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INTRODUCTION

Rheumatoid arthritis
Rheumatoid arthritis (RA) is a chronic systemic immune-mediated inflammatory disease 

mainly affecting the joints, which afflicts approximately 1% of the population worldwide. 

Patients present with symptoms of pain, joint swelling, stiffness and limited range of motion. 

The inflamed synovium invades and destroys local articular structures, resulting in joint 

destruction, progressive deformity, and permanent disability.[1] Despite major developments in 

antirheumatic therapy, RA is still an important cause of long-term morbidity and early mortality 

with individual and socio-economical consequences.[2;3] Also co-morbidity, especially the 

risk of cardiovascular disease, is increased in RA.[4]  Traditional cardiovascular risk factors in 

combination with the inflammatory status in RA patients contribute to the high prevalence 

of cardiovascular disease in RA.[5;6] Besides risk factor management aggressive treatment 

reducing inflammation is recommended.

Pathogenesis of RA
Although RA is thought of as an autoimmune disease, its etiology is not completely understood. 

It is known that genetic susceptibility [7-9] in combination with environmental factors create 

a condition in which tolerance can be broken and an autoimmune reaction can be initiated. 

So far, several genetic factors have been identified, such as HLA-DRB1 genes (DR0404 and 

DR0401), PTPN22, STAT4 and CTLA4 genes.[10] Cigarette smoking is known to be an important 

environmental risk factor especially in the context of anti-citrullinated peptide antibodies 

(ACPA) and in the presence of the HLA-DRB1 genes.[11]  Both cells of the innate immune system, 

such as dendritic cells and macrophages, and cells of the adaptive immune system, such as B 

and T lymphocytes, are thought to play an important role. The autoimmune response may be 

initiated by antigen presentation, not-necessarily an RA-specific antigen, by antigen presenting 

cells to T cells in the context of co-stimulatory signals. Alternatively, mutations in either the B- 

or T cell receptor might lead to recognition of self-antigen, resulting in clonal activation and 

expansion of specific cells. Other theories suggest that either T- or B cell autoreactivity without 

interaction or co-stimulation between both cells may result in chronic inflammation,[12] 

even in the absence of an auto-antigen. Interaction and co-stimulation between B and T cells 

subsequently results in activation of the inflammatory cascade which evolves into massive 

systemic inflammation and recruitment of inflammatory cells in the synovial tissue leading 

to chronic synovial inflammation, production of inflammatory molecules and eventually joint 

destruction. [13]

In healthy people the synovium is a thin membrane that is attached to skeletal tissue at 

the bone-cartilage interface. Inflamed synovium in RA is characterized by intimal lining layer 

hyperplasia due to proliferation of the fibroblast-like synoviocytes which are in an altered 

activation state, and accumulation of intimal macrophages. In the synovial sublining, new 

vessels are formed that allow inflammatory cells such as B cell, T cells, macrophages, plasma 

cells, mast cells and dendritic cells to invade the tissue. In these cells various signal transduction 

cascades are active that influence gene expression and hereby regulate the inflammatory 

process. Studying the inflamed synovium might increase our insight into pathways active in 

initiation and perpetuation of RA.

9



ONE The phase preceding clinically manifest arthritis: pre-arthritis phase
The phase during which there is a break of tolerance with a consequent autoimmune response, 

precedes the onset of clinically manifest arthritis. This phase is characterized by the presence of 

RA-specific autoantibodies, such as rheumatoid factor and ACPA.[14;15] Besides elevated serum 

levels of C-reactive protein (CRP), elevated chemokine levels can be detected in peripheral 

blood of individuals who later on will develop RA.[16] It has been hypothesized that before the 

onset of arthritis there is a phase characterized by subclinical synovial inflammation. This was 

shown in various animal models of RA, in which synovial tissue inflammatory changes were 

observed in the latency phase before the onset of arthritis [17] and by the presence of signs of 

chronic inflammation in the synovium of early RA patients when they first present with arthritis. 

The kinetics of these different stages are as yet not known, and it is also unclear where the 

immune response is initiated. 

Early arthritis
As RA is known to be a potentially destructive inflammatory disease, and early treatment 

can improve disease outcome, it is important to diagnose RA early and start treatment 

accordingly. Until the recent development of the 2010 ACR/EULAR criteria for RA,[18;19]  the 

1987 ACR RA classification criteria of RA were applied to make the diagnosis of RA for research 

purposes.[20] However, not all patients with signs and symptoms of arthritis presenting in 

early arthritis clinics can be diagnosed with a definite diagnosis and are therefore classified as 

undifferentiated arthritis. Of these patients 50% will have benign self-limiting disease, whereas 

others will progress to persistent or even persistent, destructive arthritis.[21-23] For the latter 

group, a definitive diagnosis can usually be made over time, but therapeutic intervention might 

come (too) late. Moreover, with the emergence of the 2010 ACR/EULAR RA criteria the RA 

population is perhaps slightly more heterogeneous with a subgroup of RA patients having self-

limiting disease.[24-26] This underlines the importance of the identification of patients with 

potentially persistent, destructive disease compared to self-limiting disease in an early stage of 

the disease. In order to make the optimal treatment decisions for the individual patient, novel 

predictive parameters are needed.

Treatment of RA
The last 2 decades treatment regimens for RA have drastically changed. Where in the past 

non-steroidal anti-inflammatory drugs were the initial treatment of choice and only in severe 

disease were followed by DMARDs, nowadays treatment principles are based on early initiation 

of DMARD treatment, aiming for a state of disease remission. If conventional DMARD treatment 

fails to induce remission, then biological treatments are considered, like TNF inhibition, B cell 

depletion, interleukin-6 receptor blockade, or abatacept treatment.[27;28] This therapeutic 

approach has significantly improved disease outcome.

RA a heterogeneous disease
RA is thought to be a clinical syndrome comprising various disease subsets, in which several 

different pathogenetic pathways are active that all lead to common signs and symptoms. First, 

there is variability in outcome: some patients will have self-limiting disease while others develop 

persistent disease with consequent joint damage and even extra-articular disease. Moreover, 
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different immunological features can be observed in peripheral blood and the synovium. For 

instance, serum rheumatoid factor and ACPA are present in about 50-80% of the RA patients, 

whereas others are autoantibody negative. Gene expression profiles in peripheral blood and 

synovial tissue also differ between various subgroups of RA in spite of a common clinical picture.

[29] In addition, some patients have diffuse lymphocyte infiltration in the synovium, while in 

others germinal center-like structures may be found.[17;30] The heterogeneity of RA is also 

illustrated by the variable response to different targeted treatments. Profiling these subsets 

based on molecular features may increase our understanding of the processes active in the 

different subgroups of RA patients. 

Imaging of the inflamed synovium
Besides studying the histopathology of the inflamed synovium, specific radiological findings 

might allow stratification of early arthritis patients. Various imaging modalities have been applied 

to study RA-specific changes in the joint.  Bone erosions are easily visualized by X-rays of the joints.

[31;32] However, to study the synovium and the ligaments ultrasound or MRI need to be applied.

[33;34] With greyscale ultrasound it is possible to visualize synovial hypertrophy, tenosynovitis 

and erosions.[34] Active synovitis, associated with development of radiographic damage, can be 

visualized by power Doppler. Synovial volume, bone edema, tenosynovitis and bone erosions can 

be studied by static MRI. Detection of synovial hypertrophy, bone marrow edema and erosions 

may support the clinical diagnosis of RA in early arthritis patients,[35] but sensitivity of these 

parameters varies between studies.[36] Dynamic contrast-enhanced (DCE) MRI is a relatively new 

technique evaluating uptake of the contrast agent over time in a specific tissue. Results can be 

quantified by evaluation of time-intensity curves (TIC), reflecting uptake and clearance of the 

contrast agent. Tissue characteristics such as vascularity, vessel permeability and interstitial space 

determine the shape of the TIC.[37] Conceivably, these imaging modalities may also be used to 

distinguish between different subsets of RA associated with distinct pathogenetic mechanisms.

OUTLINE OF THIS THESIS
Chapter 2 introduces an international guideline for performing arthroscopic synovial tissue 

biopsies. This technique is applied in chapters 3, 5, 6, 7, 8.

It is known that the presence of circulating autoantibodies may precede the development 

of rheumatoid factor and/or ACPA positive RA by several years. It is however unclear where in 

the body this immune response is initiated. In chapter 3 we analyzed synovium by DCE-MRI and 

immunohistochemical analysis of synovial tissue samples from individuals with an increased risk 

of developing RA to study if inflammatory synovial tissue changes are present in the preclinical 

phase of RA. These subjects have increased serum levels of IgM rheumatoid factor and/or ACPA.

Chronic inflammation is associated with an increased risk of cardiovascular disease in RA 

patients. Early RA already represents chronic inflammation. It is, however, not known if the 

increased risk of cardiovascular diseases is already present in the earliest phases of RA. In 

chapter 4 we investigated atherogenesis in preclinical RA and early RA by evaluating intima 

media thickness (IMT).

Recently, novel criteria for the diagnosis RA have been developed by ACR and EULAR. The 

2010 ACR/ EULAR criteria enable an earlier diagnosis of RA, but could also result in a more 
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heterogeneous RA population with possibly different inflammatory changes in the synovium. 

In chapter 5 we describe the synovial features of RA patients fulfilling the 2010 ACR/EULAR RA 

criteria compared to patients classified according to the 1987 RA criteria.

Early and aggressive treatment in RA has been shown to improve the disease course. We 

hypothesized that studying the synovium might allow the identification of new diagnostic 

and prognostic markers. In chapters 6, 7, and 8 we studied whether specific synovial tissue 

characteristics can be used as diagnostic or prognostic markers in early arthritis patients.

In chapters 9 and 10 we studied the inflamed synovium by DCE-MRI. This technique was 

shown to be of value in discriminating benign from malignant disease in various types of tumors. 

As the inflamed synovium shares several characteristics with malignancies we hypothesized 

that DCE-MRI might be of value in the stratification of patients in early arthritis.
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ABSTRACT
Inflammation of synovium is one of the hallmarks of rheumatoid arthritis (RA). Analysis of 

synovial tissue has increased our understanding of RA pathogenesis, aided in identifying 

potential therapeutic targets, and has been used in the response and mechanistic evaluation 

of antirheumatic therapies. In addition, studies are ongoing, aimed at the identification 

of diagnostic and prognostic biomarkers in the synovium. We herein outline the currently 

used procedures for sampling and processing of synovial tissue, and present a standardised 

recommendation to support multicentre translational research.
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EVALUATING ANTIRHEUMATIC TREATMENT USING SYNOVIAL BIOPSY

INTRODUCTION
Rheumatoid arthritis (RA) is characterised by chronic inflammation of the synovium, leading 

to invasion of synovial tissue into the adjacent cartilage matrix and bone. This in turn results 

in joint destruction, deformity and disability, and thus severe morbidity.[1] Analysis of synovial 

tissue has increased insight into RA pathogenesis, aided in identifying potential therapeutic 

targets and has been used in the evaluation of current and novel antirheumatic therapies.[2-19] 

Moreover, present studies are addressing the question as to whether synovial biomarkers 

might be used as diagnostic and prognostic markers in early arthritis patients.

During the last 15 years investigations of the changes in synovium after experimental 

antirheumatic treatment have increased. Drug development is an expensive process and 

financial resources to evaluate therapeutic effects of new compounds are restricted. Clinical 

outcome measures often require a long follow-up time and large patient cohorts, but the 

number of eligible patients with active disease available to participate in clinical trials is 

usually limited. Ethical considerations may also minimise the number of patients, who may 

either be exposed to placebo or put at risk with new experimental drugs in an early stage of 

drug development. It is also expected that the number of novel compounds to be tested will 

markedly increase in the next decades. Therefore, an alternative approach of testing based on 

relatively small proof-of-principle studies is essential. This has led to the concept of small, high 

’density of data’ clinical trial designs that include synovial biomarkers to facilitate ”go/no-go 

decisions” in an early stage of drug development.[19]

Biomarkers are characteristics that can be objectively measured and evaluated as an 

indicator of normal biological or pathological processes, or pharmacological responses to a 

therapeutic intervention.[20,21] Immunohistological features of rheumatoid synovial tissue, 

in particular macrophage infiltration as well as expression of tumor necrosis factor-alpha and 

interleukin-6, correlate with measures of disease activity, independent of disease duration.

[22] By including synovial biomarkers it may be possible to diminish the time and the number 

of patients needed to screen for potential efficacy of novel compounds.[19,23] For example, 

we have shown that the absolute number of macrophages in the synovial sublining is a highly 

sensitive parameter of change after effective treatment of RA (independent of the compound’s 

primary mechanism of action) and that it correlates well with clinical improvement.[24-30] 

Measurement of synovial macrophages has proven to be a reliable tool to screen for local 

biological effects in early-stage drug development for RA and is less susceptible to placebo 

effects compared to clinical evaluation.[19] In addition, examination of serial synovial biopsy 

samples may provide insight into the specific mechanism of action of given therapeutic agents.

Most data are available for clinical trials in RA patients, but preliminary results suggest that 

this approach might also be used in, for instance, psoriatic arthritis.[31] Identification of new 

biomarkers in synovium by gene expression profiling is currently under development.[32-34]

For multicentre translational research, standardisation of methodology is an essential pre-

requisite. Here, we review the current procedures for sampling and processing of synovial 

tissue, and present a standardised recommendation for clinical trials.
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METHODS OF SYNOVIAL TISSUE COLLECTION
Synovium is easily accessible for biopsy. Currently, three percutaneous, minimally invasive 

methods for synovial tissue collection are available: blind needle biopsy, ultrasound-guided 

biopsy, and arthroscopic biopsy.[35]

Blind needle biopsy
Blind needle biopsy is a safe and technically simple method that can be performed in most 

rheumatology clinics. Special biopsy facilities are not required and it is quite inexpensive. This 

procedure is mainly performed in the suprapatellar pouch of the knee joint using a Parker-

Pearson or Williamson-Holt needle under local anaesthesia.[36,37] Multiple samples can be 

obtained from different locations within the suprapatellar pouch, as well as other joints, such as 

the shoulder, elbow, wrist and ankle, and with a modified needle even in small finger joints.[37]

Synovial biopsy samples obtained with a blind needle from clinically inflamed joints 

correlate well with those taken under vision with arthroscopy[38] and in most cases adequate 

synovial tissue samples can be collected.[37] We have performed over 800 biopsies using the 

Parker-Pearson technique without complications, such as haemarthros or infection; sufficient 

samples were obtained in 85% of the patients.[39] Failures occurred mainly in clinically 

quiescent joints, illustrating the most important limitation of this method. Based on these 

results it is not advisable to use blind needle biopsy for serial sample tissue collection in clinical 

trials evaluating therapeutic compounds and it should be reserved for diagnostics or cross-

sectional synovial tissue analysis.

Ultrasound-guided biopsy
Ultrasound-guided biopsy is a fairly novel technique, which can be performed in both small 

and large joints, bursas, and tendon sheaths under local anaesthesia.[40] Under indirect visual 

inspection this approach allows for collection of sufficient inflamed synovial tissue samples, 

which have proven to be reliable for histopathological assessment.[41] The ultrasound is used 

to select the best biopsy site based on synovial proliferation and vascularisation (using Doppler 

mode) after which synovial tissue is acquired percutaneously using a portal and a forceps.[40] 

Although the portal is fixed, a long, semi-rigid or flexible forceps ensures sampling from all joint 

compartments.[42]

Ultrasound features, such as power Doppler and grey-scale scoring recorded before 

and during the procedure, can guide the operators to the best sampling sites. Power-

Doppler positivity identified areas with an increased amount of subsynovial infiltration of 

polymorphonuclear cells and surface fibrin indicating an active synovial inflammation. 

Nevertheless, absence of a positive power-Doppler signal does not exclude the possibility of 

synovitis.[43] By grey-scale, the thickness of the synovial tissue can be evaluated as well as the 

presence of large villous synovial extroflexions. Ultrasound evaluation is more sensitive than 

clinical scoring in identifying affected joints in multiple clinical settings (active or subclinical 

disease of different joints)[44-46] and is therefore a useful additional tool to choose the most 

suitable joint for biopsy, regardless of the technique used to sample it.

This technique is patient friendly, but does have some drawbacks. Firstly, as bony surfaces, 

such as the patella, might cause ultrasonic interference, this can limit the access area, especially 
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in clinically quiescent joints. Data on sample collection in clinically unaffected joints or in series 

are as yet not available. Furthermore, evaluations of safety or validity of samples collected for 

laboratory techniques other than histopathology and immunohistochemistry (quantitative 

polymerase chain reaction [qPCR], cell culture, etc.) have not been performed. Thus, although 

this method is appealing, further validation is needed.

Arthroscopic biopsy
Arthroscopic biopsy is safe and well tolerated.[39,47-51] It is relatively inexpensive, although the 

costs are significantly higher than for blind needle biopsy, because of the specific training and 

designated biopsy facility needed to perform arthroscopies.[49] The procedure is performed 

under local anaesthesia with a small-bore arthroscope. Synovial inflammation is visualised 

and several joint areas are systematically inspected after which tissue samples can be taken 

from different sites. In the knee, samples are obtained from the suprapatellar pouch, medial 

and lateral gutter, patellar gutter, tibiofemoral junction, and patellar rim. This procedure 

can be performed in swollen and non-swollen knee, ankle, wrist, and metacarpophalangeal 

joints.[52-54] Arthroscopy has a low complication rate. Minimal pain or discomfort during 

the procedure was reported by 35% of 150 patients with knee synovitis. Minor complications, 

such as vasovagal reactions and temporary swelling of the joint, were mentioned in less than 

10% of the cases.[47] In a survey, in which information from 15,682 arthroscopies performed 

by rheumatologists was collected, the complication rate of haemarthros was 0.9%, deep vein 

thrombosis 0.2%, and wound and joint infection both 0.1%.[49]

Although arthroscopy is more expensive and specific training is needed, it is currently 

considered the ”gold standard”. It is possible to sample synovial tissue from different areas in the 

joint and because of direct vision this method yields adequate samples even in quiescent joints. 

When synovial biopsies are taken during arthrotomic surgery, serial sampling for evaluation 

of antirheumatic therapy is rarely possible,[40] but this is attainable using an arthroscopic 

technique. Of importance, inflammation in one inflamed joint is generally representative of 

that in other inflamed joints;[54] in clinical trials, serial biopsy samples are obtained from the 

same joint to minimise variability.

COLLECTING BIOPSY SAMPLES: LOCATION IN THE jOINT 
AND NUMBER OF SPECIMENS
The rationale for synovial tissue analysis is based on the assumption that changes seen in 

samples truly represent the inflammatory processes active in the joint and that they correlate 

with the systemic disease process. It has been suggested that mediators of inflammation 

and joint destruction might be differently expressed within the joint, especially between the 

cartilage-pannus junction (CPJ) and the non-CPJ region. However, various studies have shown 

similar results between CPJ and non-CPJ synovial tissue for T cells,[55,56] plasma cells,[56] and 

several matrix metalloproteinases[56,57] and granzymes.[56] The observations for synovial 

macrophages are divergent: some studies did not find a difference,[55,56] whereas another 

did.[38]

19



TWO 

In general, sampling tissue only from a small area may result in an over- or underestimation 

of inflammation due to morphological heterogeneity of synovium.[58] Hence, to overcome 

sampling error, a sufficient number of tissue samples from different locations within the joint is 

required. We advise to evaluate samples from at least six to eight different sites within the joint. 

This allows for a reliable score for T cell infiltration and activation markers with less than 10% 

variance[59] and detection of two-fold differences in gene-expression as measured by qPCR.

[60] Similar results were recently obtained for ultrasound-guided biopsy.[41]

Although the knee is an easily accessible joint, in clinical studies evaluating synovial tissue it 

is often impossible to solely include patients with an actively inflamed knee joint, as this might 

not be affected at the time. In that case we recommend obtaining serial biopsy samples from 

another, relatively large, clinically affected joint, such as the ankle or wrist.

RECOMMENDATION FOR ARTHROSCOPIC AND ULTRA-
SOUND-GUIDED SYNOVIAL BIOPSY IN THE KNEE jOINT
Based on the experience of different partners involved in the EULAR Synovitis Study Group 

and the aforementioned studies, we present a consensus statement on synovial tissue 

collection and subsequent handling that can be used as a guideline for future research. We will 

describe synovial biopsy of the knee as this joint has easy access and an inflamed knee joint is 

microscopically representative of other clinically involved joints. The same principles apply to 

biopsy of other joints with some minor modifications.

Synovial tissue sample collection by arthroscopic biopsy
To perform arthroscopies clinicians have to be well trained and a dedicated arthroscopy room 

needs to be available.[49] Required instruments are shown in Figure 1. Contraindications, such 

as anti-coagulant use, haemostatic disorders, cutaneous lesions and allergies, should be ruled 

out beforehand.

For the procedure the patient will lie down on his back on a trolley or operating table. The 

patient may be screened from the field of operation or provided with a face mask and cap, and 

the whole procedure is undertaken under sterile conditions. After skin disinfection with iodine 

(performed twice, starting from the point of incision up to 25 cm proximally and distally) the 

patient is covered with sterile draping.

Arthrocentesis of the knee joint is performed using the lateral suprapatellar portal and local 

anaesthetic (20 mL lidocaine 1% or 10 mL marcaine 0.5%) can be injected intra-articularly via 

the same needle. First, the joint capsule, subcutaneous tissue and skin are infiltrated with 10 mL 

lidocaine 2% at the sites, where the lateral suprapatellar and lateral infrapatellar portals will be 

placed. After a skin incision of 0.5 cm just laterally below the patella, the trocar with obturator 

is introduced into the joint cavity via this lateral infrapatellar portal. The obturator is withdrawn 

and replaced by the rod-lens needle scope connected to the camera to allow inspection of 

the joint. An irrigation system with a three-way stopcock is connected to the camera; this is 

used for joint lavage (10 mL lidocaine 1% per litre saline). A second incision of 0.5 cm above the 

patella provides space for the lateral suprapatellar portal, where the trocar with obturator is 

introduced for outflow of irrigation fluid and synovial tissue biopsy sampling.
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Figure 1. Arthroscopic synovial biopsy instruments. Standard knee arthroscopy set consisting of 
(left to right): 3.2 mm arthroscope sheath (infrapattelar portal), 2.3 mm rigid grasping forceps, sharp 
obturator (suprapatellar portal), 3.9 mm biopsy portal (suprapatellar portal), sharp obturator/metal 
handle (infrapatellar portal), blunt obturator/trocar (infrapatellar portal), 2.4 mm wide-angle Hopkins 30° 
arthroscope. This also includes a 2.5 mm fiber optic light cable and an automatic valve.

Figure 2. Knee arthroscopy. Synovial tissue biopsy using a small-bore arthroscope (infrapatellar portal) 
and grasping forceps (suprapatellar portal).
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When all instruments are in place the five different regions (suprapatellar pouch, medial 

and lateral gutter, tibiofemoral junction, and CPJ) are systematically inspected with special 

attention for synovial tissue covering the cartilage, the amount of vascularisation and villous 

formation. Biopsy samples are taken from at least six to eight different sites within the joint 

(for each analysis method—such as immunohistochemistry, qPCR, microarray, etc.) with a 2.3 

mm grasping forceps, starting at the suprapatellar pouch, going down via the medial gutter, 

towards the infrapatellar region, the tibiofemoral region and, finally, the CPJ near the patellar 

rim (Figure 2). All specimens are placed on a non-woven, wet (0.9% saline) gauze and each 

set of at least six is prepared for storage by a lab technician (for further sample handling, see 

below).

When the biopsy is complete, irrigation is continued until the irrigation fluid drained from 

the joint is clear. The suprapatellar portal is removed and 10 mL marcaine 0.5% (or bupivacaine 

0.25-0.5%) may be injected intra-articularly via the infrapatellar portal for prolonged anaesthesia 

after which the infrapatellar portal can be removed. Both incision sites are closed with Steri-

Strips, surgical clips, nylon 3.0 sutures or Ethilon 4.0 sutures, if necessary.

The skin is cleaned with alcohol and sterile gauze dressing is laid over the incisional 

wounds. An elastic stocking is placed around the knee, which can be worn during the first day. 

Instructions are given regarding restrictions in daily activities and suspicion of complications. If 

sutures are used, they should be removed one week after the arthroscopy.

Ultrasound-guided synovial biopsy
Although the arthroscopic approach is at present most commonly used, we have included 

details for the ultrasound-guided biopsy procedure of the knee joint as well. An ultrasound 

machine with a multifrequency linear transducer and power-Doppler mode is needed and the 

same sterile precautions and procedures for disinfection, as described for the arthroscopic 

biopsy above, are employed. Using the ultrasound view, the best point of entrance for the portal 

is identified, usually on the lateral margin of the suprapatellar recess, which helps to eliminate 

ultrasonic interference from the cortical margin of the patella. The skin, subcutaneous tissue 

and joint capsule are anaesthetised with 10 mL lidocaine 2%. Next, a 14 gauge (2.2 mm) catheter 

needle with a steel wire is inserted into the joint, followed by a 7 F (2.3 mm) percutaneous sheath 

introducer led intra-articularly by the wire. Through this guide the portal is placed in position. 

The sheath introducer is removed, after which a forceps can be introduced through the portal. 

All steps are performed under ultrasound vision. This portal is connected to an irrigation 

system with a three-way stopcock for joint lavage during the procedure. Regions of synovial 

hypertrophy are identified under grey-scale and power-Doppler guidance and both a 2.0 mm 

rigid and a 2.3 mm longer, flexible forceps are used to ensure sampling of representative tissue 

from all joint compartments (suprapatellar, medial and lateral). A total of 6-8 specimens per 

analysis technique is obtained and placed on a non-woven, wet gauze. Irrigation is continued 

until the joint fluid is clear; no sutures are needed for the point of entrance. As described for 

the arthroscopic technique, the skin is disinfected, a compression bandage is worn by the 

patient during the first day, and post-biopsy instructions are given.
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Biopsy samples handling
Biopsy samples are collected on non-woven, wet gauzes and processed promptly by the lab 

technician depending on the method of further analysis.

Tissue samples are fixed in formalin for 24 hours, embedded in paraffin and stained with 

hematoxylin/eosin for routine histology. For immunohistochemistry, eight specimens are 

stacked together on the bottom of a mould, which is immediately filled with Tissue-Tek 

optimum cutting temperature (OCT) compound. This is placed in a labelled cryotube and left 

at room temperature for 2 minutes for embedding of the tissue. The cryotube is snap frozen in 

liquid nitrogen for 1 minute until the compound turns white and the tubes are stored in liquid 

nitrogen awaiting further processing.

For PCR, microarray, enzyme-linked immunosorbent assay (ELISA) or proteomics, samples 

are usually directly placed in a labelled cryotube, snap frozen and stored in liquid nitrogen. For 

reliable RNA expression in synovial tissue, it is important to minimise the time between sample 

acquisition and snap freezing, as RNA is quickly degraded. For RNA isolation, fresh tissue can also 

be placed directly in RNALater Tissue Protect Tubes containing 1.5 mL RNALater and kept at 4°C 

overnight (minimum of 16 and maximum of 24 hours). The next day, RNALater is removed using 

a pipette without disrupting the sample and the tubes containing the samples are transferred to 

a -80°C freezer; they should not be stored in liquid nitrogen. For PCR and microarray analysis, 

results depend on the composition of the individual populations of cells present.[34]

For primary cell culture, synovial tissue samples are directly placed in suitable culture 

medium, such as serum-containing Dulbecco’s modified Eagle medium (DMEM). Cells are 

either allowed to grow out of the tissue lump or released from it by enzymatic digestion. 

Synovial cell populations are then cultured at 37ºC in a 5% CO
2
 incubator.

Whole tissue synovial explant ex vivo cultures can also be established.[61,62] This system 

maintains the synovial architecture and cell-cell contact of the synovium and, therefore, 

reflects more closely the inflamed joint environment. These cultures release pro-inflammatory 

cytokines spontaneously and have been utilised for proof-of-concept studies testing potential 

therapeutic targets. To establish explant cultures each biopsy, or sections thereof, is placed in 

full, serum-containing DMEM or RPMI 1640 medium in 48-well or 96-well plates. The tissue is 

cultured in the absence or presence of inflammatory stimuli, such as TNF-α or IL-1β, at 37°C in a 

5% CO
2
 incubator. Following incubation, cell-free supernatants are harvested for quantification 

of pro-inflammatory mediators and wet weight of each tissue section is measured. Samples are 

either snap frozen and used for RNA isolation or OCT embedded for histological analysis.

If indicated, presence of urate crystals can be detected by polarisation microscopy in 

unstained paraffin sections. If a bacterial infection is suspected, synovial tissue samples can be 

examined by histology, Gram’s staining, culture, and PCR.[63]

CONCLUSION
Here, we have provided a standard operating procedure for the synovial tissue biopsy 

process (collection and handling of tissue samples) to be used in multicentre clinical trials 

and other forms of multicentre translational research. Although we have mainly focused on 

RA, this guideline can also be used for studies of other inflammatory joint diseases, such as 

spondyloarthritis and (inflammatory) osteoarthritis.

23



TWO 

In addition to clinical outcome measures, response to treatment can be evaluated by 

comparing the presence or expression of biomarkers in synovium, such as macrophages in the 

synovial sublining. Furthermore, synovial biomarkers can be used in dose-finding studies or to 

stratify patient groups.

This recommendation offers a first step in standardising procedures for innovative, 

proof-of-principle clinical trials. Standardisation of immunohistochemistry, quantification of 

immunohistochemical staining, and gene and protein expression in synovial tissue are critical 

as well.
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ABSTRACT 
Background: The aetiology of rheumatoid arthritis (RA), a prototype immune-mediated 

inflammatory disorder, is poorly understood. It is currently unknown whether the disease 

process starts in the synovium, the primary target of RA, or at other sites in the body. Therefore, 

in a prospective study we examined the presence of synovitis in individuals with an increased 

risk of developing RA.

Methods: Thirteen individuals without evidence of arthritis, who were positive for IgM 

rheumatoid factor and/or anti-citrullinated protein antibodies, were included in the study. 

To evaluate synovial inflammatory changes, all participants underwent dynamic contrast-

enhanced MRI and arthroscopic synovial biopsy sampling of a knee joint at inclusion. Results 

were compared with knee MRI data and synovial biopsy data of 6 and 10 healthy controls, 

respectively.

Results: MRI findings evaluated by measurement of maximal enhancement, rate of 

enhancement, synovial volume and enhancement shape curve distribution were similar in the 

autoantibody-positive individuals compared with the healthy controls. Consistent with these 

findings, all but one autoantibody-positive individuals showed very low scores for phenotypic 

markers, adhesion molecules, and vascularity, all in the same range as those in normal controls. 

The one individual with higher scores had patellofemoral joint space narrowing.

Conclusion: Subclinical inflammation of the synovium does not coincide with the appearance 

of serum autoantibodies during the pre-RA stage. Thus, systemic autoimmunity precedes the 

development of synovitis, suggesting that a ‘second hit’ is involved. This study supports the 

rationale for exploring preventive strategies aimed at interfering with the humoral immune 

response before synovial inflammation develops.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory disease primarily affecting synovial tissue in 

multiple joints. Despite increasing insight into the inflammatory pathways, and environmental 

and genetic factors that play a role in the initiation and progression of RA, the aetiology of the 

disease is poorly understood.

The synovium is the primary target of this disease. Systematic evaluation of the features 

of synovial inflammation in patients with early RA (signs and symptoms <1 year and the same 

if early RA is defined as disease duration <3 months) has shown that cell infiltration as well 

as the expression of cytokines, chemokines, granzymes, adhesion molecules, and matrix 

metalloproteinases are on average similar to those observed in longstanding disease (>5 years 

duration), when controlling for disease activity and use of antirheumatic drugs.[1-4] Thus, early 

arthritis (as defined clinically) already represents chronic inflammation of the synovial tissue.

[5] This notion is supported by the observation that radiological damage can be observed in 

very early stages of the disease.[6] Based on these findings we hypothesised that there might 

be a preclinical phase of RA, called pre-RA, characterised by inflammatory changes in the 

synovium before the onset of clinical signs and symptoms. This hypothesis is supported by 

the demonstration of synovial inflammation in clinically uninvolved knee joints from patients 

with established RA.[7] Furthermore, several animal models of RA have shown inflammatory 

synovial tissue changes in the latency phase of arthritis.[7] Of note, however, the preclinical 

phase in the different animal models is relatively short, as arthritis develops within a few weeks 

after induction. Prospective data on the features of the synovium during the preclinical phase 

of RA are as yet not available, since it has been difficult in the past to identify individuals at risk 

of developing RA.[8] Moreover, it is challenging to obtain synovial biopsies from individuals 

without arthritis.

Recent research has shown that IgM rheumatoid factor (IgM-RF) and anti-citrullinated 

protein antibodies (ACPA) can be detectable in the serum of RA patients up to 14 years before 

the first clinical signs and symptoms of arthritis become manifest.[9-11] These data show that 

immunological abnormalities precede the development of RA. In addition, the detection of these 

autoantibodies allows us for the first time to identify individuals who are at risk of developing RA. 

We have recently shown that 20% of autoantibody-positive individuals with arthralgia developed 

clinical signs and symptoms of arthritis after a median follow-up of 28 months.[12]

To provide more insight into the question whether the disease process starts in the synovial 

tissue, we examined the synovium of IgM-RF- and/or ACPA-positive individuals without arthritis 

by dynamic contrast-enhanced (DCE) MRI, which is a sensitive tool to demonstrate synovial 

inflammation.[13,14] In addition, we analysed arthroscopic synovial tissue samples from these 

same participants by immunohistochemistry, as histology is the gold standard for evaluating 

synovial inflammation.

PATIENTS AND METHODS
Study participants
Thirteen IgM-RF (serum level of >12.5 kU/L; determined by IgM-RF ELISA Sanquin, Amsterdam, 

the Netherlands) and/or ACPA (serum level of >25 kAU/L; determined by anti-CCP2 ELISA 
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Eurodiagnostica, Nijmegen, the Netherlands) positive individuals without arthritis (as 

determined by an experienced rheumatologist) were included. Twelve were individuals with 

arthralgia recruited from the Clinical Immunology & Rheumatology outpatient clinic of the 

Academic Medical Center (AMC) in Amsterdam of whom 8 patients were referred from the 

Rheumatology department of the Jan van Breemen Institute, Amsterdam, and one was a first-

degree relative of an RA patient with arthralgia. Study participants were excluded if they had 

a history of arthritis, or if they had used disease-modifying antirheumatic drugs (DMARDs) or 

corticosteroids for inflammatory joint complaints.

The control group for MRI consisted of six healthy individuals without any current or 

previous joint complaints and a normal knee joint at clinical evaluation. The control group 

for synovial biopsy comprised 10 individuals who underwent knee arthroscopy because of 

unexplained knee pain. None of these subjects showed inflammatory or degenerative joint 

pathology upon physical examination, arthroscopy, or laboratory and radiological evaluation 

at inclusion or during 5 years of follow-up.[15]

Both autoantibody-positive individuals and controls gave written informed consent. 

