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RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disorder characterized by synovitis 

and progressive damage to articular cartilage and subchondral bone in the majority of patients1 

In industrialized countries 0.5%-1% is afflicted by RA and this disease is almost three times more 

common in women than men1. Subjects of any age can be affected but onset is occurs mostly 

between the ages of 40 and 60. If not adequately treated it is a disabling condition due to 

systemic inflammation and destruction of bone and cartilage, leading to loss of functioning 

and mobility2. Patients are classified on the basis of symptoms, physical examination and 

laboratory results according to the new 2010 RA criteria developed by the American College 

of Rheumatology (ACR) and European League against Rheumatism (EULAR)3. In about 70% of 

RA patients IgM Rheumatoid Factor (RF) and/or anti-citrullinated protein antibodies (ACPAs) 

are present1;2. The most commonly used tests to detect ACPA’s is the anti-cyclic citrullinated 

peptide (CCP)2 test.

Besides synovial inflammation and joint destruction, systemic complications may occur. 

Constitutional symptoms including fatigue, low grade fever, malaise, morning stiffness, loss of 

appetite and loss of weight are common systemic manifestations seen in patients with active 

RA1. The rheumatoid nodule, which is often subcutaneous, is the cutaneous feature most 

characteristic of RA. But all organs can be affected by RA, most commonly seen are: interstitial 

lung disease, renal amyloidosis, vasculitis of the skin, episcleritis and poly-neuropathy of 

multiple mono-neuropathies4. 

Besides these well known systemic manifestations, during the last years it has become 

increasingly evident that RA patients have an increased cardiovascular (CV) risk which cannot 

be explained by traditional CV risk factors alone5. Evidence for the pivotal role of inflammation 

driving increased CV risk in RA is compelling and it is thought that this risk will reduce by 

decreasing inflammation6;7. RA is also a well known risk factor for osteoporosis, not only due 

to the frequently used gluco-corticosteroids (GC) and immobility but also due to increased 

osteoclastic activation8-10. Reducing inflammation by different treatments, even including the 

use of low-dose GC ( < 7.5 mg/day), may have a beneficial effect on bone mineral density (BMD) 

in RA11;12.

Aetiology and Pathogenesis 

The cause of RA is unknown. The combination of genetic susceptibility and environmental 

inciting events may lead to clinical signs and symptoms1;2. Variability in both the cellular 

and molecular features of the inflamed synovium, as well as the heterogeneous response to 

treatment, suggest that RA is a clinical syndrome comprising different patho-genetic subsets13;14. 

Consistent with the notion of heterogeneity, patients can be divided into autoantibody positive 

and autoantibody negative patients. ACPA are highly specific for RA and may be detected years 

before the first clinical manifestation of RA15. ACPA positive RA patients have a more aggressive 

disease course with lower remission rates and more erosive joint damage and define a specific 

disease subset of RA patients16-19. ACPAs have been shown to initiate and enhance arthritis 

in murine models20;21, and human ACPAs are able to activate both Fc receptor–positive cells 

and the complement system22;23, indicating that they could play a significant role in disease 

pathogenesis. 
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Heritability of RA has been estimated to be about 50%-60% for both ACPA positive and 

ACPA negative RA patients1;24. Thirty gene regions are associated with RA and distinct genetic 

risk factors are thought to be related to ACPA negative or ACPA positive RA which also suggests 

different patho-physiological pathways25-27. Apart from gender, the main known genetic factor 

is HLA which is associated with a 4 to 5 times increased relative risk of RA(28). Another allele 

is PTPN22 which is also associated with increased RA risk especially auto-antibody positive 

RA29;30. During the last years it has become clear that smoking doubles the risk of RA, but 

only in autoantibody-positive RA1;28. The combined effect of HLA shared epitope alleles and 

tobacco exposure has been shown to exceed the sum of their single effects, suggesting a 

gene–environment interaction between the HLA shared epitope alleles and tobacco exposure 

with regard to the development of ACPA-positive RA28;31;32. Recently it has been suggested that 

smoking promotes nonspecific citrullination rather than citrullination of specific antigens33. 

Another intriguing aspect of the pathophysiology of RA is related to the question as to 

where does it start34? Initially, the hypothesis has been that RA starts in the synovial membrane, 

which becomes inflamed due to several inciting events as described above. This notion is 

supported by the observation that activation of osteoclasts with subsequent erosions may 

occur in early disease35. Alternatively, the disease process may start at sites other than the 

joint like the lymphoid tissue with local ACPA formation (in ACPA positive RA ) and the need 

for a second hit inducing synovitis in the joints36. The initiation of synovitis is not at random 

but takes place at the bare area, the area where the synovium inserts the bone and where 

erosions are found. Conceivably, the bone marrow is important in the development of synovial 

inflammation37. This notion is supported by recent advanced MRI studies showing bone cysts 

and osteitis before synovitis develops38;39.       

The Inflamed Synovium

The synovium, in normal joints, is a thin lining layer that serves as an important source of 

nutrients for cartilage since cartilage itself is avascular40. Synovial cells synthesize joint lubricants 

such as hyaluronic acid, as well as collagens and fibronectin that constitute the structural 

framework of the synovial interstitium40. In RA, this lining layer is greatly hypertrophied with 

fibroblasts and synovial macrophages14;40-42. Besides the lining layer there is the sublining area 

of the synovium40. Normally this area has very few cells. In RA, however, the subintimal area 

is infiltrated with inflammatory cells, predominantly macrophages, T lymphocytes and plasma 

cells, but also other cells like B lymphocytes, dendritic cells, natural killer cells, and mast 

cells14;40-42. The intense cellular infiltrate is accompanied by new blood vessel growth, termed 

neoangiogenesis42.

In RA, the hypertrophied synovium (at the site of invasion also called pannus) invades and 

erodes contiguous bone and cartilage43. This inflamed synovium is associated with increased 

production of pro-inflammatory cytokines and chemokines by in particular macrophages 

and fibroblast-like synoviocytes14;40. Synovial fibroblasts are activated, releasing matrix 

metalloproteinases and other degrading enzymes, leading to destruction of matrix tissues40. 

In the synovium B-cells differentiate into plasma cells, producing polyclonal immunoglobulins, 

including RF and ACPA44.

Between RA patients cellular and molecular features of the inflamed synovium vary widely45-

47. Also the extent and pattern of synovial lymphocyte infiltration are remarkably variable in 
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RA48;49. In some tissues, a diffuse or scarce infiltration of T cells is present, while in others, B 

and T cells are organized in lymphocyte aggregates that may exhibit germinal center–like 

features49;50. The presence of lymphocyte aggregates is not related to a local germinal center–

like humoral response51, but is rather thought to be secondary to the chronic inflammatory 

process driving RA48. 

Role of Adipocytokines

In recent years adipocytokines have provided a plausible link between obesity, the metabolic 

syndrome and inflammation52;53. Excess fat (white adipose tissue) generates chronic low grade 

inflammation that eventually triggers insulin resistance and contributes to the co-morbidities 

associated with metabolic syndrome (hypertension, atherosclerosis, dyslipidaemia and 

diabetes mellitus)53;54. RA is associated with increased insulin resistance55 and cardiovascular 

risk56, possibly due to increased inflammation. Adipocytokines are increased in RA57 and it has 

been suggested that they have a role in CV disease in RA although convincing data are as yet 

not available58.

Obesity has consistently been associated with reduced radiological damage59;60. This seems 

to be a paradox, as adipose tissue is associated with increased inflammation due to (adipo)

cytokines produced by fat tissue53. The biological mechanisms underlying this correlation is at 

present unclear. Especially the adipocytokines associated with increased BMI might provide 

the link between obesity and reduced radiological damage. At this moment data about the 

role of adipocytokines in relation to bone erosions are conflicting and long term prospective 

studies are not available61-65.

The best known adipocytokines are leptin, adiponectin, resistin, vaspin and visfatin. Leptin 

may promote inflammation by inducing Th1 phenotype development66. Adiponectin increases 

production of pro-inflammatory cytokines by synovial fibroblasts67 and is associated in the joint 

with increased inflammation67. On the other hand adiponectin has anti-inflammatory effects on 

the vasculature and may improve insulin sensitivity68. Increased serum adiponectin levels in RA 

patients are associated with decreased inflammation69. Resistin belongs to a family of proteins 

found in foci of inflammation, where they may contribute to the inflammatory response70. 

Visfatin, also known as pre-B cell colony-enhancing factor, was recently characterized as a 

potent pro-inflammatory mediator in RA71;72. Vaspin is a recently recognized adipocytokine with 

insulin-sensitizing effects and is increased in the synovial fluid of RA patients73. However, the 

exact role of adipocytokines in RA patho-physiology is unclear at this moment. 

RA and osteoporosis

Osteoporosis is more frequent in patients with RA than in the general population and several 

factors may explain this increased incidence8. Systemic and local inflammation activate 

the osteoclast, which has been identified as the predominant cell type mediating bone loss 

in RA9;10;74. Several cytokines and growth factors involved in the inflammatory processes in 

RA have been demonstrated to activate osteoclasts either directly, by acting on cells of the 

osteoclast-lineage, or indirectly, by acting on other cell types to modulate expression of the 

key osteoclastogenic factor receptor activator of nuclear factor (NF) kappaB ligand (RANKL) 

and/or its inhibitor osteoprotegerin (OPG)10. Other risk factors for osteoporosis are decreased 

immobility due to inflamed and in later stages destroyed joints and use of GC8. GC decrease 
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bone formation mostly by inhibiting osteoblasts75. Although in general RA patients using GC 

have an increased risk to develop osteoporosis and fractures, there are also data suggesting 

that especially use of low dose GC may have a net beneficial effect on bone due to reduced 

inflammation and improvement of immobility76. Osteoporotic fractures increase morbidity 

and mortality especially in elderly patients77. Preventing osteoporosis in patients with RA is 

important, especially in female patients who are past menopausal and thereby already at risk of 

developing osteoporosis.

Response to Treatment 

In the end of the last century RA was mainly treated with conventional drugs like methotrexate 

(MTX), sulfasalazine, hydroxychloroquine, azathioprine, leflunomide and gold injections. 

These medications are called disease-modifying antirheumatic drugs (DMARDs) and decrease 

inflammation in the joints by their effects on immune cells78-81. Most of the DMARDs are used 

as tablets but MTX is sometimes injected to decrease gastrointestinal side effects82. All these 

treatment start to work after 6-12 weeks of treatment79. GC are also very effective in most 

RA patients and may exert an effect after a few days83;84. However, due to side effects like 

increased cardiovascular risk85;86, glucose intolerance and osteoporosis87, GC are often used 

temporarily as bridging therapy as most DMARDs take time to be effective. GC are also used 

in low doses as chronic therapy and it is debated if the side effects of these low dose GC on 

the cardiovascular system88 and bone are neutralized due to decreased inflammation89. DMARD 

therapy is effective in about 65% of RA patients although not always sufficient to control disease 

activity completely90. At the end of the last century a new class of drugs, so called biologicals, 

became available for the treatment of RA91. Biologic agents are bioengineered drugs produced 

by cell cultures to produce large amounts of the therapeutic protein92. These drugs specifically 

target one pro-inflammatory molecule involved in the inflammatory cascade, thereby reducing 

inflammation92. At this moment 5 different classes of biological drugs with different targets are 

available for treating RA patients, all with moderate response rates of almost 70%93-97. Remission 

is induced in only a minority of these patients. The five different biological drugs are: 1. TNF-

alpha blockers (infliximab, adalimumab, etanercept, golimumab and certolizumab), 2. An 

-IL-6 receptor antibody (toclilizumab), 3. An inhibitor of the co-stimulatory receptors CD80 

and CD86 on T-cells to prevent the interaction between T-cells and antigen presenting cells 

(abatacept), 4. An anti-CD20 antibody (rituximab) and 5. IL-1 receptor antagonist (anakinra)92. 

IL 1 receptor antagonist is less effective in comparison with the other 4 biological classes in 

RA98. Together these treatment options make RA anno 2012 a treatable disease. 

In the Netherlands response to treatment is evaluated mostly by using diseases activity 

scores in 28 or 44 joints (DAS28 or DAS44)99;100. Disease activity scores are computed using: a. 

tender joint score (TJC) and b. swollen joint core (SJC) in 28, 44 or 68 joints, c. ESR or CRP levels 

and d. patient’s global assessment of disease activity in the last week (for formula see: www.

das-score.nl)99. In daily clinical practice a reduction in DAS28 ≥ 1.2 over time is often used as a 

criterion for response101. EULAR response criteria are often reported in clinical studies where 

patients are divided into three groups based on the response to treatment (good, moderate 

or non-response) based on the change in DAS28102;103. ACR 20%-50%-70% criteria are also often 

used to report clinical response. ACR response criteria are based on respectively 20%, 50% or 

70% decrease of SJC and TJC and three of five other criteria namely patient’s or physician’s 
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assessment of disease activity, patient’s assessment of pain, disability and levels of acute phase 

reactants104. With better treatment options, as discussed above, new remission criteria have 

recently been introduced as well105.

Earlier initiation of treatment and more effective therapies used in a systematic way based 

on the treat to target principle have also significantly improved outcome parameters106. It is 

important to reach remission shortly after diagnosis as results for the long term are better with 

less medication needed to maintain remission and better results in functionality and disease 

activity107. With improving treatment of RA it has been suggested that also cardiovascular risk 

and risk on osteoporosis may be reduced5;8;108-110. 

At this moment treatment of RA in the Netherlands is started using conventional DMARDs 

(mostly MTX, sulfasalazine and/or plaquenil) in combination with GC if indicated. When two 

conventional DMARDs (which may have been used in combination) are ineffective and there 

is still active disease (DAS28 ≥ 3.2), then biological treatment can be reimbursed. TNF blockers 

are currently often used as a first line biological in light of the vast experience with this class 

of drugs13;95;97;111-113. Anti-il6 is also approved for RA in patients who used one DMARD or do not 

tolerate MTX. Abatacept and rituximab can be given when patients failed TNF blockade.

TNF blockade

TNF is a cytokine produced primarily by monocytes and macrophages but many immune 

and also non-immune cells can produce TNF114. TNF has pro-inflammatory properties which 

in physiologic circumstances play a role in host defence against several danger signals in 

response to for instance bacterial infection or local tissue injury114. In RA TNF is increased in 

the synovial tissue, promoting synovial inflammation and proliferation of fibroblasts as well 

as matrix degradation46;111;115. Its synovial expression levels are significantly related to clinical 

signs and symptoms46. In RA TNF is produced primarily by synovial macrophages114;116. It is not 

exactly known which stimuli induce these synovial macrophages to produce TNF. The critical 

role of TNF in the pathogenesis of synovial inflammation in RA is underscored by the beneficial 

effects of TNF blockade117. After anti-TNF treatment expression of adhesion molecules and pro-

inflammatory cytokines is decreased in the rheumatoid synovium118;119. 

As described above, 5 TNF blockers are currently available. The four monoclonal antibodies 

targeting TNF are infliximab, golimumab, adalimumab, and certolizumab pegol. Etanercept is 

not an antibody, but a engineered construct consisting of the p75 receptor and the Fc part of 

human IgG, and also binds TNF. 

Besides the positive effects on RA disease activity and protection against progressive joint 

destruction, side effects may occur as well. The most common side effects of TNF inhibition are 

infectious complications120. Also a slight increase of skin malignancies may be found in patients 

treated with TNF blockade121;120. In addition, biological drugs are associated with considerable 

costs. Due to increasing costs of health care and the current economic situation, cost-

effectiveness is increasingly important122. TNF blockade is an effective therapy in RA patients, 

but remission is induced in only a minority and almost 30% of patients do not respond. Over 

time response is diminished in a substantial number of RA patients, possibly in part due to 

formation of anti-drug antibodies123;124. This highlights the importance of research aimed at 

developing personalized health care concepts to improve efficacy and cost-effectiveness13.
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OUTLINE OF THIS THESIS

As described above RA is a chronic autoimmune inflammatory disease with destructive effects 

on bone and cartilage due to synovitis of joints which in recent years became a treatable disease 

due to several new treatment options. This thesis if focused on TNF inhibition in this disease, 

and is divided in two sections. 

Section 1 

Treatment of RA has improved in recent years after introduction of TNF blockade. However, 

almost 30% does not respond to this treatment. In general treatment responses in RA are 

better when started earlier in the disease course125. Recently we found that increased TNF levels 

in synovium are associated with increased response rates111. Also activation of genes associated 

with increased inflammation is associated with a better response to anti-TNF treatment126. At 

this moment these associations are not strong enough to predict response to TNF blockade in 

the individual patient. Therefore, in this thesis we attempt to indentify additional molecular or 

clinical biomarkers that might help to improve the prediction of response to TNF blockade. IgM 

RF and ACPA of the IgG isotype are well known diagnostic and prognostic biomarkers in RA. The 

relationship between baseline values of IgM RF and IgG ACPA and response to TNF blockade 

is currently not clear82;127-130. IgA RF is associated with erosive disease in RA and recently found 

physiologic circumstances play a role in host defence against several danger signals in response 

to for instance bacterial infection or local tissue injury114. In RA TNF is increased in the 

synovial tissue, promoting synovial inflammation and proliferation of fibroblasts as well as 

matrix degradation46;111;115. Its synovial expression levels are significantly related to clinical 

signs and symptoms46. In RA TNF is produced  primarily by synovial macrophages114;116. It is 

not exactly known which stimuli induce these synovial macrophages to produce TNF. The 

critical role of TNF in the pathogenesis of synovial inflammation in RA is underscored by the 

beneficial effects of TNF blockade117. After anti-TNF treatment expression of adhesion 

molecules and pro-inflammatory cytokines is decreased in the rheumatoid synovium118;119.  

As described above,  5 TNF blockers are currently available. The four monoclonal 

antibodies targeting TNF are infliximab, golimumab, adalimumab, and certolizumab pegol. 

Etanercept is not an antibody, but a engineered construct consisting of the p75 receptor and the 

Fc part of human IgG, and also binds TNF.  

 

Figure 1. Simplified diagrams of the molecular structures of 5 TNF antagonists. Infliximab is a mouse/human 
chimeric monoclonal anti-TNFantibody of IgG1 isotype. Adalimumab and golimumab are fully human IgG1 
monoclonal anti-TNF antibodies. Etanercept is a fusion protein of TNFR2 (p75) and the Fc region of human IgG1. 
Certolizumab is a ‘PEGylated Fab’ fragment of a humanized IgG1 monoclonal anti-TNF antibody. (With permission 
of Tracey et al114)
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to be negatively associated with response to TNF128. No data exist about the other iso-types in 

relation to response in RA. Therefore, in chapter 2 we investigated if different iso-types (IgG, 

IgA, IgM) of RF and ACPA are related to response to infliximab in RA patients. 

Some patients with RA exhibit lymphocyte aggregates in the synovium. The role of synovial 

lymphocyte aggregates in the pathogenesis of RA is still controversial. It has been proposed 

that lymphocyte aggregates may be involved in the auto-reactive humoral response50. On 

the other hand, our group recently suggested that the presence of lymphocyte aggregates 

is not related to a local germinal center-like humoral response, but is rather a phenomenon 

secondary to chronic inflammation in RA48;51. In chapter 3 we explored if synovial lymphocyte 

aggregates are an independent predictor of response in RA patients treated with infliximab. 

We also investigated if synovial lymphocytes are reversible after anti-TNF antibody treatment. 

The E3 ubiquitin ligase synoviolin functions as an anti-apoptotic factor and its expression 

is associated with arthritis development in mice131. Recent research suggested that increased 

synoviolin levels in peripheral blood are associated with non-response to infliximab treatment 

in patients with RA132. In chapter 4 we studied the expression of synovial synoviolin in RA 

compared to patients with psoriatic arthritis and osteoarthritis. We also investigate the 

relationship between expression levels at baseline and the clinical response to TNF blockade. 

Adipose tissue has immunomodulating effects in RA, although the exact role is at present 

unclear. In chapter 5 we investigated if response to infliximab, which is dosed on body weight, 

is related to BMI. 

Section 2 

In the second part of this thesis we investigated the role of TNF on adipocytokines and bone 

mineral density (BMD). In recent years adipocytokines have provided a plausible link between 

obesity, the metabolic syndrome and inflammation52;53. Adipocytokines are increased in RA57 

and may exert pro-inflammatory and destructive effects57;61;64;70. It has been suggested that 

adipocytokines have a role in CV disease in RA although convincing data are not available yet. 

In Chapter 6 we examined the effects of several months of treatment with TNF blockers on 

adipocytokine levels and compared this effect with GC. We related these effects to clinical 

parameters like radiological damage, efficacy and lipid index. 

Due to systemic inflammation osteoporosis is more frequent in RA patients. In chapter 7 

we investigated the effects of ant TNF antibody therapy on BMD of the lumbar spine and femur 

neck in patients with RA.
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ABSTRACT

Objective: It remains unclear whether auto-antibodies are useful biomarkers to tailor the 

choice of biological treatment in rheumatoid arthritis (RA). We investigated the relationship 

between the presence and levels of different rheumatoid factor (RF) and anti-citrullinated 

protein antibody (ACPA) isotypes and the response to tumor necrosis factor (TNF) blockade 

in an exploratory study. 

Methods: 101 active RA patients were prospectively treated with infliximab (3mg/kg). Changes 

in disease activity were monitored by the disease activity score (DAS28). Serum levels of 

different isotypes (IgM, IgG, IgA) of RF and anti-citrullinated peptide antibodies were measured 

by enzyme-linked immunosorbent assay

Results: The mean DAS28 decreased from 5.9 ± 1.1 at baseline to 4.0 ± 1.3 at week 16 of infliximab 

treatment (P < 0.001). High baseline levels of different isotypes of RF (all P < 0.008), ACPA IgM 

(P = 0.008), and ACPA IgG (P = 0.07) were associated with an absolute decrease in DAS28 after 

TNF blockade. This relationship persisted after adjusting for DAS28 at baseline. However, the 

different isotypes of baseline RF and ACPA levels accounted for only a small proportion of 

variance in treatment responses (RF: R2 between 7% and 12% and ACPA: R2 between 4% and 7%). 

The simultaneous presence of all three isotypes of RF or ACPA had no additive value. 

Conclusion: Presence as well as the titers of RF and IgM ACPA at baseline are significantly 

correlated with better response to infliximab treatment. However, this correlation is not strong 

enough to allow a reliable prediction in individual patients.
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Increasing understanding of the cellular and molecular pathophysiology of rheumatoid 

arthritis (RA) has enabled the rapid development of innovative biological agents that target 

specific parts of the immune response1. Several of these targeted therapies were demonstrated 

to have a major impact on inflammation as well as structural damage in clinical trials as well as 

daily practice and thereby broadened and improved the treatment options in RA. However, the 

response to these different biological treatments is heterogeneous between RA patients 2,3 and 

the use of these agents is associated with significant risk of adverse events and considerable 

cost4,5. Therefore the prediction of individual response to biological treatment has become a 

major clinical challenge in RA.

RA is nowadays thought to be a clinical syndrome comprising different pathogenic subsets6,7. 

Growing evidence suggests that the presence of anti-citrullinated protein antibodies (ACPA) 

defines a specific RA subset. Indeed, specific gene-environment interactions involving the 

HLA-DR4 shared epitope are mainly found in ACPA+ RA, at least in North-Western Europe6,8, and 

clonal alterations of synovial T cells are elevated in ACPA+ versus ACPA- patients9. Additionally, 

treatment responses to B cell depletion with the anti-CD20 antibody rituximab are superior in 

ACPA and/or rheumatoid factor (RF) positive RA versus seronegative RA10,11. In contrast to B cell 

depletion, several studies have suggested that high levels of RF and/or ACPA correlate with a 

decreased response to tumour necrosis factor (TNF) blockade12-14. Taken together, these data 

suggest that differences in cellular and molecular mechanisms of disease in seropositive versus 

seronegative RA may have clinical implications for tailoring the choice of targeted therapy. 

