cell−specific pathways, Fcε receptor type I signalling 
in mast cells, and IL-7 signal transduction in the tissues with ectopic lymphoid follicles, 
accompanied by increased expression of IL-7R (IL-7Rα)/IL-2Rγ chains and IL-7 [20]. 
Protein expression of IL-7 in RA tissues was localised within fibroblast−like synoviocytes, 
macrophages, and blood vessels and was co-localised with extracellular matrix structures 
around the B cell follicles. In line with these findings of gene expression analysis also 
confirmed previous reports that tissues with lymphoid structures showed elevated 
expression of CXCL13, CCL21, CCR7, and lymphotoxin α (Ltα) and β (Ltβ) messenger 
RNA. Also a strong correlation between IL-7 and LTβ was observed. In addition, these 
tissues showed enhanced expression of the chemokines CXCL12 and CCL19 and the 
associated receptors CXCR4 and CXCR5, which are important for the attraction of T cells, 
B cells, and DCs. These data thus suggest that activation of the IL-7 pathway may play 
an important role in lymphoid neogenesis, comparable to its role in the development of 
normal lymphoid organs.

Interestingly, it has been described that IL-7R−expressing lymphoid tissue inducer (LTi) 
cells as well as stromal cells are critical not only in the development of lymph nodes 
in fetal stages, but also in the development of tertiary lymphoid structures, seen in 
chronic inflammatory diseases such as RA [21]. Moreover, the attraction of LTi cells to 
tumours by CC-chemokine ligand 21 (CCL21) results in the development of a tertiary 
lymphoid structure−like environment and contributes to tumour development by 
inducing tolerance [22]. Of note, recently we demonstrated that IL-7 induces expression 
of not only CCL21 but also LTα, LTβ, TNFα, all known to be critically involved in the 
development of ectopic lymphoid structures (unpublished data). Moreover, it has been 
found that the development of ectopic lymphoid structures requires activation of the 
IL-7 signalling pathway. IL-7 is produced by fDCs and promotes the survival of lymphoid 
tissue-inducer cells. It has been postulated that these ectopic lymphoid structures can 
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demonstrated that interfering with the IL-7/IL-7R pathway by soluble human IL-7Rα or a 
fully human anti-huIL-7 mAb antibody potently blocks (TLR7−induced) B cell activation. 

Previously it has been shown that IL-7 aggravates and IL-7/IL-7R blockade inhibits T/B 
cell−driven autoimmunity in animal models for several autoimmune diseases. This and 
the data from the current thesis indicate that targeting IL-7 or its receptor are potential 
novel strategies to prevent the continuing inflammation and immunopathology in 
primary SS.

2.3 Optimizing DMARD therapy for targeting T cells and TLR7 activation 
in primary SS. 
In primary SS patients, depletion of B cells by CD20 antibody together with corticosteroids 
is the most promising treatment option to date [33 34]. However, large randomised 
controlled trials are necessary to confirm the efficacy and long-term follow-up is needed 
to assess the effects of this treatment. In addition, the high costs related to a modest 
functional gain are a major drawback for large-scale implementation of this therapy. 
From scientific/mechanistic point-of-view a major drawback is that depletion of B 
cells may not sufficiently tackle the prominent activation of autoreactive T cells and 
plasmacytoid dendritic cells (pDCs).
Previously, inhibition of B cell activity and modest disease inhibition in primary SS 
was demonstrated upon treatment with DMARDs, namely hydroxychloroquine [35 
36] and leflunomide [37]. Hydroxychloroquine recently was shown to inhibit activity 
of pDCs and B cells by preventing TLR7-mediated signalling [38]. This TLR7 pathway is 
critically involved in anti-Ro(SSA)/La(SSB) nuclear antigen autoantibody formation that 
is characteristic of primary SS. Leflunomide inhibits T cell and B cell activity in primary 
SS patients, associated with clinical improvement. Along with an acceptable safety 
profile, treatment with leflunomide significantly lowered serum IgM and IgG levels with 
25% and 15%, respectively [37]. Intriguingly, clinical improvement was associated with 
diminished T cell activity (this thesis), suggesting that T cell activity measurements could 
serve as early biomarker of disease activity. 

Based on the pivotal role of B cells, T cells and pDCs in primary SS and the complementary 
properties of leflunomide and hydroxychloroquine to inhibit activity of all these cells, 
we hypothesize that in patients with primary SS therapeutic efficacy is optimised by 
combination therapy with these drugs. If successful this will strongly reduce health-
care costs. In addition, in vitro assays prior to therapy and detailed immuno-monitoring 
will aid to predict therapy responsiveness and to unravel pathways that confer therapy 
resistance. 

III. Conclusions

This thesis demonstrates overexpression of IL-7 and its receptor in labial salivary glands 
of patients with primary Sjögren’s syndrome, strongly correlating with inflammation 
and parameters of disease. In primary SS patients, IL-7 potently induces Th1 and Th17 
activation and T cell−dependent activation of myeloid cells, associated with increased 
production of numerous proinflammatory and tissue-destructive cytokines. In this 
respect IL-7 overrides suppressive regulatory activity of IL-7Rα− T cells. Most important, 
IL-7 mediates T cell−dependent B cell activation, associated with increased antibody 
production.  This IL-7−induced T cell activation also potentiates TLR7−induced B cell 
activation resulting in synergistic B cell and T cell activation. Furthermore, IL-7 seems to 
be a mediator involved in autocrine B cell activation in primary SS patients. Finally, it is 
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NEDERLANDSE SAMENVATTING 
VOOR NIET-WETENSCHAPPERS

Interleukine-7 en zijn receptor en hun rol in T cel en B 
cel-gedreven afweer in patienten met primair syndroom 

van Sjögren

I. Het primair syndroom van Sjögren en het ontregelde 
afweersysteem

Het primair syndroom van Sjögren (pSS) is een systemische auto-immuunziekte die 
wordt gekenmerkt door chronische ontsteking van vooral de speeksel- en traanklieren. 
Door de ontsteking ontstaan weefselschade en functionele beperking van deze klieren, 
waardoor  droogte van vooral  mond en ogen optreedt. 
pSS komt met name voor bij vrouwen (~90% van de patiënten is vrouw), de diagnose 
wordt vaak pas op middelbare leeftijd gesteld, hoewel er ook steeds vaker jongere 
patiënten worden gezien.
                                                                                                                                                                                                                                                                   
pSS wordt ten behoeve van wetenschappelijk onderzoek geclassificeerd volgens zes 
criteria, opgesteld door de ‘American-European Consensus Group’. De consensus bestaat 
uit de subjectieve waarneming door de patiënt van droogte van ogen (1) en mond (2), 
de objectieve metingen van de aanwezigheid van traanproductie (3) en speekselvloed 
(4). Daarnaast wordt een biopt van klierweefsel uit lip of wang beoordeeld op de 
aanwezigheid van 1 of meer groepen (foci) van immuun cellen (5) en wordt in het bloed 
gekeken naar de aanwezigheid van auto-antilichamen, de anti-La(SSB) en anti-Ro(SSA) 
auto-antistoffen (6). Wanneer er minimaal vier criteria positief bevonden worden, 
waarbij in ieder geval criteria 5 of 6 positief moet zijn, wordt het primair syndroom 
van Sjögren bevestigd geacht. Als er ook sprake is van een andere reumatische auto-
immuun ziekte, in het bijzonder reumatoïde artritis, systemische lupus erythomatosus 
of systemische sclerose, spreekt men van  secundair SS.