This study was approved by the local Medical Ethical Committee. The study was conducted 

according to the principles expressed in the “Declaration of Helsinki”.

Study design
At inclusion we collected demographics and disease activity parameters and made X-rays of 

hands, feet and knee joints. Presence of the shared epitope was determined using sequence-

based HLA-DRB1 typing. In addition, all autoantibody-positive individuals underwent DCE-MRI 

of the knee joint within 1 week before the arthroscopy. Follow-up consisted of yearly visits at 

which disease activity parameters and X-rays were collected. When a patient developed arthritis, 

an additional study visit was scheduled during which a second arthroscopy was performed and 

disease activity was assessed. Baseline MRI parameters and characterization of the cell infiltrate 

and vascularity in the synovium were compared between the autoantibody-positive individuals 

and the control groups.

Disease activity parameters
At baseline we assessed disease activity by 68 tender and 66 swollen joint scores, patient’s visual 

analog scale (VAS) for global disease activity (scale 0-100mm), VAS for pain (scale 0-100mm), 

erythrocyte sedimentation rate (ESR), and serum levels of C-reactive protein (CRP). X-rays of 

hands, feet and the knee joint that was selected for arthroscopy were obtained to study joint 

space narrowing and erosive changes.

MRI
MRI acquisition
Images were acquired on a 1.5 T MRI scanner (GE Signa Horizon Echospeed, LX9.0, General 

Electric Medical Systems, Milwaukee, WI, USA) using a 3D T1-weighted gradient echo dynamic 

sequence that consisted of 20 consecutive images of 20 slices with a temporal resolution 

of 22 seconds (TR/TE/flip 8·1/3·5/30, slice thickness 4 mm, FOV 18 cm, 256*256 matrix, axial 

orientation). The total imaging time was 7 minutes and 19 seconds.
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Autoantibody-positive individuals and healthy controls were placed supine with the knee 

joint centrally in the magnetic field in a dedicated extremity coil (quadrature detection). A 20-

gauge needle infusion line was inserted in the right antecubital vein. Sixty seconds after the 

initiation of the dynamic protocol, a bolus of a Gd-DTPA contrast agent (0.1 mg/kg; Magnevist, 

Bayer Schering Pharma, Berlin, Germany) followed by a 15 mL saline chase was delivered at 

an injection rate of 5 mL/s using an automatic injection device (Spectris Solaris MR Injector, 

MEDRAD, Warrendale, PA, USA).

MRI data analysis
Images were processed using an in-house developed program running on MATLAB (MathWorks, 

Natick, MA, USA).[16] This program analyses the time-dependent signal intensity changes (TIC) 

of every voxel in an imaged 3D volume. Of these TIC, maximal enhancement, maximal slope 

of increase, and relative number of 7 different TIC shape types were calculated, as described 

previously.[14] Synovial volume was calculated as number of enhancing voxels multiplied by 

volume of each voxel.

Arthroscopic synovial tissue biopsy
All individuals underwent arthroscopic synovial tissue biopsy sampling of a knee joint.[17] At 

least six synovial tissue biopsies were collected for immunohistochemistry, as described earlier 

[18,19] to minimise sampling error. The synovial biopsy samples were snap-frozen en bloc in 

Tissue-Tek OCT (Miles, Elkhart, IN, USA) immediately after collection. Cryostat sections (5 

μm) were cut and mounted on Star Frost adhesive glass slides (Knittelgläser, Braunschweig, 

Germany). Sealed slides were stored at -80°C until use for immunohistochemistry.

Immunohistochemistry
Synovial tissue sections were stained using the following monoclonal antibodies: anti-CD3 (SK7; 

Becton Dickinson, San Jose, CA, USA; T cells), anti-CD22 (CLB-B-ly/1,6B11; Sanquin, Amsterdam, 

the Netherlands; B cells), anti-CD55 (67; Serotec, Oxford, United Kingdom; fibroblast-like 

synoviocytes [FLS]), anti-CD68 (EBM11; Dako, Glostrup, Denmark; macrophages), anti-CD138 

(B-B4; Immunotech, Marseille, France; plasma cells), anti-von Willebrand factor (vWF; F8/86; 

Dako; blood vessels), anti-E-selectin (BBIGE4C5D11; R&D Systems, Minneapolis, MN, USA), anti-

ICAM-1 (MEM111; Sanbio, Uden, the Netherlands), and anti-VCAM-1 (IG11B1; Sanbio).

Staining of vWF was performed using a three-step immunoperoxidase method, as previously 

described.[20] Staining of cellular markers was done on a Dako Autostainer universal staining 

system using a two-step indirect immunoperoxidase technique applying the Dakocytomation 

Envision System kit, and then counterstained with haematoxylin. For staining of adhesion 

molecules and growth factors, biotinylated tyramine was used for amplification, as previously 

described.[21] As a negative control, irrelevant/isotype-matched immunoglobulins were 

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

After staining of the slides the sections were analysed by semi-quantitative analysis (SQA) by 

two independent observers (MGvdS and GPMvdS, or MGvdS and TJS), as previously described.

[4] The expression of immunohistochemical markers was scored on a 5-point scale (range 0–4). 

A score of 0 represented minimal expression, while a score of 4 represented high expression. 

For evaluation of the expression of CD68+ cells, SQA was performed for intimal macrophages 
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and synovial sublining macrophages separately. Minor differences between observers were 

resolved by mutual agreement.

Statistical analysis
Mann-Whitney-U test was used to detect differences in MRI parameters between autoantibody 

positive individuals and controls; Chi-square test was used for the immunohistochemical 

analysis. p-Value of <0·05 was considered significant. Values were expressed as median (range) 

or number. SPSS V.16.0 software (SPSS, Chicago, IL, USA) was used for the analysis.

RESULTS
Study participants
Baseline characteristics of the autoantibody-positive individuals who were enrolled in this 

study are shown in Table 1. Serum levels of IgM-RF and ACPA were elevated in 8 and 10 of the 

autoantibody-positive individuals, respectively; 5 were positive for both autoantibodies. Titers 

of IgM-RF and ACPA in the positive individuals varied from 16 kU/L to 207 kU/L and from 35 

kAU/L to 2,591 kAU/L, respectively. Three patients had one shared epitope allele, one patient 

had two shared epitope alleles, and the others were shared epitope-negative. In one patient 

no blood was available to determine shared epitope status. Although no clinical joint swelling 

was observed, most individuals had arthralgia of more than one joint. One person showed 

patellofemoral joint space narrowing of the knee joint, whereas all others had normal X-rays of 

hands, feet and the selected knee joint at inclusion. During follow-up of a median of 37 (range 

25-45) months, four patients (31%) developed arthritis after a median period of 3 (1-6) months, 

consistent with our previous experience (after a median follow-up of 28 [19-39] months, 29/147 

[20%] individuals with arthralgia developed arthritis)[12]. The presence of arthralgia at baseline 

was not related to the development of arthritis after follow up. When arthritis was clinically 

manifest only 1 patient fulfilled ACR 1987 RA criteria [22] while 3 patients fulfilled the ACR/EULAR 

2010 RA criteria [23]. During follow up 2 patients fulfilled the  ACR 1987 RA criteria while all 

patients fulfilled the ACR/EULAR 2010 RA criteria.

DCE-MRI reveals normal synovium in autoantibody-positive individuals 
who are at risk of developing RA
There were no clear-cut differences between autoantibody-positive individuals and controls 

in descriptive DCE-MRI parameters, TIC curve shape expression and synovial volume. All 

parameters at baseline were in the same range in both groups (Table 2), even in individuals who 

developed arthritis over time (data not shown).

Immunohistochemical analysis shows that the features of synovial 
biopsy samples are similar between autoantibody-positive individuals 
and controls
Of the 13 enrolled autoantibody-positive individuals, 1 was excluded from the synovial tissue 

analysis, because of insufficient quality of tissue sections according to the strict quality control 

system based on the absence of an intimal lining layer.
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Table 1. Baseline characteristics of the autoantibody-positive subjects (n = 13).

Characteristic

Age (yrs) 43 (22-57)

Female, n 10 

Disease activity parameters

ESR (mm/hr) 8.0 (3-18)

CRP (mg/L) 1.6 (1.0-10.0)

Patient global VAS (mm) 40 (0-94)

Patient VAS pain (mm) 45 (1-98)

Morning stiffness (min) 5 (0-30)

TJC-68 (n) 2 (0-10)

SJC-66 (n) 0

Autoantibody status

IgM-RF positive, n 8

ACPA positive, n 10

IgM-RF and ACPA positive, n 5

ACPA titre (kAU/L)# 537 (35-2,591)

IgM-RF titre (kU/L)# 56 (16-207)

All values are expressed as median (min-max). ESR = erythrocyte sedimentation rate, CRP = C-reactive 
protein, VAS = visual analogue scale, TJC= tender joint count, SJC= swollen joint count, IgM-RF = IgM rheu-
matoid factor, ACPA = anti-citrullinated protein antibodies. #Only of positive individuals.

Table 2. Dynamic contrast-enhanced TIC shapes in IgM rheumatoid factor (IgM-RF)-positive and/or anti-
anti-citrullinated peptide antibody (ACPA)-positive individuals without arthritis and healthy controls.

IgM-RF- and/or ACPA-positive 
individuals Healthy controls p-Value

Type 2 TIC (%) 75.0 (52.0-90.0) 74.0 (61.0-89.0) 0.79

Type 3 TIC (%) 2.3 (1.2-11.9) 3.1 (1.3-4.7) 0.79

Type 4 TIC (%) 5.4 (1.9-20.2) 8.1 (2.6-8.9) 0.43

Type 5 TIC (%) 8.1 (3.5-14.0) 7.4 (4.5-15.4) 0.73

Volume synovium (mL) 23 (13-57) 20 (4-40) 0.38

Maximal enhancement 0.7 (0.5-1.1) 0.6 (0.5-0.8) 0.22

Rate of enhancement 11.6 (7.7-21.5) 10.6 (9.2-13.1) 0.51

All values are expressed as median (min-max). Mann-Whitney U test was used to compare both groups. 
p-Value <0.05 was considered significant. TIC = time intensity curve.

All but one autoantibody-positive individual showed low scores for T cells, B cells, plasma 

cells, macrophages, adhesion molecules and vWF, all similar to those observed in the controls 

(Figure 1 and Table 3). Scores for CD55+ FLS were lower in autoantibody positive individuals 

compared to healthy individuals, which can presumably be explained by chance (Table 3). The 
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one autoantibody-positive individual with increased scores showed patellofemoral joint space 

narrowing on X-ray of the knee joint, but did not fulfil ACR criteria for knee osteoarthritis.[24] 

Previous work has shown that the synovium is inflamed in patients with osteoarthritis.[25] This 

patient did not develop arthritis during follow up.

The immunohistochemical findings in the four patients who developed arthritis were in 

the same range as those in the other autoantibody-positive individuals, who did not develop 

arthritis during follow-up, as well as in the normal controls (data not shown).

CD3 CD55 CD68 

A 

C 

D 

B 

Figure 1. Synovial tissue expression of CD3+ T cells, CD55+ fibroblast-like synoviocytes, and CD68+ 
macrophages. A: autoantibody-positive individual, B: autoantibody-positive individuals with patellar-
femoral joint space narrowing, C: healthy control (negative control), D: patient with active arthritis 
(positive control).
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DISCUSSION
The aetiology of RA is still largely elusive, although significant progress has been made in 

understanding the pathogenetic mechanisms in established disease. Interestingly, recent work 

has shown that autoantibody formation may precede the development of clinical signs and 

symptoms of RA by several years.[9,10] First, this observation provides important insights into 

the aetiological role of the humoral response in RA. Second, the measurement of RF and ACPA 

allows the identification of pre-RA patients before the development of arthritis [12], which was 

previously impossible.[8] About one quarter of IgM-RF- and/or ACPA-positive individuals with 

arthralgia develop arthritis after a median follow-up of 28 months.[12]

To determine whether the primary target of RA, the synovium, is already involved during the 

earliest phases preceding clinical signs and symptoms of RA, we performed MRI and synovial 

biopsy in IgM-RF- and/or ACPA-positive individuals without a past history of arthritis who were 

prospectively followed. The results presented here show for the first time that the synovium 

is not abnormal during this stage, even in those who develop arthritis during follow-up. Thus, 

systemic autoimmunity appears to precede the development of synovial inflammation in 

individuals who are at risk of developing RA.

A limitation of this study is the relatively small number of subjects evaluated. Obviously, the 

study design is challenging, as it is difficult to perform arthroscopy in individuals without arthritis 

strictly for research purposes. However, the results are strikingly consistent: we observed normal 

synovium by both MRI and immunohistochemistry in all subjects at baseline, including those 

who developed RA, except for the one patient who showed joint space narrowing on X-ray of 

the knee joint without osteoarthritis diagnosis. Moreover, in previous work we have been able 

Table 3. Semi-quantitative scores (0-4) for phenotypic and vascular markers as well as adhesion molecules 
in synovial tissue of IgM rheumatoid factor (IgM-RF)-positive and/or anti-citrullinated peptide antibody 
(ACPA)-positive individuals without arthritis and healthy controls.

IgM-RF- and/or ACPA-positive 
individuals Healthy controls p-Value

CD68+ intimal macrophages 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.08

CD68+ sublining macrophages 1.0 (0.0-4.0) 1.5 (0-3.5) 0.29

CD3+ T cells 1.0 (0.0-4.0) 0.5 (0.0-3.0) 0.40

CD22+ B cells 0.0 (0.0-4.0) 0.0 (0.0-2.0) 0.35

CD138+ plasma cells 0.0 (0.0-4.0) 0.0 (0.0-2.0) 0.36

CD55+ fibroblast-like synoviocytes 1.5 (1.0-2.0) 2 (0.5-3.0) 0.04

vWF 1.0 (0.0-2.5) 2.0 (0.0-3.5) 0.21

E-selectin 1.0 (0.0-2.0) 2.0 (0.0-3.0) 0.09

ICAM 1.0 (0.0-4.0) 1.0 (0.0-4.0) 0.24

VCAM 1.0 (0.0-4.0) 1.0 (0.0-2.0) 0.36

Values are shown as median (min-max). Chi-square test was used to compare both groups. p-Value of 
<0·05 was considered significant (bold). vWF = von Willebrand factor. No difference was observed between 
the healthy controls and the autoantibody-positive subjects, including the four autoantibody-positive in-
dividuals who developed arthritis after follow-up.
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to demonstrate significantly increased synovial inflammation in a study of comparable size, when 

comparing synovial biopsy samples from clinically uninvolved joints of patients with established RA 

to those from normal controls.[7] Another limitation is that we were able to perform arthroscopies 

from the knee joints only in this study. It is technically not possible to obtain sufficient synovial 

tissue for reliable analysis from clinically uninvolved small joints. However, it appears unlikely that 

examination of synovial tissue samples obtained from other joints would have resulted in different 

findings, since: 1. RA is a systemic disease and, accordingly, we have previously shown that there 

is a strong correlation between the features of paired synovial biopsies from large and small joints 

in RA patients [17], 2. six of the subjects in the present study had in fact arthralgia of the knee 

joint, 3. seven of the subjects also underwent ultrasound examination of the hand in the context 

of routine patient care, which did not demonstrate synovitis of the small joints (data not shown), 

and 4. in a larger cohort it was recently shown that most autoantibody-positive individuals with 

arthralgia have normal ultrasound examination of the small joints of the hands.[26]

It should also be noted that by prospectively selecting all individuals with an increased risk 

of developing RA (based on their autoantibody status and complaints of arthralgia), we have 

included individuals who might never develop clinically manifest arthritis. To date, it has not 

been possible to identify those individuals in whom systemic autoimmunity will proceed to 

evident RA in all cases. By applying this prospective study design and increasing participant 

numbers we hope to identify future biomarkers that can identify individuals who will go on to 

develop clinically manifest RA with an even higher likelihood.

Genetic, stochastic and environmental factors may all play a role in the activation of the 

innate and adaptive immune system involved in the earliest, preclinical phase of RA, called 

pre-RA (Figure 2). During this stage, which may last several years, increased levels of CRP may 

be detected in the peripheral blood together with RF and/or ACPA.[27,28] Our data suggest 

that the initial immune response leading to the production of autoantibodies takes place at 

sites other than the synovium. One candidate site is the lung, where various agents, including 

cigarette smoke, can trigger inflammation resulting in citrullination of specific peptides.[29] 

Combined with a loss of tolerance to these specific citrullinated peptides, this may result in 

ACPA formation.[29,30] Of note, Klareskog and colleagues have shown that smoking is an 

independent risk factor for the development of ACPA-positive RA.[31]

What determines the transition from the pre-RA phase to chronic synovitis? Obviously, this 

will be one of the major research questions for the near future.[32] Possibly a ‘second hit’ is 

necessary to induce citrullination of proteins in the synovium. This could for example be a minor 

Genetic factors

Environmental factors

Autoantibodies

No synovitis

Healthy RA (fulfillment of 
classification criteria)

Arthritis

Subclinical synovitis

Undifferentiated 
arthritis

Figure 2. The timeline of autoantibody-positive rheumatoid arthritis: the different stages of disease. 
Autoantibody formation may precede the development of clinical signs and symptoms of RA by several 
years. The presence of subclinical synovitis may probably last several weeks rather than months.
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trauma or a viral infection. We previously found that citrullination may occur in the synovium 

in any form of arthritis.[33] Conceivably, in the presence of pre-existing immunity against 

citrullinated antigens, this might lead to epitope spreading and autonomous progression of 

synovitis. ACPA immunoglobulin isotypes and epitopes recognised by ACPA have indeed been 

shown to evolve over time.[11,34,35] 

Consistent with this hypothesis, ACPA reactivity against joint specific epitopes has only been 

observed in RA patients, but not in ACPA-positive relatives of RA patients without arthritis.[11]

Based on studies in animal models of RA, presymptomatic synovitis may precede the 

development of clinical signs and symptoms of arthritis by several weeks.(7) As we found in the 

present study that the synovium was normal in subjects, who developed arthritis after a median 

follow-up of 3 months, we postulate that the phase of subclinical synovitis in RA is in the range 

of weeks rather than months (Figure 2).

In conclusion, subclinical inflammation of the synovium does not coincide with the 

appearance of serum IgM-RF or ACPA antibodies during the pre-RA stage. Thus, systemic 

autoimmunity may precede the development of (subclinical) synovitis by several months to 

years and we therefore suggest to explore preventive strategies aimed at interfering with the 

humoral immune response before synovial inflammation develops. We hypothesise that in the 

presence of circulating ACPA, a ‘second hit’ may be required leading to citrullination of peptides 

in the synovium with subsequent broadening of the humoral response against citrullinated 

antigens in the joint and autonomous disease progression, as a result, in ACPA-positive RA.

ABBREVIATIONS
ACPA anti-citrullinated protein antibodies

AMC Academic Medical Center

CRP C-reactive protein

DCE-MRI dynamic contrast-enhanced MRI

DMARDs disease-modifying antirheumatic drugs

ESR erythrocyte sedimentation rate

FLS fibroblast-like synoviocytes

IgM-RF IgM rheumatoid factor

RA rheumatoid arthritis

SQA semi-quantitative analysis

TIC time-dependent signal intensity changes

VAS visual analogue scale

vWF von Willebrand factor
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ABSTRACT
Background: The increased risk for cardiovascular disease (CVD) in patients with rheumatoid 

arthritis (RA) has been largely ascribed to the chronic inflammatory state. Whether the 

CVD risk is restricted to RA patients with longstanding disease and whether RA-associated 

autoantibodies also associate with accelerated atherogenesis remains to be elucidated. 

Methods: We measured intima media thickness (IMT) in early arthritis patients diagnosed with 

RA according to the 2010 ACR/EULAR criteria (disease duration < 6 months) (n=20), a group 

of individuals at risk of developing RA (identified by the presence of arthralgia and elevated 

serum levels of IgM rheumatoid factor (RF) and/or anti-citrullinated protein antibodies (ACPA) 

in the absence of clinical evidence of arthritis) (n=50), and healthy controls (n=70) to study if 

the CVD risk is increased in the earliest phases of RA. To evaluate the relationship between IMT 

and RA-associated autoantibodies as well as other parameters, uni- and multivariate regression 

analyses were performed.

Results: Both in individuals at risk of developing RA and in very early RA patients, the mean 

IMT was comparable to the mean IMT of healthy controls (0.65 [0.18] and 0.62 [0.21] versus 

0.66 [0.17]  P=0.44 and P=0.14 respectively). In the early RA group, IMT was associated with 

age, whereas in the individuals at risk of RA IMT was associated with apoB, total cholesterol, 

LDL-cholesterol, BMI, systolic blood pressure (SBP), ACPA and ESR levels in univariate analysis. 

Upon multivariate linear regression analysis only age and SBP remained significantly associated 

with IMT. 

Conclusion: The absence of (a trend towards) increased IMT does not support accelerated 

atherogenesis during the earliest stages of RA. These findings lend further support to active 

treatment of inflammation and treatment of CVD risk factors according to national guidelines 

in RA patients from the onset of clinically manifest arthritis in order to decrease morbidity and 

mortality from CVD in more advanced RA. 
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INTRODUCTION
Atherosclerosis is accelerated in patients with rheumatoid arthritis (RA) by a systemic 

inflammatory state.[1-3] This is illustrated by the observation that carotid intimal media thickness 

(IMT) is increased and correlates with inflammatory status in RA patients.[4-6] Moreover, 

increased cardiovascular morbidity and mortality has been observed in these patients [7-9] which 

could be reduced by potent, anti-inflammatory treatment.[10-13] Mechanistically, cytokines 

are released from the affected synovial tissue(s), into the systemic circulation which impact 

distant tissues including skeletal muscle and vascular endothelium, resulting in proatherogenic 

changes that include insulin resistance, and endothelial dysfunction.[1] Moreover, circulating 

inflammatory mediators may also stimulate leukocytes and smooth muscle cells within the 

atherosclerotic plaque thereby promoting plaque growth or rupture.[14]

Although accelerated atherosclerosis has been acknowledged to be promoted by a systemic 

inflammatory state in patients with established RA it has not been elucidated from which point 

onwards RA patients are subjected to an increased risk of developing cardiovascular events. 

It is known that inflammatory mediators are upregulated already in the preclinical phase of 

RA, before the onset of arthritis. However, no signs of inflammation could be detected in 

the synovium during the earliest phases, when circulating autoantibodies could already be 

detected.[15] Also, atherogenic lipid profiles have been demonstrated during the preclinical 

phase.[16] So far, no data on accelerated atherosclerosis in the preclinical phase are available 

whereas the data in early RA have been conflicting.[17-19] Furthermore, it remains unclear 

whether autoantibodies associated with RA, IgM rheumatoid factor (RF) and anti-citrullinated 

protein antibodies (ACPA), could play a role in promoting atherogenesis in RA patients.[20-25] 

To investigate the state of atherogenicity during the very early stages of RA as well as the role 

of RA-associated autoantibodies, we measured IMT in RA patients who had developed clinical 

evidence of arthritis within the previous 6 months, and in individuals with elevated RA-specific 

autoantibodies but without clinically manifest arthritis, who are at risk of developing RA, 

compared to age- and gender-matched healthy controls.

METHODS
Patients 
All participants were included at the outpatient clinic of the department of Clinical Immunology 

and Rheumatology at the Academic Medical Center in Amsterdam, the Netherlands. Patients 

who had been diagnosed with RA according to the 1987 ACR criteria [26] within the last six months 

as well as patients who had been diagnosed with undifferentiated arthritis (UA) based on the 

absence of fulfillment of disease-specific criteria but having elevated serum levels of RA specific 

autoantibodies (RF and/or ACPA) were invited to participate (study group 1). Retrospectively, 

fulfillment of the 2010 ACR/EULAR criteria [27;28] was assessed. In addition, individuals with 

arthralgia and elevated RF and/or ACPA serum levels without clinically manifest arthritis who 

are at risk of developing RA[15;29] were included (study group 2), referred to as individuals at 

risk of RA. Healthy controls matched for age and gender were recruited at the department of 

Vascular Medicine and participated in the analysis of lipid profiles and IMT measurements. Study 

participants were invited for a visit during which demographics, medication use, and clinical 
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disease activity parameters were recorded, blood was withdrawn and IMT measurements were 

performed. Written informed consent was obtained from all participants. The study protocol 

was approved by the institutional review board at the Academic Medical Center in Amsterdam 

and written informed consent was obtained.

Arthritis disease activity parameters
Arthritis disease activity was assessed by 68 tender and 66 swollen joint count, the patient’s 

assessment of global disease activity and pain on a visual analog scale (VAS) 0-100 mm, 

Disease Activity Score in 28 joints (DAS(28)),(30) morning stiffness in minutes, the erythrocyte 

sedimentation rate (ESR), and C-reactive protein (CRP) levels.

Laboratory measurements
Blood was collected in EDTA, citrate, and heparin anticoagulated aliquots, as well as serum tubes, 

which were kept on ice and centrifuged at 1600g for 15 minutes at 4°C, snap-frozen, and stored 

at –80°C until analysis. Plasma total cholesterol was measured with an enzymatic colorimetric 

procedure (CHOD-PAP; Boehringer Mannheim, Mannheim, Germany). HDL cholesterol was 

determined after precipitation of apolipoprotein (apo)B-containing lipoproteins by MnCl
2
. 

Low-density lipoprotein cholesterol was calculated using the Friedewald formula. apoA-I and 

apoB were measured using Beckman reagents and array nephelometry (Beckman, Brea, CA). 

Triglycerides were measured using an enzymatic colorimetric method using lipase, glycerol 

kinase, and glycerol-3-phosphate 3 oxidase. ACPA levels were determined by the cyclic 

citrullinated peptide (CCP)-2 ELISA kit (Eurodiagnostica, Nijmegen, the Netherlands) (cutoff 25 

kAU/L in serum). Rheumatoid factor (RF) IgM was determined with the RF IgM ELISA (Sanquin, 

Amsterdam, the Netherlands) (cutoff 12.5 kU/L in serum).

Carotid IMT
As shown in prospective epidemiological studies, a modest increase of IMT substantially 

increases the relative risk for myocardial infarction and stroke. IMT is an accepted validated 

surrogate marker for the status of atherosclerosis and for present and future atherosclerotic 

disease risk.[31;32] B-mode ultrasound imaging was used to visualize three carotid arterial wall 

segments comprising common carotid, bulb and internal of the left and right carotid arteries. All 

scans were performed by the same sonographer. Both the sonographer and the image analyst 

were blinded to the clinical status of the subjects. Mean IMT was defined as the mean IMT of 

the right and left common carotid, the carotid bulb and the internal carotid for wall segments. 

For a given segment, IMT was defined as the average of the right and left IMT measurements. 

The per-patient average means of the IMT values of segments was used for the primary analysis.

Statistical analysis
Standard descriptive and comparative analyses were undertaken using SPSS statistical 

program 16.0 (SPSS Inc., Chicago, IL). Results are expressed as median and interquartile 

range (IQR)). Median values of continuous variables between patients (study group 1 and 2) 

and control subjects were compared using Mann Whitney U test for independent samples. 

The relation between the dependent variable IMT on the one hand and other parameters 

on the other was first explored univariably using linear regression analysis. In addition, 
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several multivariate analyses were performed to explore the effect of age and the statistically 

significant variables on IMT. Throughout these analyses a p-value < 0.05 was considered 

statistically significant.

RESULTS
Clinical  characteristics 
Table 1 summarizes traditional risk factors for cardiovascular disease and IMT values of the 

study participants. In total 20 patients who had recently been diagnosed with RA according 

to the 1987 ACR criteria of RA or UA with elevated serum levels of RA-specific antibodies  were 

included. All individuals fulfilled 2010 ACR/EULAR criteria for RA at baseline in retrospect. In 

addition, 50 subjects at risk of RA were included as well as 70 healthy controls matched for age 

and gender. Seven of the 50 subjects at risk of RA developed clinically manifest arthritis (1 up 

to 4 year after inclusion). There were no statistically significant differences between the study 

groups with regard to age, sex, BMI, systolic and diastolic blood pressure and lipid profile. One 

patient who had recently been diagnosed with RA and one subject at risk of RA also suffered 

from diabetes mellitus. Two subjects at risk of RA had recently suffered a transient ischemic 

attack and one had a history of myocardial infarction. Eight subjects at risk of RA and 2 early 

RA patients had high blood pressure for which they were treated. Six healthy controls had high 

blood pressure for which they were treated.  

Table 1. Baseline Characteristics of the Study Subjects.

Patients with recent 
onset RA or UA

n=20
(Group 1)

Subjects with RA specific 
antibodies (preclinical 
arthritis patients) n=50

(Group 2)

Group 1 & 2 
combined

n=70

Healthy 
controls       

n=70

Age, years 49  (20) 48  (15) 49  (18) 48  (12)

Male/female 5/15 14/36 19/51 19/51

BMI 25.7 (2.6) 25.0 ( 5.4) 25.4  (5.1) 24.8 ( 4.8)

SBP 121  (27) 127  (17) 126  (21) 127 (16)

DBP 77  (12) 78  ( 15) 78  (14) 79  (12)

DM, n 1 1 1 0

Prior CVD, n 0 3 3 0

Total cholesterol 5.03  (1.30) 5.33  (1.31) 5.27  (1.30) 5.34  (1.23)

LDL cholesterol 2.85  (1.37) 3.07  (1.20) 3.06  (1.31) 3.13  (1.25)

HDL cholesterol 1.34 (0.43) 1.43  (0.53) 1.40  (0.51) 1.50  (0.46)

Triglycerides 1.05 (1.00) 1.01  (1.00) 1.01  (0.61) 0.85  (0.63)

IMT 0.62  (0.21) 0.65 ( 0.18) 0.63 (0.17) 0.66  (0.17)

Values are given as mdian  (IQR). BMI=Body Mass Index, SBP=Systolic Blood Pressure, DBP=Diastolic Blood 
Pressure, DM= Diabetes Mellitus, LDL= Low Density Lipoprotein, HDL= High Density Lipoprotein, CRP= 
C-Reactive Protein. Blood pressure values are in mmHg, lipid values in mmol/L, CRP in mg/L, carotid IMT 
in mm.
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Characteristics related to inflammation and RA 
There was a trend towards an increased acute phase response in patients recently diagnosed 

with RA compared to subjects at risk of developing RA, which did not reach statistical 

significance (Table 2). Of note, previous work has show that acute phase reactants may be 

somewhat elevated during the preclinical stage.[33] DAS28 was significantly higher in the early 

RA patients compared to subjects at risk of RA (Table 2) Whereas the percentage of patients 

with elevated level of RF did not significantly differ (75% vs 60% P=0.24) the percentage of 

patients with elevated ACPA levels was significantly higher in the early RA group (85% vs 66% 

P=0.05). Similarly, the absolute ACPA levels were significantly higher in the early RA patients 

(1780 (3298) vs 145 (1196) P=0.02; data not shown).  

IMT measurements
Mean IMT was similar in patients recently diagnosed with RA and subjects at risk of RA (0.62 

[0.21] vs. 0.65 [0.18]; P=0.39), and moreover, in both groups there was no difference with healthy 

controls (0.66 [0.17] vs 0.62 [0.21] P=0.24 and 0.65 [0.18] P=0.46 respectively). In addition, mean 

IMT of the combined patient groups was comparable to mean IMT levels of healthy controls 

0.63 [0.19] vs 0.66 [0.17] P=0.21). 

Determinants of IMT
Mean IMT was only determined by age in patients recently diagnosed with RA. In the subjects at 

risk of RA mean IMT was determined by age, SBP, BMI, ESR, ACPA levels, apoB, total cholesterol 

and LDL cholesterol levels in univariate analysis (see table 3). Upon multivariate linear regression 

analysis age and SBP remained significantly associated with IMT. When evaluating the two 

patient groups combined IMT was significantly associated with age, SBP, LDL cholesterol, total 

cholesterol, apoB, and ESR. Only age remained significantly associated with IMT in multivariate 

analysis.

Table 2. Characteristics related to inflammation and RA.

Patients with recent onset RA or UA
n=20 (Group 1)

Subjects with RA specific 
antibodies n=50 (Group 2) P-value

CRP (mg/L) 3.4  (8.0) 2.0  (3.0) 0.07

ESR (mm/h) 18 (27) 11 (16) 0.06

Tender joint count 9 (11) 4 (10) 0.05

Swollen joint count 2 (6) 0 (0) <0.001

DAS28 3.6  (1.9) 3.0  (2.0) 0.02

RF 34  (50) 18  (34) 0.08

ACPA 1780  (3298) 145  (1196) 0.02

Values are given as median  (IQR). CRP= C-Reactive Protein, ESR= erythrocyte sedimentation rate, 
VAS=visual analog scale, DAS= Disease Activity Score, RF= rheumatoid factor, ACPA= anti citrullinated an-
tibodies.
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Table 3. Determinants of IMT in subjects with RA associated antibodies as well as in patients with recent 
onset RA or UA combined with patients with RA associated antibodies (preclinical arthritis patients).

Parameter P-value in univariate analysis         P-value in multivariate analysis 

 Group 1 and 2 combined

Female sex 0.11

Age < 0.001 0.005

BMI 0.11

SBP 0.002

ApoA1 0.96

Apo B 0.017

Total cholesterol 0.012

LDL cholesterol 0.030

HDL cholesterol 0.61

CRP 0.91

ESR 0.009

IgMRF 0.60

ACPA 0.16

Preclinical arthritis patients

Female sex 0.158

Age <0.001 0.009

BMI 0.03

SBP 0.005 0.038

ApoA1 0.83

Apo B 0.03

Total cholesterol 0.03

LDL cholesterol 0.016

HDL cholesterol 0.80

CRP 0.68

ESR 0.005

IgMRF 0.64

ACPA 0.024

BMI=Body Mass Index, SBP=Systolic Blood Pressure, LDL= Low Density Lipoprotein, HDL= High Density Li-
poprotein, CRP= high sensitivity C-Reactive Protein, ESR= erythrocyte sedimentation rate, RF= rheumatoid 
factor, ACPA= anti citrullinated antibodies.

DISCUSSION
In the present study we show that mean IMT of subjects at risk of developing RA and very early RA 

patients is comparable to the mean IMT of healthy controls, which contrasts with the significant 

increase of IMT in long-standing RA.[25] Since the atherosclerotic process is not accelerated 

during the preclinical phases of RA yet, preventive measurements for cardiovascular disease 

should be instituted at the onset of clinically manifest RA. 
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In univariate regression analyses, IMT of subjects at risk of RA was determined by age, 

SBP, BMI, apoB, total cholesterol, LDL cholesterol levels, ESR, and ACPA levels, whereas after 

multivariate analysis only age and SBP remained statistically significant. 