Upon critical review of the published literature, however, it appears that the relationship 

between RF or ACPA and response to TNF blockade is far from unequivocal. In contrast with the 

previously mentioned reports12-14, several studies found no difference15,16 or even an increase in 

clinical response17 to TNF blockade in seropositive versus seronegative diseases. Thus, it remains 

uncertain whether autoantibodies are useful biomarkers to tailor the choice of TNF blockade 

versus other targeted therapies such as B cell depletion in RA. Therefore, we conducted an 

exploratory study in a large cohort of active RA patients to investigate the exact relationship 

between the presence and levels of RF and ACPA (including their different isotypes) and the 

response to TNF blockade by infliximab.

METHODS

Patients and samples

Sera were collected from 101 patients fulfilling the American College of Rheumatology (ACR) 

classification criteria for RA18 and having active disease defined by a disease activity score 

evaluated in 28 joints (DAS28)19 ≥ 3.2 despite the use of methotrexate (5-30 mg/week). 

Erytrocyte sedimentation rate (ESR) was used to calculate the DAS28. 

The baseline demographic and clinical features of the larger cohort have been described 

previously by Wijbrandts et al20 and are summarized in Table 1 for those who were included in 

the present study. Patients were selected here based on the availability of serum at baseline 

combined with standardized follow up data on the response to infliximab treatment.

Use of oral corticosteroids (≤ 10 mg/day) and non-steroidal anti-inflammatory drugs 

(NSAIDs) was allowed if the dose had not been changed within one month prior to baseline. 

Intra-articular steroid injections within the last month before inclusion and the prior use of 
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biological treatment were not allowed. All patients were subsequently treated by intravenous 

infusions with infliximab in a dosage of 3 mg/kg at baseline, weeks 2 and 6, and subsequently 

every 8 weeks. Patients depicting a reduction of the DAS28 of at least 1.2 (twice the measurement 

error of the DAS28 over time) at week 16 of the infliximab treatment were defined as responders, 

representing a significant clinical improvement21. In 77 of the patients, sera were also available at 

week 16, which allowed us to investigate the effect of infliximab treatment on the autoantibody 

levels. All patients gave written informed consent according to the declaration of Helsinki and 

the study was approved by the Medical Ethics Committee of the AMC/University of Amsterdam.

Autoantibody analysis

IgM, IgG and IgA RF were measured by enzyme-linked immunosorbent assay (ELISA) (IgM 

RF ELISA:Sanquin, Amsterdam, The Netherlands; IgA RF and IgG RF ELISA: INOVA Qanta Lite, 

San Diego, CA). Positivity for all RF was defined as ≥ 20 U/ml. ACPA IgG was measured by the 

anti-CCP2 ELISA kit (Immunoscan RA, Mark2, Euro diagnostica NO.RA-96RT, Arnhem, the 

Netherlands) according to the manufacturer’s instructions. Values of ≥ 25 U/ml were considered 

positive. IgA and IgM ACPA were measured with the anti-CCP2 ELISA kit after substitution of 

the secondary antibody with a goat anti-human IgM (Novus, Cambridge, United Kingdom) 

or a goat anti-human IgA (Calbiochem Merck, Schiphol-Rijk, Netherlands). The HRP labeled 

antibody was diluted 1:3000 for IgA ACPA and 1:10000 for the IgM ACPA (HPE buffer, Sanquin, 

The Netherlands). For this modified ELISA, values are expressed as arbitrary units/ml (AU/

ml). Cut off values for IgA and IgM ACPA positivity were defined as the mean plus 2 standard 

deviations (SD) of the values obtained in a group of 45 healthy controls who did not have a 

diagnosis of RA or other rheumatic disease, similar to previously defined cut off points22,23. This 

definition resulted in cut off values for positivity of 1.25 AU/ml for the IgA anti-CCP2 and of 1.6 

AU/ml for the IgM anti-CCP2. 

Statistical analysis

Continuous data were described as mean ± SD if normally distributed and as median, inter 

quartile range (IQR) if not normally distributed. The unpaired t-test or, where appropriate, Mann 

Whitney U (MWU) test was used to compare responders and non-responders. The Pearson and, 

where appropriate, Spearman’s correlation test was used to investigate the relationship between 

autoantibody levels and disease activity. Categorical data were represented as percentages (%) 

and were analyzed using the Chi-square or Fishers’s exact test. Cox-regression analysis and 

multiregression analysis were used to investigate the predictive value of baseline autoantibody 

levels, using log transformation of RF and ACPA levels to fit in the linear regression analysis. 

Finally, the Wilcoxon signed rank test was used to compare autoantibody levels over time. All 

statistical analyses were performed with SPSS 16.0 for Windows (SPSS, Chicago, IL) . 

RESULTS

Baseline clinical and serological characteristics and response to treatment

We first aimed to assess whether the cohort of patients used for the present biomarker study 

was comparable to previously described large patient cohorts starting TNF blockers. As shown 

in Table 1, age, gender, disease duration, and previous disease modifying anti-rheumatic drug 
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use were representative of prototypical RA cohorts. As to the serology, 62% were positive for 

IgM RF and 76% were positive for IgG ACPA at baseline. All patients used methotrexate (mean 

dosage of 19 mg/week) and 23% were on prednisone. Despite this treatment, the patients 

had active disease as evidenced by a DAS28 score of 5.9 ± 1.1 (mean ± SD). Following infliximab 

treatment DAS28 score decreased to 4.0 ± 1.3 (mean ± SD) at week 16 (P < 0.001). Sixty-nine of the 

101 patients (68%) experienced a decrease in DAS28 ≥ 1.2 and were thus classified as responders. 

Taken together, these data indicate that the baseline clinical and demographic features, the 

response to treatment, and the serological profile of this cohort are comparable to what has 

been described for other large cohorts of active RA patients eligible to TNF blockade and thus 

that this cohort is appropriate and representative to explore the value of auto-antibodies as 

predictive biomarker for response to treatment with infliximab13,23,24.

The clinical response to infliximab treatment is not correlated with the baseline 
immunoglobulin levels

Before analyzing whether auto-antibody levels at baseline predict response to treatment, we 

aimed to exclude potential biases related to the global Ig levels. Total serum levels of IgM, IgA 

and IgG were not different between responders and non-responders (Table 2) and were not 

related to the degree of response in a continuous analysis (Data not shown). 

The clinical response to infliximab treatment is correlated with the baseline RF levels

In this cohort of 101 established RA patients, 63 (62%) were positive for IgM RF, 33 (33%) for IgA 

RF, and 24 (24%) for IgG RF at baseline (Table 2). The presence of IgM RF at baseline was more 

frequent in the responder versus non-responder group (P = 0.009), with similar numerical 

trends that did not reach statistical significance for the other RF isotypes (Table 2, Figure 1). 

However, even for IgM RF the variance of response was small (R2 = 0.065). Accordingly, the 

Table 1. Baseline patient characteristics in the total cohort, in responders (decrease in DAS28 ≥ 1.2 after 16 weeks), 
and non- responders. Data are represented as mean ± SD, median (IQR) or numbers, % as appropriate. Baseline 
characteristics were compared between responders and non-responders. DMARD = disease modifying anti-
rheumatic drugs ESR = erythrocyte sedimentation rate CRP = C-reactive protein DAS28 = disease activity score 
measured in 28 joints MTX = methotrexate.

 
All patients

(n=101) 
Responders

(n=69)
Non-responders

(n=32) P-value 

Age (years) 55 ± 13 54 ± 13 57 ± 13 0.29

Female 75, 74% 54, 78% 21, 66% 0.18

Previous DMARDs 2.1 ± 1.6 2.0 ± 1.5 2.3 ± 1.7 0.31

Disease duration (months) 79 (44-159) 76 (36-149) 98 (45-185) 0.14

ESR 28 (14-41) 31 (20-41) 25 (11-41) 0.09

CRP 11 (4-24) 12 (4-25) 8 (4-28) 0.37

DAS28 5.9 ± 1.1 6.0 ± 1.0 5.6 ± 1.2 0.12

Erosive disease 77, 77% 54, 78% 23, 72% 0.48

MTX dosage (mg/week) 19 ± 8 20 ± 8 17 ± 9 0.14

Prednisone use 23, 23% 18, 26% 5, 16% 0.24



28

positive predictive value (PPV) of the presence of IgM RF for identifying responders to infliximab 

treatment was 78% and the negative predictive value (NPV) was 46%. 

As not only the presence but also the levels of auto-antibodies may determine treatment 

response, we next used a continuous rather than dichotomous approach to analyze the data. 

The decrease in DAS28 was significantly correlated with the baseline levels of all three RF isotypes 

(all RF r between 0.224 and 0.306 and P < 0.025 ). Also after adjustment for baseline DAS28 levels 

in a linear multi-regression model, the baseline titers of all 3 RF isotypes predicted response 

to infliximab treatment. Despite this significant association, however, the baseline RF levels 

accounted for only a small proportion of variance in treatment responses (IgM RF: R2 = 0.109, 

P = 0.001; IgG RF: R2 = 0.117, P = 0.001; IgA RF: R2 = 0.068, P = 0.008). Accordingly, modification 

of the cut-off levels for the different RF isotypes did not result in a marked improvement of the 

positive and negative predictive value for response to treatment, as illustrated in Table 2.

Finally, we assessed whether the presence of several RF isotypes improved the prediction 

compared to the use of single isotypes. Sixteen out of 69 responders (23%) were positive at 

baseline for all 3 RF isotypes in contrast to 3 out of 32 non responders (9%) (P = 0.10) (Table 2). 

Table 2. Percentage of presence and level of all different isotypes of RF and anti-citrullinated protein antibodies 
(ACPA) at baseline in responders (decrease in DAS28 ≥ 1.2) versus non-responders as well as positive predictive 
value (PPV) and negative predictive value (NPV) for the prediction of clinical response to infliximab treatment in 
RA. Data are represented as mean ± SD, median (IQR) or percentages, % as appropriate. RF = rheumatoid factor 
CCP2= anti-citrullinated peptide 2. 

  all patients responders non-responders PPV NPV P-value 

Total IgM (g/l) 1,6 ± 0,8 1,5 ± 0,7 1,8 ± 0,9 0.10

Total IgG (g/l) 11,7 ± 3,6 11,9 ± 3,7 11,0 ± 3,4 0.27

Total IgA (g/l) 3,3 ± 1,1 3,3 ± 1,1 3,2 ± 1,0 0.48

IgM RF+ (%) 63,62% 49, 71% 14, 44% 78% 46%  0.009

IgM RF, level (U/ml) 34 (10-133) 43 (15-169) 15 (2-53)  0.04

IgG RF+ (%) 24, 24% 20, 36% 4, 13% 83% 37% 0.07

IgG, RF, level (U/ml) 5 (3-17) 6 (3-24) 3 (2-8) 0.02

IgA RF+(%) 33, 33% 25, 36% 8, 25% 76% 34% 0.26

IgA, RF, level (U/ml) 7 (2-28) 10 (2-40) 5 (1-20) 0.07

All isotypes RF+(%) 19, 19% 16, 23% 3, 9% 84% 32% 0.10

IgM RF > 100 u/ml 28, 28% 24, 35% 4, 13% 86% 38%  0.02

IgG RF > 100 u/ml 4, 4% 4, 6% 0, 0% 100% 32% 0.17

IgA RF > 100 u/ml 6, 6% 6, 9% 0, 0% 100% 32% 0.09

IgG- CCP2+(%) 77, 76% 56, 81% 21, 66% 73% 44% 0.09

IgG-CCP2, level (U/ml) 244 (28-966) 361 (62-1033) 120 (3-820) 0.09

IGA-CCP2+(%) 52, 51% 38, 55% 14, 44% 54% 58% 0.29

IgA-CCP2, level (AU/ml) 1,7 (0,5-4,9) 1,8 (0,5-6,5) 1,1 (0,4-2,6) 0.30

IGM-CCP2+(%) 63, 62% 49, 71% 14, 44% 83% 44%  < 0.01

IgM-CCP2, level (AU/ml) 1,6 (0,9-4,8) 1,9 (0,9-5,4) 1,1 (0,7-2,5)  0.03

All CCP2- isotypes+ (%) 42, 42% 37, 47% 5, 23% 79% 39% 0.06
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The presence of all 3 isotypes reached a PPV of 84% and a NPV of 32%, which was only slightly 

higher when compared to the PPV or NPV of the single isotypes (Table 2). Also when response 

was defined according to the EULAR response criteria, the results were similar; these data are 

shown in a supplementary table. 

Taken together, these data indicate that the presence as well as the titers of RF at baseline 

are significantly correlated with better response to infliximab treatment. However, this 

correlation is not strong enough to allow a reliable prediction in individual patients, even when 

combining different RF isotypes. 

The clinical response to infliximab treatment is correlated with the baseline IgG and IgM 
ACPA levels

In the same cohort of 101 established RA patients, 77 (76%) were positive for IgG ACPA, 52 

(51%) were positive for IgA ACPA, and 50 (50%) were positive for IgM ACPA (Table 2). Using a 

dichotomous analysis, the presence of IgM ACPA was significantly higher in responders versus 

non-responders (P = 0.003), with a similar trend for IgG (Table 2, Figure 1). As for RF, however, 

the variance of response was small (R2 = 0.027). Accordingly, the PPV was 80% and the NPV 

was 40%. No difference in IgA ACPA was found between responders and non-responders 

(Table 2, Figure 1). Continuous analysis revealed that levels of IgM and IgG ACPA, but not IgA 

ACPA, correlated with the decrease in DAS28 score during 16 weeks of infliximab treatment 

(IgM ACPA: r = 0.264 and P = 0.008; IgG ACPA: r = 0.181, P = 0.07). After adjusting for DAS28 at 

baseline (before start of infliximab treatment) in a multiregression model, these two isotypes 

of ACPA remained independent predictors of response. However, the variance of response was 

even smaller than for the RF (IgM: ACPA R2 = 0.069, P = 0.008 and IgG RF: R2 = 0.043, P = 0.037). 

Figure 1. Baseline levels (T = 0) and after 16 weeks of infliximab treatment (T = 1) of the different isotypes of RF 
and ACPA in responders and non-responders according to the absolute decrease in DAS28. Median with IQR 
(Wilcoxon signed rank Test). (* P < 0.05 and ** P < 0.001).
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In a supplementary table, level and presence of the three isotypes of ACPA in relationship to 

the EULAR response are shown; the results are comparable to those when clinical improvement 

is defined by a reduction of the DAS28 of at least 1.2. From these data we conclude that the 

presence and titers of IgM and IgG ACPA at baseline are related to a better clinical response to 

infliximab treatment, but that this association is not strong enough for prediction of response 

in individual patients. 

Both RF and ACPA levels tend to decrease during infliximab treatment in responding RA 
patients

Previous studies did not always measure auto-antibodies at baseline, but also used values 

measured during TNF blockade in a proportion of patients. Therefore, we tested whether TNF 

blockade modulates autoantibody titres and may thus induce biases in serological analyses.

In the total cohort all isotypes of RF decreased (all P < 0.002). The median level of IgM RF 

decreased by 13% (40 to 35 U/ml), IgG RF by 17% (6 to 5 U/ml) and IgA RF by 25% (8 to 6 U/ml). 

Also IgG ACPA decreased by 20% (419 to 336 U/ml) (P = 0.036). IgA ACPA tended to decrease 

by 19% (1.98 to 1.61 AU/ml) (P = 0.07), but IgM ACPA was not decreased after treatment (1.90 to 

2.08) ( P = 0.26). 

In responders the decrease in all RF was more pronounced (IgM RF, IgG RF and IgA RF 

decreased by respectively 20%, 22% and 35%, all P < 0.002) than for the whole cohort (Figure 1). 

Respectively 14% of IgM RF, 41% of IgG RF and 11% of IgA RF positive responders transformed to 

seronegative IgM, IgG or IgA RF status. In non-responders, levels of IgM, IgG and IgA RF increased 

numerically by respectively 44%, 67% and 20%, although none of these changes reached statistical 

significance (Figure 1). In the responding patients, IgG and IgA ACPA levels were also decreased 

(respectively 20% ( P = 0.041) and 19% (P = 0.015)). Respectively 4% of IgG ACPA and 3% of IgA 

ACPA positive responders transformed to seronegative IgG and IgA ACPA status.

A weak correlation was found between the decrease in DAS28 and the decrease in the levels 

of IgG RF (r = 0.291 and P = 0.012) and IgM RF (r = 0.189, P = 0.10) after 16 weeks of treatment. No 

correlation was found between the decrease in DAS28 after 16 weeks and the reduction in IgA 

RF or the different ACPA isotypes. 

In conclusion, in responders all isotypes of RF and IgG and IgA ACPA decreased and this was 

highly significant for RF.

DISCUSSION

This study prospectively examined the value of different isotypes of RF and ACPA as predictors 

of response to infliximab in a representative cohort of established RA patients. Presence and 

levels of different isotypes of RF and IgM and IgG ACPA were related to clinical response to 

infliximab at the group level but this association is not strong enough to predict response in 

individual patients. The combination of the presence of different auto-antibodies or isotypes 

had no additive value in predicting response to infliximab treatment in RA patients. 

Our results showing that the presence and levels of RF and/or ACPA are related to a better 

response to TNF blockade appear to be at first sight in contrast with other studies. Two studies 

showed that high levels of RF13 or the presence of RF14 were related to a decreased clinical 

response to TNF blockade, whereas two other studies did not find any correlation between RF 
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status and response12,16. As for IgG ACPA, reports indicated either no correlation13,15, a negative 

correlation12,14, or a positive correlation between the autoantibody status and the response to 

TNF blockade17. There may be several reasons explaining these differences. Firstly, all these 

studies assessed clinical response at 6 months12,14-16 or even up to one year13. At these later time 

points, clinical parameters may not reflect primary response to treatment but also secondary 

loss of response which can be influenced by totally unrelated mechanisms like the development 

of antibodies against infliximab25 or adalimumab26. Secondly, 10% of patients had discontinued 

TNF blockade due to inefficacy and had started alternative treatments before response was 

measured at 6 months in one of these studies, which may have biased the results14. Thirdly, two 

studies did not determine the autoantibody status at baseline but at various time points during 

anti-TNF treatment14,16. As previously demonstrated and confirmed in the present study, TNF 

blockade as such can modulate RF and, to a lesser extent ACPA, which may have biased the data 

of these two studies12,13,15,23,27. During treatment we found that levels of all isotypes of RF and IgG/

IgA ACPA decreased by approximately 20% respectively 20%-35% which is in accordance with 

other studies12,13,15,27. Collectively, these considerations emphasize the importance of a stringent, 

prospective study design to assess reliably the value of candidate biomarkers. 

Although we found statistically significant positive correlations between auto-antibody 

levels and response to TNF blockade, the explained variance of response was relatively small 

(about 7%-11%) for the different RF isotypes and even less for the different ACPA isotypes. 

Consistent with the clinical experience that the response to TNF blockade is not a dichotomous 

phenomenon28, there was no distinct threshold value for RF or ACPA to predict reliably the 

clinical response to treatment. Combining different isotypes of RF or ACPA or using higher 

cut off levels of RF did not further contribute to prediction of response. Hence, RF and ACPA 

isotype levels are statistically associated with response to treatment, but cannot be translated 

into a predictive test in individual patients. 

Taken together, the results presented here support the notion that there may be differences 

in treatment response between autoantibody positive patients compared to those who are 

autoantibody negative. RF and ACPA can however can not be used in isolation to predict the 

response to anti-TNF antibody treatment in the context of personalized medicine.
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Supplemental table. Percentage of presence and level of all different isotypes of RF and anti-citrullinated protein 
antibodies (ACPA) at baseline in EULAR good/moderate responders versus EULAR non-responders as well as 
positive predictive value (PPV) and negative predictive value (NPV) for the prediction of clinical response to 
infliximab treatment in RA. Data are represented as mean ± SD, median (IQR) or percentages, % as appropriate. 
RF = rheumatoid factor CCP2 = anti-citrullinated peptide 2. 

  All patients EULAR response EULAR non –response PPV NPV p-value

Total IgM (g/l) 1.6 ± 0.8 1.6 ± 0.7 1.7 ± 0,9 0.54

Total IgG (g/l) 11.7 ± 3.7 11.8 ± 3.6 11 ± 3,9 0.33

Total IgA (g/l) 1.8 ± 0.9 3.3 ± 1.1 3.1 ± 1,1 0.43

IgM RF+ (%) 63, 62% 54, 68% 9, 41% 86% 34% 0.02

IgM RF, level (U/ml) 34 (10-133) 40 (14-166) 8 (2-52) 0.02

IgG RF+ (%) 24, 24% 22,28% 2,90% 92% 26% 0.07

IgG, RF, level (U/ml) 5 (3-17) 6 (3-22) 3 (2-5) 0.01

IgA RF+(%) 33, 33% 28, 35% 5, 23% 85% 25% 0.26

IgA, RF, level (U/ml) 7 (2-28) 10 (2-39) 3 (1-15) 0.02

All isotypes RF+(%) 19, 19% 17, 22% 2, 1% 89% 24% 0.19

IgM RF >100 u/ml 28, 28% 26, 33% 2, 1% 93% 27% 0.03

IgG RF > 100 u/ml 4, 4% 4, 5% 0, 0% 100% 23% 0.28

IgA RF > 100 u/ml 6, 6% 6, 8% 0, 0% 100% 23% 0.18

IgG- CCP2+(%) 77, 76% 65, 82%  12, 55% 84% 42% 0.01

IgG-CCP2, level (U/ml) 244 (28-966) 345 (65-985) 41 (2-875) 0.03

IGA-CCP2+(%) 52, 51% 44, 56% 8, 36% 85% 29% 0.11

IgA-CCP2, level (AU/ml) 1.7 (0.5-4.9) 1.8 (0.6-5.8) 0.7 (0.3-2.0) 0.06

IGM-CCP2+(%) 50, 50% 44, 56% 6, 27% 88% 31% 0.02

IgM-CCP2, level (AU/ml) 1.6 (0.9-4.8) 1.7 (1.0-5.4) 1.0 (0.6-2.1) 0.02

All isotypes ACPA+(%) 41, 41% 37, 47% 5, 23% 88% 29% 0.04
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ABSTRACT

Objective: Some patients with rheumatoid arthritis (RA) exhibit lymphocyte aggregates in the 

synovium. This study was undertaken to address whether the presence of lymphocyte aggregates 

before treatment could serve as a biomarker for the clinical response to tumor necrosis factor 

(TNF) blockade, and to confirm whether the aggregation of synovial lymphocytes is reversible 

after anti-TNF treatment.

Methods: Synovial tissue biopsy samples were obtained from 97 patients with active RA 

before the initiation of infliximab treatment. Lymphocyte aggregates in the synovial tissue 

were counted and also graded for size. Logistic regression analysis was performed to identify 

whether the presence of lymphocyte aggregates could be a predictor of the clinical response at 

week 16. Furthermore, the effects of TNF blockade on lymphocyte aggregates were compared 

between patients with RA and patients with psoriatic arthritis (PsA).

Results: Fifty-seven percent of RA synovial tissue samples contained lymphocyte aggregates, 

and 32% of the patients had large aggregates. Aggregates were found in 67% of clinical 

responders compared with 38% of nonresponders. The presence of aggregates at baseline was 

a highly significant predictor of the clinical response to anti-TNF treatment (R2 = 0.10, P = 0.008). 