Hoe pSS ontstaat is niet exact bekend, hoewel er aanwijzingen zijn voor een samenspel 
van zowel aangeboren als omgevingsinvloeden. Waarschijnlijk kunnen deze factoren 
samen onder de juiste omstandigheden leiden tot het uiteindelijke ziektebeeld. Uit 
onderzoek is gebleken dat ziekteverwekkers zoals virussen een belangrijke rol kunnen 
spelen in het ontstaan van het ontstekingsproces. Samen met hormonale en genetische 
componenten zou dit uiteindelijk kunnen leiden tot voortgaande ontsteking in speeksel 
en traanklieren. Hoe groot het aandeel van de afzonderlijke factoren is in het ziekteproces, 
is niet duidelijk en zal waarschijnlijk voor iedere patiënt verschillend zijn. Wel is duidelijk 
dat al deze factoren samen leiden tot een ontregeling van het immuunsysteem, met 
als gevolg het binnendringen van immuuncellen in het klierweefsel, zelfs wanneer de 
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IL-7 is onmisbaar voor de ontwikkeling van T cellen en het in stand houden van de juiste 
T cel balans in het lichaam (homeostase). IL-7 wordt geproduceerd door weefselcellen 
van verschillende organen/orgaansystemen, in het bijzonder die van het afweersysteem 
(thymus of zwezerik en beenmerg). Daarnaast kan IL-7 ook aangemaakt worden door 
verschillende immuun cellen, vooral dendritische cellen, B cellen en monocyten/
macrofagen. Naast een rol in T cel homeostase is IL-7 ook betrokken bij de activatie van 
T cellen tijdens een adequate immuun respons tegen ziekteverwekkers en kankercellen. 
Bij (reumatische) auto-immuun ziekten is er sprake van een ontsporing van verschillende 
componenten van het immuunsysteem, waaronder ook het activeren van ontsteking 
door IL-7/IL-7R. 

Dit laatste is ook uitgebreid onderzocht in patiënten met reumatoïde artritis (RA): 
IL-7 wordt verhoogd aangetroffen in het serum, gewrichtsvloeistof en -weefsel van 
patiënten met RA ten opzichte van gezonde individuen en patiënten met ziektes die 
niet primair door ontsteking zijn gedreven, zoals bij voorbeeld artrose. Bovendien 
hangen de verhoogde IL-7 spiegels nauw samen met ontstekingsverschijnselen in RA 
patiënten. In het gewrichtskapsel is aangetoond dat vooral macrofagen en weefselcellen 
zelf verantwoordelijk zijn voor de productie van IL-7. De IL-7R is ook verhoogd aanwezig 
in het gewrichtskapsel (synoviaal weefsel), waarbij deze vooral tot expressie komt op 
het oppervlak van CD4 T cellen, maar ook enigszins op het oppervlak van B cellen en 
macrofagen in dat weefsel. B cellen en monocyten in het bloed brengen IL-7R echter 
niet tot expressie op hun oppervlak. Activatie van de IL-7R bevattende T cellen door 
IL-7 zorgt ervoor dat deze cellen allerlei moleculen (cytokines) gaan produceren. Dit 
zijn Th1 en Th17 cytokines, IFNγ en IL-17, die ontsteking en daardoor weefselschade 
doen toenemen. Daarnaast kan IL-7 direct of indirect via andere mediatoren, zoals bij 
voorbeeld het molecuul RANKL, weefselschade aan kraakbeen en bot in de hand werken. 
Weefselschade op zijn beurt kan weer toename van de ontstekingsprocessen tot gevolg 
hebben, waardoor schade en ontsteking elkaar blijven versterken, zeker als dit proces 
niet voldoende wordt onderdrukt door andere, ontstekingsremmende, mechanismen 
in ons lichaam.

III. Dit Proefschrift

IL-7 is een molecuul dat heel goed in staat is T cellen te activeren en dat samen met zijn 
receptor nauw betrokken is bij het ontstaan en het voortduren van ontstekingsprocessen 
in patiënten met reumatische auto-immuun ziekten zoals RA. In Sjögren patiënten wordt 
een opvallende B cel en T cel activatie waargenomen en hangt B cel activatie samen 
met de ernst van de ziekte. Het is bekend dat CD4 Th cellen in zeer belangrijke mate 
B cellen kunnen activeren. Daarom is in Sjögren patiënten de rol van IL-7 en IL-7R in T 
cel en B cel activatie onderzocht en is nagegaan of dit een mogelijk aangrijpingspunt 
zou kunnen zijn voor behandeling van deze auto-immuun ziekte. In dit proefschrift is 
daarom het voorkomen van IL-7 en IL-7R en de relatie met de ernst van de ziekte in 
Sjögren patiënten onderzocht. In celkweken is bestudeerd in hoeverre IL-7 via de IL-7 

mogelijk oorspronkelijke ziekteverwekkers niet meer aanwezig zijn. Het merendeel van 
de infiltrerende immuun cellen bestaat uit CD4 T helper (Th) cellen en B cellen, maar 
ook andere cellen, zoals monocyten/macrofagen en dendritische cellen dringen het 
weefsel binnen. Er zijn talrijke aanwijzingen dat deze cellen van het immuunsysteem een 
belangrijke rol spelen bij het ontstaan van ontsteking en het optreden van weefselschade 
in klierweefsel van Sjögren patiënten.