It is well documented that the pathophysiological mechanisms of RA initiate long before 

symptoms occur or the actual diagnosis of RA is established,[15;34] similar to what has been shown 

in other autoimmune disorders.[35;36] In fact, several studies have shown that autoantibodies 

can be present more than 10 years before the clinical onset of RA.[37;38] Interestingly, 

immunohistological studies may show signs of inflammation in synovial tissue from clinically 

uninvolved joints in established RA[39;40] but not during the earliest preclinical stages when RA-

associated autoantibodies can already be detected,[15] indicating that a systemic inflammatory 

response precedes the onset of subclinical synovitis. In line with these findings, serum levels 

of CRP,[33] sPLA2 [41 and MCP-1 [42] were shown to be increased in the preclinical phase of RA 

compared to healthy controls. Thus, increased serum levels of CRP, sPLA2, and MCP-1, which are 

known to predict future coronary artery disease in apparently healthy individuals,[43-45] during 

preclinical RA indicate that an acute phase response can develop years before symptoms of RA 

occur. Accordingly, it has been suggested that ten years before onset of their symptoms, patients 

who after follow up develop RA already have a significantly more atherogenic lipid profile.[16] In 

the years prior to the clinical onset of RA, patients are thereby exposed to risk factors which could 

accelerate the atherosclerotic process significantly. 

However, we show normal IMT in the earliest stages of RA, both in the preclinical phase of 

RA and in recent onset RA, suggesting that atherosclerosis is not accelerated in the preclinical 

phases of RA. Our results are in agreement with a recent study in early arthritis where no 

differences in IMT at baseline were observed between recent onset RA (n=79) and healthy 

controls [19]. However, an increase in IMT after 18 months follow up was observed as well as 

elevated biomarkers of endothelial activation at baseline, suggesting that the endothelium 

gets activated from the first signs of arthritis.[19]

Two other studies did show a clear difference in IMT between healthy controls and early 

RA patients. This might be explained by the increased disease activity seen in these patients 

reflected by DAS28 compared to the early arthritis patients in our study (mean DAS28 of 4.39 

(SD 1.6) [18] and mean 5.8 (SD 1.0) [17] versus 3.6 (1.7) in our study).  In addition, in these studies 

the patients were somewhat of older age (mean 53 years (min 22-max 78) [18] and mean 53 (SD 

13) [17] versus median 49 (IOR 20) in our study) and limits for disease duration were < 1 year. 

A limitation of our study is that only 20 early RA patients were included, which made it only 

possible to detect relatively large differences in IMT. However, even no trends were observed 

that would suggest increased atherosclerosis during very early RA. Although in the preclinical 

phase individuals are subjected to risk factors that promote the atherosclerotic process, it is 

not known if a specific (cumulative) burden of inflammation is needed or a specific period 

of time during which individuals are subjected to these risk factors before the enhanced 

atherosclerosis becomes apparent. 

Contradictory results with regard to the role of autoantibodies in RA-mediated acceleration 

of the atherosclerotic process have been reported. Indeed, increased IMT in 82 RA patients 

was associated with elevated levels of IgG anticardiolipin (IgG aCL) antibodies.[22] Moreover, 

RF positivity was associated with an increased likelihood of ischemic heart disease in a cross-

sectional study in 567 apparently healthy men in a general population.[20] In contrast, IMT was 
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not associated with various autoantobodies (e.g. ACPA, IgG aCL, IgM aCL) in a recent study in 71 

RA patients. It should be noted however that IMT in RA patients was not increased compared to 

healthy controls.[20] In the current study we found a positive correlation between serum ACPA 

levels and IMT in subjects at risk of RA reflected by elevated levels of RA specific autoantibodies. 

This is in line with recent studies demonstrating an association with serum ACPA and increased 

IMT [46] as well as premature death due to cardiovascular disease.[47] Further studies are 

needed to evaluate the potential effects of autoantibodies on atherogenesis. In a recent study, 

IgG antibodies to β2 GP-I were obtained from a patient with antiphospholipid syndrome.

[48] Administration of these antibodies to apoE-/- mice significantly enhanced atherogenesis 

compared to apoE-/- mice receiving IgG from a healthy control. Comparable studies to 

determine the atherogenicity of RA associated autoantibodies have not been reported.

Atherosclerotic vascular disease is a major source of morbidity and mortality among RA 

patients. The notion that RA patients are subjected to an increased CVD risk from early RA 

onwards would have major consequences with regard to the timing of preventive strategies 

in these patients. Despite the fact that RA is associated with CVD, atheroprotection is not 

routinely incorporated in treatment strategies of RA patients. However with the recent 

EULAR recommendations for cardiovascular risk management in RA,[49] treatment in RA is 

not only focused on diminishing inflammation, but increasingly also on CVD risk assessment 

and preventive strategies. Anti-atherosclerotic therapy should be considered during the 

early stages of clinically manifest RA in the presence of other risk factors to lower the risk of 

accelerated atherosclerosis from arthritis onset onwards. Two recent studies demonstrated 

endothelial dysfunction in patients with recent onset RA (duration of symptoms <18 months 

[49] and <12 months [50]) by plethysmography. Endothelial function was 34%[50] and 59% 

[51] lower in patients diagnosed with RA within the previous 18 or 12 months, respectively, 

compared to healthy controls. Interestingly, anti-inflammatory and/or disease-modifying 

antirheumatic drugs (DMARD) therapy for a period of six months[50] as well as a single 

treatment of TNF blockade[51] were shown to reverse endothelial dysfunction. The fact that 

endothelial dysfunction was readily and fully reversible in newly diagnosed RA patients supports 

early and aggressive prevention of CVD in all RA patients. Pending the outcome of ongoing 

statin intervention clinical trials in RA patients (e.g. trial of atorvastatin for the prevention of 

cardiovascular events in rheumatoid arthritis (TRACE RA; https://cz-qt13ade86pfxdun.sec.amc.

nl/tracera/ estimated report date 2016), the use of CV-preventive compounds in RA patients 

with persistent inflammatory activity deserves closer attention in the near future. 

Several aspects need to be taken into account when interpreting the results of the present 

study. A potential limitation of the current cross-sectional study is a diminished capacity to 

identify additional risk factors due to the fact that atherosclerosis is a continuous process. In 

addition, only a limited number of patients who were recently diagnosed with RA was included 

complicating analyses of IMT. Furthermore, we included individuals who have an increased 

risk of developing RA. So far, of these individuals only 7 have progressed towards clinically 

manifest arthritis. It might be that we underestimated the risk of accelerated atherosclerosis 

in the preclinical phase because of the low number of individuals who truly developed RA. No 

significant difference between IMT between the autoantibody positive individuals who did 

developed arthritis and those who didn’t was observed in our study. We do not have serial data 

on IMT in subjects at risk of RA, both at the preclinical stage and during early RA.  However, as 
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there were no differences in IMT between the early RA patient group and the subjects at risk 

of RA, we do not expect that IMT increases over time during the transition of the preclinical 

phase to early RA (disease duration < 6 months). Another methodological issue is related to the 

effects of treatment Although 11 of the 20 early RA patients were already treated with DMARDs 

(10 MTX and one hydroxychloroquine) at inclusion it appears unlikely that IMT values were 

lower because of the treatment effect since all patients were treated for less than 6 months. 

However, this might help to explain that CRP, ESR, morning stiffness, and VAS global disease 

activity were not significantly different between the preclinical and the very early RA patient 

groups. Furthermore, in another study in early RA patients increases in IMT were seen over time 

even after active treatment.[19] 

CONCLUSION
The known increased CVD risk combined with evidence of endothelial dysfunction in recent 

onset RA versus the absence of enhanced atherogenesis in preclinical and very early RA observed 

in this study underlines the EULAR recommendations [49] to actively treat inflammation and 

treat CVD risk factors according to national guidelines in RA patients from the onset of clinically 

manifest arthritis in order to decrease morbidity and mortality from CVD in more advanced RA.
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ABSTRACT
Objectives: It has been shown in early arthritis cohorts that the 2010 ACR/EULAR criteria for 

rheumatoid arthritis (RA) enable an earlier diagnosis, perhaps at the cost of a somewhat more 

heterogeneous patient population. We describe the features of synovial inflammation in RA 

patients classified according to these new criteria. 

Methods: At baseline, synovial tissue biopsy samples were obtained from disease-modifying 

antirheumatic drug (DMARD)-naïve early RA patients (clinical signs and symptoms < 1 year). 

Synovial tissue was analyzed for cell infiltration, vascularity, and expression of adhesion 

molecules.  Stained sections were evaluated by digital image analysis. Patients were classified 

according to the two different sets of classification criteria, autoantibody status, and outcome.

Findings: Synovial tissue of 69 RA patients according to 2010 ACR/EULAR criteria was analyzed: 

56 patients who fulfilled the criteria for RA at baseline and 13 who were initially diagnosed as 

undifferentiated arthritis but fulfilled criteria for RA upon follow up. The synovium at baseline 

was infiltrated by plasma cells, macrophages, and T cells as well as other cells and findings were 

comparable to those when patients were selected based on the 1987 ACR criteria for RA. There 

was no clear cut difference in the characteristics of the synovium between RA patients initially 

diagnosed as undifferentiated arthritis and those who already fulfilled classification criteria at 

baseline.

Conclusion: The features of synovial inflammation are similar when the 2010 ACR/EULAR 

classification criteria are used compared to the 1987 ACR criteria. 
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INTRODUCTION
Early and aggressive treatment with disease-modifying antirheumatic drugs (DMARDs) is 

the cornerstone of initial therapy for rheumatoid arthritis (RA). This therapeutic strategy has 

been shown to halt or prevent disease progression and joint destruction, and thereby improve 

outcome in RA patients.[1-3] To be able to start appropriate treatment for the individual patient, 

a timely diagnosis and estimation of the prognosis is required. 

In the past years efforts have been made to identify clinical and molecular parameters that 

could aid in the diagnostic and/or prognostic process.[4-7] Recently, ACR and EULAR have 

developed a set of new classification criteria for RA that is used to diagnose early RA.[8,9] The 

2010 ACR/EULAR criteria allow earlier diagnosis of RA, but the clinical picture is slightly different 

on the group level, and some patients with self-limiting disease may be falsely diagnosed with 

RA.[8,10-12]

As it can be anticipated that the new criteria will be used for research purposes and since 

the synovium is the primary target in RA, we wanted to describe the features of synovial 

inflammation in RA patients classified according to the new 2010 ACR/EULAR criteria for RA 

compared to the use of the 1987 ACR criteria. Therefore, in a prospective cohort study, we 

analyzed synovial tissue samples from DMARD-naïve, early RA patients in relationship to the 

use of the different sets of classification criteria, autoantibody status, and disease outcome 

after follow up.

PATIENTS AND METHODS
Objectives
 To analyze synovial tissue samples from DMARD-naïve, early RA patients in relationship to the 

use of the 1987 ACR RA versus 2010 ACR/EULAR classification criteria, autoantibody status, and 

disease outcome after follow up.

Patients
Since 2002, a prospective cohort of early arthritis patients has been gathered at the Academic 

Medical Center/University of Amsterdam (AMC) in Amsterdam, the Netherlands. This venture 

aimed at the identification of novel diagnostic and prognostic biomarkers has been termed 

the ‘Synoviomics project’.[13] The immediate goal of the ‘Synoviomics project’ is to provide 

insight into the pathogenesis of various forms of arthritis, especially RA. From this cohort we 

selected all patients who fulfilled the 2010 ACR/EULAR criteria for RA already at baseline or 

after 2 years follow up [8,9] and from whom synovial tissue samples were available for analysis. 

The patients had less than 1 year disease duration, as measured from the first clinical evidence 

of joint swelling, irrespective of which joint was initially affected. Upon inclusion all patients 

had active arthritis of at least a wrist, ankle or knee joint. After inclusion patients were treated 

by their rheumatologist. In case of a clinical diagnosis of RA, DMARD treatment was initiated 

directly after baseline study procedures were completed. DAS28 was systematically determined 

and patients were treated according to the treat-to-target principle, aiming for DAS28 < 2.6. If 

a combination of DMARDs did not result in a DAS28 < 3.2 then a biological was started. Upon 

decision of the treating physician corticosteroids were started in combination with a DMARD, 
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either high dose and tapered down in 6-8 weeks or continuously low dose, to achieve disease 

remission. The patients with UA were treated with intra-articular steroids, and if arthritis was 

persistent, a DMARD was started. 

Ethics
The study was approved by the Medical Ethics Committee of the Academic Medical Center/

University of Amsterdam and performed according to the Declaration of Helsinki. All patients 

gave written informed consent.

Study design
At baseline, arthroscopic synovial biopsy samples [14] as well as demographic and clinical 

assessment data were obtained. At baseline and after 2 years of follow up a diagnosis was made 

according to the 2010 ACR/EULAR criteria (8;9) and according to the 1987 ACR criteria for 

RA.[15] After follow up, patients were also classified according to disease outcome as having 

self-limiting disease, persistent non-erosive disease, or persistent erosive disease.[4] Self-

limiting arthritis was defined as absence of arthritis on examination after follow up, in a patient 

who had not taken DMARDs or steroids in the preceding 3 months. Presence of arthritis in at 

least one joint and/or treatment with DMARDs or steroids within the previous 3 months was 

defined as persistent disease. Joint destruction was evaluated by the presence or absence of 

erosions and joint space narrowing on X-rays of hands and feet (defined by a score of ≥1 on the 

Sharp-van der Heijde erosion/joint space narrowing score scale [16]).

Disease activity parameters
Presence of IgM rheumatoid factor (IgM-RF) and anti-citrullinated protein antibodies (ACPA) 

was measured by IgM-RF ELISA (Sanquin, Amsterdam, the Netherlands) and anti-CCP2 ELISA 

(CCPlus, Eurodiagnostica, Nijmegen, the Netherlands), respectively.

Patient’s visual analog scale (VAS) for global disease activity (scale 0–100 mm), VAS for pain 

(scale 0–100 mm), 68 tender joint count (TJC68) and 66 swollen joint count (SJC66), morning 

stiffness in minutes, erythrocyte sedimentation rate (ESR), and serum levels of C-reactive 

protein (CRP) were used to evaluate disease activity.

Synovial biopsy collection, immunohistochemical staining and 
quantification
All individuals underwent arthroscopic synovial tissue sampling of an inflamed wrist, knee or 

ankle joint. At least six specimens were collected for immunohistochemistry, as previously 

described [17], to correct for sampling error. The synovial biopsy samples were snap-frozen 

en bloc in Tissue-Tek OCT (Miles, Elkhart, IN) immediately after collection. Sections (5 μm 

each) were cut and mounted on Star Frost adhesive glass slides (Knittelgläser, Braunschweig, 

Germany). Sealed slides were stored at -80°C until further use.

Synovial tissue sections were stained in one session specifically for this study using the 

following monoclonal antibodies: anti-CD3 (SK7; Becton Dickinson, San Jose, CA) to detect 

T cells, anti-CD22 (CLB-B-ly/1,6B11; Central Laboratory of the Netherlands Red Cross Blood 

Transfusion Service, Amsterdam, the Netherlands) for B cells, anti-CD55 (67; Serotec, Oxford, 

United Kingdom) for fibroblast-like synoviocytes (FLS), anti-CD68 (EBM11; Dako, Glostrup, 
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Denmark) for macrophages, anti-CD138 (B-B4; Immunotech, Marseille, France) for plasma 

cells, anti-tryptase for mast cells (AA1; Dako), anti-von Willebrand factor (vWF; F8/86; Dako) for 

blood vessels, anti-CD106/vascular cell adhesion molecule-1 (VCAM-1; 1G11B1; Sanbio, Uden, the 

Netherlands), and anti-vascular endothelial growth factor (VEGF; C1; Santa Cruz Biotechnology, 

Santa Cruz, CA).

A three-step immunoperoxidase protocol was used to detect specific staining for all 

phenotypic markers and vWF.[18] For VCAM-1 and VEGF, biotinylated tyramine was used 

for amplification, as previously described.[18,19] As a negative control, irrelevant/isotype-

matched immunoglobulins were applied to the sections instead of the primary antibody or 

the primary antibody was omitted. Expression of the synovial biomarkers was quantified by 

digital image analysis within one week after staining, as previously described.[20,21] For each 

marker 18 representative high power fields (2.2 mm2) were analyzed.  Digital image analysis 

was performed by 3 trained observers (MS, YS, GS) blinded for clinical classification. Expression 

levels of CD3, CD22, CD55, CD68, CD138, and tryptase are presented as count/mm2; vWF, VEGF, 

and VCAM-1 expression levels are presented as integrated optical density (IOD)/mm2, an 

arbitrary unit representing the intensity of staining per mm2.[22]

Statistical analysis
Continuous data are described as median and interquartile range (IQR). To compare baseline 

patient characteristics and expression of biomarkers between the different RA subgroups, 

the Kruskal-Wallis test was used when more than 2 groups were compared; subsequently the 

Mann-Whitney U test was used to compare differences between two subgroups. Nominal data 

were represented as percentages and analyzed using the Chi2-test. All statistical analyses were 

performed using SPSS v16.0 software (SPSS, Chicago, IL). A P-value of <0.05 was considered 

statistically significant. 

RESULTS
Patients
Synovial tissue samples were available from 69 early RA patients according to the 2010 ACR/

EULAR classification criteria. Fifty-six of these patients fulfilled the criteria at baseline and 

after follow up (RA-RA). Twelve of these patients were not available for follow up and were 

therefore excluded from the outcome analysis. Thirteen patients were initially classified as 

undifferentiated arthritis (UA), but fulfilled the 2010 ACR/EULAR ACR criteria after 2 years of 

follow up (UA-RA). This resulted in 69 RA patients for whom expression of synovial biomarkers 

at baseline could be related to diagnosis and autoantibody status, and 57 patients for whom 

synovial biomarkers could also be related to clinical outcome after 2 years.

Disease activity parameters and age were significantly different between the RA-RA and 

UA-RA groups (Table 1). The overall median (IQR) disease duration was 4 (6) months. Thirty-

three patients who fulfilled the 2010 ACR/EULAR criteria at baseline also fulfilled the 1987 ACR 

criteria for RA after follow-up. In the RA-RA group with completed follow up data (n=44) 6 

patients had self-limiting disease, 27 had persistent non-erosive disease, and 11 had persistent 

erosive disease. In the UA-RA group (n=13) 7 patients had self-limiting disease, 4 had persistent 

non-erosive disease and 2 had persistent erosive disease (see Figure 1). 
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 The characteristics of the synovium in RA patients according to the 2010 ACR/EULAR 

classification criteria are similar to those when the 1987 ACR criteria are used. 

First, we examined the features of synovial inflammation in the patients who fulfilled the 

2010 ACR/EULAR criteria for RA at baseline but not the 1987 criteria for RA (n=23) in comparison 

to patients who fulfilled both the 2010 ACR/EULAR criteria and the 1987 criteria for RA after 

2 years of follow up (n=33) (since the 1987 ACR criteria have been developed to classify RA in 

more advanced disease, we used this as gold standard for RA in this analysis). In the patients 

fulfilling only the 2010 ACR/EULAR criteria for RA there was interindividual variability, but on 

average the synovium was characterized by marked infiltration with macrophages, T cells, 

plasma cells, B cells and mast cells, increased numbers of synovial fibroblasts, hypervascularity, 

and overexpression of VCAM-1 and VEGF (See Figure 2). The results were similar to those from 

RA patients according to the 1987 ACR criteria after 2 years follow up (Table 2). 

Second, we selected the patients in our cohort who fulfilled the 2010 ACR/EULAR criteria 

for RA at baseline (n=56). In these patients we subsequently applied the 1987 ACR criteria for 

RA and analyzed if there were differences between the patients classified as UA at baseline and 

after follow up (UA-UA) (n=13), UA at baseline and as RA after follow up (UA-RA) (n=8) or RA at 

baseline and after follow up (RA-RA) (n=25). Of these 56 patients, 10 patients had UA at baseline 

according to the 1987 criteria but were lost to follow up and therefore could not be given a 

Table 1. Baseline patient characteristics.

RA ACR/EULAR 2010 

P-value
RA (all)
(n=69 )

RA-RA
(n=56)

UA-RA
(n=13)

Age (yrs) 48 (169) 47 (18) 57 (18) 0.03

Dis.dur. (mo) 4 (6) 5 (7) 4 (4) 0.16

Female, n (%) 49 (71%) 40 (71%) 9 (69%) 0.89

VAS global disease activity
(0–100 mm)

50 (42) 56 (39) 43 (49) 0.14

VAS pain (0–100 mm) 51 (50) 63 (46) 30 (38) 0.04

MS (min) 30 (55) 45 (75) 1 (15) 0.17

ESR (mm/h) 27 (30) 29 (31) 14 (32) 0.09

CRP (mg/L) 11 (24) 12 (30) 5 (16) 0.02

TJC68 (n) 9 (16) 12 (18) 1 (2) <0.001

SJC66 (n) 5 (8) 7 (7) 1 (1) <0.001

RF pos, n (%) 24 (35%) 21 (38%) 3 (20%) 0.05

ACPA pos, n (%) 23 (30%) 23 (41%) 0 (0%) 0.008

Data are presented as median (interquartile range) or number (n [%]), as appropriate. Baseline charac-
teristics were compared between the two diagnostic groups using a Mann-Whitney U test or a Chi2-test 
(sex, RF pos, ACPA pos). A P-value of <0.05 was considered statistically significant (bold). RA = rheumatoid 
arthritis; RA (all) = all patients with RA diagnosis after 2 years of follow up; RA-RA = RA at baseline and 
follow up; UA-RA = initially UA, but definitive diagnosis of RA at follow up; dis.dur. = disease duration; 
VAS = visual analog scale; MS = morning stiffness; ESR = erythrocyte sedimentation rate; CRP = C-reactive 
protein; TJC68 = tender joint count; SJC66 = swollen joint count; RF = IgM rheumatoid factor; ACPA = anti-
citrullinated protein antibodies; pos = serum positive.
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UA 2010 (n=13) 

RA 2010 (n=56) 

RA 2010(UA-RA) 
(n=13) 

RA 2010(RA-RA) 
(n=56) 

-RA 1987 (n=33)* 

-UA 1987 (n=13) 

-lost 1987 (n=10)# 

 

7 self-limiting 

4 persistent                                
non-erosive 

2 persistent           
erosive 

6 self-limiting 

27 persistent                                
non-erosive 

11 persistent           
erosive 

   Baseline         2 years follow up                       Outcome 

When applying 1987 ACR criteria: * of these patients 25 RA-
RA, and 8 UA-RA. # 10 patients had UA at baseline and were 
lost to follow up, therefore they could not be classified 

12 lost to follow 
up 

 Figure 1. Patient classification. Patient classification at baseline and after 2 years follow up according to 
2010 ACR/EULAR criteria, and according to outcome after 2 years follow up.

Table 2. Expression of synovial phenotypic and vascular markers in patients who fulfilled 2010 ACR/EULAR 
criteria for RA at baseline after follow up and in the patients who fulfilled1987 ACR criteria. 

RA  2010
(n=23)

RA 1987
(n=33) P-value

CD3 (count/mm2) 201(856) 198(795) 0.86

CD55 (count/mm2) 1,144 (1,253) 1,163 (1,365) 0.89

CD68L (count/mm2) 274(275) 234 (396) 0.84

CD68SL (count/mm2) 571 (1,054) 393 (1562) 0.92

CD22 (count/mm2) 170 (470) 214 (330) 0.94

CD138 (count/mm2) 53 (504) 139 (564) 0.98

Tryptase (count/mm2) 235 (445) 338(345) 0.13

vWF (IOD/mm2) 205,845 (175,450) 171,078 (167,211) 0.75

VEGF (IOD/mm2) 59,435 (157,527) 63,461 (81,425) 0.86

VCAM-1 (IOD/mm2) 119,676 (298,344) 184,267 (265,919) 0.70

Values are presented as median (interquartile range). A Mann-Whitney U test was used to compare the 
different diagnostic groups; a P-value of <0.05 was considered statistically significant. RA = rheumatoid 
arthritis. CD3 refers to T cells; CD55 – fibroblast-like synoviocytes; CD68 – macrophages; CD22 – B cells; 
CD138 – plasma cells; tryptase – mast cells. L = intimal lining layer; SL = synovial sublining; vWF = von Wil-
lebrand factor; VEGF = vascular endothelial growth factor; VCAM-1 = vascular cell adhesion molecule-1. 
IOD= integrated optical density.
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definite diagnosis. They were excluded from this analysis. No statistically significant differences 

were observed in the numbers of CD3 positive T cells (P=0.28), CD55 positive FLS (P=0.62), CD68 

positive intimal macrophages (P=0.81), CD68 positive macrophages in the synovial sublining 

(P=0.91), CD22 positive B cells (P=0.58), CD138 positive plasma cells (P=0.48), tryptase positive 

mast cells (P=0.61), or expression of vWF (P=0.21), VEGF (P=0.99), and VCAM-1 (P=0.33) between 

the 3 patients groups (Table 3). Together, these data clearly show that the features of synovial 

inflammation are on average similar when the 2010 ACR/EULAR classification criteria are used 

compared to the 1987 ACR criteria.

Phenotypic and vascular synovial tissue markers do not define 
autoantibody status or outcome in RA patients 
To investigate if the inflammatory changes in the synovium are related to a specific subset 

of RA patients, we analyzed the expression of different phenotypic and vascular markers in 

RA patients with and without elevated serum levels of RA specific autoantibodies. Second, 

we compared the expression of these markers in RA patients who developed self-limiting, 

persistent or persistent erosive disease after follow up. 

No difference in expression of phenotypic or vascular markers was observed when 

comparing RA patients according to the 2010 ACR/EULAR criteria for RA upon 2 years follow 

up with elevated IgM-RF and/or ACPA levels compared to RA patients who were autoantibody 

negative (CD3 positive T cells (P=0.61), CD55 positive FLS (P=0.29), CD68 positive intimal 

macrophages (P=0.73), CD68 positive macrophages in the synovial sublining )P=0.91), CD22 

positive B cells (P=0.63), CD138 positive plasma cells (P=0.69), tryptase positive mast cells 

(P=0.60), vWF (P=0.31), VEGF (P=0.20) and VCAM-1 (P=0.91). Similarly, no differences were 

observed when comparing ACPA positive RA with ACPA negative RA patients or IgM-RF positive 

RA with IgM-RF negative RA patients (data not shown). 

Of the 69 patients who fulfilled the 2010 ACR/EULAR criteria for RA after 2 years of follow 

up, 57 patients could be classified according to outcome. Thirteen patients had self-limiting 

disease, 31 patients had persistent non-erosive disease and 13 patients had persistent, erosive 

disease. No statistically significant differences in cell infiltration, vascularity, and expression of 

CD55 FLS                  CD68 macrophages                CD3 T cells                      CD22 B cells                CD138 plasma cells  

RA  

1987 

 

 

 

RA 

 2010 

A

B

Figure 2.  Synovial tissue expression of different cellular markers. Synovial tissue expression of, CD55+ 
fibroblast-like synoviocytes (FLS), CD3+ T CD68+ macrophages, CD3+ T cells, CD22+ B cells, CD138+ plasma 
cells. A:RA patient according to the 1987 ACR criteria, B:RA patient according to the 2010 ACR/EULAR 
criteria
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Table 3. Expression of synovial phenotypic and vascular markers in patients who fulfilled 2010 ACR/EULAR 
criteria for RA at baseline subclassified according to fulfillment of 1987 ACR criteria at baseline and after 
follow up.

RA 2010 ACR/EULAR (n=46)

P-value
RA-RA 1987

(n=25)
UA-RA 1987

(n=8)
UA-UA 1987

(n=13)

CD3 (count/mm2) 327 (867) 107 (157) 304 (882) 0.28

CD55 (count/mm2) 1,163 (1,273) 1,514 (1,914) 963 (1,116) 0.62

CD68L (count/mm2) 256 (458) 139 (150) 229 (456) 0.81

CD68SL (count/mm2) 491 (1,611) 362 (476) 570 (1,211) 0.91

CD22 (count/mm2) 198 (389) 233 (286) 407 (598) 0.58

CD138 (count/mm2) 191 (585) 30 (329) 76 (409) 0.48

Tryptase (count/mm2) 337 (311) 419 (549) 221 (587) 0.61

vWF (IOD/mm2) 205,558 (161,492)
93397

(181,405)
224,825 

(194,340)
0.21

VEGF (IOD/mm2) 63,659 (96,163) 57,865 (59,901) 55,365 (140,674) 0.99

VCAM-1 (IOD/mm2) 195,424 (302,882) 96,545 (175,238) 184,647 (322,252) 0.33

Values are presented as median (interquartile range). A Mann-Whitney U test was used to compare the 
different diagnostic groups; a P-value of <0.05 was considered statistically significant. RA = rheumatoid 
arthritis. UA= undifferentiated arthritis. CD3 refers to T cells; CD55 – fibroblast-like synoviocytes; CD68 
– macrophages; CD22 – B cells; CD138 – plasma cells; tryptase – mast cells. L = intimal lining layer; SL 
= synovial sublining; vWF = von Willebrand factor; VEGF = vascular endothelial growth factor; VCAM-1 = 
vascular cell adhesion molecule-1. IOD = integrated optical density.

adhesion molecules were observed between the different outcome groups (Table 4). Together, 

these data show that the synovial tissue markers cannot reliably differentiate between the 

subgroups of RA patients.

DISCUSSION
With the emergence of the 2010 ACR/EULAR criteria more patients are classified as having RA 

than with the 1987 ACR RA criteria in early arthritis cohorts.[10-12] This enables the diagnosis 

of RA in patients presenting in early arthritis clinics with a potentially destructive form of 

inflammatory arthritis. However, with these novel 2010 ACR/EULAR criteria not only patients 

with a persistent and destructive form of RA requiring aggressive DMARD therapy are identified 

but also some patients with a self-limiting disease.[10]  There has been a recent upsurge in 

scientific studies of the primary target of RA, the synovium. As one might wonder if RA 

according to the 2010 ACR/EULAR criteria on average refers to the same disease process with 

the same features of synovial inflammation as RA according to the 1987 ACR criteria, we sought 

to describe these in early RA patients according to the new classification criteria. 

We observed that the synovium of RA patients classified according to the 2010 ACR/EULAR 

criteria at baseline is infiltrated by macrophages, plasma cells, and T cells as well as other cells 

like B cells, mast cells, and FLS. In addition, there was overexpresison of VEGF and VCAM-1, 

and increased vascularity. Findings were on average comparable if RA patients were selected 
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based on the 1987 ACR criteria for RA. When we subdivided the patients who fulfilled the 2010 

criteria into patients who would have been classified as UA according to the 1987 ACR criteria or 

only would have fulfilled the 1987 ACR criteria after follow up, and those who fulfilled the 1987 

ACR criteria already at baseline, the synovial tissue infiltrate was similar in the three subsets 

of patients. This shows that when applying these new criteria on average similar synovial 

inflammatory changes are observed compared to the 1987 ACRcriteria for RA. Only few patients 

(n=2 [5%]) who were classified as RA according to the 1987 criteria did not fulfill the 2010 criteria 

at baseline, which is consistent with previous studies.[10,11] 

The results presented here also independently confirm previous work, showing that the 

features of synovial inflammation are similar between autoantibody positive and autoantibody 

negative RA [23-25] although such differences have initially been suggested.[26] The difference 

in the latter study might perhaps be explained by differences in disease activity between the 

two groups, as patients with ACPA positive RA had on average higher levels of disease activity 

in that study. 

Our findings do not support the notion that synovial tissue infiltrate analysis will play an 

important role in guidance of treatment decisions in individual early RA patients, as there was 

no clear cut difference in baseline features of the synovium between patients with self-limiting, 

persistent non-erosive and persistent erosive disease. We cannot exclude the possibility that on 

the group level statistically significant differences might be found in larger studies or if different 

disease controls would be included, but to be useful in clinical practice high predictive values 

for a specific disease outcome would be needed. In fact, with a different selection of disease 

controls, we did observe statistically significant differences between diagnostic groups  (early 

RA versus a mixed early non-RA group) on the group level in a previous study.[7] However, 

Table 4. Expression of phenotypic and vascular markers in synovial tissue of RA patients with self-limiting, 
persistent non-erosive or persistent erosive disease.

Self-limiting
(n=13)

Persistent non-
erosive (n=31)

Persistent erosive 
(n=13) P-value

CD3 (count/mm2) 210 (327) 209 (561) 131 (907) 0.68

CD55 (count/mm2) 1,329 (859) 929 (1,474) 1319 (1,218) 0.50

CD68L (count/mm2) 305 (528) 234 (442) 218 (277) 0.57

CD68SL (count/mm2) 604  (1,417) 588 (1,137) 268 (712) 0.24

CD22 (count/mm2) 135 (300) 232 (412) 224 (383) 0.78

CD138 (count/mm2) 106 (276) 68 (205) 78 (730) 0.53

Tryptase (count/mm2) 364 (737) 330 (395) 339 (369) 0.76

vWF (IOD/mm2) 250,901 (150,431) 174,116 (136,053) 119,011 (202,828) 0.10

VEGF (IOD/mm2) 50,685 (53,362) 82,024 (180,150) 79,926 (73,768) 0.30

VCAM-1 (IOD/mm2) 95,055 (302,693) 187,968 (302,271) 150,069 (275,806) 0.98

Values are presented as median (interquartile range). A Kruskal-Wallis test was used to compare the 
different diagnostic groups; a P-value of <0.05 was considered statistically significant (bold). CD3 refers 
to T cells; CD55 – fibroblast-like synoviocytes; CD68 – macrophages; CD22 – B cells; CD138 – plasma cells; 
tryptase – mast cells. L = lining; SL = sublining; vWF = von Willebrand factor; VEGF = vascular endothelial 
growth factor; VCAM-1 = vascular cell adhesion molecule-1. IOD = integrated optical density.
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at this moment none of the available tests would justify the routine use of synovial biopsy in 

clinical practice to establish the diagnosis or outcome of RA, except for specific cases of for 

instance infection, crystal induced arthritis and neoplasms.[27] 

In conclusion, the characteristics of the synovium are on average similar in patients 

classified according to the 2010 ACR/EULAR criteria for RA compared to those when the 1987 

ACR criteria are used. This information is important for the interpretation of future scientific 

studies of the synovium using the new classification criteria.
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ABSTRACT 
Objectives: To evaluate the presence of lymphocyte aggregates in synovial tissue of early 

arthritis patients in relationship to clinical outcome and to determine whether this represents 

a stable feature over time.

Methods: Arthroscopic synovial biopsy samples were collected in a prospective cohort of 

disease-modifying antirheumatic drug-naïve patients with early arthritis (<1 year disease 

duration) at baseline (n=93) and, if RA was suspected, after 6 months of follow-up (n=17). After 

2 years of follow-up, definitive diagnosis and clinical outcome were assessed. Size of synovial 

lymphocyte aggregates was graded (score 1-3). Lymphoid neogenesis (LN) was defined by 

presence of grade ≥2 aggregates and subclassified based on the presence of follicular dendritic 

cells (FDCs).

Results: LN was present in 36% of all patients and FDCs in 15% of patients with LN. Presence 

of lymphocyte aggregates differed over time. LN was associated with the degree of synovial 

inflammation. There was no relationship between the presence of lymphocyte aggregates at 

baseline and definitive diagnosis or clinical outcome after follow-up.