Positivity for lymphocyte aggregates increased the power to predict the clinical response (R2 

= 0.29), when analyzed in a prediction model that included baseline disease activity evaluated 

by the Disease Activity Score in 28 joints, anti–cyclic citrullinated peptide antibody positivity, 

and synovial TNFα expression. There was a reduction in lymphocyte aggregates after anti-TNF 

antibody therapy in both RA and PsA.

Conclusion: RA patients with synovial lymphocyte aggregates have, on average, a better 

response to infliximab treatment than those with only diffuse leukocyte infiltration. Moreover, 

the aggregation of synovial lymphocytes is reversible after anti-TNF antibody treatment.
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Rheumatoid arthritis (RA) is an immune-mediated inflammatory disease of unknown etiology 

that affects the synovial tissue in multiple joints. Variability in both the cellular features1,2 

and molecular features3 of the inflamed synovium, as well as the heterogeneous response to 

treatment4,5, suggest that RA is a clinical syndrome comprising different pathogenetic subsets. 

Both the extent and the pattern of synovial lymphocyte infiltration are remarkably variable 

among different individuals with RA1,2,6. In some tissues, a diffuse or scarce infiltration of T cells 

is present, while in others, B and T cells are organized in lymphocyte aggregates that may 

exhibit germinal center–like features6,7.

It has been proposed that lymphocyte aggregates may be involved in the autoreactive 

humoral response observed in a subset of RA patients, comprising those who are positive for 

anti–cyclic citrullinated peptide antibodies (anti-CCP) and/or positive for rheumatoid factor 

(RF), resulting in amplification and refinement of local autoantibody production7,8. Conversely, 

other studies have suggested that the presence of lymphocyte aggregates is not directly 

related to a local germinal center–like humoral response, but rather could be attributed to a 

phenomenon secondary to the chronic inflammatory processes driving RA 9,10. Thus, the role of 

synovial lymphocyte aggregates in the pathogenesis of RA is still controversial. It is, at present, 

also unclear whether there is a differential response to treatment between RA patients with 

synovial lymphocyte aggregates and those without synovial lymphocyte aggregates.

We and other investigators in our group have recently shown that the clinical response to 

anti–tumor necrosis factor (anti-TNF) therapy in RA is related to the synovial tissue inflammation 

levels prior to treatment, providing proof of concept that synovial biomarkers may be used to 

predict the response to treatment11,12. 

The objective of this study was to investigate the relationship between synovial lymphocyte 

aggregates and the response to anti-TNF therapy. Therefore, in a prospective study, we 

evaluated 97 patients with active RA starting infliximab treatment. Arthroscopic synovial biopsy 

samples were obtained before treatment, and the presence of synovial lymphocyte aggregates 

at baseline was assessed for any association with the clinical response at week 16. In addition, 

we obtained serial synovial biopsy samples before and after treatment in a subset of the RA 

patients, to confirm the previously reported effects of TNF blockade on synovial lymphocyte 

aggregates. To assess whether changes in synovial lymphocyte aggregates after TNF-blocking 

therapy are specific to rheumatoid synovial tissue, we also analyzed such changes after 

adalimumab treatment in a small cohort of patients with psoriatic arthritis (PsA).

PATIENTS AND METHODS

Patients

To examine the relationship between the presence of synovial lymphocyte aggregates and 

the response to anti-TNF treatment, we obtained synovial tissue samples from 97 patients 

with RA before initiation of infliximab treatment. The baseline features of the larger cohort, 

including the presence of lymphocyte aggregates, have been described previously10. Patients 

were selected for the present analysis based on the availability of evaluable synovial tissue at 

baseline, combined with standardized follow up data on the response to infliximab treatment. 

The relationship between baseline synovial TNFα expression and clinical response in these 

patients has been reported previously12. 
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All patients were being treated with stable dosages of methotrexate (5–30 mg/week) 

and had never taken biologic agents. In addition, all patients had active disease, defined by a 

Disease Activity Score in 28 joints (DAS28) 13 of ≥ 3.2. Use of oral corticosteroids (≤ 10 mg/day) 

and non-steroidal anti-inflammatory drugs was allowed if the dosage had not been changed 

within 1 month prior to baseline. Intra-articular steroid injections within the month prior to 

baseline were not allowed.

Disease characteristics and the presence of IgM-RF and anti-CCP (as measured by the 

second-generation anti-CCP enzyme-linked immunosorbent assay; Immunoscan RA [Mark 2], 

NO.RA-96RT from Eurodiagnostica, Arnhem, The Netherlands) were assessed at baseline. All 

patients were administered intravenous infusions of infliximab in a dose of 3 mg/kg at baseline 

and at weeks 2 and 6, and subsequently one every 8 weeks. We determined the responder 

status by evaluating the reduction in the DAS28 after 16 weeks of therapy. RA patients with a 

reduction in the DAS28 of at least 1.2 (twice the measurement error of the DAS28 over time) 

were defined as responders, representing a clinically significant improvement14. The clinical 

response was also determined according to the European League Against Rheumatism (EULAR) 

response criteria15.

To investigate the effect of anti-TNF therapy on synovial lymphocyte aggregates, we 

analyzed serial synovial tissue samples from 15 patients who underwent arthroscopy in the 

same joint before treatment and 28 days after treatment; in 10 patients, we also performed 

arthroscopy 48 hours after the first infliximab treatment16. To determine whether the synovial 

tissue response to anti-TNF antibody therapy is specific to RA or whether it is a more general 

phenomenon, we analyzed serial synovial biopsy samples from a second cohort, comprising 

9 patients with active PsA who underwent arthroscopy and had never taken biologic agents. 

These patients were evaluated at baseline and at 28 days after the start of treatment with 

adalimumab (40 mg every other week)17. The clinical response in patients with PsA was defined 

by a decrease in the DAS28 score of at least 1.2 at 12 weeks. 

All patients gave their written informed consent to participate. The study was approved by 

the Medical Ethics Committee of the Academic Medical Center at the University of Amsterdam.

Synovial biopsy and assessment of lymphocyte aggregates

All patients, under local anesthesia, underwent a mini arthroscopy of an actively inflamed 

knee, wrist, or ankle, as described previously in detail18, and samples of the synovial tissue 

were studied. The following monoclonal antibodies were used to analyze the lymphocytic cell 

infiltrate: anti-CD3 (SK7; Becton Dickinson, San Jose, CA) to detect T cells, and anti-CD22 (CLB-

B-ly/1, 6B11; Sanquin Research, Amsterdam, 3218, The Netherlands) to detect B cells. Anti-CD21–

long isoform (anti-CD21L; a kind gift from Dr. Y. J. Liu, M. D. Anderson Cancer Center, Houston, 

TX) was used for detection of follicular dendritic cells (FDCs). Staining of cellular and cytokine 

markers was performed as described previously10,12. The presence of lymphocyte aggregates 

was assessed on anti-CD3–stained sections. The presence of FDCs in lymphocyte aggregates 

was assessed at 3 different levels of the tissue. The size and number of lymphocyte aggregates 

and the presence of T or B cell aggregation were assessed at 2 different levels of the tissue, at 

least 50 µm apart, on sequential sections stained with CD3 and CD22. Thus, multiple sections 

representing different levels of a tissue block, consisting of at least 6 biopsy specimens, were 

examined to further minimize sampling error.
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Aggregates were counted and graded on a 4-point scale (range 0–3) according to the 

number of cells in their diameter, as described previously19. We calculated the total number 

of aggregates per section and the mean aggregate diameter per section. Grade 2 and grade 3 

aggregates were termed large lymphocyte aggregates, while grade 1 aggregates were termed 

small lymphocyte aggregates. Germinal center–like structures were defined as lymphocyte 

aggregates containing FDCs. 

Statistical analysis

The primary analysis was focused on the comparison of the clinical response between patients 

with either small or large aggregates and patients without aggregates. Furthermore, we 

analyzed separately whether the presence of germinal center–like structures is related to 

the clinical response to anti-TNF antibody therapy. The chi-square test was used to compare 

patient characteristics between those patients with diffuse synovitis and those patients with 

lymphocyte aggregates. For comparison of continuous variables, we used the t-test or, if the 

data were skewed, the Mann-Whitney U test. To examine the relationship between clinical 

features and synovial parameters and the clinical response to anti-TNF treatment, we performed 

univariate Cox logistic regression, the Kruskal-Wallis test with the post hoc Games-Howell test, 

and linear regression analysis, as appropriate. 

To assess whether the presence of lymphocyte aggregates increased the predictive power 

to determine an association with clinical response to infliximab in a combined prediction model, 

we analyzed a multivariable prediction model that consisted of TNFα expression in the synovial 

lining at baseline, positivity for anti-CCP, and the DAS28 at baseline. We performed stepwise 

forward and backward multivariable logistic regression analyses to obtain estimates of the odds 

ratios, with outcome measures expressed as the natural log of the regression coefficient (eB). 

Collinearity diagnostics were performed to analyze the presence of multicollinearity. Hosmer 

and Lemeshow tests were performed to assess the goodness of-fit. Wilcoxon’s signed rank test 

was used for analysis of the lymphocyte aggregates in paired biopsy specimens. SPSS version 

16.0 for Windows (SPSS, Chicago, IL) was used for all statistical analyses.

RESULTS

Characteristics of the RA patients at baseline

Ninety-seven RA patients were analyzed. Demographic and clinical features are shown in 

Table 1. All patients used methotrexate. Oral low-dose corticosteroids were used by 27% of 

the patients. On average, patients failed treatment with 2.1 disease-modifying anti-rheumatic 

drugs (DMARDs) prior to inclusion in the study.

Clinical improvement after infliximab treatment

Sixteen weeks after initiation of treatment with infliximab, the mean ± SD DAS28 decreased 

from 5.9 ± 1.1 to 4.2 ± 1.3 (P < 0.0001); the mean ± SD change in the DAS28 was 1.7 ± 1.3. Sixty-three 

of the 97 RA patients (65%) experienced a decrease in the DAS28 of ±1.2. Twenty-two patients 

(23%) had a good response to infliximab treatment according to the EULAR response criteria, 

51 patients (53%) had a moderate response according to the EULAR response criteria, and 24 

patients (25%) did not fulfill the EULAR response criteria.
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Association of the presence of synovial lymphocyte aggregates with the acute-phase 
response

Of the 97 patients with RA, 42 (43%) had diffuse synovial inflammation, 24 (25%) had small 

lymphocyte aggregates, and 31 (32%) had large lymphocyte aggregates. The synovial tissue 

of patients with large aggregates contained significantly more small aggregates compared 

with those with only small aggregates or those with only diffuse synovitis (P = 0.019). Disease 

duration and use of corticosteroids were not related to the presence of synovial lymphocyte 

aggregates.

Of the 97 synovial biopsy samples, 89 could be evaluated by staining for the presence of 

FDCs. Seven samples (8%) showed CD21L-positive staining, which was observed within large 

aggregates in all 7 samples. Separate clusters of T cells and B cells were found in 7 of the 31 

patients with large aggregates, but separate clusters were not detected in small aggregates. 

Patients with aggregates had a higher erythrocyte sedimentation rate and higher C-reactive 

protein level compared with those without aggregates (P = 0.005 and P < 0.05, respectively). 

As reported previously10, the presence of circulating auto-antibodies was not related to the 

presence of synovial lymphocyte aggregates. 

Table 1. Except where indicated otherwise, values are the mean ± SD. Anti-CCP = anti–cyclic citrullinated peptide 
antibody; DAS28 = Disease Activity Score in 28 joints; ESR = erythrocyte sedimentation rate; DMARDs = disease-
modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflammatory drugs.

Characteristics of patients with rheumatoid arthritis (n=97)

Demographics  

Age(years) 55 ± 13

Female (%) 67 (69%)

Disease status

Disease duration (months) 127 ± 116

Erosive disease (%) 74 (76%)

Rheumatoid Factor positive (%) 72(74%)

ACPA positive (%) 72(74%)

DAS28 5.9 ± 1.1

Patient global score (0-100mm) 60 ± 22

ESR (mm/hr) 34 ± 23  

C-reactive protein (mg/dl) 24 ± 29

Drug treatment

Previous DMARDs 2.1 ± 1.5

Methotrexate (mg/week) 18.2 ± 8.7

Receiving corticosteroids (%) 26 (27%)

Receiving NSAIDs (%) 50 (52%)
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Predictive power of the presence of synovial lymphocyte aggregates at baseline in relation 
to the clinical response to infliximab treatment in RA

Aggregates were present in 42 (67%) of 63 clinical responders (defined as a decrease in the 

DAS28 of ≥1.2) and in 13 (38%) of 34 non-responders (P = 0.007 between groups). Univariate Cox 

logistic regression analysis confirmed that the presence of lymphocyte aggregates at baseline 

was related to the clinical response (R2 = 0.10, P = 0.008). The positive predictive value was 76% 

and the negative predictive value was 50%. Subsequently, we analyzed the patients for clinical 

response to treatment according to the EULAR response criteria. Aggregates were present in 

16 (73%) of the 22 EULAR good responders, in 30 (59%) of the 51 EULAR moderate responders, 

and in 9 (38%) of the 24 patients who did not respond to infliximab treatment according to the 

EULAR response criteria (Figure 1A). Kruskal-Wallis analysis and a post hoc test (Games- Howell 

test) showed that lymphocyte aggregates were significantly more often present in good 

responders as compared with non-responders (95% confidence interval [95% CI] -0.69, -0.01; 

P = 0.041) (Figure 1A). Furthermore, patients were analyzed for treatment response according 

to the absolute decrease in the DAS28. Univariate linear regression analysis showed that the 

presence of lymphocyte aggregates was predictive of the absolute decrease in the DAS28 (R2 = 

0.041, P = 0.026) (Figure 1B). Separate analyses of only those synovial tissue samples with large 

aggregates suggested a relationship with clinical response, but the relationship with aggregate 

size did not reach statistical significance when the clinical response was analyzed as categories 

of improvement according to the EULAR criteria (P = 0.52) (Figure 1C) or dichotomously as a 

Figure 1. Clinical responders had more often baseline presence of lymphocyte aggregates in their synovial tissue 
compared to non-responders when response was analyzed according to EULAR response criteria (A) and as the 
absolute decrease in DAS28 (B). Similar trends were found when the large aggregates were analyzed separately 
(C, D). Panel A and C show percentages (Kruskal-Wallis test and post-hoc Games Howell test). Panel B and D show 
median and interquartile range (Univariate Linear Regression.) (*P < 0.05).



42

decrease in the DAS28 of ≥1.2 (R2 = 0.025, P = 0.19). However, the presence of large lymphocyte 

aggregates was a significant predictor of the clinical response when the response was analyzed 

as the absolute decrease in the DAS28 (R2 = 0.033, P = 0.041) (Figure 1D). The presence of FDCs 

in large aggregates, as determined by the expression of CD21L, was not predictive of the clinical 

response; these were present in only 7 of 97 biopsy samples. Taken together, our findings 

indicate that the presence of lymphocyte aggregates (defined as one group with either small 

or large aggregates) is a significant predictor of the response to infliximab treatment in RA. 

Contribution of lymphocyte aggregates to a combined model for the prediction of clinical 

response to infliximab

In a recent study in which the patients from the current study were included, we identified 

synovial TNFα expression, the baseline DAS28, and the presence of anti-CCP antibodies as 

predictors of the clinical response to infliximab 12. The dichotomy of the DAS28, when applied 

as a measure of clinical response using a decrease of ≥1.2 to define improvement, was chosen 

because it is used in daily clinical practice and is required for prolongation of reimbursement for 

TNF blocking therapy by insurance companies in The Netherlands. Analysis of this combined 

prediction model in our previous study showed that the model was modestly predictive of the 

clinical response to infliximab at week 16 (R2 = 0.19) (with inclusion of baseline TNFα expression, 

P = 0.009, eB 1.1, 95% CI 1.1, 1.5; with inclusion of anti-CCP positivity, P = 0.044, eB 2.8, 95% CI 

1.0, 9.2; and with inclusion of baseline DAS28, P = 0.040, eB 1.6, 95% CI 1.0, 2.6). The results 

from our current study showed that the addition of lymphocyte aggregates as a variable into 

this model improved the prediction of the clinical response to infliximab (R2 = 0.29, by forward 

stepwise method). Collinearity diagnostics showed that all variables had a tolerance of > 0.95 

and a variance inflation factor close to 1, indicating that no significant multi collinearity had 

occurred. The variables were included in the following order in the prediction model: inclusion 

of baseline TNFα expression (P = 0.016, eB 1.2, 95% CI 1.0, 1.4), lymphocyte aggregates (P = 

0.023, eB 3.3, 95% CI 1.2, 9.4), anti-CCP positivity (P = 0.019, eB 4.0, 95% CI 1.36, 12.8), and, finally, 

baseline DAS28 (P = 0.048, eB 1.6, 95% CI 1.0, 2.7). The positive predictive value of the model 

was 85% and the negative predictive value was 53%. A backward stepwise method yielded the 

same results.

Decrease in synovial lymphocyte aggregates after TNF blockade in both RA and PsA

Serial synovial tissue samples were obtained from 15 RA patients before the initiation of infliximab 

treatment and on day 28 after treatment. In 9 of the 15 patients, lymphocyte aggregates 

were present at baseline. After 28 days, the number of aggregates decreased in 6 of these 9 

aggregate-positive patients (Figure 2A) and the size of the aggregates decreased in 7 patients, 

whereas we observed an increase in the number of aggregates in 3 patients (Figure 2A) and an 

increase in the size of the aggregates in 2 patients. These reductions in the number and size of 

the aggregates from baseline to day 28 did not reach statistical significance, possibly due to 

the relatively small number of patients as well as the variability in response. We also obtained 

synovial biopsy tissue from 9 of these patients at 48 hours after the first administration of 

infliximab, 6 of whom had lymphocyte aggregates at baseline. In 5 of the 6 aggregate-positive 

patients, there was a trend toward a decrease in the size and number of lymphocyte aggregates 

within 48 hours after the first infusion with infliximab (Figure 2B). 
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To determine whether the decrease in the number and size of the lymphocyte aggregates 

after treatment was specific to RA or was, perhaps, a more general phenomenon, we studied 

the synovial tissue response to adalimumab treatment in 9 patients with PsA. This patient 

cohort was compared with patients with PsA (n = 9) who received placebo. In 7 of the 9 patients 

treated with adalimumab, lymphocyte aggregates were present at the time of the baseline 

biopsy. In 6 of 7 patients, there was a decrease in the size and number of lymphocyte aggregates 

28 days after the initiation of adalimumab treatment (P = 0.028 and P = 0.043, respectively, 

versus baseline) (Figure 2C). Because lymphocyte aggregates are found in both RA and PsA, and 

because they appear to decrease after anti-TNF therapy in both inflammatory forms of arthritis 

in a similar way, we subsequently pooled the data from all patients with inflammatory arthritis 

whose synovial tissue was positive for lymphocyte aggregates and compared the values before 

and after anti-TNF treatment, using the same time points, to get more statistical power. In these 

16 patients, there was a significant decrease in the size and number of synovial lymphocyte 

aggregates 28 days after the start of anti-TNF therapy (P = 0.028 and P = 0.044, respectively, 

versus baseline) (results not shown and Figure 2D), consistent with the observations described 

in previous reports9,20,21.

DISCUSSION

Since the clinical response to anti-TNF therapy is heterogeneous, there is a clear need for 

biomarkers that can identify different pathogenic subsets that are associated with the response 

Figure 2. The number of aggregates decreased after TNF blockade in both rheumatoid arthritis (RA) (A and B) and 
psoriatic arthritis (PsA) (C). Panel D shows the pooled data of RA and PsA patients with lymphocyte aggregates at 
baseline and after 28 days. Boxes depict median with interquartile range, whiskers show 5th and 95th percentile.  
(*P < 0.05, Wilcoxon signed ranks test).
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to or lack of response to TNF-antagonist therapy22,23. We have recently provided proof of 

concept to confirm that synovial biomarkers predictive of the response to anti-TNF therapy 

might be identified11,12. In the present study, we investigated the relationship between the 

pretreatment presence of synovial lymphocyte aggregates and the primary clinical response 

to infliximab treatment, in a prospective study of a large cohort of well-characterized patients 

with RA. The results revealed a highly significant relationship between the presence of synovial 

lymphocyte aggregates at baseline and the primary clinical response defined at 16 weeks. When 

the presence of synovial lymphocyte aggregates was added into a combined prediction model 

with synovial TNFα expression, the DAS28 at baseline, and the presence of anti-CCP antibodies, 

the presence of lymphocyte aggregates increased the prediction of response from 19% to 29%. 

Of interest, the aggregation of synovial lymphocytes was also shown to be reversible after anti-

TNF antibody treatment, both in patients with RA and in patients with PsA.

Our findings appear, at first sight, to be in clear contrast with those from a previous study 

in which synovial lymphocyte aggregates were not identified as a predictor of the response to 

anti-TNF therapy20. There are several differences between the 2 studies that may help to resolve 

the apparent discrepancy. First, in the other study, lymphocyte aggregate–positive patients 

were defined by the presence of large aggregates rather than the presence of either small and/

or large aggregates. In our study, we did not find a statistically significant relationship between 

the presence of aggregates and the response to infliximab therapy (defined according to the 

EULAR criteria or defined dichotomously as a decrease in the DAS28 of ≥1.2) when only large 

aggregates were taken into account, although there was a trend toward significance. Second, 

in contrast to our study, the patient cohort in the other study was more heterogeneous, in 

that patients with early, untreated RA, along with DMARD inadequate responders and anti-

TNF inadequate responders, were included20. Those patients were also treated with a different 

DMARD background medication. During follow up, patients were sequentially treated with gold 

salts, methotrexate, leflunomide, or different TNF blockers depending on the DAS28. It is likely 

that the markedly large number of variables in that study may have made it difficult to detect the 

relationship between the presence of synovial lymphocyte aggregates and the response to anti-

TNF therapy. Third, in the other study, the patients with synovial lymphocyte aggregates had 

a significantly longer disease duration compared with those without lymphocyte aggregates20. 

Of importance, a high proportion of them had failed previous treatment with other TNF 

antagonists, and thus represented a therapy-resistant subgroup whose data were followed 

up in a subsequent study21. Therefore, enrichment of the cohort of patients with synovial 

lymphocyte aggregates with the subset of patients who had previously failed TNF blockade may 

have been an important confounding factor. In our study, we only included patients who had 

failed treatment with at least 2 conventional DMARDs, including methotrexate; previous use 

of TNF antagonists was an exclusion criterion. Fourth, duration of followup after the initiation 

of anti-TNF therapy was variable in the other study, with a mean followup of 43 months21. In 

contrast, we chose to select a fixed end point at 16 weeks to ascertain the primary response 

to infliximab treatment, since the secondary response defined at later time points could have 

been influenced by totally unrelated mechanisms, including the development of human anti 

chimeric antibodies against infliximab24 or human anti-human antibodies against adalimumab25.

The use of a very stringent study design allowed us to identify synovial lymphocyte 

aggregates as a highly significant predictor of the response to infliximab therapy. The 
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relationship observed between synovial lymphocyte aggregates and the response to anti-

TNF therapy is consistent with previous circumstantial evidence that indicated 1) a correlation 

between synovial lymphocyte aggregates and synovial inflammation9,10, and 2) a relationship 

between synovial inflammation and the response to anti-TNF therapy11,12. When the presence 

of lymphocyte aggregates was added into a combined prediction model for the prediction 

of the clinical response to infliximab, it increased the explained variance of response to 29%. 

