Analyzing Synovial Tissue Samples. What Can We Learn
About Early Rheumatoid Arthritis, the Heterogeneity of
the Disease, and the Effects of Treatment?
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ABSTRACT. The synovium is the key target of the disease process in rheumatoid arthritis (RA). Examination of synovial tis-
sue samples may provide insight into the events that take place in different phases of the disease and may help to
decipher the mechanism of action of antirheumatic treatment. This review describes the features of synovitis in
early RA, which clearly represent chronic inflammation. There is marked interindividual variability, suggesting
that RA consists of different pathogenetic subsets. Evaluation of serial synovial tissue samples has shown that
effective treatment is associated with a reduction in synovial macrophages, independent of the specific mecha-
nism of action of the compound. This suggests that these are key effector cells in the pathogenesis. In addition, it
provides a biomarker that can be used in clinical trials. (J Rheumatol 2005;32:25-26)
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Rheumatoid arthritis (RA) is considered primarily a disease
of the joints, although a variety of extraarticular manifesta-
tions may occur. As RA first and foremost involves the syn-
ovium, it can be anticipated that examination of synovial tis-
sue samples may provide insight into the pathogenesis of the
disease and the mechanism of action of treatment.
Developments in synovial biopsy techniques, especially
arthroscopy, have resulted in easier access to human syn-
ovial tissue. This has provided new opportunities for those
engaged in arthritis research. Synovial tissue can now be
selected from many sites within large and small joints, even
in the earliest phases of disease, enhancing studies of patho-
genesis, differential diagnosis, prognosis, and response to
treatment. This review will address some of the lessons that
have been learned from the systematic examination of syn-
ovial tissue.

In our center we have performed about 2000 rheumato-
logical arthroscopy procedures in various studies'. The pro-
cedure is performed under local anesthesia and is generally
well tolerated. Complications like bleeding and infection
occurred in less than 0.3%. The setup requires the appropri-
ate equipment, well trained arthroscopists, nurses and tech-
nicians, as well as standardized operation procedures.

Synovial tissue analysis has been used to describe the fea-
tures of synovial inflammation in the earliest stages of the
disease, as defined by clinical signs and symptoms.
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EARLY DISEASE
BIOMARKERS

Systematic comparison of the pathological changes in syn-
ovial tissue from RA patients with so-called early RA (< 1
year duration) and patients with longstanding disease (> 5
years duration), who were matched for disease activity and
medication, revealed that infiltration by the major cell types
is not dependent on disease duration?. These observations
are consistent with other studies®*. Similarly, the expression
of cytokines>*® chemokines’, matrix metalloproteinases’,
and adhesion molecules® is generally similar when synovial
tissue from patients with early RA is compared to that from
patients with longstanding disease. Similar results were
obtained when only patients with a disease duration of < 3
months were studied?.

The observation that what clinicians define as early RA
actually represents chronic synovial inflammation might be
explained by the assumption that there is a preclinical phase
characterized by asymptomatic synovial inflammation. This
could also explain the fact that erosive lesions can be found
early in the course of RA, sometimes even at the time of ini-
tial diagnosis®. Consistent with this hypothesis, synovial
inflammation has been described in clinically uninvolved
joints of RA patients, as a model of pre-arthritis'®-!3. Of
importance, recent studies have shown that circulating
autoantibodies, like rheumatoid factor and anti-cyclic citrul-
linated peptide antibodies, may be present in individuals
several years before the clinical signs and symptoms of RA
become manifest'4!3. Together, these studies suggest that
antirheumatic treatment should be initiated early after the
development of clinical signs of inflammation, as the dis-
ease is already in a chronic stage when a patient notes pain
and swelling.

Synovial tissue analysis has also shown marked variation
between different individuals in all phases of RA'%!8, It has
been suggested that RA patients display reproducible pat-
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terns in the organization and activity of synovial infiltrates,
which are associated with the level of cytokine expression in
the tissue!®. Recent work using complementary DNA
microarray analysis to profile gene expression in rheumatoid
synovial tissue also showed considerable variability, result-
ing in the identification of molecularly distinct subsets of
RA tissues®®. Thus, these studies using different methodolo-
gies have consistently indicated that RA may comprise dif-
ferent pathogenetic mechanisms leading to a common clini-
cal syndrome. Conceivably, more insight into these distinct
subsets may help to define homogeneous groups for clinical
studies and evaluation of targeted therapies.

In addition to the use of synovial biopsies for pathogenet-
ic studies, serial synovial biopsy has been used to evaluate
the effects of novel treatments?!. First, this approach may
obviously help to decipher the mechanism of action of a spe-
cific therapy at the site of inflammation. Second, measure-
ment of biomarkers in the synovium could be used as a
screening method to test new compounds requiring relative-
ly small numbers of subjects. It can be expected that in the
future, clinical investigations will consist of small trials with
a high density of data, including biomarkers??. Recently, we
found that the number of synovial macrophages is the most
sensitive immunohistologic variable to change after effec-
tive treatment of RA, and may be used as a biomarker when
novel therapeutic agents for RA are screened for potential
efficacy?®. Other more sophisticated biomarkers, including
gene-expression profiles, are likely to be developed and val-
idated in the near future.

