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Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic immune-mediated inflammatory disease of un-
known etiology affecting about 1% of the population worldwide. The clinical syndrome 
is characterized by swelling, pain, and limited motion of multiple joints, due to inflam-
mation of the synovial tissue lining the inside of the joints. The inflamed tissue, known 
as pannus, invades into the cartilage and bone, resulting in progressive joint destruction 
leading to deformity of the joints, permanent disability, and loss of quality of life (1). 
Despite current treatments, the disease is still associated with long-term morbidity and 
early mortality (2).

Treatment for RA

Although the etiology of the disease is unknown, disease control is available for many, 
though not all, patients. In recent years important developments included early diagnosis 
as a result of implementation of early arthritis clinics and more accurate diagnostics, as 
well as more effective treatment using conventional disease-modifying anti-rheumatic 
drugs (DMARDs) and, if indicated, new targeted drugs. The first example of systemic 
targeted therapy that revolutionized the management of patients with RA is the use of 
monoclonal antibodies or soluble receptors blocking tumor necrosis factor (TNF) alpha 
(3-5).

The introduction of these biologicals has lead to significant improvement of the signs 
and symptoms of arthritis in 60-70% of the patients who experienced persistent disease 
activity despite conventional DMARD therapy. In addition, anti-TNF alpha treatment has 
a beneficial effect on joint destruction and, as a result, on disability and quality of life (6). 
Thus, TNF blockade has provided compelling proof of concept that targeted therapies 
may be used to effectively control the disease process. Despite the marked improve-
ment observed in most patients, however, some patients experience no clinical benefit. 
Recent publications suggest that the primary response is in part related to individual 
features of the patients related to TNF bioactivity in the blood (7), TNF expression and 
the level of inflammation in the inflamed synovium (8;9), and serum levels of cortisol 
(10). Apart from patients who do not exhibit a primary response, some patients gradu-
ally lose response over time. About 50% of the patients treated with anti-TNF therapy 
discontinue the TNF antagonist within 5 years because of lack of response or side ef-
fects (11). Secondary failure can in part be explained by immunogenicity of the drug, as 
antibody formation is correlated with reduced efficacy (12-14).

Recently, new targeted treatments became available for the treatment of RA: rituximab 
(a chimeric antibody directed at B cells) (15;16), abatacept (CTLA4-Ig, interfering with 
co-stimulatory molecules involved in T cell activation) (17;18), and tocilizumab (anti-IL6 



Ch
ap

te
r 1

G
en

er
al

 in
tr

od
uc

tio
n

12

receptor antibody) (19). Of importance, these drugs may be effective in patients who 
have failed TNF blockade. To reach the goal of complete disease remission in the future, 
it can be anticipated that a variety of new therapeutic approaches will be developed and 
that specific treatment regimens will increasingly be used in the context of individual-
ized or personalized medicine.

Experimental anti-rheumatic treatments

Several potential targeted treatments are in different stages of development and may 
be added to the RA treatment arsenal in the near future. Examples include antagonists 
interfering with cytokines, chemokines, chemokine receptors, complement factors, and 
adhesion molecules (20-23).

Other examples are drugs targeting signalling pathways, such as nuclear factor (NF)-
κB (24;25), and vascular neogenesis (26;27).

NF-κB

A potential target for the development of new treatment for RA is the transcription 
factor NF-κB, one of the key regulators of inflammation. This transcription factor plays 
an essential role in the expression and regulation of pro-inflammatory cytokines, such 
as interleukin (IL)-1 and TNF alpha, produced mainly by macrophages in the inflamed 
synovium (28;29). NF-κB also drives the increased expression of vascular adhesion mol-
ecules, attracting leukocytes into the joint, as well as matrix metalloproteinases (MMPs) 
(30;31). Furthermore, it protects the cells from undergoing programmed cell death or 
apoptosis (32). NF-κB, comprised of homo- or heterodimers of proteins belonging to the 
Rel family, resides in an inactive form in the cytoplasm, where it is bound to an inhibitory 
protein (IκB). Upon stimulation by various stimuli, such as IL-1, TNF alpha, lipopolysac-
charides (LPS), and CD40 ligand (L), two IκB kinases (IKK-α and IKK-β) phosphorylate IκB, 
and after subsequent ubiquitination, NF-κB is released from the NF-κB-IκB complex and 
translocated to the nucleus, where it binds to its target genes and starts transcription. 
Another way of activation of NF-κB does not require IKK-β and can be triggered by the 
activation of members of the TNF-receptor superfamily, such as lymphotoxin β receptor, 
B cell activating factor to the TNF family (BAFF)- receptor, and also CD40L (33).