Consistent with the clinical experience, in which it has been observed that the response to TNF 

blockade is not a dichotomous phenomenon26, there was no distinct threshold value for scores 

for lymphocyte aggregates in the synovium of patients with RA. Therefore, the predictive value 

of the presence of synovial lymphocyte aggregates alone or in combination with other tested 

predictors of response is statistically significant and of great scientific interest, but cannot be 

translated into a predictive test in individual patients.

The results presented herein also confirm that aggregation of synovial lymphocytes 

represents a reversible phenomenon after resolution of inflammation, which is consistent with 

previous observations in patients with RA21 and patients with PsA9,20, and supports the notion that 

lymphocyte aggregates are formed secondary to the inflammatory process. Previous studies 

have shown that TNF blockade results in decreased expression of cytokines27, chemokines28, 

and adhesion molecules29, which are all required for secondary lymphoid organ formation. The 

decrease in lymphocyte aggregates after anti-TNF treatment is consistent with the protective 

effect of TNF blockade on joint destruction, since previous work has shown that the presence 

of small lymphocyte aggregates is related to the development of bone erosions30,31.

Taken together, our findings reveal a highly significant relationship between the presence 

of synovial lymphocyte aggregates at baseline and the primary clinical response to anti-TNF 

antibody treatment, but the clinical response cannot be predicted completely, thus indicating 

the involvement of other, as yet unknown mechanisms. Future work should expand the search 

for other biomarkers and molecular networks (for instance, with the use of microarray analysis) 

as well as combinations of clinical variables, to achieve an effective approach that would 

increase the percentage of patients exhibiting a robust response to TNF blockade.
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ABSTRACT

Introduction: The E3 ubiquitin ligase synoviolin functions as an anti-apoptotic factor and its 

expression is associated with arthritis development in mice. Recent research suggested that 

increased synoviolin levels in peripheral blood are related to non-response to infliximab 

treatment in patients with rheumatoid arthritis (RA). Therefore, we investigated synoviolin 

expression in the synovium and its relationship to later response to tumor necrosis factor (TNF) 

blockade in patients with RA compared with psoriatic arthritis (PsA).

Methods: In a prospective study, synovial tissue samples were obtained from 54 active RA 

and 21 active PsA, biological agent naïve patients before initiation of anti-TNF antibody 

treatment. Synoviolin expression was detected by immunohistochemistry and double 

immunofluorescence, and related to clinical response We also investigated the relationship 

between synoviolin expression and TNFexpression in the synovium of RA patients.  

Results: At baseline, there was marked synoviolin expression in RA synovium, but this was not 

specific for this disease. In RA patients, synoviolin was expressed by fibroblast-like synoviocytes, 

macrophages, and few CD3+ T cells. There was no association between synoviolin expression 

at baseline and later clinical response to TNF blockade in either patient group. There was no 

correlation between synoviolin and TNFexpression in RA synovium

Conclusions: Synovial synoviolin expression was abundantly expressed in RA patients, but 

related to neither clinical disease activity nor clinical response to anti-TNF treatment. 
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Recently, synoviolin, a novel E3 ubiquitin ligase, was identified in rheumatoid arthritis (RA) 

fibroblast-like synoviocytes (FLS) and synovial tissue, where it may contribute to the dysregulated 

proliferation and apoptosis seen in RA1,2. Synoviolin expression is also associated with arthritis 

development in mice1. The exact mechanism of synoviolin regulation and expression remains to 

be elucidated, but, recently, a role for tumor necrosis factor alpha (TNF) alpha and interleukin 

(IL) 1b was suggested, as these cytokines increased the expression of synoviolin in RA FLS3. 

Another interesting observation is that high-level sustained expression of synoviolin in whole 

peripheral blood (PB) was related to decreased clinical response in RA patients treated with TNF 

blockade4. Therefore, we investigated synoviolin expression in synovium and its relationship 

to later response to tumor necrosis factor (TNF) blockade in patients with RA compared with 

psoriatic arthritis (PsA) and osteoarthritis (OA). 
Synovial tissue samples were obtained from 54 active RA and 21 active PsA, biological 

agent naïve patients before initiation of anti-TNF antibody treatment and of 9 OA patients. 

Patients were selected from our larger clinical studies described before5;6. Specific monoclonal 

antibodies were used to detect synoviolin [Life Span Biosiences, Seattle, WA].

Synoviolin expression was detected by immunohistochemistry and double immuno-

fluorescence, and related to clinical response in the RA and PsA patients7,8. We also examined 

the relationship between synoviolin and TNF expression in RA synovium. The MWU test and 

Spearmans’ Rank Correlation test were used when appropriate.

Figure 1. Synovial synoviolin expression. Representative photographs showing synoviolin expression (reddish-
brown staining) in rheumatoid arthritis (A), psoriatic arthritis (B) and osteoarthritis synovial tissue (C). 
Magnification 100x.

Figure 2. Expression of synovial synoviolin (IOD/mm2). A. Synovial synoviolin expression in rheumatoid arthritis 
(RA), psoriatic arthritis (PsA) and osteoarthritis (OA). B. and C. Synovial synoviolin expression in responders and 
non-responders in RA and PsA patient groups, respectively. In Figure 2A, B and C data are presented as median 
with IQR and whiskers (5th and 95th percentile). * p < 0.05. (Mann Whitney U test)
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Synoviolin was expressed in RA, PsA and OA patients (Figure 1). Baseline expression of 

synoviolin (median [IQR]) was higher in RA compared with PsA patients (p = 0.04) (Figure 2A). 

The median expression in the OA group tended to be lower compared with both groups, but 

this difference was not statistically significant (Figure 2A). There was no correlation between 

baseline synoviolin and TNF expression in the synovial tissue of the RA patients (data not 

shown). In RA patients, in the intimal lining layer synoviolin was expressed by 50-60% of CD68+ 

intimal macrophages and 40-50% of CD55+ FLS in RA synovium. In the synovial sublining 

synoviolin was mainly expressed by CD68+ macrophages (80%), but also by CD3+ T cells (<10%). 

Synoviolin expression at baseline was not related to later clinical response to TNF blockade in 

either group (Figure 2B and 2C). 

A significant group of RA patients does not respond well to TNF blockade. Recently, we 

have shown that synovial TNF expression, the presence of synovial lymphocyte aggregates 

and increased expression of genes related to inflammation partly predict later response to TNF 

blockade in RA patients6,9,10 and it is conceivable that combining different biomarkers could 

enhance treatment outcome. The results presented here confirm previous work showing 

overexpression of synoviolin in the synovium of RA patients1. However, its expression was not 

specific for RA. In contrast to the previously reported association between synoviolin levels in 

whole peripheral blood and response to anti-TNF treatment4, synovial synoviolin expression 

is not predictive of later response to TNF blockade, indicating that measurement of synovial 

synoviolin is not a good predictive biomarker in this setting. This apparently contradictive 

observation could theoretically be explained by retention of different inflammatory cells in 

inflamed synovial tissue compared to peripheral blood. Previous work suggested that TNF 

could induce synoviolin expression3. However, we did not find a correlation between synovial 

synoviolin and TNF expression. Thus, the role of synoviolin in the pathogenesis of RA is more 

complex than previously anticipated. 

ACKNOWLEDGEMENTS

The authors would like to thank Dr. Beatrijs M. Lodde (Academic Medical Center/University of 

Amsterdam) for expert editorial assistance.

FUNDING

This study was funded by a Health Care Efficiency Research Program grant from The 

Netherlands Organization for Health Research and Development (ZonMw) in assignment of 

The Netherlands Organization for Scientific Research (NWO) (grant number 945-02-029), 

the Dutch Arthritis Association and the European Community’s FP6 funding (Autocure) and 

the Center for Translational Molecular Medicine (TRACER). This publication reflects only the 

authors’ views; the European Community is not liable for any use that may be made of the 

information herein.



4

SY
N

O
V

IA
L SY

N
O

V
IO

LIN
 EX

PRESSIO
N

 A
N

D
 RESPO

N
SE TO

 IN
FLIX

IM
A

B  

53

REFERENCE LIST
1. Amano T, Yamasaki S, Yagishita N et al, Synoviolin/Hrd1, an E3 ubiquitin ligase, as a novel pathogenic factor for 

arthropathy. Genes Dev 2003; 17(19):2436-2449.

2. Yamasaki S, Yagishita N, Nishioka K et al, The roles of synoviolin in crosstalk between endoplasmic reticulum stress-
induced apoptosis and p53 pathway. Cell Cycle 2007; 6(11):1319-1323.

3. Gao B, Calhoun K, Fang D. The proinflammatory cytokines IL-1beta and TNF-alpha induce the expression of 
Synoviolin, an E3 ubiquitin ligase, in mouse synovial fibroblasts via the Erk1/2-ETS1 pathway. Arthritis Res Ther 2006; 
8(6):R172.

4. Toh ML, Marotte H, Blond JL et al. Overexpression of synoviolin in peripheral blood and synoviocytes from 
rheumatoid arthritis patients and continued elevation in nonresponders to infliximab treatment. Arthritis Rheum 
2006; 54(7):2109-2118.

5. van Kuijk AW, Gerlag DM, Vos K et al, A prospective, randomized, placebo-controlled study to identify biomarkers 
associated with active treatment in psoriatic arthritis: Effects of adalimumab treatment on synovial tissue. Ann 
Rheum Dis 2008; 68(8):1303-9.

6. Wijbrandts CA, Dijkgraaf MG, Kraan MC et al, The clinical response to infliximab in rheumatoid arthritis is in part 
dependent on pretreatment tumour necrosis factor alpha expression in the synovium. Ann Rheum Dis 2008; 
67(8):1139-1144.

7. Smeets TJ, Barg EC, Kraan MC et al, Analysis of the cell infiltrate and expression of proinflammatory cytokines and 
matrix metalloproteinases in arthroscopic synovial biopsies: comparison with synovial samples from patients with 
end stage, destructive rheumatoid arthritis. Ann Rheum Dis 2003; 62(7):635-638.

8. Haringman JJ, Vinkenoog M, Gerlag DM et al, Reliability of computerized image analysis for the evaluation of serial 
synovial biopsies in randomized controlled trials in rheumatoid arthritis. Arthritis Res Ther 2005;7(4):R862-R867.

9. Klaasen R, Thurlings RM, Wijbrandts CA et al, The relationship between synovial lymphocyte aggregates and the 
clinical response to infliximab in rheumatoid arthritis: a prospective study. Arthritis Rheum 2009; 60(11):3217-3224.

10. van der Pouw Kraan TC, Wijbrandts CA, van Baarsen LG et al, Responsiveness to anti-tumour necrosis factor alpha 
therapy is related to pre-treatment tissue inflammation levels in rheumatoid arthritis patients. Ann Rheum Dis 2008; 
67(4):563-566.





5CHAPTER

Body Mass Index and Clinical Response  
to Infliximab in Rheumatoid Arthritis

Ruth Klaasen MD, Carla. A. Wijbrandts MD PhD,  
Danielle M. Gerlag MD PhD, Paul P. Tak MD PhD

Division of Clinical Immunology and Rheumatology, Academic Medical Center/
University of Amsterdam, Amsterdam, the Netherlands

Arthritis and Rheumatism 2011 Feb;63(2):359-64



56

ABSTRACT 

Objective: Adipose tissue has immunomodulating effects in rheumatoid arthritis (RA), 

although the exact role is at present unclear. We investigated prospectively if body mass index 

(BMI) affects response to infliximab in RA patients.

Methods: In 89 active RA patients BMI was calculated before initiation of infliximab treatment (3 

mg/kg intravenously). After 16 weeks of treatment changes in disease activity were monitored 

by the disease activity score in 28 joints (DAS28).

Results: Mean BMI was 26 kg/m2 (SD 5, range 17–42) and it was positively correlated to baseline 

DAS28 (r = 0.34; P = 0.001). As selecting patients based on DAS28 could influence clinical 

response to TNF blockade due to regression to the mean, ANCOVA was used to correct for 

baseline DAS28. A highly significant, negative association between BMI and absolute decrease 

in DAS28 after 16 weeks (P = 0.001) was found. 

Conclusion: Although infliximab dosage is based on body weight, RA patients with a high BMI 

responded less well to infliximab, also when adjusted for baseline DAS28 or ACPA status. These 

results support the notion that fat tissue may be involved in RA pathophysiology and could 

have implications for other immune-mediated inflammatory conditions treated with TNF 

antagonists.
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Adipose tissue is not merely fat resting in the body. Nowadays, it is recognized as an active 

site exerting endocrine and immune effects on multiple other organs through the release 

of adipocytokines1. These factors include leptin, resistin, adiponectin and visfatin, as well 

as classical cytokines, like tumor necrosis factor-alpha (TNF-α), interleukin (IL)-1, IL-6, and 

monocyte chemotactic protein (MCP)-1, which are possibly expressed by inflammatory cells 

infiltrating fat tissue. Together, these molecules influence immune functions, leading to local 

and generalized inflammation, which could play a role in the development of several diseases, 

such as diabetes mellitus, atherosclerosis, rheumatoid arthritis (RA), and osteoarthritis2-4. 

Although the actions of various cytokines in rheumatoid arthritis, a chronic, immune-mediated 

inflammatory disease mostly affecting the joints, are largely known5, the role of adipose tissue 

herein remains controversial.

Active disease could lead to weight loss6 and consequently lower BMI. Other research 

has shown, however, that fat mass was independently and positively correlated to C-reactive 

protein (CRP) levels in female patients with RA7. Although CRP levels are positively associated 

with cardiovascular mortality8, there was less mortality in obese RA patients9. In this latter study, 

the body mass index (BMI) had a protective effect only when the erythrocyte sedimentation rate 

(ESR) was low. Moreover, a higher BMI appears to be associated with less severe radiographic 

joint damage in RA, even in patients with anti-citrullinated peptide antibodies (ACPA)10 and/or 

rheumatoid factor (RF)11. Although these autoantibodies, especially ACPA, are associated with 

rapidly progressive, erosive disease12, this might suggest that adipose tissue is related to milder 

disease in terms of joint destruction. Taken together, the relationship between BMI and signs 

and symptoms of RA appears to be complex.

A significant part of RA patients (about 30%) does not respond well to TNF blockers for as 

yet not fully elucidated reasons13;14. We hypothesize that BMI could affect different responses to 

treatment in RA patients. Therefore, we examined the relationship between BMI at baseline and 

the primary clinical response to infliximab in a prospective study. Infliximab was chosen as this 

TNF blocker is dosed per kilogram body weight. 

PATIENTS AND METHODS 

Disease characteristics and BMI

Eighty-nine patients with active RA,according to the American College of Rheumatology 

criteria15 were included in this exploratory study. The baseline demographic and clinical features 

of the patients of the larger prospective single center cohort have been described previously14 

and are summarized in Table 1 for those who were included in the present study. Patients were 

selected for the analysis presented here based on the availability of BMI, serum at baseline 

combined with standardized follow up data on the response to infliximab treatment. All study 

patients used stable dosages of methotrexate (5-30 mg/week), were naïve to biologicals, and 

had active disease defined by a disease activity score evaluated in 28 joints (DAS28) ≥ 3.2. Use 

of oral corticosteroids (≤10 mg/day) and non-steroidal anti-inflammatory drugs (NSAIDs) was 

allowed if the dose had not been changed within one month prior to baseline. Intra-articular 

steroid injections within the last month were not allowed.

Presence of IgM-RF and ACPA, measured by anti-CCP2 ELISA (Immunoscan RA, Mark2, 

Euro-Diagnostica NO.RA-96RT, Arnhem, the Netherlands), were assessed at baseline, as well as 
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presence of erosive joint disease determined by X-ray. Length and body weight measures were 

taken at baseline, and BMI was calculated by weight in kilograms divided by height in square 

meters. All patients received infliximab intravenously in a dosage of 3 mg/kg at baseline, week 

2 and 6, and subsequently every 8 weeks.

We determined the responder status by reduction in DAS28 (DDAS28) after 16 weeks of 

therapy. RA patients with DDAS28 ≥1.2 (twice the measurement error over time) were defined as 

responders, representing a clinically significant improvement16. The dichotomy of the ΔDAS28 

(on average comparable with a 20% improvement in DAS28) was chosen, because it is applied in 

daily clinical practice and required for prolongation of reimbursement for TNF-alpha blocking 

therapy by insurance companies in the Netherlands. Response was also determined according 

to the European League against Rheumatism (EULAR) response criteria, which are divided into 

three categories: good, moderate and non-responders17. Clinical response was evaluated at 16 

weeks, since a significant improvement is expected to occur within 3-4 months, after which 

alternative treatment should be considered18. All patients gave written informed consent and 

the study was approved by the Medical Ethics Committee of the Academical Medical Center/

University of Amsterdam.

Table 1. Baseline patient characteristics for responders (decrease in DAS28 ≥1.2 after 16 weeks of treatment) and 
non-responders. Data are represented as mean (SD), median (interquartile range [IQR]) or n (%), as appropriate. 
Baseline characteristics were compared between responders and non-responders (Chi-square test, independent 
Student’s t test and Mann-Whitney U test). Presence of erosive joint disease as determined by X-ray; presence of 
IgM-RF was defined as serum levels ≥ 12.5 U/mL. Statistically significant P-value is marked in bold.

 

Responders Non-responders

P-value(n = 60) (n = 29)

Age 52 (14) 55 (12) 0.34

Female, n (%) 47 (78%) 19 (66%) 0.20

BMI 25.5 (4.7) 26.8 (4.4) 0.20

Weight (kg) 74 (14) 80 (14) 0.06

DAS28 6.1 (1.0) 5.5 (1.2) 0.03

Erosive disease, n (%) 49 (82%) 22 (76%) 0.52

IgM-RF presence, n (%) 46 (77%) 20 (69%) 0.44

ACPA presence, n (%) 49 (82%) 21 (72%) 0.32

ESR (mm/hr) median (IQR) 35 (23) 28 (26) 0.15

CRP (mg/L) 22 (24) 23 (35) 0.89

Disease duration (months) 75 (25-158) 94 (45-165) 0.34

Number of prior DMARDs 2.1 (1.4) 2.2 (1.4) 0.56

MTX dosage (mg/week) 19.5 (8.2) 18.1 (8.4) 0.44

Prednison use, n (%) 40 (67%) 22 (76%) 0.38

BMI = body mass index; DAS = disease activity score; RF = rheumatoid factor; ACPA = anti-citrullinated peptide 
antibodies; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; DMARD = disease-modifying anti-
rheumatic drug; MTX = methotrexate.
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Statistical analysis 

Continuous data were described as mean and standard deviation (SD), if normally distributed, and 

as median and interquartile range (IQR), if not normally distributed. One sample Kolmogorov-

Smirnov test was used to test for normal distribution. The unpaired Student’s t-test or, where 

appropriate, Mann-Whitney U test was used to compare responders and non-responders. The 

Pearson’s correlation coefficient was used to investigate the relationship between BMI and 

disease activity. Categorical data were represented as percentages and analyzed using the Chi-

square, Fisher’s exact test or linearly by linear association. BMI was divided into three categories 

(BMI < 20, 20-30 and > 30), and a one-way ANOVA and a post hoc test (Bonferroni) were used 

to compare patient characteristics in these three groups, as well as clinical response according 

to the EULAR criteria. The association between DDAS28 and BMI at baseline was adjusted for 

DAS28 at baseline with an ANCOVA. To adjust for DAS28 at baseline logistic regression was used 

to test if BMI and DAS28 at baseline predict response. Logistic regression was also used to test 

the influence of BMI, DAS28 and presence of ACPA at baseline on the presence of erosions at 

baseline. Standard statistical software (SPSS v16.0.2 (SPSS, Chicago, IL) was used for all statistical 

analyses. A P-value of ≤ 0.05 was considered statistically significant. 

RESULTS

Baseline patient characteristics

Eighty-nine RA patients were analyzed. Demographic and clinical features are shown in Table 1. 

Sixteen weeks after initiation of treatment, the mean DAS28 (SD) decreased from 5.9 (1.1) to 4.1 

(1.4) (P < 0.001). Sixty of 89 patients (67%) experienced a decrease in DAS28 (DDAS28) ≥1.2 and 

were termed responders. According to EULAR response criteria 27%, 53%, and 20% of patients, 

respectively, achieved good, moderate or no response. All baseline patient characteristics were 

tested for differences between responders (DDAS28 ≥1.2) and non-responders (DDAS28 <1.2), 

but only baseline DAS28 was significantly higher in the responder than in the non-responder 

group (6.1 [1.0] versus 5.5 [1.2], respectively, P = 0.03; Table 1). 

BMI and clinical characteristics at baseline 

The mean BMI was 26 (SD 5, range 17–42) at baseline and it was not different for responders and 

non-responders, as determined by DDAS28 (P = 0.20; Table 1). Next, we divided BMI into three 

categories: BMI < 20 (n = 8 [9%]), BMI 20-30 (n = 66 [74%]) and BMI > 30 (n = 15 [17%]) and tested 

all baseline patient characteristics (Table 2). Presence of erosive disease, ACPA positivity, and 

DAS28 at baseline were significantly different between the three groups (P = 0.02, P = 0.03 and 

P = 0.02, respectively). Other characteristics showed no significant differences between the 

three BMI categories. Interestingly, when BMI, presence of ACPA, and disease duration were 

entered into a logistic regression model to predict erosive disease, all three parameters were 

independently related to its presence (P = 0.053, P = 0.003, P = 0.006, respectively; data not 

shown).

Relationship between BMI and clinical response to infliximab in RA

We found a positive correlation between BMI and DAS28 at baseline (r = 0.34, P = 0.001). Both 

variables were normally distributed according to the Kolmogorov-Smirnov test (BMI: P = 0.36 
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and DAS28: P = 0.57). Since selecting patients based on DAS28 can influence clinical response, 

as measured by DAS28, to TNF blockade due to regression to the mean (19), ANCOVA was 

applied to correct for baseline DAS28. This showed that BMI significantly influenced DDAS28 

after 16 weeks (P = 0.001, B = -0.094; CI -0.149_-0.038). 

This effect was driven by a change in the tender joint count (TJC), swollen joint (SJC) count 

and visual analogue scale (VAS) domains of the DAS28. In the same way as described above, to 

adjust for respectively TJC, SJC and VAS at baseline, ANCOVA was used to test the relationship 

between BMI and the decrease in TJC, SJC and VAS with the following results for TJC: P = 0.001, 

B = -0.482; CI -0.745_-0.218; SJC: P = 0.06, B = -0.196; CI -0.401_0.009; and VAS: P = 0.04, B 

= -1.080; CI -2.107_-0.052. There was no statistically significant relationship between BMI at 

baseline and decrease in CRP levels.

BMI and DAS28 significantly predicted responders (DDAS28 ≥1.2) to infliximab treatment 

in a logistic regression model (respectively, P = 0.03 and P = 0.01; Nagelkerke R2 = 0.14). When 

BMI was divided into three categories, the percentage of responders (DDAS28 ≥1.2) significantly 

decreased in the BMI groups with higher BMI (respectively, 84%, 75%, and 50%, P = 0.04; 

Figure 1A). Similar statistically significant results were obtained when the BMI at baseline was 

categorized according to the World Health Organization’s guidelines (underweight ≤ 18.4: 

normal: 18.5–24.9, overweight: 25.0–29.9, obese ≥30 kg/m2; data not shown).

Finally, patients were analyzed according to EULAR response criteria. BMI was significantly 

higher in the non-responder group compared with the good responders (one-way ANOVA and 

a post hoc test (Bonferroni; CI 0.39-7.23, P = 0.03; Figure 1B). 