Conclusions: Presence of lymphocyte aggregates is a dynamic phenomenon related to the 

degree of synovitis and can be detected in different forms of early arthritis. This feature does 

not appear to be related to clinical outcome.
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INTRODUCTION
Influx of inflammatory cells is one of the hallmarks of synovial inflammation. Both diffuse 

lymphocyte infiltration and lymphocyte aggregate formation can be observed.[1,2] These 

aggregates sometimes show characteristics of secondary lymphoid tissues,[3] a process called 

lymphoid neogenesis (LN).

It is still unclear whether the lymphocyte infiltration pattern correlates with specific 

diagnoses, clinical phenotypes, pathogenetic entities or with the degree of synovial 

inflammation.[1,4-6] Most previous work consisted of cross-sectional studies in patients with 

different treatment regimens and disease duration; prospective studies in early arthritis patients 

are as yet not available. Therefore, we conducted a prospective study aimed at analysing the 

pattern of lymphocyte infiltration in relationship to synovial inflammation, development of 

persistent and/or erosive arthritis, and definitive diagnosis in disease-modifying antirheumatic 

drug (DMARD)-naïve patients with early arthritis. In addition, we investigated whether the 

presence of lymphocyte aggregates is a stable feature over time.

PATIENTS AND METHODS
Patients
We included 93 early arthritis patients, who had <1 year disease duration, as measured from 

the first clinical evidence of joint swelling. All patients had active arthritis of at least a wrist, 

ankle or knee joint, and were DMARD-naïve. All gave written informed consent. The study was 

performed according to the Declaration of Helsinki and approved by the local Medical Ethics 

Committee.

Diagnosis and outcome
At baseline and after 2 years of follow-up, patients were classified with a clinical diagnosis based 

on established classification criteria.[7-10] In addition, after 2 years of follow-up patients were 

classified as having self-limiting, persistent or persistent erosive disease.[11] Erosive disease was 

defined as a score of ≥1 using the modified Sharp-van der Heijde method[12] (performed by 

two blind observers [MvdS, and Dr. Huib Dinant] in consensus). If X-rays at 2 years follow-up 

were not available, but erosions were present at 1 year follow-up, then a patient was classified 

as having erosive disease.

Disease status and disease activity parameters
The presence of IgM rheumatoid factor (IgM-RF) and anti-citrullinated protein antibodies 

(ACPA) was measured (for additional information, see Supplemental File). Disease activity 

was assessed by the 68 tender (TJC68) and 66 swollen joint count (SJC66), patient’s visual 

analog scale (VAS) of global disease activity (scale 0-100 mm), VAS of pain (scale 0-100 mm), 

erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) levels.

Arthroscopic synovial biopsy and assessment of lymphocyte aggregates
Synovial tissue specimens were collected by arthroscopy at baseline, as previously described 

[13] ( see also Supplemental File). After 6 months of follow-up, patients with RA (12) or those 
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suspected of developing RA without fulfilling ACR criteria yet were invited to undergo a second 

arthroscopy in the same joint.

Tissue samples were analysed by immunohistochemistry (see 
Supplemental File).
The presence of lymphocyte aggregates was assessed on anti-CD3-stained sections derived 

from at least six biopsy samples. Aggregates were counted and graded by size (score 1-3), as 

previously described [5,14] (see also Supplemental File). LN was defined by presence of grade 

≥2 aggregates and subclassified based on the presence of FDCs, which were counted in two 

different tissue sections 50 μm apart to further minimise sampling error. 

Statistical analysis
Values were expressed as median (range) or mean (standard deviation), as appropriate. ANOVA, 

Kruskal-Wallis test and Mann-Whitney U test were used to detect statistically significant 

differences in baseline parameters between the different diagnostic groups; Chi-square test 

was used to evaluate presence or absence of lymphocyte aggregates, and the presence or 

absence of ACPA and IgM-RF. P-value of <0.05 was considered statistically significant. SPSS 

V.16.0 software (SPSS, Chicago, IL, USA) was used for the analysis.

RESULTS
Patient characteristics
Ninety-three patients were included in the study. Thirteen patients with undifferentiated 

arthritis (UA) at baseline were lost to follow-up and excluded from all analyses, as we could not 

establish a definitive diagnosis. The remaining 80 patients were followed for at least 2 years 

to allow confirmation of the diagnosis. Four patients with a definitive diagnosis at baseline 

(2 RA, 1 psoriatic arthritis and 1 reactive arthritis) were also lost to follow-up; these patients 

were included in the analysis of lymphocyte aggregates in relationship to diagnosis only. 

Demographic and clinical features of these patients (except for one patient with both psoriatic 

arthritis and pseudogout, who was only included in the outcome analysis) are shown in Table 1.

The lymphocyte infiltration pattern is related to the level of synovitis
The presence of lymphocyte aggregates grade ≥2, characteristic of LN, was related to synovial 

tissue cellularity and vascularity. The differences between lymphocyte aggregate-positive 

(n=29) and -negative (n=51) patients were highly significant (Table 2).

The presence of lymphocyte aggregates is not diagnostic for 
rheumatoid arthritis
We observed no clear-cut differences in the lymphocyte infiltration pattern between the 

different diagnostic groups (Table 3).

We also performed a subanalysis in the 39 patients diagnosed with UA at baseline as there 

is a clear need for additional diagnostic testing to obtain an early diagnosis in this subgroup. 

(After follow-up, 29 patients were still classified as UA, 1 with SpA and 9 with RA.) There was no 

statistically significant difference in the presence of any lymphocyte aggregates (grade 1-3) or 



SIX 

LYMPHOCYTE AGGREGATES IN EARLY ARTHRITIS PATIENTS

75

Table 1. Baseline patient characteristics.

RA-RA
(n=24)

UA-RA
(n=9)

UA-UA
(n=29)

SpA
(n=10)

CA
(n=7) P-value

Female, n (%) 14 (58%) 6 (67%) 23 (79%) 2 (20%) 2 (29%) 0.008

Age (yr)* 51 (14) 50 (14) 42 (13) 45 (14) 58 (13) 0.079 

Dis. duration (months) 5 (1-12) 4 (1-11) 4 (1-12) 2 (1-12) 2 (1-5) 0.067

VAS dis. ac (mm) 51 (11-99) 48 (32-96) 49 (9-93) 49 (4-91) 55 (0-100) 0.64

VAS pain (mm) 66 (6-100) 48 (25-91) 47 (4-98) 37 (3-84) 90 (0-100) 0.41

ESR (mm/h) 29 (3-91) 33 (13-77) 22 (3-102) 17 (3-82) 36 (8-58) 0.41

CRP (mg/L) 11 (3-133) 12 (3-42) 9 (1-58) 7 (1-139) 14 (2-26) 0.61

TJC68 (n) 14 (2-43) 14 (3-25) 3 (0-37) 3 (0-11) 2 (0-2) <0.001

SJC66 (n) 8 (4-41) 6 (1-21) 2 (1-19) 2 (1-5) 2 (1-3) <0.001

HAQ
1.43 

(0.00-2.90)
1.00 

(0.50-1.90)
0.87 

(0.00-2.80)
0.81 

(0.40- 1.50)
0.12 

(0.00 -1.50)
0.03

MS (min) 60 (0-480) 30 (0-60) 5 (0-180) 0 (0-60) 2 (0-60) <0.001

IgM-RF+, n (%) 18 (75%) 2 (22%) 4 (14%) 0 (0%) 0 (0%) <0.001

ACPA+, n (%) 13 (54%) 4 (44%) 5 (17%) 1 (10%) 0 (0%) 0.007

Parameters are described as mean (standard deviation)*, median (range) or number (n [%]), as appropri-
ate. ANOVA (age) or Kruskal-Wallis test was used to compare groups. A P-value of <0.05 was considered 
significant (bold). One patient with both psoriatic arthritis and pseudogout was excluded. RA-RA = rheu-
matoid arthritis at baseline and after 2 years of follow-up; UA-RA = undifferentiated arthritis at baseline, 
but fulfilling ACR criteria of RA after 2 years of follow-up; UA-UA = undifferentiated arthritis at baseline and 
after 2 years of follow-up; SpA = spondylarthritis; CA = crystal arthropathy; Dis. duration = disease duration; 
VAS dis. ac = visual analog scale of global disease activity (0-100 mm), VAS pain = visual analog scale of pain 
(0-100 mm), ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; TJC68 = tender joint count 
in 68 joints, SJC66 = swollen joint count 66 joints, HAQ = health assessment questionnaire; MS = morning 
stiffness; IgM-RF = IgM rheumatoid factor; ACPA = anti-citrullinated protein antibodies.

Table 2. Synovial tissue cellularity and vascularity in lymphoid neogenesis-positive (grade ≥2 aggregates) 
and -negative patients.

Lymphoid neogenesis-
positive (n=29)

Lymphoid neogenesis-
negative (n=51) P-value

CD3+ T cells 967 (126-2,486) 137 (4-984) <0.0001

CD68+ intimal macrophages 471 (3-1,105) 160 (0-728) <0.0001

CD68+ sublining macrophages 1,663 (7-2,366) 296 (0-2,307) <0.0001

CD22+ B cells 407 (34-2,103) 201 (0-959) <0.0001

CD138+ plasma cells 497 (26-2,456) 38 (2-698) <0.0001

vWF
278,613

(46,165-1,027,751)
156,864

(8,072-497,375)
0.002

VCAM-1
177,660

(95,842-853,589)
26,882

(587-408,828)
0.001

Values represent median (interquartile range). Mann-Whitney U test was used to compare groups. A 
P-value of <0.05 was considered statistically significant (bold). T cells, macrophages, B cells, and plasma 
cells are expressed as count/mm2; vWF and VCAM-1 as integrated optical density/mm2. vWF = von Wil-
lebrand factor; VCAM-1 = vascular cell adhesion molecule-1.
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LN at baseline between patients, who still had UA, and those who fulfilled the ACR classification 

criteria for RA after follow-up (data not shown). Taken together, the synovial lymphocyte 

infiltration pattern does not appear to have diagnostic value.

The presence of lymphocyte aggregates is not predictive of the 
development of persistent and erosive arthritis after follow-up
The lymphocyte infiltration pattern at baseline was not significantly different between patients 

with self-limiting disease versus persistent disease, both in the whole cohort (n=24 versus n=52; 

comparison of presence of any lymphocyte aggregates: P=0.39; comparison of presence of LN: 

P=0.33) and in the UA subgroup (Table 4).

Subsequently, we evaluated whether the presence of lymphocyte aggregates at baseline is 

related to the development of erosions after 2 years of follow-up within the RA group (n=33). 

In three RA patients X-rays were not available for analysis. The lymphocyte infiltration patterns 

were similar between patients with erosive RA (n=11; any aggregate: 45%; LN: 36%) compared 

with those with non-erosive disease (n=19; any aggregate: 47%, P=0.80; LN: 32%, P=0.50, 

respectively). CD21L+ FDCs were found in 9% of erosive RA patients versus 5% of non-erosive 

RA patients (P=0.59).

Table 3. Definitive diagnosis after 2 years follow-up and synovial lymphocyte aggregates at baseline.

RA-RA
(n=24)

UA-RA
(n=9)

UA-UA
(n=29)

SpA
(n=10)

CA
(n=7) P-value

Any aggregate 13 (54%) 3 (33%) 16 (57%) 7 (70%) 5 (71%) 0.52

Grade ≥2 9 (38%) 2 (22%) 11 (39%) 4 (40%) 3 (42%) 0.80

Grade 3 9 (38%) 2 (22%) 7 (25%) 4 (40%) 0 (0%) 0.26

CD21L+ 2 (8%) 0 (0%) 0 (0%) 1 (10%) 0 (0%) 0.89

Number (percentage) of patients with any aggregate (grade 1-3), grade ≥2 aggregates, grade 3 aggregates 
or CD21L+ aggregates at baseline. One patient with both psoriatic arthritis and pseudogout was excluded. 
Chi-square test was used to compare groups. A P-value of <0.05 was considered statistically significant. 
RA-RA = rheumatoid arthritis at baseline and after 2 years of follow-up; UA-RA = undifferentiated arthritis 
at baseline, but fulfilling ACR criteria of RA after 2 years of follow-up; UA-UA = undifferentiated arthritis at 
baseline and after 2 years of follow-up; SpA = spondylarthritis; CA = crystal arthropathy; CD21L+ = follicular 
dendritic cell-positive aggregates expressing CD21L.

Table 4. Synovial lymphocyte aggregates at baseline in patients with undifferentiated arthritis at baseline, 
who developed self-limiting versus persistent disease after 2 years of follow-up.

Self-limiting arthritis
(n=17)

Persistent arthritis
(n=22) P-value

Any aggregate 10 (59%) 9 (41%) 0.22

Grade ≥2 5 (29%) 8 (36%) 0.72

Grade 3 2 (12%) 7 (32%) 0.16

Number (percentage) of patients with any aggregate (grade 1-3), grade ≥2 aggregates or grade 3 aggre-
gates at baseline. Chi-square test was used to compare groups. A P-value of <0.05 was considered statisti-
cally significant.
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The presence of lymphocyte aggregates is a dynamic feature over time
Seventeen patients (after 2 years follow-up classified as UA (n=6) or RA (n=11)) consented to 

a second arthroscopy at 6 months. Nine of the 17 patients had stable lymphocyte infiltration 

patterns during follow-up, whereas in all others the pattern changed (see Supplemental 

File for specific data). Six patients no longer showed clinical evidence of arthritis in the joint 

selected for serial arthroscopy, however, all but one patient had active arthritis elsewhere (see 

Supplemental File). Still, lymphocyte aggregates were detected in two of them at the second 

arthroscopy.

Together, these data indicate that the pattern of lymphocyte infiltration and LN observed 

in early arthritis may change over time.

DISCUSSION
The results presented herein show that the lymphocyte infiltration pattern has no diagnostic 

value, as there were no clear-cut differences in the lymphocyte infiltration pattern between the 

different diagnostic groups, confirming and extending previous findings.[15-17] We observed 

the presence of large aggregates characteristic of LN in about one third of all diagnostic 

subgroups which is in agreement with previous reports on patients with more advanced disease.

[1,6] CD21L+ aggregates, representative of ectopic germinal centre formation, were observed in 

only 4% of all patients. This finding is consistent with previous findings in arthroscopic, actively 

inflamed synovial biopsies,[6] but other investigators have observed larger numbers of patients 

with FDC-positive aggregates in synovium from end-stage RA patients obtained during joint 

replacement surgery.[3,14]

Lymphocyte aggregate formation has been thought to play a role in the transition from 

self-limiting to chronic, perpetuating autoimmune arthritis.[18] Our results indicate that the 

presence of lymphocyte aggregates, regardless of their size, is not related to the development 

of persistent or erosive arthritis, and even without DMARD treatment, lymphocyte aggregate-

positive synovial inflammation may have a self-limiting disease course. How can this be 

explained? First, it is conceivable that germinal centre formation is involved in induction of 

peripheral tolerance in a subset of patients. Second, the primary antigen that was presented 

in the germinal centre could have been cleared. Finally, we cannot exclude the possibility that 

synovial germinal centres are not fully functional and primarily reflect high tissue inflammatory 

status.[19] Consistent with this notion and in line with previous studies,[5,6,17] we confirmed 

that the presence of aggregates is related to the level of synovial inflammation and this pattern 

can change over time in the individual patient. It is likely that these changes reflect reduced 

synovial inflammation after anti-inflammatory therapy, similarly as was previously shown after 

tumour necrosis factor blockade [6,17,20], or self-limiting synovitis. 

In conclusion, the presence of lymphocyte aggregates seems to be a dynamic phenomenon 

related to the level of synovial inflammation in different forms of arthritis, making this not a 

reliable diagnostic or prognostic marker.
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SUPPLEMENTAL FILE
Patients and methods
IgM rheumatoid factor and anti-citrullinated protein antibodies serum levels. The presence 

of IgM rheumatoid factor (IgM-RF) and anti-citrullinated protein antibodies (ACPA) were 

measured by IgM-RF ELISA (Sanquin, Amsterdam, the Netherlands) and anti-CCP2 ELISA (Euro-

Diagnostica, Arnhem, the Netherlands), respectively.

Arthroscopy
All individuals underwent arthroscopic synovial tissue biopsy sampling of an inflamed 

large joint (knee, wrist, or ankle). At least six synovial tissue biopsies were collected for 

immunohistochemistry to minimise sampling error.[1] The synovial biopsy samples were 

snap-frozen en bloc in Tissue-Tek optimal cutting temperature (OCT; Miles, Elkhart, IN, USA) 

immediately after collection. Cryostat sections (5 μm) were cut and mounted on Star Frost 

adhesive glass slides (Knittelgläser, Braunschweig, Germany). Sealed slides were stored at -80°C 

until use for immunohistochemistry.

Immunohistochemical staining protocol
Synovial tissue sections were stained using the following monoclonal antibodies: anti-CD3 

(SK7; Becton Dickinson, San Jose, CA, USA) for T cells, anti-CD22 (CLB-B-ly/1,6B11; Sanquin, 

Amsterdam, the Netherlands) for B cells, anti-CD55 (67; Serotec, Oxford, UK) for fibroblast-like 

synoviocytes, anti-CD68 (EBM11; Dako, Glostrup, Denmark) for macrophages, anti-CD21-long 

isoform (CD21L; a kind gift from Dr. Y.J. Liu, M.D. Anderson Cancer Center, Houston, TX, USA) 

for follicular dendritic cells (FDCs), von Willebrand factor (vWF; F8/86; Dako) for blood vessels, 

and anti-vascular cell adhesion molecule-1 (VCAM-1; IG11B1; Sanbio, Uden, the Netherlands). 

Staining of cellular markers and von Willebrand factor (vWF) was performed using a three-

step immunoperoxidase method, as previously described.[2] For staining of vascular cell 

adhesion molecule-1 (VCAM-1), biotinylated tyramine was used for amplification, as previously 

described.[3] The expression of various markers was quantified by digital image analysis, as 

previously described.[4,5]

Aggregate size and grading
Aggregate size was assessed by counting the number of cells in a radius starting from an 

estimated centre of the aggregate by 2 blinded independent observers in consensus (MvdS, 

RT). Aggregate size was then classified as grade 1 (1-5 cells in the radius), grade 2 (5-10 cells), or 

grade 3 (>10 cells). Tissue sections with no lymphocyte aggregates were graded as 0.

RESULTS
The presence of lymphocyte aggregates is a dynamic feature over time
Of the 17 patients undergoing a second arthroscopy thirteen were treated with methotrexate 

after the first biopsy, one with hydroxychloroquine, one with oral prednisone 5 mg/day, and 

two only received intra-articular corticosteroids during the first 6 months after baseline 

arthroscopy. 
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Eight of the 17 patients with a second arthroscopy after 6 months had no lymphocyte 

aggregates at baseline. Of them, one patient had grade 1, grade 2 as well as grade 3 aggregates 

after 6 months of follow-up, while all others did not have any lymphocyte aggregates. Two 

of 17 patients had low numbers of grade 1 aggregates at baseline, which disappeared after 6 

months of follow-up. One other patient had many small grade 1 aggregates at baseline, with a 

marked decrease after 6 months. Six patients had grade 1, grade 2, and grade 3 aggregates at 

baseline. After 6 months of follow-up, two of them had the same number of grade 1, grade 2, 

grade 3 aggregates; one patient only had type 3 aggregates; one patient had grade 1 and grade 

2 aggregates; and in 2 patients no aggregates were observed.

Six of the 17 patients did not show clinical evidence of arthritis in the joint selected for serial 

arthroscopy. One patient did not have any swollen joints, three patients had one other swollen 

joint (SJC66) and two patients had five other swollen joints (SJC66).

In the four patients, who did not receive methotrexate treatment, two did not have any 

aggregates at baseline and remained without aggregates after a 6-month follow-up (one 

patient received hydroxychloroquine and one corticosteroids intra-articularly). One patient 

had grade 1, grade 2, and grade 3 aggregates, which disappeared after treatment with only 

corticosteroids intra-articularly. The last patient had many grade 1 aggregates, which changed 

after treatment with prednisone 5 mg/day to only a few aggregates.

Together, these data indicate that the pattern of lymphocyte infiltration and LN observed 

in early arthritis may change over time.

Lymphocyte aggregates are found in both autoantibody-positive and 
autoantibody-negative early rheumatoid arthritis
We examined the lymphocyte infiltration pattern in early rheumatoid synovial tissue in relation 

to autoantibody status. Lymphocyte aggregates were found in both autoantibody-positive and 

-negative groups. In ACPA-positive rheumatoid arthritis (RA) patients we detected lymphocyte 

aggregates in 53% and LN in 41% of the patients compared with 40% (P=0.46) and 25% (P=0.33) in 

ACPA-negative RA patients, respectively. Similarly, in IgM-RF-positive RA patients lymphocyte 

aggregates were found in 45% and LN in 40% of the patients, compared with 54% (P=0.62) 

and 29% (P=0.49) in IgM-RF-negative RA patients, respectively. There was also no difference in 

CD21L expression between the two groups. These data confirm previous studies performed in 

more advanced, chronic disease, showing that synovial LN does not define a specific clinical RA 

phenotype.[6-8]
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ABSTRACT
Disease outcome in patients with rheumatoid arthritis (RA) and other forms of inflammatory 

arthritis is markedly improved by early and aggressive treatment. However, little is known 

about local early changes in synovial cellular and molecular processes which predict 

disease diagnosis and outcome in RA. Serum levels of angiogenic factors are associated 

with inflammation and the development of erosive disease in patients with RA, and synovial 

markers of angiogenesis are differentially expressed in early RA and spondyloarthritis (SpA) 

patients. Here, we examined the role of synovial vascular endothelial growth factor (VEGF) 

and angiopoietin (Ang) signalling in disease diagnosis and outcome in a prospective study of 

50 disease-modifying antirheumatic drug (DMARD) naïve early arthritis patients. Quantitative 

analysis of VEGF, VEGF receptor (VEGFR), Ang-1, Ang-2, Tie2 and activated phospho (p)-Tie2 

was examined by immunohistochemical analysis combined with computer-assisted digital 

imaging. Expression of Ang-1, Tie2 and p-Tie2 was comparable between the patients with RA 

at baseline and undifferentiated arthritis (UA) patients who fulfilled ACR criteria over time, but 

was significantly higher in these patients than SpA patients or patients who remained UA. In 

patients with UA at baseline, expression and engagement of Tie2 by Ang-1 was significantly 

related to development of persistent disease, while in RA, the degree of Tie2 activation 

robustly predicted the development of erosive disease. Our study provides the first evidence 

of involvement of a specific biochemical signaling pathway, local engagement of synovial Tie2 

by Ang-1, in the earliest phases of disease in RA which contributes to both disease development 

and progression. Early therapeutic targeting of Tie2 signaling may be useful in improving 

outcome in arthritis. 
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory disease of unknown etiology characterized 

by synovial inflammation in multiple joints with hyperplasia of the synovial intimal lining layer, 

influx of inflammatory cells and neovascularisation. In a large proportion of patients chronic 

inflammation results in cartilage and bone destruction, disability, and co-morbidity.[1,2] In RA, 

early and aggressive treatment regimens have shown to prevent or decrease joint destruction, 

improve functional outcome, and decrease mortality risks.[3–7] Despite the importance of 

making an early diagnosis and estimation of prognosis in the individual patient in determining 

the choice of treatment, both in RA and other inflammatory joint diseases, in about one third 

of the patients in the rheumatology outpatient clinic, no diagnosis can be made at presentation 

with currently practiced clinical and serological evaluations, indicating a need for new 

diagnostic and prognostic markers.[8–10]

Analysis of synovial tissue, the primary site of inflammation in RA, might identify specific 

markers for RA which have diagnostic and prognostic value, as well as provide insight into 

cellular and molecular processes that contribute to pathogenesis. In established RA, the number 

of macrophages infiltrating the synovial sublining layer is tightly associated with disease activity, 

and changes in their number are predictive of effective clinical responses to therapy.[11,12] In 

healthy individuals with circulating rheumatoid factor (RF) and/or anti-citrullinated protein/

peptide antibodies (ACPA), the cellularity and cellular composition of synovial tissue is identical 

to autoantibody-negative healthy individuals.[13] Also, the cellular composition of patients 

with UA who do not develop RA is remarkably similar to those who develop RA, as well as to 

patients with established RA, and no synovial biomarker has been identified which is predictive 

of eventual fulfillment of classification criteria of RA or related to development of persistent 

or destructive arthritis (van de Sande et al, chapter 5 this thesis). However, a trend towards a 

difference in vascularisation between patients with UA at baseline who developed RA after follow 

up and those who remain UA was observed, consistent with previous findings suggesting that 

angiogenesis might be differentially regulated in different early arthritis patients groups.[14–17] 

Angiogenic processes are thought to play a key role in the initiation and perpetuation of 

synovial inflammation in RA, as well as in joint erosion. Neovascularisation allows for the influx 

of inflammatory cells in synovial tissue, and provides nutrients and oxygen to the hyperplastic 

synovium.[18] In particular, vascular endothelial growth factor (VEGF) and the angiopoietins 

(Ang) -1 and -2, signaling via their tyrosine kinase receptors VEGFR and Tie2, respectively, 

play and important role in angiogenesis and are expressed in the synovium of inflammatory 

arthritis patients.[17,19–21] VEGF produced by synovial stromal fibroblast-like synoviocytes 

(FLS) and perivascular cells promotes endothelial cell proliferation, and in combination 

with Ang-1, stabilizes new blood vessels.[22] Ang-1 can also promote FLS proliferation and 

matrix metalloproteinase (MMP) secretion.[23] Ang-2 can antagonize Ang-1 activation of 

Tie2, destabilizing the vasculature, but also has unique pro-inflammatory capacities, such as 

cooperating with TNF to induce endothelial cell adhesion protein expression.[24,25]

In RA, serum levels of VEGF, Ang-1 and Ang-2 are related to clinical inflammatory parameters 

and blood flow in inflamed joints as measured by ultrasound.[26] Less clear is the relationship 

between angiogenic pathways and disease progression. In one study, no relationship was 

observed between VEGF and joint destruction was shown in early RA.[27] However, other 

studies of early arthritis patients have indicated that serum levels of Ang-1 and VEGF are related 
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to inflammation and joint destruction at baseline and after 1 year of follow up.[28,29] Also, 

Ang-2 correlates with disease activity and cardiovascular disease in recent-onset RA.[30] While 

it is unclear from these studies how VEGFR and Tie2 signaling contributes to disease onset and 

progression in RA, genetic or pharmacological inhibition of neoangiogenesis and signaling 

via either of these receptors diminishes pathology in animal models of RA.[31–36] Here we 

investigated the expression and activation of angiogenic pathways in the synovial tissue of a 

prospective cohort of disease-modifying antirheumatic drug (DMARD) naïve early arthritis 

patients.

MATERIAL AND METHODS
Study Patients
Fifty patients consecutively included in our prospective early arthritis cohort between August 

2002 and July 2006 with synovial tissue biopsy samples available for analysis were enrolled in 

this study. We selected patients based on diagnosis after 2 years of follow-up according to 

classifying criteria.[49,50] Patients were classified as having UA if no classifying diagnosis for RA, 

SpA or other forms of arthritis could be made. All patients with RA, SpA and undifferentiated 

arthritis UA were included. All patients had arthritis of at least one knee, ankle or wrist joint 

with arthritis duration of less than 1 year. All patients were DMARD-naïve, and none were 

taking corticosteroids or received intra-articular steroid injections. This study was approved 

by the institutional review board at the Academic Medical Center, University of Amsterdam, 

and performed according to the declaration of Helsinki. All study patients provided written 

informed consent.

Study Design
At inclusion we collected demographics, disease duration, and disease activity parameters. 

X-rays of hands and feet were made. Paired serum and arthroscopic synovial tissue biopsy 

samples were collected. Diagnosis was made after 2 years of follow up according to established 

classifying criteria for RA [49] and SpA ESSG criteria.[50] Patients were classified as UA if no 

classifying diagnosis could be made. In addition, patients were classified as having self limiting, 

persistent disease or having persistent erosive disease.[47] Erosions score was based on 

presence or absence of erosions on X-rays of hands and feet at 2 year follow up defined by a 

Sharp van de Heijde erosion score of >0.[51].

Disease Activity Parameters
At inclusion we assessed disease activity by 68 tender and 66 swollen joint score, patients visual 

analog scale (VAS) of global disease activity (scale 0-100mm), VAS of pain (scale 0-100mm), 

erythrocyte sedimentation rate (ESR), and serum levels of C-reactive protein (CRP). Local 

disease activity of the knee joint was assessed by a patients’ VAS of disease activity and pain 

(scale 0-100 mm). Knee joint pain and swelling was scored by an assessor on a scale 0-3.

Measurement of Autoantibodies and Cytokines in Patient Serum
The presence of IgM-RF and ACPA in patient serum, collected at inclusion, was measured using 

IgM-RF (Sanquin, Amsterdam, The Netherlands) and anti-CCP2 (Eurodiagnostica, Arnhem, 
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The Netherlands) ELISA kits, respectively, and VEGF, Ang-1, and Ang-2 were measured using 

standard quantitative sandwich ELISA (RnD Systems).

Arthroscopic Synovial Tissue Biopsy Analysis
All patients underwent arthroscopic synovial tissue biopsy sampling of a knee, wrist or ankle 

joint.[52] Six synovial tissue biopsies were collected for immunohistochemistry as described 

earlier [53] to correct for sampling error. The synovial biopsy samples were snap-frozen en 

bloc in TissueTek OCT (Miles, Elkhart, IN) immediately after collection. Cryostat sections (5 

μm) were cut and mounted on Star Frost adhesive glass slides (Knittelgläser, Braunschweig, 

Germany). Sealed slides were stored at -80°C until use for immunohistochemistry. The sections 

were fixed with acetone, and endogenous peroxidase activity blocked by immersion in 0.3% 

hydrogen peroxide and 0.1% sodium azide in phosphate–buffered saline (PBS). Slides were 

incubated overnight at 4oC with primary antibody diluted in 1% bovine serum albumin/PBS. 

Primary antibodies used in this study were polyclonal rabbit antibodies specific for Tie2, 

Ang-1, Ang-2, VEGF, VEGFR (all from Santa Cruz Biotechnology) and murine monoclonal 

antibodies recognizing phosphorylated (p)-Tie2 (Cell Signaling, Beverly, MA). As a negative 

control, irrelevant/isotype matched immunoglobulins were applied to the sections instead of 

the primary antibody, or the primary antibody was omitted. Sections were washed with PBS 

and incubated with goat anti-mouse or swine-anti-rabbit -horseradish peroxidase (HRP)-

conjugated antibodies (Dako, Glostrup, Denmark), followed by incubation with biotinylated 

tyramide and streptavidin-HRP, and development with aminoethylcarbazole (Sigma, St. Louis, 

MO).[54] Slides were counterstained with Mayer’s hematoxylin and mounted in Kaiser’s glycerol 

gelatin (Merck, Darmstadt, Germany).

After staining of the slides the sections were analyzed by digital image analysis. All sections 

were analyzed in random order by trained readers (DD, GS, MS) who were blinded with regard 

to the patient’s clinical characteristics. The analysis was performed using a computer-assisted 

image analysis algorithm, as previously described in detail.[11] Images were acquired and 

analyzed using a Syndia algorithm on a Qwin-based analysis system (Leica, Cambridge, UK). 

Expression and/or phosphorylation of proteins was calculated as the number of positive cells/

mm2 or the median integrated optical density (IOD) per mm2 tissue corrected for cellularity. 

Relative phosphorylation values were obtained by dividing p-Tie2 IOD by total Tie2 IOD.

Statistics
Statistical analysis was performed using SPSS V.16.0 (Chicago, IL) software. For comparison of 

differences in expression or phosphorylation of markers values between the different diagnostic 

groups Kruskall Wallis test was used. The Mann-Whitney U test was used to compare differences 

in expression or phosphorylation of markers between outcome groups and 2 diagnostic 

groups. Correlations were examined by Spearman’s rank correlation coefficient. Univariable 

logistic regression was performed to evaluate the predictive value of the separate markers. In 

addition, backward multivariable logistic regression analysis was performed. Explained variance 

according to Nagelkerke is reported. Results were considered significant if P < 0.05.
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RESULTS
Composition of patient cohort
Of the 50 included patients, 19 patients were diagnosed with RA at baseline and after 2 years of 

follow up (RA-RA), 8 patients had UA at baseline but fulfilled 1987 ACR criteria of RA at 2 year 

follow up (UA-RA), 16 patients with UA at baseline remained UA at 2 years follow up (UA-UA), 

and 7 patients had SpA at 2 year follow up (SpA). In addition, of the 24 patients who had UA at 

baseline, 12 patients had self-limiting disease after 2 years of follow up, while 12 had persistent 

non-erosive disease or persistent erosive disease. Of the 27 patients who fulfilled 1987 ACR 

criteria of RA at 2 years follow up, 10 patients developed erosive disease, and 2 patients were 

lost to follow up and were excluded form the analysis. Baseline patient characteristics in the 

different subgroups are shown in Table 1 (diagnostic subgroups), Table 2 (all UA with self-

limiting or persistent disease) and Table 3 (all RA with or without erosive disease). 

Enhanced synovial Ang-1 expression precedes the fulfillment of RA 
classification criteria
For comparison of our patient cohort at baseline with previously published studies, where 

serum concentrations of VEGF and Ang-1 failed to predict fulfillment of RA classification 

criteria in patients with UA, but were elevated in patients with progressive disease, we first 

assessed patient serum concentrations of VEGF, Ang-1, and Ang-2 (Figure 1A). We detected 

serum concentrations of VEGF and Ang-1 that were similar to previous reports.[17,28] However, 

we observed no differences in concentrations of VEGF or Ang-1 between any of the different 

diagnostic groups (UA-UA, RA-RA, UA-RA, and SpA) (Figure 1A). Ang-2 levels, however, were 

slightly and significantly lower in patients diagnosed with SpA at baseline, compared to those 

diagnosed with RA (P=0.05) (Figure 1A). 

Table 1. Baseline patient characteristics.