Kenmerkend voor de ziekte is de aanwezigheid van autoantistoffen, de anti-La(SSB) en 
anti-Ro(SSA) autoantistoffen. Deze antistoffen worden gemaakt door B cellen en zijn 
gericht tegen lichaamseigen moleculen. De aanwezigheid van deze autoantistoffen hangt 
samen met een verhoogd risico op het ontstaan van vergelijkbare ontsteking in andere 
organen dan de speekselklieren, waarbij ontstekingscellen deze organen binnendringen 
en daar schade aanrichten. Daarnaast hangt de verhoogde B cel activiteit in pSS samen 
met een aanzienlijk verhoogd risico op het ontwikkelen van lymfoom (B cel tumoren), dit 
komt voor in 5-10% van deze patiënten. 
T cellen, een ander type afweer cel, spelen een cruciale rol in het activeren van B cellen en 
kunnen deze cellen tot productie van auto-antistoffen aanzetten en/of deze bevorderen. 
Kennis van alle factoren die zorgen voor het activeren van deze T cellen en daarmee ook 
B cellen is dus van groot belang. In het onderhavige proefschrift is onderzocht welke 
rol het molecuul interleukine-7 (IL-7) speelt in het activeren van T cellen en B cellen in 
Sjögren patiënten.

   
II. Interleukine-7 en de interleukine-7 receptor

In tal van ziekten en diermodellen voor die ziekten is aangetoond dat CD4 T cellen in 
staat zijn B cellen, monocyten/macrofagen en dendritische cellen te activeren. Het is 
aangetoond dat het samenspel van  deze cellen een belangrijke rol speelt in de destructie 
van het weefsel op de plaats van ontsteking. 
Het is bekend dat de CD4 Th cellen verhoogd aanwezig zijn in speekselklieren van Sjögren 
patiënten en in verschillende diermodellen is aangetoond dat deze cellen een belangrijke 
rol spelen in de ontsteking en destructie van speeksel- en traanklieren. Verschillende 
typen CD4 T cellen, zowel ontstekingsbevorderende als ontstekingsremmende, 
kunnen herkend worden door de aan- of afwezigheid van een bepaald molecuul op 
hun celoppervlak, de interleukine-7 receptor (IL-7R). Grofweg gezegd bevorderen 
IL-7R bevattende cellen ontsteking. Deze IL-7R is niet aanwezig op het oppervlak van 
ontstekingsremmende cellen. Aan de IL-7R kan interleukine-7 (IL-7) binden, een 
belangrijk molecuul voor activatie van deze CD4 T cellen. IL-7 is betrokken bij normale 
ontstekingsreacties in het lichaam, maar ook wanneer deze processen ontsporen, zoals 
het geval is bij (reumatische) auto-immuun ziekten. De focus van dit proefschrift ligt 
mede daardoor op het bestuderen van de rol van de IL-7/IL-7R-gemedieerde activatie 
van het immuunsysteem bij Sjögren patiënten. 
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opheffen, en dat er nog steeds een sterke toename van de ontstekingsbevorderende Th1 
en Th17 cytokines (IFNγ en IL-17) kan worden waargenomen. Deze gegevens suggereren 
dat op de plaats van ontsteking de ontstekingsremmende CD4 Th cellen niet opgewassen 
zijn tegen de IL-7–geactiveerde IL-7R+ CD4 Th cellen en dat IL-7 dus een belangrijke 
aanjager van de aanhoudende ontsteking kan zijn.

Naast T cellen, spelen B cellen ook een belangrijke rol in de ontstekingsprocessen van 
Sjögren patiënten. In eerder onderzoek is aangetoond dat B cellen in staat zijn zelf IL-7 
te produceren, maar het is niet bekend of B cellen ook geactiveerd kunnen worden door 
IL-7. Met de gedachte dat IL-7 en de IL-7R mogelijk een nieuw aangrijpingspunt zouden 
kunnen zijn voor behandeling, wilden we graag onderzoeken of IL-7 in staat is om B cellen 
te activeren. In hoofdstuk 5 hebben we laten zien dat in de ontstoken speekselklieren 
van Sjögren patiënten de delingsactiviteit van ontstekingscellen verhoogd is, en dat dit 
samenhangt met hoeveel IL-7 er aanwezig is. In celkweken van geïsoleerde CD4 Th cellen 
en B cellen bleek IL-7 in staat verschillende markers van activatie en proliferatie niet 
alleen op CD4 Th cellen, maar ook op B cellen te verhogen. Ook stimuleert IL-7 een 
verhoogde aanmaak van antistoffen door B cellen. Omdat IL-7R niet aanwezig is op het 
oppervlak van de B cel, maar wel op dat van de meeste CD4 Th cellen, hebben we in 
dit hoofdstuk aangetoond dat IL-7 in staat is een T cel–afhankelijke B cel activatie te 
bewerkstelligen. Deze data tonen aan dat IL-7 een belangrijke rol zou kunnen spelen in 
de verhoogde productie van auto-antistoffen die worden gevonden in Sjögren patiënten.  

Virussen spelen mogelijk een belangrijke rol bij het ontstaan van het syndroom van 
Sjögren. Een van de mogelijke kandidaten is het Epstein-Barr virus (EBV), dat de ziekte van 
Pfeiffer veroorzaakt. De hypothese achter de invloed van virussen is die van ‘moleculaire 
nabootsing’. Doordat lichaamseigen componenten die sterk lijken op virale onderdelen, 
herkend kunnen worden door het immuun systeem, kunnen de immuunreacties zich 
gaan richten tegen het lichaamseigen weefsel. Onder normale omstandigheden gebeurt 
dit niet, omdat er een sterke controle van het immuun systeem bestaat. Maar bij mensen 
met een auto-immuun ziekte is deze controle ontspoord en kan het deze reactie tegen 
lichaamseigen moleculen niet meer goed onderdrukken. Voor de herkenning van virale 
onderdelen heeft het lichaam een gespecialiseerde groep van receptoren: de Toll-like 
receptoren. Deze Toll-like receptoren herkennen onderdelen van ziekteverwekkers en 
zijn op en in vele cellen van het immuun systeem aanwezig, waaronder de B cellen. In 
B cellen is onder ander Toll-like receptor 7 (TLR7) aanwezig, die gespecialiseerd is in de 
herkenning van viraal RNA. TLR7 zou daarnaast in Sjögren patiënten ook lichaamseigen 
RNA kunnen herkennen. In experimentele diermodellen is inderdaad aangetoond dat 
eiwitten en RNA afkomstig van het Epstein-Barr virus via TLR7 in staat is B cellen aan te 
zetten tot productie van auto-antilichamen van eenzelfde type als bij Sjögren patiënten 
voorkomt. 

In hoofdstuk 6 wordt een sterk activeren en ook sterke vermeerdering van het aantal 
B cellen van Sjögren patiënten gezien als er gestimuleerd wordt met een synthetisch 
molecuul dat aan de TLR7 bindt. Hierbij spelen CD4 Th cellen en monocyten/macrofagen 

receptor in staat is om T en B cellen, monocyten/macrofagen van Sjögren patiënten te 
activeren. Uiteindelijk is blokkade van IL-7 en IL-7R als mogelijke ingang tot behandeling 
bestudeerd.

