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RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic systemic disease characterized by inflammation of the 

synovial tissue and destruction of the adjacent cartilage and bone. The clinical presentation 

usually exists of a symmetric polyarthritis of the small joints of hand and feet, but any joint 

can be involved. Patients present with tenderness, swelling and impaired movement of their 

joints. Extra-articular manifestations can also be observed, such as subcutaneous or pulmonary 

nodules, pleuritis, pericarditis, vasculitis and interstitial pneumonitis.1 RA affects 1% of the 

population and is associated with increased morbidity and mortality.2  RA is considered an auto-

immune disease, in part because of the presence of auto-antibodies, such as IgM-rheumatoid 

factor (RF) and anti-citrullinated protein antibodies (ACPA), of which especially ACPA are 

highly specific for RA and thus can be used as a diagnostic tool.3;4 Auto-antibodies can be found 

already before the start of clinical manifestations, and their presence in 70-80% of the patients 

is associated with a more severe and destructive disease phenotype.5 Until last year, the 1987 

ACR criteria were used as classification criteria for the diagnosis of RA. Patients should fulfil 

four out of seven of the following criteria: morning stiffness of at least one hour, arthritis of 

≥ 3 joint areas, arthritis of hand joints, symmetric arthritis, subcutaneous nodules, presence 

of RF and presence of erosions.6 Because of a great improvement in the management of RA 

over the last decade and because it has been recognized that early therapeutic intervention 

improves clinical outcomes, the 1987 criteria, which are meant for classifying established RA, 

have been replaced by the ACR/EULAR 2010 criteria.7 The 2010 criteria have been developed 

to identify patients who would benefit from early therapeutic intervention, thereby preventing 

the development of late stage, erosive and nodular disease.7

PATHOGENESIS

Although the exact pathogenesis is not known, an interplay of several genetic, environmental 

and stochastic factors together contribute to the development of RA. Findings in twin 

studies estimated the relative contribution of genes to be around 50%, of which the disease 

association with HLA-DR4 alleles (which contain the shared epitope) is best established.8 The 

best established environmental factor is cigarette smoking, especially in HLA-DR4 positive 

individuals.9-11 Given that smoking promotes citrullination of self proteins, it might be directly 

linked to formation of ACPA.12 Data from genetic epidemiological studies show that the three 

risk factors HLA-DR allele positivity, smoking and presence of ACPA in the serum all contribute 

independently to a higher risk of development of RA.11;13 In addition, recent findings support 

the hypothesis that periodontitis, the most common oral disease, is an etiological factor for 

RA as well.14

Normally, the synovial membrane is a relatively acellular and avascular structure with an 

intimal lining layer consisting of one or two cell layers. In RA, macrophages, T cells, B cells and  

plasma cells infiltrate the synovium and sometimes organize into lymphoid aggregates.15;16 In 

addition to ingress of leukocytes, hyperplasia of the resident fibroblast-like synoviocytes occurs, 

contributing to an increased cell mass, called pannus, which behaves like a locally growing tumor 

invading adjacent articular structures, eventually resulting in bone erosions. Furthermore, the 
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hypoxic environment in the synovial tissue promotes abundant neo-vascularisation, resulting 

in even more cell ingress, thereby creating a positive feed-back loop.17

Interestingly, there are two fundamentally different viewpoints on the pathogenesis of 

RA, dealing with the chicken or the egg causality dilemma. Arthritis may start primarily in 

the synovial membrane, subsequently spreading and penetrating into the bone marrow. This 

notion is supported by studies suggesting that the inflamed synovium has highly invasive 

potential. Alternatively, arthritis may start in the bone marrow and then migrate to the lining 

of the joint; this view is supported by the observation of MRI-based osteitis and lymphocytic 

infiltrates in bone marrow fat found in the early stage of disease (reviewed in 18). Conceivably, 

both mechanisms are important.

HETEROGENIC DISEASE: NEED FOR BIOMARKERS

It is becoming more and more accepted that the phenotype described as RA is a clinical 

syndrome consisting of several pathogenetically different disease subsets instead of one 

disease.19 This has become evident based on the heterogeneity of the clinical picture, the 

difference between autoantibody positive versus autoantibody negative disease, the presence 

of erosive disease and self-limiting versus persistent disease, but also by the differential 

response to different targeted therapies.20 In addition, patients can be divided into two subsets 

based on the expression of a type I interferon signature in the peripheral blood cells; in some 

patients this expression is similar, whereas in others it is elevated compared to the levels found 

in healthy individuals.21 

At present, the heterogeneity of the disease and the lack of definitive clinical features and 

biomarkers may result in a delay in diagnosis and subsequently a delay in initiation of patient-

specific treatment. Furthermore, since the choice of targeted therapies for RA is growing and 

only a subset of patients respond to each therapy, there is a strong need for biomarkers that can 

predict clinical response to different therapies.

CURRENT TREATMENT REGIMEN 

From the introduction of disease-modifying anti-rheumatic drugs (DMARDs) several decades 

ago, the therapeutic range of treatments for RA underwent dramatic developments. The first 

important shift in treatment approach was the wider use of methotrexate which replaced 

intramuscular gold therapy as the first-line DMARD.22;23 The combination of good efficacy and 

acceptable toxicity in many patients as well as low costs explains why methotrexate treatment 

is still (part of) the first treatment step. The second important shift was the introduction of 

targeted therapies, consisting of monoclonal antibodies or receptor constructs, created by 

bioengineering, called biologicals, as well as very recently targeted small molecules. When 

the treatment goal is not reached with methotrexate alone, it can be combined with other 

DMARDs (sulphasalasine, leflunomide, hydroxychloroquine or gold) or with a biological.24 

Addition of low-dose glucocorticoids is usually also very effective, but since its side effects it is 

preferentially used temporary for bridging between two therapies. TNFα blocking therapy was 

the first category of biologicals that turned out to be very successful.25-27 At present there are 

five different TNF blockers on the market: infliximab, adalimumab, etanercept, golimumab and 
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certolizumab pegol, of which the last two were recently registered. According to the current 

treatment algorithm, if TNF-blockade is not effective, the next step is to switch to another 

TNF-blocking agent or to switch to one of three other registered biologicals: rituximab, 

abatacept or tocilizumab.19;24 Rituximab is a CD20-directed B cell depletive antibody, which 

will be extensively introduced in chapter 2 and 3 of this thesis. Abatacept is a fusion protein, 

consisting of the extracellular domain of human CTLA-4 connected to the Fc-tail of human 

IgG1, which outcompetes the binding of CD28 on a T cell with CD80 and CD86; its exact working 

mechanism is as yet unknown.28 The humanised antibody tocilizumab is directed against the 

interleukin-6 receptor.29 Together, they form the main pillars of the current targeted therapy.

Interestingly, all of the currently registered biologicals show on the group level similar 

clinical responses: ACR20 responses of around 70% in methotrexate inadequate responders 

and around 50% in anti-TNF inadequate responders, so a considerable proportion of patients 

does not respond satisfactorily to each biological. A minority of patients reaches complete 

remission of the disease and a small subset of patients does not respond to any of the available 

treatments. In addition, the clinical response can diminish over time due to formation of 

anti-drug antibodies. Thus, there is still a clear unmet need in the treatment of RA. Future 

therapeutic strategies will include concepts of personalized medicine as well as the use of new 

mechanisms of action.19;24;30 

Taken together, although there have been major breakthroughs  during the last years, 

long-lasting remission is achieved in only a minority of the RA patients all, so current treatment 

regimens need to be optimised and new therapeutic targets should be studied.

FROM BENCH TO BEDSIDE…

Because of the increasing knowledge about the pathogenesis of RA, new potential targets 

are identified and novel compounds are designed hoping for the desired effect on the target. 

After in vitro efficacy and/or after an effect in animal models of arthritis has been shown, 

the compound can be tested in humans with appropriate preclinical toxicology studies in 

place. Clinical trials involving new drugs are commonly classified into four phases. The drug-

development process will normally proceed through all four phases over many years. If the 

drug successfully passes through phase I (first in human), phase II (dose finding and initial 

efficacy), and phase III (efficacy in large patient groups), it may be approved by the national 

regulatory authority for use in the general population. Alternatively, before the start of a 

large conventional clinical trial, the initial efficacy can be tested in a compact high density-

of-data clinical trial design with serial mini-arthroscopies to obtain synovial tissue before and 

after treatment.31 We have previously proposed that three checkpoints should be considered 

before a decision towards full drug development is made in terms of a ‘go’ or a ‘no-go’ decision: 

(trend towards a) clinical improvement, a specific biological effect related to the mechanism of 

action and a change in synovial sublining macrophage numbers, which has been proven to be 

a sensitive biomarker of clinical response in RA patients.32 This design allows selection during 

early drug development in a relatively small number of patients. If there is a positive signal in at 

least one of these three criteria, the recommendation would be to test whether this translates 

into clinically meaningful effects in phase III trials on larger patient groups.31 Phase IV trials 

involve the safety surveillance and ongoing technical support of a drug after registration.
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…AND FROM BEDSIDE BACK TO BENCH

After a successful targeted therapy has been approved and is broadly used in the clinic, its 

specific mechanism of action may still be in part unknown. Systematic studies of biosamples 

from RA patients obtained from before and after initiation of a targeted therapy may be 

informative to provide a deeper understanding of the specific mechanism of action and may 

result in more insight into the pathogenesis of RA. After all, the more we know about a disease, 

the better we may be able to treat it.

OUTLINE OF THIS THESIS

This thesis contains studies aimed at  improving our knowledge about the pathogenesis of RA 

and revealing why therapies are effective or not effective in subsets of patients, with the final 

goal to optimize the treatment of RA patients. It is divided into two sections:

Section I discusses both the mechanism of action and the clinical use of rituximab. Chapter 
2 and chapter 3 summarise what is already known about the mechanism of action of rituximab 

in RA and describes possible mechanisms of how B cell depletion could result in a clinical 

response. Rituximab is not only effective in reducing clinical activity, but it also inhibits the 

progression of joint destruction by as yet unknown mechanisms. Osteoclasts are cells of the 

bone specialised in bone destruction and promote the development of erosions.33 In chapter 4 

we study the effect of rituximab on osteoclastogenesis in RA patients. 

Currently, the dosing schedule of rituximab consists of 2 infusions of 1000 mg with an 

interval of 14 days. Since dose-finding studies for the use of rituximab in RA are limited, we are 

not sure if this is the optimal dosing schedule. Chapter 5 evaluates if rituximab serum levels are 

related to progression of joint destruction, to explore the question if a higher dose could result 

in further inhibition of progressive joint destruction. In contrast, , data from a recent study 

suggested that after induction of clinical response with 2x1000 mg rituximab, re-treatment 

with rituximab might be possible in a lower dose. We explored this in 9 RA patients in chapter 6. 

Since the choice of targeted therapies for RA is growing and only a subset of patients respond 

to each therapy, there is a strong need for biomarkers that could predict clinical response to 

different therapies. In chapter 7 we tested if the presence of a type I interferon signature in the 

peripheral blood of RA patients is associated with non-response to rituximab and thereby could 

be used as a biomarker for response.

Section II describes two phase I/IIA clinical trials with new compounds for the treatment 

of RA. In chapter 8 the monoclonal antibody ASK8007, which blocks osteopontin, was tested 

in a randomised, placebo-controlled proof-of-concept study. Chapter 9 describes a phase IIA 

trial in which the safety, tolerability and initial efficacy was tested of apilimod mesylate, an oral 

small-molecule compound that could inhibit the production of IL-12 and IL-23.

A summary and general discussion is provided in chapter 10. Herein, future plans are 

proposed to further improve the treatment of RA patients.
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ABSTRACT 

Treatment with the chimerical monoclonal antibody rituximab results in CD20-directed B-cell 

depletion. Although this depletion is almost complete in the peripheral blood of nearly all 

patients with rheumatoid arthritis, a proportion of patients does not exhibit a clinical response. 

The paper by Nakou and colleagues suggests that a decrease in CD19+CD27+ memory B cells 

in both peripheral blood and bone marrow (BM) precedes the clinical response to rituximab. 

This finding adds to the emerging evidence that lack of response to rituximab is associated with 

persistence of B lineage cells in specific body compartments. 
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EDITORIAL

In this issue of Arthritis, Research and Therapy, Nakou and colleagues present an interesting 

study of the effects of rituximab treatment on B cell subsets in both peripheral blood and 

bone marrow of patients with rheumatoid arthritis (RA)1.  In 2001, Edwards and Cambridge 

successfully performed the first pilot trial evaluating B-cell depletive therapy in five patients 

with RA 2. The beneficial effect of treatment with the B cell depleting chimerical antibody 

rituximab was confirmed in various placebo-controlled clinical trials and approval followed in 

2006 in both the EU and USA.

The critical role of B cells in the pathogenesis of RA had previously been suggested by the 

association with autoantibodies (rheumatoid factor and anti-citrullinated protein antibodies), 

which can be found already in the preclinical phase of the disease; the presence of lymphocyte 

aggregates containing B cells, which are often surrounded by large numbers of plasma cells, in 

the inflamed synovium; and experimental studies, showing for instance the effects of immune 

complexes containing rheumatoid factor on TNF production by macrophages. The clinical 

benefit of rituximab treatment strongly supports the notion that B cells play a key role in the 

pathogenesis of this disease.

What could this role be? It is known that B cells have different functions that may be 

relevant in the pathogenesis of RA, which include antigen presentation, stimulation of T cells, 

cytokine production and production of autoantibodies. Of note, B cells are the precursors 

of immunoglobulin-producing plasma cells. Studies on the effects of rituximab treatment 

on different compartments (like peripheral blood, synovial tissue, and bone marrow) in 

relationship to the clinical response may provide insight into the mechanism of action in RA. 

We and other have previously shown that rituximab causes a rapid decrease in numbers of B 

cells in the synovial tissue of RA patients (reviewed in 3). The early synovial tissue response 

varies between patients, which is in contrast with the marked B cell depletion observed in the 

peripheral blood of nearly all patients with RA. Similar to incomplete depletion of B cells in the 

synovium of a subset of patients, persistent B cells might be found in the bone marrow of some 

RA patients after rituximab treatment, although at low numbers 3. It should be noted however 

that data on the effect on bone marrow are still limited. Persistence of B cell subpopulations at 

specific sites could be related to the fact that different effector mechanisms may be important 

for B-cell depletion in the different compartments. For example, experiments in a human 
CD20+ mouse showed that after treatment with an anti-human CD20 monoclonal antibody 

(rituximab or 2H7), complement dependent cytotoxicity plays a dominant role in B cell depletion 

in the splenic marginal zone B cell compartment, whereas Fc receptor mediated mechanisms 

(like antibody dependent cellular cytotoxicity) are most important in the elimination of 

circulating B cells as well as lymph node and splenic follicular B cells 4.

Treatment with rituximab induces an almost complete depletion of all peripheral blood B 

cell populations in RA patients that usually lasts for 6 to 9 months. Repopulation occurs mainly 

by naïve B cells, whereas memory B cells can stay depleted for more than 2 years5. The same 

pattern of depletion and repopulation was recently shown  in the bone marrow as well6. Of 

importance, the long-term reduction of memory B cells after rituximab treatment does not 

prevent the return of autoantibody production. Apparently, the autoreactive clones are not 

completely disrupted. Early clinical relapse has been associated with a higher proportion of 

CD27+ memory B cells before therapy and with a higher percentage of IgD+CD27+ memory 
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B cells or of IgD-CD27+ class-switched memory B cells in the repopulating cells7-9. Moreover, 

class-switched memory B cells were found to accumulate in flaring joints8. 

Nakou and colleagues need to be commended for performing a complicated study, 

including bone marrow biopsies, that adds to the insight into the mechanism of rituximab 

therapy. Consistent with previous studies, they show that CD19+ B cells in the bone marrow are 

only partially depleted after rituximab treatment. The local expression of B cell survival factors 

may play a role in this phenomenon. It is also conceivable that B cell proliferation and plasma cell 

formation may continue to occur despite rituximab treatment. Future studies deciphering the 

mechanism underlying the persistence of B cells may help to provide a deeper understanding 

of why some patients do not respond to rituximab therapy. Focusing on B cell subsets, Nakou 

et al. observed a decrease in CD19+CD27+ memory B cells both in peripheral blood and bone 

marrow 3 months after rituximab treatment in patients with a clinical response at 6 months, 

whereas non-responders showed an increase in CD19+CD27+ cells1. It is important to realize 

that these changes in CD27+ B cells in peripheral blood are found in the very small proportion 

of CD19+ cells that could still be detected after therapy. It should also be noted that patient 

numbers were small and the results appear to differ from those published by Leandro et al., 

who reported that 75% of the residual CD19+ cells after rituximab had a memory B cell/plasma 

cell precursor cell phenotype (IgD-CD27+)10. The data do support the hypothesis, however, 

that lack of response to rituximab treatment is associated with persistence of B lineage cells in 

specific tissues, like the synovium 3 and the bone marrow 1.
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In the last decade, with the implementation of new targeted drug therapy, the efficacy of the 

treatment of rheumatoid arthritis (RA) has increased enormously. However, a subset of patients 

still does not respond to any of the available treatments. At this moment, the chimerical anti-

CD20 monoclonal antibody rituximab is one of the therapeutic options in RA patients who 

failed anti-TNFα therapy 1.  After infusion it leads to a fast and almost complete depletion of 

CD20 positive B cells in the peripheral blood. In contrast to the peripheral blood compartment 

that has been studied quite extensively, only limited data exist on the effect of rituximab on 

other compartments of the immune system, like lymph nodes, bone marrow and synovial 

tissue. By studying the mode of action in the different inflammatory compartments, we may 

gain a more detailed understanding of the pathogenesis of RA and the mechanism of action of 

rituximab 2. In light of personalized medicine, this knowledge could lead to the identification of 

patients with a potentially improved clinical response, compared to for example patients who 

might need intensified dosing regimens or may better be treated with other drugs.

ROLES OF B CELLS IN THE IMMUNE SYSTEM 

It is well established that B cells are responsible for antibody production 3. More recently, studies 

on B cell function have implicated multiple additional roles for B cells in the immune system. 

B cells leave the bone marrow as immature B cells and complete maturation into mature naive 

B cells in the peripheral lymphoid tissues. Once activated, B cells secrete polarized arrays of 

cytokines, dependent on the mode in which they are stimulated. They can also activate T cells 

and thereby stimulate their proliferation, differentiation and polarization, and enhance/ sustain 

the activation of primed T cells 4-6. Furthermore, B cells cross-talk with dendritic cells in the 

process of T cell activation, but the precise mechanisms have not yet been elucidated 7. B cells 

may also acquire a regulatory phenotype and, by secretion of IL-10, can suppress both Th1 and 

Th2 polarization, and inhibit antigen presentation and pro-inflammatory cytokine production by  

macrophages 5;8. Finally, B cells belong to the cells that may regulate lymphoid tissue architecture 

and ectopic lymphoid neogenesis 9.

After an infection has been successfully terminated, most B cells and short-lived 

plasma cells undergo apoptosis, but some survive, due to competition for survival niches 

in lymphoid tissue, as memory B cells or as long-lived plasma cell and can survive for  

years 10;11. They are able to respond quickly following a second exposure to the same antigen. 

Taken together, a body of data indicates that B cells, besides being precursors of plasma 

cells, play an active role in the formation of the immunological environment and immunogical 

memory, and, similar to T cells, have the capacity to regulate the extent, direction and quality 

of inflammatory responses.

ROLE OF B CELLS IN RA: HOW COULD RITUxIMAB INTERFERE?

RA is a chronic inflammatory disease characterized by synovial tissue inflammation in the joints. 

Both clinically and biologically, RA is a heterogeneous condition that is probably driven by 

different immune mechanisms in different patient subgroups. Currently, few biomarkers are 

known that can be used to classify these different patient groups. The most important are the 

presence of bone erosions on conventional x-rays and the presence of the auto-antibodies 
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IgM-rheumatoid factor (RF) and anti- citrullinated peptide antibodies (ACPA) in the peripheral 

blood 12. These auto-antibodies are present very early in the disease course, even before synovial 

inflammation occurs 13. Data from experimental studies, showing the stimulating effects of 

ACPA or immune complexes containing rheumatoid factor or ACPA on tumor necrosis factor 

production by macrophages 14-17, provide a link between B lineage cells on the one hand and 

the clinical signs and symptoms of RA on the other, in light of the known correlation between 

synovial TNF expression and scores for arthritis activity 18. 

The clinical benefit of rituximab treatment further supports the notion that B cells play a key 

role in the pathogenesis of RA, at least in the two-third of the patients responding to rituximab. 

An important biomarker predictive of response is the presence of autoantibodies, i.e., 

seropositivity for IgM-RF and/or ACPA at baseline. The clinical responses are consistently enriched 

in patients who are IgM-RF and/or ACPA positive compared to those who are autoantibody 

negative 19-22. Interestingly, even within the autoantibody positive subgroup rituximab induces a 

heterogeneous decrease in disease activity with ACR20, 50 and 70 responses of 51%, 27% and 12 

%, respectively 1. This clearly shows that positivity for IgM-RF and/or ACPA (measured by the anti-

cyclic citrullinated peptide test) only partly explains the response to rituximab. The level of total 

IgG has also been shown to be an independent factor predictive of response to rituximab in RA  

patients 19, suggesting the presence of other, as yet unknown auto-antibodies.

The presence of lymphocyte aggregates in the inflamed synovium containing B cells that 

are often surrounded by large numbers of plasma cells, also suggests an important role for 

B cells in RA 23-25. The expression of the costimulatory molecule CD86 is increased on RA B 

cells 26. In line with this observation, T cell activation in synovial lymphocyte aggregates has 

been shown to be dependent on the presence of B cells 27. Furthermore, B cells belong to 

the cells that regulate lymphoid tissue architecture and may also regulate ectopic lymphoid 

neogenesis 28;29.  In this way, rituximab could probably also induce a decrease in disease activity 

in RA by indirect effects on cells other than CD20+ B cells. Finally, in addition to B cells, there is 

also a small population of CD20+ T cells in RA patients. Depletion of these CD20+ T cells may be 

an additional mode of action of rituximab 30. It is currently unknown to what extent rituximab 

interferes with the different roles of B cells.

Figure 1: Lymphocyte aggregate in the synovial tissue of a patient with rheumatoid arthritis. B cells and T cells 
are surrounded by plasma cells. Original magnification x 20.



3

29

PRECLINICAL DATA ON THE MODE OF ACTION OF RITUxIMAB

Rituximab is an antibody directed against the 33-37 kDa, non-glycosylated phosphoprotein 

CD20 that is expressed on the surface of almost all B cells, except for stem cells, pro-B cells 

and plasma cells 31. Knowledge about the biology of CD20 is limited, partly because it has 

no known natural ligand and CD20 knockout mice show normal B cell development and  

function 32. Some insight into its function has come from work showing that CD20 is resident 

in lipid raft domains of the plasma membrane where it probably functions as a store-operated 

calcium channel following ligation of the B cell receptor for antigen 33. Recent data suggest that 

CD20 is important for T cell independent antibody responses 34. CD20 is an attractive target for 

monoclonal antibodies for several reasons: First, it is expressed at high levels on most B cells, 

allowing dense accumulation of the monoclonal antibodies (mAbs) on the cell membrane. 

Second, it does not become internalized or shed from the plasma membrane following mAb 

treatment. This allows mAbs to persist on the cell surface for extended periods and permit 

a sustained immunological attack from complement (complement-dependent cytotoxicity) 

and FcR-expressing innate effectors (antibody-dependent cellular cytotoxicity). Third, it is 

a transmembrane molecule with a short extracellular domain, therefore the mAb is close to 

the target cell, which may be important in recruiting complement. Finally, CD20 can generate 
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into auto-antibody producing plasma cells. The auto-antibodies can stimulate Fc-receptors that are abundantly 
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transmembrane signals when engaged by a mAb by triggering cell cycle arrest and sometimes 

programmed cell death (reviewed in 35). There is in vitro evidence that both complement-

dependent and antibody-dependent cytotoxicity are involved in the mechanism of action of 

rituximab; these two mechanisms are additive in a number of models 36-38. The direct inhibitory 

effect on the cell cycle is less defined and the data on this subject are quite controversial 35.  

Animal studies have suggested that rituximab-induced B cell depletion varies among 

different tissues and that different effector mechanisms may be important for B cell depletion 

in the different compartments. Mice treated with anti-CD20 monoclonal antibodies showed 

depletion of B cells from lymph nodes within days, whereas it took weeks to see this effect 

in the peritoneal cavity. In addition, in a human CD20 transgenic mouse model, marginal-

zone B cells of the spleen and B cells located in the germinal centres of lymphoid tissues 

appeared to be partly resistant to depletion 39;40. In this mouse model, complement-dependent 

cytotoxicity seemed to play a dominant role in B cell depletion in the splenic marginal zone 

B cell compartment, whereas Fc receptor mediated mechanisms (like antibody-dependent 

cytotoxicity) were most important in the elimination of circulating B cells as well as lymph node 

and splenic follicular B cells 39. As part of the preclinical toxicology evaluation during development 

of anti-CD20 therapy, cynomolgus monkeys were treated with a fully humanised monoclonal 

antibody against CD20. It was shown that B cells in the peripheral blood compartment were 

fully depleted and also fully recovered both after the first treatment and after retreatment. B 

cells in the tissues were depleted to a lesser extent than those in the peripheral blood, with a 

more pronounced depletion in the spleen than in the lymph nodes. Of note, there was large 

variability in depletion between animals 41. 