UA-UA (n=16) RA-RA (n=19) UA-RA (n=8) SpA   (n=7) P-value

Age (years) 39 (20-67) 52.5 (22-82) 54 (43-66) 44 (20-56) 0.19

Female (n) 12 10 7 0 0.002

Dis. duration 3.75 (1-10) 5 (1-12) 3.5 (1-11) 2 (1-12) 0.38

VAS glob (0-100) 63 (9-93) 37 (11-99) 46 (32-98) 35 (17-91) 0.82

TJC 68 (n) 3 (0-37) 16 (5-36) 13 (3-25) 4 (0-11) <0.001

SJC 66 (n) 1 (1-19) 8 (4-41) 6 (1-20) 2 (1-5) <0.001

ESR (mm/h) 34 (4-85) 32 (3-91) 30 (14-77) 11 (3-47) 0.23

CRP (mg/l) 11 (2-58) 12 (3-133) 17 (3-42) 7 (1-46) 0.73

ACPA pos (n) 2 10 3 0 0.01

IgM RF pos (n) 2 13 1 0 <0.001

UA= undifferentiated arthritis, RA= rheumatoid arthritis, SpA= spondylarthritis, VAS = visual analog scale 
of global disease activity; TJC68 = 68 tender joint count; SJC66 = 66 swollen joint count; ESR = erythro-
cyte sedimentation rate; CRP =C-reactive protein; IgM-RF positive = immunoglobulin M rheumatoid factor 
positive; ACPA positive = anti-citrullinated protein antibody positive. Median and range are shown. Groups 
were compared by Kruskal- Wallis test. A P-value of > 0.05 was considered significant.
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Figure 1. Expression of vascular endothelial growth factor (VEGF), angiopoietin 1 (Ang-1), angiopoietin 2 
(Ang-2) in the different outcome groups. Serumlevels (A), representative immunohistochemical staining 
(B) and quantitative analysis of synovial tissue expression (C). UA-UA = undifferentiated arthritis at baseline 
and after follow up, RA-RA = rheumatoid arthritis at baseline and after follow up, UA-RA = undifferentiated 
arthritis at baseline who develop rheumatoid arthritis after follow up, SpA = spondyloarthritis. Data are 
presented as box plots, where the boxes represent the 25th to 75th percentiles, the lines within the box 
mark the median value, and lines outside the boxes denote the 10th and 90th percentiles. Lines connecting 
data sets indicate statistically significant differences between groups.  * P < 0.05, ** P < 0.005.

Next we performed immunohistochemical analyses to detect synovial expression of VEGF, 

Ang-1, and Ang-2. While no specific staining was observed with irrelevant control antibodies 

(data not shown), staining was observed in synovial intimal lining and sublining layers with 

antibodies recognizing VEGF, Ang-1 and Ang-2 (Figure 1B). VEGF expression was observed 

predominantly in the synovial sublining of patients in all diagnostic groups. Ang-1 expression 

was observed in the intimal lining layer, the synovial sublining, and in sublining vasculature. 

Staining in the same synovial regions was observed for Ang-2 in all diagnostic groups, but 

Ang-2 expression was more readily evident in patients with SpA. Use of digital imaging analysis 

to quantify expression revealed that there was no significant difference in VEGF expression 
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Table 2. Baseline patient characteristics persistent versus self-limiting disease.

 
UA self-limiting

(n=12)
UA persistent

(n=12) P-value

Age (yrs) 43 (20-67) 48 (28-66) 0.76

Dis. Duration (months) 4 (1-10) 5 (1-11) 0.66

ESR (mm/h) 26 (4-68) 36 (14-85) 0.27

CRP (mg/L) 11 (2-58) 22 (3-42) 0.21

TJC 68 (n) 3 (0-19) 8 (2-37) 0.05

SJC 66 (n) 1 (1-18) 5 (1-20) 0.03

VAS global (0-100) 56 (9-86) 51 (32-98) 0.38

IgM RF positive (%) 8 16 0.49

ACPA positive (%) 8 33 0.10

UA = undifferentiated arthritis, VAS = visual analog scale of global disease activity; TJC68 = 68 tender joint 
count; SJC66 = 66 swollen joint count; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; 
IgM-RF positive = immunoglobulin M rheumatoid factor positive; ACPA positive = anti-citrullinated protein 
antibody positive. Median and range are shown. Groups were compared by Kruskal- Wallis test. A P-value 
of > 0.05 was considered significant.

Table 3. Baseline patient characteristics erosive versus non-erosive RA.

 
RA non-erosive

(n=15)
RA erosive

(n=10) P-value

Age (yrs) 54 (22-58) 53 (24-82) 0.88

Dis. Duration (months) 4 (1-12) 5 (1-10) 0.86

DAS28 5.9 (3.3-6.7) 5.0 (2.9-6.6) 0.13

ESR (mm/h) 27 (7-76) 37 (3-91) 0.67

CRP (mg/L) 16 (3-133) 9 (3-114) 0.62

TJC 68 (n) 18 (4-38) 8 (2-23) 0.08

SJC 66 (n) 8 (1-41) 7 (3-16) 0.39

VAS global (0-100) 50 (25-98) 27 (11-76) 0.12

IgM RF positive % 43 66 0.27

ACPA positive % 50 44 0.80

RA = rheumatoid arthritis; VAS = visual analog scale of global disease activity; TJC68 = 68 tender joint 
count; SJC66 = 66 swollen joint count; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; 
IgM-RF positive = immunoglobulin M rheumatoid factor positive; ACPA positive = anti-citrullinated protein 
antibody positive. Median and range are shown.

between the diagnostic groups (Figure 1C). Expression of Ang-1 was comparable between the 

patients with RA at baseline (RA-RA) and the patients who fulfilled ACR criteria over time (UA-

RA). In contrast, expression of Ang-1 was significantly higher in RA-RA (P=0.03) and UA-RA 

(P=0.02) patients compared to SpA patients. Ang-1 expression in UA-RA patients was also 

elevated compared to patients that remained UA (UA-UA) after 2 years of follow up (P=0.01). 

For Ang-2, expression was elevated in SpA patients compared to those with RA (P=0.003).
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The Ang-1/Tie2 axis is specifically activated in synovial tissue of RA 
patients before diagnostic criteria are met
We next examined synovial expression of VEGFR and Tie2. VEGFR expression was observed 

in the sublining vessels of patients in all diagnostic groups (Figure 2A). Tie-2 expression was 

seen in the intimal lining layer, the synovial sublining and in blood vessels. Quantitative analysis 

revealed that there were no significant differences in VEGFR expression between different 

diagnostic groups (Figure 2B). Expression of Tie2 was comparable between the patients with RA 

at baseline and UA-RA patients who fulfilled ACR criteria over time. However, Tie2 expression 

in both of these patient groups was elevated compared to patients with SpA (P=0.001). UA-RA 

patients also demonstrated increased Tie2 expression compared to UA-UA patients (P=0.001). 

As Ang-1 expression was elevated in these same RA-RA and UA-RA diagnostic groups, we 

examined the activation status of Tie2 using phospho (p)-specific antibodies. Activated Tie2 

was observed primarily in the intimal lining layer and in vessels, but could also be observed 

in synovial sublining tissue (Figure 2A). Activated Tie2 was significantly elevated in RA-RA 

(P=0.001) and UA-UA patients (P=0.003) compared to SpA patients (Figure 2B). Importantly 

p-Tie2 levels were also increased in UA-RA patients compared to UA-UA patients (P=0.006), 

although the relative activation of Tie2 (p-Tie2/Tie2) did not differ between diagnostic groups. 

These data suggest that Ang-1/Tie2 signaling is specifically activated in RA, even before patients 

fulfill ACR criteria of RA, while Ang-2 is specifically up-regulated in SpA. In confirmation of this, 

logistical regression analysis demonstrated that synovial Ang-1 and p-Tie2 expression was 

significantly related to the development of RA, with explained variances (R2) of 46% (P=0.03) 

and 57% (P=0.03), respectively.

Expression of Ang-1 and Tie2 is related to the development of persistent 
disease in UA patients
We next investigated the serum and synovial levels of the same angiogenic markers in 

relationship to disease persistence in all patients diagnosed with UA at baseline (UA-RA, n=8; 

UA-UA, n=16). Twelve of these patients had self-limiting disease, and 12 developed persistent 

disease. Serum levels of VEGF, Ang-1 and Ang-2 did not differ between the two outcome groups 

(Figure 3A). Also, no differences were observed in synovial tissue, as detected by digital imaging 

analyses (Figure 3B). Synovial VEGFR expression was also similar between outcome groups, but 

patients who developed persistent disease had significantly elevated synovial expression of Tie2 

(P < 0.05) and active p-Tie2 (P < 0.01) (Figure 4). To better understand the relationship between 

each of the angiogenic markers and the persistence of disease, we performed linear regression 

analysis. Serum levels of VEGF, Ang-1 and Ang-2 had no predictive value for the development of 

persistent disease (data not shown). However, synovial expression of Ang-1 (R2=34%, P=0.04) 

Tie2 (R2=40%, P=0.04) and p-Tie2 (R2=48%, P=0.04), were significantly related to development 

of persistent arthritis. Backward logistic regression analysis demonstrated that in a combined 

model incorporating Ang-1 and p-Tie2, the explained variance increased to 68% (P=0.048).

Relative engagement of synovial Tie2 is related to the development of 
erosive disease in RA patients
To evaluate the relationship between angiogenic markers and development of joint destruction 

over time, we grouped all patients with RA after 2 years follow up (RA-RA, n=19; UA-RA, n=8) 
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Figure 2. Vascular endothelial growth factor receptor (VEGFR), Tie2 and phosphorylated (p) Tie2 in the 
different outcome groups. Representative immunohistochemical staining (A), and quantitative analysis 
of expression in synovial tissue (B). UA-UA = undifferentiated arthritis at baseline and after follow up, 
RA-RA=rheumatoid arthritis at baseline and after follow up, UA-RA= undifferentiated arthritis at baseline 
who develop rheumatoid arthritis after follow up, SpA=spondyloarthritis. Data are presented as box plots, 
where the boxes represent the 25th to 75th percentiles, the lines within the box mark the median value, 
and lines outside the boxes denote the 10th and 90th percentiles. Lines connecting data sets indicate 
statistically significant differences between groups.  ** P < 0.005
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Figure 3. Serum (A) and synovial tissue (B) expression of vascular endothelial growth factor (VEGF), 
angiopoietin 1 (Ang-1), and angiopoietin 2 (Ang-2) in undifferentiated arthritis patients with self-
limiting or persistent arthritis after 2 years of follow up. Data are presented as box plots, where the boxes 
represent the 25th to 75th percentiles, the lines within the box mark the median value, and lines outside 
the boxes denote the 10th and 90th percentiles. Lines connecting data sets indicate statistically significant 
differences between groups.  * P < 0.05.

Figure 4. Synovial tissue expression of vascular endothelial growth factor receptor (VEGFR), Tie2 and 
phosphorylated (p) Tie2 in undifferentiated arthritis patients with self-limiting and persistent disease 
after follow up. Data are presented as box plots, where the boxes represent the 25th to 75th percentiles, 
the lines within the box mark the median value, and lines outside the boxes denote the 10th and 90th 
percentiles. Lines connecting data sets indicate statistically significant differences between groups.  * P < 
0.05 ** P < 0.01.

** 

* 
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based on the absence or presence of erosive disease. Two patients were lost to follow up, 10 

patients developed erosive disease, and 15 patients had persistent non-erosive disease. Serum 

levels of VEGF, Ang-1, and Ang-2 did not differ between patient outcome groups (Figure 5A), 

nor did synovial expression of the angiogenic factors (Figure 5B). Additionally, VEGFR, Tie2, 

and p-Tie2 levels were similar between outcome groups. However, the relative activation of 

Tie2 was significantly elevated in patients who developed erosive disease (P < 0.01) (Figure 6). 

Linear regression analysis revealed that the relative activation of Tie2, but not other markers, 

was significantly related to the development of erosive disease in RA (R2=49%, P=0.03). 

Figure 5. Serum and synovial tissue expression of vascular endothelial growth factor (VEGF), 
angiopoietin 1 (Ang-1) en angiopoietin 2 (Ang-2) in rheumatoid arthritis (RA) patients with non-
erosive or erosive RA after follow up. Erosive disease was defined by a Sharp-van der Heijde erosion 
score ≥ 1 at two year follow up. Data are presented as box plots, where the boxes represent the 25th to 75th 
percentiles, the lines within the box mark the median value, and lines outside the boxes denote the 10th 
and 90th percentiles.

DISCUSSION
One of the challenges in current patient care in early arthritis clinics is starting patient tailored 

treatment as soon as possible. Timely patient tailored treatment is aimed at remission hereby 

preventing joint destruction and optimizing functional outcome with a minimum of (potential) 

harmful side-effects. Treatment decisions are guided by the clinical diagnosis, the biochemical 

or molecular characteristics of the specific disease and the estimated risk of development 

of joint destruction. Recently developed models have used clinical parameters to aid in this 

process.[8,10] Lately, increasing effort is put into the identification of biochemical markers with 

potential diagnostic or prognostic value, which might even serve as therapeutic targets that 

can guide personalized treatment decisions.[37] 

ACPA and rheumatoid factor are serological parameters that are quite specific for the 

diagnosis of RA. In many RA patients, the onset of clinical symptoms is preceded by up to 
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several years by the appearance of circulating autoimmune IgM-RF and ACPA, indicating a 

weakening of peripheral tolerance in the adaptive immune system. Recently, ACPA has been 

incorporated in the novel 2010 ACR/EULAR RA criteria.[38,39] Also, these autoantibodies 

have been associated with a higher risk of development of destructive disease.[40] Synovial 

fluid concentrations of cytokines derived from, or indicative of, activated T lymphocytes, 

including IFNg, IL-2, IL-4, and IL-17 were shown to be elevated in patients with UA prior to 

their development of RA.[41] A similar profile of T cell cytokines also predominate the serum 

of individuals with no complaints of synovitis but who later develop RA.[42] Previously, other 

serological markers such as VEGF,[28] IL-32,[43] MMPs,[44] and soluble granzyme B [45] have 

also been associated with destructive disease in RA. Examining synovial tissue in early arthritis 

patients, we previously observed a significant difference in synovial tissue expression of 

macrophages and plasma cells at the group level between early RA and non-RA patients.[46] 

However, in an independent study on consecutive patients with early arthritis, we were unable 

to identify these same differences between RA and UA patients (van de Sande, chapter 5 this 

** 

Figure 6. Synovial tissue expression of vascular endothelial growth factor receptor (VEGFR), Tie2, 
and phosphorylated (p) Tie2 in rheumatoid arthritis (RA) patients with non-erosive RA or erosive RA. 
Erosive disease was defined by a Sharp-van der Heijde erosion score ≥ 1 at two year follow up. Relative Tie2 
phosphorylation was calculated as the ratio of IOD phosphorylated protein to IOD of total protein (arbitrary 
units). Data are presented as box plots, where the boxes represent the 25th to 75th percentiles, the lines 
within the box mark the median value, and lines outside the boxes denote the 10th and 90th percentiles. 
Lines connecting data sets indicate statistically significant differences between groups.  ** P < 0.01
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thesis). Together, besides the validated prediction models based on clinical parameters,[10,47] 

no novel serological or synovial immunohistochemical biomarker has been strong enough to 

guide initial treatment decisions in the individual patient. 

Here, we provide the first biochemical evidence that changes occur in synovial tissue 

prior to our ability to determine a disease diagnosis. Our results demonstrate that expression 

of Ang-1, and associated Tie2 activation, is increased in RA compared to SpA, while Ang-2 

expression is more prominent in SpA. In previous studies of this patient cohort, we did not 

identify significant differences in expression of cellular and vascular markers between RA 

patients with self-limiting, persistent or persistent-erosive disease (van de Sande, chapter 5 this 

thesis), although vWF expression was significantly different between UA-RA patients and UA-UA 

patients. In this current study, we did not observe a difference in cellular infiltrate between the 

different diagnostic groups at baseline. Additionally, although vWF expression, representative 

of synovial tissue vascularity, was significantly increased in SpA compared to RA, we observed 

no significant correlation between expression of angiogenic markers and vWF (data not shown), 

indicating that difference in the expression and engagement of Ang-1 and Tie2 is not secondary 

to differences in the level of synovial inflammation and vascularization. Together, this suggests 

that Ang-1/Tie2 signaling is specifically involved in pathogenic processes active in RA, from the 

earliest phases on, even before ACR criteria of RA are met, and the resultant activation of Tie2 

promotes the development of persistent and erosive disease.

Differences in microscopic and macroscopic synovial tissue vascularisation between RA 

and SpA patients have been a consistent finding in previous studies.[14–17] Not only does the 

number of vessels vary between these patients groups, but differences in vessel morphology 

are also observed. Ang-2, which is known to be involved in vessel destabilization and the 

sprouting of new vessels, is highly expressed in psoriatic arthritis compared to RA, and increased 

expression of Ang-2 is associated with the appearance of tortuous vessels observed in SpA 

synovial tissue, compared to the more straightened vascularization observed in RA.[16,17] The 

exact mechanisms by which local Ang-1 stimulation of Tie2 contributes to the development 

of persistent erosive RA remain to be elucidated, but may reflect processes independent 

of direct effects on endothelial cells. For example, in vitro stimulation of RA FLS with Ang-1 

induces activation of MAP kinase, PI3-K and NFkB signaling pathways, protecting FLS against 

apoptosis, promoting FLS migration, and stimulating production of pro-MMPs and degradation 

of cartilage matrix.[23] In murine models of RA, blockade of Tie2 not only decreases synovial 

angiogenesis, but decreases arthritis development and severity, as well as joint destruction. 

Here, decreased joint destruction was associated with decreased synovial RANKL expression, 

independently of synovial inflammation status.[33]

Our study demonstrates that an increased relative engagement of Tie2 is prospectively 

related to the development of joint destruction suggesting that this pathway plays an important 

role in joint destruction in early arthritis patients. Increases in the expression of levels of Ang-1, 

Tie2 and pTie2 in patients with persistent arthritis compared to patients with self-limiting 

arthritis, and increased pTie2/Tie2 ratio in RA patients who develop erosions over time, may 

be useful predictive indicators of disease outcome. These markers could explain up to 68% of 

the variance in outcome, which is quite extensive when comparing to previous studies applying 

immunohistochemical synovial tissue analysis as a predictive biomarker for response to 

treatment.[48] However, our findings indicate that other variables are involved as well, and that 



SEVEN 

LOCAL SYNOVIAL ENGAGEMENT OF TIE2 IN EARLY ARTHRITIS PATIENTS

97

combinations of different clinical or biological parameters will improve the predictive value 

of synovial Tie2 engagement, making it possible to guide treatment decisions in individual 

patients. As important, our study suggests that targeting Ang-1 and Tie2 therapeutically at the 

earliest stages of disease may be useful in improving outcome in arthritis. 
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ABSTRACT
Objectives: To investigate the expression and activation of mitogen-activated protein kinases 

in disease-modifying antirheumatic drug (DMARD)-naïve early arthritis patients.

Methods: 50 DMARD -naïve early arthritis patients (disease duration < one year) were 

prospectively followed and diagnosed at baseline and after 2 years for undifferentiated arthritis 

(UA), rheumatoid arthritis (RA) (1987 ACR and 2010 ACR/EULAR criteria), or spondyloarthritis 

(SpA). Synovial biopsies obtained at baseline were examined for expression and phosphorylation 

of p38, extracellular signal regulated kinases (ERK) and c-Jun N-terminal kinase (JNK) by 

immunohistochemistry and digital analysis. Synovial tissue mRNA expression was measured by 

quantitative PCR.

Results: ERK and JNK activation was enhanced at inclusion in patients meeting RA criteria 

compared to other diagnoses. JNK activation was enhanced in patients diagnosed with UA 

at baseline who eventually fulfilled 1987 ACR RA criteria compared to those who remained 

UA, and in RA patients fulfilling 2010 ACR/EULAR criteria at baseline. ERK and JNK activation 

was enhanced in RA patients developing progressive joint destruction. JNK activation in UA 

predicted 1987 ACR RA classification criteria fulfillment (R2= 0.59, P= 0.02) after follow up, and 

disease progression in early arthritis (R2= 0.16, P< 0.05). Enhanced JNK activation in patients 

with persistent disease was associated with altered synovial expression of extra-cellular matrix 

components and CD44. 

Conclusions: JNK activation is elevated in RA before 1987 ACR RA classification criteria are met 

and predicts development of erosive disease in early arthritis, suggesting JNK may represent an 

attractive target in treating RA early in the disease process.
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INTRODUCTION
Mitogen-activated protein kinase (MAPK) family members, namely p38 kinases (α-δ), 

extracellular signal regulated kinases (ERKs) 1 and 2, and c-Jun N-terminal kinase (JNKs) 1-3, 

occupy critical positions in coupling diverse cell surface proteins, including antigen receptors, 

tumor necrosis factor (TNF) family receptors, chemokine and cytokine receptors, and toll-like 

receptors to inflammatory gene expression.[1, 2] Members of each MAPK family are expressed 

and activated in synovial tissue of patients with rheumatoid arthritis (RA) and other forms of 

inflammatory arthritis.[3-5] Highly selective pharmacological inhibitors of p38,[6-9] ERK[10,11] 

and JNK[3,12,13] prevent inflammatory activation of stromal fibroblast-like synoviocytes 

(FLS) derived from RA patient synovial tissue, chondrocytes and osteoclasts. Additionally, 

pharmacological inhibition or genetic deletion of MAPK activity reduces inflammation and 

joint destruction in multiple experimental animal models of RA.[6,8,10,12,14-18] These data 

collectively suggest that therapeutic strategies inhibiting MAPK activation may be useful in the 

treatment of RA.[1 2,19,20]

Despite this wealth of preclinical analyses, little is known about the distinct contributions of 

each MAPK to the onset and perpetuation of RA. Clinical parameters and biomarkers have yet 

to be identified which are associated with synovial MAPK activation status, and MAPK activation 

in RA has primarily been examined in patients with destructive end-stage disease.[3-5] In the 

transgenic human TNF model of murine arthritis, p38 activation is required for induction of 

inflammation and joint destruction.[15,21] Whether this observation can be translated into 

successful treatment of RA with MAPK inhibitors, especially in early disease, is uncertain 

however, as clinical trials with p38 inhibitors have not been successful.[22,23] Recent kinetic 

analyses of MAPK activation in experimental murine arthritis have revealed model-specific 

differences in the degree of p38, ERK and JNK activation, as well as in the timing of their 

activation during disease onset and resolution.[24] Here, we examined if similar differences 

in MAPK involvement might be relevant to the earliest stages of the development of RA, by 

assessing the relationship between MAPK expression and activation, and disease diagnosis and 

outcome in a prospective cohort of disease-modifying antirheumatic drug (DMARD) -naïve 

early arthritis patients.

PATIENTS AND METHODS
Patients 
50 patients with arthritis of less than 1 year duration, as measured from the first clinical signs of 

arthritis, irrespective of which joint was initially affected, and a clinically inflamed knee, ankle 

or wrist joint, underwent arthroscopic synovial biopsy. Diagnosis of RA or spondyloarthritis 

(SpA) was made according to established classification criteria.[25-28] Patients were classified 

as having undifferentiated arthritis (UA) if no classifying diagnosis for RA, SpA or other forms 

of arthritis could be made. After 2 years of follow up final diagnosis was made according to 

classification criteria. All patients were naïve to treatment with DMARDs and corticosteroids at 

inclusion, and after baseline study procedures all patients were treated consistent with EULAR 

guidelines.[29] In case of a clinical diagnosis of RA, DMARD treatment was initiated directly 

after baseline study procedures were completed. DAS28 was systematically determined and 



EIGHT 

106

patients were treated according to the treat-to-target principle, aiming for DAS28 < 2.6, 

using conventional DMARDs, corticosteroids and biologicals, if indicated. If a combination of 

DMARDs did not result in a DAS28 < 3.2 then a biological was started. Upon decision of the 

treating physician corticosteroids were started in combination with a DMARD, either high dose 

and tapered down in 6-8 weeks or more prolonged low dose. In case of a diagnosis of SpA with 

peripheral arthritis, all patients, except patients with reactive arthritis were started on MTX. The 

patients with reactive arthritis were treated with intra-articular steroids and NSAID’s. Treatment 

was aimed at minimal disease activity. The patients with UA were treated with intra-articular 

steroids, and if arthritis was persistent, a DMARD was started. 

At inclusion we assessed disease activity (68 tender and 66 swollen joint score, patient’s visual 

analog scale (VAS) of global disease activity [scale 0-100mm], VAS of pain [scale 0-100mm], 

erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) levels) and collected serum 

and arthroscopic synovial tissue biopsy samples. X-rays were obtained at baseline and after 2 

years; erosion scoring was based on the presence or absence of erosions on X-rays of hands 

and feet where the modified Sharp-van der Heijde erosion score was ≥ 1.[30] This study was 

approved by the institutional review board, performed according to the declaration of Helsinki. 

All study patients provided written informed consent. 

Measurement of serum autoantibodies 
Patient serum IgM rheumatoid factor (IgM-RF) and anti-citrullinated protein antibodies 

(ACPA) were measured using IgM-RF (Sanquin, Amsterdam, The Netherlands) and anti-CCP2 

(Eurodiagnostica, Arnhem, The Netherlands) ELISA kits.

Synovial tissue biopsy sampling, immunohistochemistry and gene 
expression 
All patients underwent arthroscopic synovial tissue biopsy sampling of an actively inflamed 

ankle, wrist or knee joint.[31] Synovial tissue biopsies were collected from each patient, stored 

and processed for immunohistochemistry, and stained sections analysed by digital imaging 

analysis as previously described.[32-34] Detailed descriptions of stainings, analyses and mRNA 

expression studies are provided in Supplemental Materials and Methods. 

Statistics
Statistical analysis was performed using Windows Graphpad Prism 4 and SPSS V.16.0 (Chicago, 

IL) software. Comparisons in expression or phosphorylation of markers between cohorts were 

performed using the Mann-Whitney U test, first using the Kruskall-Wallis test when more than 

two groups were compared. Logistic regression analysis was used to analyze the relationship 

between relative MAPK phosphorylation and development of RA and the development of 

erosive disease. Results were considered statistically significant if P< 0.05.
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RESULTS
p38, ERK and jNK are differentially expressed and phosphorylated in 
early arthritis patients with distinct diagnoses
We performed immunohistochemical staining on synovial biopsy samples using antibodies 

recognizing total and p- p38, ERK, and JNK MAPKs. Within the cohort, 27 patients were 

diagnosed with RA at 2 years after enrollment in the study based on 1987 ACR criteria for RA, 

7 with SpA, and 16 with UA. Clinical characteristics of each patient group are shown in table 1. 

p38 expression was highest in UA, and significantly different in this group compared to SpA (P< 

0.05), but not RA (supplemental figure 1). p-p38 levels were higher in UA than SpA (P< 0.05). 

ERK expression was significantly higher in RA than SpA (P< 0.01) and UA (P< 0.01) (supplemental 

figure 1). p-ERK levels were also highest in RA, where it was elevated compared to SpA (P< 

0.01) and UA (P< 0.01). No differences in JNK expression were noted between diagnostic 

groups (supplemental figure 1), but p-JNK levels were higher in RA than in SpA (P< 0.005) and 

UA (P< 0.01). Within each diagnostic group, and across the cohort as a whole, no significant 

correlation was observed between MAPK expression and phosphorylation levels, suggesting 

that phosphorylation was driven by differential inflammatory stimuli input (data not shown, 

see supplemental figure 2 for representative photomicrographs of staining distribution in each 

diagnostic group.

Table 1. Characteristics of study patients*

 
UA>>UA

n=16
RA

n=19
UA>>RA

n=8
SpA
n=7

Age (years) 39 (20-67) 53 (22-82) 54 (43-66) 44 (20-56)

Female (n) 12 10 7 0

Disease duration (m) 4 (1-10) 5 (1-12) 4 (1-11) 2 (1-12)

VAS (0-100) 63 (9-93) 37 (11-99) 48 (32-98) 35 (17-91)

TJC68 (n) 3 (0-37) 16 (5-38) 13 (3-25) 4 (0-11)

SJC66 (n) 1 (1-19) 8 (4-41) 6 (1-20) 2 (1-5)

ESR (mm/h) 34 (4-85) 32 (3-91) 30 (14-77) 11 (3-47)

CRP (mg/l) 11 (2-58) 12 (3-133) 17 (3-42) 7 (1-46)

IgM-RF pos. (n) 2 13 1 0

ACPA pos. (n) 2 10 3 0

No DMARD 12 0 0 2

DMARD mono 3 15 4 5

≥2 DMARD 1 4 2 0

≥2 MTX + anti-TNF 0 0 2 0

UA>>UA = undifferentiated arthritis at baseline and at two years follow-up; RA = rheumatoid arthritis at 
baseline; UA»RA = classified as UA at baseline and diagnosed as RA at two year follow-up; SpA = spondy-
loarthritis; VAS = visual analog scale of global disease activity; TJC68 = 68 tender joint count; SJC66 = 66 
swollen joint count; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; IgM-RF pos. = immu-
noglobulin M rheumatoid factor positive; ACPA pos. = anti-citrullinated protein antibody positive; DMARD 
= disease modifying anti-rheumatic drug; MTX = methotrexate; TNF = tumor necrosis factor α. Patients 
were classified as RA based on 1987 ACR criteria.
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Relative phosphorylation of ERK and jNK is enhanced in patients with 
early RA
To gain insight into the degree of MAPK engagement by inflammatory stimuli, we calculated the 

relative phosphorylation of p38, ERK, and JNK proteins for each patient (IOD phospho-MAPK/

IOD total MAPK, arbitrary units). Relative p38 phosphorylation was similar in all diagnostic 

groups (figure 1A, left panel). In contrast, relative ERK phosphorylation in RA was higher than in 

SpA (P< 0.05) and UA (P< 0.01) (figure 1A, middle panel). Relative JNK phosphorylation (figure 1A, 

right panel) was elevated in RA compared to UA (P< 0.01) and SpA (P< 0.005). Using 2010 ACR/

EULAR classification criteria, 35 patients were diagnosed with RA, 7 with SpA, and 8 with UA at 

Figure 1. Relative MAPK activation in relation to disease diagnosis. Quantitative comparison of relative 
MAPK phosphorylation in the synovial tissue of patients with early arthritis. Tissue sections from patients 
diagnosed with rheumatoid arthritis (RA) according to 1987 ACR criteria, spondyloarthritis (SpA), and 
undifferentiated arthritis (UA) after two years follow-up were stained with antibodies against phospho- 
and total p38, extracellular-signal regulated kinase (ERK), and c-Jun N-terminal kinase (JNK). Stainings 
were developed with biotin tyramide enhancement, horseradish peroxidase and aminoethylcarbazole, 
followed by counterstaining with Mayer’s hematoxylin, and evaluated by digital imaging analysis. Relative 
phosphorylation levels (ratio of IOD phosphorylated protein to IOD of total protein, arbitrary units) of p38, 
ERK, and JNK were calculated for patients diagnosed with RA according to (A) 1987 ACR criteria and (B) 2010 
ACR/EULAR criteria, SpA, and UA. Data are presented as box plots, where the boxes represent the 25th to 
75th percentiles, the lines within the box mark the median value, and lines outside the boxes denote the 
10th and 90th percentiles. Lines connecting data sets indicate statistically significant differences between 
groups. * P < 0.05. ** P < 0.01. *** P < 0.005. 
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baseline (supplemental table 1). Here, no differences in relative p38 or ERK phosphorylation 

were observed, but relative JNK phosphorylation was elevated in RA (P< 0.001) compared to 

SpA (figure 1B). 

Relative phosphorylation of ERK and jNK is enhanced in patients with 
early RA before fulfillment of 1987 ACR RA classification criteria
We next compared MAPK activation with the presence of RF and ACPA, auto-antibodies 

predictive of the development, disease course and prognosis of RA.[35,36] RA and UA patients 

receiving a diagnosis of RA at 2 year follow up (UA»RA) identified by 1987 ACR criteria were 

grouped based on the absence or presence of serum RF or ACPA at baseline (see supplemental 

tables 2 and 3 for patient clinical characteristics). Relative activation of ERK (P< 0.0005) and 

JNK (P< 0.005) was significantly higher in RF+ (n=14) than RF- (n=13) patients. ACPA+ patients 

(n=13) also displayed enhanced ERK (P< 0.001) and JNK (P< 0.005) activation compared to ACPA- 

patients (n=14) (supplemental figure 3).

Given that ERK and JNK activation was elevated in RF and ACPA seropositive patients, we 

next examined if ERK and JNK might already be activated in UA>>RA, as diagnosed by 1987 

ACR criteria (see table 1 for patient characteristics). We observed no differences in relative 

p38 (figure 2A, left panel) or ERK (figure 2A, middle panel) phosphorylation between patients 

diagnosed with UA who remained UA (UA>>UA) (n=16) and UA>>RA patients (n=8). In contrast, 

JNK phosphorylation was elevated in UA>>RA (figure 2A, right panel) compared to UA>>UA (P< 

0.005). Univariate logistic regression analysis showed that relative JNK activation at baseline 

was significantly related to fulfillment of classification criteria for RA after follow up with an 

explained variance of 59% (R2=0.59, P=0.02). Thus, in patients with early arthritis, elevated ERK 

Table 2. Characteristics of RA patients with erosive and non-erosive disease*

 
RA erosive

n=12
RA non-erosive

n=15
p-value

 

Age (years) 53 (24-82) 54 (22-58) 0.88

Disease duration (months) 5 (1-10) 4 (1-12) 0.86

DAS 28 5.0 (2.9-6.6) 5.9 (3.3-6.7) 0.13

ESR (mm/h) 37 (3-91) 27 (7-76) 0.67

CRP (mg/l) 9 (3-114) 16 (3-133) 0.62

VAS (0-100) 27 (11-76) 50 (25-98) 0.12

IgM-RF pos. (%) 66 43 0.27

ACPA pos. (%) 44 50 0.80

DMARD monotherapy 9 8

≥ 2 DMARDS 3 5

MTX + anti-TNFa 0 2

RA = rheumatoid arthritis at two years follow-up; DAS28 = disease activity score 28; ESR = erythrocyte sedi-
mentation rate; CRP = C-reactive protein; VAS = visual analog scale of global disease activity; IgM-RF pos. 
= immunoglobulin M rheumatoid factor positive; ACPA pos. = anti-citrullinated protein antibody positive. 
DMARD = disease-modifying antirheumatic drug; MTX = methotrexate; TNFa = tumor necrosis factor α. 
Patients were classified as RA based on 1987 ACR criteria.
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Figure 2. Relative MAPK activation in relation to disease outcome and progression. (A). Quantitative 
comparison of relative MAPK phosphorylation in the synovial tissue of patients classified according to 
1987 ACR criteria as UA which remained UA after two years (UA>>UA), and UA which was diagnosed as RA 
after two years (UA>>RA). Relative phosphorylation levels of p38, ERK, and JNK were calculated for patients 
diagnosed with UA>>UA and UA»RA. (B) Quantitative comparison of relative MAPK phosphorylation in 
the synovial tissue of patients classified as RA after two years based on 1987 ACR criteria (upper panels) 
and all early arthritis patients, with persistent erosive and persistent non-erosive disease (lower panels). 
(C) Comparison of relative MAPK phosphorylation in the synovial tissue of patients classified with RA 
according to 2010 ACR/EULAR criteria displaying self-limiting, persistent non-erosive, and erosive disease. 
Erosive disease was defined by a Sharp-van der Heijde erosion score ≥ 1 at two year follow up. Relative 
MAPK phosphorylation was calculated as the ratio of IOD phosphorylated protein to IOD of total protein 
(arbitrary units). Data are presented as box plots, where the boxes represent the 25th to 75th percentiles, 
the lines within the box mark the median value, and lines outside the boxes denote the 10th and 90th 
percentiles. Lines connecting data sets indicate statistically significant differences between groups. * P < 
0.05. ** P < 0.01. *** P < 0.005.
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and JNK activity distinguish RA from other forms of arthritis, and JNK activation is elevated in 

patients with RA even before 1987 ACR classification criteria of RA are met. Similar regression 

analyses based on 2010 ACR/EULAR classification criteria could not be performed due to the 

small number (n=2) of UA>>UA patients (supplemental figure 4).