Table 2. Baseline patient characteristics for the different BMI groups. Mean values (SD), median (interquartile 
range [IQR]) or n (%) are shown. Baseline characteristics were compared between three different BMI groups 
using Chi-square test, one-way ANOVA and Bonferroni test. Statistically significant P-values are marked in bold. 

 

BMI < 20 BMI 20-30 BMI > 30

P-value(n = 8) (n = 66) (n = 15)

Age 50 (15) 57 (11) 53 (15) 0.24

Female, n (%) 6 (75%) 47 (71%) 13(87%) 0.34

DAS28 5.6 (1.2) 5.9 (1.0) 6.5 (1.0) 0.02

Erosive disease, n (%) 7 (88%) 56 (85%) 8 (53%) 0.02

IgM-RF presence, n (%) 7 (88%) 50 (76%) 9 (60%) 0.16

ACPA presence, n (%) 7 (88%) 55 (83%) 8 (53%) 0.03

ESR (mm/hr) (median, IQR) 31 (21) 36 (27) 31 (24) 0.90

CRP (mg/L) (median, IQR) 23 (27) 24 (33) 17 (15) 0.55

Disease duration (months) 75 (21-169) 112 (49-164) 54 (31-129) 0.63

Number of prior DMARDs 2.0 (1.4) 2.5 (1.6) 1.7 (1.1) 0.56

MTX dosage (mg/week) 19 (8.1) 19 (8.4) 18.8 (8.7) 0.51

Prednison use, n (%) 2 (25%) 22 (33%) 3 (20%) 0.54

BMI = body mass index; DAS = disease activity score; RF = rheumatoid factor; ACPA = anti-citrullinated peptide 
antibodies; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; DMARD = disease-modifying 
antirheumatic drug; MTX = methotrexate.
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Most RA patients showed presence of ACPA in their serum in our study. These antibodies 

are associated with a more aggressive disease course and it was suggested recently that ACPA-

positive patients comprise a specific RA disease subset (20). BMI at baseline was also negatively 

correlated to DDAS28 after 16 weeks in the ACPA positive subgroup (data not shown). 

DISCUSSION

Adipose tissue may have immunomodulating effects in RA although its exact role is at present 

unclear. Hence, we investigated prospectively whether BMI is associated with response to 

infliximab in RA patients. BMI was positively correlated with baseline DAS28, indicating a more 

active disease in our heavier patients. Of importance, a higher BMI resulted in a decreased 

clinical response (as determined by both DAS28 and EULAR criteria) to infliximab after 16 weeks 

of treatment, even after adjustment for baseline DAS28 or ACPA status, in spite of the fact that 

this drug is dosed per kilogram body weight. To the best of our knowledge, this is the first 

published study evaluating the effect of BMI on response to TNF blockade in any immune-

mediated inflammatory disease, for which RA is a prototype.

These findings do not seem due to pharmacological reasons. It is known that the 

response to infliximab is related to infliximab concentrations in serum21 and that the volume of 

distribution of infliximab corresponds to the intravascular space22. As the dose of infliximab is 

adjusted for body weight and the intravascular space is relatively small in the more obese, one 

might expect serum infliximab concentrations to be higher in more obese patients, although 

data are presently lacking in the published literature. However, this study clearly indicated that 

despite higher doses of infliximab used in patients with increased BMI, the clinical response 

was diminished. Furthermore, it is conceivable that high levels of disease activity, which are 

associated with a better response to TNF blockade14, could lead to rheumatoid cachexia and 

Figure 1. Clinical response and body mass index (BMI) in rheumatoid arthritis (RA) patients after 16 weeks of 
treatment with infliximab. Infliximab was administered to 89 RA patients at a dosage of 3 mg/kg of body weight, 
given intravenously, at baseline, week 2, week 6, and week 14. A, Percentages of patients defined as responders 
according to the Disease Activity Score in 28 joints (DAS28), by BMI group at baseline. Responders (n = 60) were 
those who experienced a decrease of ≥ 1.2 in the DAS28. B, BMI values at baseline according to the European League 
Against Rheumatism (EULAR) response group at 16 weeks. All 89 patients were classified into 1 of the 3 EULAR 
response categories: no response, moderate response, or good response. Values are the mean ± SD. *P  ≤ 0.05.
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a reduced BMI6, but in our cohort we observed the opposite. Therefore, adipose tissue itself 

might play a role in creating a more therapy-resistant state.

Adipose tissue is not only a source of pro-inflammatory cytokines, like TNF and IL-6, but 

also of specific adipocytokines1. Serum levels of, for example, leptin, resistin, adiponectin, 

and visfatin are all increased in RA patients compared with healthy controls23. Several of these 

mediators may be associated with clinical signs and symptoms of RA23-26 and the induction of 

resistance to TNF blockade, but their role in the process of joint destruction may be more 

complex. Our results showed that a high BMI was associated with less erosions at baseline 

and, as earlier studies have shown, obesity might have a protective effect on radiological joint 

damage over time10;11. More specifically, adiponectin26 and leptin23 concentrations were found 

to be negatively correlated with joint damage in RA patients. Thus, adipose-tissue derived 

mediators may be one of the long sought after missing links in the uncoupled occurrence of 

synovial inflammation and joint destruction that may be observed in chronic arthritis27. It should 

be noted, however, that the effect of BMI on DDAS28 after 16 weeks was driven by a change in 

TJC, SJC, and VAS rather than CRP levels, which could argue a bit against a mechanism involving 

adipose tissue-derived mediators of inflammation.

 This study has some limitations. First the number of 89 patients is relatively small. Second, 

we did not have access to an independent cohort to confirm our findings. However, recently 

the Italian Gisea registry study (collecting data of all RA and spondylartropathy patients 

treated with biologicals in 14 centers in Italy) also found that obesity is associated with lower 

response to various biologicals, confirming our findings28. The validity of our findings is also 

supported by the observation that when BMI was divided into three categories, the percentage 

of responders significantly decreased in the groups with higher BMI (respectively, 84%, 75%, 

and 50%). Third, data on total fat mass compared with regional fat mass, as well as levels of 

various adipocytokines, were not available, but the current study does provide a rationale for 

more detailed studies on the role of adipose tissue in conditions like RA, psoriasis and Crohn’s 

disease in relation to the response to anti-TNF therapy. Fourth, response was measured after 16 

weeks and therefore we cannot exclude the possibility that RA patients with higher BMI could 

respond later compared to leaner RA patients. We chose to select a fixed endpoint at 16 weeks 

to ascertain assessment of the primary response to infliximab treatment, as the secondary 

response defined at later time points may be influenced by totally unrelated mechanisms, 

including the development of human anti-chimeric antibodies against infliximab29. 

In conclusion, RA patients with a high BMI exhibited a diminished clinical response to 

infliximab treatment, despite drug dosing by body weight, suggesting adipose tissue could play 

a role in RA pathophysiology.
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ABSTRACT 

Objective: There is increasing evidence that adipocytokines may exert pro-inflammatory and 

destructive effects in rheumatoid arthritis (RA). Hence, we investigated the relationship between 

adipocytokines and several features associated with RA (inflammation, joint destruction and 

cardiovascular disease), as well as the effect of treatment with a tumour necrosis factor (TNF) 

inhibitor or glucocorticoïds (GC) hereupon.

Methods: Serum levels of adiponectin, leptin, resistin, visfatin, vaspin and lipids were 

determined in a well-defined cohort of RA patients before and after 16 weeks of adalimumab 

treatment (adalimumab cohort). The same parameters were analysed in two other RA patient 

cohorts before, and after 2 weeks of high-dose prednisolone (high GC cohort) and before and 

after 22 weeks of treatment with a combination regimen with tapered high-dose prednisolone 

(COBRA-GC cohort). Radiographs of hands and feet (adalimumab and COBRA-GC cohorts) 

were assessed at baseline and after therapy.

Results: Treatment with adalimumab or GC showed opposing effects on vaspin and visfatin 

levels. Lipid levels improved after several months of adalimumab or GC treatment; in the 

adalimumab cohort, this was related to reduced visfatin levels, independent of C-reactive 

protein (CRP) levels. After long-term adalimumab or GC treatment, resistin levels declined, 

which was associated with a decrease in inflammation markers. In the adalimumab cohort, 

baseline resistin levels were predictive of baseline radiological damage, independent of anti-

citrullinated peptide antibodies (ACPA) status or CRP levels.

Conclusion: Changes in serum adipocytokine levels were treatment-specific, further 

strengthening the role of visfatin and resistin in several disease manifestations of RA.



6

TREA
TM

EN
T SPEC

IFIC
 C

H
A

N
G

ES IN
 C

IRC
U

LA
TIN

G
 A

D
IPO

C
Y

TO
K

IN
ES

69

INTRODUCTION

In rheumatoid arthritis (RA) synovitis may lead to progressive destruction of articular cartilage 

and subchondral bone1. In addition, systemic inflammation, a hallmark of RA, is thought to 

play a key role in accelerated atherosclerosis, explaining the link between RA and an increased 

incidence of cardiovascular disease (CVD)2. White adipose tissue cells can influence immune 

functions and inflammatory processes in conditions like RA by secretion of adipocytokines as 

well as classic cytokines3;4 and these mediators have provided a plausible link between obesity, 

inflammation and CVD5;6. Increased serum adipocytokine levels in patients with active RA7 

could perhaps be associated with the occurrence of accelerated atherosclerosis and CVD, and 

are thought to play a role in the development of bone erosions7-13. 

Tumour necrosis factor (TNF) blockade does not only improve clinical signs and symptoms 

in RA14,but also protects against progressive joint destruction15 and reduces the risk of first-ever 

CVD events16;17. Of interest, we have recently shown that a high baseline body mass index (BMI) 

was related to less erosive disease at presentation, but also to a diminished clinical response 

to anti-TNF treatment with infliximab in established RA patients18. These data support the 

notion that fat tissue may play a role in RA pathogenesis. Glucocorticoïds (GCs) effectively 

reduce synovitis19-21. However, high-dose GC (≥7.5 mg daily) is known to be associated with CVD 

complications, such as atherosclerosis, in RA22;23. Although TNF inhibitors and GCs both reduce 

synovitis, high doses of the latter do not reduce the risk of CVD, which could indicate a different 

regulation of adipocytokines is at play.

To provide insight into the role of adipocytokines in RA, we investigated the adipocytokine 

serum levels in relationship to the acute phase response, radiological damage, and lipid 

profile. In addition, we studied the effect of different anti-rheumatic treatments on serum 

adipocytokines in three different cohorts of RA patients, who started treatment with either 

adalimumab or different regimens of GC treatment. 

PATIENTS AND METHODS

Patients from all cohorts fulfilled the 1987 American College of Rheumatology (ACR) classification 

criteria for RA24 and had active disease as defined by a disease activity score evaluated in 28 

joints (DAS28) ≥3.2. The studies were performed according to the Declaration of Helsinki and 

all three cohorts were approved by the medical ethics committee and all participants gave 

written informed consent.

Adalimumab cohort

Baseline demographic and clinical features of patients from the larger open-label, prospective, 

single-centre adalimumab cohort have been previously described25. Forty-eight patients were 

included for the present analysis, based on the availability of serum at baseline and after 16 

weeks combined with standardized follow-up data on the response to adalimumab treatment. 

All patients received 40 mg adalimumab subcutaneously every 2 weeks, in combination with a 

stable methotrexate (MTX) dose for at least 16 weeks. Use of oral GCs (prednisone ≤10 mg/day) 

was allowed. Clinical response at 16 weeks was determined according to the European League 

Against Rheumatism (EULAR) response criteria26.
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High-dose glucocorticoïd cohort

Nine patients from the active arm of a previously conducted, double-blind, randomised, 

placebo-controlled trial were treated with 60 mg of oral prednisolone daily for 1 week followed 

by 40 mg prednisolone daily during the second week27 serum adipocytokine levels were 

measured at baseline and after 2 weeks. One patient of the original cohort was excluded due 

to an insufficient amount of stored serum. In this study, response was defined as a decrease in 

DAS28 ≥1.2 after 2 weeks of GC treatment.

COBRA glucocorticoïd cohort

Twenty-one patients were treated according to the 40-week, intensified COBRA trial as 

described earlier28. Serum was sampled at baseline and after 21 weeks of treatment and directly 

stored at -20ºC. For the current study, samples of 19 patients were available and analysed for 

adipocytokine. Response was determined according to the EULAR response criteria. 

Adipocytokine assays

Serum adiponectin, leptin and resistin were analysed using a multiplex immunoassay for human 

adipocytokine profiling, as previously described29. Commercially available, quantitative sandwich 

ELISAs were used to determine serum levels of visfatin (Biovision, Mountain View, CA, USA) and 

vaspin (AdipoGen, San Diego, CA, USA). Visfatin ELISA results from three patients were excluded 

from further analysis, because they were outside of assay range. To avoid possible confounding 

effects of RF, all samples for the multiplex immunoassay were pre-incubated with protein L 

(Pierce, Rockford, IL, USA) and residual immunoglobulins were blocked with equal volume of 

10% (v/v) normal rat and mouse serum (Rockland, Gilbertsville PA, USA, as previously described.

(30) For the vaspin and visfatin ELISAs, three randomly selected samples of RF-negative RA 

patients were spiked with freeze dried RF (200 IU/ ml) in a 1:1 or 1:3 ratio. (SKML, Nijmegen, 

The Netherlands). Samples demonstrated high recovery across the concentration range and we 

concluded serum RF did not interfere with vaspin or visfatin assessments (data not shown).

Lipid profiles and assessment of radiological damage

Blood was drawn from patients while fasting at the specified time points as described above. 

Lipid levels were measured using standard laboratory techniques. Radiographs of the hands 

and feet were obtained at baseline and after 1 year (adalimumab cohort) or 40 weeks (COBRA 

cohort) of treatment and were scored using the Sharp/van der Heijde score (SHS).(31). No 

X-rays were available for the high-GC cohort. 

Statistical analysis

Continuous data were described as mean (SD), if normally distributed, or median (interquartile 

range [IQR]), if not normally distributed. The unpaired Student’s t-test or, where appropriate, 

Mann-Whitney U test was used to compare responders and non-responders. Categorical data 

were represented as n (%) and analysed using the Chi-square or Fisher’s exact test. Correlations 

were assessed with the Pearson product-moment or Spearman rank-order correlation 

coefficients. A paired Student’s t-test or Wilcoxon signed-rank test was used to determine 

significant changes from baseline within groups. Linear regression analysis was used to test if 

levels of the different adipocytokine were related to SHS; SHS was log-transformed to fit this 
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model. Multivariate linear regression analysis was performed to study the influence of other 

variables at baseline on baseline SHS score. In a linear regression analysis, visfatin (or change 

in visfatin) and CRP (or change in CRP) were used as independent variables to assess their 

influence on, respectively, TC/HDL, HDL/LDL or apo B/A-I ratios (or change in these above 

mentioned ratios.) All statistical analyses were performed with SPSS v16.0 for Windows (SPSS, 

Chicago, IL, USA). A p-value of ≤0.05 was considered statistically significant.

RESULTS

Baseline patient characteristics and clinical response to treatment

The baseline patient characteristics of the adalimumab cohort are summarised in Table 1. 

Sixteen weeks after initiation of treatment, mean (SD) DAS28 decreased from 5.5 (1.1) at baseline 

Table 1. Baseline patient characteristics for EULAR good-moderate responders and non-responders after 16 
weeks of adalimumab treatment.

 
All patients

(n = 48)
EULAR g/m

(n = 38)
EULAR non

(n = 10) p-Value

Age (yrs) 50 (13) 51 (13) 48 (17) 0.49

Female, n (%) 39 (81%) 30 (79%) 9 (90%) 0.43

DAS28 5.5 (1.1) 5.6 (1.1) 5.0 (0.8) 0.11

Erosive disease, n (%) 32 (67%) 24 (63%) 7 (70%) 0.84

RF, n (%) 31 (65%) 28 (74%) 5 (50%) 0.82

ACPA, n (%) 33 (69%) 27 (71%) 6 (60%) 0.50

ESR (mm/h) 20 (11-35) 20 (11-36) 19 (15-21) 0.72

CRP (mg/dL) 8 (5-19) 7 (4-20) 9 (6-21) 0.74

Disease duration (mo) 58 (31-143) 60 (28-143) 58 (36-201) 0.55

MTX dose (mg/week) 19 (6.8) 19 (6.5) 19 (8.3) 0,85

Concomitant oral GC n, (%) 13 (27%) 8 (22%) 4 (40%) 0.18

BMI 27.0 (6.1) 27.4 (6.3) 24.4 (4.6) 0.17

Resistin (ng/mL) 24 (18-30) 23 (18-29) 26 (18-46) 0.48

Adiponectin (mg/mL) 9.6 (7.7-14.0) 9.4 (7.4-12.7) 9.8 (8.4-17.9) 0.31

Vaspin (ng/mL) 0.46 (0.26-1.03) 0.42 (0.26-0.97) 0.65 (0.26-1.34) 0.51

Visfatin (ng/mL) 2.6 (1.5-3.3) 2.5 (1.8-3.3) 2.6 (1.0-3.2) 0.49

Leptin (ng/mL) 57 (31-86) 57 (35-83) 59 (17-101) 0.95

Data are represented as mean (SD), median (interquartile range [IQR]) or n (%), as appropriate. Baseline 
characteristics of rheumatoid arthritis patients treated with adalimumab (40 mg subcutaneously every 2 weeks), 
in combination with a stable MTX dose for at least 16 weeks, are described. Patients were compared, based on 
clinical response—according to the European League Against Rheumatism (EULAR) response criteria—at 16 
weeks resulting in good/moderate responders (g/m) and non-responders (non), with a Chi-square test, unpaired 
Student’s t test or Mann-Whitney U test, as appropriate. Presence of erosive joint disease was determined by 
X-ray. Presence of IgM-RF was defined as serum levels ≥12.5 IU/mL and presence of ACPA as serum levels ≥25 IU/
mL. DAS28 = disease activity score evaluated in 28 joints; RF = IgM rheumatoid factor; ACPA = anti-citrullinated 
peptide antibodies; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; MTX = methotrexate; GC = 
glucocorticoid; BMI = body mass index.
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to 3.6 (1.2) (p <0.001). All baseline patient characteristics were tested for differences between 

EULAR responders and non-responders; no significant differences were found (Table 1). For 

the high-GC and COBRA-GC cohorts, baseline patient characteristics are shown in Table 2. In 

the high-GC cohort the mean (SD) DAS28 decreased from 6.2 (1.0) to 3.6 (1.5) after 2 weeks (p = 

0.008). In the COBRA-GC cohort, there was a mean (SD) reduction in DAS28 from 5.3 (0.9) to 2.1 

(1.3) after 21 weeks (p < 0.001, compared with baseline). 

Pre-treatment adipocytokine serum levels are not associated with DAS28

In the adalimumab cohort, serum levels of the different adipocytokines were not correlated 

with CRP, ESR or DAS28 at baseline with the exception of adiponectin. Adiponectin was 

inversely associated with CRP, ESR and DAS28 at baseline ( respectively r = -0.31, p = 0.04; r = 

-0.33, p = 0.02 and r = -26, P = 0.08). Only leptin, and none of the other four adipocytokines, 

was positively correlated with BMI (r = 0.47, p = 0.001). No differences or correlations in serum 

adipocytokine levels were found between ACPA- and/or RF-positive RA patients and age. In the 

high-GC cohort and the COBRA-GC cohort, adipocytokines were not related to age, DAS28, 

CRP or ESR or ACPA at baseline. In the COBRA-GC cohort RF was positively correlated to visfatin 

(r = 0.58, P = 0.01) and leptin (r = 0.58, P = 0.014). In the high-GC cohort a negative association 

was found between RF and visfatin (r = -0.775, P = 0.04).

Table 2. Baseline patient characteristics of glucocorticoid and COBRA cohort.

  GC cohort (n = 9) COBRA cohort (n = 19)

Age (yrs) 52 (8) 51 (14)

Female, n (%) 5 (56%) 12 (63%)

DAS28 6.3 (1.0) 5.3 (0.9)

Erosive disease, n (%)* 8 (89%) 10 (67%)

RF, n (%) 5 (71%) 13 (72%)

ACPA, n (%) 4 (57%) 13 (75%)

ESR (mm/h) 45 (18-80) 34 (26)

CRP (mg/dL) 15 (4-60) 16 (8-30)

Disease duration (mo) 10 (6-29) 3.2 (4.4)

Leptin (ng/mL) 39 (13-120) 12 (10-37)

Resistin (ng/mL) 31 (24-39) 16.9 (13.5-22.0)

Adiponectin (mg/mL) 72 (43-91) 15.7 (15.2-16.3)

Visfatin (ng/mL) 5.6 (4.3-7.7) 1.4 (1.1-3.7)

Vaspin (ng/mL) 0.30 (0.22-0.64) 0.51 (0.16-0.72)

Data are represented as mean (SD), median (interquartile range [IQR]) or n (%), as appropriate. Baseline values of 
rheumatoid arthritis patients treated with an oral glucocorticoid (60 mg prednisolone daily for 1 week followed 
by 40 mg prednisolone daily for 1 week; GC cohort), or combination of oral dosages of hydroxychloroquine 
(400 mg/day), sulfasalazine (2 g/day), MTX (10 mg/week) and step-down high-dose prednisolone (tapered in 6 
weeks from 60 to 7.5 mg/day [thereafter until end of trial]; COBRA cohort). Presence of erosive joint disease was 
determined by X-ray. Presence of IgM-RF was defined as serum levels ≥12.5 IU/mL for the GC cohort and ≥30 IU/
mL for the COBRA cohort. BMI = body mass index; DAS28 = disease activity score evaluated in 28 joints; RF = IgM 
rheumatoid factor; ACPA = anti-citrullinated peptide antibodies; ESR = erythrocyte sedimentation rate; CRP = 
C-reactive protein. ND = not determined.
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Adalimumab treatment leads to a decrease in resistin and visfatin serum levels, but only 
resistin decline is associated with disease activity reduction

Median [IQR] levels of visfatin (2.6 [1.5-3.3] to 1.6 [1.0-2.7] ng/mL, p = 0.004) and resistin (24 

[18-30] to 20 [14-26] ng/mL, p = 0.008) showed statistically significant decreases after 16 weeks of 

adalimumab treatment compared with baseline (Figure 1A). Similar changes were observed after 

adalimumab treatment in the subgroup of 33 patients who did not use concomitant prednisolone 

(data not shown). Leptin, adiponectin and vaspin serum levels showed no statistically significant 

changes after 16 weeks of treatment with adalimumab (Figure 1A). Visfatin and resistin decreased 

significantly only in EULAR responders (p = 0.002 and p = 0.004, respectively; Figure 1B); in EULAR 

non-responders, none of the adipocytokines showed significant changes (Figure 1C).

The decrease in resistin was significantly and positively correlated to the decrease in DAS28, 

CRP and ESR after 16 weeks (r = 0.38, p = 0.009; r = 0.34, p = 0.02; r = 0.32, p = 0.03, respectively), 

but not for visfatin (data not shown). None of the baseline adipocytokine levels predicted later 

clinical response to adalimumab, even after adjustment for gender and BMI (data not shown).