Some insight into how B cell depletion may result in amelioration of auto-immune disease 

comes from work in the murine collagen-induced arthritis (CIA) model in RA. B cell depletion 

inhibited antigen-specific CD4-positive T cell expansion in one study 4. In another study, it was 

effective in the prevention of CIA, but B cell depletion after collagen immunization did not have 

a significant effect on arthritis progression or severity. This may suggest that B cell depletion 

will be most effective early in the development of arthritis and that sustained B cell depletion is 

required to inhibit the evolution of joint inflammation and destruction 42.

A major conclusion of the preclinical studies is that B cells that reside in lymphoid tissue 

seem to be partly resistant to depletion by anti-CD20 therapy, either by defective effector 

mechanisms or because these B cells have a specific phenotype, and that sustained B cell 

depletion seems to be required to inhibit the evolution of arthritis. 

B CELL DEPLETION IN PERIPHERAL BLOOD AND BONE MARROW OF  
RA PATIENTS

Rituximab induces a transient, nearly complete depletion of CD20 positive B cells in peripheral 

blood within a few hours 43. Only B cell subsets from the immature phase in the bone marrow 

up to the memory B cells stage are directly depleted, since stem cells, pro-B cells and plasma 

cells do not express CD20 31; however, indirect effects on other cells may occur. Small numbers 

of B cells may persist after rituximab treatment in a proportion of patients. These B cells are 

mainly CD20 negative plasma cell precursors 44;45. The level of depletion in the peripheral 

blood is probably not related to the serum levels of rituximab, so other explanations for 
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persistence of both CD20 positive and –negative B lineage cells in the peripheral blood need to  

be investigated 46. 

The mean time frame of B cell return is 8 months, but this period is highly variable between 

patients 43. In some patients B cells are depleted for years although this was not analyzed with 

high-throughput FACS-analysis 47. The B cell repopulation in the peripheral blood shows a 

specific pattern; first, immature B cells reappear, followed by naïve B cells. Memory B cells show 

a slow and delayed repopulation and the level of these cells can stay reduced for more than 2 

years 43;47-49. Interestingly, early clinical relapse after rituximab treatment has been associated 

with a higher proportion of memory B cells before treatment and with a higher percentage of 

memory B cells in the repopulating cells 43;48;49.  Furthermore, a higher number of CD20 negative 

preplasma cells before treatment with rituximab has been associated with incomplete B cell 

depletion and worse clinical response 45.

Other biomarkers of response recently identified include the presence of a type I interferon 

signature in peripheral blood mononuclear cells at baseline that was negatively correlated with 

the response to rituximab in 3 independent cohorts 50. In addition, a single study suggested 

that BlyS promoter polymorphism may be associated with the response to rituximab therapy 51. 

Peripheral blood levels of BlyS, a B cell maturation factor, increase immediately after rituximab 

induced B-cell depletion 52;53. This may contribute to the regeneration of B cell subsets. 

After rituximab treatment, there is a gradual decrease in IgM-RF and ACPA levels, which 

is more pronounced than the reduction of total antibody concentrations and serum levels of 

antibodies against microbial antigens, such as Streptococcus pneumoniae and Clostridium 

tetani 54. Similarly, serum levels of free light chains, which are products of short-lived plasma 

cells with a half life of 2 to 3 days, decrease after treatment. In contrast to ACPA and RF, free 

light chains only decrease in clinical responders to treatment. These changes in free light 

chains are not found after infliximab treatment, which suggests a rituximab-specific indirect 

effect on CD20 negative short-lived plasma cells in responders 55. Of interest, there was no 

effect of rituximab on the IgA-expressing plasma cell subset with a mucosal origin 56. These 

cells may continuously circulate in the peripheral blood after rituximab treatment, suggesting 

resistance to depletion of a mucosal B cell subset. Future research should address the question 

as to whether the presence of these cells can explain non-response in a subset of the patients.

In contrast to the marked B cell depletion observed in the peripheral blood of nearly all RA 

patients, relatively high numbers of persistent CD20 positive B cells may be found in the bone 

marrow after rituximab treatment 57-60. Recently, it was shown that the remaining B cells are 

mostly memory B cells, while a pronounced depletion of naïve B cells was observed. Of note, 

compared to patients who were treated with rituximab for the first time, the bone marrow of 

retreated patients contained a significantly lower proportion of memory B cells, whereas the 

number of immature B cells was increased 59. This finding suggests that the renewal of memory 

B cells is impaired and corresponds to the delayed repopulation of memory B cells observed 

in the peripheral blood. Furthermore, patients who have a high proportion of mature (naïve 

plus memory) B cells in their bone marrow before rituximab therapy, show a clinical response 

of a relatively short duration that is accompanied by an early return of B cells in the peripheral 

blood: there may have been incomplete depletion of the mature B cells in these patients 57. In 

line with this notion, it was shown that the clinical response to rituximab was preceded by a 

decrease in memory B cells in the bone marrow 58. These data are also consistent with peripheral 
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blood analysis and suggest that disease progression after rituximab treatment is probably due 

to survival of memory B cells. It should be noted however that data on the effects of rituximab 

on the bone marrow were achieved in small cohorts of patients with different co-medications 

and remain to be replicated in larger independent cohorts.

There are at present no studies on the effects of rituximab on the spleen or lymph nodes 

of RA patients. Splenic CD20 positive B cells were completely depleted in patients with non-

Hodgkin’s lymphoma after rituximab treatment in combination with chemotherapy; in the 

lymph nodes there was only partial depletion 61. 

THE EFFECTS OF RITUxIMAB ON THE SYNOVIAL CELL INFILTRATE IN  
RA PATIENTS

In the inflamed synovial tissue of RA patients, there are various forms of lymphocyte infiltration. 

In about half of the RA patients CD20 positive B cells are present in the synovium 25;62-64, mostly 

found in lymphocyte aggregates together with T cells and surrounding fields of plasma cells 18;23 

(Figure1). Studies on the depletion of synovial tissue B cells by rituximab consistently show that 

this depletion is variable 63;65-67. This variability cannot be explained by differences in rituximab 

serum levels 46. Possibly, different synovial expression levels of complement inhibitory factors 

or B cell survival factors are responsible for this variability in B cell depletion, although so far no 

clear cut relationship has been found with the expression of the survival factors CxCL12, APRIL 

(A Proliferating Inducing Ligand) and BlyS (B Lymphocyte Stimulator) 65.  Although the decrease 

of synovial tissue B cells after rituximab varies between patients, this decrease is statistically 

significant on the group level as early as 4 weeks after initiation of therapy 63. Of interest, the 

degree of depletion of synovial B cells is not related to the clinical response 68. 

As mentioned, B cells have different roles in the immune response; thus rituximab could 

induce indirect effects on immune cells other than B cells. An interesting effect of rituximab 

treatment is seen on plasma cells: the change in synovial plasma cells is predictive of the clinical 

response after 24 weeks 68. No statistically significant reduction of synovial plasma cells was 

found on the group level, which could be explained by a highly variable response: in some 

patients there is a marked decrease in plasma cells, whereas in others plasma cell numbers in 

the synovium are unaltered 60;65;68. This decrease was correlated with the decrease of serum 

levels of ACPA at week 16 68 Consistent with these findings, serum levels of free light chains only 

decrease in clinical responders 55. 

Rituximab treatment is associated with a decrease in synovial T cells and disrupts the 

presence of synovial aggregates and follicular dendritic cells. Rituximab treatment also resulted 

in a significant decrease in the number of synovial macrophages 66;68. It is at present not entirely 

clear what the underlying mechanisms are. Potential mechanisms on how B cells could influence 

macrophage numbers in the inflamed synovium are shown in Figure 2. The effect of rituximab on 

macrophage numbers confirm and extend the notion that these cells are key players in common 

final pathways involved in RA pathogenesis 69; treatments with a completely different mechanism 

of action may ultimately affect macrophage numbers in the synovium 70-72. The consistent 

relationship between the change in CD68 positive macrophages and clinical improvement after 

antirheumatic therapy was recently also confirmed for rituximab (Figure 3) 73.
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In summary, the data on the effects of rituximab on the synovial tissue show that this 

treatment affects B lineage cells with an indirect effect on other cells, like T cells and 

macrophages; only depletion of plasma cells correlates with clinical response. Future treatment 

strategies could include combination therapy of rituximab with therapies that target plasma 

cell survival and differentiation in non-responders to rituximab alone. Whether this approach 

leads to improved efficacy with acceptable safety remains to be proven. 

CONCLUSION

Putting everything together, what would be the key mechanism that determines clinical 

response? First of all, different studies showed that CD20 positive B cells may be incompletely 

depleted in bone marrow and synovial tissue, while lymphoid tissue has not yet been extensively 

studied. Variability in CD20 positive B cell depletion may be explained by pharmacogenetic 

factors, such as Fcγ receptor polymorphisms, individual differences in survival factors such as 

BLyS or by differences in RA immunopathology.  Some clinical non-responders may have a B cell 

subtype involved in their disease that is less sensitive to rituximab. In line with these hypotheses, 

a number of studies identified patient-specific factors that might predict clinical response: the 

autoantibody profile, the serum level of IgG, the presence of a type I interferon signature in 

peripheral blood mononuclear cells and the number of pre-plasma cells in peripheral blood 

and memory B cells in peripheral blood and bone marrow. 

-600 -400 -200 0 200 

-2,50 

-2,00 

-1,50 

-1,00 

-0,50 

0,00 

0,50 

Placebo and stable MTX t = 43 and 28  
  n = 14 

Rituximab  t = 112  n = 18 

Mean change in CD68+ sublining macrophages 

M
ea

n 
ch

an
ge

 in
 D

A
S

28
 

C5a Receptor antagonist t = 28  n = 11 

Anti-MCP-1  t = 43  n = 14   

Stable DMARD t = 14  n = 12 

Placebo and stable MTX t = 2  n = 6 

CCR1 antagonist t = 14  n = 10 

Remicade  t = 28  n = 20 

Prednisolone  t = 14  n = 10 

Leflunomide  t = 112  n = 15 

MTX  t = 112  n = 15 

Figure 3. Correlation between the change in the disease activity score in 28 joints (DAS28) en the change in 
synovial sublining CD68 expression, when comparing trials of different antirheumatic drug treatments (R = 0.91,  
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Apart from differences in CD20 positive B cell depletion, clinical response may be 

determined by indirect effects on other inflammatory cells, such as plasma cells, T cells and 

macrophages. As shown, the size of the decrease in (pre-)plasma cells and free light chains 

predicts clinical response. Furthermore, it remains to be shown whether clinical response is 

associated with a decrease in a specific T cell subset (Table 1). Future work may provide a better 

understanding of the role of B cells and plasma cells in different tissues in the pathogenesis of 

RA. It can also be anticipated that (combinations of) biomarkers will provide an increasingly 

important tool to further optimize the cost-effectiveness of rituximab in the treatment of RA.

Table 1. Mechanism of response to rituximab

Responders  Non-responders

 Blood

Baseline

   IgG levels High Low

   preplasma cells Low High

   memory B cells Low High

   IFN signature* Low High

   BLyS polymorphism* Not present Present

After therapy

         preplasma cells Decreased Persistent

   memory B cells Decreased Persistent

   free light chains Decreased Persistent

 Bone marrow

Baseline

         memory B cells Low High

After therapy

         memory B cells Decreased Persistent

 Synovial tissue

After therapy

         plasma cells Decreased Persistent

         macrophages Decreased Persistent

         T cells Decreased Decreased

         lymphoid neogenesis Decreased Decreased

* IFN=interferon, BlyS = B Lymphocyte Stimulator

REFERENCE LIST
1. Cohen SB, Emery P, Greenwald MW, Dougados 

M, Furie RA, Genovese MC et al. Rituximab for 
rheumatoid arthritis refractory to anti-tumor 
necrosis factor therapy: Results of a multicenter, 
randomized, double-blind, placebo-controlled, 

phase III trial evaluating primary efficacy and 
safety at twenty-four weeks. Arthritis Rheum 2006; 
54(9):2793-2806.

2. Dorner T, Kinnman N, Tak PP. Targeting B cells 
in immune-mediated inflammatory disease:  



3

35

a comprehensive review of mechanisms of action 
and identification of biomarkers. Pharmacol Ther 
2010; 125(3):464-475.

3. Mitchell GF, Miller JF. Cell to cell interaction in the 
immune response. II. The source of hemolysin-
forming cells in irradiated mice given bone marrow 
and thymus or thoracic duct lymphocytes. J Exp 
Med 1968; 128(4):821-837.

4.  Bouaziz JD, Yanaba K, Venturi GM, Wang Y, Tisch RM, 
Poe JC et al. Therapeutic B cell depletion impairs 
adaptive and autoreactive CD4+ T cell activation in 
mice. Proc Natl Acad Sci U S A 2007; 104(52):20878-
20883.

5. Lund FE, Garvy BA, Randall TD, Harris DP. Regulatory 
roles for cytokine-producing B cells in infection and 
autoimmune disease. Curr Dir Autoimmun 2005; 
8:25-54.

6. Ron Y, De BP, Gordon J, Feldman M, Segal S. Defective 
induction of antigen-reactive proliferating T cells 
in B cell-deprived mice. Eur J Immunol 1981; 11(12):
964-968.

7. Ding C, Cai Y, Marroquin J, Ildstad ST, Yan J. 
Plasmacytoid dendritic cells regulate autoreactive B 
cell activation via soluble factors and in a cell-to-cell 
contact manner. J Immunol 2009; 183(11):7140-7149.

8. Lemoine S, Morva A, Youinou P, Jamin C. Regulatory 
B cells in autoimmune diseases: how do they work? 
Ann N Y Acad Sci 2009; 1173:260-267.

9. LeBien TW, Tedder TF. B lymphocytes: how they 
develop and function. Blood 2008; 112(5):1570-1580.

10. Radbruch A, Muehlinghaus G, Luger EO, Inamine 
A, Smith KG, Dorner T et al. Competence and 
competition: the challenge of becoming a long-
lived plasma cell. Nat Rev Immunol 2006; 6(10):
741-750.

11. DiLillo DJ, Hamaguchi Y, Ueda Y, Yang K, Uchida 
J, Haas KM et al. Maintenance of long-lived 
plasma cells and serological memory despite 
mature and memory B cell depletion during 
CD20 immunotherapy in mice. J Immunol 2008; 
180(1):361-371.

12. Steiner G, Smolen J. Autoantibodies in rheumatoid 
arthritis and their clinical significance. Arthritis Res 
2002; 4 Suppl 2:S1-S5.

13. van de Sande MG, de Hair MJ, Van der Leij C, 
Klarenbeek PL, Bos WH, Smith MD et al. Different 
stages of rheumatoid arthritis: features of the 
synovium in the preclinical phase. Ann Rheum Dis 
2011; 70(5):772-777.

14. Abrahams VM, Cambridge G, Lydyard PM, Edwards 
JC. Induction of tumor necrosis factor alpha 
production by adhered human monocytes: a key 
role for Fcgamma receptor type IIIa in rheumatoid 
arthritis. Arthritis Rheum 2000; 43(3):608-616.

15. Mathsson L, Lampa J, Mullazehi M, Ronnelid J. 
Immune complexes from rheumatoid arthritis 
synovial fluid induce FcgammaRIIa dependent 
and rheumatoid factor correlated production 
of tumour necrosis factor-alpha by peripheral 

blood mononuclear cells. Arthritis Res Ther 2006; 
8(3):R64.

16. Lu MC, Lai NS, Yu HC, Huang HB, Hsieh SC, Yu CL. 
Anti-citrullinated protein antibodies bind surface-
expressed citrullinated Grp78 on monocyte/
macrophages and stimulate tumor necrosis factor 
alpha production. Arthritis Rheum 2010; 62(5):
1213-1223.

17. Clavel C, Nogueira L, Laurent L, Iobagiu C, Vincent C, 
Sebbag M et al. Induction of macrophage secretion 
of tumor necrosis factor alpha through Fcgamma 
receptor IIa engagement by rheumatoid arthritis-
specific autoantibodies to citrullinated proteins 
complexed with fibrinogen. Arthritis Rheum 2008; 
58(3):678-688.

18. Tak PP, Smeets TJ, Daha MR, Kluin PM, Meijers KA, 
Brand R et al. Analysis of the synovial cell infiltrate in 
early rheumatoid synovial tissue in relation to local 
disease activity. Arthritis Rheum 1997; 40(2):217-225.

19. Sellam J, Hendel-Chavez H, Rouanet S, Abbed K, 
Combe B, Le L, x et al. B cell activation biomarkers 
as predictive factors for the response to rituximab 
in rheumatoid arthritis: a six-month, national, 
multicenter, open-label study. Arthritis Rheum 2011; 
63(4):933-938.

20. Tak PP, Cohen S, Emery P, Sadeeh CK, De Vita S, 
Donohue JPeal. Clinical response following the first 
treatment course with rituximab: effect of baseline 
autoantibody status (RF, anti-CCP)  . Ann Rheum Dis 
2007; 66 Suppl II:338.

21.  Tak PP, Rigby WF, Rubbert-Roth A, Peterfy CG, 
van Vollenhoven RF, Stohl W et al. Inhibition of 
joint damage and improved clinical outcomes 
with rituximab plus methotrexate in early active 
rheumatoid arthritis: the IMAGE trial. Ann Rheum 
Dis 2011; 70(1):39-46.

22. Isaacs JD, Olech E, Tak PP, Deodhar A, Keystone E, 
Emery P et al. Autoantibody-positive rheumatoid 
arthritis patients have enhanced clinical response 
to rituximab when compared with seronegative 
patients. Ann Rheum Dis 2009; 68 Suppl 3:442.

23.  Takemura S, Braun A, Crowson C, Kurtin PJ, Cofield 
RH, O’Fallon WM et al. Lymphoid neogenesis in 
rheumatoid synovitis. J Immunol 2001; 167(2):1072-
1080.

24. Humby F, Bombardieri M, Manzo A, Kelly S, Blades 
MC, Kirkham B et al. Ectopic lymphoid structures 
support ongoing production of class-switched 
autoantibodies in rheumatoid synovium. PLoS Med 
2009; 6(1):e1.

25. Thurlings RM, Wijbrandts CA, Mebius RE, Cantaert 
T, Dinant HJ, van der Pouw-Kraan TC et al. Synovial 
lymphoid neogenesis does not define a specific 
clinical rheumatoid arthritis phenotype. Arthritis 
Rheum 2008; 58(6):1582-1589.

26. Catalan D, Aravena O, Sabugo F, Wurmann P, 
Soto L, Kalergis AM et al. B cells from rheumatoid 
arthritis patients show important alterations in the 
expression of CD86 and FcgammaRIIb, which are 



36

modulated by anti-tumor necrosis factor therapy. 
Arthritis Res Ther 2010; 12(2):R68.

27. Takemura S, Klimiuk PA, Braun A, Goronzy JJ, 
Weyand CM. T cell activation in rheumatoid 
synovium is B cell dependent. J Immunol 2001; 
167(8):4710-4718.

28. Constant S, Schweitzer N, West J, Ranney P, Bottomly 
K. B lymphocytes can be competent antigen-
presenting cells for priming CD4+ T cells to protein 
antigens in vivo. J Immunol 1995; 155(8):3734-3741.

29. Harris DP, Haynes L, Sayles PC, Duso DK, Eaton SM, 
Lepak NM et al. Reciprocal regulation of polarized 
cytokine production by effector B and T cells. Nat 
Immunol 2000; 1(6):475-482.

30. Wilk E, Witte T, Marquardt N, Horvath T, Kalippke 
K, Scholz K et al. Depletion of functionally active 
CD20+ T cells by rituximab treatment. Arthritis 
Rheum 2009; 60(12):3563-3571.

31. Mease PJ. B cell-targeted therapy in autoimmune 
disease: rationale, mechanisms, and clinical 
application. J Rheumatol 2008; 35(7):1245-1255.

32. O’Keefe TL, Williams GT, Davies SL, Neuberger 
MS. Mice carrying a CD20 gene disruption. 
Immunogenetics 1998; 48(2):125-132.

33. Cragg MS, Walshe CA, Ivanov AO, Glennie MJ. The 
biology of CD20 and its potential as a target for mAb 
therapy. Curr Dir Autoimmun 2005; 8:140-174.

34.  Kuijpers TW, Bende RJ, Baars PA, Grummels A, Derks 
IA, Dolman KM et al. CD20 deficiency in humans 
results in impaired T cell-independent antibody 
responses. J Clin Invest 2010; 120(1):214-222.

35. Glennie MJ, French RR, Cragg MS, Taylor RP. 
Mechanisms of killing by anti-CD20 monoclonal 
antibodies. Mol Immunol 2007; 44(16):3823-3837.

36. Golay J, Zaffaroni L, Vaccari T, Lazzari M, Borleri GM, 
Bernasconi S et al. Biologic response of B lymphoma 
cells to anti-CD20 monoclonal antibody rituximab 
in vitro: CD55 and CD59 regulate complement-
mediated cell lysis. Blood 2000; 95(12):3900-3908.

37. Stolz C, Schuler M. Molecular mechanisms of 
resistance to Rituximab and pharmacologic 
strategies for its circumvention. Leuk Lymphoma 
2009;1-14.

38. Wang SY, Weiner G. Complement and cellular 
cytotoxicity in antibody therapy of cancer. Expert 
Opin Biol Ther 2008; 8(6):759-768.

39. Gong Q, Ou Q, Ye S, Lee WP, Cornelius J, Diehl L et 
al. Importance of cellular microenvironment and 
circulatory dynamics in B cell immunotherapy. J 
Immunol 2005; 174(2):817-826.

40. Hamaguchi Y, Uchida J, Cain DW, Venturi GM, Poe 
JC, Haas KM et al. The peritoneal cavity provides 
a protective niche for B1 and conventional B 
lymphocytes during anti-CD20 immunotherapy in 
mice. J Immunol 2005; 174(7):4389-4399.

41. Vugmeyster Y, Beyer J, Howell K, Combs D, Fielder P, 
Yang J et al. Depletion of B cells by a humanized anti-

CD20 antibody PRO70769 in Macaca fascicularis. J 
Immunother 2005; 28(3):212-219.

42. Yanaba K, Hamaguchi Y, Venturi GM, Steeber DA, St 
Clair EW, Tedder TF. B cell depletion delays collagen-
induced arthritis in mice: arthritis induction requires 
synergy between humoral and cell-mediated 
immunity. J Immunol 2007; 179(2):1369-1380.

43.  Leandro MJ, Cambridge G, Ehrenstein MR, 
Edwards JC. Reconstitution of peripheral blood 
B cells after depletion with rituximab in patients 
with rheumatoid arthritis. Arthritis Rheum 2006; 
54(2):613-620.

44. Dass S, Rawstron AC, Vital EM, Henshaw K, 
McGonagle D, Emery P. Highly sensitive B cell 
analysis predicts response to rituximab therapy 
in rheumatoid arthritis. Arthritis Rheum 2008; 
58(10):2993-2999.

45. Vital EM, Dass S, Rawstron AC, Buch MH, Goeb V, 
Henshaw K et al. Management of nonresponse to 
rituximab in rheumatoid arthritis: predictors and 
outcome of re-treatment. Arthritis Rheum 2010; 
62(5):1273-1279.

46. Thurlings RM, Teng O, Vos K, Gerlag DM, Aarden L, 
Stapel SO et al. Clinical response, pharmacokinetics, 
development of human anti-chimaeric antibodies, 
and synovial tissue response to rituximab treatment 
in patients with rheumatoid arthritis. Ann Rheum 
Dis 2010; 69(2):409-412.

47. Roll P, Palanichamy A, Kneitz C, Dorner T, Tony HP. 
Regeneration of B cell subsets after transient B cell 
depletion using anti-CD20 antibodies in rheumatoid 
arthritis. Arthritis Rheum 2006; 54(8):2377-2386.

48. Roll P, Dorner T, Tony HP. Anti-CD20 therapy in 
patients with rheumatoid arthritis: predictors 
of response and B cell subset regeneration after 
repeated treatment. Arthritis Rheum 2008; 
58(6):1566-1575.

49. Moller B, Aeberli D, Eggli S, Fuhrer M, Vajtai I, Vogelin 
E et al. Class-switched B cells display response to 
therapeutic B-cell depletion in rheumatoid arthritis. 
Arthritis Res Ther 2009; 11(3):R62.