Relative ERK and jNK activation is elevated in RA patients developing 
erosive disease
To examine the relationship between MAPK activation and disease outcome in patients with 

RA, RA»RA and UA»RA patients were pooled and grouped based on the development of 

erosive disease (defined as a modified Sharp-van der Heijde erosion score was ≥ 1 at 2 year 

follow up, see table 2 for patient clinical characteristics).[30] Only one early arthritis patient 

had erosive disease at baseline. Relative p38 phosphorylation was similar between RA patients 

with non-erosive (n=15) and erosive disease (n=12) (figure 2B, upper left panel). Relative ERK 

(P< 0.01) (figure 2B, upper middle panel) and JNK phosphorylation (P< 0.01) (figure 2B, upper 

right panel) was higher in patients developing erosive disease. Examining all early arthritis 

patients, regardless of diagnosis (see table 3 for patient characteristics), activation of p38 (P< 

0.05), ERK (P< 0.005) and JNK (P< 0.001) was elevated in patients with erosive disease (figure 2B, 

lower panels). JNK activation, but not p38 or ERK activation, predicted development of erosive 

disease (R2=0.16, P< 0.05).

Relative jNK activation and is enhanced in patients with persistent 
disease
Amongst patients who fulfilled 2010 ACR/EULAR criteria for RA after 2 years follow up, 17 

patients had persistent non-erosive disease, 12 erosive disease, and 10 had self-limiting disease 

(supplemental table 4). ERK activation (figure 2C) was elevated in patients with erosive disease 

compared to those with self-limiting disease (P< 0.005), and a trend towards enhanced ERK 

activation was observed in patients with erosive disease compared to those with persistent 

non-erosive disease (P=0.051). JNK activation was significantly lower in those RA patients 

Table 3. Characteristics of early arthritis patients with erosive and non-erosive disease*

 
erosive

n=17
non-erosive

n=33
p-value

 

Age (years) 54 (24-81) 46 (20-75) 0.92

Disease duration (months) 6 (1-11) 5 (1-12) 0.39

DAS 28 3.7 (1.1-5.7) 2.4 (0.6-6.3) 0.012

ESR (mm/h) 36 (3-91) 32 (9-93) 0.72

CRP (mg/l) 14 (1-114) 10 (1-133) 0.68

VAS (0-100) 42 (11-81) 38 (3-98) 0.88

IgM-RF pos. (%) 35 21 0.32

ACPA pos. (%) 24 27 0.88

DAS28 = disease activity score 28; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; VAS = 
visual analog scale of global disease activity; IgM-RF pos. = immunoglobulin M rheumatoid factor positive; 
ACPA pos. = anti-citrullinated protein antibody positive.
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with self-limiting disease compared to those with persistent (P< 0.005) and erosive disease 

(P< 0.01), associated with lower scores for tender joint count, swollen joint count and DAS28 

(supplemental table 4).

As JNK activation was elevated in persistent disease, and often associated with the regulation 

of expression extra-cellular matrix (ECM) component biology and cellular interactions with 

the ECM, we examined expression of a targeted gene set in RA patients from this cohort with 

self-limiting (n=8) and persistent (non-erosive and erosive, n=14) disease from which mRNA 

was available. Quantitative PCR analysis was performed on approximately 80 genes encoding 

ECM components, matrix metalloproteinases (MMPs), and adhesion molecules. Unsupervised 

hierarchical cluster analysis of gene products failed to group patients according to disease 

outcome (data not shown), and no trends toward similar gene expression patterns were 

observed using supervised hierarchical clustering (figure 3A). However, analysis of expression 

of each individual gene (figure 3B and supplemental table 5) revealed that expression of 

collagens COL1A1, COL4A2, COL5A1, COL6A1, and COL16A1, the laminin LAMC1, and MMP-12 

were significantly down-regulated in patients with persistent disease, while expression of CD44 

was elevated (all P< 0.05). 

DISCUSSION
Because p38, ERK, and JNK are each detected in their activated form in the synovial tissue of 

patients with various forms of inflammatory arthritis, and are requisite for pathology in animal 

models of arthritis, MAPKs might represent attractive therapeutic targets in the treatment of 

RA and other forms of arthritis.[1-4] However, the clinical inefficacy of p38 inhibitors in early 

trials with RA patients has indicated a need for a greater understanding of the contributions 

of MAPKs to synovitis and joint destruction.[22,23,37] Intriguingly, recent kinetic analyses 

of MAPK activation in multiple murine models of RA have also indicated model-specific 

differential involvement of each MAPK in distinct phases of initiation, perpetuation, and 

resolution of disease.[24] This latter observation prompted us to examine MAPK expression and 

phosphorylation in the earliest stages of human arthritis.

We find that synovial activation of ERK and JNK, but not p38, is significantly elevated in 

patients with RA compared to patients with other diagnoses, as well as in patients who develop 

erosive RA. Perhaps important to the etiology of RA, JNK activation is elevated in patients 

with RA even before 1987 ACR classification criteria of RA are met. Assessing all early arthritis 

patients, regardless of disease diagnosis, we found that each MAPK was more highly activated 

in patients with erosive disease, but here, only JNK activation predicted the development of 

erosive disease. Forward and backward linear regression failed to identify roles for p38 and ERK 

in diagnosis and disease progression (data not shown). Further studies in larger independent 

cohorts will obviously be needed to assess the positive predictive value and the negative 

predictive value of JNK activation in predicting RA and erosive disease. 

We find no evidence supporting a role for p38 in the onset of RA or eventual joint destruction 

in arthritis. Phosphorylated p38 is readily detected in the synovial tissue of patients with active 

and end-stage destructive RA, and mice in the human TNF-transgenic model of RA.[3,4,21] In 

these mice, pharmacological p38 inhibition blocks disease onset.[15] However, p38 activation 

in murine collagen-induced arthritis (CIA) is only modestly increased over baseline until late 
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Figure 3. Gene expression analysis in synovial tissue of early RA patients with self-limiting and persistent 
disease. (A) Supervised hierarchical cluster analysis of expression of 83 genes involved in ECM biology and 
cellular adhesion. Analysis was performed on RA, UA>>UA and UA>>RA patients pooled and grouped based 
on self-limiting (n=8) and persistent (n=14) disease. Each column represents the data of one patient and 
each row shows the relative expression of a given gene for all patients. Gene designations are listed at 
the right of the figure. Red signifies relatively higher expression of a given gene, green relatively lower 
expression, and black signifies equivalence to the median expression of that gene across all patients. (B) 
Relative mRNA expression of selected genes in patients with self-limiting and persistent disease, expressed 
as the ratio between the gene of interest and ribosomal protein L13a (RPL13A). Each data point represents 
a value for an individual patient and bars represent mean values. * P < 0.05. 

in disease (day 40-50), when clinical parameters and cytokine biomarkers of disease activity 

recede.[24] Also p38 activity is not affected in TNF-transgenic mice following anti-TNF therapy, 

or in PsA patients treated with etanercept.[21,38] Thus p38 may contribute significantly to 

negative feedback mechanisms dampening inflammatory responses or repairing tissue in 
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established RA.[39] In patients with early arthritis p38-dependent repair mechanisms may not 

yet have been initiated.

ERK phosphorylation is also elevated in early arthritis patients diagnosed with RA and 

in RA patients who develop erosive disease. ERK phosphorylation is also readily detected in 

the synovial tissue of RA patients undergoing joint replacement.[4] The extent and timing 

of ERK activation in experimental arthritis is heavily model-dependent, although genetic or 

pharmacological suppression of ERK appears to uniformly suppress disease.[10,17,24] However, 

as in vitro studies in RA FLS have revealed that many secreted products routinely assessed as 

TNF-dependent activation markers relevant to RA are relatively insensitive to ERK inhibition. 

Thus, the mechanisms by which ERK contributes to inflammation and disease progression in 

the earliest stages of RA remain to be established.[40]

Strikingly, JNK phosphorylation is significantly elevated in early RA patient synovial tissue, 

even before 1987 ACR classification criteria are met. During the course of our study, new 

classification criteria for the diagnosis of RA were defined,[27,28] and re-examining our cohort 

with these criteria, we found that half of the patients originally classified as UA at baseline 

now met criteria for RA, similar to a recent study.[41] Importantly, using the new criteria, we 

confirmed that relative JNK activity is enhanced in early RA. However, insufficient numbers 

of patients could be classified as UA>>UA to allow logistic regression analysis to determine 

whether JNK activity at baseline was predictive of fulfillment of RA according to the 2010 ACR/

EULAR criteria after follow up. We also confirmed that ERK activation is enhanced in RA patients 

who develop erosive disease. Finally, with the new criteria we identified a subset of patients 

that fulfill 2010 ACR/EULAR criteria for RA at baseline, but have low levels of JNK activity and 

self- limiting disease. 

Synovial JNK phosphorylation has previously been detected in patients with longstanding 

RA, and JNK contributes to IL-1β-induced collagenase expression, inflammation and 

joint destruction in murine arthritis models.[12,18,42] Additionally, JNK signaling drives 

collagenase-3 expression and bone damage in rat adjuvant-induced arthritis.[12] These studies 

have indicated a role for JNK in regulating synovial ECM biology, or cell interactions with the 

ECM. Comparing early arthritis patients with self-limiting disease versus those with persistent 

disease, either non-erosive or erosive, we find that enhanced JNK activation is associated 

with decreased expression of developmentally important ECM components, including several 

forms of collagen, laminin C1, and MMP-12. We also find that CD44 expression is elevated in 

early arthritis patients who develop persistent disease. CD44 is thought to have an important 

role in the pathology of RA, acting as an adhesion molecule and ECM component ligand for 

endothelial cells, macrophages, lymphocytes and FLS.[43] Specific splice variants of CD44 

are associated with invasive FLS behavior in RA.[44-47] Also, a pathogenic role for CD44 has 

been demonstrated in animal arthritis models.[43,48] Further studies will determine if there 

is a direct relationship between expression of these genes and JNK activity in early arthritis 

patients, and if so, whether JNK activation regulates or responds to these genes. Our studies 

indicate that evaluation of JNK activity might be of additional diagnostic and prognostic value 

to the new classification criteria, and that pharmacological targeting of JNK and ERK may be of 

benefit in limiting inflammation and joint destruction early in the development of RA.
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SUPPLEMENTARY MATERIALS AND METHODS
Immunohistochemical staining and digital analysis
Primary antibodies used were polyclonal rabbit antibodies specific for p38, ERK, JNK (Cell 

Signaling, Beverly, MA) and murine monoclonal antibodies for phosphorylated (p)- p38, ERK, 

and JNK (Santa Cruz Biotechnology, Santa Cruz, CA). Sections were developed with goat anti-

mouse or swine-anti-rabbit -horseradish peroxidase (HRP)-conjugated antibodies (Dako, 

Glostrup, Denmark), biotinylated tyramide and streptavidin-HRP, and aminoethylcarbazole 

(Sigma, St. Louis, MO).[33] Slides were counterstained with Mayer’s hematoxylin, mounted and 

analyzed by digital image analysis in a blinded fashion using a Syndia algorithm on a Qwin-

based analysis system (Leica, Cambridge, UK).[34] Expression and phosphorylation of proteins 

was calculated for each section as the median integrated optical density (IOD) per mm2 tissue. 

Relative phosphorylation values were obtained by dividing IOD/mm2 p-MAPK IOD by IOD/mm2 

total MAPK, normalized for tissue cellularity (nucleated cells/mm2).

Isolation of synovial mRNA and analysis of gene expression
For analysis of synovial tissue gene expression, total RNA was isolated from biopsies of RA 

patients with self-limiting disease (n=8) or persistent disease (non-erosive or erosive, n=14) 

using RNA STAT-60TM (Invitrogen, Breda, The Netherlands) according to the manufacturer’s 

instructions. Subsequently, the total RNA fraction was cleaned using Rneasy spin columns 

(Qiagen, Venlo, The Netherlands) including a DNAse step to remove genomic DNA. 

Quantity and purity of the RNA was tested using a Nanodrop spectrophotometer (Nanodrop 

Technologies, Wilmington, DE). 250 ng of total RNA was reverse transcribed using an RT2 

First Strand Kit (SABiosciences) and expression of 84 genes involved in the regulation of cell 

adhesion and extracellular matrix was analyzed by quantitative (q)PCR. qPCR reactions were 

performed on a StepOne Plus Real-Time PCR System (Applied Biosystems, Foster City, CA) 

using an RT2 Profiler™ PCR Array set (PAHS-013, SABiosciences) according to the manufacturer’s 

instructions. Briefly, diluted cDNA was mixed thoroughly with RT2 SybrGreen Rox qPCR Master 

Mix (SABiosciences) and 25 μl of the experimental cocktail was added to each well of the PCR 

array. After PCR amplification, threshold values were manually equalized for all samples and 

the threshold cycle (Ct) determined for each well. Relative gene expression was calculated for 

each gene using StepOne Software v2.1 (Applied Biosystems) and Microsoft Excel spreadsheet 

software (Microsoft, Redmond, WA), and expressed as the ratio between the gene of interest 

and Ribosomal protein L13a (RPL13A). Expression levels of genes measured by qPCR were 

analyzed by supervised hierarchical clustering and visualization by Treeview.
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Supplemental Table 1. Characteristics of study patients based on 2010 ACR/EULAR criteria for RA*

UA>>UA
(n=2)

RA
(n=35)

UA>>RA
(n=6)

SpA
(n=7) p-value

Age (years) 33 50 52 43 0.19

Female (n) 2 22 4 1 0.06

Disease duration (m) 8 5 5 2 0.25

VAS (0-100) 73 50 39 20 0.29

TJC68 (n) 2 11 3 4 <0.001

SJC66 (n) 2 7 1 2 0.001

ESR (mm/h) 21 29 31 11 0.50

CRP (mg/l) 16 15 14 7 0.60

IgM-RF pos. (n) 0 16 0 0 0.01

ACPA pos. (n) 0 15 0 0 0.02

UA>>UA = undifferentiated arthritis at baseline and at two years follow-up; RA = rheumatoid arthritis at 
baseline; UA»RA = classified as UA at baseline and diagnosed as RA at two year follow-up; SpA = spon-
dyloarthritis; VAS = visual analog scale of global disease activity; TJC68 = 68 tender joint count; SJC66 = 
66 swollen joint count; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; IgM-RF pos. = 
immunoglobulin M rheumatoid factor positive; ACPA pos. = anti-citrullinated protein antibody positive. 
Patients were classified as RA based on 2010 ACR/EULAR criteria. Data represent patient numbers (n) or 
median values.

Supplemental Table 2. Characteristics of RF seropositive and seronegative RA patients*

 
RF+

n=14
RF-

n=13 p-value 

Age (years) 53 (30-75) 57 (27-71) 0.53

Disease duration (months) 7 (1-12) 5 (1-11) 0.23

VAS (0-100) 36 (20-75) 23 (3-43) 0.23

TJC68 (n) 12 (5-38) 4 (3-14) 0.07

SJC66 (n) 7 (1-41) 3 (1-17) 0.07

DAS 28 3.7 (1.1-6.3) 2.7 (1.3-3.4) 0.22

ESR (mm/h) 31 (14-91) 30 (3-77) 0.86

CRP (mg/l) 20 (3-133) 20 (3-42) 0.96

RF+ = rheumatoid factor seropositive; RF- = rheumatoid factor seronegative; RA = rheumatoid arthritis 
diagnosis at two years of follow-up; VAS = visual analog scale of global disease activity; TJC68 = 68 tender 
joint count; SJC66 = 66 swollen joint count; DAS28 = disease activity score 28; ESR = erythrocyte sedimen-
tation rate; CRP = C-reactive protein. Patients were classified as RA based on 1987 ACR criteria.
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Supplemental Table 3. Characteristics of ACPA seropositive and seronegative RA patients*

 
ACPA+

n=13
ACPA-
n=14 p-value 

Age (years) 54 (40-75) 56 (30-71) 0.75

Disease duration (months) 8 (1-12) 6 (1-11) 0.23

VAS (0-100) 35 (0-75) 22 (3-43) 0.11

TJC68 (n) 11 (5-38) 7 (3-17) 0.44

SJC66 (n) 6 (2-41) 3 (1-17) 0.43

DAS 28 3.6 (1.1-6.3) 3.2 (1.2-6.2) 0.72

ESR (mm/h) 31 (14-91) 30 (3-77) 0.86

CRP (mg/l) 23 (3-133) 16 (3-42) 0.49

ACPA+ = anti-citrullinated protein antibody seropositive; ACPA- = anti-citrullinated protein antibody sero-
negative; RA = rheumatoid arthritis diagnosis at two years of follow-up; VAS = visual analog scale of global 
disease activity; TJC68 = 68 tender joint count; SJC66 = 66 swollen joint count; DAS28 = disease activity 
score 28; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein. Patients were classified as RA 
based on 1987 ACR criteria.

Supplemental Table 4. Characteristics of RA patients classified using 2010 ACR/EULAR criteria in relation 
to disease outcome*

 

RA persistent 
erosive
n=12

RA persistent 
non-erosive
n=17

RA self-limiting
n=10 p-value 

Age (years) 53 (24-82) 52 (22-58) 45 (20-67) 0.83

Disease duration (months) 5 (1-10) 4 (1-12) 4 (1-10) 0.70

DAS 28 5.0 (2.9-6.6) 5.9 (4.3-6.8) 3.2 (2.3-5.2) <0.001

ESR (mm/h) 37 (3-91) 27 (7-85) 26 (7-68) 0.85

CRP (mg/l) 9 (3-114) 16 (3-133) 11 (2-58) 0.76

VAS (0-100) 27 (11-76) 50 (25-98) 38 (11-76) 0.27

IgM-RF pos. (%) 66 41 10 0.09

ACPA pos. (%) 44 47 10 0.11

TJC68 (n) 8 (2-23) 18 (4-38) 3 (0-3) <0.001

SJC66 (n) 7 (1-16) 8 (1-5) 1 (1-5) <0.001

RA = rheumatoid arthritis at two years follow-up; DAS28 = disease activity score 28; ESR = erythrocyte sedi-
mentation rate; CRP = C-reactive protein; VAS = visual analog scale of global disease activity; IgM-RF pos. 
= immunoglobulin M rheumatoid factor positive; ACPA pos. = anti-citrullinated protein antibody positive. 
TJC= tender joint count, SJC=swollen joint count. Patients were classified as RA based on 2010 ACR/EULAR 
criteria.
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Supplemental table 5. Gene expression in patients with self-limiting and persistent RA*

gene

Self-limiting RA Persistent RA

P-valueRQ SD RQ SD

ADAMTS1 0.74 0.26 0.67 0.49 0.2601

ADAMTS13 0.92 0.59 0.74 0.38 0.6573

ADAMTS8 2.50 1.00 3.20 1.87 0.6087

CD44 1.22 0.34 1.76 0.63 0.0222

CDH1 0.61 0.84 1.10 1.36 0.5618

CNTN1 1.01 1.04 1.09 0.97 0.8112

COL11A1 0.51 0.37 0.38 0.56 0.0945

COL12A1 0.44 0.28 0.28 0.19 0.0945

COL14A1 1.26 0.63 0.86 0.51 0.1246

COL15A1 0.63 0.28 0.48 0.21 0.1832

COL16A1 0.42 0.26 0.24 0.15 0.0185

COL1A1 0.28 0.31 0.13 0.18 0.0441

COL4A2 0.49 0.25 0.31 0.19 0.0441

COL5A1 0.46 0.26 0.28 0.24 0.0374

COL6A1 0.50 0.25 0.32 0.14 0.0222

COL6A2 0.44 0.33 0.32 0.17 0.3568

COL7A1 0.96 0.25 0.78 0.52 0.2323

COL8A1 0.33 0.29 0.18 0.13 0.1246

VCAN 0.56 0.26 0.46 0.20 0.3568

CTGF 1.20 0.53 1.05 0.89 0.3568

CTNNA1 0.81 0.28 0.92 0.29 0.3568

CTNNB1 0.74 0.19 0.71 0.12 0.6573

CTNND1 0.69 0.22 0.67 0.20 0.9728

ECM1 0.63 0.35 0.55 0.33 0.6573

FN1 0.40 0.26 0.43 0.20 0.6573

HAS1 0.43 0.38 0.25 0.27 0.1832

ICAM1 0.67 0.25 1.10 0.58 0.1246

ITGA1 0.51 0.27 0.43 0.34 0.4325

ITGA2 0.44 0.28 0.39 0.26 0.5167

ITGA3 0.88 0.42 0.75 0.40 0.3936

ITGA4 0.51 0.29 0.77 0.62 0.5167

ITGA5 0.56 0.23 0.52 0.16 0.7587

ITGA6 1.73 1.39 1.68 0.88 0.6087

ITGA7 0.76 0.47 0.70 0.85 0.2323

ITGA8 0.75 0.38 0.71 0.55 0.5167

ITGAL 0.69 0.50 1.26 1.25 0.6087

ITGAM 1.55 0.54 2.53 2.55 0.1832
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Supplemental table 5. Gene expression in patients with self-limiting and persistent RA*

gene

Self-limiting RA Persistent RA

P-valueRQ SD RQ SD

ITGAV 0.83 0.25 0.70 0.23 0.2323

ITGB1 0.63 0.25 0.64 0.23 0.8645

ITGB2 1.55 0.59 3.36 2.86 0.2601

ITGB3 0.87 0.44 0.72 0.42 0.3936

ITGB4 1.24 0.52 0.96 0.84 0.2067

ITGB5 0.80 0.30 0.70 0.33 0.4736

KAL1 0.83 0.62 0.59 0.31 0.5167

LAMA1 0.42 0.35 0.38 0.24 0.9728

LAMA2 1.24 0.74 1.39 1.16 0.8112

LAMA3 1.57 0.80 1.34 1.58 0.1618

LAMB1 0.52 0.24 0.40 0.22 0.1423

LAMB3 0.70 0.28 0.75 0.35 0.8112

LAMC1 0.95 0.21 0.71 0.36 0.0265

MMP1 0.18 0.35 0.32 0.33 0.7587

MMP10 0.17 0.34 0.17 0.25 0.8645

MMP11 0.46 0.30 0.33 0.40 0.1087

MMP12 1.08 0.72 0.64 0.79 0.0374

MMP13 0.17 0.35 0.05 0.05 0.7285

MMP14 0.52 0.28 0.37 0.15 0.2067

MMP15 1.20 0.67 1.04 0.73 0.5167

MMP16 0.59 0.34 0.48 0.53 0.2901

MMP2 0.48 0.31 0.26 0.11 0.0818

MMP3 0.17 0.35 0.14 0.19 0.9185

MMP7 34.24 94.03 1.69 1.21 0.5618

MMP8 0.61 0.57 0.14 0.18 0.1393

MMP9 0.48 0.67 0.16 0.16 0.2901

NCAM1 0.44 0.34 0.68 1.13 0.9702

PECAM1 0.64 0.46 0.87 0.73 0.8645

SELE 0.61 0.88 0.44 0.54 0.9185

SELL 1.00 1.06 1.84 1.63 0.1832

SELP 0.85 0.33 0.85 0.69 0.5618

SGCE 1.10 0.54 0.80 0.40 0.3223

SPARC 0.41 0.28 0.25 0.18 0.1087

SPG7 0.85 0.30 0.73 0.28 0.3936

SPP1 1.01 1.57 9.17 26.12 0.9728

TGFBI 0.53 0.21 0.74 0.54 0.4325

THBS1 0.37 0.29 0.23 0.21 0.0705
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Supplemental Figure 1. Quan-
titative comparison of mito-
gen-activated protein kinase 
(MAPK) phosphorylation 
(phospho-MAPK) and expres-
sion (total MAPK) in the 
synovial tissue of patients with 
early arthritis. Tissue sections 
from patients diagnosed with 
rheumatoid arthritis (RA) 
according to 1987 ACR criteria, 
spondyloarthritis (SpA), and 
undifferentiated arthritis (UA) 
after two years follow-up were 
stained with antibodies against 
phospho- and total p38, extra-
cellular-signal regulated kinase 
(ERK), and c-Jun N-terminal 
kinase (JNK). Stainings were 
developed with biotin tyramide 
enhancement, horseradish per-
oxidase and aminoethylcarba-
zole, followed by counterstain-
ing with Mayer’s hematoxylin, 
and evaluated by digital imaging 
analysis. Values indicated are 
the integrated optical density 
(IOD)/mm2 of stainings with the indicated antibodies. Data is presented as box plots, where the boxes 
represent the 25th to 75th percentiles, the line within the boxes mark the median value, and lines outside 
the boxes denote the 10th and 90th percentiles. Lines connecting data sets indicate statistically significant 
differences between groups. * P < 0.05. ** P < 0.01. *** P < 0.005.

Supplemental table 5. Gene expression in patients with self-limiting and persistent RA*

gene

Self-limiting RA Persistent RA

P-valueRQ SD RQ SD

THBS2 0.41 0.29 0.30 0.27 0.2323

THBS3 0.54 0.30 0.39 0.21 0.3223

TIMP1 0.40 0.26 0.40 0.26 0.9185

TIMP2 1.09 0.44 1.04 0.50 0.7074

TIMP3 5.00 4.59 3.75 3.50 0.6353

CLEC3B 1.79 0.87 1.64 1.10 0.7074

TNC 0.47 0.27 0.46 0.35 0.7587

VCAM1 0.77 0.29 0.88 0.65 0.9728

VTN 0.93 0.42 0.84 0.46 0.4325

Comparison of expression of 83 genes involved in regulation of adhesion and extracellular matrix between 
patients with self-limiting RA (n=8) and persistent RA (n=14). Gene expression in total synovial tissue was 
measured by quantitative PCR. Results indicate mean expression relative to RPL13A (RQ, relative quantity) 
and standard deviation (SD) for each analyzed gene. Differences between groups were determined using 
the Mann-Whitney U test. P-values < 0.05 are indicated in bold font.



EIGHT 

ERK AND JNK MITOGEN-ACTIVATED PROTEIN KINASE IN EARLY RA

121

Supplemental Figure 2. Representative photomicrographs of phospho- p38, ERK, and jNK stainings in 
UA, RA, and SpA patients. Magnification 400x
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Supplemental Figure 3. Relative MAPK activation in relation to disease outcome in patients classified 
by 2010 ACR/EULAR criteria. Quantitative comparison of relative MAPK phosphorylation in the synovial 
tissue of patients classified according to 2010 ACR/EULAR criteria as UA which remained UA after two years 
(UA>>UA), and UA which was diagnosed as RA after two years (UA>>RA). Relative phosphorylation levels of 
p38, ERK, and JNK were calculated for patients diagnosed with UA>>UA and UA»RA.



EIGHT 

ERK AND JNK MITOGEN-ACTIVATED PROTEIN KINASE IN EARLY RA

123

Acknowledgements: We would like to thank Ms. Beatrice M Fernandez, Ms. LM Hartkamp, 

and Ms. IE van Es (our institute) for assistance in mRNA preparation, qPCR array gene analysis 

and immunohistochemical studies. This research was supported by the Dutch Arthritis 

Association (NR 04-1-301). Funding was also provided by the European Community’s FP6 

funding (Autocure). This publication reflects only the views of the authors and the European 

Community is not liable for any use that may be made of the information herein.

REFERENCES

Supplemental Figure 4. Relationship between relative MAPK phosphorylation in the synovial tissue of 
early arthritis patients and the presence of autoantibodies in patient serum. RA patients were grouped 
based on the presence (+) or absence (-) of rheumatoid factor (RF, left panels) or anti-citrullinated protein 
antibodies (ACPA, right panels) and relative MAPK phosphorylation levels (ratio of IOD phosphorylated 
protein to IOD of total protein, arbitrary units) of p38, ERK, and JNK were calculated for each patient. Data 
is presented as box plots, where the boxes represent the 25th to 75th percentiles, the line within the boxes 
mark the median value, and lines outside the boxes denote the 10th and 90th percentiles. P-values (p) of 
statistically significant differences between patient groups are indicated.

1. Thalhamer T, McGrath MA, Harnett MM. 
MAPKs and their relevance to arthritis and 
inflammation. Rheumatology (Oxford) 
2008;47:409-14.

2. Schett G, Zwerina J, Firestein G. The p38 
mitogen-activated protein kinase (MAPK) 
pathway in rheumatoid arthritis. Ann Rheum 
Dis 2008;67:909-16.

3. Han Z, Boyle DL, Aupperle KR, et al. Jun N-
terminal kinase in rheumatoid arthritis. J 
Pharmacol Exp Ther 1999;291:124-30.

4. Schett G, Tohidast-Akrad M, Smolen JS, et 
al. Activation, differential localization, and 
regulation of the stress-activated protein 
kinases, extracellular signal-regulated kinase, 
c-JUN N-terminal kinase, and p38 mitogen-
activated protein kinase, in synovial tissue and 
cells in rheumatoid arthritis. Arthritis Rheum 
2000;43:2501-12.

5. Korb A, Tohidast-Akrad M, Cetin E, et al. 
Differential tissue expression and activation 
of p38 MAPK alpha, beta, gamma, and delta 

isoforms in rheumatoid arthritis. Arthritis 
Rheum 2006;54:2745-56.

6. Nishikawa M, Myoui A, Tomita T, et al. 
Prevention of the onset and progression 
of collagen-induced arthritis in rats by 
the potent p38 mitogen-activated protein 
kinase inhibitor FR167653. Arthritis Rheum 
2003;48:2670-81.

7. Westra J, Limburg PC, de BP, et al. Effects of 
RWJ 67657, a p38 mitogen activated protein 
kinase (MAPK) inhibitor, on the production 
of inflammatory mediators by rheumatoid 
synovial fibroblasts. Ann Rheum Dis 
2004;63:1453-9.

8. Mbalaviele G, Anderson G, Jones A, et 
al. Inhibition of p38 mitogen-activated 
protein kinase prevents inflammatory 
bone destruction. J Pharmacol Exp Ther 
2006;317:1044-53.

9. Kunisch E, Gandesiri M, Fuhrmann R, et al. 
Predominant activation of MAP kinases and 
pro- destructive/pro-inflammatory features 



EIGHT 

124

by TNF-alpha in early-passage, rheumatoid 
arthritis and osteoarthritis synovial fibroblasts 
via tumor necrosis factor receptor- 1: 
Failure of p38 inhibition to suppress matrix 
metalloproteinase-1 in rheumatoid arthritis. 
Ann Rheum Dis 2007;66:1043-51.

10. Thiel MJ, Schaefer CJ, Lesch ME, et al. Central 
role of the MEK/ERK MAP kinase pathway 
in a mouse model of rheumatoid arthritis: 
Potential proinflammatory mechanisms. 
Arthritis Rheum 2007;56:3347-57.

11. Rockel JS, Bernier SM, Leask A. Egr-1 inhibits 
the expression of extracellular matrix genes 
in chondrocytes by TNF alpha-induced MEK/
ERK signalling. Arthritis Res Ther 2009;11.

12. Han Z, Boyle DL, Chang L, et al. c-
Jun N-terminal kinase is required for 
metalloproteinase expression and joint 
destruction in inflammatory arthritis. J Clin 
Invest 2001;108:73-81.

13. Hammaker DR, Boyle DL, Chabaud-Riou M, 
et al. Regulation of c-Jun N-terminal kinase 
by MEKK-2 and mitogen-activated protein 
kinase kinase kinases in rheumatoid arthritis. 
J Immunol 2004;172:1612-8.

14. Medicherla S, Ma JY, Mangadu R, et al. A 
selective p38 alpha mitogen-activated protein 
kinase inhibitor reverses cartilage and bone 
destruction in mice with collagen-induced 
arthritis. J Pharmacol Exp Ther 2006;318:132-
41.

15. Zwerina J, Hayer S, Redlich K, et al. Activation 
of p38 MAPK is a key step in tumor necrosis 
factor-mediated inflammatory bone 
destruction. Arthritis Rheum 2006;54:463-72.

16. Hill RJ, Dabbagh K, Phippard D, et al. 
Pamapimod, a Novel p38 Mitogen-Activated 
Protein Kinase Inhibitor: Preclinical Analysis of 
Efficacy and Selectivity. J Pharmacol Exp Ther 
2008;327:610-9.

17. Fusello AM, Mandik-Nayak L, Shih F, et al. 
The MAPK scaffold kinase suppressor of Ras 
is involved in ERK activation by stress and 
proinflammatory cytokines and induction of 
arthritis. J Immunol 2006;177:6152-8.

18. Han Z, Chang L, Yamanishi Y, et al. Joint 
damage and inflammation in c-Jun N-terminal 
kinase 2 knockout mice with passive murine 
collagen-induced arthritis. Arthritis Rheum 
2002;46:818-23.

19. Sweeney SE, Firestein GS. Mitogen activated 
protein kinase inhibitors: where are we now 
and where are we going? Ann Rheum Dis 
2006;65:iii83-iii88.

20. Tas SW, Remans PH, Reedquist KA, et al. Signal 
transduction pathways and transcription 
factors as therapeutic targets in inflammatory 
disease: towards innovative antirheumatic 
therapy. Curr Pharm Des 2005;11:581-611.

21. Gortz B, Hayer S, Tuerck B, et al. Tumour 
necrosis factor activates the mitogen-
activated protein kinases p38alpha and ERK in 
the synovial membrane in vivo. Arthritis Res 
Ther 2005;7:R1140-R1147.

22. Cohen SB, Cheng TT, Chindalore V, et al. 
Evaluation of the efficacy and safety of 
pamapimod, a p38 MAP kinase inhibitor, in 
a double-blind, methotrexate-controlled 
study of patients with active rheumatoid 
arthritis. Arthritis Rheum 2009;60:335-44.

23. Damjanov N, Kauffman RS, Spencer-
Green GT. Efficacy, pharmacodynamics, 
and safety of VX-702, a novel p38 MAPK 
inhibitor, in rheumatoid arthritis: Results of 
two randomized, double-blind, placebo-
controlled clinical studies. Arthritis Rheum 
2009;60:1232-41.

24. Fukushima A, Boyle DL, Corr M, et al. Kinetic 
analysis of synovial signaling and gene 
expression in animal models of arthritis. Ann 
Rheum Dis 2010;69:918-23.

25. Arnett FC, Edworthy SM, Bloch DA, et al. 
The American Rheumatism Association 
1987 revised criteria for the classification 
of rheumatoid arthritis. Arthritis Rheum 
1988;31:315-24.

26. Dougados M, Vanderlinden S, Juhlin R, et 
al. The European-Spondylarthropathy-
Study-Group Preliminary Criteria for the 
Classification of Spondylarthropathy. Arthritis 
Rheum 1991;34:1218-27.

27. Aletaha D, Neogi T, Silman AJ, et al. 2010 
Rheumatoid arthritis classification criteria: 
an American College of Rheumatology/
European League Against Rheumatism 
collaborative initiative. Arthritis Rheum 
2010;62:2569-81.