In hoofdstuk 2 hebben wij aangetoond dat in speekselklieren van Sjögren patiënten IL-7 
verhoogd aanwezig is. IL-7 wordt vooral aangemaakt door de cellen in het klierweefsel 
zelf en ook in speeksel van Sjögren patiënten zijn IL-7 spiegels verhoogd ten opzichte van 
gezonde controles. 
In celkweken hebben we kunnen aantonen dat IL-7 in staat is om ook de aanmaak te 
verhogen van verschillende factoren die ontsteking en schade kunnen bevorderen, zoals 
IP-10, MIG, TNFα, IFNγ en IL-17. Er blijkt een samenhang te zijn tussen de hoeveelheid 
IL-7 en de mate van ontsteking, uitgedrukt in het percentage B cellen en de aanwezigheid 
van andere ontstekingscellen, en een samenhang tussen de hoeveelheid IL-7 en de ernst 
van de ziekteverschijnselen van pSS.

Vanwege de verhoogde IL-7 niveaus in de speekselklieren van Sjögren patiënten, 
hebben we ook onderzocht of CD4 Th cellen met de IL-7R op hun oppervlak (IL-7R+ 
Th CD4 cellen) verhoogd aanwezig zijn. Deze potentieel ontstekingsbevorderende T 
cellen zouden mogelijk een van de boosdoeners bij (het ontstaan van) het syndroom 
van Sjögren kunnen zijn. In hoofdstuk 3 hebben we aangetoond dat er inderdaad een 
sterk verhoogde aanwezigheid van IL-7R+ CD4 Th cellen in de speekselklieren van 
Sjögren patiënten is. We zien dat het aantal IL7R+ cellen sterk samenhangt met het 
aantal aanwezige ontstekingscellen en met verschillende ziekteverschijnselen. Als we 
binnen de CD4 Th cellen kijken naar de relatieve verdeling van IL-7R positieve cellen en 
cellen zonder IL-7R (grotendeels ontstekingsremmende cellen), zien we zowel in bloed 
als in speekselklieren een verschuiving van de balans. De CD4 Th cellen zonder IL-7R zijn 
verhoogd, echter, wanneer wij deze CD4 T cellen als geheel buiten het lichaam kweken, 
zien we ondanks deze verschuiving geen remming van de ontstekingsactiviteit in kweek 
optreden. De data uit hoofdstuk 2 en 3 laten zien dat er dus grote hoeveelheden IL-7 
en IL-7R bevattende ontstekingscellen aanwezig zijn in de klieren van Sjögren patiënten. 
De samenhang van IL-7 en de IL-7R met verschillende ontstekingsverschijnselen doet 
vermoeden dat IL-7 via activatie van IL-7R bevattende cellen een aanzienlijke bijdrage 
kan leveren aan het ontstekingsproces in pSS.

In hoofdstuk 4 hebben we de verschuiving in de balans tussen ontstekingsbevorderende 
en ontstekingsremmende CD4 Th cellen verder in detail onderzocht. Kenmerkend voor 
de ontstekingsremmende ‘regulatoire’ CD4 Th cellen is dat zij niet de IL-7R tot expressie 
brengen, maar wel de IL-2 receptor (IL-2R) en FoxP3, die als markers ter herkenning 
gebruikt kunnen worden. In het bloed van Sjögren patiënten hebben we aangetoond dat 
het percentage ontstekingsremmende CD4 Th cellen (IL-7R–IL-2R+FoxP3+) ten opzichte 
van gezonde controles verhoogd is. Dit zou mogelijk een poging kunnen zijn van het lichaam 
om de voortdurende ontstekingsactiviteit te onderdrukken en de balans te herstellen. 
Echter, wanneer deze cellen samen met IL-7R+ cellen en monocyten/macrofagen buiten 
het lichaam worden gekweekt, blijkt dat IL-7 deze poging tot onderdrukking volledig kan 
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aan deze pilot studie met leflunomide te geven. Echter, in hoofdstuk 8 is aangetoond 
dat het deel van de patiënten die juist goed reageerden op leflunomide significante 
veranderingen laten zien in de gemeten ontstekingsverschijnselen. In deze patiënten 
wordt er in het bloed na behandeling een verlaging van ontstekingsbevorderende 
cytokines (INFγ en TNFα) gevonden. Ook is er een significante correlatie gevonden tussen 
de verbetering van de speekselproductie en de daling van ontstekingsbevorderende 
cytokines. Daarbij beïnvloedt leflunomide de IL-7R expressie op CD4 T cellen in de 
Sjögren patiënten die reageren op behandeling. Dit zou kunnen betekenen dat een meer 
gerichte aanpak van behandeling (IL-7/IL-7R) of een combinatie van leflunomide met 
andere ‘disease modifying anti-rheumatic drugs’ (DMARDs), zoals hydroxychloroquine, 
mogelijk wel een beter effect zou kunnen opleveren.

De bevindingen in dit proefschrift laten zien dat IL-7 en IL-7 receptor bevattende T cellen 
in Sjögren patiënten verhoogd aanwezig zijn en nauw samenhangen met de aanwezigheid 
van ziekteverschijnselen. Bovendien blijkt IL-7 in sterke mate in staat te zijn om T en B 
cellen en ook andere ontstekingscellen te activeren tot het bevorderen van ontsteking 
en daarmee weefselbeschadiging in Sjögren patiënten. Gezien de uitgesproken 
aanwezigheid en de prominente rol van T cellen en B cellen in pSS suggereren deze data 
dat het specifiek blokkeren van IL-7 en/of de IL-7R belangrijke en doeltreffende targets 
zouden kunnen zijn als basis voor nieuwe strategieën in de behandeling van patiënten 
met het syndroom van Sjögren. 

een belangrijke en ondersteunende rol. CD4 Th cellen of monocyten/macrofagen zelf 
worden niet direct geactiveerd door deze TLR7 stimulatie. Het activeren van B cellen 
door TLR7 gaat gepaard met een verhoogde aanmaak van zowel IL-7 als IL-7R. Daarnaast 
is het een interessante bevinding dat het blokkeren van deze IL-7/IL-7R route ook zorgt 
voor remming van TLR7-geactiveerde B cellen. Deze bevindingen suggereren dus een 
voorname rol voor IL-7 en de IL-7R in activatie van B cellen en mogelijk auto-antistof 
productie en ziekteverschijnselen bij Sjögren patiënten.