50. Thurlings RM, Boumans M, Tekstra J, van Roon JA, 
Vos K, van Westing DM et al. Relationship between 
the type I interferon signature and the response to 
rituximab in rheumatoid arthritis patients. Arthritis 
Rheum 2010; 62(12):3607-3614.

51. Fabris m, Quartuccio L, Saracco M, Pellerito R, Atzeni 
F, Sarzi-Puttini P et al. BLyS Promoter Polymorphism 
and Response to Rituximab in Rheumatoid 
Arthritis (RA) Patients Positive or Negative for the 
Rheumatoid Factor. Arthritis Rheum 2009; 60 Suppl 
10:1678.

52. Cambridge G, Stohl W, Leandro MJ, Migone 
TS, Hilbert DM, Edwards JC. Circulating levels 
of B lymphocyte stimulator in patients with 
rheumatoid arthritis following rituximab treatment: 
relationships with B cell depletion, circulating 
antibodies, and clinical relapse. Arthritis Rheum 
2006; 54(3):723-732.



3

37

53. Lavie F, Miceli-Richard C, Ittah M, Sellam J, 
Gottenberg JE, Mariette x. Increase of B cell-
activating factor of the TNF family (BAFF) after 
rituximab treatment: insights into a new regulating 
system of BAFF production. Ann Rheum Dis 2007; 
66(5):700-703.

54. Cambridge G, Leandro MJ, Edwards JC, Ehrenstein 
MR, Salden M, Bodman-Smith M et al. Serologic 
changes following B lymphocyte depletion therapy 
for rheumatoid arthritis. Arthritis Rheum 2003; 
48(8):2146-2154.

55. Kormelink TG, Tekstra J, Thurlings RM, Boumans 
MH, Vos K, Tak PP et al. Decrease in immunoglobulin 
free light chains in patients with rheumatoid arthritis 
upon rituximab (anti-CD20) treatment correlates 
with decrease in disease activity. Ann Rheum Dis 
2010; 69(12):2137-44

56.  Mei HE, Frolich D, Giesecke C, Loddenkemper C, 
Reiter K, Schmidt S et al. Steady state generation 
of mucosal IgA+ plasmablasts is not abrogated by B 
cell depletion therapy with rituximab. Blood 2010; 
116(24):5181-90

57. Leandro MJ, Cooper N, Cambridge G, Ehrenstein 
MR, Edwards JC. Bone marrow B-lineage cells 
in patients with rheumatoid arthritis following 
rituximab therapy. Rheumatology (Oxford) 2007; 
46(1):29-36.

58. Nakou M, Katsikas G, Sidiropoulos P, Bertsias G, 
Papadimitraki E, Raptopoulou A et al. Rituximab 
therapy reduces activated B cells both in the 
peripheral blood and bone marrow of patients with 
rheumatoid arthritis: Depletion of memory B cells 
correlates with clinical response. Arthritis Res Ther 
2009; 11:R131.

59. Rehnberg M, Amu S, Tarkowski A, Bokarewa MI, 
Brisslert M. Short- and long-term effects of anti-
CD20 treatment on B cell ontogeny in bone marrow 
of patients with rheumatoid arthritis. Arthritis Res 
Ther 2009; 11(4):R123.

60. Teng YK, Levarht EW, Toes RE, Huizinga TW, van Laar 
JM. Residual inflammation after rituximab treatment 
is associated with sustained synovial plasma cell 
infiltration and enhanced B-cell repopulation. Ann 
Rheum Dis 2009; 68(6):1011-6

61. Cioc AM, Vanderwerf SM, Peterson BA, Robu VG, 
Forster CL, Pambuccian SE. Rituximab-induced 
changes in hematolymphoid tissues found at 
autopsy. Am J Clin Pathol 2008; 130(4):604-612.

62. Canete JD, Celis R, Moll C, Izquierdo E, Marsal S, 
Sanmarti R et al. Clinical significance of synovial 
lymphoid neogenesis and its reversal after anti-
tumour necrosis factor alpha therapy in rheumatoid 
arthritis. Ann Rheum Dis 2009; 68(5):751-756.

63. Vos K, Thurlings RM, Wijbrandts CA, van SD, Gerlag 
DM, Tak PP. Early effects of rituximab on the synovial 
cell infiltrate in patients with rheumatoid arthritis. 
Arthritis Rheum 2007; 56(3):772-778.

64. Schroder AE, Greiner A, Seyfert C, Berek C. 
Differentiation of B cells in the nonlymphoid 

tissue of the synovial membrane of patients with 
rheumatoid arthritis. Proc Natl Acad Sci U S A 1996; 
93(1):221-225.

65. Kavanaugh A, Rosengren S, Lee SJ, Hammaker 
D, Firestein GS, Kalunian K et al. Assessment of 
rituximab’s immunomodulatory synovial effects 
(ARISE trial). 1: clinical and synovial biomarker 
results. Ann Rheum Dis 2008; 67(3):402-408.

66. Teng YK, Levarht EW, Hashemi M, Bajema IM, 
Toes RE, Huizinga TW et al. Immunohistochemical 
analysis as a means to predict responsiveness 
to rituximab treatment. Arthritis Rheum 2007; 
56(12):3909-3918.

67. Walsh CA, Fearon U, FitzGerald O, Veale DJ, 
Bresnihan B. Decreased CD20 expression in 
rheumatoid arthritis synovium following 8 weeks 
of rituximab therapy. Clin Exp Rheumatol 2008; 
26(4):656-658.

68.  Thurlings RM, Vos K, Wijbrandts CA, Zwinderman 
AH, Gerlag DM, Tak PP. Synovial tissue response to 
rituximab: mechanism of action and identification 
of biomarkers of response. Ann Rheum Dis 2008; 
67(7):917-925.

69. Hamilton JA, Tak PP. The dynamics of macrophage 
lineage populations in inflammatory and 
autoimmune diseases. Arthritis Rheum 2009; 
60(5):1210-1221.

70. Gerlag DM, Haringman JJ, Smeets TJ, Zwinderman 
AH, Kraan MC, Laud PJ et al. Effects of oral 
prednisolone on biomarkers in synovial tissue 
and clinical improvement in rheumatoid arthritis. 
Arthritis Rheum 2004; 50(12):3783-3791.

71. Haringman JJ, Gerlag DM, Zwinderman AH, 
Smeets TJ, Kraan MC, Baeten D et al. Synovial tissue 
macrophages: a sensitive biomarker for response to 
treatment in patients with rheumatoid arthritis. Ann 
Rheum Dis 2005; 64(6):834-838.

72.  Wijbrandts CA, Vergunst CE, Haringman JJ, Gerlag 
DM, Smeets TJ, Tak PP. Absence of changes in 
the number of synovial sublining macrophages 
after ineffective treatment for rheumatoid 
arthritis: Implications for use of synovial sublining 
macrophages as a biomarker. Arthritis Rheum 2007; 
56(11):3869-3871.

73. Bresnihan B, Pontifex E, Thurlings RM, Vinkenoog 
M, El-Gabalawy H, Fearon U et al. Synovial tissue 
sublining CD68 expression is a biomarker of 
therapeutic response in rheumatoid arthritis clinical 
trials: consistency across centers. J Rheumatol 
2009; 36(8):1800-1802.

74.  Gerard C, Gerard NP. C5A anaphylatoxin and its 
seven transmembrane-segment receptor. Annu 
Rev Immunol 1994; 12:775-808.

75.  Jose PJ, Moss IK, Maini RN, Williams TJ. Measurement 
of the chemotactic complement fragment C5a in 
rheumatoid synovial fluids by radioimmunoassay: 
role of C5a in the acute inflammatory phase. Ann 
Rheum Dis 1990; 49(10):747-752.





4CHAPTER
Rituximab abrogates joint destruction 

in rheumatoid arthritis by inhibiting 
osteoclastogenesis 

1Division of Clinical Immunology and Rheumatology, Academic Medical Center/
University of Amsterdam, the Netherlands 

2School of Immunity and Infection, University of Birmingham, UK
 3Reade, Amsterdam, the Netherlands

Maria J.H. Boumans1, Rogier M. Thurlings1, Lorraine Yeo2, Dagmar 

Scheel-Toellner2, Koen Vos1,3, Danielle M. Gerlag1, Paul P. Tak1

Ann Rheum Dis 2012 Jan;71(1):108-13



40

ABSTRACT 

Objectives: To examine how rituximab may result in inhibition of joint destruction in rheumatoid 

arthritis (RA) patients.

Methods: Twenty-eight patients with active RA were treated with rituximab. Radiographs of 

hands and feet before and 1 year after therapy were assessed using the Sharp-van der Heijde 

score (SHS). Expression of bone destruction markers was evaluated by immunohistochemistry 

and immunofluorescence of synovial biopsies obtained before and 16 weeks after initiation of 

treatment. Serum levels of osteoprotegerin (OPG), receptor activator of nuclear factor-kappaB 

ligand (RANKL), osteocalcin and cross-linked N-telopeptides of type I collagen (NTx) were 

measured by ELISA before and 16 weeks post-treatment. 

Results: After 1 year, the mean (SD) change in total SHS was 1.4 (10.0). Sixteen weeks after 

treatment there was a decrease of 99% in RANK-positive osteoclast precursors (P = 0.02) and 

a decrease of 37 % (P = 0.016) in RANKL expression in the synovium and a trend towards reduced 

synovial OPG expression (25%, P = 0.07). In serum, both OPG (20%, P = 0.001) and RANKL (40%, 

P = <0.0001) levels were significantly reduced 16 weeks after treatment, but the OPG/RANKL 

ratio increased (157%, P = 0.006). We found a trend towards an increase of osteocalcin levels 

(P = 0.053), while NTx concentrations did not change.

Conclusions: Rituximab treatment is associated with a decrease in synovial osteoclast precursors 

and RANKL expression and an increase in the OPG/RANKL ratio in serum. These observations 

may in part explain the protective effect of rituximab on progression of joint destruction in RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by inflammation 

of the synovial tissue and destruction of the underlying cartilage and bone, both resulting in 

functional impairment. The goal of antirheumatic treatment is not only to attenuate the clinical 

symptoms of joint inflammation, but also to inhibit the progression of joint destruction.1 

The presence of rheumatoid factors (RF) and/or anti-citrullinated protein antibodies 

(ACPA), produced by B lineage cells, is a predictor of radiological damage.2-5 Rituximab, an anti-

CD20 directed B cell depletive therapy, is an effective treatment for RA patients, especially for 

those positive for rheumatoid factor and/or ACPA.6-10 Importantly, rituximab treatment also 

reduces the progression of joint destruction in RA patients, even in the absence of a clear-cut 

clinical response.11;12 Taken together, these data suggest an association between B cells and the 

development of joint destruction.

Insight into the interplay between immune cells and cells involved in bone remodelling in 

RA is evolving. In chronic arthritis, resorption of mineralised cartilage and subchondral bone 

is mediated by osteoclasts, which are present in inflamed synovial tissue of RA patients at the 

area of bone erosions.13 Arthritis can be induced in mice lacking osteoclasts, but these mice do 

not develop bone erosions 14;15, illustrating the critical role of osteoclasts in arthritic bone loss. 

Receptor activator of nuclear factor-kappaB (RANK), a member of the TNF receptor family, and 

its ligand (RANKL) are important stimulators of osteoclast differentiation and activation, and 

inhibitors of osteoclast apoptosis. The RANK-RANKL interaction is inhibited by osteoprotegerin 

(OPG), a naturally occurring, soluble decoy receptor for RANKL.16

Proinflammatory cytokines important in RA pathogenesis, such as TNF-α, interleukin 

(IL)-1α and IL-6, not only stimulate production of both RANKL and OPG, but also act directly 

on osteoclasts and their precursors.17 Furthermore, matrix metalloproteinases (MMPs), 

expressed by fibroblast-like synoviocytes (FLS), macrophages, neutrophils and chrondrocytes, 

have a key role in degradation of unmineralised cartilage and their production is also augmented 

by these cytokines (reviewed in 18).

The cellular and molecular mechanisms involved in rituximab’s effect on joint erosions are 

as yet unknown. Exploration of the ongoing processes in serum and synovium, the target tissue 

of RA, before and after B cell depletion, could teach us more about the cross-talk between the 

immune system and the cells involved in bone resorption in RA. Therefore, we examined the 

effects of B cell depletion on the RANK/RANKL/OPG system.

PATIENTS AND METHODS

Patients. Twenty-eight RA patients were included from an open-label study on the synovial 

tissue response to rituximab treatment that was previously reported.19 All patients were 

diagnosed according to the 1987 ACR classification criteria for RA 20 and had active disease 

despite methotrexate treatment. Active RA was defined as having ³4 tender joints and ³4 swollen 

joints of 28 joints assessed, and at least one of the following: erythrocyte sedimentation rate 

(ESR) ³28 mm/h, serum C-reactive protein (CRP) levels ³15 mg/l or morning stiffness ³45 minutes. 

The study was performed according to the Declaration of Helsinki and approved by the Medical 

Ethics Committee of the Academic Medical Center (AMC)/University of Amsterdam; all patients 

gave written informed consent.
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Study design. All patients were treated with two intravenous infusions of 1,000 mg rituximab 

(day 1 and 15), as previously described.19 Premedication with methylprednisolone was omitted 

to study the specific effect of rituximab. The disease activity score in 28 joints (DAS28) was 

measured before and every month after treatment. Serum and synovial tissue were obtained 

before (i.e., baseline) and 16 weeks after initiation of treatment.

Serum enzyme-linked immunosorbent assays. Serum levels of OPG were measured before and 

16 weeks after treatment as part of a multiplex enzyme-linked immunosorbent assay (ELISA), 

as previously described.21 Serum levels of total soluble RANKL (sRANKL; Immundiagnostik, 

Bensheim, Germany), osteocalcin ( Immunodiagnostic Systems, Liege, Belgium) and NTx 

(Osteomark®, Inverness Medical, Princeton, New Jersey) were measured by ELISA before and 

after initiation of treatment. 

Synovial biopsy, immunohistochemical analysis and quantification of stained tissue sections. 
At baseline and at week 16, serial synovial biopsies were collected by needle arthroscopy of the 

same actively inflamed joint, as previously described.22 Frozen sections (5 μm) were stained with 

the following mouse monoclonal antibodies: anti-OPG (clone 98A1071, Imgenex, San Diego, 

CA), anti-RANK (clone 80707, R&D Systems, Minneapolis, MN) to detect osteoclast precursors 

and anti-tartrate-resistant acid phosphatise-1 (TRAcP-1; clone ZY-9C5, Invitrogen, Breda, the 

Netherlands) to detect mature osteoclasts. Staining of TRAcP-1 was performed using a three-

step immunoperoxidase method, as previously described. 23 For staining of RANK, OPG and all 

other cellular markers, bound antibody was detected with a polymer-horseradish peroxidase 

anti-mouse antibody (Envision+ System, Dako, Glostrup, Denmark) and aminoethylcarbazole 

(AEC; Dako) was used as dye. For the TRAcP staining, sections from an osteoblastoma containing 

numerous mature osteoclasts (obtained from the Pathology department of the AMC) were used 

as a positive control. As a negative control, irrelevant/isotype-matched immunoglobulins were 

applied to the sections instead of the primary antibody or the primary antibody was omitted. 

The expression of synovial markers was quantified using digital image analysis, as previously 

described.24  The expression level of RANK-positive cells was presented as cell counts/mm2; 

OPG was presented as integrated optical density (IOD)/mm2, an arbitrary unit representing the 

intensity of staining per mm2.25 

Immunofluorescence to detect RANKL in synovial tissue. Rabbit-anti-human RANKL 

(AbCam, Cambridge, UK) was developed with donkey anti-rabbit Rhodamine (Jackson 
ImmunoResearch). Sections were firstly adsorbed with PBS supplemented with 2% bovine 

serum albumin for 10 mins. Primary and secondary antibodies diluted in PBS supplemented with 

2% bovine serum albumin were incubated at room temperature in the dark for 1 hr or 30 minutes 

respectively. Sections were immersed in Hoechst 33258 (Sigma) at 20μg/ml for 2 minutes for 

nuclear counterstaining, then mounted and kept in the dark at -20˚C. A Zeiss LSM 780 Zen 

confocal microscope was used to visualise staining and Zeiss LSM Image Examiner software was 

used for pixel quantification. The expression level of RANKL was presented as pixels/um2.

Radiographic assessments. Radiographs of hands and feet were obtained at baseline and at 

different time points after the initiation of rituximab treatment. The same observer, who was 
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blinded to radiograph sequence, evaluated paired radiographs using the Sharp-van der Heijde 

scoring method (SHS), which consists of the joint space narrowing score and erosion score 

(range 0-448).26 Using an assumption of linear progression, the change in SHS after 1 year was 

calculated.

Statistical analysis. Continuous data were described as mean and standard deviation (SD), if 

normally distributed, and as median and range, if not normally distributed. Correlations were 

calculated using Spearman’s rho. The Wilcoxon signed-rank test for paired data was used to 

analyse the change after treatment of the different parameters analysed in synovial tissue 

and serum. All statistical analyses were performed with SPSS 17.0 software (SPSS, Chicago, IL).  

A P-value of ≤ 0.05 was considered statistically significant.

RESULTS

Clinical characteristics. The demographic and clinical features of the cohort are shown in 

Table 1. Of note, this population had a long disease duration and had failed previous treatment 

Table 1. Baseline characteristics of patients

 Demographics  (n = 28)

Female, n (%) 23 (82%)

Age (years)* 55 (22-75)

 Baseline disease status

IgM-RF positive, n (%) 23 (82%)

ACPA positive, n (%) 25 (89%)

DAS28† 6.6 (1.1)

ESR (mm/hr)* 41 (4-86)

CRP (mg/l)* 29 (2-112)

Disease duration (years)* 13 (1-50)

Nodular disease, n (%) 9 (32%)

Erosive disease, n (%) 22 (79%)

Total SHS* 36 (0-247)

 Medication

Concomitant methotrexate, n (%) 28 (100%)

Concomitant methotrexate dosage (mg/wk)* 15 (5-30)

Concomitant oral prednisone, n (%) 20 (71%)

Concomitant oral prednisone dosage (mg/day)* 5 (5-10) 

No. of previous DMARDs* 4 (2-9)

No. of previous biologicals* 2 (0-4)

Data are presented as n (%), median (range)* or mean (standard deviation [SD])†, as appropriate. Erosive disease is defined as 
erosions described by radiologist together with rheumatologist. IgM-RF = IgM rheumatoid factor; ACPA = anti-citrullinated 
peptide antibodies; DAS28 = disease activity score in 28 joints; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; 
SHS = Sharp-van der Heijde score; DMARDs = disease-modifying antirheumatic drugs.
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with several disease-modifying antirheumatic drugs (DMARDs) and biologicals. Sixteen weeks 

post-treatment there was a mean (SD) decrease in DAS28 of 1.6 (1.1), and 2 patients (7%) had 

a good response, 18 a moderate response (64%) and 8 no response (29%) according to the 

European League Against Rheumatism (EULAR) response criteria.27

Radiographic outcomes. First, we analysed the progression in joint destruction after 1 year. 

From 25 of the 28 patients paired radiographs of hands and feet were available from before 

and after rituximab treatment. The median (range) of the total SHS score was 36 (0-247) at 

baseline and 39 (0-246) 1 year post-rituximab. After 1 year, the mean (SD) change in total SHS 

was 1.4 (10.0), change in joint space narrowing score was 0.6 (5.0) and change in erosion score 

0.8 (5.0) (Figure 1A). Of the 25 patients analysed, 7 patients (28%) showed progression of joint 

destruction of more than one point in the total SHS and only 4 patients (16%) increased more 

than three points in 1 year (Figure 1B). The three patients without any erosion at baseline stayed 

non-erosive after 1 year. Of note, these data are comparable to the mean changes in radiological 

scores that were seen in a large clinical trial evaluating the effect of rituximab in RA patients 

with a disease duration of more than 10 years.11 Although in that clinical trial a different scoring 

system for erosive destruction was used (total Genant-modified Sharp score), it supports the 

notion that our cohort is representative.
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Figure 1. Radiographic outcomes 1 year after treatment with rituximab. Mean (SD) changes after 1 year of the total 
Sharp-van der Heijde score (SHS), joint space narrowing (JSN) score and erosion score of 25 rheumatoid arthritis 
patients (A). Individual changes of the total SHS after 1 year (B). 

Effect of rituximab on synovial osteoclast precursors, osteoprotegerin, RANKL expression 
and osteoclasts. For the synovial tissue analysis of RANK- and OPG expression, we included 

paired biopsies of 20 patients, based on availability and fulfilment of quality control criteria. 

Consistent with previous observations from our group 28, only seven patients (35%) showed 

RANK expression and nine patients showed OPG expression (45%) at baseline. There was no 

correlation between baseline expression of RANK or OPG on the one hand, and total SHS on the 

other (r = -0.22, P = 0.39 and r =-0.18, P = 0.49, respectively). After treatment with rituximab, there 

was a significant reduction of 99% in RANK-positive osteoclast precursors at week 16 (P = 0.02), 

while OPG expression showed a non-significant decrease (25%, P = 0.07; Figure 2). To detect 

the expression of RANKL, we used immunofluorescence and included paired biopsy samples 
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of 11 patients, for whom sufficient material was present to perform this analysis. All patients 

expressed RANKL at baseline and the expression tended to correlate with the total SHS score  

(r = 0.60, P = 0.05) at baseline. After treatment with rituximab, we observed a significant decrease 

of 37% of RANKL expression (P = 0.016, Figure 2). No TRAcP-positive mature osteoclasts could 

be detected in any of the synovial tissue samples (data not shown). Separate analyses showed 

that changes in synovial bone and cartilage destruction markers were not related to changes in 

SHS or disease activity (data not shown).
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Figure 2. Expression of RANK, OPG and RANKL in synovium before and 16 weeks after treatment with rituximab. 
Individual changes in synovial osteoprotegerin (OPG; A), synovial receptor activator of nuclear factor-
kappaB (RANK; B) expression and its ligand (RANKL; C) of 20 (A and B) or 11 (C) rheumatoid arthritis patients. 
Treatment effect was compared using a Wilcoxon signed-rank test; *P < 0.05. Representative examples of 
immunohistochemical and immunofluorescence staining of synovium for OPG before (A1) and after (A2) 
treatment, for RANK before (B1) and after (B2) treatment and for RANKL before (C1) and after (C2) treatment with 
rituximab. Magnification 20x (A and B) and 10x (C). 

Changes in serum levels of osteoprotegerin, sRANKL and the OPG/sRANKL ratio after 
rituximab treatment. As we saw a strong effect of rituximab on the RANK/RANKL/OPG system 

in the synovial tissue, we also analysed OPG and sRANKL levels in serum of 28 patients. Sixteen 

weeks after initiation of rituximab treatment, we found a statistically significant decrease in 

serum levels of both OPG and sRANKL (from 3253 (median) to 2796 pg/ml, 20%, P = 0.001 and 

from 30.2 to 16.5 ng/ml, 40%, P = <0.0001, respectively). Of importance, the OPG/sRANKL ratio 
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increased (from 0.06 (median) to 0.09, 157%, P = 0.006; Figure 3). Separate analyses showed 

that changes in serum bone and cartilage destruction markers were not related to changes in 

SHS or disease activity (data not shown).
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the OPG/sRANKL ratio before and 16 weeks after 
treatment with rituximab. Individual changes in 
soluble receptor activator of nuclear factor-kappaB 
ligand (sRANKL; A) and serum osteoprotegerin 
(OPG; B) expression, and the OPG/sRANKL ratio (C) 
of 28 rheumatoid arthritis patients. Treatment effect 
was compared using a Wilcoxon signed-rank test; 
**P <0.01.

Change in soluble markers of bone turnover. Finally, we studied the effect of rituximab on 

systemic biomarkers of bone turnover. We measured serum osteocalcin levels as a marker 

of bone formation and levels of cross-linked N-telopeptides of type I collagen (NTx) as a 

biomarker of bone resorption before and 16 weeks after initiation of rituximab treatment. We 

found a strong trend towards an increase of osteocalcin levels (from (median) 12 to 12.5, P = 

0.053), while NTx concentrations did not change (Figure 4).

DISCUSSION

These results show that rituximab treatment strongly affects the RANK/RANKL/OPG system 

in synovium and peripheral blood of patients with active RA. The number of RANK-positive 

osteoclast precursors in synovial tissue was decreased by 99% and RANKL expression was 

decreased by 37%, while synovial OPG showed a non-significant reduction. In serum, however, 

both sRANKL and OPG decreased, whereas the OPG/sRANKL ratio was elevated. These 

alterations in the RANK/RANKL/OPG system were not related to radiological progression, as 

assessed by the SHS. However, joint destruction was stabilised in a large majority of patients, 

indicating that rituximab’s interference with the mediators of osteoclastogenesis resulted in 
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inhibition of further bone loss. This is in line with a large, randomised clinical trial in which 

rituximab inhibited the progression of joint destruction in the majority of patients with RA, 

including those who did not experience an ACR response.11 Taken together, these data provide 

at least in part an explanation for the effective inhibition of joint destruction observed in clinical 

trials after B cell depletive therapy.