28. Aletaha D, Neogi T, Silman AJ, et al. 2010 
rheumatoid arthritis classification criteria: 
an American College of Rheumatology/
European League Against Rheumatism 
collaborative initiative. Ann Rheum Dis 
2010;69:1580-8.

29. Smolen JS, Landewe R, Breedveld FC, 
et al. EULAR recommendations for the 
management of rheumatoid arthritis with 
synthetic and biological disease-modifying 
antirheumatic drugs. Ann Rheum Dis 
2010;69:964-75.

30. van der Heijde D, Dankert T, Nieman F, et 
al. Reliability and sensitivity to change of a 
simplification of the Sharp/van der Heijde 
radiological assessment in rheumatoid 
arthritis. Rheumatology 1999;38:941-7.

31. Gerlag DM, Tak PP. How to perform and 
analyse synovial biopsies. Best Pract Res Clin 
Rheumatol 2009;23:221-32.



EIGHT 

ERK AND JNK MITOGEN-ACTIVATED PROTEIN KINASE IN EARLY RA

125

32. Gerlag D, Tak PP. Synovial biopsy. Best Pract 
Res Clin Rheumatol 2005;19:387-400.

33. Smeets TJ, Barg EC, Kraan MC, et al. Analysis 
of the cell infiltrate and expression of 
proinflammatory cytokines and matrix 
metalloproteinases in arthroscopic synovial 
biopsies: comparison with synovial samples 
from patients with end stage, destructive 
rheumatoid arthritis. Ann Rheum Dis 
2003;62:635-8.

34. Haringman JJ, Vinkenoog M, Gerlag DM, et 
al. Reliability of computerized image analysis 
for the evaluation of serial synovial biopsies 
in randomized controlled trials in rheumatoid 
arthritis. Arthritis Res Ther 2005;7:R862-R867.

35. Rantapaa-Dahlqvist S, de Jong BA, Berglin E, 
et al. Antibodies against cyclic citrullinated 
peptide and IgA rheumatoid factor predict 
the development of rheumatoid arthritis. 
Arthritis Rheum 2003;48:2741-9.

36. Berglin E, Johansson T, Sundin U, et al. 
Radiological outcome in rheumatoid arthritis 
is predicted by presence of antibodies against 
cyclic citrullinated peptide before and at 
disease onset, and by IgA-RF at disease onset. 
Ann Rheum Dis 2006;65:453-8.

37. Genovese MC. Inhibition of p38: has the fat 
lady sung? Arthritis Rheum 2009;60:317-20.

38. Lories RJ, Derese I, Luyten FP, et al. Activation 
of nuclear factor kappa B and mitogen 
activated protein kinases in psoriatic arthritis 
before and after etanercept treatment. Clin 
Exp Rheumatol 2008;26:96-102.

39. Clark AR, Dean JL, Saklatvala J. The p38 MAPK 
pathway mediates both antiinflammatory and 
proinflammatory processes: Comment on 
the article by Damjanov and the editorial by 
Genovese. Arthritis Rheum 2009;60:3513-4.

40. Kunisch E, Gandesiri M, Fuhrmann R, et 
al. Predominant activation of MAP kinases 
and pro-destructive/pro-inflammatory 

features by TNF alpha in early-passage 
synovial fibroblasts via TNF receptor-1: 
failure of p38 inhibition to suppress matrix 
metalloproteinase-1 in rheumatoid arthritis. 
Ann Rheum Dis 2007;66:1043-51.

41. van der Linden MP, Knevel R, Huizinga TW, 
et al. Classification of rheumatoid arthritis - 
comparison of the 1987 ACR and 2010 ACR/
EULAR criteria. Arthritis Rheum 2011;63:37-42.

42. Guma M, Kashiwakura J, Crain B, et al. JNK1 
controls mast cell degranulation and IL-
1{beta} production in inflammatory arthritis. 
Proc Natl Acad Sci U S A 2010;107:22122-7.

43. Naor D, Nedvetzki S. CD44 in rheumatoid 
arthritis. Arthritis Res Ther 2003;5:105-15.

44. Wibulswas A, Croft D, Bacarese-Hamilton 
I, et al. The CD44v7/8 epitope as a target 
to restrain proliferation of fibroblast-like 
synoviocytes in rheumatoid arthritis. Am J 
Pathol 2000;157:2037-44.

45. Wibulswas A, Croft D, Pitsillides AA, et al. 
Influence of epitopes CD44v3 and CD44v6 
in the invasive behavior of fibroblast-like 
synoviocytes derived from rheumatoid 
arthritic joints. Arthritis Rheum 2002;46:2059-
64.

46. Tolboom TC, Huidekoper AL, Kramer IM, 
et al. Correlation between expression of 
CD44 splice variant v8-v9 and invasiveness 
of fibroblast-like synoviocytes in an in vitro 
system. Clin Exp Rheumatol 2004;22:158-64.

47. Neidhart M, Gay RE, Gay S. Anti-interleukin-1 
and anti-CD44 interventions producing 
significant inhibition of cartilage destruction 
in an in vitro model of cartilage invasion by 
rheumatoid arthritis synovial fibroblasts. 
Arthritis Rheum 2000;43:1719-28.

48. Mikecz K, Dennis K, Shi M, et al. Modulation of 
hyaluronan receptor (CD44) function in vivo 
in a murine model of rheumatoid arthritis. 
Arthritis Rheum 1999;42:659-68.



1 Department of Radiology, Academic Medical Center/University of Amsterdam, Amsterdam, the Netherlands
2 Division of Clinical Immunology and Rheumatology, Department of Internal Medicine, Academic Medical 
Center/University of Amsterdam, Amsterdam, the Netherlands

Radiology. 2009 Oct;253(1):234-40

nine



RHEUMATOID SYNOVIAL INFLAMMATION: PIXEL-BY-PIXEL 
DYNAMIC CONTRAST ENHANCED MR IMAGING TIME-INTENSITY 

CURVE SHAPE ANALYSIS: A FEASIBILITY STUDY

Christiaan van der Leij MD1, Marleen GH van de Sande MD2, 
Cristina Lavini PhD1, Paul P Tak, MD PhD2, Mario Maas, MD PhD1

nine



NINE 

128

ABSTRACT
Purpose: To analyze the distribution of different shapes of time-intensity curves (TIC) in 

synovial tissue of patients with rheumatoid arthritis (RA) and to compare relative numbers of 

TIC-shapes between RA patients and healthy controls. 

Materials and Methods: This prospective study was approved by the Institutional Review 

Board; patients and healthy controls gave written informed consent. A dynamic contrast-

enhanced MRI (DCE-MRI) of the knee joint of five early RA patients and 5 healthy controls 

was performed (1.5 T, GRE, TR/TE/flip 8.1/3.5/30, 20*20 slices, temporal resolution 21s). 

Parametric maps showing 7 different TIC-shape types were created. Spatial information of the 

synovial TIC-shape distribution pattern and relative number of TIC-shapes were calculated in 

a 3 dimensional ROI. Relative TIC-shape numbers were compared using the non-parametric 

Mann-Whitney-U test. 

Results: Synovial enhancement of RA patients consisted of type 2 TIC-shapes (slow enhancing) 

with heterogeneous zones of type 3, 4 and 5  TIC-shapes (fast enhancing followed by plateau 

phase (3), early washout phase (4), slow increase (5)) compared to almost only type 2 TIC-

shapes in healthy controls. The heterogeneous zones were seen in the lateral and medial knee 

compartments and around the cruciate ligaments. A significantly higher relative number of 

type 4 TIC-shapes was observed in the RA patient group (16.5% vs 6.9% P=0.008). 

Conclusion: The pixel-by-pixel DCE-MRI TIC shape analysis may be able to distinguish RA 

patients from healthy controls based on the relative number of type 4 TIC-shapes. This study 

provides the rationale for future research evaluating the utility of this approach in clinical 

practice.
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INTRODUCTION
Magnetic resonance imaging (MRI) is increasingly used in the evaluation and follow up of 

rheumatoid arthritis (RA) patients. It allows the detailed evaluation of effusions and involved 

soft tissues like (inflamed) synovium, tendons and tendon sheets. Furthermore, using MRI, 

erosions are detected earlier and with a higher sensitivity compared to plain x-rays.[1; 2] To 

visualize (inflamed) synovial tissue on MR images, the use of intravenous contrast agent (Gd-

DTPA) is recommended.[3] It increases the synovial signal intensity on T1 weighted acquisitions 

and synovial conspicuity from surrounding tissues and joint effusions. 

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) is the time-

dependent registration of changes in MR-signal intensity during, and after the intravenous 

injection of a contrast agent. Results are rendered as time-intensity curve (TIC) that can be 

post-processed either using descriptive parameters (e.g. rate of (early) enhancement (R(E)

E), maximal enhancement (ME)) or pharmacokinetic modeling (e.g. Tofts model[4]). In RA, 

descriptive DCE-MRI parameters have been shown to correlate with clinical disease activity 

parameters like ESR and CRP,[5-7] histologic signs of inflammation [6; 8; 9] and vascularity 

scores.[6; 8; 10]. Therefore, these DCE-MRI parameters have been suggested as objective 

markers of synovial inflammation.

It is known that both post-processing methods have some disadvantages. Descriptive 

parameters are directly derived from the measured signal intensity, which make them sensitive 

to variations in acquisition protocols and dependent on other factors, such as scanner type 

and used coil.[11] Therefore, data cannot be directly compared between different MRI settings, 

which limits their use in research and clinical settings. Pharmacokinetic parameters represent 

absolute physiological values (e.g. permeability) and are, therefore, relatively insensitive to 

variable MR scanner settings.[4; 12] However, outcomes depend on the model used. Moreover, 

additional MRI sequences other than the clinically relevant DCE-MRI scan are required which 

prolongs the acquisition time. In addition, because of their greater complexity compared to 

the relatively simple descriptive post-processing method, these are more computationally 

demanding and more prone to errors.[13] 

To overcome the aforementioned disadvantages of the different DCE-MRI (post-

processing) techniques, a new DCE-MRI analysis and imaging method was developed, using 

a 3D pixel by pixel method to visualize differently shaped TICs within a volume of interest. [13] 

The purpose of this study was to analyze the distribution of different shapes of time-

intensity curves in synovial tissue of patients with RA and to compare relative numbers of TIC-

shapes between RA patients and healthy controls. 

MATERIAL AND METHODS 
Patients
This prospective study was approved by the Institutional Review Board; patients and healthy 

controls gave written informed consent. This study was financially supported by the non-profit 

Dutch Arthritis Association; no conflicts of interest were noted. 

Five consecutive patients that fulfilled the 1987 ACR classification criteria for RA [14] at the 

time of inclusion with an active arthritis of a knee joint were selected from an early arthritis 
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cohort between February and November 2004. The inclusion criteria of this early arthritis 

cohort consisted of an active arthritis, based on clinical findings, of at least a knee, wrist or ankle 

joint with a disease duration of less than one year. Patients were excluded if they were taking 

or had previously taken disease-modifying antirheumatic drugs or corticosteroids. Five healthy 

controls were asked to voluntarily enroll in this study between January and April 2008. Exclusion 

criteria consisted of having knee complaints, knee trauma or knee surgery in the medical 

history. Both patients and healthy controls were excluded if there were contraindications for 

(contrast-enhanced) MRI (claustrophobia, metal implants, elevated serum creatinine). No 

patients were excluded due to clinical or technical reasons. 

In both the patients and the healthy control group, an equal number of men and women 

was analyzed. Age and weight were also comparable between the two groups (table 1). The 

mean age was 39 years (range 22-70) for the total group, 47 (26-70) for the male group and 31 

(22-52) for the female group.

MRI acquisition
Images were acquired on a 1.5 T MRI-scanner (GE Signa Horizon Echospeed, LX9.0, General 

Electric Medical Systems, Milwaukee) using a 3D T1-weighted gradient echo dynamic sequence 

that consisted of 20 consecutive images of 20 slices with a temporal resolution of 22 seconds 

(TR/TE/flip 8.1/3.5/30, slice thickness 4 mm, FOV 18 cm, 256*256 matrix, axial orientation). The 

total imaging time was 7 minutes and 19 seconds.

Patients and healthy controls were placed supine with the knee joint centrally in the 

magnetic field in a dedicated extremity coil (Quadrature Detection). The inflamed knee of the 

RA patients and an arbitrarily chosen knee of the healthy controls were imaged. A 20 gauge 

Table 1. Patient characteristics, descriptive and time-intensity curve (TIC)-shape parameters.

Healthy controls Patients P-value

Patient characteristics

Female/Male 2/3 3/2 0.99

Age 37.0 (20.3-53.7) 41.2 (15.1-67.3) 0.99

Weight 75.6 (45.4-105.8) 85.2 (57.4-113.0) .548

Left/Right knee 3/2 3/2 0.99

Enhancing volume and descriptive parameters

EV 19.3 (2.1-36.4) 53.0 (12.1-93.9) .151

MME 0.58 (0.44-0.73) 1.10 (0.51-1.68) .056

MIS 10.6 (8.8-12.5) 14.9 (9.4-20.4) .222

Relative number of TIC shapes

Type 2 74.2% (61.5-86.9) 61.1% (51.0-71.3) .056

Type 3 2.8%(1.0-4.6) 6.6% (1.1-12.1) .056

Type 4 6.9% (3.5-10.2) 16.5% (8.6-24.4) .008

Type 5 8.4% (2.7-13.9) 7.4% (4.3-10.4) 0.99

Means and 95% confidence intervals shown for illustrative purposes (EV= enhancing volume in ml, 
MME=mean maximal enhancement, MIS=mean initial slope)
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needle infusion line was inserted in the right antecubital vein. Sixty seconds after the initiation 

of the dynamic protocol, a bolus of a Gd-DTPA contrast agent (Magnevist, Schering ® Berlin, 

0.1 mg/kg) followed by a 15 ml saline chase was delivered at an injection rate of 5 ml/s using an 

automatic injection device (MEDRAD® Spectris MR Injector). 

Type 5

Type 2
Type 3
Type 7
(other)
Type 4

Type 6
(artery)

Type 1

Time

In
te

ns
ity

Figure 1. 7 Different time-intensity curve (TIC)-shape types. Type 1: no enhancement, type 2: slow 
enhancing, type 3: fast enhancing followed by plateau phase, type 4: fast enhancing followed by washout 
phase, type 5: fast enhancing followed by gradual increase, type 6: artery, type 7: other. 

Figure 2. Parametric TIC-shape map of one rheumatoid arthritis (RA) patient (left) and one healthy 
control (HC) (right) with legend of TIC-shapes. The synovial layer of the patient is markedly thickened 
compared to the HC, and shows enhancement heterogeneity lateral, medial and intercondylar. 
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MRI-data analysis 
Images were transferred to a standard pc workstation and processed using a program developed 

in house on Matlab (Matlab®, The Mathworks™, Natick, Mass.). This program analyzes the 

time-dependent signal intensity changes (TIC) of every voxel in an imaged volume. Every voxel 

with its TIC is classified into one of 7 predefined TIC shape categories which is associated to a 

unique color (figure 1). This results in a color-coded shape map for each image slice (figure 2) 

and 3d parametric TIC-shape volumes when analyzing contiguous slices.[13]

In a similar way, the image analysis program calculates the ME (defined as the difference 

between maximal signal intensity and baseline, divided by signal baseline), time to peak (TTP, 

defined as the time between the start of enhancement and maximal signal intensity) and 

maximal slope of increase (MSI, defined as the largest positive signal difference between two 

successive scans) for each voxel in the imaged volume. The total number of generated maps for 

every subject was 80 (4 parameters, 20 image slices). 

We compared the maximum number of slices in every joint, to make sure the largest 

possible volume of synovium was analyzed. We also compared the same number of slices in 

every patient and healthy control. No synovium was expected distal to the tibial plateau, so this 

was chosen as the most distal border. While the joint coverage differed slightly between the 

individual knee joints, the maximal number of contiguous images was 12, so this volume was 

analyzed in every individual. 

Regions of interest (ROIs) were manually delineated on the 12 selected image slices 

in every subject. This was done on the ME maps, because of the increased conspicuity of 

synovial tissue on these images. The ROI was drawn to exclude enhancing skin and muscle 

tissue. The non-enhancing tissue (e.g. bone and cartilage) within the ROIs is ignored by the 

analysis software, which leaves the enhancing synovial tissue and vascular structures within 

the ROI for analysis. 

The selection of the image slices and ROI delineation was performed by one investigator 

(CvdL, 1 year experience in DCE-MR musculoskeletal imaging), supervised by a radiologist (MM, 

15 years of experience in musculoskeletal radiology) to maintain consistency of the results. 

TIC shape analysis
Visual analysis of color coded TIC-shape maps
The synovium was analyzed visually and semi-automatically. The thickness and TIC-shape 

enhancement pattern of synovial tissue were compared between the patient and healthy 

control group on all parametric TIC-shape maps. The thickness was semi-quantitatively scored 

0-2 (0: no or minimal enhancing volume, 1: medium enhancing volume, 2: large enhancing 

volume). The distribution of the different TIC-shapes throughout the synovium was described. 

The occurrence of (zones with) type 3, 4 and 5 TIC-shapes (instead of type 2) was visually scored 

as present (score 1) or absent (score 0) in the lateral compartment, medial compartment, 

suprapatellar bursa, intercondylar and patellofemoral region. 

Semi-automatic analysis
To correct for different sizes of knee joints, we used the relative number of enhancing voxels 

per TIC-shape type. This is defined as the absolute number of voxels of a TIC-shape type divided 

by the absolute numbers of TIC-shape type 2-7 together times 100%. For statistical analysis, 
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only type 2, 3, 4 and 5 TIC-shapes were of interest. The other enhancing TIC-shape types (6 and 

7) were used only for the calculation of the relative number per TIC-shape type. 

The other parameters used were the mean maximal enhancement (MME), defined as the ME 

of all voxels with TIC-shape type 2-7 enhancement divided by the number of voxels, the mean 

initial slope (MIS), defined as the MSI of all TIC-shape type 2-7 enhancing voxels divided by the 

number of voxels, and the enhancing volume (EV), defined as the total number of all TIC-shape 

type 2-7 enhancing voxels within the volume of interest multiplied by the voxel volume in cc. 

After three months, the ROI delineation process and post-processing were performed a 

second time by the same investigator (CvdL) on all subjects, blinded and in random order, to 

test for intra-observer reliability. 

Statistical Analysis
Standard statistical software (SPSS version 12, SPSS Inc., Chicago, IL.) was used for the statistical 

analysis. The Fisher exact test was used to test for differences in gender and knee side between 

the patient group and healthy controls.  As we assumed the relative number of TIC-shapes to be 

continuous data which can vary between 0 and 1, we used the non-parametric Mann-Whitney-U 

test. The  Mann-Whitney-U test was also used to test for differences in age and weight, ROI size, 

descriptive DCE-MRI parameters and EV. Intraclass correlation coefficients (ICC) were calculated 

to determine the intra-observer reliability (15). Statistical significance was defined as P<0.05.

RESULTS
TIC shape analysis
Synovial thickness
On the parametric TIC-shape maps (figure 2), the enhancing synovial layer scores were as 

follows: Three patients showed large enhancing volume (score 2), and one patient medium 

enhancing volume (score 1). One patient showed minimal enhancing volume (score 0). Two 

healthy controls showed a medium enhancing volume (score 1), and three showed minimal 

enhancing volume (score 0). 

Synovial enhancement pattern
The synovial tissue of the healthy controls consisted predominantly of type 2 TIC-shapes 

with sporadic small zones of the type 3, 4 and 5 TIC-shapes, while the synovial tissue of the 

RA patients consisted mainly of type 2 TIC-shapes with multiple zones of type 3, 4 and 5 TIC-

shapes. This was also seen in the patient with minimal enhancing synovial volume. 

Zones with heterogeneous enhancement (type 3, 4 and 5 TIC-shapes) were seen in the 

lateral compartment in 4 patients and two healthy controls, in the medial compartment in 5 

patients and none of the healthy controls, in the suprapatellar bursa in two patients and none 

of the healthy controls, intercondylar in 4 patients and 2 healthy controls and patellofemoral in 

2 patients and none of the healthy controls. 

Semi-automatic analysis
A significantly higher relative number of type 4 TIC-shapes was observed in the patient group 

compared to the healthy controls (6.9% vs 16.5%, P=0.008) (Table 1, figure 3). The relative 

number of the types 2, 3 and 5 TIC-shapes did not significantly differ between the two groups. 
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No significant differences were observed in the descriptive parameters MME and MIS, and 

the EV(figure 4). Also ROI size did not significantly differ (mean volume of interest (12 ROI’s) in 

the patient group: 281 ml (range 207-392), healthy controls: 229 ml (177-260), P=0.548). 

The intraobserver reliability in the total group was very high for the TIC-shape parameters 

(type 2: ICC 1.00 (95% CI 0.97-1.00, P<0.001), type 3: 1.00 (0.98-1.00, P<0.001) type 4: 1.00 (0.98-

1.00, P<0.001) type 5: 0.99 (0.96-1.00, P<0.001), the descriptive parameters (MME: 1.00 (1.00-

1.00, P<0.001) MIS: 0.99 (0.97-1.00, P<0.001)), EV (0.99 (0.96-1.00, P<0.001)) and ROI size (0.95 

(0.79-0.99, P<0.001)). 

Figure 3. Relative number of type 2-5 TIC-shapes. The healthy control group is displayed left. The relative 
number of type 4 TIC-shapes (third on the row) differed significantly (P=0.008).

Figure 4. Enhancing volume (EV) in ml, mean maximal enhancement (MME) and maximum initial slope 
(MIS). The healthy control group is displayed left.

DISCUSSION
The purpose of our study was to investigate if TIC-shape analysis may assist in detecting 

synovial inflammation. These preliminary results suggest that, using TIC-shape analysis, it may 

be possible to demonstrate a significant difference between early RA patients and healthy 

controls, and that this approach allows the evaluation of enhancement heterogeneity. Our 

results also suggest that synovial thickness within early RA patients is generally increased 

compared to healthy controls, and enhancement heterogeneity differs from healthy controls. 

Enhancement heterogeneity, however, not only occurs within the synovium of RA patients, 

but, to a lesser degree, also in healthy controls. 
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The relative number of type 4 TIC-shapes differed significantly between the patient group 

and healthy controls. In general, time-intensity curves reflect the uptake of contrast agent in 

tissue, representing tissue physiology. The type 4 TIC-shape consists of a rapid enhancement 

phase followed by an early washout. The rate of initial enhancement has been correlated 

to histological vascularity scores, meaning that a higher initial rate reflects increased tissue 

vascularisation.[6; 8; 10] The early washout phase is most likely explained by the backflux of 

contrast agent due to the increased vascular permeability. Both increased tissue vascularisation 

and permeability are characteristics of inflamed synovial tissue. This explains why especially 

type 4 TIC-shape shows a clear difference between healthy controls and RA patients with an 

inflamed knee joint. Another, perhaps additional, explanation for the early washout phase could 

be the passive diffusion of contrast agent into effusion fluid. However, first signs of contrast 

agent diffusion into joint effusions have been described 6-8 minutes after intravenous contrast 

agent injection.[16] Therefore, it appears unlikely that this would be an important contributing 

factor considering the scan length of 7 minutes and 19 seconds. 

The association of TIC-shapes and disease is quite new in arthritis research, but has proven 

its value in the differentiation of malignant tumors from benign tumors. In breast lesions, 

for example, a sensitivity and specificity has been reported of 91% and 83%, respectively, 

in relating malignancy to differently shaped TICs.[17] In this study, TIC-shapes with initial 

rapid enhancement followed by a plateau phase or washout (i.e. in our analysis type 3 and 

4) were associated with malignancy. In synovial sarcomas, Rijswijk et al. reviewed DCE-MRI 

enhancement of 10 synovial sarcomas and reported a type 4 TIC-shape in 5, a type 5 in 3, a type 

3 in 1 and a type 2 enhancement in only one patient.[18] As the inflammatory process of RA 

shares some features with malignant lesions such as enhanced vascularisation, increased vessel 

permeability and invasive growth of the synovial tissue into bone and cartilage, we believed 

that this method might be of use in the diagnostic and/or prognostic classification of arthritis 

patients as well. Demonstrating differences between inflamed and non-inflamed joints is a first 

step in evaluating the potential of this approach. 

Our study shows that this approach is able to visualize enhancement heterogeneity within 

the synovium of patients with RA. This synovial heterogeneity consisted of zones with initial fast 

enhancing TIC-shape types (type 3-5) that were seen in the lateral and medial compartments 

and intercondylar. Heterogeneity of enhancement within synovial tissue of rheumatoid arthritis 

patients has been described in previous publications using DCE-MRI, and locations described 

are consistent with our results.[6; 7; 16; 19; 20] These results are consistent with previous 

observations showing heterogeneity on the cellular and molecular level. [21; 22] 

In most studies focusing on the analysis of synovium using DCE-MRI, small ROIs were 

analyzed on a limited number of slices. This can be disadvantageous as small volume analysis 

of heterogeneous tissue may result in the under- or overestimation of inflammatory activity. 

Besides, enhancement data within the ROI are usually averaged to one parameter or TIC. Spatial 

information regarding the heterogeneous enhancement within the ROI is lost and small focal 

areas of inflammation in larger ROIs might be averaged out. As our technique provides analysis 

of the entire synovium, a better estimation of actual disease activity compared to small volume 

analysis is expected. 

Another feature of this pixel by pixel based whole synovium analysis is the possibility to 

allocate zones with specific types of TIC-shapes. It can be hypothesized that the appearance of 
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TIC-shape types that show a high initial slope (i.e. type 3, 4 and 5) represent a more aggressive 

inflammation, which may precede nearby erosion formation. Hermann et al. [23] described a 

higher rate of enhancement in patients with erosive RA compared to non-erosive disease of the 

shoulder, and Huang et al. [24] found higher enhancement rates predictive for development 

of erosions in the wrists. Spatial information about the location of the erosions and synovial 

enhancement heterogeneity was, however, not obtained. The technique used in our study is 

able to visualize enhancement distribution throughout the synovial volume. Comparing the 

location of zones with fast enhancing TIC-shapes with the location of erosion formation in 

longitudinal prospective studies might reveal a prognostic feature of pixel-by-pixel TIC-shape 

analysis. 

Our study is limited by the small numbers of patients and healthy controls included. 

However, as we did observe a significant difference in type 4 TIC-shape, we believe TIC-shape 

analysis may be able to distinguish inflamed from non-inflamed joints and our present study 

provides the rationale to test this in larger cohorts of patients.  Another limitation of this 

study is the lack of data about the reproducibility of this technique within patients scanned at 

two different time points within one scanner and between different scanners. Assessing the 

reproducibility fell beyond the scope of our pilot study, but before applying DCE-MRI TIC-shape 

measurements to larger patient groups, this issue needs to be addressed. The TIC classification 

scheme we used in this work produces results that can be dependent on the signal-to-noise 

ratio (SNR) of the images. Therefore we used thresholds to exclude pixels with excessive low 

SNR.[13] The choice of the thresholds for this study was based on experimental observations; 

the thresholds needed to be low enough to include all of the synovium in the classification, 

while preventing misclassification (type 7 as in [13]). As the same threshold was applied to 

all patients and healthy controls, we can expect that possible misclassifications would have 

affected all scans in the same degree. Therefore, we believe the SNR threshold settings have 

not influenced the outcomes presented here.

In summary, these preliminary results suggest that, using TIC-shape analysis, it may be 

possible to demonstrate a significant difference between early RA patients and healthy controls, 

and that this approach allows the evaluation of enhancement heterogeneity.

Advances in Knowledge:
 » Pixel-by-pixel time-intensity curve (TIC) shape analysis can differentiate rheumatoid 

arthritis (RA) patients and healthy controls based on the relative number of 
“aggressive” (i.e. type 4) TIC shapes. 

 » Pixel-by-pixel TIC-shape analysis visualizes synovial enhancement heterogeneity. 

Implications for patient care:  
This study provides the rationale for future research evaluating the utility of this approach in 

clinical practice as it might become a biomarker that is useful in further diagnostic classification 

or and in determining prognosis.

Funding: Dutch Arthritis Association; Grant Number: 07-1-101
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ABSTRACT
Objectives: Dynamic contrast-enhanced (DCE) magnetic resonance imaging (MRI) time-

intensity curve (TIC) shape analysis has previously been used in oncology, where fast initial 

enhancement and early washout are associated with malignancy. As rheumatoid arthritis (RA) 

synovium has some ‘tumor-like’ features, we investigated DCE-MRI TIC shape expression in 

early arthritis in relationship to diagnosis. 

Methods: Twenty-eight disease-modifying antirheumatic drug (DMARD) naïve, early arthritis 

patients (<1 year) with inflammation of at least one knee joint  were included. At baseline 

DCE-MRI of the inflamed knee joint was performed, and TIC shape type expression, maximal 

enhancement, maximum slope of increase and total volume of enhancing pixels were calculated. 

In addition, disease activity parameters were determined. At 2 years follow-up, patients were 

classified as RA or non-RA according to established classification criteria.

Results: Type 4 TIC shape, characterized by fast initial enhancement followed by a quick 

washout phase, was significantly higher in patients fulfilling classification criteria for RA after 2 

years follow-up compared with non-RA patients (15.6% and 7.9%, respectively, P=0.02). All other 

DCE-MRI parameters showed no differences between the groups, highlighting the specificity 

of this observation. 

Conclusions: A high expression of “aggressive” DCE-MRI TIC shape type 4 is associated with 

RA. Our results are consistent with the view that increased vascularity plays a key role in the 

pathogenesis of RA. This study underlines the rationale for further studies investigating the 

prospect of DCE-MRI TIC shape analysis as a diagnostic tool in early arthritis and the relationship 

with development of destructive disease. 
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INTRODUCTION
The synovium is the main affected tissue in inflammatory joint diseases: inflamed synovial tissue 

is characterized by hypertrophy, influx of inflammatory cells, and neovascularization. Contrast-

enhanced magnetic resonance imaging (MRI) is considered the gold standard for imaging 

synovitis;[1,2] the contrast agent increases the synovial conspicuity and allows for visualization 

and volume measurements.

In dynamic contrast-enhanced (DCE)-MRI the uptake of contrast agent in time is visualized 

in a time-intensity curve (TIC). The shape of this TIC is determined by tissue characteristics, 

such as vascularization, tissue perfusion, capillary permeability and interstitial space volume, 

which are influenced by the degree of inflammation.[3] Computer-assisted analysis of the TIC 

provides quantitative assessment of synovitis. Previous studies have applied pharmacokinetic 

modelling and descriptive parameters, such as maximum enhancement (ME) and maximum 

slope of increase (MSI) to quantify synovial inflammation.[4] The TIC shape with fast 

initial enhancement and early washout is associated with malignant tumors.[5,6] Since 

neovascularization, increased capillary permeability and invasive growth into surrounding 

tissues can be seen in both malignant tumors and RA, it is conceivable that this specific TIC 

shape might also be associated with RA.

Recently, we have developed a new technique in which TIC shape expression can be 

analyzed pixel-by-pixel in a three-dimensional (3-D) volume.[7] This analysis technique is less 

computationally demanding and at the same time more robust, as it does not make use of model 

assumptions or non-linear fitting compared with descriptive and pharmacokinetic analysis. In 

a pilot study [8] we have shown that type 4 TIC shape expression, characterized by fast initial 

enhancement followed by early washout, appears to be increased in RA patients compared with 

healthy controls, thereby discriminating between inflamed and non-inflamed joints.

 Based on the observations in malignant tumors and the changes in vascularity in patients 

with arthritis, we wanted to compare the DCE-MRI parameters in RA compared to other 

inflammatory joint diseases in a pilot study. 

PATIENTS AND METHODS
Study patients
Twenty-eight patients with arthritis of at least one knee joint, who had been included in our 

early arthritis cohort between February 2003 and April 2006, were consecutively enrolled 

in the current study. All patients had arthritis duration of less than 12 months and were 

disease modifying anti-rheumatic drug (DMARD) naïve. Patients were excluded if there were 

contraindications for (contrast-enhanced) MRI, such as claustrophobia, metal implants or 

elevated serum creatinine.

This study was approved by the Institutional Review Board of the Academic Medical Center 

and performed in accordance with the Declaration of Helsinki. All study participants gave 

written informed consent.
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Study design
At inclusion DCE-MRI of the inflamed knee joint (if both knees were inflamed the most inflamed 

joint was evaluated) was performed and demographics and disease activity parameters were 

determined (as described below). The presence of IgM rheumatoid factor (IgM-RF) and anti-

citrullinated protein antibodies (ACPA) was measured by IgM-RF ELISA (Sanquin, Amsterdam, the 

Netherlands) and anti-CCP2 ELISA (Euro-Diagnostica, Arnhem, the Netherlands), respectively. 

At a 2-year follow-up visit, patients were classified as either RA or non-RA according to 1987 

ACR RA classification criteria [9].

Disease activity parameters
We assessed overall disease activity by the 68 tender and 66 swollen joint score, morning 

stiffness, patient’s visual analog scale (VAS) of global disease activity (scale 0-100 mm), 

erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels. Local disease activity 

of the scanned knee joint was assessed by a patient’s VAS of local disease activity and pain 

(scale 0-100 mm). Knee joint pain and swelling were also rated by a medical examiner on a 

semiquantitative scale from 0-3.

MRI data acquisition 
MRI of the affected knee joint was performed on a 1.5 T MR-scanner (GE Signa Horizon 

Echospeed LX9.0, General Electric Medical Systems, Milwaukee, WI) using a 3-D, T1-weighted 

gradient echo dynamic sequence that consisted of 20 consecutive acquisitions of 20 slices with 

a temporal resolution of 22 seconds (TR/TE/flip 8.1ms/3.5ms/30, slice thickness 4 mm, FOV 18 

cm, 256*256 matrix, axial orientation). The total imaging time of the DCE-MRI acquisition was 7 

minutes and 19 seconds.

Patients were placed supine with the knee joint centrally in the magnetic field in a dedicated 

extremity coil (quadrature detection). A 20 gauge needle infusion line was inserted, preferably 

in the right antecubital vein. Sixty seconds after the initiation of the dynamic protocol, a bolus 

of a Gd-DTPA contrast agent (Magnevist, Schering AG,  Berlin, Germany; 0.1 mmol/kg) followed 

by a 15 mL saline chase was delivered at an injection rate of 5 mL/s using an automatic injection 

device (Spectris MR Injector, MEDRAD, Warrendale, PA).