Specific targeting of signal transduction pathways through interference with this 
pivotal transcription factor could be beneficial in RA treatment. Treatment can be ad-
ministered systemically or intra-articularly using small molecule inhibitors of NF-κB or 
local gene therapy (34-36).
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Vascular neogenesis

An alternative approach could be to target the supply of nutrients by suppressing blood 
vessel growth. Since angiogenesis is one of the first histopathologic changes seen in 
the rheumatoid synovial tissue and is an important factor in the process of pannus 
formation resulting in joint destruction, blockade of this pathogenic process could have 
beneficial effects (37;38). Comparable to the recent developments in treatments for 
cancer, where starving the tumor cells using anti-vascular agents has beneficial effects 
(39), blocking blood supply to the synovium could lead to diminish the supply of me-
tabolites and oxygen necessary for growing tissue (40;41). In addition, the recruitment 
of new immune cells from the bloodstream into the synovium may be decreased due to 
reduced vascularity. Since the activated endothelial cells themselves produce various 
pro-inflammatory factors, including cytokines and chemokines, the production of these 
factors could diminish as well. Thus, treatment directed against newly formed blood 
vessels may have therapeutic potential.

One of the possible targets expressed abundantly on the new blood vessels in RA is 
the αvβ3 integrin. This integrin is important in blood vessel formation in tumors and 
wound healing (42), and when its function is blocked by either antibodies or peptide 
antagonists, apoptosis of angiogenic blood vessels in neoplastic diseases occurs leading 
to suppression of tumor growth (43). The potential relevance of targeting αvβ3 in RA was 
demonstrated by several authors, who described beneficial effects after the suppression 
of neovascularisation by blocking this integrin in animal models of RA (43;44).

Evaluation of experimental anti-rheumatic treatments in vivo

In light of the large number of compounds in the pipeline of pharmaceutical industry, 
there is a clear need for good models that may be used to provide insight into the 
mechanism of action of a new drug and that will help in selection of compounds in an 
early phase of drug development. We will focus here on in vivo approaches in mice and 
men.

Animal models

During the preclinical phase of drug development, animal models for RA are used to 
provide insight into the disease mechanism and to identify new potential therapeutic 
targets. It is important to realize that, although animal models share important features 
with RA in humans, the pathogenesis of these artificial models is obviously not iden-
tical to RA. Depending on the therapeutic target to be tested and the mechanism of 
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disease of the animal model, a suitable arthritis model should be used. Ideally, animal 
models are predictive of clinical efficacy in humans and reproducible. Of these animal 
arthritis models, collagen-induced arthritis (CIA) in mice and adjuvant arthritis (AA) 
in rats are most commonly used. A variety of other models, including a model which 
involves engraftment of rheumatoid synovial tissue and normal human cartilage into 
SCID mice, may be used. Transgenic or knock-out mice, respectively overexpressing or 
lacking genes involved in the disease process of RA, may offer important knowledge 
about the underlying pathogenic mechanism of disease and the effects of experimental 
treatments. In a recent review of the literature it was concluded that therapeutic efficacy 
is most predictive when the compound is shown to be effective when initiated in the 
clinically manifest phase of the disease rather than when given in the pre-symptomatic 
stage (45). If there is good rationale for using a new compound in RA, supported by in 
vitro data using human cells, and if a compound appears safe based on preclinical data 
and effective (when there is cross reactivity between animals and humans) in animal 
models of RA, the next step is to test this compound in the best model for RA, patients 
with the disease.

Innovative trial design in RA patients

The rise in drug discovery for RA has consequences for testing the efficacy of potential 
novel therapies in large clinical trials. It has become more difficult to include large num-
bers of patients with active disease into these trials, because of the growing number of 
potential compounds to be tested, the fact that effective treatment is available for many 
patients, and ethical issues. Therefore, in an early stage of drug development, clinical 
investigations will increasingly consist of trials with a small number of patients and a 
high density of data. The identification of biomarkers that could be used for prediction 
of clinical response to treatment and the evaluation of novel therapies would be of great 
advantage in this process. Since the synovium represents the major target of the disease 
process (1;46), recent studies have focused on the identification of specific synovial 
biomarkers. Sensitive predictive synovial biomarkers may be used in small proof-of-
concept phase I/II trials for selection purposes (47). Different synovial biomarkers may 
be needed and used depending on the specific therapeutic strategy. As an example, for 
mechanism of action studies evaluating the effects of anti-B cell therapy, evaluation of B 
cells, plasma cells, and immunoglobulins would be required, among other biomarkers. 
In addition, synovial biomarkers that differentiate between effective and ineffective 
treatment independent of the primary mechanism of action of the specific intervention 
might be identified.
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The rheumatoid synovium