What could be the exact role of B cells in rheumatic joint destruction? It is generally known 

that RANKL is produced by FLS 29 and T cells 30 in a membranous or soluble (sRANKL) form 

after stimulation by IL-1, TNF-α and IL-17, a product of T helper 17 (T
H

17) cells.31;32 However, B 

cells are also able to secrete RANKL.33;34 Of importance, a recent study using cytokine mRNA 

profiling identified B cells as major producers of RANKL in synovial fluid of RA patients 35. 

Proinflammatory cytokines also stimulate secretion of OPG by FLS and dendritic cells in 

synovium, as well as CD40L on T cells. T cell activation is an important function of B cells in 

synovium of RA patients.36 Hence, B cells may also upregulate both RANKL and OPG production 

by stimulating T cells. We have previously shown in the same cohort that rituximab induces a 

significant albeit variable decrease in synovial B cells and an indirect decrease in T cells, plasma 

cells, macrophages and lymphoid neogenesis 16 weeks after initiation of rituximab treatment.19 

Thus, the observed changes in the RANK/RANKL/OPG system may at least in part be explained 

by decreased cell infiltration.

RANK is primarily expressed on mononuclear macrophage-lineage cells, including pre-

osteoclastic cells, dendritic cells, fibroblasts, and B and T cells 37 which are abundantly present 

in inflamed synovial tissue. RANKL interacts with RANK via direct cell-cell contact and thereby 

promotes differentiation of osteoclast precursors into mature osteoclasts.31 RANK-positive 

osteoclast precursors were seen in 35% of our patients, but TracP-positive mature osteoclasts 

could not be detected in synovium. This is in contrast with several other studies, which showed 

osteoclasts to be present at the interface of inflamed synovial tissue and the periosteal surface 

(reviewed in 38). These differences might be explained by the use of synovial tissue obtained 

during joint replacement surgery in these previous investigations versus arthroscopy-guided 

synovial biopsies in the present study. Direct physical contact with the skeletal matrix is 
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Figure 4. Serum levels of osteocalcin and NTx before and 16 weeks after initiation of treatment with rituximab. 
Individual changes in osteocalcin (A) and cross-linked N-telopeptides of type I collagen (NTx; B) of 28 rheumatoid 
arthritis patients. Treatment effect was compared using a Wilcoxon signed-rank test. nM BCE = nmol Bone 
Collagen Equivalents per liter
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required for the differentiation into mature osteoclasts 39, but arthroscopic synovial biopsies 

do not include the junction between this periosteal surface and synovium. Nevertheless, we 

were able to analyse changes in the interaction between immune cells and bone resorptive 

precursor cells at the site of inflammation, as described above.

A recently published, small study investigated whether rituximab treatment had a systemic 

effect on bone remodelling in 13 active RA patients resistant to TNF-α antagonist therapy; 

synovial tissue was not assessed. There was a trend towards reduced sRANKL levels in the serum 

which did not reach statistical significance, perhaps due to the small number of patients. Of 

interest, levels of the bone resorption marker desoxypyridinoline were significantly reduced 

after rituximab treatment. 40

Other antirheumatic therapies have been reported to have various effects on the RANK/

RANKL/OPG system in the synovium.41-43 Treatment with TNF-α antagonists, which has a clear 

inhibitory effect on the progression of joint destruction even in the absence of a clinical 

response,44 for 12 weeks induced an increase in synovial OPG expression without affecting 

RANKL, resulting in an increased OPG/RANKL ratio.41 Similarly, successful treatment with 

different DMARDs other than TNF-α inhibitors led to increased OPG and decreased RANKL 

expression and an increased OPG/RANKL ratio.42 In contrast, clinical responders to anakinra 

(IL-1 receptor antagonist), administered as monotherapy or in combination with pegsunercept 

(PEGylated soluble TNF receptor type I, an TNF-α antagonist), showed a reduction in OPG 

expression after 1 year, but RANKL and the OPG/RANKL ratio remained unchanged.43 The 

decreased expression of systemic, but not synovial, OPG that we observed after B cell depletion 

may be related to effects on a variety of cells. This soluble receptor is produced by for instance 

bone marrow stromal cells, dendritic cells, endothelial cells, fibroblasts, monocytes, B cells 

and T cells under the influence of proinflammatory cytokines.37 The reduction of sRANKL in 

our patients led to an elevated OPG/sRANKL ratio, as seen in several of the aforementioned 

clinical studies. The relative expression levels of OPG and RANKL are critical for the regulation 

of osteoclastic activity and bone resorption and this ratio seems to be the most important 

predictor of later joint destruction in chronic, destructive arthritis.45 

We found markedly increased osteocalcin levels 16 weeks after treatment at a borderline 

level of statistical significance, suggesting an increase in bone formation activity.  Consistent 

with our results, previous studies have shown that serum levels of osteocalcin are negatively 

correlated with disease activity in RA patients.46;47  Of note, one other study in 46 RA patients did 

not demonstrate a change in osteocalcin 6 months after rituximab treatment.48; the reason for 

this discrepancy is at present unclear. The fact that serum NTx did not change can perhaps be 

explained by the long disease duration of our cohort, as previous studies have shown that CTx 

(carboxy terminal telopeptide; a comparable bone resorption marker) levels are decreased in 

RA patients with a disease duration of more than 10 years.  When baseline levels are already low, 

it is more difficult to demonstrate a decrease.49 In addition, we cannot exclude the possibility 

that changes in NTx levels might have been detectable if this biomarker had been tested in 

urine, but urine samples were unfortunately not available in our study.

In conclusion, the results presented here support a link between B cells and the RANK/

RANKL/OPG system at the site of inflammation and destruction. Depletion of B cells may 

ultimately interfere with this mechanism, protecting the joints against progressive destruction. 
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ABSTRACT

Background: The most cost-effective dosing regimen for rituximab treatment in rheumatoid 

arthritis (RA) is currently unknown. 

Objective: To determine whether low rituximab serum levels are associated with progression 

of structural damage in RA patients.

Method: Sixty-two RA patients were treated with rituximab in three different centres. Structural 

damage was assessed on radiographs of hands and feet before and 1 year after therapy using 

the Sharp-van der Heijde scoring method (SHS). Patients were divided into progressors versus 

non-progressors based on different cut-off values. Rituximab serum levels were measured by 

sandwich ELISA after 4 and 12 weeks (LUMC and UMCU) or 4 and 16 weeks (AMC). 

Results: There was no difference in rituximab levels between progressors versus non-

progressors 4 weeks and 12/16 weeks after initiation of treatment in the different cohorts. 

There was also no correlation between rituximab levels at week 4 or week 12/16 and the change 

in SHS score after 1 year. 

Conclusion: Low rituximab serum levels are not associated with progression of structural 

damage in RA patients. The results do not support the use of dosages higher than 2 x 1000 mg 

rituximab to inhibit progression of joint destruction. 
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Treatment with rituximab reduces disease activity in patients with rheumatoid arthritis (RA). In 

parallel, rituximab is protective against progression of joint destruction in most patients, even 

in the absence of a clinical response 1-4. However, a subset of patients still has progression of 

structural damage despite rituximab treatment 3;5.

In the IMAGE trial, treatment with a relatively low dosage of 2 x 500 mg rituximab in 2 weeks 

time induced a similar decrease in disease activity compared to the regular treatment with 2 x 

1000 mg rituximab. However, treatment with 2 x 1000 mg rituximab induced a more effective 

inhibition of joint destruction compared to 2 x 500 mg rituximab in the first 24 weeks post-

treatment 4. These data suggest that rituximab may have a different dosage effect for inhibition 

of erosion formation and disease activity.

Previously, we found that rituximab levels after administration of 2 x 1000 mg rituximab 

differ markedly between RA patients 6.  Conceivably, low rituximab levels after 2 x 1000 mg 

rituximab may be related to less effective inhibition of progressive joint damage. If confirmed, 

this would strengthen the rationale for treatment with a high versus a low dosage of rituximab. 

Therefore, we analysed whether low rituximab serum levels are associated with progression of 

structural damage in three cohorts of RA patients starting rituximab treatment.

PATIENTS AND METHODS

Patients. Patients were included from three independent prospective cohort studies of the 

response to rituximab treatment in RA that were reported previously 7-10. All patients had active 

RA (Disease Activity Score evaluated in 28 joints (DAS28 [(23)] ≥ 3.2). The study protocol was 

approved by the Medical Ethics Committee of the participating centers; all patients gave 

written informed consent. 

Study design. Patients were treated with 2 infusions of 1000 mg rituximab (day 1 and 15). Pre-

medication with methylprednisolone was omitted in the AMC cohort 9. In all cohorts the DAS28 

was obtained at baseline and after 24 weeks. Patients of the LUMC cohort were in all cases 

retreated with rituximab after 6 months (fixed retreatment), whereas patients of the AMC and 

UMCU cohort were only retreated when their DAS28 ≥ 3.2 at least 6 months after initiation of 

treatment (on demand retreatment). We included patients in the analysis of the present study 

only if radiographs obtained before and one year after treatment were available and when 

serum was available for measurement of at least one post-treatment level of rituximab.

Measurement of rituximab levels. Rituximab levels, measured after 4, 12 and 24 weeks (LUMC 

and UMCU) or 4, 16 and 24 weeks (AMC), were determined by sandwich ELISA.  In short, anti-

rituximab-antibodies were generated in rabbits by immunization with rituximab F(ab)2. After 

purification of IgG with protein A- sepharose, reactivity against human IgG was removed by 

passage over a sepharose-IVIG column. IVIG is a therapeutic intravenous IgG preparation 

prepared from more than 1000 blood donors. The antibodies that did not bind to the column 

were not reactive with serum IgG but strongly recognised rituximab. They were used for 

coating the ELISA plate and, after biotinylation, also as conjugate. The detection limit of the 

assay is 0.08 ng/ml. Because sera are tested at 1:10 dilution or higher the detection limit in 

serum is 0.8 ng/ml. 
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Radiographic assessments. Radiographs of hands and feet were obtained at baseline and 1 year 

after the initiation of rituximab treatment. The same observer, who was blinded to radiograph 

sequence, evaluated paired radiographs using the Sharp-van der Heijde scoring method (SHS), 

which consists of the joint space narrowing score and erosion score (range 0-448) 11. Patients 

were divided into progressors versus non-progressors based on the change from baseline in 

SHS after 1 year using three different definitions of progression: an increase in SHS of ≥ 1 point, 

of ≥ 3 points or of ≥ 5 points.

Statistical analysis. Differences in rituximab levels between progressors and non-progressors 

were compared using the Mann-Whitney U test for non-parametric data. The Pearson’s 

correlation coefficient was used to assess correlations.

RESULTS

Patients characteristics. Results on the radiographic progression and at least one post-

treatment rituximab level were available for 24, 25 and 13 patients, respectively. Baseline clinical 

characteristics and clinical response are shown in Table 1.

Table 1. Baseline characteristics and clinical response of patients

 Demographics
 AMC 
 (n = 24)

 LUMC 
 (n =25)

 UMCU 
 (n =13)

Female, n (%) 18 (75%) 19 (76%) 9 (69%)

Age (years)* 55 (22-68) 51 (33-75) 58 (41-84)

 Baseline disease status

IgM-RF positive, n (%) 22 (92%) 22 (88%) 13 (100%)

ACPA positive, n (%) 21 (88%) 21 (84%) 11 (85%)

DAS28† 6.3 (1.0) 6.0 (1.2) 6.6 (0.9)

ESR (mm/hr)* 37 (4-66) 44 (5-134) 44 (21-124)

CRP (mg/l)* 22 (2-112) 24 (2-114) 34 (7-117)

Disease duration (years)* 12 (1-29) 12 (1-53) 14 (3-21)

Total SHS* 39 (0-247) 49 (8-245) 68 (3-159)

 Medication

Concomitant methotrexate, n (%) 24 (100%) 20 (80%) 6 (46%)

Concomitant oral prednisone, n (%) 18 (75%) 14 (56%) 10 (77%)

 Clinical response 24 weeks after course 1**

Delta DAS28† -1.7 (1.7) -1.7 (1.0) -2.1 (1.4)

EULAR good (%) 4 (17%) 4 (17%) 2 (15%)

EULAR moderate (%) 12 (50%) 15 (63%) 8 (62%)

EULAR non (%) 8 (33%) 5 (21%) 3 (23%)

Data are presented as n (%), median (range)* or mean (standard deviation [SD])†, as appropriate. 
IgM-RF = IgM rheumatoid factor; ACPA = anti-citrullinated peptide antibodies; DAS28 = disease 
activity score in 28 joints; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; SHS = 
Sharp-van der Heijde score. ** Clinical response after 24 weeks not available for 1 patient in the LUMC 
cohort.
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No difference in rituximab serum levels between progressors and non-progressors. First, 

we pooled the data of the three cohorts. Figure 1A shows the rituximab levels of 4, 12/16 and 

24 weeks after start of treatment of progressors and non-progressors using the three different 

cut-offs. Based on an increase in SHS of ≥ 1 point, of ≥ 3 points or of ≥ 5 points, we found 37 

(60%), 33 (53%) and 23 (37%) progressors, respectively. We did not find any (trend towards a) 

difference in levels of rituximab between progressors and non-progressors at any time point 

(Figure 1A). Next, we compared the rituximab levels between progressors and non-progressors 

of the three cohorts separately. Table 2 shows the data using the cut-off of an increase in SHS of 

≥ 3 points. Of note, on week 12, the UMCU cohort showed significantly higher rituximab levels 

in the progressor-group, but for the LUMC cohort the rituximab levels tended to be lower in 

the progressor-group. In addition, the pooled levels of week 12 of the two cohorts did not show 

any difference (Table 2).

Table 2. Rituximab levels of progressors (change in SHS score ≥ 3) versus non-progressors of the 
three cohorts separately and pooled. 

Week 4

Progressors Non-progressors P-value 

LUMC 121 (65-149) n=20 126 (85-198) n=4 0.59

UMCU 186 (129-191) n=5 111 (23-159) n=4 0.09

AMC 112 (45-172) n=4 128 (103-160) n=19 0.47

3 cohorts pooled 126 (72-181) n=29 128 (102-160) n=27 0.74

Week 12

Progressors Non-progressors P-value 

LUMC 5.9 (2.4-15.7) n=21 16.5 (10.8-23.0) n=4 0.08

UMCU 8.7 (3.3-25.0) n=8 0.5 (0.04-5.4) n=5 0.04

2 cohorts pooled 6.0 (3.1-18) n=29 8.2 (0.3-16.5) n=9 0.68

Week 16

Progressors Non-progressors P-value 

AMC 1.8 (0.3-22.7) n=4 3.5 (1.3-8.0) n=19 0.42

Data are presented as the median and range in ug/ml.

No correlation between change in structural damage and rituximab serum levels. We also 

analysed the continuous data on change in SHS score after 1 year. We did not find any significant 

correlation with the rituximab serum levels at different time points (Figure 1B).

No difference in progression of structural damage between retreated and non-retreated 
patients. Because different retreatment regimens were followed in the different cohorts 

(fixed retreatment versus on demand retreatment), some patients received retreatment with 

rituximab in the first year after initiation of treatment and some did not. However, we did not 

find a (trend towards a) difference in progression of structural damage between the retreated 

(n =  45) and non-retreated patients (n = 17; P = 0.26; data not shown).
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Figure 1. Relationship between rituximab serum levels and progression of structural damage.  A. Rituximab levels 
of progressors and non-progressors using different cut-offs are not different at any time point. Data of the three 
cohorts are pooled. Values represent the median and range. SHS = Sharp-van der Heijde scoring method. B. 
No correlation was observed between the change in SHS after 1 year and the rituximab levels at the different  
time points.

DISCUSSION

The results of this prospective cohort study show that there is no relationship between 

rituximab serum levels measured 4 or 12/16 weeks after initiation of treatment and progression 

of structural damage, based on three independent cohorts of RA patients. The data do 

not support the continued use of higher dosages of rituximab to inhibit progression of  

joint destruction. 
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In a previous study that we performed on the relationship between rituximab serum levels 

on the one hand and B cell depletion and clinical response on the other, we observed that 

rituximab levels are highly variable between patients, but that low rituximab levels cannot 

explain persistence of synovial B cells or clinical non-response 6.  The lowest rituximab levels 

were found in patients with anti-rituximab antibodies (ARAs) 6. In the current study it was not 

possible to reliably compare progression of destruction between patients with and without 

ARAs, as the proportion of patients forming ARAs after the first treatment course was low (9%) 

and for only half of those patients paired radiographs were available. Nonetheless, the data 

show that low rituximab levels are not related to progression of structural damage, suggesting 

that treatment with higher dosages than 2 x 1000 mg rituximab is unlikely to be more effective 

in protecting against progressive joint destruction. This contrasts with rituximab treatment 

in non-Hodgkin lymphoma where low rituximab levels are related to decreased response to 

therapy 12;13. On the contrary, it might perhaps even be possible to lower the dose of rituximab 

retreatment, after a starting dose of 2x1000 mg . Recently, 2x1000 mg and 2x500 mg were 

compared side-by-side in early active RA patients. Only initial treatment with 2x1000 mg RTx 

resulted in statistically significant protection against progression of structural damage at 1 year, 

whereas 2x500 mg and 2x1000 mg resulted in comparable clinical efficacy. Exploratory analysis 

however suggested that retreatment with 2x500 mg RTx after 24 weeks might also be protective 

in terms of inhibition of structural damage 4. Future research is needed to address this question 

and to study if this also holds true for patients with established, late stage RA. 

This study has some limitations. First, the study is relatively small. Second, the degree of 

progression that can be reliably detected above the measurement error of the SHS is best 

determined by the smallest detectable change (SDC), which is usually around 3 14. Therefore, 

we chose the cut-off value of an increase in SHS of 3 points to study the rituximab levels in the 

three separate cohorts. We could not calculate the SDC for this study, because the radiographs 

were scored by one observer and the SDC is calculated with repeated scores of two observers. 

Of note, the cut-off values of 1 and 5 points also did not show a difference in rituximab levels. 

Taken together, our data do not support the use of dosages higher than 2 x 1000 mg 

rituximab in order to more effectively inhibit progression of joint destruction. 
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Treatment with rituximab may reduce disease activity in patients with rheumatoid arthritis 

(RA). The current dosing schedule of rituximab 2x1000 mg has been shown to induce and 

maintain a clinical response in initial responders, and is also protective against progression of 

joint destruction. 1-4 Recently, the treatment schedules of 2x1000 mg and 2x500 mg rituximab 

were compared side-by-side in early active RA patients.4 It was shown that only initial treatment 

with 2x1000 mg rituximab resulted in statistically significant protection against progression of 

structural damage, whereas 2x500 mg and 2x1000 mg resulted in comparable clinical efficacy. 

Exploratory analysis suggested that retreatment with 2x500 mg rituximab after 6 months might 

be protective in terms of inhibition of structural damage. Induction therapy with 2x1000 mg 

rituximab followed by retreatment with 2x500 mg or 1x 1000 mg after 6 months could be a very 

cost effective approach. 

In this open pilot study, patients with RA 5, who were previous anti-TNF inadequate 

responders with a moderate or good response to initial treatment with 2 x 1000 mg rituximab 

according to the EULAR response criteria 6 were included when their last treatment with 2 x 

1000 mg rituximab was at least 24 weeks ago and when they had a DAS28 of  ≥ 2.6. At baseline, 

patients were retreated with 1 x 1000 mg rituximab. Patients were followed up for 48 weeks with 

monthly assessments of the DAS28. When the DAS28 was ≥ 2.6 after at least 24 weeks of follow-

up, patients received a second retreatment with 1 x 1000 mg rituximab. Radiographs of hands 

and feet obtained at baseline and at week 48 were evaluated using the Sharp-van der Heijde 

scoring method (SHS; range 0-448).7

Nine patients were included, baseline characteristics are shown in Table 1. Throughout 48 

weeks of follow-up, the mean DAS28 did not reach the baseline level (4.10) at any visit, meaning 

that the clinical response was sustained (Figure 1A and 1B). The mean change in total SHS 

after 1 year was -1.5  (± 2.8), indicating there was no progression of structural damage after 

retreatment with 1 x 1000 mg rituximab on the group level. 

Two out of nine patients showed some progression of structural damage, their SHS score 

increased with 2 points in 48 weeks (Figure 1C). Of note, for one of these two patients, this 

increase was only seen in the joint space narrowing score (data not shown).

The results suggest that both the clinical response and the inhibition of structural damage 

induced by 2 x 1000 mg rituximab might be sustained in most RA patients by retreatment 

with 1 x 1000 mg rituximab rather than with the current retreatment regimen of 2 x 1000 mg. 

A limitation of this study is obviously the small sample size. However, this open pilot study 

provides the rationale for larger clinical trials, also in earlier, less therapy-resistant disease, 

evaluating new dosing regimens for the retreatment of RA patients with rituximab. If confirmed, 

induction therapy with 2 x 1000 mg rituximab followed by systematic retreatment with 1 x 1000 

mg in case of disease activity after 24 weeks could provide a very patient-friendly and cost-

effective biologic treatment regimen. It is also tempting to speculate that retreatment with 

dosages lower than the currently approved dosing regimen could have an advantage in terms 

of safety, but this needs to be shown in future studies. 
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Figure 1. Clinical follow-up and radiographic outcome after retreatment with 1x1000 mg rituximab. A. The mean 
change from baseline (± SD) in DAS28 at every study visit. The dotted line represents the level of the mean DAS28 
at baseline: 4.10. B. The DAS28 at every study visit. Each line represents the follow-up of one patient. C. The 
change in total Sharp-van der Heijde scoring method (SHS) after 48 weeks. Each line represents the change of 1 
patient. (RTx= rituximab, D=Day, W=Week) 
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ABSTRACT

Objective: To analyze the relationship between the type I interferon (IFN) signature and clinical 

response to rituximab in rheumatoid arthritis (RA) patients.

Methods: Twenty RA patients were treated with rituximab (cohort 1). Clinical response was 

defined as decrease in disease activity score evaluated in 28 joints (DAS28) and according to 

EULAR response criteria at week 12 and 24. In peripheral blood mononuclear cells the presence 

of an IFN signature was analyzed measuring the expression levels of three interferon response 

genes by quantitative PCR. After comparison with healthy controls, patients were qualified as 

IFN high or IFN low. The data were confirmed in a second independent cohort (n = 31). Serum 

IFNα bioactivity was analyzed using a reporter assay.

Results: In cohort 1, there was a better clinical response to rituximab in the IFN low group.

Consistently, IFN low patients had a significantly stronger reduction in DAS28 and more often 

achieved a EULAR response at week 12 and 24 compared to IFN high patients in cohort 2. The 

pooled data showed a significantly stronger decrease in DAS28 in IFN low patients at week 12 and 

24 compared to the IFN high group and more often a EULAR response at week 12. Accordingly, 

serum IFNα bioactivity at baseline was inversely associated with the clinical response, although 

this result did not reach statistical significance.

Conclusion: The type I IFN signature negatively predicts the clinical response to rituximab 

treatment in RA, supporting the notion that IFN signalling plays a role in RA immunopathology.
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INTRODUCTION

Type I interferons (IFNs) are cytokines that regulate anti-viral immune responses 1. Surprisingly, 

in a range of auto-antibody associated auto-immune conditions a proportion of patients 

displays a dominant type I interferon (IFN) signature in their peripheral blood mononuclear 

cells (PBMCs). These diseases include rheumatoid arthritis (RA), systemic lupus erythematosus 

(SLE), dermatomyositis, Sjögren’s syndrome, systemic sclerosis and multiple sclerosis 2-7. In 

several small cohorts of patients with these conditions the presence of a type I IFN signature 

was associated with the presence and the titer of auto-antibodies 2-5;7. It has therefore been 

hypothesized that patients with a type I IFN signature suffer from a pathogenetic subset of RA 

in which type I IFN stimulating auto-antigens enhance the humoral immune response.

Rituximab has shown clinical efficacy in many of these conditions 8;9. Most of the evidence 

has been gathered in RA 10;11. However, rituximab does not induce a clinical response in all 

patients and does not decrease all auto-antibodies. Type I interferons have been associated 

with enhancement of B cell survival, since they stimulate B cell survival directly and through the 

production of BlyS and APRIL. Therefore, we hypothesized that patients with a type I interferon 

signature respond less well to rituximab treatment. We tested this hypothesis in 2 independent 

cohorts of RA patients commencing rituximab treatment.

PATIENTS AND METHODS

Patients and treatment protocol. Patients were included from 2 cohorts of RA patients that 

were reported previously 12;13. Patients had active RA (Disease Activity Score evaluated in 28 

joints (DAS28) ≥ 3.2) 14 despite methotrexate treatment. The study protocol was approved by 

the Ethics Committee of the participating centers (cohort 1: UMCU, cohort 2: AMC); all patients 

gave written informed consent.