Omdat zowel IL-7, de IL-7R (dit proefschrift) en ook TLR7 (in eerder onderzoek 
aangetoond) verhoogd aanwezig zijn in Sjögren patiënten, hebben we onderzocht 
welke invloed IL-7−geactiveerde T cellen op het activeren van B cellen door TLR7 heeft. 
Wanneer IL-7 en TLR7 samen gegeven worden, zien we in hoofdstuk 7 dat er een elkaar 
versterkend effect optreedt in de vorm van een sterk activeren van zowel CD4 Th cellen 
als B cellen. Als er bovendien monocyten/macrofagen aanwezig zijn, wordt vooral de 
activatie van B cellen nog eens extra versterkt. Voor de elkaar versterkende aanzet tot 
productie van immunoglobulines en Th1 en Th17 cytokines door IL-7 en TLR7 spelen 
monocyten/macrofagen eveneens een belangrijke rol. Deze resultaten laten zien dat IL-7 
in belangrijke mate processen zoals TLR7 activatie in Sjögren patiënten kan versterken.

Voor het syndroom van Sjögren bestaat vooralsnog geen oorzakelijke behandeling. 
Voor Sjögren patiënten is dan ook vooral symptomatische behandeling beschikbaar 
in de vorm van onder andere kunsttranen en -speeksel. Voor spier en gewrichtspijn 
kunnen paracetamol en niet steroïde anti-inflammatoire medicijnen (NSAIDs) gebruikt 
worden. Daarnaast worden onder bepaalde omstandigheden anti-malaria middelen 
(hydroxychloroquine) en bij uitzondering corticosteroïden gebruikt. De medicijnen zijn 
niet altijd bijdragend voor alle patiënten en moeten soms worden gestopt als gevolg van 
bijwerkingen. Er blijft daarom grote behoefte bestaan aan mogelijkheden tot effectieve 
behandeling van het pSS.
Het onderzoek naar nieuwe behandelingsmogelijkheden richt zich tot nu toe vooral op 
medicijnen die specifiek B cellen als target hebben. De behandeling kan zich dan richten 
op het verminderen van het aantal B cellen of op het remmen van activiteit van B cellen. 
Zo heeft recent onderzoek laten zien dat rituximab, een medicijn dat ervoor zorgt dat B 
cellen uit het bloed worden opgeruimd, in staat is een deel van de verschijnselen van pSS 
te beïnvloeden, zoals het doen toenemen van speekselproductie en het doen afnemen 
van vermoeidheid. Op dit moment is de plaats van rituximab in de reguliere behandeling 
van pSS nog niet duidelijk, waarbij ook de effecten van deze behandeling voor Sjögren 
patiënten op lange termijn nog zullen moeten blijken.   

In het UMC Utrecht is een (fase II open-label pilot) onderzoek verricht naar veiligheid 
en effectiviteit van leflunomide, een medicijn dat T en B cel activatie remt, in Sjögren 
patiënten. Uit deze studie blijkt dat behandeling met leflunomide leidt tot klinische 
verbetering in de helft van de deelnemende patiënten. In de andere helft werd er geen 
significante verbetering waargenomen. Op basis van dit als matige beoordeelde effect 
en het ontstaan van een aantal bijwerkingen is destijds besloten vooralsnog geen vervolg 
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CURRICULUM VITAE

Angela Bikker was born on the coldest of winter’s day on the 4th of January 1982 in a 
small village called Ermelo. At the age of 5 her kindergarten teachers discovered her 
talent for solving complicated problems, like constructing swimming pools out of building 
blocks and colouring inside the lines and decided it was time to attend primary school 
‘De Klokbeker’. At the age of 11 she left the comfort of the rural countryside to travel 
each day to the city of Amersfoort, where she attended the ‘Johan van Oldenbarnevelt’ 
grammar school. In 1999, she graduated in the not-so top of her class, but nevertheless 
mission completed. Thus, it was time to start university to become the best scientist of 
the world. Biomedical sciences at the University of Utrecht was the way to go, her path 
paved with challenges of meeting new people, staying awake in class, living on your 
own and doing taxes. At the end of 2005, the magical six years of life as a student were 
completed with Master’s degrees in Neuroscience and Science & Product Management, 
a group of valuable new friends, and a whole lot of great experiences and knowledge. 
Out into the great big world, her goal of becoming a scientist was continued as a PhD 
student at the laboratory of Psychoneuroimmunology, but in life, some things just do 
not go according to plan. Fortunately, at the laboratory of Rheumatology and Clinical 
Immunology a second chance was offered and not without result. Under the supervision 
of dr. Joël van Roon, dr. Aike Kruize, prof. dr. Floris Lafeber and prof. dr. Hans Bijlsma, and 
with the help of many great people, on the 13th of September 2012 Angela will receive 
her PhD for her research on ‘IL-7 and its receptor in T cell and B cell-driven immunity in 
primary Sjögren’s syndrome’. Although science in essence is a beautiful thing, she became 
interested in the clinical side of doing research and the importance of a patient-based 
approach and that there actually is a way to combine all her old an newly discovered 
interests, and it is called ‘Clinical Chemistry’.  So here she is now, a resident in Clinical 
Chemistry, yes once again in training, but hey, such is life.    
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Figure 2. Proposed model for IL-7−driven T cell−dependent autoimmunity, inflammation, and tissue 
destruction.
Unknown triggers (“X” altered self or cross-reactive antigen, “Y” immune deregulation) may cause (self) 
antigen-specific T cell activation, resulting in cytokine production (IL-17, IFNγ) and cell-cell contact (incl. 
CD40L, CD80, LFA-1) which leads to activation of myeloid cells such as monocytes, macrophages and dendritic 
cells, associated with production of IL-7 and many other proinflammatory mediators (incl. TNFα, IL-6, IL-12, 
IL-23) [208]. In contrast, IL-7 cannot directly affect IL-7Rα− regulatory T cells but abrogates the suppressive 
function of these T cells by activation of IL-7Rα+ responder T cells. Activated T cells, via cell contact and 
cytokine production, also activate fibroblasts leading to IL-7 production [202]. Alternatively, triggers (“Z” 
e.g. toll−like receptors) activating macrophages and stromal cells such as fibroblasts could also lead to IL-7 
production. Increased IL-7 expression [136, 206] not only enhances the initiating antigen−driven responses 
but also induces cell contact−dependent cytokine−activated T cells [136, 222] causing activation (proliferation, 
survival, differentiation) of T cells responsive to less dominant epitopes. This induces a diversification of the 
T cell repertoire associated with autoantigenic recognition [223]. Such IL-7/cytokine−activated bystander 
T cells contribute to the chronicity of the inflammatory response and in their turn stimulate myeloid cells 
and B cells. Activated B cells are potent antigen presenting cells that can develop into plasma cells secreting 
pathogenic autoantibodies [43]. Immune complexes that are formed contribute to activation of myeloid cells. 
As a consequence of this and of direct IL-7 T cell dependent activation of monocytes these differentiate into 
macrophages secreting inflammatory mediators and catabolic factors that induce tissue destruction (TNFα, 
IL-1β, OSM, LIF, MMPs). IL-7−induced IFNγ, IL-17, IL-6 and TNFα also activate fibroblasts and epithelial cells 
leading to loss of matrix integrity of the glandular tissue [136, 209, 210]. 
Finally, the expression of IL-7 by follicular DCs, the capacity of IL-7 to activate IL-7Rα−expressing (innate) 
lymphoid tissue inducer cells (LTi), to induce cytokines essential for lymphoid tissue formation (LTα/β, TNFα), 
and to induce chemokines attracting CCR7 T cells (MIP-3β) all indicate that IL-7 plays a critical role in the 
formation of ectopic lymphoid follicles observed in several autoimmune diseases [224, 225].