DCE-MRI analysis
Images were processed using an in-house developed program [10] based on Matlab software 

(The Mathworks, Natick, MA).This program analyzes the time-dependent signal intensity 

changes of every voxel (volumetric pixel) in an imaged volume resulting in a time-intensity 

curve (TIC). Each TIC of every voxel is classified into one of seven predefined TIC shape 

categories. Every TIC shape type is associated with a color. TIC shape distribution of each image 

section is visualized in color coded maps [7,8] (see also Figure 2).or when analyzing contiguous 

sections in  three-dimensional parametric TIC shape volumes.[8] 

All analyses were performed in a 3-D volume, covering the entire synovial lining of the knee 

joint from the tibia plateau up to the twelfth proximal slice (approximately 5 cm). Region of 

interest (ROI) was manually drawn in each slice to exclude enhancing skin and muscle tissue. The 

nonenhancing tissue (eg, bone and cartilage) within the ROIs is ignored by the analysis software, 

which leaves the enhancing synovial tissue and vascular structures within the ROI for analysis.
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The total number of enhancing pixels was calculated and percentage of voxels expressing 

each TIC shape type were calculated (% = number of voxels of a specific TIC shape divided by 

total number of enhancing voxels within the entire synovial volume). This was done to correct 

for differences in knee joint size between the patients. In our analysis we only compared 

expression of TIC shape type 2-5, as these types represent enhancing synovial tissue in the ROI. 

TIC shape type 6 representing vessels and type 7 representing undefined pixels (which is seen in 

very low number of pixels [median 0.3%]) were used only for the calculation of the percentage 

per TIC shape type.[8]

 In a similar way, the image analysis program calculated the maximal enhancement (defined 

as the difference between maximal signal intensity and baseline, divided by signal baseline), 

time to peak (defined as the time between the start of enhancement and maximal signal 

intensity), and maximum slope of increase (defined as the largest positive signal difference 

between two successive acquisitions) for each voxel in the imaged volume and calculated the 

average values.[8]

Statistical analysis
Standard statistical software (SPSS version 16, SPSS., Chicago, IL) was used for statistical analysis. 

Chi-square test (for categorical data) or Mann-Whitney U test (for numerical data) was used to 

determine significant differences between both patient groups. Correlations between clinical 

parameters and DCE-MRI parameters were assessed with the Spearman rank-order correlation 

coefficient. Values were expressed as percentages (female), number of positive patients (IgM 

RF and ACPA) or median and interquartile range (IQR). Statistical significance was defined as 

P< 0.05. As we wanted to explore parameters with a potential to be used as a discriminative 

marker, we did not correct for multiple testing.

RESULTS
Disease activity and RA diagnosis
No patients were excluded based on contra-indications for MRI. Of the 28 included patients, 

7 patients were classified as RA and 21 patients as non-RA at 2 years of follow-up. The non-RA 

group consisted of patients with spondylarthritis (n=2), crystal arthropathy (n=1), HIV-related 

arthritis (n=1), and undifferentiated arthritis (n=17). Demographics and clinical characteristics 

are summarized in Table 1.

A significantly higher number (median (IQR)) of tender (16 (14) versus 2 (5), P< 0.001) and 

swollen (8 (17) versus 2 (4), P=0.01) joint counts, increased CRP levels (15.0 (47.0) versus 3.0 

(5.4) mg/L, P=0.02) and percentage of ACPA positive patients (P=0.02) were observed in the 

RA compared with the non-RA patient group. Otherwise, there were no statistically significant 

differences between the groups.

A high percentage of type 4 TIC shape is associated with RA
We observed a significantly higher percentage of type 4 TIC shape (fast initial enhancement 

followed by a quick washout phase) in the RA patient group compared with the non-RA group 

(15.6% (6.6) and 7.9% (7.6), respectively, P=0.02) (Figure 1). Figure 2 shows examples of TIC 

expression in an RA patient and in a non-RA patient. Percentages of enhancement of the other 
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Table 1. Baseline patient characteristics.

All (n=28) RA (n=7) Non-RA (n=21) P-value

Female (n) 17 5 12 0.56†

Age (years) 47 (22) 48 (32) 48 (19) 0.69*

68 Tender joint count (n) 3 (11) 16 (14) 2 (5) <0.001*

66 Swollen joint count (n) 2.5 (4) 8 (17) 2 (4) 0.01*

Patient’s global VAS  
(0-100 mm)

51 (39) 52 (40) 49 (40) 0.83*

Morning stiffness (min) 25 (57) 60 (30) 20 (52) 0.11*

CRP (mg/L) 4.8 (15.0) 15.0 (47.0) 3.0 (5.4) 0.02*

ESR (mm/hr) 16 (34) 33 (39) 14 (34) 0.12*

Patient’s local disease activity VAS  
(0-100 mm)

42 (55) 81 (60) 35 (38) 0.08*

Patient’s local pain VAS  
(0-100 mm)

37 (53) 33 (72) 37 (49) 0.78*

Examiner’s local swelling (0-3) 1 (1) 1 (1) 1 (1) 0.81*

Examiner’s local pain (0-3) 1 (1) 1 (1) 1 (1) 0.12*

IgM rheumatoid factor positive (n) 4 2 2 0.21†

ACPA positive (n) 7 4 3 0.02 †

Medians (IQR) or number of patients are shown. Mann Whitney U test (*) or Chi-square test  (†),was used 
to compare both groups. P-values < 0.05 were considered to be statistically significant. VAS = visual analog 
scale, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, ACPA = anti-citrullinated proteine 
antibodies.

three TIC shape types, ME, initial rate of enhancement and total number of enhancing pixels 

(representing the total volume of inflamed synovial tissue) did not show statistical differences 

between the two groups (Table 2). No significant correlations were observed between the 

different disease activity parameters and type 4 TIC shape expression in the whole patient 

group (data not shown).

DISCUSSION
In this study we evaluated the DCE-MRI TICs in early arthritis patients. A significantly higher 

percentage of type 4 TIC shape expression in RA patients compared with non-RA patients was 

seen, but there were no differences in the DCE-MRI descriptive parameters ME and initial rate 

of enhancement. This latter observation is in line with previous studies comparing RA with 

disease controls using descriptive DCE-MRI parameters that were similar for RA and controls.

[11] Therefore, in contrast to the generally used, descriptive-only DCE-MRI analysis, the 

present study suggests that TIC shape analysis might have value in differentiating between RA 

and non-RA using DCE-MRI. However, as there was a fair overlap between the RA and non-RA 

patient group, the discriminative value of the type 4 TIC needs to be studied in a larger cohort 

to evaluate if this analysis has additional value over standard diagnostic parameters.
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Figure 2. Time-intensity curve shape maps (1 image slice) of the knee joint of an RA patient (A) and a 
non-RA patient (B). The maps show marked enhancement of the synovial tissue with mainly type 3 and 
4 TIC-shapes in the RA patient and mainly type 2 and 3 TIC shapes in the non-RA patient. Types of time 
intensity curve (TIC) shapes shown on the right side. Type 1: no enhancement, type 2: gradual increase 
of enhancement, type 3, 4, and 5: fast initial enhancement followed by, resp. a plateau phase, an early 
washout phase, sustained late enhancement, type 6: arterial enhancement, type 7: all others.

Figure 1. Expression of Time Intensity Curve (TIC) type expression in non-RA (0) and RA (1) patients. 
TIC type is expressed as percentage of total enhanced voxels.

In previous studies examining synovitis, DCE descriptive parameters were either calculated 

from a single slice or by averaging multiple slices (reviewed in [4]). This might have resulted 

in an over- or underestimation of the level of inflammation, as inflammation is known to be 

heterogeneously distributed throughout the synovial tissue. In our study we evaluated the 

pixel-by-pixel expression of different TIC shape types in whole synovial volume (without 

averaging values of separate slices), respecting the heterogeneity of inflammation within the 
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tissue. This may be one of the reasons that TIC shape analysis enabled us to observe differences 

between the RA and non-RA patients, while total enhanced synovial volume was comparable 

between both groups. 

Besides DCE-MRI, the value of static contrast-enhanced MRI parameters, such as synovial 

volume and bone edema, have been studied in relationship to diagnosis and outcome. The 

diagnostic value of MRI parameters has been variable between various studies.[12] Although 

some studies have shown a clear association between presence of bone edema and 

development of erosions [13-15] because of the low predictive value of these parameters it has 

been recommended not to use MRI in regular clinical care.[12] 

We used in house developed software to perform the analysis.[10] This software can in 

principle be applied in other centers. Recently other groups have started developing similar 

sort of analysis software,[16] and we expect these will be soon available commercially.

The type 4 TIC shape is mostly seen in more aggressive tumor types and helps to differentiate 

benign from malignant tumors.[6,17] Consistent with these findings, type 4 TIC shape was 

relatively more present in RA, a disease characterized by autonomous disease progression 

[18] and, if not adequately treated,  destructive disease. Physiological tissue features, such as 

vascularization, vessel perfusion, vessel permeability and interstitial space volume, determine 

the shape of the TIC.[3,19] Neovascularization and influx of inflammatory cells seen during 

inflammation can influence these tissue features, and thereby the TIC shape. Types 3, 4, and 5 TIC 

are all characterized by fast initial enhancement, whereas only in TIC type 4 this fast enhancement 

is followed by a quick washout phase. Vessel permeability and interstitial space volume are both 

known to be of significance during this washout phase [20] and could determine the difference 

between RA and non-RA patients. Type 4 TIC shape is associated with invasive growth in tumors. 

Conceivably, in RA TIC type 4 expression might be related to the invasive growth, leading to the 

development of joint destruction. Specifically, studying TIC type 4 expression in the synovium at 

sites prone to development of erosions might be of interest. Because of the relative low number 

of RA patients investigated, this is beyond the scope of the present study. 

In the group of non-RA patients, three patients had ACPA-positive UA. In these patients 

low numbers of TIC shape type 4 expression were observed. Possibly, these patients are ACPA 

positive arthritis patients with a relatively mild form of arthritis who do not progress to RA when 

treated in an early phase. In our previous study in pre-clinical arthritis patients we have shown 

that ACPA positive pre-clinical RA patients do not have an increased expression of TIC type 4 

similar to healthy individuals.[8] It might be that there is a spectrum of ACPA positive synovitis 

that can develop into self-limiting arthritis and into full-blown RA.  

A limitation of this study is the relatively small number of patients, especially in the RA 

subgroup. However, a statistically significant difference in type 4 TIC shape was still observed, 

which could not be explained by outliers. This study provides the rationale for larger studies 

in the future to determine the exact role of pixel-by-pixel TIC shape analysis for differential 

diagnosis in early RA.

Taken together, this is the first description of DCE-MRI TIC shape analysis in early arthritis 

patients. Based on the association of a relatively high type 4 TIC shape expression with RA, 

TIC shape analysis might be useful to differentiate between RA and non-RA patients at an 

early stage. Furthermore, it provides a rationale to study the relationship between TIC shape 

expression and development of joint destruction in a larger early RA cohort.
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Rheumatology key messages
 » The expression of “aggressive” DCE-MRI TIC shape type 4 is increased in early RA 
 » The presence of DCE-MRI shape type 4 TIC might have potential as a diagnostic 

biomarker 
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GENERAL DISCUSSION AND SUMMARY
Relatively little is known about the etiology of rheumatoid arthritis (RA). Previous studies have 

shown that from an immunological perspective early RA already presents chronic inflammation. 

Increased insight into the processes active during the preclinical course of RA, the phase before 

the onset of arthritis, might help to identify individuals with a high risk of developing RA and 

could offer opportunities to explore preventive treatment.  

Until preventive treatment strategies will become available, the treatment goal in RA is 

directed at early and aggressive treatment with a tight control of disease activity aiming for 

a state of disease remission [1] to improve outcome. It is well-known that RA, as we define it 

today, comprises different patient subsets based on clinical as well as molecular parameters. 

Supposedly, these patient subsets may require different treatment regimens. Besides, several 

patients presenting in early arthritis clinics do not fulfill the diagnostic criteria for RA but may still 

develop persistent or even destructive arthritis requiring DMARD treatment. Therefore, there 

is a need for a better understanding of the processes active in these different disease subsets 

by profiling based on molecular features and for identification of new potential diagnostic and 

prognostic biomarkers that could be used in early arthritis clinics to guide treatment decisions 

in the individual patient.

Chapter 2 describes the currently used procedures for synovial tissue sampling and 

processing and introduces an international guideline for arthroscopic synovial tissue sampling 

and processing. This technique is applied in chapters 3,5,6,7,and 8.  

Preclinical arthritis
To date it is unknown where in the body the immune response is initiated that will finally lead to 

full blown RA. In chapter 3 we studied synovial tissue characteristics by DCE-MRI and phenotypic 

and vascular marker expression in the synovium, the primary target of RA, in individuals with 

an increased risk of developing RA defined by elevated serum levels of IgM rheumatoid factor 

and/or anti-citrullinated peptide antibodies (ACPA) compared to healthy individuals. We 

found that individuals with elevated levels of RA-specific auto-antibodies have comparable 

numbers of CD3+ T cells, CD22+ B cells, CD138+ plasma cells, CD68+ initmal lining and sublining 

macrophages, tryptase positive mast cells and vWF expression as healthy individuals.  Similarly, 

DCE-MRI parameters in the knee joint were comparable between the preclinical RA patients 

and the healthy individuals. This shows that the emergence of RA-specific autoantibodies does 

not coincide with synovial inflammation. These findings suggest that the immune response is 

initiated in another compartment of the body. The lungs, gingiva and lymph nodes have been 

proposed as candidate organs for immune activation.[2-5] We propose that after initiation 

of the immune response at a distant site leading to production of ACPA, a second ‘hit” like a 

trauma or a viral infection, leading to inflammation in the synovium, may result in expression 

of citrullinated antigens in the joint, epitope spreading, and autonomous disease progression, 

finally resulting in full-blown RA.

Cardiovascular risk
In RA chronic systemic inflammation is associated with an increased risk of cardiovascular 

co-morbidity. It is, however, not clear from which point onwards RA patients are subjected 

to an increased risk of cardiovascular disease (CVD). As early RA represents already chronic 
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inflammation, and in preclinical arthritis patients elevated serum levels of CRP and sPLA2 have 

been found (in healthy individuals known to predict future coronary artery disease [6;7]), we 

hypothesized that the risk might already be present in the very early stages of RA. Therefore, in 

chapter 4 we investigated the atherogenicity of the very early stages of RA as well as the role 

of RA-associated antibodies by measuring intima media thickness in preclinical and early RA 

patients as well as in age- and gender-matched controls.

We found a positive correlation between serum ACPA levels and IMT in individuals with RA-

associated antibodies. This finding is in line with previous studies, but more studies are needed 

to better understand the potential effects of autoantibodies on atherogenesis. We found no 

evidence of accelerated atherosclerosis in preclinical and recent-onset arthritis. This finding 

lends further support to the concept of active treatment of inflammation and and treat CVD 

risk factors according to national guidelines in RA patients from the onset of clinically manifest 

arthritis in order to decrease morbidity and mortality from CVD in more advanced RA.

The 2010 ACR/EULAR RA criteria
Recently, novel RA criteria have been formulated by ACR and EULAR aimed at early identification 

of RA patients.[8;9] With these criteria more early arthritis patients are correctly diagnosed 

with RA. However, cohort studies showed that although the 2010 ACR/EULAR criteria have a 

higher sensitivity, not only patients with persistent or even destructive arthritis are identified 

but also patients who develop self-limiting disease.[10-12] This may lead to a perhaps slightly 

more heterogeneous RA population. In chapter 5 we observed that the patients classified 

according to the 2010 ACR/EULAR criteria have on average similar expression of inflammatory 

cells such as T cells, B cells, macrophages, plasma cells compared to patients fulfilling the 1987 

criteria for RA. This is of importance for future studies studying the synovial tissue of patients 

selected based on the novel 2010 ACR/EULAR RA criteria. 

Stratification of early arthritis patients
It is known that neovascularisation, the influx of inflammatory cells and products of inflammatory 

cells are all involved in the pathogenesis of RA and other forms of arthritis. Since RA primarily 

involves the synovium, it can be anticipated that synovial tissue analysis may provide insight 

into the pathogenesis of RA and may help to identify different patient subsets associated with 

persistence of synovitis and degradation of the integrity of the joint.

The inflamed synovium is infiltrated by mainly macrophages and lymphocytes but also 

dendritic cells, mast cells and natural killer cells are present. The lymphocyte infiltration is 

organized in different profiles. In some patients lymphocytes are diffusely spread throughout 

the tissue, whereas in others lymphocytes are organized in clusters of B cells and T cells.

[13;14] Even lymphoid neogenesis characterized by segregation of B and T cell clusters which 

are surrounded by follicular dendritic cells and high endothelial venules are present.[15;16] 

Previously it has been suggested that the lymphocyte infiltration pattern might be patient-

specific with stable profiles in various joints and a stable profile over time,[17] although 

prospective studies addressing this issue have as yet not been published. Conceivably, patients 

expressing these different profiles represent different clinical and pathogenetic subsets.[13;18] 

Recent cross-sectional studies, however, have suggested that lymphoid neogenesis is not 

correlated with specific diagnoses, clinical phenotype, or pathogenetic entities but rather with 



ELEVEN

DISCUSSION AND SUMMARY

157

the level of synovial inflammation. In chapter 6 we studied lymphocyte infiltration patterns 

in relationship to diagnosis and outcome in an early arthritis patient cohort. We showed that 

lymphocyte neogenesis was present in about 30% of all patients, and FDCs were present in 15% 

of the patients with lymphoid neogenesis. There was no relationship between the presence 

of lymphocyte aggregates at baseline and definite diagnosis or development of persistent or 

erosive disease after follow-up. The presence of lymphocyte aggregates differed over time. 

Previously it was suggested that lymphoid neogenesis in the synovial merely reflects a high 

inflammatory state and might not be functional. Also in our cohort we observed that lymphoid 

neogenesis was associated with the level of inflammation. 

Angiogenesis is one of the characteristic features of synovial inflammation. Newly formed 

vessels provide nutrients and allow inflammatory cells to invade the synovium. Angiopoietins 

and VEGF regulate vessel remodelling and are together with their receptors TIE-2 and VEGFR 

expressed in the inflamed synovium.[19-22] Angiogenesis has been shown to play a role in 

initiation and perpetuation of synovial inflammation and development of erosions in RA. In 

chapter 7 we studied expression of the angiopoietins Ang-1, Ang2, their receptor TIE-2, and VEGF 

and its receptor VEGFR. We observed that expression of the angiogenic factors was comparable 

between patients fulfilling RA criteria already at baseline and those who fulfilled criteria of RA 

during follow up. In contrast to serum, synovial tissue expression of Ang-1, Tie2 and pTie2 was 

increased in RA compared to SpA patients, whereas Ang-2 expression was increased in SpA. The 

Ang-1/pTie2 axis is specifically activated in patients with undifferentiated arthritis at baseline 

who have persistent disease after follow up. In RA the ratio of pTie2/Tie2 expression is related to 

development of erosive disease. With this study we showed for the first time that synovial tissue 

changes can be observed even before a diagnosis of RA is made. As the Ang-1/pTie2 axis plays 

an important role in the initiation, progression an development of joint destruction in RA these 

factors might be used as biomarkers predicting diagnosis and outcome. 

Inflammatory cells in the inflamed synovium receive various extracellular stimuli. These 

stimuli initiate signal transduction cascades within the cell, thereby regulating gene expression. 

Mitogen-activated protein kinases (MAPK) play an important role in these signal transduction 

cascades. Members of the MAPK family, such as the p38 kinases, extracellular signal regulated 

kinases (ERKs) and c-Jun-N-terminal kinases (JNKs) are expressed and activated in inflamed 

synovial tissue.[23-25] Little is known about their contribution to the onset, persistence and 

development of joint destruction in RA. In chapter 8 we studied the relationship between 

synovial tissue MAPK expression and activation and diagnosis and outcome in early arthritis. 

We observed an increased expression of activated ERK and JNK in RA patients compared to 

other inflammatory joint diseases. JNK was even increased in patient with undifferentiated 

arthritis at baseline, who fulfilled criteria for RA after follow up; JNK predicted fulfilment of 

criteria for RA. Both ERK and JNK activation was associated with development of erosive 

disease. These observations suggest that JNK activation in the synovial tissue might be used as 

a novel biomarker predicting diagnosis and outcome in early arthritis patients. However, at the 

individual level JNK expression and the angiogenic factors comprising the Ang-1/pTie2 axis do 

not have enough power as biomarkers to guide treatment decisions in the individual patient. 

Imaging of the synovium may provide other parameters that might be used as diagnostic 

or prognostic biomarkers in early arthritis patients. MRI is one of the most sensitive imaging 

modalities to study the synovium.[26;27] In chapters 9 and 10 we studied the synovial tissue 
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with dynamic-contrast-enhanced (DCE) MRI. With DCE-MRI uptake of a contrast agent in tissue 

over time is analyzed. Previously, different methods have been applied to quantify the uptake 

of contrast agent in the tissue.[28-31] Recently, we have developed a novel analysis technique, 

which allows analysis of the dynamics of the uptake of contrast agent in whole tissue lesions by 

color-coded time intensity curve (TIC) shape mapping.[32;33] With this technique the uptake 

of the contrast agent in time is visualized in a curve, the TIC. Depending on various tissue 

characteristics, such as vascularity, vessel permeability an interstitial space, this curve can have 

different shapes. With our novel technique these TIC shapes are analyzed pixel-by-pixel in a 3 

dimensional volume. 

In chapter 9 we showed that this technique is sensitive in detecting synovial inflammation. 

We observed a significant increase in TIC shape type 4 expression, which is characterized by a 

fast initial enhancement an a rapid wash-out phase, between RA patients and healthy controls. 

In oncology, TIC shape type 4 is associated with malignant, invasive growing tumors. As RA 

synovial tissue shares some clinical features with malignant tumors and TIC shape type 4 is 

increased in inflamed RA synovial tissue as shown in chapter 9, we hypothesized that DCE-MRI 

TIC shape type expression might be different in early arthritis patient groups. In chapter 10 we 

showed that TIC shape type 4 is significantly more seen in RA synovium compared to non-RA. 

However, there was still a fair overlap between RA and non-RA patients in the level of TIC shape 

type 4 expression, indicating that it has not enough power to be used as a single diagnostic 

biomarker. 

Concluding remarks/Future directions
The preclinical phase, before the onset of arthritis, is a growing field of investigation. Since it 

is known that RA-specific autoantibodies can be detected in the serum up to 14 years before 

onset of arthritis,[34] we have rapidly increased our knowledge of the processes that are active 

in this preclinical phase of RA. Studies in retrospective and prospective cohorts of preclinical 

RA patients and their relatives have shown that the antibody response evolves over time. Both 

the immunoglobulin antibody isotypes and the epitopes against which the antibody response 

is directed increase over time. Similarly, the serum levels of IgM rheumatoid factor and ACPA 

increase in the phase preceding the onset of arthritis.[35-37] Future studies will be aimed at 

elucidating the question as to where in the body the initial immune response is initiated and 

which factors are associated with a break of tolerance resulting in an autoimmune response.  

As mentioned above, the lymph nodes, gingiva and lungs have been suggested as potential 

organs in which the response is initiated. Studying these tissues with various techniques might 

increase our insight into the processes active in the body in the preclinical phase. 

In this thesis we also studied the clinical and immunohistochemical biomarkers in the 

earliest stages of clinically manifest RA in relationship to outcome, and provide initial proof 

of concept that new diagnostic and prognostic biomarkers may be identified based on 

synovial tissue analysis. Future studies will include gene arrays, proteomics and other high 

throughput techniques, which might eventually result in a subset of markers that can be used 

and developed into a diagnostic or prognostic tool with value for the individual patients.[38] In 

general, synovial tissue arthroscopic biopsy sampling is well tolerated (de Hair et al. submitted). 

With the development of ultrasound examination of the joints as a routine procedure in the 

outpatient clinic, ultrasound-guided synovial tissue biopsy may become widely available.  
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However, until the test characteristics of diagnostic and prognostic synovial biomarkers can be 

further improved to reliably guide treatment decisions in the individual patient, synovial tissue 

biopsy studies will mainly be used to increase our knowledge of the disease processes during 

onset and perpetuation of arthritis and to guide development of novel therapeutics. 

Together, the studies described above provide insight into the earliest stages of RA, 

and may eventually lead to the development of novel diagnostic as well as preventive and 

therapeutic strategies.
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Dit proefschrift beschrijft onderzoek naar klinische en immunologische factoren die een rol 

spelen in de vroegste fasen van reumatoïde artritis (RA) in vergelijking met  andere reumatische 

aandoeningen. In het bijzonder is het onderzoek gericht op de pre-klinische fase van RA (de 

fase voorafgaand aan het ontstaan van de eerste tekenen van een gewrichtsontsteking) als ook 

op recent ontstane RA.

Achtergrond 
RA is een chronische ontstekingsziekte van de gewrichten waarbij het weefsel dat de 

gewrichten bekleedt, het synovium, ontstoken is. Patiënten presenteren zich met pijnlijke en 

gezwollen gewrichten, stijfheid van de gewrichten en met een beperkte beweeglijkheid. RA 

leidt tot gewrichtsschade en beperkingen in het dagelijkse functioneren. Patiënten met RA 

hebben verder een verhoogd risico op het krijgen van hart- en vaatziekten. Snelle vroegtijdige 

behandeling kan de schade aan de gewrichten verminderen en het risico op hart- en vaatziekten 

verminderen, en heeft zo een gunstig effect op de algemene dagelijkse levensverrichtingen. 

Het is niet precies bekend hoe RA ontstaat. Omgevingsfactoren gecombineerd met erfelijke 

factoren spelen een rol in het ontstaan van RA. Het is bekend dat voordat een patiënt de eerste 

tekenen van gewrichtsontsteking vertoont er een fase is waarin er in het bloed al tekenen van 

ontsteking te zien zijn. In deze pre-klinische fase zijn er vaak naast tekenen van ontsteking ook 

RA-specifieke antistoffen zoals IgM reumafactor en anti-gecitrullineerde proteïne antistoffen 

(ACPA) in het bloed aanwezig. Waar specifiek in het lichaam deze ontstekingsreactie begint 

is niet bekend. Met name is niet bekend of het synovium al tekenen van ontsteking vertoont. 

Inzicht in de processen die leiden tot het ziektebeeld RA maken het in de toekomst misschien 

mogelijk om personen te identificeren die RA zullen ontwikkelen waarbij preventieve 

behandeling gestart kan worden om zo het ontstaan van RA te voorkomen. Echter, tot het 

zover is, is de therapie erop gericht om patiënten in een vroege fase van de ziekte met krachtige 

therapieën te behandelen om zo schade aan de gewrichten te voorkomen. 

Wanneer patiënten met een recent ontstane gewrichtsontsteking zich melden op de 

polikliniek kan bij een deel van de patiënten niet direct een diagnose gesteld worden. Van deze 

patiënten zal bij een deel van de patiënten de gewrichtsontsteking vanzelf overgaan, terwijl de 

andere patiënten chronische ziekte ontwikkelen, soms zelfs met schade aan de gewrichten. In 

2010 zijn er nieuwe criteria ontwikkeld voor het stellen van de diagnose RA. Met behulp van deze 

criteria is het mogelijk om bij een groter aantal patiënten de diagnose RA vroegtijdig te stellen, 

maar dit leidt wel tot een meer heterogene groep van RA patiënten, waarbij bij sommigen de 

klachten volledig verdwijnen en anderen ernstige gewrichtsschade ontwikkelen. Het is van 

belang om patiënten die een verhoogd risico hebben op het ontwikkelen van gewrichtsschade 

in een vroege fase met zeer krachtige therapieën te behandelen om zo schade te voorkomen. 

Patiënten met een milde vorm hebben daarentegen baat bij een behandeling met minder 

krachtige of lager gedoseerde medicijnen, zodat  ze worden beschermd tegen potentiële 

bijwerkingen. Met de huidige technieken is het nog niet mogelijk om bij elke individuele 

patiënt vroegtijdig een diagnose te stellen en een inschatting te maken prognose om zo een 

keuze voor behandeling te maken. 
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Door met behulp van verschillende technieken het synovium te analyseren is het mogelijk 

parameters te identificeren die zouden kunnen dienen als diagnostisch of prognostisch 

instrument, en zouden kunnen helpen bij de keuze voor een bepaalde  therapie bij de 

individuele patiënt. Hiermee zou mogelijk het verloop en de uitkomst van de ziekte gunstig 

beïnvloed kunnen worden. 

Bevindingen
In hoofdstuk 2 worden 3 verschillende technieken besproken waarmee biopten kunnen 

worden genomen van het ontstoken gewrichtsweefsel, het synovium. Wij beschrijven in 

hoofdstuk 2 een richtlijn voor het verkrijgen en verwerken van synoviumbiopten door middel 

van naald-artroscopie. Deze techniek wordt gebruikt in de hoofdstukken 3 en 5 t/m 9.

 In hoofdstuk 3 hebben we het synovium bestudeerd van mensen die een verhoogd 

risico hebben op het krijgen van RA. Deze mensen hebben verhoogde bloedwaarden van RA-

specifieke antistoffen zonder dat zij tekenen hebben van een gewrichtsontsteking. We vonden 

dat het synovium van personen met RA specifieke antistoffen vergelijkbare aantallen van 

afweercellen in het synovium bevat als dat van gezonde personen. Ook met MRI werd er geen 

verschil gezien. Met dit onderzoek hebben we aangetoond dat het synovium nog geen tekenen 

van ontsteking toont in de pre-klinische fase. Waarschijnlijk begint de afweerrespons in een 

ander deel van het lichaam en vindt er een tweede reactie plaats door een andere uitlokkende 

factor, wat resulteert in gewrichtsontsteking met zwelling en pijn van de gewrichten. 

In hoofdstuk 4 hebben we onderzocht of er al tekenen van versnelde atherosclerose zijn in 

de pre-klinische fase van RA en in patiënten met recentelijk ontstane RA. We zagen dat in deze 

twee groepen er geen aanwijzingen waren voor versnelde atherosclerose. In eerdere studies 

is bij patiënten met langer bestaande RA wel versnelde atherosclerose aangetoond. Het is 

daarom belangrijk om zowel de gewrichtsontsteking actief te behandelen vanaf het stellen van 

de diagnose RA als ook risicofactoren voor hart- en vaatziekten te behandelen op geleide van 

nationale richtlijnen. 

In hoofdstuk 5 hebben we het ontstoken gewrichtsweefsel van vroege RA patiënten 

die voldoen aan de 1987 ACR criteria vergeleken met vroege RA patiënten die voldoen aan 

de 2010 ACR/EULAR criteria. In beide groepen patiënten werden vergelijkbare aantallen van 

ontstekingscellen in het synovium gezien. Dit is van belang voor het interpreteren van de 

resultaten van toekomstige studies waarin de 2010 criteria worden toegepast. 

In hoofdstuk 6 hebben we gekeken naar de verschillende patronen van infiltratie van 

lymfocyten in het synovium. Het is bekend dat lymfocyten verspreid in het synovium kunnen 

voor komen, maar ook geclusterd in groepen. De clustering van cellen lijkt soms op de structuur 

die in lymfeklieren wordt gezien. Wij hebben aangetoond in hoofdstuk 6 dat er geen verschil 

is in lymfocyteninfiltratie tussen vroege artritis patiënten met verschillende diagnoses. Ook 

zagen we geen verschil tussen patiënten die een milde vorm van gewrichtsontsteking hadden 

vergeleken met patiënten die na verloop gewrichtsschade ontwikkelden. In overeenstemming 

met eerdere onderzoeken zagen we dat patiënten met geclusterde lymfocyten hoge 

ontstekingswaarden in het bloed hadden en meer ontstoken gewrichten. Hiermee hebben 

wij aangetoond dat het infiltratiepatroon van lymfocyten niet gebruikt kan worden als 

diagnostische of prognostische parameter. 
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In hoofdstuk 7 en 8 hebben we onderzocht of signaaleiwitten die betrokken zijn bij de 

vorming van nieuwe bloedvaten (angiogenese) of signaaleiwitten die in de ontstekingcellen 

verschillende processen aansturen van waarde zijn als diagnostische of prognostische 

biomarker. In hoofdstuk 7 zagen we dat angiopoietine (Ang)-1  en zijn receptor Tie2 

geassocieerd zijn met de diagnose RA. Zelfs voordat patiënten met een recent ontstane 

gewrichtsontsteking voldoen aan de criteria voor RA is er al een verhoogde expressie van 

Ang-1 en Tie2 in het synovium. In patiënten met spondyloartritis, een andere vorm van 

gewrichtsontsteking, werd een verhoogde expressie van Ang-2 gezien. In de groep patiënten 

bij wie geen diagnose gesteld kon worden bij het ontstaan van klachten, vonden we dat er in 

patiënten bij wie de gewrichtsontsteking vanzelf overgaat een lagere expressie was van Ang-1 

en Tie2 in vergelijking met patiënten met persisterende gewrichtsontsteking. RA patiënten 

die uiteindelijk gewrichtsschade ontwikkelden, hadden een hogere expressie van pTie2/

Tie2 Uit deze studie blijkt dat deze parameters van angiogenese van waarde kunnen zijn als 

diagnostische en prognostische biomarker. 

In hoofdstuk 8 hebben we de expressie van signaaleiwitten in het synovium bestudeerd. 

Hier zagen we dat RA patiënten een hogere expressie van de signaaleiwitten Jnk en Erk 

hadden dan patiënten met een andere vorm van gewrichtsontsteking. Ook kwam in de groep 

RA patiënten Jnk sterker tot expressie bij patiënten die na verloop van tijd gewrichtsschade 

ontwikkelden. Ook deze eiwitten kunnen wellicht van waarde zijn als diagnostische en 

prognostische parameter. 

Naast het bestuderen van biopten van het synovium is het ook mogelijk om met 

beeldvormende technieken onderzoek te doen de ontsteking van het synovium. Met 

röntgenfoto’s kan schade aan de botten en het kraakbeen goed in kaart gebracht worden. 

Echter, om het synovium en de pezen en peesschedes in kaart te brengen zijn andere 

technieken zoals echografie of magnetic resonance imaging (MRI) meer geschikt. Met een 

bepaalde variant van de MRI techniek, de dynamische contrast versterkte MRI, is het mogelijk 

om de opname van contrast in de loop van de tijd in het synovium te bestuderen. Dit geeft een 

afspiegeling van verschillende factoren die betrokken zijn bij het ontstekingsproces, zoals de 

vorming van nieuwe bloedvaten. 

In hoofdstuk 9 hebben we het synovium bestudeerd met behulp van dynamische MRI. In 

deze studie vergeleken we curves van opname van contrast in de tijd tussen gezonde personen 

en patiënten met vroege RA. Patiënten met RA hadden een verhoogde waarde van curve type 

4. Deze curve wordt gekenmerkt door een snelle opname gevolgd door een snelle uitscheiding 

van het contrastmiddel. In patiënten met een kwaadaardige ziekte is dit type curve geassocieerd 

met agressieve kwaadaardige vormen van tumoren. Aangezien zowel in tumoren als in RA 

vaatvorming en ingroei van weefsel in de omliggende weefsels wordt gezien, hebben wij in 

hoofdstuk 10 de opname van contrastmiddel in het synovium bestudeerd door middel van MRI 

bij patiënten met vroege artritis. In vergelijking met andere vormen van gewrichtsontsteking 

hadden RA patiënten vaker een ontsteking die wordt gekenmerkt door de type 4 curve. 

Mogelijk dat ook deze MRI parameter van waarde kan zijn als diagnostische biomarker. 

In hoofdstuk 11 worden de resultaten van dit proefschrift samengevat en in een bredere 

context besproken. 
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