Patients were treated with 2 infusions of 1000 mg rituximab (day 1 and 15). Pre-medication 

with methylprednisolone was omitted in the AMC cohort [cohort 2], as previously described 12. 

In both cohorts the DAS28-ESR was used to evaluate disease activity. The clinical response was 

defined by the decrease in DAS28 at week 24 compared to baseline. Paired serum and PBMC 

samples were collected at baseline.

Blood sampling for RNA isolation. Blood was drawn in heparin tubes. PBMCs were isolated 

using a Ficoll gradient and subsequently stored at liquid nitrogen until RNA isolation.

RNA isolation was performed using the RNeasy mini kit #74106 and QIAcube #9001293 

(Qiagen, Venlo, the Netherlands). A DNAse digestion step was included in the protocol to remove 

genomic DNA. RNA concentrations were determined using NanoDrop spectrophotometer 

(Thermo Scientific, Wilmington, MA).

Realtime PCR. RNA (0.5 μg) was reverse transcribed into cDNA using a Revertaid H-minus 

cDNA synthesis kit (MBI Fermentas, St. Leon-Rot, Germany) according to the manufacturers’ 

instructions. Quantitative realtime PCR (qPCR) was performed using an ABI Prism 7900HT 

Sequence detection system (Applied Biosystems, Foster City, CA) using SybrGreen (Applied 

Biosystems). Relative expression of OAS1, ISG15 and Mx1 was normalized to 18SRNA expression. 
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To calculate arbitrary values of mRNA levels and to correct for differences in primer efficiencies 

a standard curve was constructed. An IFN score was calculated by adding the relative 

expression values for the three IFN-inducible genes. We defined which patients showed an 

increased IFN response gene expression, by calculating the 95% limits of the healthy controls; 

normal values were defined as the mean expression of the 3 IFN-response genes, plus 1.96 times  

the standard deviation).

Reporter cell assay for IFNα.The reporter cell assay for type I IFN has been described in detail 

elsewhere 15,16. In this assay, reporter cells were used to measure the ability of patient sera to 

induce IFN-induced gene expression. The reporter cells (WISH cells, no. CCL-25; American Type 

Culture Collection) were cultured with 50% patient sera for 6 h and then lysed. cDNA was made 

from total cellular mRNA and gene expression levels were then quantified using qPCR. Forward 

and reverse primers for the genes Mx-1 (myxovirus resistance 1), PKR (dsRNA-activated protein 

kinase), and IFIT-1 (IFN-induced protein with tetratricopeptide 1), which are known to be highly 

and specifically induced by IFNα, were used in the reaction and relative expression determined 

in comparison to a housekeeping gene control (HPRT1). The type I IFN activity was calculated 

by determining the mean and standard deviation of the relative expression of each of the three 

genes in a population of healthy individuals, determining the number of standard deviations 

above the mean of healthy donors for each of the three genes for each patient sample, and 

determining the sum of those three standard deviation values.

Serum ELISAs. Serum levels of IgM-rheumatoid factor (RF) and anti-cyclic citrullinated peptide 

antibodies (ACPA; anti-CCP2 ELISA, Immunoscan RA, Mark 2, Euro Diagnostica, Arnhem,  

the Netherlands) were determined at baseline and weeks 4, 16, 24 and 36 after treatment. 

Baseline serum BAFF and APRIL levels were measured by ELISA (R&D and Bender).

Statistical analysis. The Student’s t test and Mann–Whitney U test were used where appropriate 

for comparison of baseline data between the two cohorts and IFN high and IFN low patients. 

Linear and logistic regression analysis was used where appropriate for prediction analyses.  

The Wilcoxon signed rank test for paired data was used to analyze the decrease in  

auto-antibodies.

RESULTS

Clinical characteristics. Cohort 1 and 2 consisted of 20 and 31 patients, respectively. 

The demographic and clinical features of both cohorts are shown in Table 1. The two cohorts 

were comparable, except for concomitant use of methotrexate.

Relationship between type I IFN signature and baseline clinical and inflammatory 
characteristics. Differences in baseline characteristics between IFN high and IFN low patients 

are shown in Table 2. The DAS28 did not differ between IFN high and IFN low patients, but the 

swollen joint count was lower in the IFN high compared to the IFN low group in both cohorts, 

with trends toward higher acute phase reactant levels in the IFN low groups. As expected, 

IFNα bioactivity in serum tended to be higher in IFN high patients. There was no statistically 
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Table 1. Comparison of patient characteristics between the two cohorts.

  Demographics (n=51)  AMC (n=31)  UMC (n=20)  P

Female, no. (%) 24 (77) 12 (60) 0,187

Age, median (range) years 54(50) 59(58) 0,354

Baseline disease status 

IgM-RF positive, no. (%) 26 (84) 17 (85) 0,915

ACPA positive, no. (%) 28 (90) 15 (75) 0,177

DAS28, mean (± SD) 6.4 ± 1.1 6.4 ± 1.1 0,985

ESR, median (range) mm/hour 37 (4-86)  46 (7-124) 0,189

CRP, median (range) mg/dl 20(2-112) 26(7-110) 0,839

Disease duration, median (range) years 12(1-50) 13(3-50) 0,429

Symptomatic secondary Sjögren’s syndrome (%) 3 (10) 2 (10) 0,99

Medication

Concomitant  methotrexate, no. (%) 31 (100) 11 (55) <0.001

Concomitant methotrexate dosage, median. (range) 15 (5-30) 10 (0-30) 0,131

Concomitant oral prednisone, no. (%) 20 (65) 13 (65) 0,838

Concomitant oral prednisone dosage, median (range) 5 (5-10) 5 (5-15) 0,838

* IgM-RF = IgM rheumatoid factor; SD = standard deviation; ACPA = anti-citrullinated peptide antibodies; DAS28 = Disease Activity 
Score 28-joint assessment; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.

Table 2. Comparison of clinical and biological characteristics between IFN high and IFN low patients.

 IFN high (n=24)  IFN low (n=27)  P

Interferon serum bioactivity, median (IQR, n=28) 0.49 (0.0-0.99) 0.0 (0.0-0.46) 0.092

DAS28, mean (± SD, n=51) 6.2 (± 1.0) 6.6 (± 1.0) 0.16

Swollen joint count, mean (± SD, n=51) 9 (± 5) 14 (±7) 0.013

Tender joint count, mean (± SD, n=51) 14 (± 7) 15 (±6) 0.43

VAS disease activity, mean (± SD, n=51) 64 (± 23) 69 (±16) 0.64

ESR, median (range, n=51) mm/hour 38 (19-55) 45 (21-61) 0.50

CRP, median (range, n=51) mg/L 19 (5-112) 29 (2-117) 0.375

IgM-RF positive, no. (%, n=51) 21 (88) 22 (81) 0.56

ACPA positive, no. (%, n=51) 21 (88) 22 (81) 0.56

IgM-RF titer, median (range, n=51) KU/L 81 (2-1128) 62 (2-1128) 0.57

ACPA titer, median (range, n=51) KAU/L 352 (0-6958) 240 (0-1366) 0.31

Serum BLyS level (n=28) 1265 (1039-1518) 1246 (964-1636) 0.76

Serum APRIL level (n=28) 11 (6-24) 24 (14-50) 0.094

* IFN = interferon; IQR = interquartile range; IgM-RF = IgM rheumatoid factor; SD = standard deviation;  
ACPA = anti-citrullinated peptide antibodies; DAS28 = Disease Activity Score 28-joint assessment; VAS = visual 
analogue scale; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein, BLyS = B Lymphocyte Stimulator;  
APRIL = A Proliferation Induced Ligand.
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significant difference in the presence or serum level of IgM-RF, ACPA, BLyS, or APRIL between 

IFN high versus IFN low patients, although there was a trend toward lower APRIL levels in IFN 

high patients.

The type I IFN signature in PBMCs predicts the clinical response to rituximab treatment. 
As a primary endpoint for analysis we used the clinical response at week 24 as measured by 

the decrease in DAS28 and EULAR response criteria. To gain more understanding about the 

dynamics of the clinical response we also analysed the clinical response at week 12. 

First, we performed an exploratory analysis in the test cohort, cohort 1. Six of the 20 (30%) 

patients had an IFN high signature. The decrease in DAS28 after 12 and 24 weeks was markedly 

lower in the IFN high group compared to the IFN low group, although the difference did not 

reach statistical significance, possibly due to the relatively small number of patients (mean ± SD: 

-0.52 ± 0.75 compared to -1.49 ± 1.04; P = 0.056, R2 = 0.19 at week 12 and -0.67 ± 0.9 compared to 

-1.70 ± 1.60; P = 0.15, R2 = 0.11 at week 24, using linear regression analysis [Figure, panel A]). When 

analysing the EULAR response, less IFN high patients tended to achieve a EULAR response at 

week 12 compared to IFN low patients (2 out of 6 versus 10 out of 14; P = 0.13, R2 = 0.16 using 

logistic regression analysis) but differences were less clear cut at week 24 (3 out of 6 versus 8 

out of 14; P = 0.77, R2 = 0.01).

Next, we tested the relationship between IFN signature and clinical response to rituximab 

in a larger, independent cohort, which served as validation cohort (cohort 2). Eighteen of 31 

patients (58%) had a type I IFN high signature at baseline. Consistent with the results in cohort 

1, the decrease in DAS28 12 and 24 weeks after initiation of rituximab treatment was lower in IFN 

high patients compared to the IFN low group (-0.77 ± 0.83 compared to -1.67 ± 0.92; P = 0.008, 

R2 = 0.22 at week 12 and -0.98 ± 1.60 compared to -2.30 ± 1.30; R2 = 0.16; P = 0.027 at week 24 

[Figure, panel B]). When analysing the EULAR response, less IFN high patients achieved a EULAR 

response compared to IFN low patients (7 out of 18 versus 10 out of 13; P = 0.043, R2 = 0.18 at 

week 12 and 9 out of 18 versus 11 out of 13; P = 0.059, R2 = 0.17 at week 24).

Subsequently, as we observed a comparable pattern in both cohorts, we pooled the data 

for univariate regression analysis. Using this approach in 51 patients, the IFN signature was  

a significant predictor of the decrease in DAS28 after rituximab treatment (0.71 ± 0.8 for IFN high 

versus 1.6 ± 0.97 for IFN low; R2 = 0.20; P = 0.001 at week 12 and 0.90 ± 1.48 for IFN high versus 1.96 

± 1.43 for IFN low R2 = 0.12; P = 0.012 at week 24 [Figure, panel C]). Less IFN high patients achieved 

a EULAR response at week 12 compared to IFN low patients (9 out of 24 versus 20 out of 27;  

R2 = 0.17; P = 0.01), but at week 24 this  relationship did not reach statistical significance (EULAR 

response in 12 out of 24 versus 19 out of 27, respectively; R2 = 0.06, P = 0.14).

Analysis of the relationship between the IFN signature and the relative decrease in DAS28 

after rituximab yielded similar results (Figure, panel D-F). Using multivariate regression analysis 

in a forward model, we found that the IFN signature remained a predictor of the decrease in 

DAS28 to rituximab treatment, even when correcting for SJC at baseline (R2 = 0.16, P = 0.003 and 

R2 = 0.09, P = 0.029 at week 12 and 24, respectively). In accordance with these findings, serum 

IFNα bioactivity negatively predicted the decrease in DAS28, which did not reach statistical 

significance (P = 0.06, R2 = 0.12 at week 12; P = 0.11, R2 = 0.09 at week 24) and the achievement 

of a EULAR response at week 12 (P = 0.055, R2 = 0.20 at week 12 and P = 0.24, R2 = 0.07 at 

week 24). Since type I interferons have been associated with enhancement of B cell survival in 
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the tissues, we explored whether the IFN high signature might be associated with persistence 

of circulating autoantibodies. The levels of IgM-RF and ACPA decreased significantly in both 

IFN low and IFN high patients, but the reduction of both IgM-RF and ACPA appeared indeed 

more pronounced in the IFN low group. In IFN high patients the IgM-RF titer (n = 19) decreased 

from (median [IQR]) 95 (31-248) to 46 (13 – 103) kU/ liter (P = 0.002) and the IgG-anti-CCP titer 

(n = 20) decreased from 490 (15 - 1700) to 434 (87 –1393) kU/ liter (P = 0.004). In IFN low patients 

the IgM-RF titer (n = 16) decreased from (median [IQR]) 151 (48-771) to 53 (25 – 118) kU/ liter (P 

= 0.013) and the IgG-anti-CCP titer (n = 17) decreased from 618 (143 - 788) to 270 (63 – 396) kU/ 

liter (P = 0.026).

DISCUSSION

In this study we found that patients with a type I IFN signature in PBMCs respond less well to 

rituximab treatment compared to patients without an IFN signature. A possible confounder in 

this study could have been the lower baseline disease activity, as measured by the swollen joint 

count, in IFN high patients. However, we found that the IFN signature also predicted the relative 

decrease in DAS28 and the decrease in DAS28 when we controlled for the swollen joint count 

in a multivariate regression model. We found a more pronounced difference in the clinical 

response between IFN low and IFN high patients at week 12 compared to week 24 after rituximab 

treatment. This may be caused by the relatively small size of the patient cohorts. Alternatively, 

IFN high patients may respond more slowly to rituximab compared to IFN low patients. 
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Figure 1. Difference in decrease in DAS28 after treatment between IFN high and IFN low patients. The 
difference in absolute and relative decrease in DAS28 after treatment between IFN high and IFN low patients was 
compared using linear regression analysis. Both in cohort 1 (A,D [n=20]) and cohort 2 (B,E [n=31]) patients with an 
IFN high signature showed a smaller decrease in DAS28 at week 12 and 24 compared to patients with an IFN low 
signature. Analysis of pooled data yielded similar results (C,F). Mean values and standard deviation are shown. ns 
= not significant, † P <0.10, * P <0.05.
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The data presented here suggest that the type I IFN signature is not just an epiphenomenon 

in RA, but might be involved in its pathogenesis. RA is traditionally viewed as  a TNFα driven 

disease. This concept is amongst others based on the effectiveness of TNFα blocking agents in 

RA and results from genetic studies in which an association was found between TNFα related 

genes and ACPA positive RA versus type I IFN related genes and ACPA negative RA 17-19. According 

to this model ACPA positive RA is predominantly driven by TNFα, based on vitro observations 

that TNFα down modulates the effects of type I IFNs and vice versa. However, the results from 

the current study, together with other observations, contradict this model. 

First, in a recent genome wide association study both single nucleotide polymorphisms 

in TNF related genes and IFN related genes were associated with autoantibody positive RA 20. 

Furthermore, TNFα, IFNα and IFNβ are simultaneously expressed in RA synovial tissue. In line 

with these data we found that plasma TNFα levels were at least equal in IFN high compared to 

IFN low patients (data not shown). Taken together, these data suggest that the presence of 

TNFα and type I IFNs is not mutually exclusive. Instead of the single-cytokine based paradigm 

the data support a concept of multiple immune mechanisms that act simultaneously in RA. 

In contrast to our hypothesis, we could not find a direct relationship between the  

response to rituximab, the IFN signature, increased levels of APRIL and BlyS and persistence of 

autoantibodies. This is supported by available data in the literature, which suggest a complex 

contribution of type I IFNs to RA pathogenesis and response to therapy. The production of 

type I IFN is stimulated by viruses, but also by apoptotic/necrotic material, RNA binding 

proteins, osteopontin and auto-antigen containing immune complexes 17,21-26. Furthermore, 

gene polymorphisms may contribute to excessive IFN signalling to sub-physiological activating 

stimuli27. Subsequently, type I IFNs may not only stimulate the production of APRIL and BlyS 

and directly enhance B cell survival but also stimulate T cells and dendritic cells 17;26. At the 

same time, IFNβ is able to reduce the secretion of pro-inflammatory cytokines like IL-6, matrix 

metalloproteinases (MMPs), and prostaglandin E2 by fibroblast-like synoviocytes. In addition, 

IFNβ has anti-angiogenic properties and may inhibit osteoclastogenesis 28,29. 

The relationship between the type I IFN signature and the humoral autoimmune response 

in RA was analyzed in a number of previous studies. In a first study the type I IFN signature was 

found in a subset of RA patients and correlated with autoantibody levels, similar to findings 

in other autoantibody associated diseases 2-5,7. Also, the type I IFN signature was identified 

in a subset of auto-antibody positive arthralgia patients who later developed RA 30. A direct 

relationship between the IFN signature and auto-antibody responses in RA could not be 

confirmed in a subsequent investigation in a larger cohort, where the IFN signature was found 

to occur equally often in seropositive and seronegative RA patients 31. However, the presence of 

an IFN signature was associated with persistence of ACPA after TNF blockade 31. Taken together 

with the association between polymorphisms in IFN related genes and both seropositive and 

seronegative RA, the current and previous data suggest that IFN related autoimmunity does 

not directly determine humoral autoimmunity in RA, but may promote and sustain humoral 

autoimmune responses in seropositive patients. 

In RA the level of type I IFN bioactivity has been associated with the clinical response to 

TNFα blockade, although these results need to be replicated since they have been variable 

for different cohorts 31-3. Pilot data from an RA patient cohort treated with TNF antagonists 

suggested that relatively high plasma levels of type I IFN activity prior to initiation of therapy 
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were associated with better clinical response compared to those agents than lower plasma 

type I IFN activity 33. Patients with high type I IFN activity may respond better to TNF blockade 

because of the anti-inflammatory effects of their disease-associated high IFNβ levels. 

Alternatively, patients with an IFN signature may have an overall higher inflammatory activity 

compared to IFN low patients and may respond better to TNF blockade because of higher 

TNFα activity. This is in line with the earlier finding that patients with higher levels of synovial 

inflammation and synovial TNFα expression respond better to TNF blockade 34-5. The concept 

of a lower inflammatory activity in IFN low patients is supported by the fact that IFN low patients 

do not show an alternative gene activation signature in their PBMCs, but have a gene signature 

comparable to healthy controls 3.

How can we explain the finding that patients with an IFN high signature respond less well 

to rituximab? First, IFN high patients could have a disease that is less B cell dependent. This 

appears unlikely, since all patients in our study were RF and/or ACPA positive. Furthermore, 

current evidence suggests non-response to rituximab is associated with persistence of B  

cells 36-7. Conceivably, higher inflammatory activity in IFN high patients may relatively protect 

B cells against the depleting effects of rituximab. Although we found similar systemic levels of 

BLyS and APRIL in IFN high and IFN low patients, type I IFNs may promote survival of pathogenic  

B cells in lymphoid tissue 38-9 or bone marrow 40-2. This might involve contact-dependent 

interactions with T cells, dendritic cells and stromal cells and  membrane-bound survival factors 

like CxCL12, VCAM, membrane-bound BLyS or heparan-sulphate bound APRIL 43. With regard to 

the clinical response to rituximab, although BAFF and APRIL are thought to rescue B cells from 

B cell depletion, systemic levels of BAFF and APRIL do not predict clinical response to rituximab. 

Nonetheless, the reason for the decreased clinical response to rituximab in IFN high patients 

remains speculative until more data become available.

The decreased clinical response to rituximab in IFN high RA patients seemingly contradicts 

the clinical responsiveness of IFN-associated diseases to rituximab. However, the presence of 

high type I IFN activity does not necessarily imply that these patients will respond better to 

rituximab treatment. In contrast, recent randomized controlled trials failed to show clinical 

efficacy of rituximab in patients with lupus nephritis and patients with non-nephritis lupus, 

although the  explanation for the negative findings is still controversial 44. Our data suggest 

that rituximab might be less effective in SLE because of the higher systemic type I IFN levels in 

SLE patients.

RA is a heterogeneous condition with a heterogeneous response to therapy. It would be 

of importance to identify biomarkers that may be used to predict the response to targeted 

treatment. The presence of solely the IFN signature would obviously not allow treatment 

decisions with regard to initiation of rituximab therapy. In general, the combination of multiple 

(clinical and biological) markers bears most promise to meet the needs of useful predictors 

of response to treatment. Our data support the evaluation of the IFN signature in future 

studies assessing the validity of combinations of markers in relationship to the response to  

rituximab treatment.

In conclusion, the results show for the first time a relationship between the IFN high 

signature and the clinical response to rituximab through an as yet undefined mechanism. 
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ABSTRACT 

Objectives: Osteopontin (OPN) is an extracellular matrix protein with diverse immunomodulatory 

functions. We assessed safety, tolerability, pharmacokinetics, pharmacodynamics and initial 

efficacy of the humanised monoclonal antibody ASK8007, which blocks OPN.

Methods: In this double-blind, multicentre, combined first-in-man, single-dose escalation 

(Phase I, Part A) and proof-of-concept, multiple-dose (Phase IIA, Part B) study, rheumatoid 

arthritis (RA) patients with active disease were randomly assigned to receive ASK8007 or 

placebo intravenously. Safety monitoring, pharmacokinetic and pharmacodynamic analyses 

and clinical assessments were performed throughout the study. Expression of phenotypic 

cell markers was evaluated in synovial tissue biopsy samples obtained at baseline and 43 days 

after initiation of treatment (Part B) by immunohistochemistry and digital image analysis. Two 

co-primary efficacy endpoints were the change from baseline in the disease activity score 

evaluated in 28 joints (DAS28) and the change from baseline in number of CD68+ synovial 

sublining macrophages, both assessed on Day 43 (Part B).

Results:  ASK8007 was overall safe and well tolerated up to the highest studied dose 

(20 mg/kg). Quantifiable concentrations of ASK8007 were detected in synovial fluid. 

No differences were observed for changes from baseline in DAS28 and CD68+ sublining 

macrophages between ASK8007- and placebo-treated patients. Within the ASK8007 treatment 

group, there were also no apparent clinical responses or changes in sublining macrophages. In 

addition, ASK8007 treatment did not change other assessed biomarkers.

Conclusions: OPN blockade is well tolerated and not related to safety concerns. These results 

consistently show that OPN blockade is unlikely to induce robust clinical improvement in  

RA patients.
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Despite marked improvement in treatment of rheumatoid arthritis (RA) over the last decade, 

there is still a need for new and better treatments, as not all patients respond.1 This unmet need 

requires further exploration of therapeutic options by identifying new possible targets.

One such target is the extracellular matrix glycoprotein osteopontin (OPN). It is constitutively 

expressed in bone and epithelial tissues under physiological conditions, but inflammatory 

stimuli upregulate the production by activated T cells, macrophages, chrondrocytes and 

synoviocytes.2 OPN, meaning ‘bone-bridging’ protein, is thought to act like a bridge between 

bone matrix and osteoclasts, which are important in both joint inflammation and destruction.3 

The arginine-glycine-aspartate sequence (RGD) motif of full-length OPN protein interacts with 

αvβ3 and αvβ5 integrins expressed on osteoclasts, monocytes, lymphocytes and neutrophils, 

and with cell surface receptor CD44 and is important in immunomodulation, cell adhesion, 

chemotaxis and activation of osteoclasts.4-6 After cleavage of OPN by thrombin, the cryptic 

binding site SVVYGLR is exposed, which also promotes cell adhesion and migration by 

interacting with α9β1 and α4β1 integrins, but in an RGD-independent manner.7

Cumulative evidence suggests an important role for OPN in the pathogenesis of RA. 

OPN-deficient mice were protected from joint destruction in anti-type II collagen antibody-

induced arthritis and showed significantly reduced arthritic scores compared with wild-type 

mice.8 In RA patients, higher OPN levels could be detected in synovial fluid (SF) compared 

with serum from the same patients or control sera.9 In addition, the ratio of the cleaved versus 

non-cleaved form was increased in RA SF, suggesting an important role for the cleaved form as 

well.10 OPN expression is also increased in RA synovial tissue (ST) compared with osteoarthritis.11 

Although thought of as being a T helper cell (Th)1 cytokine,12;13 evidence for a role of OPN in Th17 

differentiation in rheumatoid synovitis as well has recently been published.14

ASK8007 is a humanised, monoclonal IgG1 antibody directed against the human cryptic 

epitope SVVYGLR that inhibits both RGD- and α9β1 integrin-dependent cell binding to human 

OPN.15 For a proof-of-concept study in experimental arthritis, the rabbit anti-mouse antibody 

M5, recognising the thrombin cleavage sequence in mouse and rat OPN, was designed.7 In 

vitro, M5 inhibited monocyte migration towards thrombin-cleaved OPN and also interleukin 

(IL)-1- and parathyroid hormone-stimulated bone resorption.16 Furthermore, treatment with 

M5 inhibited joint inflammation and destruction in both antibody-induced and collagen-

induced arthritis (CIA) in mice.16 OPN blockade with the antibody C2K1—a chimeric antibody 

similar to ASK8007, which cross-reacts with monkey OPN—was also effective in a monkey CIA 

model with favourable toxicology results.17

The aim of the present study was to assess the safety, tolerability, pharmacokinetics, 

pharmacodynamics and initial proof of efficacy of ASK8007 in the treatment of RA.