Since the recognition of the synovial tissue as the primary disease target in RA, descrip-
tive studies of rheumatoid synovium have contributed greatly to the understanding of 
the events taking place in vivo, complementing experimental animal and in vitro stud-
ies. The intimal lining layer normally consists of only a few cell layers overlaying a loose 
network of collagen fibers with fibroblasts, fat cells, and blood vessels, called the synovial 
sublining. The synovial tissue in RA is characterized by an increase in cellularity, with 
high numbers of activated macrophages, T cells, and plasma cells, as well as increased 
infiltration by B cells, dendritic cells, natural killer cells, mast cells, and neutrophils. These 
cells are thought to enter the synovial sublining through increased numbers of blood 
vessels caused by pronounced angiogenesis and increased expression of adhesion mol-
ecules and chemokines. Together with increased numbers of activated fibroblast-like 
synoviocytes (FLS), most of the infiltrating leukocytes have an inflammatory phenotype, 
producing an array of cytokines, chemokines, and matrix metalloproteinases (MMPs), 
promoting synovial inflammation and degradation of cartilage and bone (1;46).

Synovial tissue can be obtained using different minimally invasive biopsy techniques. 
These techniques are generally well-tolerated and can be performed safely in an out-
patient setting (48-51). The tissue is easily acquired from the inflamed knee joint by 
blind needle biopsy using a Parker Pearson needle under local anaesthesia (52), but the 
main limitation to this technique is that it is more difficult to obtain adequate samples 
from small joints as well as clinically uninvolved joints. The development of mini- or 
needle arthroscopy performed in rheumatologic practice has considerably enhanced 
the opportunities for selecting biopsy samples from other, smaller, joints such as the 
ankle, wrist, and other small joints (53;54).

This set up can be used for serial synovial sampling in small proof-of-concept studies 
and has been proven very useful in the development of targeted therapies (55). The 
description of changes after specific interventions has provided insight into the mecha-
nism of action of the treatment, as well as into the role of specific cells and molecules 
in the pathogenesis of RA, leading to discovery of potential targets for novel therapies. 
Examination of serial synovial samples can also be used for screening purposes to 
predict potential efficacy of new therapeutic interventions. This approach is supported 
by the highly significant correlation between measures of macrophage infiltration and 
expression of macrophage-derived cytokines, and clinical signs and symptoms of ar-
thritis (56). In addition, effective treatment with various conventional disease-modifying 
anti-rheumatic drugs, such as gold (57), methotrexate (58), leflunomide (59;60), but also 
biologic agents and targeted small molecules, including infliximab (61-65), etanercept 
(66), anakinra (67), rituximab (68-70), and a specific CCR1 antagonist (71), has been 
shown to affect the cell infiltrate and pro-inflammatory cytokines in the synovium.
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Contents of this thesis

Part I of this thesis describes studies of novel anti-rheumatic strategies evaluated in 
animal models of arthritis, with a specific focus on targeting NF-κB activity and neoan-
giogenesis. Part II focuses on synovial biomarkers in RA patients.

The effects of a novel, T cell specific NF-κB inhibitor in vitro and in CIA in mice are de-
scribed in Chapter 2.

Chapter 3 concerns the effects of inhibiting NF-κB activity by intra-articular gene 
transfer in a rat model for arthritis.

Chapter 4 addresses the effects of an apoptosis inducing protein on the neovascula-
ture of inflamed synovial tissue in mice.

Chapters 5 and 6 provide an introduction in the pathology of inflamed synovial tissue 
in RA and other forms of inflammatory arthritis and the methods to retrieve this inflamed 
tissue for various purposes.

In Chapters 7 and 8, arthroscopic synovial biopsy is used in a clinical trial designed for 
identification of synovial biomarkers associated with efficacy of treatment in human RA. 
This is done comparing a known effective treatment (prednisolone) to placebo, applying 
different (molecular) techniques.

In Chapter 9, one of the biomarkers described in Chapter 7 is tested in other groups of 
RA patients, receiving various effective versus ineffective treatments.

Chapter 10 presents the effects of prednisolone on the synovial tissue of patients with 
RA in more detail.

Chapter 11 is dedicated to the summary and conclusion based on the findings of the 
studies presented in this thesis.
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