CHAPTER 1

COLOUR FIGURES
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with non-Sjögren’s sicca syndrome (nSS sicca) (A) and a patient with primary SS (C), showing areas with a low 
number of interleukin-7 (IL-7)−expressing cells/mm2 and low intensity, and areas with a high number of IL-7−
expressing cells/mm2, respectively. B and D, Isotype control stainings. E and F, immunofluorescent double-
staining of IL-7–producing cells (red) and CD20+ B cells (green) (E) or CD68+ macrophages (green) (F). Arrows 
in E and F indicate cells with fibroblast morphology and CD68+ macrophages, respectively.

CHAPTER 2
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CHAPTER 3

Figure 1. Increased expression of interleukin-7 receptor α (IL-7Rα) in CD3 T cell−rich lymphocytic area in 
LSGs of patients with primary SS as compared with non-Sjögren’s sicca syndrome (nSS-sicca) controls. 
Representative images showing staining for the expression of isotype control (A, E), CD3 T cells (B, F), IL-7Rα 
(C, G), and Ki67 (D, H) in LSGs tissue sections from a patient with primary SS (A, B, C, D) and a nSS-sicca control 
patient (E, F, G, H). Insets show higher-magnification view (original magnification x 400).
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Figure 1. Presence of Ki67+ cells in labial salivary glands of primary SS patients. Photomicrographs of 
representative immunohistochemical staining for Ki67 in labial salivary gland biopsy areas of an nSS-sicca 
patient (A) and primary SS patient (B). Inset shows higher-magnification view (original magnification x 400). 
Numbers of Ki67+ cells in primary SS patients (n=24) are significantly higher compared to nSS-sicca patients 
(n=20) (C). Higher numbers of IL-7 positive cells were related to higher numbers of Ki67 positive cells in labial 
salivary glands for the whole sicca group (r=0.645 p<0.001) (D). SQS = semi-quantitative score. * and *** 
indicate a statistical significance of p<0.05 and p<0.001 respectively. 

CHAPTER 5
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Based on literature and the knowledge gained by the data described in this thesis the following course of 
events may be considered in the immunopathology in primary SS patients.
In primary SS patients, unknown triggers, in part through activation of Toll-like receptors, may cause increased 
expression of IL-7 by tissue cells or resident myeloid dendritic cells (mDCs) or B cells (triggers “X”, Figure 1). 
Although not studied in this thesis, T cells, activated via antigen or cytokines, have been shown to induce IL-7 
production by mDCs and tissue cells. In the minor salivary glands, endothelial cells, dendritic cells (A. Bikker, 
unpublished results), and fibroblasts are an important source of IL-7 production and IL-7 expression correlates 
with parameters of disease and inflammation (chapter 2 and 3). Overexpressed IL-7 activates IL-7R−expressing 
resident T cells or T cells that have migrated to the tissue in response to chemokines induced by the initiating 
triggers (chapter 2 and 3). IL-7−induced Th1 and Th17 activity is subsequently associated with increased 
production of several important proinflammatory cytokines (IL-1α, IL-6, TNFα, IL-12, IL-15) and chemokines 
(IP-10, MIG, MIP-1α) responsible for attracting increased numbers of CD4 T and B cells, monocytes, and DCs 
to the salivary gland and the subsequent activation of these infiltrating cells (chapter 3). As a consequence, 
IL-7 contributes to the continuing immune response in primary SS patients that is associated by a prominent 
Th1 and Th17 cell activation (indicated by Th1 [IFNγ] and Th17−related cytokines [IL-17A, IL-22]) (chapter 4) 
and the additional activation of infiltrating myeloid cells (monocytes, macrophages, and dendritic cells) and B 
cells (chapter 5). 
Increased numbers of FoxP3−expressing regulatory T cells that lack the IL-7R seem to fail to fully control T cell−
driven inflammation. Although IL-7 cannot directly affect CD25+IL-7Rα− regulatory T cells (Tregs), it abrogates 
the suppressive function of these T cells through activation of IL-7Rα+ responder T cells. Therefore, despite 
their increased presence in the salivary glands and peripheral blood, IL-7 overrides suppression by Tregs and 
can contribute to the persistent inflammation (chapter 4). Increased IL-7 expression cannot only enhance the 
initiating antigen−driven responses but also induces cell contact-dependent cytokine−activated T cells causing 
activation (proliferation, survival, and differentiation) of T cells responsive to less dominant epitopes. Such 
IL-7/cytokine−activated bystander T cells contribute to the chronicity of the inflammatory response and in 
their turn stimulate myeloid cells and otherwise anergic autoreactive B cells. Inhibition of T cell and B cell 
activation by DMARDs such as leflunomide (chapter 8) or specific targeting of IL-7 or its receptor (chapter 6) 
may hold a promise to inhibit inflammation and immunopathology in primary SS.

CHAPTER 9
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DANKWOORD

En dan nu het meest gelezen gedeelte van ieder proefschrift: het Dankwoord! Uiteraard 
ben ik voor vele dingen dankbaar, maar in de context van dit proefschrift zal ik me 
beperken tot de mensen die er gedurende die 4,5 jaar ervoor gezorgd hebben dat dit 
onderzoek heeft kunnen plaatsvinden en tot een goed einde is gebracht. 