PATIENTS AND METHODS

Patient selection. Adult patients with active polyarthritis were included in a two-part study. 

All patients fulfilled the 1987 American College of Rheumatology (ACR) classification criteria 

for RA.18 In Part A, active disease was defined as a disease activity score evaluated in 28 joints 

(DAS28) >4.5. For Part B, patients had to have ³6 swollen joints out of 66 (one of which was a 

knee or ankle joint to allow arthroscopy), ³6 tender joints out of 68 and fulfil at least one of the 

following criteria: C-reactive protein (CRP) levels ≥1.5 mg/dL, erythrocyte sedimentation rate 
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(ESR) ≥28 mm/hr or morning stiffness ≥45 minutes. Patients were being treated with an adequate 

dose (to the discretion of the local physician) of either methotrexate (MTx) or leflunomide 

(Part A) or either MTx, leflunomide or sulfasalazine (Part B) for ≥4 months prior to baseline of 

which the last 6 weeks at a stable dose. Use of any other disease-modifying antirheumatic drugs 

(DMARDs), including etanercept, was discontinued ≥1 month prior to initiation of treatment. 

For infliximab, a wash-out period of 3 months was defined, for adalimumab this was 2 months. 

Previous use of rituximab was not allowed. Oral corticosteroids (£10 mg/day) and non-steroidal 

anti-inflammatory drugs (NSAIDs) were allowed, provided the dose had not been changed 

within 4 weeks before baseline. Several other in- and exclusion criteria applied. The study 

was approved by the Medical Ethics Committee of the participating centres and performed 

according to the Declaration of Helsinki. All participants gave written informed consent.

Study design. This was a randomised, double-blind, placebo-controlled, combined first-in-

man, dose-escalation study (Phase I, Part A) and proof-of-concept, multiple-dose study (Phase 

IIA, Part B) performed at nine study centres (in Hungary, the United Kingdom, Spain, Ireland, 

Belgium and the Netherlands). In Part A, patients were treated with a single dose of 0.3, 1.25, 

5 or 20 mg/kg ASK8007 or matching placebo administered intravenously over 2 hours in four 

consecutive dose cohorts of eight patients each with a follow-up for 16 weeks after dosing. 

Within each cohort, randomisation allocated six subjects to treatment with ASK8007 and two 

subjects to placebo. Escalation to the next higher dose cohort was only allowed after review by 

a safety committee of ≥2 weeks safety data from all eight patients of the previous cohort. 

In Part B, newly recruited patients received three consecutive infusions (over 2 hours each) 

of 20 mg/kg ASK8007 or placebo on Day 1, 8 and 29 and were followed for 10 weeks after the 

last infusion. Randomisation in a 2:1 ratio allocated 36 subjects to treatment with ASK8007 and 

18 subjects to placebo. The two co-primary efficacy endpoints were the change from baseline 

in DAS28-ESR and the change from baseline in the number of CD68+ sublining macrophages in 

synovium, both assessed on Day 43 in Part B.

Clinical assessment, safety, pharmacokinetics and pharmacodynamics. Routine safety and 

clinical assessments and lab tests were performed frequently throughout both parts of the 

study. Patients were evaluated clinically according to DAS28-ESR,19 European League Against 

Rheumatism (EULAR) response criteria20 and ACR response criteria.21 Blood was collected 

before dosing and post-dose at 0.25, 1, 2, 3, 5, 8 hours and less frequently thereafter for 

extensive pharmacokinetic analysis in plasma (Part A only). ASK8007 and OPN concentrations 

were also measured in SF (Part B only, collected on Day 0 and 43) and urine. The ELISA for 

analysis of full-length OPN did not distinguish between free and complexed OPN. Biomarkers 

of inflammation and of cartilage and bone destruction were measured in serum, SF, ST and 

urine (see Supplementary Table).

Collection of synovial tissue and synovial fluid, and immunohistochemical analysis. In Part B, 

a needle arthroscopy was performed at baseline and at Day 43 to obtain ST samples and SF from 

an actively inflamed knee or ankle, as previously described.22;23 Staining procedures for CD3+ T 

cells, CD68+ macrophages, CD22+ B cells, CD138+ plasma cells and IL-1β were performed on frozen 

sections (see Supplementary File). Expression of OPN was detected with an anti-OPN antibody 
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( KAKETSUKEN, Kumamoto, Japan) and subsequently a three-step immunoperoxidase method 

with aminoethylcarbazole (AEC; Dako, Glostrup, Denmark) as dye, as previously described.24 

Next, sections were blindly and randomly analysed, and quantified using digital image analysis, 

as previously described.24;25

Statistical analysis. An analysis set for safety data, demographic and all baseline characteristics 

was defined for subjects, who had received ≥1 dose of the study drug (Safety Analysis Set [SAF]). 

The primary set for analysis of efficacy variables and biomarkers (Full Analysis Set [FAS]) was 

defined as those randomised subjects, who had received ≥1 dose of the study drug and had 

complied with ≥1 post-baseline efficacy/pharmacodynamic assessment. For Part B, a secondary 

analysis set for efficacy variables and biomarkers (Per Protocol Set) was defined as a subset of 

the FAS for subjects, who had adhered to the protocol. 

Changes in DAS28-ESR and CD68+ synovial sublining cells from baseline to Day 43 in Part 

B—with Last Observation Carried Forward for missing data for DAS28-ESR—were compared 

between treatment groups using the analysis of covariance (ANCOVA) model with treatment 

as the main effect and baseline as the covariate. Changes from baseline in the number of CD68+ 

sublining cells in paired ST samples were also analysed using an ANCOVA model. ACR and EULAR 

response rates were compared using the Fisher’s exact test. Other variables, e.g., patient baseline 

characteristics, adverse events (AEs) and biomarkers, were not statistically tested for differences 

in order to prevent multiple testing. All statistical analyses were performed with SAS software 

(v9.1, SAS Institute, Cary, NC, USA). A P-value of ≤0.05 was considered statistically significant.

RESULTS

Patient disposition and baseline characteristics. In Part A, 32 patients were randomised into 

the four dose groups, each of which included matching placebo. All patients completed the 

assessments. In Part B, 73 patients were screened; 54 patients were randomised and received 

≥1 dose of either 20 mg/kg ASK8007 (n = 36) or placebo (n = 18). The majority of the patients 

completed the study (43 patients, 80%; Figure 1). In general, treatment groups were similar 

with respect to baseline characteristics in both parts of the study, although patients in the 

placebo group of Part B seemed to have a longer median disease duration of RA than subjects 

randomised to ASK8007 (Table 1).

Pharmacokinetic findings. The mean (SD) half-life of ASK8007 ranged from 286 (141) to 351 (77) 

hours and was independent of dose. Quantifiable concentrations of ASK8007 were detected in 

SF of actively treated patients (for those of whom SF was available for analysis), indicating that 

ASK8007 reaches the site of inflammation (data not shown). For additional information, see 

Supplementary File.

Effect of ASK8007 on osteopontin concentrations in different compartments. Administration 

of ASK8007 led to an increase in full-length OPN levels in plasma, which was most apparent 

in the 20 mg/kg treatment group (Figure 2). No quantifiable plasma concentrations were 

obtained for (N-terminal) cleaved OPN at baseline or after treatment. Changes in plasma OPN 

concentrations were not reflected in urine.
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Baseline ST OPN expression was highly variable between patients. After ASK8007 

administration, a trend towards an increase in OPN expression was observed without a clear 

difference between ASK8007- and placebo-treated patients. For full-length and cleaved OPN 

in SF, no conclusions could be drawn due to the limited number of samples.

Treatment with ASK8007 is well tolerated. In Part A, administration of ASK8007 was well 

tolerated up to the highest studied dose of 20 mg/kg. None of the patients discontinued from 

the study due to AEs. One non-related serious AE (SAE) was observed: a 46-year-old, female 

patient experienced an acute myocardial infarction starting 73 days after infusion of a single 

dose of 5 mg/kg ASK8007, which was treated with the placement of a stent. 

In Part B, overall, 15 (42%) patients in the ASK8007 group experienced AEs compared 

with 10 (56%) placebo-treated patients. The most commonly reported AE was nausea; events 

experienced by ≥2 patients are listed in Table 2. One SAE was observed: a 65-year-old, female 

patient had severe angina pectoris starting 12 days after the second infusion with ASK8007 (Day 

20 of the study), which resulted in her death. The event was considered possibly related to 

treatment by the investigator and cause of death was reported as myocardial infarction (no 

autopsy was performed). Additional information revealed that the subject had multiple risk 

factors for cardiovascular events in addition to RA, including smoking, hypertension for which 

she received medical treatment, NSAID use and elevated blood cholesterol levels. None of the 

other subjects discontinued from the study due to AEs.

n = 28 

n = 33  n = 16 

n = 15 

n = 13 n = 25 

Safety Analysis Set 

Full Analysis Set 

Completed 

Per Protocol Set 

ASK8007 Placebo 

Screened (n = 73) 

Randomised (n = 54) 

Dosed (n = 54) 

Discontinued (n = 8) 

-Serious adverse event,  
 resulted in death           n = 1 

-Worsening of disease  n = 3 

-Withdrawal of consent  n = 1 

-Other                            n = 3 

Discontinued (n = 3) 

-Lost to follow-up       n = 1 

-Other                        n = 2 

n = 36  n = 18 

Figure 1. Disposition of patients - Part B. Patients with active rheumatoid arthritis were screened and subsequently 
randomised to receive three doses (20 mg/kg) of ASK8007 or placebo. The Safety Analysis Set consisted of data 
for patients, who had received ≥1 dose of the study drug. The Full Analysis Set (FAS) was the primary set for 
analysis of efficacy variables and biomarkers, and consisted of patients who had received ≥1 dose of the study 
drug and had ≥1 post-baseline efficacy/pharmacodynamic assessment. The Pharmacokinetic Analysis Set and 
Pharmacodynamic Analysis Set were similar to the FAS. The Per Protocol Set was the secondary analysis set for 
efficacy variables and biomarkers, a subset of the FAS for patients, who had adhered to the protocol. 
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Table 1. Baseline characteristics of the patients of Part B

 Characteristic  ASK8007 (n = 36)  Placebo (n = 18)

Female, n (%) 30 (83%) 16 (89%)

Age (years)* 51.8 (12.7) 56.8 (10.4)

Race

Caucasian, n (%) 35 (97%) 16 (89%)

Black, n (%) 0 (0%) 1 (6%)

Asian, n (%) 1 (3%) 1 (6%)

BMI (kg/m2)* 25.6 (5.5) 26.5 (4.6)

Current tobacco use, n (%) 17 (47%) 5 (28%)

Disease duration since diagnosis (years)† 4 (0-34) 9 (0-23)

RF positive, n (%) 27 (82%) 15 (83%)

Anti-CCP positive, n (%) 26 (79%) 16 (89%)

ACR functional status

Class I, n (%) 3 (8%) 1 (6%)

Class II, n (%) 26 (72%) 13 (72%)

Class III, n (%) 6 (17%) 4 (22%)

Class IV, n (%) 1 (3%) 0 (0%)

DAS28-ESR* 5.7 (1.2) 5.9 (1.2)

Background DMARD use

Leflunomide, n (%) 4 (11%) 2 (11%)

Methotrexate, n (%) 30 (83%) 15 (83%)

Sulfasalazine, n (%)
Use of concomitant other RA medication
   Methylprednisolone, n (%)

2 (6%)

16 (44%)

1 (6%)

9 (50%)

Safety Analysis Set data are represented as n (%), mean (standard deviation [SD])* or median (interquartile range [IQR])†, as 
appropriate. Rheumatoid arthritis (RA) patients received three consecutive infusions of 20 mg/kg ASK8007 or placebo on Day 
1, 8 and 29; all had to remain on background treatment with one non-biological DMARD; those on methotrexate (i.e., 83%) 
had received a mean dose of 16 mg/week. BMI = body mass index; RF = rheumatoid factor; anti-CCP = anti-cyclic citrullinated 
peptide antibodies; ACR = American College of Rheumatology; DAS28-ESR = disease activity score of 28 joints based on eryth-
rocyte sedimentation rate; DMARD = disease-modifying antirheumatic drug.

Treatment with ASK8007 does not result in clinical improvement. The first primary endpoint, 

the change from baseline in DAS28 as assessed on Day 43, was not different between ASK8007-

treated (n = 33) and placebo-treated (n = 16) patients (P = 0.95; Table 3A). In addition, no 

significant difference was observed in the second primary endpoint, the change in CD68+ 

sublining macrophages, between ASK8007- (n = 9) and placebo-treated (n = 4) patients  

(P = 0.61; Table 3B). Paired analysis did not show a clear-cut decrease in sublining macrophages 

within the ASK8007 treatment group either (P = 0.86). Throughout the study, the mean DAS28 

did not differ between the two treatment groups at any study visit (Figure 3). The number and 

percentage of subjects meeting the criteria for the ACR20/50/70 at each visit was low, with 

no relevant difference between ASK8007 and placebo. Consistently, there was no relevant 

difference with respect to the number and percentages of subjects with good, moderate or no 

response according to the EULAR response criteria using ESR and CRP (data not shown). 
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Part A – single doses 

Figure 2. Plasma osteopontin concentrations. Mean plasma concentrations of osteopontin (OPN) after 
administration of a single dose of 0.3, 1.25, 5 or 20 mg/kg ASK8007 (n = 6 each) or matching placebo (n = 8) 
intravenously in rheumatoid arthritis patients (Part A). The mean baseline value for each dose cohort was set at 
100% and subsequent mean values are presented as a percentage of the baseline level for that cohort. 

Table 2. Adverse events during Part B

 Adverse events  ASK8007 (n = 36)  Placebo (n = 18)

Nausea 3 (8%) 2 (11%)

Acute bronchitis 2 (6%) 1 (6%)

Dizziness 2 (6%) 1 (6%)

Rash 2 (6%) 0 (0%)

Myalgia 1 (3%) 2 (11%)

Arthralgia 0 (0%) 2 (11%)

Adverse events reported by ≥2 rheumatoid arthritis patients receiving three consecutive infusions of 20 mg/kg ASK8007 or 
placebo on Day 1, 8 and 29 in Part B of the study. Data are presented as n (%). There were no significant differences.

Table 3A. Change from baseline in DAS28-ESR at Day 43

 ASK8007 (n = 33)  Placebo (n = 16)  P-value

Baseline 5.83 (1.15) 6.04 (1.14)

Day 43 5.13 (1.33) 5.30 (1.32)

∆DAS28-ESR -0.71 (0.82) -0.74 (0.87) 0.95

Mean (SD) disease activity score of 28 joints based on erythrocyte sedimentation rate (DAS28-ESR) at baseline and Day 43 (Part 
B) from rheumatoid arthritis patients treated with 20 mg/kg ASK8007 or placebo are shown; these data were part of the Full 
Analysis Set. The mean change (∆DAS28-ESR) was compared using the ANCOVA model. Analysis using the Per Protocol Set 
showed similar results.
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No effect of ASK8007 treatment on biomarkers of inflammation or joint destruction. Neither 

single nor multiple (20 mg/kg) doses ASK8007 administered over a 4-week period had an 

effect on the levels of any of the biomarkers tested (listed in Supplementary Table). Moreover, 

all results were within the inherent variability of each biomarker and no ASK8007-related 

trends or signs of a change different from that observed in the placebo group were seen (data  

not shown).

DISCUSSION

In this randomised, placebo-controlled, double-blind, combined Phase I, first-in-man, dose-

escalation study and Phase IIA, proof-of-concept, multiple-dose study, we evaluated the 

effects of treatment with ASK8007, a humanised antibody that blocks OPN, for RA. Overall, 

ASK8007 administration appeared well tolerated up to a dose of 20 mg/kg by patients with 

active, moderate to severe RA and was not related to AEs. However, the co-primary efficacy 

endpoints were not met after treatment with multiple doses of ASK8007. The change from 

0

2

4

6

8

Placebo

ASK8007

0 1 8 29 36 43 57 78

time (days)

D
AS

28
-E

SR

Figure 3. Clinical response after treatment with ASK8007 or placebo. Mean (SD) values of disease activity score of 
28 joints based on erythrocyte sedimentation rate (DAS28-ESR) at baseline (Day 0) and each study visit thereafter. 
Rheumatoid arthritis patients were treated with three consecutive intravenous infusions of 20 mg/kg ASK8007 
(n = 33) or placebo (n = 16) on Day 1, 8 and 29 (Part B). Data represent the Full Analysis Set. Analysis with the Per 
Protocol Set showed similar results.

Table 3B. Change from baseline in CD68+ synovial sublining cells at Day 43

 ASK8007 (n = 9)  Placebo (n = 4)  P-value

Baseline 958.7 (903.8) 2168.8 (992.0)

Day 43 903.9 (889.6) 1621.5 (886.2)

∆Number of cells  -55.0 (477.5) -547.0 (766.5) 0.61

Mean (SD) number of CD68+ synovial sublining cells (cell count/mm2) at baseline and Day 43 (Part B), and the mean (SD) change 
between these time points. For further details, see legend to Table 3A.
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baseline in DAS28-ESR as assessed on Day 43 was not different between the two treatment 

allocations. Moreover, there was no decrease in synovial sublining macrophages after ASK8007 

treatment. ASK8007 also did not affect other biomarkers of inflammation or joint destruction 

in any of the compartments tested.

There are several possible reasons that could explain the observed lack of efficacy. First, the 

trial design might be a reason. The effect of ASK8007 may have been evaluated too early, the 

dosing could be suboptimal or the number of patients included too small. The maximum dose 

of 20 mg/kg used is, however, quite high for monoclonal antibody treatment, and, based on 

previous studies with such therapies, after 6 weeks of treatment, a clinical response or decrease 

in synovial sublining macrophages would have been expected. Effective treatment has been 

consistently associated with a reduction in CD68+ macrophages in the synovial sublining, 

even before clinical improvement and also in small proof-of-principle studies.26 Similar to this 

synovial biomarker, DAS28 has high sensitivity to change in studies with ≤15 patients per arm.26;27

Second, it is conceivable that ASK8007 did not sufficiently bind to the native form of OPN, 

since the cell clone was elicited by immunising mice with peptides of OPN. Insufficient binding of 

ASK8007 to native OPN in RA patients could theoretically be consistent with the efficacy found 

in the monkey CIA model 17, which investigated treatment with C2K1 and ASK8007 (ASK8007 is 

the further humanised version of C2K1) in monkeys with relatively mild arthritis, while patients 

in the present study had moderate to severe RA. However, insufficient binding of ASK8007 

to OPN seems unlikely or can only partly explain lack of efficacy, since a dose-dependent 

increase of systemic OPN was observed upon ASK8007 administration. This is suggestive of 

OPN-ASK8007 complex formation and an increase in total ligand levels upon administration 

of a specific antibody has been observed before.28 There are two possible explanations for 

this phenomenon: ASK8007 increases the shedding of OPN from the endothelium by binding 

to OPN, and/or the dynamic equilibrium of OPN entering and leaving the peripheral blood 

compartment is disturbed by ASK8007 because of the formation of OPN-ASK8007 complexes 

that have a slower rate of leaving the intravascular compartment. This results in accumulation 

of systemic, but only partially bioactive OPN, as only free OPN is able to bind cells and induce 

its effects. Of note, the increase in total OPN levels in peripheral blood is not of the same order 

of magnitude as that seen after chemokine ligand CCL2 blockade and it appears unlikely that 

this increase explains the lack of efficacy observed in the present study. The finding that OPN 

expression in ST did not decrease after treatment can also be explained by the fact that we 

stained for both free and complexed OPN. Additionally, ASK8007 was able to reach the synovial 

compartment, because we observed quantifiable concentrations of ASK8007 in the SF samples 

available post-treatment.

Finally, our data may indicate that OPN is not a good therapeutic target in RA after all. 

Chemotaxis is considered to be one of the most important roles of OPN in inflammation. It was 

recently shown this is mediated through its unique ability of inducing CCL2 expression in CD14+ 

monocytes,29 but modulation of CCL2 or its receptor CCR2 have not resulted in amelioration 

of synovial inflammation in RA.28;30 Further evidence does not only include lack of clinical 

improvement and persistent CD68+ macrophage infiltration, but also the absence of any effect 

on soluble biomarkers associated with bone and cartilage remodelling after ASK8007 treatment. 

It is generally accepted that the interaction between the RGD region of OPN and αvβ3-integrins 

expressed by osteoclasts is essential for osteoclastic bone resorption.6 However, studies with 
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a synthetic SVVYGLR peptide suggested that the OPN epitope revealed after thrombin cleavage 

and also inhibited by ASK8007, promotes attachment and proliferation of osteogenic cells, and 

suppresses osteoclastogenesis.31 Thus, ASK8007 could theoretically even have opposite effects 

on osteoclastogenesis, which might explain in part why we did not observe a beneficial effect 

on the soluble biomarker panel for joint destruction. Moreover, in contrast to findings in the 

collagen antibody-induced arthritis model,8 arthritis was not reduced in OPN-deficient mice in 

the K/BxN serum-transfer model compared with their OPN-sufficient littermates.32

The two SAEs that occurred in two ASK8007-treated patients were probably both 

myocardial infarctions. The Independent Safety Committee of the study, consisting of senior 

rheumatologists and a senior cardiologist, did not consider them related to ASK8007 and 

recommended continuation of the clinical trial. However, since OPN is a pleiotropic protein, 

we cannot exclude a relationship with the use of ASK8007.

In conclusion, blocking the extracellular matrix protein OPN is well tolerated and not 

related to safety concerns. The results of this clinical trial consistently show that OPN blockade 

is unlikely to induce robust clinical improvement in RA patients.
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SUPPLEMENTARY PATIENTS AND METHODS

Table. Panel of biomarkers of inflammation, and biomarkers of cartilage and bone turnover 
measured in various compartments

Inflammation Cartilage turnover

Serum SF ST Serum SF Urine

ESR COMP COMP

CRP C2C C2C

IL-1β IL-1β CP-II CP-II

sIL-2R sIL-2R CTx-II CTx-II

IL-6 IL-6 Bone turnover

IL-8 IL-8 Serum SF Urine

IL-18 IL-18 NTx-I NTx-I NTx-I

TNFα TNFα HP HP

MMP-1 MMP-1 LP LP

MMP-3 MMP-3 osteocalcin osteocalcin

HC-gp39 HC-gp39

RF

anti-CCP

CD3

CD22

CD55

CD68

CD138

Expression levels of acute phase reactants, proinflammatory cytokines and other markers of inflammation were measured in 
serum, synovial fluid (SF) or synovial tissue (ST). Matrix metalloproteinases (MMPs), rheumatoid factor (RF), human cartilage 
glycoprotein 39 (HC-gp39), anti-cyclic-citrullinated peptide antibodies (anti-CCP), biomarkers in SF and phenotypic cell markers 
in ST were only assessed in Part B of the study. ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; IL – interleukin; 
sIL-2R – soluble IL-2 receptor; TNF – tumour necrosis factor. CD3 refers to T cells; CD22 – B cells; CD55 – fibroblast-like syn-
oviocytes; CD68 – macrophages; CD138 – plasma cells. Biomarkers of cartilage and bone metabolism, indicating joint destruc-
tion, were measured in serum, SF and/or urine (Part B only). COMP – cartilage oligomeric matrix protein; C2C – collagen type 
II cleavage; CP-II – C-propeptide of procollagen II; CTx-II – C-terminal cross-linking telopeptide of type II collagen; NTx-I – N-
telopeptides of type I collagen; HP – hydroxylysylpyridinoline; LP – lysylpyridinoline.

Immunohistochemical analysis 

Synovial tissue sections were stained using the following monoclonal antibodies: anti-CD3 (SK7; 

Becton Dickinson, San Jose, CA, USA) to detect T cells, anti-CD22 (RFB4; Millipore, Billerica, MA, 

USA) to detect B cells, anti-CD55 (67; AbD Serotec, Dusseldorf, Germany) to detect fibroblast-

like synoviocytes, anti-CD68 (EBM11; Dako, Glostrup, Denmark) to detect macrophages, anti-

IL-1α (AS10; Acris Antibodies, Herford, Germany).

After fixation of the sections with acetone for 10 minutes at room temperature, endogenous 

peroxidase activity was inhibited using 0.1% sodium azide and 0.3% hydrogen peroxide in PBS 

for 20 minutes. Primary antibodies were incubated for 60 minutes (or overnight for the IL-1α 
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and OPN staining). Bound antibody was detected with a polymer-horseradish peroxidase (HRP) 

anti-mouse IgG (Envision+ System; Dako) for the CD3, CD68, CD22 and CD55 staining. The IL-1α 

and OPN staining was performed using a three-step immunoperoxidase method, as previously 

described.1 Antibody was detected using aminoethylcarbazole (AEC, Dako) as dye. Sections 

were counterstained with Gill’s hematoxylin. Stained sections were analysed blinded for study 

treatment and time point.