Vaspin serum levels increase and resistin levels decrease after glucocorticoïd treatment

Short-term treatment with high-dose GC (high-GC cohort) resulted in significant median [IQR] 

increases of adiponectin, leptin and vaspin serum levels 2 weeks after start of therapy compared 

with baseline (adiponectin 72 [43-91] to 88 [62-122] mg/mL, p = 0.012; leptin 39 [13-120] to 53 

Figure 1. Changes in adipocytokine serum levels 
after treatment with adalimumab. Serum levels of 
visfatin, resistin, vaspin, adiponectin and leptin from 
rheumatoid arthritis patients were measured at baseline 
and after 16 weeks of treatment with adalimumab (40 
mg subcutaneously every 2 weeks) in combination 
with methotrexate (stable dose for at least 16 weeks). 
Median (interquartile range [IQR]) change (expressed as 
percentage) after treatment compared with baseline value 
is shown for all patients (A), European League Against 
Rheumatism (EULAR) good/moderate responders (B) and 
EULAR non-responders (C). Wilcoxon signed rank test 
was used to compare the changes for each adipocytokine. 
*p=0.004; **p=0.008; #p=0.004; ##p=0.002
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[17-190] ng/mL, p = 0.025; vaspin 0.30 [0.22-0.64] to 1.01 [0.61-2.00] ng/mL, p = 0.008; Figure 

2A). Visfatin and resistin levels did not change significantly (Figure 2A). 

Similar to short-term usage, long-term GC treatment (COBRA-GC cohort) showed a 

significant increase in median [IQR] vaspin levels after 21 weeks compared with baseline (0.51 

[0.16-0.72] to 0.83 [0.41-1.50], p = 0.02)) and no change in visfatin levels (Figure 2B). However, 

adiponectin and leptin levels were not affected by long-term GC treatment (COBRA-GC 

cohort). Interestingly, the mean (SD) serum resistin level decreased from 16.9 (13.5-22.0) at 

baseline to 13.5 (9.9-19.0) ng/mL after 21 weeks (p = 0.03); this 21-week decrease was associated 

with an ESR decline after 21 weeks (r = 0.51, p = 0.03). In both GC cohorts no association was 

found between change in any of the adipocytokines, and decrease in CRP, ESR or DAS28. None 

of the adipocytokines predicted response.

A

B

Figure 2. Changes in adipocytokine serum levels after short- or 
long-term glucocorticoid treatment. Serum levels of visfatin, resistin, 
vaspin, adiponectin and leptin from rheumatoid arthritis patients were 
measured at baseline and after treatment. Individual changes after 
2-week treatment with an oral glucocorticoid (60 mg prednisolone 
daily for 1 week followed by 40 mg prednisolone daily for 1 week; 
GC cohort) compared with baseline are shown (A). Wilcoxon signed 
rank test was used to compare the changes for each adipocytokine. 
Median (IQR) change (expressed as percentage) after 21 weeks of 
combination treatment with oral dosages of hydroxychloroquine 
(400 mg/day), sulfasalazine (2 g/day), methotrexate (10 mg/week) 
and step-down high-dose prednisolone (tapered in 6 weeks from 60 
to 7.5 mg/day (thereafter until end of trial); COBRA cohort) compared 
with baseline value (B). Wilcoxon signed rank test was used. *p=0.03; 
**p=0.02. GC, glucocorticoid; RA, rheumatoid arthritis.
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Figure 3. Correlations between the atherogenic index (TC/ HDL) or LDL/HDL ratio, and visfatin levels after 
treatment with adalimumab. Serum visfatin, total cholesterol (TC), high-density lipoprotein (HDL) and low-
density lipoprotein (LDL) cholesterol were measured in blood drawn from fasting rheumatoid arthritis patients 
after 16 weeks of treatment with adalimumab (40 mg subcutaneously every 2 weeks). Change in visfatin levels 
compared with baseline, TC/HDL ratio (atherogenic index, and LDL/HDL ratio were calculated; the Pearson’s 
correlation coefficients are shown. These associations were independent of decrease in C-reactive protein.

Decrease in visfatin serum levels is associated with improved lipid profiles after 
adalimumab treatment

In a previous analysis of the adalimumab cohort, we observed an improvement in the lipid 

profile8. Visfatin levels at baseline were positively correlated to the TC/ HDL (atherogenic 

index) and LDL/HDL ratios (respectively, r = 0.30, p = 0.05; r = 0.35, p = 0.02); these associations 

were independent of baseline CRP (data not shown). Furthermore, baseline adiponectin levels 

were positively correlated to HDL levels (r = 0.62, p <0.001), and negatively correlated to the 

atherogenic index (r = -0.39 p = 0.006) at baseline. 

The decrease in serum visfatin levels was correlated with improved atherogenic index 

(r=0.35, p=0.02) and LDL/HDL (r = 0.31, p = 0.04) ratios after 16 weeks of adalimumab treatment 

(Figure 3). In a multivariate linear regression analysis, these associations were independent of 

decrease in CRP levels (visfatin change: B = 0.092, 95% CI = 0.003-0.18; p = 0.04). Serum resistin, 

leptin and vaspin were not associated with baseline lipid levels or changes in lipids after 16 

weeks of treatment.

Similar to the adalimumab cohort, there was an improvement in the mean (SD) lipid index 

in the COBRA-GC cohort from baseline to 21 weeks (3.3 (0.77) to 2.8 (0.60), p<0.001). In contrast 

to the adalimumab cohort, there were no associations between baseline (or changes in) lipid 

levels (TC, HDL and TC/HDL) and any of the baseline (or changes in) adipocytokine levels in the 

COBRA-GC cohort. 

Resistin serum levels are associated with more radiological damage at baseline in the 
adalimumab cohort

Higher resistin levels at baseline were associated with a higher baseline SHS in the adalimumab 

cohort (adjusted R2 = 12%, p = 0.01). A multiple regression analysis with as independent variables 

resistin, ACPA status and disease duration showed that disease duration (p = 0.002) and resistin 

(p = 0.04) independently predicted radiological damage (adjusted R2 = 26%). ACPA status did 

not predict SHS at baseline in this cross-sectional analysis. When CRP was added to the model as 

a fourth variable, disease duration (p = 0.008), CRP (p = 0.01) and resistin (p = 0.055) predicted 
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radiological damage at baseline (adjusted R2 = 35%). The addition of BMI, concomitant low-

dose prednisolone use at baseline or gender had no influence on this model. Baseline levels of 

the other adipocytokines did not predict joint destruction.

In the COBRA-GC cohort, a statistically significant mean (SD) SHS increase from 3,5 (0,5-10) 

to 5,3 (0,8-12,4) after 40 weeks was observed (p <0.005). Neither baseline nor change in serum 

adipocytokine levels was associated with baseline or change in SHS.

DISCUSSION

We examined the levels of adipocytokines in relationship to inflammation, lipid profile, and 

radiological damage in three cohorts of RA patients initiating anti-rheumatic treatment. 

TNF blockade or GC showed opposing effects on vaspin and visfatin serum levels: GC 

treatment (both short- and long-term) increased vaspin, but not visfatin, while adalimumab 

led to decreased visfatin levels and had no effect on vaspin. The lipid profile improved after 

adalimumab or long-term GC treatment; in the adalimumab cohort, this was related to a visfatin 

reduction independent of CRP levels. After several months of treatment with adalimumab or 

prednisolone, we observed a decline in resistin levels, associated with a decrease in DAS28, CRP 

and ESR, or ESR only, respectively. In the adalimumab cohort, serum resistin levels at baseline 

were predictive of radiological damage at baseline, independent of ACPA status or CRP. 

As a main finding we found a highly significant decrease in visfatin levels after adalimumab 

treatment, but not after GC treatment. In the adalimumab cohort, the baseline lipid profile and 

the subsequent improvement after treatment were related to the baseline serum visfatin level 

and decrease in visfatin concentrations, respectively. This latter relationship was independent 

of CRP levels, suggesting a role for visfatin specifically in the improvement of the lipid profile 

independent of a decrease in disease activity. Visfatin serum levels are also increased in patients 

with diabetes mellitus or hypertension, and independently associated with increased CVD risk32. 

The lipid profile improved not only after treatment with adalimumab, but also after treatment 

with GC in the COBRA-GC cohort. This effect has previously been ascribed to the decrease in 

inflammation after effective treatment2.

Another interesting finding in this study is the increase of vaspin levels in GC-treated 

patients, which were unaffected after adalimumab treatment. Increased vaspin levels are 

associated with decreased insulin sensitivity33;34, which is commonly seen after GC treatment35. 

Vaspin could, therefore, also be involved in the opposing effects of anti-TNF and GC treatments 

on CVD risk.

After several months of treatment with either adalimumab or prednisolone, there was 

a decline in resistin levels, associated with a decrease in DAS28, CRP and ESR, or ESR only, 

respectively. These results are consistent with previous reports showing that serum resistin 

levels are correlated with markers of inflammation in RA patients36;37. We are the first to report 

altered resistin levels after long-term treatment with GC. As resistin is mainly produced by 

macrophages8;38 and a decrease in the number of macrophages in synovium is consistently 

associated with improvement after effective treatment in RA39;40, we hypothesise that the 

observed reduction in resistin levels may reflect the decreased number of synovial macrophages. 

Despite inducing low-grade inflammation, obesity is associated with reduced radiological 

damage41;42, making adipocytokines, especially those related to obesity, likely regulators of 
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this destructive process. We found that higher baseline resistin levels were associated with 

more radiological damage at baseline independent of inflammation. This is in accordance with 

two other cross-sectional studies7;13. The role of resistin in the pathophysiology in the RA joint 

is supported by studies in mice showing that injection of resistin into the joint may induce 

arthritis associated with synovitis and pannus formation8. Resistin has also been shown to 

have a role in osteoclast differentiation43. We did not find an association between adiponectin 

levels and radiological damage. This is apparently in contrast with other studies showing 

an association between adiponectin levels and bone erosions9-12. Of these studies two were 

prospective11;12. The average adiponectin levels over time correlated better with bone erosions 

than the baseline levels, which may help to reconcile in part the discrepancy with our study. 

Moreover, radiological damage was scored at later time points (after respectively about 3 and 5 

years than in our study11;12. Consistent with our findings, most previous studies found no effect 

of TNF inhibition on circulating adiponectin levels in RA37;44;45. Other studies have suggested an 

increase in adiponectin levels46;47, in the absence of an effect on mRNA adiponectin levels in 

subcutaneous fat biopsies47. Together, the effects of TNF inhibition on adiponectin levels are 

at present poorly understood. This study has some limitations. The number of patients in the 

GC cohorts is relatively small. In addition, there are differences in baseline characteristics like 

disease duration between the different cohorts. Of importance however, all patients had active 

RA and were treated according to a stringent treatment protocol. Adipocytokine levels were 

measured at different time points in the three cohorts after start of treatment. Therefore, it is 

too early to draw definitive conclusions with regard to the kinetics of the effects of different 

therapeutic interventions on various adipocytokines. 

In conclusion, we found opposing effects of adalimumab and GC treatments on vaspin and 

visfatin serum levels, possibly in part explaining the different CVD risk profile of both drugs. 

Moreover, resistin levels are associated with radiological damage, independent of CRP levels 

or ACPA status. These data further support an important patho-physiological role for resistin 

and visfatin in RA.
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ABSTRACT

Objective: To explore the effects of anti-TNFα antibody therapy on bone mineral density 

(BMD) of the lumbar spine and femur neck in patients with rheumatoid arthritis (RA).

Methods: 50 patients with active RA (DAS28 ≥ 3.2) who started adalimumab (40 mg 

subcutaneously / 2 weeks) were included in an open label prospective study. All patients used 

stable methotrexate and were allowed to use prednisone (≤ 10 mg/day). The BMD of the lumbar 

spine and femur neck was measured before, and one year after start of treatment.

Results: Both disease activity at baseline (DAS28) and disease duration were inversely correlated 

with femoral neck BMD and lumbar spine BMD (P < 0.05). Mean BMD of both lumbar spine 

and femur neck remained unchanged after one year of adalimumab therapy (+0.3% and +0.3%, 

respectively). Of interest, a beneficial effect of prednisone on change in femur neck BMD was 

observed with a relative increase with prednisone use (+2.5%) compared to no concomitant 

prednisone use (-0.7%), (P = 0.015). 

Conclusion: In contrast to the progressive bone loss observed after conventional disease 

modifying anti rheumatic drug therapy, TNF blockade may result in an arrest of general bone 

loss. Consistent with previous observations, the data also suggest that the net effect of low 

dose corticosteroids on BMD in RA may be beneficial, possibly resulting from their anti-

inflammatory effects. 
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Osteoporosis is more frequent in patients with rheumatoid arthritis (RA) than in the general 

population due to active systemic inflammation as well as the use of corticosteroids and 

immobility1. Osteoporosis can cause pain, loss of height and may lead to fractures after falling. 

Subsequent disability may lead to loss of independence and quality of life. Fractures and 

associated co-morbidity may eventually even be life threatening in elderly patients. Hence, 

understanding and preventing osteoporosis in RA patients is important, especially because the 

age of onset of RA is usually around the age of 50-60 and two thirds of patients are female and 

past menopause, so already at risk of developing osteoporosis. 

Tumour necrosis factor (TNF) is a key player in the pathogenesis of RA. TNFα is not only 

associated with inflammation, but also involved in postmenopausal bone loss2,3. Previous work 

in animal models of RA has suggested that TNF blockade may result in inhibition of systemic 

bone loss4. Data describing the effect of in vivo TNFα inhibition on general bone loss in patients 

with RA are still limited and restricted to infliximab treatment5,6. Therefore, our aim was to 

explore the effects of adalimumab treatment on bone mineral density (BMD) of the lumbar 

spine and femoral neck in patients with RA in an open label, prospective study.

PATIENTS AND METHODS

Fifty patients with active RA (disease activity score of 28 joints (DAS28) ≥ 3.2) who started 

adalimumab treatment (40 mg subcutaneously every other week) were included in an open 

label prospective study. All patients used stable methotrexate (MTX) and were allowed to 

use prednisone (≤ 10 mg/day) if stable at least 1 month before inclusion. MTX was kept stable 

throughout the study, prednisone dosage was allowed to be tapered after 16 weeks of treatment 

and the continuation of anti-osteoporotic drugs was allowed. Disease activity was assessed by 

the DAS28 at week 4, 16, 28, 40, and 52. Clinical response was defined by the EULAR response 

criteria7.

The BMD of both the lumbar spine (L1-L4) and left femoral neck was measured before 

treatment and after one year by dual energy X-ray absorptiometry (DXA) (QDR 4500A; Hologic 

Inc., Waltham, MA). BMD was defined as bone mineral content, divided by the surface of the 

projected bone area, expressed in g/cm2. T-scores (a standard deviation (SD) compared with the 

peak BMD value of an adult aged from 20 to 30 years) and Z-scores (an SD compared with BMD 

values of age and sex) were calculated. Reference BMD values supplied by the manufacturer 

were used. Osteopenia was defined by a T-score between -1 and -2.5 SD, and osteoporosis as 

a T-score below -2.5 SD, according to the World Health Organization guidelines. The protocol 

was approved by the Medical Ethics Committee of the Academic Medical Centre, University of 

Amsterdam. All patients gave written informed consent. 

Statistical analysis

Changes in BMD were analyzed by paired samples t-tests. Sub-analyses were performed by 

independent Student’s t-tests or Mann Whitney U tests to detect significant differences in 

baseline DXA values and changes in BMD between groups including differences in prednisone 

or anti-osteoporotic drug use. Correlations were assessed with the Pearson product-moment 

or Spearman rank-order correlation coefficients, whichever was appropriate. Stepwise 

backward multivariate linear regression analysis was performed on the total group to study the 
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influence of anti-osteoporotic drugs (calcium, vitamin D and biphosphonate), prednisone use 

and baseline BMD on change in femur BMD. Values are presented as mean ± SD or median and 

interquartile range (IQR). P values < 0.05 were considered statistically significant. SPSS 12.0.2 for 

Windows (SPSS, Chicago, IL) was used.

RESULTS

Patients and clinical response. After 1 year follow-up 46 out of 50 patients completed the whole 

study, while 4 patients were excluded from analysis due to premature drop out (1 lost to follow 

up, 1 infection, 1 lack of efficacy and 1 malignancy). In one patient the BMD of the femur neck 

was not performed after treatment due to hip replacement. Eighty percent were female and the 

mean age 51 ± 14 years. The median disease duration was 60 months (IQR 36-142). Furthermore, 

31 (67%) patients had erosive disease, 65% was IgM-rheumatoid factor positive and 70% anti-CCP 

positive. The mean MTX dose was 19.1 ± 6.9 mg/week. Thirteen (28%) patients used concomitant 

prednisone at a mean dose of 7.4 ± 2.3 mg/day. Eight patients used prednisone ≥ 5.0 - 7.5 mg/day 

and 5 patients used > 7.5 - ≤ 10.0 mg/day). Six out of these 13 patients received bisphosphonate 

therapy and 2 patients used bisphosphonate without prednisone. There were 4 patients with a 

disease duration less than one year of whom only 1 used prednisone; all other prednisone users 

had longstanding RA. Thirteen patients used calcium and vitamin D3 suppletion of whom 9 

were also treated with prednisone. In 5 patients prednisone was stopped after week 16 while 8 

patients still used low dose prednisone (< 10 mg/day) after 1 year. Nineteen (51%) women were 

menopausal, of whom only 1 used hormonal replacement therapy and 7 women who were not 

menopausal used and oral contraceptive (see Table 1 for patient characteristics). 

 The mean DAS28 decreased from 5.4 ± 1.1 at baseline to 3.6 ± 1.2 at week 16 and 3.4 ± 0.7 at 

week 52 (both P < 0.001). At week 52 there were 23 good, 16 moderate, and 7 non-responders 

according to the EULAR response criteria.

BMD at baseline is associated with disease activity and disease duration

Baseline mean lumbar spine BMD was 0.962 ± 0.150 g/cm2 and mean femoral neck BMD was 

0.798 ± 0.156 g/cm2. Only 4 (8.9%) of 46 analyzed patients had osteoporosis. Osteopenia was 

found in 13 (28%) patients in both femur neck and spine and in 4 patients in only the spine. 

Males had a significantly higher BMD of the femoral neck than females (P = 0.011) with a 

similar trend for the lumbar spine (P = 0.062). There was a significant inverse correlation 

between BMD and age, and as expected, both disease activity at baseline (DAS28) and disease 

duration were inversely correlated with femoral neck BMD (r = -0.36, P = 0.015, and r = -0.37, 

P = 0.011, respectively). Lumbar spine BMD was also inversely correlated with the DAS28 and 

disease duration (r = -0.44 P = 0.003, and r = -0.33 P = 0.029, respectively). Of interest, only BMD 

of the femur was correlated with body weight (r = 0.438, P = 0.002). There was no difference in 

baseline BMD between users and non-users of prednisone. A difference however was found in 

baseline BMD of both lumbar spine and femur related to calcium, vitamin D3 or bisphosphonate 

use, with lower baseline BMD values for patients using anti-osteoporotic therapy. Naturally, 

their low BMD was the reason why these patients were using anti-osteoporotic drugs to begin 

with. When comparing the presence or absence of erosions, rheumatoid factor or anti-CCP 

positivity we found no relationship with pre-treatment BMD.
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Further decrease in BMD is arrested by 
adalimumab therapy

There was no significant change in mean 

BMD of the lumbar spine comparing values 

before (0.962 ± 0.150 g/cm2) versus values 

after 1 year (0.965 ± 0.155 g/cm2) (+0.3%) 

(Table 2). The mean BMD of the femur neck 

also remained unchanged: 0.798 ± 0.156 

g/cm2 before compared to 0.800 ± 0.147 

g/cm2 after 1 year adalimumab therapy 

(+0.3%) (see Figure 1). Hence, there was no 

significant increase or decrease after 1 year 

treatment. 

The increase in BMD is related to the 
decrease in serum CRP levels

An association was found between the 

decrease in serum CRP levels at week 16 

and the increase in femur neck BMD after 

one year (Pearson’s correlation coefficient 

r = -0.307, P = 0.040). In addition, a possible 

association, just falling short of statistical 

significance, was observed between the 

decrease in serum CRP levels at week 52 

and the increase in femur neck BMD at 

the same time point (Pearson’s correlation 

coefficient r = -0.292, P = 0.052).

A favourable change in femur BMD in 
concomitant prednisone users

Interestingly, univariate analysis indicated 

that the concomitant use of prednisone, 

calcium, and vitamin D3 was associated with 

a greater increase in femur BMD compared 

to patients who did not use these drugs in 

combination with adalimumab. Especially, 

mean femur BMD showed a relative 

increase when prednisone was used: before 0.758 ± 0.117 versus after 1 year 0.777 ± 0.122 (+2.5%) 

compared to no concomitant prednisone use 0.814 ± 0.167 versus 0.808 ± 0.126 (-0.7%), (P = 

0.015, see Figure 1). A trend was observed for changes in lumbar spine BMD (P = 0.072). Although 

this was statistically significant for all 3 drugs, this exploratory study was not formally powered 

to study significant differences in mean change between groups. In response to this interesting 

observation, we performed stepwise backward multivariate linear regression analysis to study 

how much of the change in femur BMD independent of the overall effect of adalimumab could 

Table 1. patient characteristics. Mean values ± 
standard deviation (SD), median and interquartile 
range (IQR) or percentages are shown.

Demographics  (n = 46)

Age (years) 51 ± 14

Female (%) 37 (80)

BMI (kg/m2) 27.0 ± 5.9

Disease status

Disease duration (months) 60 (36-142)

Erosive disease (%) 31 (67)

IgM-RF + (%) 30 (65)

Anti-CCP + (%) 32 (70)

DAS28 5.4 ± 1.1

ESR (mm/hr) 19 (11-34)

C-reactive protein (mg/L) 7 (4-17)

Postmenopausal women (%) 19 (51) 

Drug treatments

Previous DMARDs 4.1 ± 2.0

Methotrexate (mg/wk) 19.1 ± 6.9

Prednisone use (%) 13 (28)

Prednisone dose (mg/day) 7.4 ± 2.3

Bisphosphonate use (%) 8 (17)

Calcium use (%) 13 (28)

Vitamine D use (%) 12 (26)

Bone mineral density

Lumbar spine  

  BMD (g/cm2) 0.96 ± 0.15

  T-score (SD) -0.82 ± 1.32

  Z-score (SD) 0.04 ± 1.23

Femoral neck

  BMD (g/cm2) 0.80 ± 0.16

  T-score (SD) -0.75 ± 1.32

  Z-score (SD) 0.19 ± 1.19
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be explained by the use of these drugs. Interaction between prednisone, bisphosphonate, 

calcium and vitamin D use was studied by using an interaction variable in the analysis. We 

found that the pre-treatment femur neck BMD (P = 0.035) and the use of prednisone (P = 0.031) 

together explained 18.5% (adjusted R2) of the variance in BMD change. 

Only the use of vitamin D3 showed an interaction with prednisone use. However, by including 

baseline femur BMD in the model vitamin D was rejected, because vitamin D was associated with 

a lower mean femur BMD pre-treatment (vitamin D3 use 0.659 ± 0.104 versus no vitamin D3 use 

0.847 ± 0.141, P < 0.001), while prednisone use was unrelated to baseline femur BMD. Hence, 

these data suggest that in addition to the overall effect of adalimumab in all patients, 18.5% of the 

change in BMD of the femur is explained by baseline BMD and prednisone use. 

DISCUSSION

The results of this study confirm and extend previous findings with infliximab in RA. We observed 

that BMD does not increase significantly after one year of adalimumab therapy, but on average 

progressive bone loss is halted. 

Several studies have been performed with infliximab to study the effect of TNFα blockade 

on general bone loss in both RA and ankylosing spondylitis5,8-10. The results vary by study with 

regard to the magnitude of observed change, but also with regard to the time points of DXA 

Table 2. Data are represented as median and interquartile range (IQR) and mean ± standard deviation (SD).