I patienten met het syndroom van Sjögren

Het lijkt mij daarom gepast om te beginnen met de mensen waar dit proefschrift om 
draait en waarvoor dit onderzoek gedaan is. Tijdens dit onderzoek heb ik vaak gebruik 
mogen maken van de cellen uit het bloed en de speekselklieren van Sjögren patiënten, 
maar daarbij heb ik het geluk gehad om ook een grote groep mensen te zien en spreken 
in onderzoeksverband en ook daarbuiten bij de landelijke contactdag van de NVSP. Ik 
vond het een voorrecht om de landelijke contactdagen mee te mogen maken en eraan 
deel te nemen.   
Bewondering heb ik ook voor de medewerkers van de NVSP, waarvan de meesten ook 
zelf het syndroom van Sjögren hebben. In het bijzonder dank aan Mascha en Nanda, met 
wie ik het meeste contact heb gehad, ons bezoek aan Brest samen met Aike was een 
succes en gezellig. En daarnaast ook Marjan, jij hebt de portefeuille ‘onderzoek’ onder je 
hoede genomen, ik hoop dat er een goed contact blijft bestaan tussen de onderzoekers 
en de NVSP.  
Beste patiënten, dit onderzoek is tot stand gekomen door uw hulp, elk buisje bloed heeft 
hieraan bijgedragen en hiervoor mijn dank. Ik wens u het allerbeste.

II Promoteren en co-promotoren, Hans en Floris, Joël en 
Aike

Geen goede AIO, zonder goede begeleiding, geen onderzoek naar het syndroom van 
Sjögren zonder Floris en Hans, Joël en Aike. Jullie hebben het met mij aangedurfd en dat 
heeft geleid tot dit proefschrift. Lijkt mij een prima resultaat.
Hans en Floris, als groepsleiders zijn jullie verantwoordelijk voor vele zaken, zowel 
inhoudelijk als organisatorisch en zakelijk. Een zeer gevarieerd en dynamische functie 
lijkt mij, vol met uitdagingen, dan wel problemen. Ik hoop dat jullie in de toekomst 
nog meer mooie dingen kunnen doen, zowel op het werk als privé. Bedankt voor de 
begeleiding, met name het laatste stuk, Floris, hoewel je af en toe wel een beetje in de 
stress kan schieten. No worries, het komt uiteindelijk wel goed.   

Joel en Aike, ik ben blij dat ik jullie heb leren kennen en dat jullie mijn supervisors zijn 
geweest. Lieve Aike, ik ben eigenlijk best wel groot fan van je, ik heb veel bewondering 
voor je, zowel op professioneel als op persoonlijk vlak. Niks meer aan veranderen zou ik 
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zeggen. Een ontzettende steun ben je geweest en je bemoedigende woorden brachten 
altijd weer een glimlach op mijn gezicht en een gevoel dat alles goed zou komen. Lieve 
Joël, ik wilde het altijd een keer zeggen, je bent een super-supervisor, lekker slijmerig 
dit, maar voor mij toch waar. Naast je bekende warrigheid, onderscheid jij je door je 
oneindige kennis, is het je gelukt mij in focus houden (met hier en daar wat uitschieters), 
natuurlijk door je enthousiasme voor de wetenschap en volgens mij is het uiteindelijk 
qua time-management ook wel goed gekomen. Ik hoop dat je alles kunt doen en 
waarmaken wat je in je hoofd hebt gehaald (lukt waarschijnlijk niet helemaal i.v.m. 
de gemiddelde levensverwachting van de man) en daarnaast ook blijft genieten van 
voetballen, tennissen, skiën, en met Therèse op vakantie gaan.

Bedankt voor jullie goede zorgen en dat jullie altijd het beste voor hebben gehad met 
mij, de patiënten en dit onderzoek. Ik hoop jullie nog af en toe in het UMC tegen te 
komen, of anders in de trein of in Thialf. 

III Collega’s van de Reumatologie

Anders dan gebruikelijk, geen individuele stukjes, maar gewoon een gezamenlijk en 
groot BEDANKT, met hier en daar wat uitstapjes.   
Vandaar dat jullie allemaal onder (oud-)collega’s vallen en gelukkig ook een deel ook 
onder vrienden (zie paragraaf VII). Ik hoop jullie door middel van een spectaculair feestje 
nogmaals goed te bedanken, want dat is iets wat zeker is, ik heb het ontzettend naar 
mijn zin gehad bij de Reumatologie en met jullie. 4,5 jaar hebben jullie samen met mij 
gezwoegd, lief en leed gedeeld, een lach en een traan.... pfff dit wordt wel heel erg 
Goede Tijden, Slechte Tijden. 

Anyhoe, lieve analisten, in het bijzonder Kim “houd jij ook zo van mosselen?” van der 
Wurff-Jacobs, ik denk dat jullie wel weten hoe belangrijk de ondersteuning van jullie 
is geweest en nog steeds is, dus waardering en respect voor jullie van mij. Post-docs, 
eveneens zo belangrijk voor het voortbestaan van de wetenschap, onwijze nerds zijn 
het, maar stiekem zijn jullie toch ook wel heel erg gezellig en eigenaardig grappig (dat 
krijg je met een bovengemiddeld IQ). Reumatologen en reumatologen-in-opleiding, 
bedankt voor de hulp die ik uit de kliniek heb gekregen, met name het meedenken met 
en het participeren aan de verschillende onderzoeken, ook dat van mij. Sommigen van 
jullie hebben tevens als controle proefpersoon deelgenomen en zonder bezwaar jullie 
bloed en speeksel afgestaan. Vergeet ik bijna de 3 studenten die samen met mij aan 
dit onderzoek hebben gewerkt, jullie hulp is niet voor niks geweest. Freak je was de 
eerste, je was zelfs al eerder dan ik begonnen en we hebben er een mooi hoofdstuk 
van gemaakt. We hebben elkaar goed begeleid en het is geen verrassing dat je AIO bent 
geworden (gelukkig ook nog bij de Reumatologie). Rogier, ook jij hebt bijgedragen aan 
het tot stand komen van dit proefschrift, en tevens heb je me aan het huilen gekregen, 
hehe, snotaap. En Marloes, de laatste alweer, ik vond het erg prettig om met je samen te 
werken, jij bedankt voor de mooie resultaten en je inzet.