SUPPLEMENTARY RESULTS

Pharmacokinetic findings

After a 2-hour infusion of 0.3 mg/kg ASK8007, the mean (SD) T
max

 ranged from 3 (1) to 10 (8) 

hours in Part A. This can be explained by the fact that for the first 24 hours a plateau in ASK8007 

concentration is observed due to limited distribution into tissues and the long elimination half-

life of ASK8007. A dose-proportional increase was observed in the peak concentration (C
max

) 

and the area under the curve (AUC), when the dose was increased up to 5 mg/kg. The next and 

final dose of 20 mg/kg resulted in more than dose-proportional increases for C
max

 and AUC 

(Supplementary Figure).

Upon multiple dosing with 20 mg/kg ASK8007 (Part B), no changes in pharmacokinetics 

were observed compared with the single doses (Part A). In Part B, increases in mean (SD) plasma 

levels of C
max 

(567 [236] vs. 666 [215] μg/mL) and AUC (50.404 [12.577] vs. 147.455 [55.499] μg.h/

mL) were seen between the first and the third (last) dose. No renal clearance of ASK8007 was 

observed after single or multiple doses of ASK8007 (data not shown).

 

Part A – single doses 

Supplementary 
Figure  

Supplementary Figure. Plasma concentration-time profiles of ASK8007 after a single infusion. Mean plasma 
concentrations after administration of a single dose of 0.3, 1.25, 5 or 20 mg/kg ASK8007 (n = 6 each) intravenously 
over 2 hours (Part A).
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ABSTRACT 

Objective: To investigate safety, tolerability, pharmacokinetics, and efficacy of apilimod 

mesylate, an oral interleukin (IL)-12/IL-23 inhibitor, in patients with rheumatoid arthritis (RA).

Methods: We performed a phase IIa, randomized, double-blind, placebo-controlled proof of 

principle study of apilimod, in combination with methotrexate, in 29 patients with active RA 

(3:1, apilimod to placebo) in three stages. Patients received apilimod 100 mg QD or placebo for 

4 weeks (stage I) or 8 weeks (stage II). Stage III consisted of apilimod 100 mg BID or placebo for 

8 weeks, with an optional extension of 4 weeks. Clinical response (DAS28 and ACR criteria) was 

assessed throughout; synovial tissue samples collected at baseline and day 29 (I/II) or 57 (III) 

were stained for cellular markers and cytokines by immunohistochemistry.

Results: While only mild adverse events were observed in stages I/II, all stage III patients 

experienced headache and/or nausea. Apilimod-treated patients (100 mg QD) showed a 

small, but significant, reduction in DAS28 at day 29 and 57 compared with baseline. ACR20 was 

reached in only 6% at day 29 and 25% at day 57, similar to responses in placebo group. Increasing 

the dosage (100 mg BID) did not improve clinical efficacy. Consistent with clinical results, there 

was no effect of apilimod on expression of synovial biomarkers. Of importance, there was also 

no effect of apilimod on synovial IL-12 and IL-23 expression.

Conclusion: Our results do not support the notion that IL-12/IL-23 inhibition by apilimod is able 

to induce robust clinical improvement of RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disorder, affecting synovial tissue. 

Activated immune cells are important in orchestrating synovial inflammation by producing 

several cytokines, including IL-12 and IL-23 1. IL-12 is a heterodimeric cytokine (p70) formed by 2 

subunits, p40 and p35 2. The more recently discovered heterodimeric IL-23 is structurally closely 

related to IL-12 and shares the p40 subunit, but contains a unique p19 subunit 3. IL-12 acts in 

the initial inflammation phase by promoting differentiation of naïve CD4+ T cells to interferon 

(IFN)-γ producing T helper 1 (Th1) cells. IL-23 induces proliferation of effector memory T cells 

and plays a critical role in the pathogenesis of RA by inducing IL-17 producing T cells 4. Animal 

studies confirm this finding, as IL-23–deficient (p19-/-) mice and mice lacking IL-12 and IL-23 

(p40-/- mice) was resistant to collagen-induced arthritis (CIA) 4. 

Apilimod mesylate (STA-5326), an oral, small-molecule, inhibits the production of IL-12 and 

IL-23. It selectively prevents nuclear translocation of c-Rel, a member of the Rel/nuclear factor 

(NF)-κB family of transcription factors thereby reducing both p35 and p40 promoter activities. 

However, the exact mechanism of action is unknown. Apilimod significantly reduces the 

production of IL-12, IL-23 and the IL12/23 p40 protein by human peripheral blood mononuclear 

cells stimulated with various stimuli 5. Therefore, we tested apilimod in a phase IIA proof of 

principle study in patients with active RA.

PATIENTS & METHODS

Patient selection. This study was conducted at the Academic Medical Center/University 

of Amsterdam (AMC/UvA).  Patients with RA 6, who had a disease duration of ≥ six months, 

were included. All patients had active disease classified as ≥ 4 tender and swollen joints and 

1 arthritis of a knee or ankle joint. Furthermore, study patients fulfilled one of the following 

criteria: C-reactive protein [CRP] ≥12  mg/L, erythrocyte sedimentation rate [ESR] ≥28 mm/

hr or morning stiffness ≥45 minutes. Patients were on stable doses of MTx (at least 7.5 mg/

week) and discontinued other DMARDs or biologicals, respectively 1 or 3 months prior to start 

of treatment. Oral glucocorticoids (£10 mg/day) and NSAIDs on a stable dose were allowed. 

The study was approved by the Medical Ethics Committee of the AMC/UvA and performed 

according to the Declaration of Helsinki. All participants gave written informed consent. 

Study design. For all stages, patients were randomized (3:1, apilimod to placebo) on day 1. In 

stage I, 9 patients were treated with apilimod 100 mg once-daily (QD) and 3 with placebo for 4 

weeks. In stage II 8 patients received apilimod 100 mg QD and 2  placebo for 8 weeks. The dosage 

of apilimod was increased to 100 mg twice-daily (BID) in stage III and 5 patients were treated 

with apilimod and 2 with placebo for 8 weeks, with an optional extension of 4 weeks. Apilimod 

was dispensed on clinic days for at-home oral administration (QD) for the next 2 weeks. 

Clinical assessment, safety and pharmacokinetics. Routine safety and clinical assessments 

were performed at day 1, 15, 29; for stages II and III also at day 43 and 57; and at day 71 and 

85 for the stage III extension. A follow up visit was performed 1 week after discontinuation 

of the study drug. Patients were evaluated according to the DAS28 7 and ACR response 
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criteria 8. In stage I, blood was drawn pre-dose and at 1, 2, 4, 6, and 8  hours post-dose for 

extensive pharmacokinetic determination of apilimod, apilimod metabolites, MTx, and 

7-hydroxy-MTx at day 1, 15 and 29.

Synovial tissue collection and immunohistochemical analysis. An arthroscopy was performed 

under local anaesthesia at baseline and at day 29 (stages I/II) or 57 (stage III) to obtain synovial 

tissue samples from an actively inflamed knee or ankle, as previously described 9. Synovial tissue 

sections were stained with anti-CD68 antibody (Dako, Denmark) to detect macrophages, anti-

IL-12p70 (R&D Systems Europe, UK) and anti-IL-23 (Biolegend, CA). See supplementary file 

for a detailed description and staining of the other cellular synovial markers. Expression of 

CD68 is presented as count/mm2; IL-12p70 and IL23 is presented as integrated optical density 

(IOD)/mm2, an arbitrary unit representing the intensity of staining per mm2. 

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. 

The unpaired Student’s t test or, where appropriate, Mann-Whitney U test were used for patient 

characteristics. Nominal data were represented as percentages and analyzed using the Fisher’s 

exact test. Effects of treatment were evaluated with a paired Student’s t test or Wilcoxon 

signed-rank test for non-normal distributions. All statistical analyses were performed with SPSS 

17.0 software (SPSS, Chicago, IL). 

RESULTS

Patient characteristics, safety and tolerability. Twenty-nine eligible patients were included. 

Disease characteristics were not significantly different between the apilimod and placebo 

treated groups; the weekly methotrexate dose was 21.1 (5.4) and 22.5 (5.2) milligrams 

respectively (mean (SD); supplementary table 1). As we observed a favorable safety profile in 

stage I (supplementary table 2), we continued with stage II and subsequently stage III.  In stage 

I, 8 out of 9 apilimod-treated patients completed the study, while 1 patient, who developed 

side-effects (severe headache), withdrew from the study on day 29 and refused to undergo 

the second arthroscopy, but safety and clinical evaluations were completed for this patient. All 

patients treated in stage II completed the study. In stage III (100 mg BID), 3 out of 5 apilimod-

treated patients continued until day 57 and 1 patient decided to extend the study until day 

85. Two patients withdrew prior to day 57 due to side effects. While in stages I/II only mild, 

mainly gastro-intestinal, adverse events were observed in 15 patients treated with apilimod 

(88%), in stage III, all apilimod treated patients, but also placebo treated patients, experienced  

side-effects. 

Apilimod treatment does not induce marked clinical improvement in RA patients. Apilimod-

treated patients in stages I/II (100mg QD) showed a small but statistically significant reduction 

in DAS28 compared with baseline at day 29 (p = 0.03, n=17) and day 57 (p = 0.004, stage II only, 

n = 8; Table 1), while we did not observe a significant reduction in DAS28 in the placebo-treated 

patients. However, according to EULAR response criteria neither change could be classified 

as a response. An ACR20 response was seen in 1 of 17 patients (6%) after 4 weeks and in 2 
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Table 1. Clinical response in patients treated with apilimod or placebo

 Stage I (n = 9) apilimod 100 mg QD  Baseline  Day 29

DAS28, mean (SD) 5.4 (0.7) 5.2 (0.8)

∆DAS28, mean (p-value) - -0.2 (0.59)

ACR20, n (%) - 1 (11.1%)

ACR50, n (%) - 0 (0%)

ACR70, n (%) - 0 (0%)

 Stage II (n = 8) apilimod 100 mg QD  Baseline  Day 29  Day 57

DAS28, mean (SD) 5.5 (1.2) 4.8 (1.3) 4.9 (1.2)

∆DAS28, mean (p-value) - -0.7 (0.02) -0.6 (0.004)

ACR20, n (%) - 0 (0%) 2 (25%)

ACR50, n (%) - 0 (0%) 0 (0%)

ACR70, n (%) - 0 (0%) 0 (0%)

 Stages I/II, pooled (n = 17) apilimod 100 mg QD  Baseline  Day 29

DAS28, mean 5.4 (0.9) 5.0 (1.0)

∆DAS28, mean (p-value) - -0.4 (0.03)

ACR20, n (%) - 1 (6%)

ACR50, n (%) - 0 (0%)

ACR70, n (%) - 0 (0%)

 Stage III (n = 5) apilimod 100 mg BID  Baseline
 (n = 5)

 Day 29
 (n = 4)

 Day 57
 (n = 3)

 Day 85
 (n = 1)

DAS28, median (IQR) 5.4 (4.8-6.9) 5.2 (5.1-5.9) 5.1 (5.0-7.0) 4.9 (NA)

∆DAS28, mean (p-value)† - -0.2* NA NA

ACR20, n (%) - 0 (0%) 1 (33%) 1 (33%)

ACR50, n (%) - 1 (25%) 0 (0%) 0 (0%)

ACR70, n (%) - 0 (0%) 0 (0%) 0 (0%)

 Placebo, pooled (n = 7)  Baseline
 (n = 7)

 Day 29
 (n = 7)

 Day 57
 (n = 4)

 Day 85
 (n = 1)

DAS28, median 5.3 (4.8-5.7) 4.8 (4.5-5.6) 4.6 (2.7-5.3) 3.3 (NA)

∆DAS28, mean (p-value)† - -0.5 (0.46) -0.7* NA

ACR20, n (%) - 0 (0%) 1 (25%) 0 (0%)

ACR50, n (%) - 0 (0%) 0 (0%) 0 (0%)

ACR70, n (%) - 0 (0%) 0 (0%) 0 (0%)

In stage I, 1 patient on apilimod withdrew from the study on day 29 due to side effects (severe headache); safety and clinical 
evaluations were completed, but not the second arthroscopy. In stage III, 1 apilimod-treated patient withdrew on day 15 and 1 
apilimod-treated patient on day 29 due to side-effects, and therefore, had no second arthroscopy at day 57. Only 1 of 5 patients 
in the apilimod and 1 patient in the placebo group decided to extend the study until day 85. Data are represented as n (%), mean 
(SD) or median (IQR=interquartile range), as appropriate. Placebo samples were pooled from all stages. Treatment effects were 
compared using a paired Student’s t test.
* No statistics performed due to small group size. † Non-parametric Wilcoxon signed-rank test performed to calculate statistical 
significant differences compared with baseline due to small patient number. ∆DAS28 = mean changes in disease activity score 
in 28 joints (DAS28) compared with baseline; NA = not applicable—patient number too small; ns = not significant; ACR20 = 20% 
American College of Rheumatology improvement response; ACR50 = 50% response; ACR70 = 70% response.
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of 8 patients (25%) after 8 weeks of treatment. In stage III, we did not observe a significant 

reduction in DAS28 during the study, although the number of patients was small. Only 1 of 3 

apilimod-treated patients achieved an ACR20 response after 8 weeks (day 57) and 12 weeks 

(day 85) treatment. One patient reached ACR50 after 4 weeks, but this clinical response had 

disappeared after 8 weeks. Patients in the placebo group showed no significant change in 

DAS28 at day 29; patient numbers during later visits were too small to draw any meaningful 

conclusions. Taken together, apilimod treatment did not induce robust clinical improvement.

Apilimod treatment does not significantly affect synovial biomarkers. There was no 

significant difference in the number of CD68+ synovial macrophages at baseline compared 

with day 29 (Figure 1). Additionally, no significant changes were observed in the expression 

of the other synovial markers (supplementary figure). In stage III, the number of patients who 

underwent an arthroscopy at day 57 was too small to draw any conclusions. Of importance, 

apilimod treatment did not result in a decrease of IL-12 and IL-23 expression in the synovial 

tissue after 4 weeks of treatment (Figure 2). 

A 

C 

B 

D 

Figure 1. Effect of apilimod or placebo treatment on CD68+ cells in synovial tissue. Expression (count/mm2) of 
CD68+ macrophages in the sublining (A,B) and lining (C,D) layer of synovial tissue of rheumatoid arthritis patients 
treated with apilimod 100 mg QD (A,C) or placebo (B,D). To obtain synovial tissue samples, an arthroscopy was 
performed at baseline and at day 29 (stages I/II). Placebo samples were pooled from all stages. A non-parametric 
Mann-Whitney test was used to compare expression between baseline and day 29; there were no significant 
changes.
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DISCUSSION

In the present trial, we evaluated the effects of treatment with apilimod mesylate. Overall, 

apilimod 100 mg QD was well tolerated and did not interfere with MTx treatment. However, 

nearly all patients treated with the double dosage experienced side effects. We observed a small, 

but statistically significant, reduction of DAS28 after 4 and 8 weeks of treatment with apilimod 

100 mg QD, but patients did not fulfil the EULAR response criteria. Moreover, the change in the 

number of CD68+ synovial sublining macrophages, which has previously been proven to be a 

Figure 2 

IL-12p70 

IL-23 

pre post A 

E F 

C D 

B 

Figure 2.  IL-12p70 and IL-23 expression in the synovial tissue. Representative pictures of IL-12p70 and IL-23 staining 
from biopsies taken before (A) and after treatment (B) with apilimod. Original magnification 20x. In picture C-F, 
the change in either IL-12p70 or IL-23 staining of patients treated with apilimod or placebo is depicted. Expression 
(IOD) of IL-12p70 (C,D) and IL-23 (E,F) in the synovial tissue of patients treated with apilimod 100 mg QD (C,E) or 
placebo (D,F). A non-parametric Mann-Whitney test was used to compare expression between baseline and day 
29; there were no significant changes.
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sensitive biomarker for clinical response 10, did not reach statistical significance after 4 weeks. 

In addition, apilimod treatment did not result in its presumed biological effect: no decrease was 

observed of IL-12 and IL-23 expression in the synovial tissue after 4 weeks of treatment.

There are several possible reasons why treatment with apilimod did not lead to clinical 

improvement in RA patients. First, there is the possibility that there was a false-negative result 

due to the relatively small number of patients in this phase IIa study. However, previous studies 

with a similar design 10-12 have indicated that the number of patients included in our study should 

be sufficient to detect relevant, robust changes in the synovium after effective treatment.  

A second explanation for lack of efficacy in our study could be the short duration of treatment, 

although all effective anti-rheumatic treatments that we tested did induce early changes in the 

synovium preceding clinical improvement. Moreover, there was no (trend towards) clear cut 

clinical improvement after 8 weeks of treatment in patients participating in stage III. Third, we 

need to take into account the possibility that IL-12/IL-23 is perhaps not a good target for the 

treatment of RA. 

The data of our trial with apilimod are consistent with a recently published clinical trial in 

220 patients with Crohn’s disease: treatment with apilimod (50 mg or 100 mg QID) was not 

more effective than placebo 13, on the other hand this disease responded well to treatment 

with monoclonal antibodies against the p40 subunit of IL-12/IL-23 14. Our analyses suggest that 

the failure of apilimod to influence RA and Crohn’s disease may in fact be due to the possibility 

that insufficient levels of the compound were reached at the site of inflammation to mediate 

a potential biological effect. Consistent with our clinical findings, there was no reduction in 

the expression levels of IL-12 and IL-23 in the inflamed synovium, in contrast to the effects of 

apilimod in vitro. Thus, the results of our study do not support further drug development in 

larger clinical trials for RA. It is too early, however, to conclude that IL-12/IL-23 or its receptor 

could not be good therapeutic targets for the treatment of RA. 
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SUPPLEMENTARY MATERIALSupplementary figure  

A B 

C D 

E F 

G H 

Supplementary figure. Change in synovial inflammatory cells of patients treated with apilimod or placebo. 
Expression (count/mm2) of CD3+ T-lymphocytes (A,B), CD22+ B-lymfocytes (C,D), CD55+ fibroblast-like 
synoviocytes (E,F) and expression (IOD) of IL-1β (G,H)  in the synovial tissue of patients treated with apilimod 100 
mg QD (A,C,E,G) or placebo (B,D,F,H). A non-parametric Mann-Whitney test was used to compare expression 
between baseline and day 29; there were no significant changes.
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Supplementary table 1. Baseline disease characteristics

 Apilimod (n=22)  Placebo (n=7)

Female, n (%) 19 (86) 4 (57)

Caucasian, n (%) 15 (68) 5 (71)

Age, years* 55 (14) 55 (17)

Disease duration (months)* 83 (72) 64 (75)

Disease severity class II, n (%) 17 (77) 6 (86)

RF and/or anti-CCP positive, n(%) 18 (82) 6 (86)

DAS28* 5.5 (1.0) 5.2 (0.6)

IgM-RF (IU/mL)† 115 (59-640)a 76 (70-104)b

Anti-CCP (IU/mL)† 338 (114-2805)c 551 (122-799)d

ESR (mm/hr)* 31.6 (20.0) 24.7 (12.9)

MTx dosage (mg)* 21.1 (5.4) 22.5 (5.2)

Concomitant NSAIDs, n (%) 16 (73%) 5 (71%)

Concomitant corticosteroids, n (%) 6 (27%) 0 (0%)

Data are represented as n (%), mean (SD)* or median (IQR)† as appropriate. Baseline characteristics were compared between 
patients randomized to receive apilimod or placebo (* unpaired Student’s t test or † Mann-Whitney U test). For nominal data, 
a Fisher’s exact  test was used. Positive IgM-RF was defined as serum levels ≥12.5 IU/mL, positive anti-CCP was defined as serum 
levels ≥25 IU/ml, DAS28 = disease activity score in 28 joints; RF = rheumatoid factor; anti-CCP = anti-cyclic citrullinated peptide 
antibodies; ESR = erythrocyte sedimentation rate; MTx = methotrexate; NSAIDs = non-steroidal anti-inflammatory drugs. an = 13; 
bn = 3; cn = 18; dn = 4
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Supplementary table 2. Adverse events

 
 Apilimod 100 mg QD
 (n = 17)

 Apilimod 100 mg BID
 (n = 5)

 Placebo
 (n = 7)

Patients with any events 15 (88%) 5 (100%) 4 (57%)

Dizziness 7 (41%) 0 1 (14%)

Gastro-intestinal complaints* 6 (35%) 5 (100%) 3 (43%)

Headache 4 (24%) 0 0

Other neurological symptoms‡ 3 (18 %) 0 0

Cardiac palpitations 1 (6%) 0 0

URTI 2 (12%) 3 (60%) 2 (29%)

Dysuria or UTI 1 (6%) 1 (20%) 0

Aggravation RA† 2 (12%) 2 (40%) 0

Musculoskeletal complaints 2 (12%) 0 0

Dyspnoea 1 (6%) 0 0

HSV reactivation 1 (6%) 0 0

Anorexia 1 (6%) 0 0

Leukocytosis 1 (6%) 0 0

CPK increase 1(6%) 0 0

Sleeping disorder 1 (6%) 1 (20%) 0

All reported adverse events by patients receiving apilimod 100 mg QD or placebo for 4–8 weeks (stages I/II), and apilimod 100 
mg BID or placebo for 2–12 weeks (stage III)
Data are represented as n (%). Placebo samples were pooled from all stages. One patient from stage I with headache complaints 
chose not to undergo a second arthroscopy at day 29, but safety and clinical evaluations were completed. In stage III, all patients 
treated with apilimod 100 mg BID experienced debilitating side-effects and 2 of 5 patients withdrew prior to day 57. After 8 weeks 
of treatment, only one patient chose to enter the extension part of the study (4 weeks of additional treatment, until day 85). And 
only one placebo-treated completed the entire study.
HSV = herpes simplex virus; URTI= upper respiratory tract infection; RA = rheumatoid arthritis; UTI = urinary tract infection; CPK 
= creatine phosphokinase. * Gastro-intestinal complaints consisted of nausea, vomiting, dyspepsia, abdominal pain, diarrhea. † 
Aggravation RA: arthralgia, arthritis, tendinitis. ‡ Other neurological symptoms: paresthesia, tremor, anosmia, etc.
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SUPPLEMENTARY FILE

Immunohistochemistry. Minimally six tissue specimens were embedded en bloc in optimal 

cutting temperature (OCT) compound (Tissue-Tek, Sakura Finetek Europe BV, the Netherlands) 

and stored in liquid nitrogen. Serial cryostat sections (5 μm) were cut and mounted on Star 

Frost adhesive glass slides (Knittelgläser, Germany). Next to CD68, IL-12p70 and IL23, synovial 

tissue sections were stained using the following monoclonal antibodies: anti-CD3 (Becton 

Dickinson, CA) for T cells, anti-CD22 (Bioconnect B.V., The Netherlands) for B cells, anti-CD55 

(Bioconnect B.V., The Netherlands) to detect fibroblast-like synoviocytes (FLS), anti-IL-1β 

(Acris Antibodies GmbH, Germany). Primary antibodies were incubated for 1 hour (or overnight 

for the IL-1β staining). After fixation of the sections with acetone for 10 minutes at room 

temperature, endogenous peroxidase activity was inhibited using 0.1% sodium azide and 0.3% 

hydrogen peroxide in PBS for 20 minutes. Primary antibodies were incubated for 60 minutes. 

Bound antibody was detected with a polymer-HRP anti-mouse IgG Envision+ System (Dako, 

Glostrup, Denmark) for CD3, CD68, CD22 and CD55 and PowerVision poly-HRP ready-to-use 

(Immunologic, ImmunoVision Tech. Co., CA) for the IL12p70 and IL-23. The IL-1β staining was 

performed using a 3-step immunoperoxidase method. Antibody was finally detected using 

aminoethylcarbazole (AEC, Dako) as dye. Sections were counterstained with Gill’s hematoxylin. 

Stained sections were analyzed blinded for study treatment and time point. Expression of the 

various markers was quantified using digital image analysis, as previously described 1. Expression 

of CD3, CD22, CD55, and CD68 is presented as count/mm2; IL-1β, IL-12p70 and IL23 is presented 

as integrated optical density (IOD)/mm2, an arbitrary unit representing the intensity of staining 

per mm2. 

SUPPLEMENTARY REFERENCE
1. Haringman JJ, Vinkenoog M, Gerlag DM, Smeets TJ, Zwinderman AH, Tak PP. 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.
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This thesis describes studies aimed at improving the current treatment of rheumatoid arthritis 

(RA) patients. Specifically, we studied how to improve the current treatment regimen of 

rituximab and we tested inhibitors of two new potential targets, osteopontin and interleukin-12 

and-23, for the treatment of RA.

BACKGROUND

RA is a chronic autoimmune disease leading to inflammation of the synovium. RA is found in 

about 1% of the population, more often in women than in men. Typically, a patient presents 

with pain, morning stiffness and swelling of the small joints of hands and feet, but other joints 

and other organs may be affected as well. The inflammatory response is often accompanied 

by joint destruction with loss of cartilage and formation of erosions in the underlying bone.  