BMD T=0 BMD T=1 year

P-valueMedian (IQR) Mean ± SD Median (IQR) Mean ± SD

Femur neck 0.795 (0.703-0.920) 0.798 ± 0.156 0.798 (0.685-0.901) 0.800 ± 0.147 ns

Lumbar spine 0.961 (0.850-1.070) 0.962 ± 0.150 0.963 (0.845-1.070) 0.965 ± 0.155 ns

Figure 1. Change in femur neck BMD after one year 
adalimumab therapy. Data are represented as mean 
(symbol) and standard deviation (whiskers). After 
one year (T = 1) adalimumab therapy the mean femur 
neck BMD was unchanged (+ 0.3%) (n = 46, circle). 
However, the concomitant use of prednisone led to 
a relative increase in mean femur neck BMD (+ 2.5%) 
(n = 13, square) compared to patients who did not use 
prednisone (- 0.7%) (n = 33, diamond).
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scanning, the numbers of patients included and the concomitant use of prednisone and/or 

anti-osteoporotic drugs. Our results are consistent with the findings of 2 previous studies on 

the effects of infliximab where bone mineral density was measured after 1 year and concomitant 

use of steroids and bisphosphonate was also allowed. The results from both studies suggest an 

arrest in further bone loss after TNF blockade5,9. However, one of the latter studies showed that 

bone loss of the hands as measured by radiogrammetry was ongoing despite TNF blockade5. 

The limitation of our study and previous studies is the fact that the design is not double-

blind, placebo-controlled, making it difficult to interpret the size of the effect of TNF blockade. 

Because observed changes in BMD are very small in most bone mineral density studies and 

the standard deviation of BMD measurements is quite large, a simple power calculation 

would tell us that one would need a study including around at least 500 patients to detect a 

significant change in BMD that is greater than the variance in BMD within the study group. 

However, a recent study used an elegant alternative by describing the change in BMD of 

both femur and lumbar spine in a control group of 99 RA patients using no TNF blocker but 

only methotrexate9. The disease duration was comparable to the study group comprising 90 

patients using infliximab in combination with methotrexate. Similar to our study, concomitant 

use of prednisone and bisphosphonates was allowed, resembling the normal RA population 

seen in the everyday rheumatology practice. Their results showed that within one year follow-

up the BMD of lumbar spine as well as the femur BMD decreased in the control group (-3.9% and 

-2.5%, respectively) while both mean lumbar spine and femur BMD remained unchanged in 90 

patients using infliximab in combination with methotrexate. Historical data from a population 

study with RA patients on traditional DMARD therapy (48% using corticosteroids and 37% using 

anti-resorptive drugs) showed mean bone loss of the spine to be around -0.29% and of the 

femur neck around -0.64% after 1 year. In patients not using anti-resorptive therapy but calcium 

and vitamin D alone bone loss of the spine was around -1.99% and -1.39% of the femur neck after 

1 year1. In early arthritis patients the percentage of bone loss is even higher (-2.4% in the spine 

and -4.3% in the trochanter after 1 year)11. With this perspective the results observed after anti-

TNFα therapy suggest a favourable effect on generalized BMD. 

This brings up the unexpected observation in our study of a potentially beneficial effect 

of prednisone on BMD change of the femur neck, for prednisone use is obviously more often 

associated with loss of bone mineral density. Corticosteroid use has been shown to be an 

independent risk factor for vertebral fractures12. Recently however a placebo controlled trial 

found a positive effect of prednisone on hand bone density compared to placebo in early RA13. 

Hence, prednisone can have a negative effect on bone mineral density when chronically used 

in high dose, but the beneficial effect of prednisone on further dampening inflammation and 

associated bone loss cannot be discarded. In addition, clinical improvement due to prednisone 

use and increased mobility due to clinical improvement may also have contributed to a positive 

effect on bone mineral density. The actual size of the potentially beneficial effect should further 

be determined in a placebo controlled study to rule out the impact of, for instance, regression 

to the mean, which might have exerted some influence in our cohort study, because baseline 

femur neck BMD was slightly lower in prednisone users. Of interest, in a recent study the 

effect of infliximab on femur BMD was no longer significant when steroid use was added to 

the multivariate model in addition to male sex and age9. Although only an interaction between 

vitamin D suppletion and prednisone was identified by multivariate linear regression analysis, it 
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cannot be completely ruled out that anti-osteoporotic treatment in a subset of these patients 

added to the relative increase in bone mineral density of the femur neck. In summary this is the 

first study to show progressive general bone loss may also be arrested by adalimumab therapy. 

The data also suggest that the net effect of low dose corticosteroids on BMD in RA may be 

beneficial, which may be explained by the anti-inflammatory effects.
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BACKGROUND 

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disorder characterized by synovitis 

and progressive damage to articular cartilage and subchondral bone in the majority of patients1. 

Besides these well known effects on the joints, systemic effects may occur like fatigue, low 

grade fever, malaise, morning stiffness, loss of appetite and weight1. All organs can be affected 

by this disease. In the last years it becomes clear that patients with RA also have an increased 

cardiovascular (CV) risk which cannot be explained by traditional CV risk factors alone2. Systemic 

inflammation is thought to play a key role in accelerated atherosclerosis3. Adipocytokines 

have provided a plausible link between obesity, inflammation and CV disease4-6. In RA these 

adipocytokines are increased7 and are thought to have a role in CV disease8. RA is also a well 

known risk factor for osteoporosis, not only due to the frequently used glucocorticosteroids 

(GC) and immobility but also due to increased osteoclastic activation9-11. 

The cause of RA is unknown. The combination of genetic susceptibility with environmental 

inciting events may lead to the development of this disease12. In recent years it has become clear 

that RA is a syndrome compromising several disease subsets, in which different pathogenetic 

pathways may result in final common pathways associated with persistent synovial inflammation 

and damage to articular cartilage and underlying bone1. 

At the end of the last century a new class of drugs, so called biologicals became available 

for the treatment of RA13. Several studies have shown that targeted treatment and intensified 

treatment especially in early disease may improve outcome quite dramatically14-16. This makes 

RA anno 2012 a treatable disease. However, remission is induced in only a minority of patients 

and over time response to biologicals is diminished in a substantial part of RA patients17. Thus, 

there is still a huge unmet need. 

TNF blockers are currently often used as a first line biological in light of the vast experience 

with this class of drugs when DMARD treatment fails. When TNF-blockers fails other targeted 

treatment, IL-6 receptor antibody (toclilizumab), inhibitor of the co-stimulatory receptors 

CD80 and CD86-receptors to prevent the interaction between T cells and antigen presenting 

cells (abatacept) and anti-CD20 antibody (rituximab), are often used. The response to each 

class of (biological) treatments is quite heterogeneous in RA18-21 and the use of these agents 

is associated with serious side effects in some patients, mainly infectious complications, and 

considerable costs22;23. Therefore, the prediction of the response to biological treatment in 

individual patients has become a major clinical challenge in RA to improve cost-effectiveness 

and reduce unnecessary exposure in patients who are unlikely to respond to a specific 

mechanism of action24. In this thesis we tried to identify clinical parameters or biomarkers 

that could predict the response to TNF blockade. Conceivably, more effective reduction of 

inflammation in various subgroups of patients might also translateinto reduced CV risk and 

more effective inhibition of bone loss. 

MAIN FINDINGS 

Section 1

In the first section we describe studies aimed at the identification of biomarkers predictive 

of the response to TNF blockade. In the second chapter we examined the value of different 
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isotypes of RF and ACPA as predictors of response to infliximab in a representative cohort of 

established RA patients. We found that the presence and the levels of different isotypes of 

RF and IgM and IgG ACPA were related to clinical response to infliximab at the group level. 

However, this association was not strong enough to predict response in individual patients 

when used in isolation. The combination of the presence of different auto-antibodies or 

isotypes had no additive value in predicting response to infliximab treatment in RA patients. 

Hence, RF and ACPA isotype levels are statistically associated with response to treatment, but 

cannot be translated into a predictive test in individual patients yet. Conceivably, prediction 

might be improved by combination with other molecular and clinical parameters.

A subset of patients with RA exhibits synovial lymphoid neogenesis and in earlier work 

we found that this is related to increased inflammation25;26. In the third chapter we describe 

that synovial lymphocyte aggregates are an independent predictor of response in RA patients 

treated with infliximab. Recently, Wijbrandts et al27 described that synovial TNF levels at 

baseline partially predicts the clinical response to TNF blockade. When synovial lymphocyte 

aggregates, disease activity score at baseline, presence of IgG ACPA and expression of synovial 

TNF were added together in a prediction model, this increased the power to predict the clinical 

response to infliximab to almost 30%. We also found that a reduction in lymphocyte aggregates 

after anti-TNF antibody therapy in both RA and psoariatic arthritis patients, which confirms 

earlier observations that synovial lymphoid neogenesis is associated with inflammation and is 

reversible. 

The E3 ubiquitin ligase synoviolin functions as an anti-apoptotic factor and its expression is 

associated with arthritis development in mice28. In the fourth chapter we confirm previous work 

showing over expression of synoviolin in the synovium of RA patients. However, its expression 

was not specific for RA and also seen in osteoarthritis and psoriatic arthritis patients although 

expression was lower in these conditions. In contrast to the previously reported association 

between synoviolin levels in whole peripheral blood and response to anti-TNF treatment29, 

synovial synoviolin expression was not predictive of later response to TNF blockade. Therefore, 

the role of synoviolin in the pathogenesis of RA is more complex than previously anticipated 

and our data do not support the notion that synovial synoviolin levels could be used to improve 

the prediction of response to anti-TNF treatment.

 In the fifth chapter we describe that although infliximab is dosed on body weight, higher 

body mass index (BMI) index is related to decreased response to infliximab in RA patients 

suggesting a role for adipose tissue. The baseline BMI showed a positive correlation with the 

baseline DAS28, indicating a more-active disease in more obese patients. Thus, in spite of the 

fact that this anti-TNF antibody is dosed per kilogram of body weight, infliximab appears less 

effective in more obese patients. These results suggest that adipocytokines may have a role in 

the pathophysiology of RA. 

Section 2 

In the second part of this thesis we investigated the relationship between adipocytokines, bone 

mineral densitiy and the response to anti-TNF treatment. There is increasing evidence that 

adipocytokines may exert pro-inflammatory and destructive effects in RA and also have a role 

in CV disease in RA patients. In the sixth chapter we describe the effect of TNF blockade and 

GC on adipocytokines in relation to inflammation, radiological damage and lipid profile in three 
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cohorts of RA patients. TNF blockade and GC showed opposing effects on vaspin and visfatin 

serum levels: GC treatment increased vaspin, but not visfatin, while the anti-TNF antibody 

adalimumab led to decreased visfatin levels without an effect on vaspin levels. The lipid profile 

improved after adalimumab or long-term low dose GC treatment; in the adalimumab cohort, 

this was related to a decrease in visfatin levels independent of C-reactive protein (CRP) levels. 

This suggests a role for visfatin specifically in the improvement of the lipid profile independent 

of a decrease in disease activity. Of note, visfatin serum levels are independently associated with 

increased CV disease. The different effect of TNF blockade and GC on visfatin could possibly 

explain part of the different effects on CV risk profile of these two treatments. Increased 

vaspin levels are associated with decreased insulin sensitivity, which is commonly seen after 

GC treatment. Vaspin could, therefore, also be involved in the opposing effects of anti-TNF 

and GC treatments on CVD risk. After several months of treatment with adalimumab or GC, we 

observed a decline in resistin levels, associated with a decrease in DAS28, CRP and erythrocyte 

sedimentation rate (ESR), or ESR only, respectively. In the adalimumab cohort, serum resistin 

levels at baseline were predictive of radiological damage at baseline, independent of ACPA 

status or CRP. These data further support an important patho-physiological role for resistin 

and visfatin in RA. 

Due to systemic inflammation osteoporosis is more frequent in RA patients and in the 
seventh chapter we describe that anti-TNF therapy may arrest bone loss in the lumbar spine 

and femur neck in patients with RA. This is in contrast with the progressive bone loss observed 

after conventional DMARD therapy. Of interest, a beneficial effect of low dose prednisone on 

the change in femur neck BMD was also observed with a relative increase with prednisone 

use compared to no concomitant prednisone use after one year. Consistent with previous 

observations, the data also suggest that the net effect of low-dose GC on bone mineral density 

in RA may be beneficial, possibly resulting from their anti-inflammatory effects. 

CONCLUSION

It may be difficult to identify a single biomarker that can be used to predict the response to 

anti-TNF therapy in the context of individualized health care. We have however generated 

evidence that certain biomarkers can be identified, which are predictive on the group level. 

Based on insights derived from these studies, existing treatment algorithms may be further 

refined24. In addition to the need for identification of novel biomarkers beyond the scope of 

the studies described in this thesis, combination of multiple markers may bear most promise to 

further improve the performance of a biomarker-guided approach.
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NEDERLANDSE SAMENVATTING

Reumatoïde Artritis 

Reumatoïde artritis (RA) is een chronische auto-immuun aandoening welke wordt gekenmerkt 

door gewrichtsontsteking van het gewrichtskapsel (synovium). Bij een deel van de patiënten 

leidt dit tot destructie van de gewrichten door aantasting van kraakbeen en bot. In de 

geïndustrialiseerde wereld is prevalentie van RA bijna 1%, de ziekte komt 3 maal vaker voor 

bij vrouwen dan bij mannen en ontstaat meestal tussen het 40ste en 60ste levensjaar. Als de 

ziekte niet adequaat wordt behandeld is het een invaliderende aandoening gezien patiënten 

door de gewrichtsontsteking en later in het ziekteproces ten gevolge van destructie van de 

gewrichten minder goed kunnen functioneren en hun mobiliteit vermindert. Patiënten worden 

geclassificeerd op basis van symptomen en laboratoriumonderzoek volgens de nieuwe RA 

criteria die zijn ontwikkeld door ‘American College of Rheumatology (ACR)’ en ‘European 

League against Rheumatism (EULAR)’ in 2010. Bij ongeveer 70% van de RA patiënten zijn IgM 

Rheumatoid Factor (RF) en/of antistoffen tegen gecitrullineerde eiwitten (ACPA) aanwezig. 

Naast gewrichtsontsteking en destructie van de gewrichten treden ook systemische 

symptomen op zoals moeheid, sub-febriele temperatuur, ochtendstijfheid, verminderde 

eetlust en gewichtsverlies. Hiernaast kunnen alle organen betrokken raken bij RA. Het meest 

kenmerkende voorbeeld hiervan zijn de reuma noduli, dit zijn onder de huid gelegen zwellingen 

ten gevolge van inflammatie. Met name de longen, het oog en het perifere zenuwstelsel kunnen 

als de ziekte niet goed onder controle is betrokken raken in het ziekteproces. De laatste jaren 

is duidelijk geworden dat RA patiënten een toegenomen cardiovasculair (CV) risico hebben 

onafhankelijk van de traditionele CV risico factoren. Systemische inflammatie speelt hierin een 

belangrijke rol and het is waarschijnlijk dat het risico op CV ziekten wordt verminderd door 

remming van het ziekteproces. RA is ook een bekende risico factor voor osteoporose niet 

alleen ten gevolge van de frequent gebruikte gluco-corticosteroïden (GC) en verminderde 

mobiliteit, maar ook ten gevolge van toegenomen activiteit van osteoclasten. Remming van 

het ziekteproces door verschillende behandelingen heeft waarschijnlijk een positief effect 

hierop.

Oorzaak en pathophysiologie 

De exacte oorzaak van RA is onduidelijk, maar het is aannemelijk dat een combinatie van 

genetische gevoeligheid en omgevingsfactoren leidt tot klinische symptomen. Variabiliteit in 

zowel de cellulaire als moleculaire kenmerken in het synovium van RA patiënten, evenals de 

heterogene respons op behandeling suggereert dat RA een klinisch syndroom is welke een 

aantal heterogene subsets omvat. Patiënten worden onderverdeeld in ACPA positieve en ACPA 

negatieve patiënten. ACPA’s zijn heel specifiek voor RA en zijn vaak al jaren voor het manifest 

worden van de ziekte aanwezig. ACPA positieve patiënten hebben een agressiever ziektebeloop 

met minder kans op remissie en een verhoogde kans op erosieve gewrichtsschade. De kans op 

RA is voor 50-60 procent erfelijk bepaald voor zowel ACPA positieve als ACPA negatieve RA 

patiënten. HLA shared epitope is sterk geassocieerd met ontwikkeling op RA. PTPN 22 gen is 

ook geassocieerd met een toegenomen risico op IgM RF positieve RA. In de laatste jaren is het 

duidelijk geworden dat roken het risico verdubbeld op antistof positieve RA. Dit suggereert 

een gen/omgeving interactie welke de kans op RA verhoogd.
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Een ander intrigerend vraagstuk is waar begint de ziekte RA. Klassiek wordt gedacht dat 

RA begint in de synoviale membraan, welke ontstoken raakt na verschillende hits zoals boven 

beschreven. Deze theorie wordt versterkt doordat geactiveerde osteoclasten erosies kunnen 

induceren vroeg in het ziekteproces. Een andere hypothese is dat de ziekte start op andere 

plekken bij voorbeeld in lymfklieren alwaar dan ACPAs worden geproduceerd. Een tweede hit 

is nodig om synovitis te induceren. Hiernaast is opvallend dat synovitis vaak plaats vindt in de 

zogenaamde ‘bare area’, het gebied waar het synovium aan het bot hecht. Hier worden ook 

de erosies gevonden. Mogelijk dat dus ook het beenmerg een rol heeft bij de ontwikkeling 

van synovitis in RA. Recent hebben MRI studies laten zien dat op de plekken waar synovitis 

zich ontwikkelt er op deze plekken kleine gaatjes in het bot zitten en er met regelmaat voor 

ontstaan synovitis sprake is van osteitis op die plek. 

Het ontstoken synovium 

In gezonde gewrichten zit om de gewrichtsholte synovium. Deze bestaat uit een oppervlakkige 

laag, ‘lining layer’ en een binnenste gedeelte welke in contact staat met de gewrichtsholte 

‘sublining layer’. In RA is dit synovium geïnfiltreerd met inflammatoire cellen, met name 

macrofagen maar ook T en B cellen, mest cellen, plasma cellen, dendritische cellen en NK 

cellen. In sommige patiënten worden lymfocyten aggregaten gezien met structuren die 

lijken op kiemcentra zoals wordt gezien in lymfklieren. De aanwezigheid van deze aggregaten 

is geassocieerd met het chronische ontstekingsproces welke plaats vindt in RA. In dit 

ontstekingsproces wordt ook nieuwe vaatvorming (angioneogenesis) gezien. Ten gevolge van 

dit ontstekingsproces treedt uiteindelijk destructie van het gewricht op.  

Rol van de adipocytokines

De laatste jaren wordt het steeds duidelijker dat adipocytokines een rol spelen tussen obesitas, 

het metabole syndroom en inflammatie. Adipocytokine serum levels zijn hoger in RA patiënten 

dan in gezonde controles en vandaar de gedachte dat zij een rol spelen in het verhoogde CV 

risico profiel van RA patiënten en de toegenomen insuline resistentie. Obesitas is geassocieerd 

met minder kans op radiologische schade in RA. Dit lijkt paradoxaal gezien vetweefsel gepaard 

gaat met toegenomen inflammatie ten gevolge van toename van (adipo) cytokines door 

vetweefsel. De precieze biologische relatie is momenteel niet duidelijk. Op dit moment laten 

de data over de rol van adipocytokines in relatie tot bot erosies wisselende resultaten zien. De 

meest bekende adipocytokines zijn leptin, adiponectin, resistin, vaspin en visfatin. 

RA en osteoporose

Osteoporose komt meer voor in RA ten gevolge van verschillende factoren. Systemische en 

locale inflammatie activeren de osteoclast, de belangrijkste cel welke bot verlies induceert 

in RA. Verschillende cytokines en groeifactoren zijn betrokken in het ontstekingsproces 

in RA en hebben invloed op de activatie van de osteoclast. Dit gebeurt door invloed direct 

op de osteoclast of indirect door de expressie te moduleren van de belangrijkste activator 

van de osteoclast namelijk nuclear factor (NF) kappaB ligand (RANKL) en/of zijn antagonist 

osteoprotegerin (OPG). Hiernaast speelt verminderde mobiliteit ten gevolge van ontstoken 

en/of beschadigde gewrichten een rol. Ook gebruik van GC kan osteoporose beïnvloeden 

door activiteit van osteoblasten af te remmen. Dit geldt met name voor de hogere doseringen 
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GC gezien bij gebruik van lage doseringen GC het effect op botverlies waarschijnlijk 

geneutraliseerd wordt door de positieve effecten van remming van inflammatie op het bot door 

GC. Osteoporotische fracturen leiden tot verhoogde morbiditeit en mortaliteit en preventie in 

RA is belangrijk mede gezien het grotendeels vrouwen betreft in de post menopausale leeftijd 

die al risico lopen op osteoporose.

Respons op behandeling in RA 

Tot het eind van de vorige eeuw werd RA met name behandeld met conventionele medicatie 

zoals methotrexate (MTX), sulfasalazine, hydroxychloroquine, azathioprine, leflunomide en 

goud injecties. Deze medicatie worden ook wel ‘disease modifying anti-rheumatic drugs’ 

(DMARD) genoemd en verminderen inflammatie door hun effecten op immuun cellen. 

DMARDs beginnen na 6-12 weken te werken. GC zijn ook effectief in RA en werken vaak 

al na enkele dagen. Echter ten gevolge van bijwerkingen, zoals toegenomen risico op CV 

ziekten, glucose intolerantie en osteoporose worden deze meestal kortdurend gebruikt. Vaak 

worden ze in het begin van de behandeling tijdelijk samen gegeven met DMARDs die pas 

na enkele weken gaan werken. Wel worden GC met regelmaat langdurig in lage doseringen 

gebruikt en er is discussie of de bijwerkingen van lage dosis GC worden geneutraliseerd door 

het positieve effect op vermindering van inflammatie. In ongeveer 65% is DMARD therapie 

effectief hoewel niet altijd genoeg om de ziekte volledig rustig te krijgen. Aan het eind van 

de vorige eeuw is een nieuwe klasse van medicijnen op de markt gekomen de zogenaamde 

biologicals. Deze medicijnen bestaan uit natuurlijke eiwitten zoals antilichamen, fragmenten 

van eiwitten of synthetische peptiden die heel specifiek signaaleiwitten uitschakelen en zo 

het ziekteproces kunnen remmen. Op dit moment zijn er 5 verschillende soorten biologicals 

voor RA op de markt. Respons wordt gezien in ongeveer 70% van de patiënten en remissie 

in een minderheid. De vijf verschillende soorten biologicals zijn: 1. TNF blokkers (infliximab, 

adalimumab, etarnercept, golimumab en certolizumab), 2. anti-IL-6 receptor antilichaam 

(tocilizumab), 3. inhibitie van het co-stimulatoire receptor systeem CD80 en CD 86 op T-cellen 

om interactie te voorkomen tussen T-cellen en antigeen presenterende cellen (abatacept), 4. 

antilichamen tegen CD 20 (rituximab) en 5. IL-1 receptor antagonisten (anakinra). IL-1 receptor 

antagonisten zijn verminderd effectief in vergelijking met de andere 4 biologicals. Deze nieuwe 

behandelmogelijkheden maken RA anno 2012 een behandelbare ziekte. 