Ook de andere collega’s van de Reumatologie (van verpleegafdeling tot aan de poli) wil ik 
bedanken voor de ondersteuning (direct of indirect). Want opgeteld bestaat de afdeling 
Reumatologie uit een zeer grote groep mensen die elkaar ondersteunen, ook al heb je 
niet dagelijks met een ieder contact.
En tenslotte natuurlijk de oud-collega AIO’s, ik vind dat we een bijzonder clubje hebben, 
ik ben blij dat ik daar onderdeel van uit heb mogen maken. Jullie zijn de groep mensen 
die ik gedurende de afgelopen 4,5 jaar het meest heb gezien en gesproken, best wel 
bizar idee...ineens is dat voorbij. Tuurlijk, contact blijven we houden, in ieder geval is de 
intentie er, maar mocht ik een aantal van jullie niet meer zien en spreken, welke keuze je 
ook maakt, het is de juiste, zolang het jouw keuze is. En zo is het maar net. Een selectie 
uit mijn herinneringen aan jullie: 
de bereidheid collega’s te helpen, de afwezigheid van de onderlinge strijd, AIO-etentjes, 
dansen in de Tivoli/Melkweg, Singstarfest, spontaan roeiboot avontuur, appelbollen 
of appelsloffen, Thialf WC schaatsen en de billen van Shani, bitterbal-incident, ‘no-
meat-just-bones’, after WK gin-tonic en eigenlijk het hele WK 2010, squash, team Asia, 
Flowboarden, Deepfreeze 2011, goed-gevulde snoeppot, even-snel-weer-lege snoeppot, 
Quizen in de Florin, musical optredens (met aandenken op het podium gegooid), Indians-
on-ice, 6 man in de Jimny, United Nude schoenen, bruikbare cellen in de prullenbak, 
Friese taal- en letterkunde, ontbijten achter de computer, regen-BBQ.
Voor alle andere mensen die enigszins hebben bijgedragen aan het onderzoek beschreven 
in dit proefschrift is vanzelfsprekend mijn dank groot.

IV Amgen people and all the interns

During the last couple of months I had the privilege of going to the state of Washington, 
and visit the city of Seattle, to work at the Inflammation dept. of Amgen Inc. What a 
difference compared to what I was used to, it was such an exciting time and thrilling 
experience. A big, warm hug to all you guys who helped me with settling down in the lab, 
experimental support, and social activities. Thanks to the other interns for all the fun and 
running we had outside of Amgen, hope to see you again someday, all the best. A special 
great, big thank you to Cindy, for your supervision and help, and to you and Dennis for 
taking me to your wonderful place in Carlton, horseback riding in the mountains, tubing 
down the Methow (I remembered the name), and the experience of an all American 
BBQ. See you in September. And to Tod, what can I say, you’re a great guy, but you know 
this, thank you for the fun times. Oh, and Dennis (Chi), sorry you had to witness the 
bathtub incident....twice, but thanks for taking me out for drinks.

V Nieuwe collega’s

Zogezegd ben ik alweer een tijdje begonnen als Klinisch Chemicus in opleiding in het 
Meander MC in Amersfoort. Via deze weg wilde ik mijn nieuwe collega’s nog even 
bedanken voor de ruimte die ik heb gekregen om de afgelopen paar maanden aan de 
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China, take care and hope to see you soon, and for my LauLau 我爱你.

X Mama en Daf

Lieve mama en Daf, mam dit boekje draag ik aan jou op, dankzij jou ben ik tot hier en 
verder gekomen. Ik hoop dat je er nog heel lang zult zijn. Deze dag is dan ook jouw dag, 
dus geniet er maar goed van, mamsie. Daf, je bent de beste en liefste zus die ik me kan 
wensen, je bent er altijd voor me en ik zal daarom ook altijd voor jou klaar staan. Je 
bent ontzettend goed in wat je doet (zie ook de prachtige omslag en illustraties van dit 
proefschrift), en ik ben heel erg trots op je. Gelukkig wonen jij en mam inmiddels weer 
wat dichterbij, love you both.  
Ton ik ben jou niet vergeten hoor, je hoort er ook al weer een tijdje bij, je hebt Daf 
mogen weggeven op haar bruiloft, weet niet of trouwen er bij mij in gaat zitten, maar 
ik heb altijd gezegd dat mijn promotie ook een soort van bruiloft is, dus je mag me wel 
begeleiden naar de borrel. Dear Lou, I think you are a great and fine young man, take 
good care of my sister and yourself, can’t wait to see my nieces and nephews :-). 

XXXXXXXXXXXXXXXXI Leander

afronding van mijn proefschrift te werken. 
Ik kan in ieder geval al zeggen dat ik het goed naar mijn zin heb! 

VI Koen en Sander

Zoals beloofd een kleine ode aan Koen en Sander, gangmakers van de magische uurtjes 
tussen 4 en 7. De laatste paar maanden werd hier door mij en collega dr. van der Goes 
reikhalzend elke dag naar toe geleefd, om ons een laatste boost te geven aan het 
einde van een lange schrijfdag. Ik denk dat we mede dankzij jullie deze maanden zijn 
doorgekomen en in ieder geval met een grote glimlach en voldaan gevoel huiswaarts 
keerden.

VII Vrienden

Lieve vrienden, ik vond en vind het nog steeds gezellig om jullie te spreken of op een 
feestje tegen te komen, daar zijn vrienden gelukkig voor. Eenzaam zal ik niet snel worden. 
Sommigen zie ik wat minder vaak tegenwoordig, maar ja, zo gaat dat. Lieve vriendinnen 
van het JvO, nog steeds contact met elkaar (onlangs bij de bruiloft van Co nog), heel 
bijzonder, ik hoop jullie te blijven zien. Wintersport clubje, wat een meesterlijke weken 
zijn het geweest, en ook daarbuiten is het gezellig natuurlijk. Er komt inmiddels wat 
uitbreiding aan, supercool, en ik twijfel er niet aan dat er in 2013 weer een geweldige 
week aan zit te komen, heb er nu al zin in. WKK-meiden, heerlijk koken, smakelijk 
eten, lekkere wijn en goede gesprekken, ik geniet er elke keer weer van. Vrienden en 
vriendinnen van de studie, bedankt voor alle leuke momenten tijdens de studententijd, 
dit promotieonderzoek, en nog steeds. Ik hoop de meesten van jullie te zien op mijn 
feestje (zie bijgevoegde uitnodiging).

VIII Paranimfen, Lieve Djuna en Eva

Ik heb jullie natuurlijk niet voor niks als mijn paranimfen gekozen, vanzelfsprekend dat ik 
jullie aan mijn zijde wil hebben tijdens de verdediging en in de aanloop tot de grote dag. 
Ik heb veel van jullie geleerd, onwijs met jullie gelachen en vind het een eer om jullie als 
goede vriendinnen te hebben.   

IX  Familie

Een interessante familieconstructie heb ik zeker, waarvan de meeste leden niet in 
Nederland wonen, soms is dat wel een gemis, maar gelukkig kan ik altijd op de meeste 
continenten wel ergens terecht. Grote zussen en broer, zwagers en schoonzus, en alle 
“kleine” neefjes en nichtjes, dikke kus en knuffel van mij. For my relatives in the US and 
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