The diagnosis is primarily made based on the clinical presentation.  Autoantibodies are found in 

about 70% of the patients. In particular, antibodies directed to citrullinated proteins have high 

specificity for RA and their presence is often associated with a more severe and destructive 

course of the disease.1

The cause of RA is not entirely clear. Probably a combination of factors is involved. There are 

for example several genes known to increase the risk of developing RA and smoking appears 

to plays a major role. Recent findings also suggest a relationship between the onset of RA 

and the presence of periodontitis, or inflammation of the gums and bone around the teeth, 

partly because the bacteria that causes periodontal disease makes an enzyme that is able to 

citrullinate proteins.2;3

In recent years, the treatment of RA has greatly improved, in part because of the 

introduction of the so-called ‘targeted therapies’.4 They are specifically directed against 

a single target within the dense network of inflammatory cells and mediators driving RA, which 

may ultimately reduce inflammation in its entirety. There are four main pillars on which the 

current targeted treatment is based: anti-TNF alpha therapy, anti-B cell therapy, modulation of 

costimulation by abatacept and anti-interleukin-6 receptor therapy.5

Despite great progress, still many unresolved issues exist in the treatment of RA. For 

example, a small proportion of the RA patients does not respond to any treatment or loses 

response over time. It is also not sufficiently clear whether subgroups of patients can better 

be treated with one drug, while others are better off with another drug. Currently, the choice 

for a specific therapy is largely a matter of trial and error. This is disadvantageous for several 

reasons: patients are sometimes unnecessarily exposed to side effects, it is expensive and it is 

time consuming, since it often takes at least 3 months to evaluate the clinical response. It would 

therefore be very useful if we could find biomarkers predictive of the response to treatment, to 

facilitate ‘personalized medicine’.

Together with the need to improve individualized treatment strategies, there is still  

a requirement to develop new treatments.  Mechanistic studies in RA patients may help 

to identify such therapeutic targets. In addition, they may provide insight into the specific 

mechanism of action of how a ‘targeted therapy’ leads to a clinical effect. Studies of the 

molecular events at the site of inflammation following targeted treatment may also reveal 

important aspects of the pathogenesis of RA. Mechanistic studies could also help in finding 

appropriate alternative treatments for patients not responding to a specific therapy.
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MAIN FINDINGS

Section I. The mechanism of action and clinical use of rituximab. Rituximab is an antibody 

directed against the CD20 molecule on B cells, leading to B cell depletion. In chapter 2 and 3, 

we summarize what is known about the effects of rituximab on the different compartments 

of the immune system and the differences in these effects between patients with and without 

a clinical response. The difference in response could be explained by a difference in B cell 

depletion. Both in the bone marrow and in the synovium, there is variable depletion of B cells, 

whereas nearly all B cells are depleted in the blood after rituximab treatment.6-14 There are several 

possible reasons that could explain this variability. Firstly, individual differences may exist in the 

expression of survival factors for B cells. A polymorphism of B Lymphocyte Stimulator has for 

instance been associated with the response to rituximab.15 Second, the effector mechanisms by 

which rituximab depletes B cells may differ between patients. In lymphoma patients, it is known 

that differences in essential factors for antibody- or complement-dependent cytotoxicity can 

explain heterogeneity in the clinical response 16, but for RA these studies are lacking. Non-

responders could also have B cells that are less sensitive to rituximab. For instance, several 

studies have shown that memory B cells are more resistant to the effects of rituximab than naive 

B cells, by an as yet unknown mechanism. 8-10 Besides a difference in B cell depletion, the indirect 

effects of B cell depletion on other cell populations may differ between patients. Accordingly, 

we have shown that the decrease in synovial plasma cells differs between responders compared 

to non-responders to rituximab.17

From the large phase III trials it is known that rituximab is not only effective in reducing 

clinical activity of RA, but that it also inhibits progressive joint destruction, even in patients who 

show no clinical effect. In chapter 4 we studied the mechanism by which rituximab diminishes 

the progression of joint destruction. We found that 16 weeks after rituximab treatment RANK-

positive osteoclast precursors almost completely disappeared from the synovium, and that 

both in the blood and the synovial tissue the osteoclast-stimulating factor RANKL decreased 

more than the decoy receptor for RANKL, OPG. This could explain the inhibition of bone 

destruction by rituximab. The dynamics in the OPG/RANK/RANKL system after rituximab 

treatment can probably be explained by a combination of direct and indirect effects of B cell 

depletion; a recent study showed that synovial B cells can express RANKL themselves as well.18 

In addition, it was recently shown in mice that a specific type of B cells normally residing in 

the peritoneal cavity, B1-cells, has the ability to differentiate into osteoclasts.19 An example 

of an indirect effect is that B cell depletion leads to a decrease of synovial T cells, which are 

important producers of RANKL. Taken together, these data show a link between inflammation 

and formation of erosions in RA patients. The theory that two different pathological processes 

exist; one resulting in synovitis and the other resulting in osteitis and eventually formation of 

erosions, could still be correct 20, but then B cells must participate in both processes.

It is currently unknown whether the registered dose of rituximab is high enough to reach 

maximal efficacy in RA patients. The use of rituximab for the treatment of RA has been adapted 

from the oncology field, where it is used for the treatment of B-cell lymphomas. In previous 

studies only two different doses were tested for RA patients. Recently, the IMAGE trial showed 

that in the first 6 months patients treated with the higher dose of rituximab (2x1000 mg) 

exhibited a better inhibition of joint destruction, whereas the higher and lower doses induced a 

comparable clinical response21, suggesting that rituximab may have a different dosage effect for 
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inhibition of joint destruction compared to the effect on  disease activity. Therefore, we studied 

in chapter 5 whether the degree of inhibition of progressive joint destruction is dependent 

on the serum rituximab levels. We found that this was not the case, suggesting that an even 

higher dose of rituximab would not result in stronger protection against joint destruction. On 

the contrary, the IMAGE trial also showed that after 6 months there is apparently no difference 

between the two doses both in terms of clinical efficacy and of inhibition of destruction. Based 

on these findings, we explored a different treatment regimen: induction therapy with 2 x 1000 

mg rituximab followed by retreatment with 2 x 500 mg (or 1 x 1000 mg as this would be more 

convenient to the patient) after 6 months. In chapter 6, we showed in 9 RA patients that both 

the clinical response and the inhibition of structural damage induced by 2 x 1000 mg rituximab 

might be sustained in most RA patients by retreatment with 1 x 1000 mg rituximab rather than 

with the current retreatment regimen of 2 x 1000 mg. This treatment regimen is cost-effective, 

patient friendly and might perhaps have an advantage in terms of safety as well, but this needs 

to be shown in markedly larger studies in the future, for which this study provides the rationale. 

Previous work has shown that the mononuclear cells in the peripheral blood of a subset 

of RA patients show activation of type I interferons (IFNs) (type I IFN signature) compared 

with cells from healthy controls.22 Interestingly, type I IFNs can have a role in the survival of B 

cells 23 and therefore the presence of a type I IFN signature could be related to non-response 

to rituximab. In chapter 7, we found that patients with a type I IFN signature responded less 

well to rituximab on the group level. Future research is needed to address the question if this 

signature, possibly in combination with other clinical and molecular biomarkers, can also be 

used to predict the response at the individual level in the context of personalized health care.

Section II. Evaluation of potentially new treatments  for rheumatoid arthritis. In chapter 

8 and 9, we studied two new drugs for the treatment of RA. ASK8007 is an antibody directed 

against osteopontin, a pleitropic protein with several functions in the immune system, such as 

the recruitment of inflammatory cells and the adhesion of osteoclasts to the bone matrix. In 

vitro studies and studies in animal models of RA showed promising results with this antibody. We 

studied ASK8007-treatment for the first time in a randomized, placebo-controlled clinical trial 

that is described in chapter 8. The drug was well tolerated and was detectable in the synovial 

fluid, indicating that it reached the site of inflammation. However, compared to the placebo-

treated group, no effect was found on the primary endpoints of the study: not on measures 

of disease activity nor on synovial biomarkers. Hence, we concluded that ASK8007 is not an 

effective treatment for RA and our data do not support further drug development for ASK8007.

Finally, in chapter 9, the drug apilimod was tested in RA patients with a similar placebo-

controlled study design. Apilimod selectively inhibits the production of protein-40, which is 

shared by interleukin-12 and -23, two mediators playing an important role in T cell biology. In 

this study we found no robust effect on disease activity. Apilimod was also poorly tolerated, 

especially in the higher dose of 2 x 100 mg where all patients experienced gastro-intestinal 

complains. Of note, the expression of interleukin-12 and -23 in the synovium did not decrease 

after apilimod treatment, implying that the drug is not inhibiting the formation of interleukin-12 

and -23, in other words it is not doing what it should do in vivo. We concluded that apilimod has 

no place in the treatment of RA, but that interleukin-12 and -23 can as yet not be discarded as 

potential therapeutic targets based on the findings in our study. Currently, two other therapies 
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exist that also target IL-12/IL-23, the monoclonal antibodies ustekinumab and briakinumab, 

of which the first one has recently been approved for the treatment of plaque psoriasis, an 

auto-immune disease of the skin, and the second one is currently under investigation for the 

treatment of RA. 24 

CONCLUDING REMARKS AND FUTURE PERSPECTIVES

In this thesis, we studied targeted therapies for the treatment of RA. We aimed at clarifying 

the mechanism of response and non-response to rituximab and tried to further improve the 

current treatment regimen. We found that targeting B cells results in beneficial changes of the 

RANK/RANKL/OPG axis, thereby proving an important role of B cells in joint destruction. Future 

studies should focus on the pathophysiology of the patients in whom joint destruction is not 

inhibited by rituximab, aiming at improvement of treatment for these patients. Based on the 

results of translational studies we conclude that most likely, clinical non-response is related 

to persistence of B lineage cells in the tissues and that suboptimal dosing of rituximab is not 

necessarily the explanation. Future research should tell us more about the phenotype of these 

persistent B cells and factors including for instance stromal cells that keep these B cells at the 

site of inflammation. Furthermore, other compartments of the immune system where B cells 

could hide should be explored, like lymph nodes. Individual differences between responders 

and non-responders should continue to be studied as well, to be able to predict response on the 

individual level in the future using combinations of different clinical and molecular biomarkers.

In addition, we tested two new targeted therapies in active RA patients. Both therapies 

did not induce improvement of disease activity, resulting in a no-go decision for further drug 

development. For osteopontin, it can be concluded that this is probably not a good target, 

while IL-12/IL-23-inhibition might perhaps still have a place in the treatment of RA.

Future research should continue to focus on unraveling the heterogeneity of RA, making it 

possible to refine personalized treatment regimens. In addition, in light of the existing unmet 

needs, there is room for new treatments. Together, this may help to reach the ultimate goal: 

remission in all RA patients.
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NEDERLANDSE SAMENVATTING

De onderzoeken in dit proefschrift hebben als uiteindelijk doel het verbeteren van de behandeling 

van patiënten met reumatoïde artritis (RA). In deel I hebben we voornamelijk onderzocht hoe 

we de behandeling met het geregistreerde medicijn rituximab kunnen verbeteren en in deel II 

hebben we twee nieuwe mogelijkheden onderzocht voor de behandeling van RA: remming van 

het eiwit osteopontine en remming van de vorming van interleukine-12 en -23.

Achtergrond

RA is een chronische auto-immuun aandoening die leidt tot ontsteking van de binnenbekleding 

van het gewricht: het synovium. RA komt voor bij ongeveer 1% van de bevolking, vaker bij 

vrouwen dan bij mannen. De karakteristieke presentatie van een RA patiënt bestaat uit pijn, 

ochtendstijfheid en zwelling van de kleine hand- en voetgewrichten, maar andere gewrichten 

en ook andere organen kunnen aangedaan zijn. De onsteking gaat vaak gepaard met 

gewrichtsdestructie waarbij er sprake is van kraakbeenverlies en vorming van erosies in het 

onderliggend bot. De diagnose kan worden gesteld op basis van de klinische presentatie en 

de aanwezigheid van zogenaamde auto-antistoffen; dit zijn antistoffen die gericht zijn tegen 

lichaamseigen moleculen. Met name antistoffen gericht tegen peptiden die op specifieke wijze 

zijn gemodificeerd ( gecitrullineerd)  zijn heel specifiek voor RA en hun aanwezigheid gaat vaak 

gepaard met een ernstiger en destructiever verloop van de ziekte.

De oorzaak van RA is niet helemaal duidelijk. Waarschijnlijk speelt een combinatie van 

factoren een rol. Er zijn bijvoorbeeld verschillende genen bekend die een verhoogde kans 

geven op het ontstaan van RA en we weten dat roken hierbij een belangrijke rol speelt. Recente 

bevindingen wijzen ook op een relatie tussen het ontstaan van RA en de aanwezigheid van 

periodontitis, ofwel onsteking van het tandvlees en bot rondom de tanden, onder andere 

omdat de bacterie die periodontitis veroorzaakt ook peptiden kan citrullineren.

De behandeling van RA is de laatste jaren sterk verbeterd, vooral door de introductie 

van de zogenaamde ‘targeted therapies’. Dit zijn letterlijk vertaald ‘gerichte behandelingen’: 

ze zijn specifiek gericht tegen een bepaalde schakel in het netwerk van onstekingscellen 

en -mediatoren, waardoor uiteindelijk de ontsteking in zijn geheel vermindert. Er zijn vier 

belangrijke pijlers waarop de huidige behandeling is gebaseerd: anti-TNF alfa therapie, anti- B cel 

therapie, modulatie van costimulatie door abatacept en anti-interleukine-6 receptor therapie. 

Ondanks de geboekte vooruitgang, zijn er nog veel onopgeloste problemen in de 

behandeling van RA. Er zijn bijvoorbeeld nog steeds patiënten die op geen enkele therapie 

reageren of bij wie de behandeling na een tijdje is uitgewerkt. Ook weten we niet of er 

subgroepen patiënten zijn die beter met het ene medicijn behandeld kunnen worden, terwijl 

andere beter af zijn met een ander medicijn. Het is momenteel een kwestie van uitproberen of 

een medicijn aanslaat. Dit is nadelig om meerdere redenen: patiënten worden soms onnodig 

blootgesteld aan bijwerkingen, het is duur en het kost veel tijd, aangezien je meestal pas na 

minimaal 3 maanden kan evalueren of er een respons is, terwijl recente inzichten juist wijzen 

op het belang van zo vroeg mogelijk behandelen van RA patiënten om zo veel mogelijk 

structurele schade te voorkomen. Het zou dus nuttig zijn als we biomarkers kunnen vinden die 

voor aanvang kunnen voorspellen welke patiënt op welke behandeling zal reageren, dit heet 

therapie-op-maat of ‘personalized medicine’.
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Het is dus nodig om nieuwe behandelingen te ontwikkelen en huidige behandelingen te 

verbeteren. Tenslotte is het nuttig om te onderzoeken hoe een ‘targeted therapy’ precies leidt 

tot een klinisch effect, want hierdoor leren we meer over het ziekteproces, en hoe meer we 

weten over het ziekteproces , hoe beter we deze zouden kunnen behandelen. Verder helpt 

het ons misschien ook bij het vinden van een adequate behandeling voor de patiënten die niet 

responderen op de onderzochte therapie.

Belangrijkste bevindingen 

Deel I. Rituximab is een antilichaam gericht tegen het CD20 molecuul op B cellen, een 

speciaal soort witte bloedcellen, dat leidt tot afname van B cellen, oftewel B cel depletie. In 

hoofdstuk 2 en 3 hebben we samengevat wat er bekend is over de effecten van rituximab 

op de verschillende compartimenten van het afweersysteem en wat de verschillen in deze 

effecten zijn tussen patiënten met en zonder klinische respons. Het verschil in respons zou 

verklaard kunnen worden door een verschil in B cel depletie; zowel in het beenmerg als in 

het synovium en waarschijnlijk ook in het bloed is er sprake van een variabele depletie van 

B cellen, zelden verdwijnen alle B cellen na behandeling met rituximab. Er zijn verschillende 

mogelijke oorzaken voor deze variabiliteit. Ten eerste zijn er individuele verschillen in de 

expressie van overlevingsfactoren voor B cellen beschreven. Ten tweede kunnen factoren die 

belangrijk zijn bij de effectormechanismen waardoor rituximab B cellen depleteert verschillen 

tussen patiënten. Het kan ook zijn dat de patiënten die niet op rituximab responderen een 

bepaald type B cellen hebben dat minder gevoelig is voor rituximab. Verschillende studies 

laten bijvoorbeeld zien dat de zogenaamde memory B cellen resistenter zijn voor het effect 

van rituximab dan naïeve B cellen. Naast een verschil in B cel depletie kan het ook zijn dat de 

indirecte effecten van B cel depletie op andere celpopulaties verschillen tussen patiënten. Een 

voorbeeld hiervan is dat de daling van synoviale plasmacellen verschilt tussen responders in 

vergelijking met non-responders.

We weten uit de grote fase III onderzoeken dat rituximab niet alleen effectief is in het 

verminderen van klinische activiteit van RA, zoals pijn en zwelling van de gewrichten, maar dat 

het ook de gewrichtsdestructie remt. We zien soms zelfs bij patiënten die geen klinisch effect 

tonen wel remming van destructie van bot en kraakbeen door rituximab. Om meer te weten te 

komen over het achterliggende mechanisme, bestudeerden we in hoofdstuk 4 verschillende 

factoren die belangrijk zijn voor de vorming en overleving van osteoclasten in het bloed en het 

synovium van RA patiënten voor en na behandeling met rituximab. Osteoclasten zijn cellen die 

onstaan uit witte bloedcellen en gespecialiseerd zijn in de afbraak van bot. We vonden dat 16 

weken na behandeling met rituximab de voorlopers van osteoclasten bijna compleet uit het 

synovium verdwenen en dat zowel in het bloed als in het weefsel de stimulerende factoren 

voor osteoclasten meer daalden dan de remmende factoren. Dit kan de remming van de 

botdestructie door rituximab deels verklaren.

Het is niet helemaal zeker of we voldoende rituximab geven aan RA patiënten om een 

maximaal effect te krijgen. In feite is de behandeling die gangbaar is in de hemato-oncologie 

voor de behandeling van  B-cellymfomen met rituximab in grote lijnen overgenomen. Er zijn 

in het verleden slechts twee verschillende doseringen getest voor RA patiënten. Een recent 

onderzoek liet zien dat in het eerste half jaar patiënten die zijn behandeld met de hogere 

dosering rituximab betere remming van de gewrichtsdestructie hadden, terwijl de hogere en 
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lagere dosering hetzelfde klinische effect lieten zien. In hoofdstuk 5 bestudeerden we daarom 

of de mate van remming van gewrichtsdestructie afhankelijk is van de rituximab spiegels in 

het bloed. We vonden dat dit niet het geval was. Dit geeft aan dat het waarschijnlijk geen 

zin heeft om meer rituximab te geven dan dat we nu doen. Integendeel, hetzelfde recente 

onderzoek dat het eerste half jaar een verschil liet zien in remming van destructie tussen de 

twee doseringen, liet ook zien dat er daarna geen verschil meer is tussen de twee doseringen 

in zowel klinisch effect als remming van destructie. Hieruit volgde het idee om RA patiënten die 

we behandelen met rituximab in eerste instantie de geregistreerde hogere dosering te geven 

(2 x 1000 mg rituximab), maar bij herbehandeling (als hun ziekteactiviteit weer terugkeert 

na de initiële behandeling), een  lagere dosering van 1 x 1000 mg. In hoofdstuk 6 laten we in 

9 RA patiënten zien dat deze patiëntvriendelijke en zeer kosteneffectieve behandelingsstrategie 

lijkt te werken. Uiteraard zijn er grotere onderzoeken nodig om dit definitief te bewijzen, maar 

dit onderzoek verschaft de basis voor dergelijk onderzoek.

Uit voorgaand onderzoekt blijkt dat de witte bloedcellen van een deel van de RA patiënten 

sterk geactiveerd zijn door een bepaald soort eiwitten, de type I interferonen., Deze 

verhoogde activatie noemen we de type I interferon signatuur. Interessant genoeg spelen type 

I interferonen een rol bij de overleving van B cellen en ze zouden dus een rol kunnen spelen bij 

een minder goede respons op rituximab. In hoofdstuk 7 vonden we inderdaad dat patiënten 

met een hoge type I interferonsignatuur in hun witte bloedcellen op groepsniveau minder 

goed respondeerden op rituximab. Er is vervolgonderzoek voor nodig om te beoordelen of de 

interferonsignatuur, eventueel in combinatie met andere factoren, ook gebruikt kan worden 

om de respons te voorspellen op individueel niveau, want dan kan deze als biomarker worden 

gebruikt voor therapie-op-maat.

Deel II. In hoofdstuk 8 en 9 hebben wij twee nieuwe medicijnen onderzocht voor de 

behandeling van RA. ASK8007 is een antilichaam dat is gericht tegen osteopontine, een eiwit 

met diverse functies in het afweersysteem, zoals het aantrekken van ontstekingscellen en het 

hechten van osteoclasten aan de botmatrix. Onderzoeken in het laboratorium en in diermodellen 

voor RA lieten veelbelovende resultaten zien met dit antilichaam. Wij hebben ASK8007 voor het 

eerst in RA patiënten onderzocht in een gerandomiseerd, placebogecontroleerd onderzoek 

dat staat beschreven in hoofdstuk 8. Het medicijn werd goed verdragen en kwam ook in de 

gewrichten terecht. We zagen echter geen enkel effect op de primaire eindpunten van het 

onderzoek: niet op de klinische activiteit, noch op het synoviale weefsel., We concluderen 

daarom dat ASK8007 geen goede behandeling lijkt te zijn voor RA en dat verder onderzoek 

met dit medicijn niet zinvol is.

Tenslotte hebben we in hoofdstuk 9 in een vergelijkbaar onderzoek het medicijn apilimod 

getest in RA patiënten. Apilimod remt selectief de productie van een gemeenschappelijk eiwit 

van interleukine-12 en -23, twee mediatoren die een belangrijke rol spelen bij de ontsteking 

van het synovium, waardoor deze niet meer gevormd kunnen worden. Ook bij dit onderzoek 

vonden we geen effect op de klinische activiteit. Tevens werd het medicijn slecht verdragen. 

Bovendien vonden we na de behandeling met apilimod geen verlaagde expressie van 

interleukine-12 en -23 in het synovium, wat betekent dat het medicijn niet doet wat het zou 

moeten doen. We concludeerden dat er geen plaats lijkt te zijn voor apilimod in de behandeling 
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van RA, maar dat we niet uit kunnen sluiten dat de remming van  interleukine-12 en -23 met 

andere medicamenten wel zou kunnen werken.

Conclusies en suggesties voor vervolgonderzoek

In dit proefschrift hebben we ‘targeted therapies’ onderzocht voor de behandeling van 

RA. We hebben het mechanisme van de respons en non-respons op rituximab bestudeerd 

en geprobeerd het huidige behandelingsschema verder te verbeteren. Uit de resultaten 

van translationeel onderzoek tot nu toe kunnen we concluderen dat non-respons meest 

waarschijnlijk is gerelateerd aan persistentie van B cellen en dat suboptimale dosering van 

rituximab waarschijnlijk niet de belangrijkste verklaring is. Toekomstig onderzoek zou ons meer 

moeten leren over het fenotype van deze persisterende B cellen en over de rol van andere cellen 

waaronder de stromale cellen die deze B-cellen in de weefsels kunnen vasthouden. Bovendien 

moeten andere compartimenten van het immuunsysteem waar B cellen kunnen persisteren 

worden onderzocht, zoals de lymfeklieren en mucosale weefsels. De aandacht zou ook gericht 

moeten blijven op individuele verschillen tussen responders en non-responders, om in de 

toekomst op individueel niveau de respons beter te kunnen voorspellen met waarschijnlijk een 

combinatie van verschillende biomarkers.

Daarnaast hebben we twee nieuwe ‘targeted therapies’ onderzocht in actieve RA patiënten. 

Beide behandelingen leidden niet tot een verbetering van de ziekte-activiteit, ze zullen dus als 

een ‘no-go’ worden bestempeld voor verdere ontwikkeling in de behandeling van RA. Voor 

osteopontine kan worden geconcludeerd dat het waarschijnlijk niet een goed aangrijpingspunt 

voor therapeutische interventie  is, terwijl we nog niet kunnen uitsluiten dat er een plaats zal 

zijn voor IL-12/IL-23-inhibitie in de behandeling van RA.

Toekomstig onderzoek zich onder andere moeten richten op het verder ontrafelen van de 

heterogeniteit van het syndroom RA.,Alleen dan kunnen we komen tot een optimaal op-maat-

behandelingsregime zonder willekeurige keuzes. Samen met nieuwe vormen van  behandeling 

kan deze benadering bijdragen aan het uiteindelijke doel: afwezigheid van ziekteactiviteit bij 

alle RA patiënten. 
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