In conclusion, synovial biopsy and systematic tissue
analysis can provide valuable insights into the pathophysio-
logic mechanisms associated with the pathogenesis of RA
and will play an increasingly important role in future clini-
cal trials.

REFERENCES

1. Kraan MC, Reece RJ, Smeets TJM, Veale DJ, Emery P, Tak PP.
Comparison of synovial tissues from the knee joints and the small
joints of rheumatoid arthritis patients. Implications for pathogenesis
and treatment. Arthritis Rheum 2002;46:2034-8.

2. Tak PP, Smeets TIM, Daha MR, et al. Analysis of the synovial cel-
lular infiltrate in early rheumatoid synovial tissue in relation to local
disease activity. Arthritis Rheum 1997;40:217-25.

3. Zvaifler NJ, Boyle D, Firestein GS. Early synovitis C synoviocytes
and mononuclear cells. Semin Arthritis Rheum 1994;23 Suppl
2:11-16.

4. Baeten D, Demetter P, Cuvelier C, et al. Comparative study of the
synovial histology in rheumatoid arthritis, spondyloarthropathy, and
osteoarthritis: influence of disease duration and activity. Ann Rheum
Dis 2000;59:945-53.

5. Smeets TIM, Dolhain RJEM, Miltenburg AMM, de Kuiper R,
Breedveld FC, Tak PP. Poor expression of T cell-derived cytokines
and activation and proliferation markers in early rheumatoid synovial
tissue. Clin Immunol Immunopathol 1998;88:84-90.

6a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Muller-Ladner U, Judex M, Ballhorn W, et al. Activation of the IL-4
STAT pathway in rheumatoid synovium. J Immunol
2000;164:3894-901.

Smeets TJ, Dolhain RJ, Breedveld FC, Tak PP. Analysis of the
cellular infiltrates and expression of cytokines in synovial tissue from
patients with rhematoid arthritis and reactive arthritis. J Pathol
1998;186:75-81.

Katrib A, Tak PP, Bertouch JV, et al. Expression of chemokines and
matrix metalloproteinases in early rheumatoid arthritis.
Rheumatology Oxford 2001;40:988-94.

Tak PP, Thurkow EW, Daha MR, et al. Expression of adhesion
molecules in early rheumatoid synovial tissue. Clin Immunol
Immunopathol 1995;77:236-42.

van der Heijde DM. Joint erosions and patients with early rheumatoid
arthritis. Br J Rheumatol 1995;34 Suppl 2:74-8.

Kraan MC, Versendaal H, Jonker M, et al. Asymptomatic synovitis
precedes clinically manifest arthritis. Arthritis Rheum
1998;41:1481-8.

Wakefield RJ, Green MJ, Marzo-Ortega H, et al. Should oligoarthritis
be reclassified? Ultrasound reveals a high prevalence of subclinical
disease. Ann Rheum Dis 2004;63:382-5.

Soden M, Rooney M, Cullen A, Whelan A, Feighery C, Bresnihan B.
Immunohistological features in the synovium obtained from clinically
uninvolved knee joints of patients with rheumatoid arthritis. Br J
Rheumatol 1989;28:287-92.

Pando JA, Duray P, Yarboro C, Gourley MF, Klippel JH, Schumacher
HR. Synovitis occurs in some clinically normal and asymptomatic
joints in patients with early arthritis. J] Rheumatol 2000;27:1848-54.
Nielen MM, van Schaardenburg D, Reesink HW, et al. Specific
autoantibodies precede the symptoms of rheumatoid arthritis: a study
of serial measurements in blood donors. Arthritis Rheum
2004;50:380-6.

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.

Tak PP, Smeets TJ, Daha MR, et al. Analysis of the synovial cell
infiltrate in early rheumatoid synovial tissue in relation to local
disease activity. Arthritis Rheum 1997;40:217-25.

Ulfgren AK, Grondal L, Lindblad S, et al. Interindividual and
intra-articular variation of proinflammatory cytokines in patients with
rheumatoid arthritis: potential implications for treatment. Ann Rheum
Dis 2000;59:439-47.

Schumacher HR Jr, Kitridou RC. Synovitis of recent onset. A clinico-
pathologic study during the first month of disease. Arthritis Rheum
1972;15:465-85.

Klimiuk PA, Goronzy JJ, Bjornsson J, Beckenbaugh RD, Weyand
CM. Tissue cytokine patterns distinguish variants of rheumatoid
synovitis. Am J Pathol 1997;151:1311-9.

van der Pouw Kraan TC, van Gaalen FA, Kasperkovitz PV, et al.
Rheumatoid arthritis is a heterogeneous disease: evidence for
differences in the activation of the STAT-1 pathway between
rheumatoid tissues. Arthritis Rheum 2003;48:2132-45.

Tak PP. Lessons learnt from the synovial tissue response to
anti-rheumatic treatment. Rheumatology Oxford 2000;39:817-20.

Liu ET, Karuturi KR. Microarrays and clinical investigations.

N Engl J Med 2004;350:1595-7.

Gerlag DM, Smeets TJ, Kraan MC, et al. The effects of oral
prednisolone on rheumatoid arthritis synovial tissue [abstract].
Arthritis Rheum 2003;48 Suppl:S438.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved. I—

26

The Journal of Rheumatology 2005, Volume 32 Supplement 72

Downloaded on April 8, 2024 from www.jrheum.org


http://www.jrheum.org/