In Nederland wordt respons op behandeling geëvalueerd door gebruik te maken van de 

ziekteactiviteit in 28 of 44 gewrichten (DAS28 of DAS44). Hier wordt gekeken naar bezinking, pijn 

en zwelling van de gewrichten. Als laatste wordt gekeken hoe de patiënt vindt dat het met zijn 

ziekte gaat. Via een ingewikkelde formule komt hier een score uit. In dagelijkse praktijk wordt een 

verlaging van de DAS28 ≥ 1.2 punten gezien als respons. Hiernaast hebben ook de ACR en EULAR 

hun eigen respons criteria gemaakt. De EULAR respons criteria maken gebruik van de DAS28. 

Tevens is gebleken dat snellere en een meer intensieve behandeling gericht op het behalen 

van lage DAS28 scores de uitkomstparameters sterk verbeterd zoals kans op blijvende remissie, 

behouden van functioneren en is op lange termijn gebruik van medicatie verminderd. Actiever 

behandeling van RA vermindert waarschijnlijk ook het verhoogde risico op osteoporose en CV 

ziekten. 

Op dit moment wordt in Nederland gestart met conventionele DMARDs zo nodig (tijdelijk) 

in combinatie met GC. Als behandeling met 2 DMARDs de ziekte niet voldoende rustig houdt 
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(DAS28 score ≥ 3.2) dan kan gestart worden met biologicals en wordt dit ook vergoed door de 

verzekeraars. TNF blokkers worden momenteel als eerste toegepast mede gezien deze ook het 

langste op de markt zijn en hiermee de ervaring het grootst is. IL-6 receptor antagonisten kunnen 

ook worden ingezet als MTX niet wordt getolereerd of bij falen van een DMARD. Abatacept en 

rituximab kunnen worden ingezet als behandeling met TNF blokkers heeft gefaald. 

TNF blokkade 

TNF is een cytokine welke met name wordt geproduceerd door monocyten en macrofagen, maar 

ook veel andere cellen kunnen TNF produceren. TNF heeft pro-inflammatoire eigenschappen 

welke onder fysiologische omstandigheden een rol spelen in verdediging van de gastheer tegen 

infecties en verwondingen. In RA is TNF toegenomen in het synoviale weefsel en veroorzaakt 

daar synoviale proliferatie (o.a. proliferatie van fibroblasten) wat leidt tot ontsteking en 

gewrichtsdestructie. De expressie level van TNF in het synovium is geassocieerd met ernst van de 

gewrichtsontsteking. Het is niet duidelijk welke stimuli zorgen voor toegenomen productie van 

TNF door met name macrofagen in RA. Dat het een belangrijke rol heeft in het ziekteproces komt 

tot uiting door het goede effect wat gezien wordt bij gebruik van TNF blokkerende middelen bij RA 

patiënten. Belangrijkste bijwerkingen van TNF blokkade zijn o.a. infectieuze complicaties en een 

licht verhoogde kans op huidtumoren. Tevens neemt respons op termijn vaak af waarschijnlijk ten 

gevolge van antistof vorming. Hiernaast zijn TNF blokkers duur en ten gevolgde van toegenomen 

kosten in de zorg en de momenteel verminderde economische situatie is onderzoek naar hoe 

deze middelen zo efficiënt mogelijk kunnen worden ingezet belangrijk. 

Dit proefschrift is gebaseerd op TNF inhibitie in RA en verdeeld in 2 delen.

Zoals boven beschreven reageert 30% niet op TNF blokkade van de RA patiënten. In het 

algemeen geldt dat kans op respons toeneemt als de middelen eerder in het ziekteproces 

worden ingezet. Recent werd duidelijk dat verhoogde TNF waardes in het synovium leiden 

tot toegenomen respons op TNF blokkade. Echter deze associaties zijn niet sterk genoeg 

om op individueel nivo respons te voorspellen. Vandaar dat we gekeken hebben of andere 

of combinatie van biomarkers/klinische kenmerken de respons op TNF blokkade kunnen 

voorspellen. IgM RF en ACPA zijn bekende diagnostische en prognostische biomarkers in RA. 

De relatie tussen deze factoren en de respons in RA is momenteel niet duidelijk. In hoofdstuk 
2 hebben wij gekeken naar deze relatie in een groep RA patiënten die op dat moment een 

stabiele dosis MTX gebruikten en gestart zijn met infliximab in verband met actieve ziekte. We 

vonden dat alle isotypen van RF en IgG en IgM ACPA geassocieerd zijn met respons, maar dat 

dit niet vertaald kon worden in een individuele test. Combinatie van de biomarkers verbeterde 

deze associatie niet. In hoofdstuk 3 hebben we gekeken of synoviale lymfocyten aggregaten 

respons op TNF blokkade voorspellen in RA. Zoals boven beschreven vertoont een deel van de 

RA patiënten deze aggregaten. De rol van deze aggregaten lijkt gerelateerd aan het chronische 

ontstekingsproces in RA. Synoviale lymfocyten aggregaten bleken een onafhankelijke 

voorspeller van respons op TNF blokkade. Als synoviale aggregaten, ziekte activiteit voor 

start behandeling met infliximab, IgG ACPA en synoviale TNF expressie gezamenlijk werden 

bekeken in een predictie model was het mogelijk om 30 procent van de kans op respons te 

voorspellen. Hiernaast vonden we dat de aggregaten in zowel RA als artritis psoriatica (PsA) 

na TNF blokkade afnamen wat de gedachte versterkt dat ze gerelateerd zijn aan chronische 

inflammatie. In hoofdstuk 4 gekeken naar synoviolin in het synovium van RA, PsA en artrose 
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patiënten. Recent werd duidelijk dat de E3 ubiquitin ligase synoviolin functioneert als een 

anti-apoptotische factor en de expressie gerelateerd is aan artritis ontwikkeling in muizen. We 

konden bevestigen dat synoviolin in RA patiënten verhoogd tot expressie komt, maar komt, 

weliswaar in lagere hoeveelheden, ook tot expressie in het synovium van patiënten met PsA 

of artrose. Hiernaast is recent gesuggereerd dat hogere levels van synoviolin in perifeer bloed 

de respons op TNF verminderen. Zowel in ons RA cohort als in ons PsA cohort waar patiënten 

starten met TNF blokkade bleek er geen relatie te zijn tussen synoviale synoviolin expressie en 

respons op TNF blokkade. De rol van synoviolin in de pathogenese van RA is waarschijnlijk meer 

gecompliceerd dan aanvankelijk werd aangenomen. Als laatste keken we in hoofdstuk 5 naar 

de relatie tussen body mass index (BMI) en respons op infliximab in RA patiënten. Ondanks dat 

infliximab is gedoseerd op basis van gewicht was de respons in dikkere RA patiënten slechter 

dan in dunnere RA patiënten. Deze relatie werd versterkt als werd gecorrigeerd voor DAS28 

gemeten bij aanvang van de therapie gezien in dit cohort dikkere mensen op baseline een 

hogere DAS28 hadden. Dit suggereert dat vetweefsel een rol heeft in RA. 

In het tweede gedeelte van dit proefschrift is gekeken naar de relatie tussen adipocytokines 

en botdichtheid in relatie tot de respons op TNF blokkade/GC in RA. De laatste jaren is er steeds 

meer bewijs dat adipocytokines pro-inflammatoire en destructieve effecten in RA kunnen 

hebben en ook een rol spelen in het verhoogd CV risico profiel. In hoofdstuk 6 beschrijven 

we de effecten van TNF blokkade en GC op serum adipocytokines in relatie tot ontsteking 

in het bloed, radiologische schade en lipiden spectrum in 3 cohorten van RA patiënten. 

TNF blokkade en GC hadden tegenovergestelde effecten op vaspin en visfatin levels. GC 

behandeling zorgde voor een toename van vaspin levels maar niet van visfatin, terwijl TNF 

blokkade leidde tot afname van visfatin levels en geen effect had op vaspin levels. Het lipiden 

profiel is verbeterd op zowel TNF blokkade als GC behandeling. In het TNF cohort bleek dit 

gerelateerd aan afname van visfatin levels en dit was onafhankelijk van daling van het CRP. Dit 

suggereert een rol voor visfatin in verbetering van het lipiden profiel na TNF blokkade welke 

onafhankelijk is van ziekteactiviteit. Mogelijk dat dit ook het verschil in risico op CV ziekten 

weerspiegelt gezien hoogte van serum visfatin een onafhankelijk risico factor is op CV ziekte. 

Hiernaast kan ook het verschillende effect van TNF blokkade en GC op vaspin een rol spelen 

in het verschil in risico op CV ziekten bij deze twee therapieën. Toegenomen vaspin levels zijn 

geassocieerd met verminderde insuline resistentie wat vaak wordt gezien na GC behandeling. 

Na verschillende maanden behandeling met adalimumab of GC daalde serum resistin levels en 

dit was geassocieerd met daling van DAS28, CRP en bezinking respectievelijk bezinking alleen. 

In het adalimumab cohort bleken resistin levels op baseline voorspellend voor radiologische 

schade onafhankelijk van ACPA of CRP. Deze data suggereren een rol voor resistin en visfatin in 

RA. Ten gevolge van systemische inflammatie komt osteoporose meer voor bij RA patiënten. 

In hoofdstuk 7 beschrijven we dat TNF blokkade verder bot verlies tegen gaat in de lumbale 

wervelkolom en heup in RA. Dit is in contrast met progressief botverlies bij patiënten die met 

DMARD therapie worden behandeld. Interessant is dat een toename van botdichtheid in de 

heup werd gevonden wanneer gekeken werd naar de groep patiënten die naast adalimumab 

ook een lage dosis prednisolon gebruikten in vergelijking met de groep RA patiënten die alleen 

adalimumab kreeg. Dit is in lijn met eerdere observaties dat een lage dosis GC het netto effect 

op botverlies compenseert door de reductie van inflammatie. 
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Conclusie

Het is lastig om een biomarker te vinden die respons op TNF blokkade kan voorspellen voor 

de individuele RA patiënt. We hebben een aantal biomarkers gevonden die respons op groeps 

nivo voorspellen. Op basis hiervan kunnen bestaande behandel algoritmen verder worden 

verfijnd. Er is behoefte aan nieuwe biomarkers buiten de reikwijdte van de studies als hierboven 

beschreven en dit zal in combinatie met gebruik van meerdere biomarkers verder moeten 

leiden tot optimalisatie van de biomarker gerichte benadering om respons op TNF blokkade 

te voorspellen. 
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DANKWOORD

Zonder samenwerking met vele anderen zou dit proefschrift niet tot stand gekomen zijn. Bij 

deze wil ik iedereen bedanken die hieraan heeft bijgedragen. 

Paul-Peter, in 2006 gaf je me de kans de opleiding tot reumatoloog voort te zetten 

in het Academisch Medisch Centrum in Amsterdam. Al gauw ging het over het doen van 

wetenschappelijk onderzoek gedurende de opleiding. Ik dacht aan 1 artikel, jij dacht meer 

aan een boekje. Wat ik toen niet voor mogelijk had gehouden is gelukt. Met jouw positieve 

benadering laat je mensen zien dat ze meer kunnen dan ze zelf denken. Je helpt mensen 

talenten te ontdekken en je leert ze hoe je met minder ontwikkelde eigenschappen uiteindelijk 

een mooi resultaat kunt bereiken. Hiermee geef je mensen kansen en maak je ze groter. Een 

eigenschap die ik zeer in je waardeer en waar ik me graag aan optrek. Ik heb een leuke en 

leerzame tijd gehad in het AMC.  

Daan, jij weet als geen ander wat hard werken is. Je bent een zeer goede clinicus en in staat 

om hiernaast meerdere onderzoeksprojecten/promovendi te begeleiden. Hiernaast run je 

thuis samen met Paul-Peter een gezin met 4 kinderen. Ondanks deze drukte ben je altijd goed 

gehumeurd. Jouw prachtige verhalen geven de dag kleur en zorgen ervoor dat je de afdeling 

klinische immunologie en reumatologie in het AMC kunt zien als een warm nest. Ik heb dit 

enorm gewaardeerd. 

Carla, jij hebt een belangrijke rol gespeeld waardoor ik in staat ben geweest om dit 

proefschrift te schrijven. Als eerste mocht ik gebruik maken van databases met gegevens, 

die grotendeels door jou met veel zorg zijn verzameld. Hiernaast heb je me ingewijd hoe 

onderzoek te doen. Met enorm veel geduld begon je me uit te leggen hoe SPSS werkt. Je gaf 

me vertrouwen dat het me zou lukken zelfstandig onderzoeksprojecten uit te voeren en op 

te schrijven. Je kritische houding is zeer waardevol bij de interpretatie van data. Super dank 

hiervoor.

Rogier, na ons gezamenlijk stuk over de aggregaten begon ik steeds meer plezier te krijgen 

in het doen van onderzoek. Met veel lol hebben we s’ avonds onder de microscoop aggregaten 

geteld. Heerlijk vond ik onze discussies aan het eind van de dag na een dag vol klinische 

werkzaamheden. Alles werd relatief! 

Arno, ook wij hebben samen met veel lol aggregaten bekeken. Jouw rustige uitstraling 

ervaar ik als zeer prettig. Ik waardeer je zeer. Allebei hebben we 4 kinderen wat een band 

schept als je beiden naast klinische werkzaamheden promotie werkzaamheden verricht. 

Marieke H, gedurende ons ‘adipo’ stuk hebben we elkaar beter leren kennen. Beiden 

verrichtten we inmiddels onderzoek naast gezin en klinische werkzaamheden en moesten 

we zeer efficiënt te werk gaan. Met warme herinnering denk ik terug aan onze gezamenlijk 

zoekacties in de -80 graden vriezers. Het is ons gelukt! Sterkte met de afronding van de laatste 

loodjes van jouw proefschrift.   

Desiree en alle andere analisten van G1, zonder jullie was het me niet gelukt alle proeven te 

doen. Jullie hebben me ingewijd in het doen van ELISA’s en synovium kleuringen. Geweldig hoe 

jullie rekening hebben gehouden met klinische werkzaamheden en mijn veel te volle agenda 

met o.a. schooltijden, zodat ik na het wegbrengen van de kindjes telkens een volgend stapje 

kon zetten. Ik ben jullie zeer dankbaar hiervoor. 



108

Nathasja, jij wist en weet nog altijd orde te houden in mijn agenda. Mocht ik iets vergeten 

dan weet je me altijd te vinden. Je bent altijd vriendelijk en haalt een hoop werk weg van 

iedereen die met je mag samen werken.  

Rolinka, sinds ik in Amersfoort woon werk jij op de afdeling klinische immunologie en 

reumatologie. Je was altijd bereid om voor mij de juiste formulieren bij de juiste personen in 

het AMC zichtbaar op hun bureau te leggen zodat het snel getekend kon worden als dat nodig 

was. Super! 

Saskia, we leerden elkaar kennen in 2000 in het Slotervaart Ziekenhuis te Amsterdam 

waar we beiden werkten als arts assistent interne. In de jaren die hierop volgden zijn we ieder 

onze eigen weg gegaan, maar we bleven elkaar met regelmaat opzoeken. Zonder dat we het 

van elkaar wisten solliciteerden we op hetzelfde moment in het Meander Medisch Centrum 

te Amersfoort en inmiddels werken we sinds 2010 beiden in dit ziekenhuis. Nu we beiden in 

Amersfoort wonen, zoeken we elkaar vaak op en is onze band verstevigd. We zijn in de loop van 

de jaren vriendinnen geworden en naast onze gesprekken over het werk gaan we regelmatig 

dagjes lekker weg. Ik hoop nog veel gezelligheid met je te kunnen delen. Je steunt me altijd op 

meerdere manieren. Hiernaast heb je me erg geholpen bij het afronden van de laatste loodjes 

van het proefschrift. Super dank voor de organisatie op deze dag. 

Margot, we kennen elkaar al vanaf de middelbare school en zoeken elkaar met regelmaat 

op. Je luistert altijd naar mijn verhalen ook als deze minder leuk zijn. Dank dat je samen met 

Saskia mijn paranimf hebt willen zijn. 

Arts onderzoekers, arts assistenten, reuma verpleegkundigen en staf leden van het AMC, 

allen heel hartelijk dank voor de samenwerking en de gezellige tijden op de ACR/EULAR/NVR 

congressen.  

Beatrijs, wat een geluk voor mij dat jij als medical writer op onze afdeling werkte. Mijn 

stukken werden na jouw super precieze revisies een heel stuk beter waardoor ik ze met een 

gerust hard naar Paul-Peter kon sturen. 

Maten Reumatologen in Amersfoort, Suzanne, Ton en Iet, ik vind het heerlijk om in het 

Meander Medisch Centrum te mogen werken. Ton fijn dat je in de promotiecommissie wilde 

plaatsnemen. Francis, Anja, Angelique, Jeanine, Henny, Christa, Els, Marleen, Margriet, Wilma, 

Ellen, Ria, Gerda en Petra dank voor de prettige samenwerking en de vele kopjes koffie en 

‘vifits’ op de ochtenden als er de voorgaande nacht een deadline gehaald moest worden.  

Mijn studiemaatjes Gina, Marleen, Irma en Linda, 2 huisartsen, 1 psychiater en een MDL arts, 

we zijn allemaal goed terecht gekomen en wat een goed team om elkaar scherp te houden in 

deze woelige tijden.   

Thea, sinds we in Hoogland wonen heb jij regelmatig op onze kinderen gepast. Heerlijk dat 

je zo flexibel bent. Als er een deadline was of andere onvoorziene zaken opdoemden stond je 

altijd voor ons klaar. 

Roel, Ciet en Els, sinds 2 jaar zijn we buren. Jullie kunnen van dichtbij zien hoe druk het 

is met twee ambitieuze ouders en 4 kinderen. Ook jullie hebben ons regelmatig uit de brand 

geholpen en opgepast. Veel dank hiervoor.   

Dirk en Marieke, mijn broer en zus, we komen uit hetzelfde nest en ontwikkelen ons ieder 

op onze eigen manier. Dirk jouw schrijfkunsten en relativeringsvermogen zijn buiten gewoon. 

Marieke jouw humoristische kijk op de wereld is heerlijk. Laten we elkaar en gezin veel blijven 

opzoeken. 
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Lieve papa en mama, op jullie steun kan ik altijd rekenen - dat geeft rust als dat nodig is. 

Dank voor jullie liefdevolle opvoeding en kritische blik op de wereld. Mama dank dat je altijd 

naar mijn verhalen luistert als ik weer eens ergens vol van ben. Ook medisch inhoudelijk kun je 

me een heel eind volgen. Papa dank voor de heerlijke filosofisch getinte gesprekken, die we de 

laatste maanden veel hebben gevoerd. Het heeft me veel goed gedaan. 

Jeroen, we kennen elkaar al heel erg lang en hebben samen 4 kinderen gekregen. We zijn 

complementair aan elkaar en ik weet dat je me nooit zal laten vallen, ook niet in tijden van 

tegenspoed. Dit geeft me rust. Je geeft me steun en ruimte om me te kunnen ontwikkelen 

tot wie ik ben. Zoals je in het begin van onze relatie al tegen me zei: met jou wil ik graag oud 

worden. Dank ook, dat je de cover van dit boekje hebt gemaakt. Ik ben dol op je!    

Pien, Loes, Thijs en Roos, het ‘Engelse’ boekje is af!  Yippie! Ik hoop dat we nog heel lang 

samen kunnen zijn en veel leuke uitjes kunnen ondernemen. 
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voorspellende factoren in patiënten met reumatoïde artritis op TNF blokkerende middelen 

op de afdeling klinische immunologie en reumatologie van het AMC onder begeleiding van 

Prof. dr. P.P. Tak waarvan de resultaten beschreven staan in dit proefschrift. Zij is getrouwd met 

Jeroen Kempe en samen wonen zij met hun 4 kinderen in Hoogland.  



&

A
D

D
EN

D
U

M

LIST OF PUBLICATIONS

1. Succesful treatment of chronic leukemia with leukapherese during a twin pregnancy. R. 
Klaasen, P.de Jong en P.W. Wijermans. Department of haematology and Department of 
obstretics and gynaecology, Haga Hospital, locatie Leyenburg, Den Haag. Netherlands 
Journal of Internal Medicine 2007 apr;65(4):147-9 

2. Bone mineral density in rheumatoid arthritis patients 1 year after adalimumab therapy: 
arrest of bone loss? Carla. A. Wijbrandts, Ruth Klaasen, Marcel G. W. Dijkgraaf, Danielle 
M. Gerlag, Berthe L. F. van Eck-Smit, Paul P. Tak. Division of Clinical Immunology and 
Rheumatology, Department of Clinical Epidemiology, Biostatistics and Bioinformatic 
and department of nuclear medicine, AMC Amsterdam. Annals of Rheumatic Diseases 
2009 mar;68(3): 373-6.

3. The Relationship between Synovial Lymphocyte Aggregates and the Clinical Response 
to Infliximab in Rheumatoid Arthritis: a Prospective Study. Ruth Klaasen, Rogier M. 
Thurlings, Carla A. Wijbrandts, Arno W.R. van Kuijk, Dominique Baeten, Danielle M. 
Gerlag, and Paul P. Tak. Division of Clinical Immunology and Rheumatology, AMC, 
Amsterdam. Arthritis Rheumatism 2009 Nov;60(11):3217-24.

4. Is the response to infliximab influenced by body mass index in rheumatoid arthritis 
patients? Ruth Klaasen, Carla. A. Wijbrandts, Danielle M. Gerlag, Paul P.Tak. AMC, 
Amsterdam. Arthritis Rheumtism 2011 Feb;63(2):359-64. doi: 10.1002/art.30136

5. Reply to the letter to the editor entitled ‘Diminished clinical response to infliximab in 
RA patients: the role of increased soluble IL-2 receptor associated with leptin’ by Dr. Ji 
Hong Kim and colleagues (ar-11-0371) Klaasen R, Wijbrandts CA, Gerlag DM, Tak PP.
Arthritis Rheumatism 2011 Sep;63(9):2834.7

6. The Relationship between different isotypes (IgM, IgG and IgA) of Rheumatoid Factor 
and IgG Anti-Cyclic Citrullinated Peptide Antibody and the Clinical Response to 
Infliximab in Rheumatoid Arthritis. Ruth Klaasen, Tineke Cantaert, Carla A. Wijbrandts, 
Danielle M. Gerlag, Theo A. Out, Monique J. de Nooijer, Dominique Baeten, and Paul 
P. Tak. AMC, Amsterdam. Rheumatology (Oxford). 2011 Aug;50(8):1487-93. Epub 2011 
Mar 30.

7. Vasculitis associated with Churg-Strauss syndrome. Klaasen R, van den Born BJ, 
Loffeld RJ, Grandiek M, Gerlag DM, Hart P. Nederlands Tijdschrift voor Geneeskunde 
2011;155:A2170. Dutch. 

8. Expression of synoviolin in the synovium of patients with rheumatoid arthritis, psoriatic 
arthritis and osteoarthritis in relationship to the response to TNF blockade. Ruth 
Klaasen, Desiree.Pots, Carla A.Wijbrandts, Danielle M.Gerlag and Paul P.Tak. AMC, 
Amsterdam. Annals of Rheumatic Diseases 2012 Feb 17. [Epub ahead of print] 

9. Treatment-specific changes in circulating adipocytokines: a comparison between 
tumour necrosis factor blockade and glucocorticoïd treatment for rheumatoid 
arthritis. R. Klaasen, M.M.J. Herenius, C.A. Wijbrandts, W. de Jager, L.H. van Tuyl, M.T. 
Nurmohamed, B.J. Prakken, D.M. Gerlag, P.P. Tak. Annals of Rheumatic Diseases 2012 
Mar 22. [Epub ahead of print]

111






