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Rheumatoid arthritis is a chronic inflammatory condition that effects approximately 0.8 percent of 

the world population (1 ,2). Although there are frequent systemic manifestations of inflammation, 

the primary pathophysiologic events occur within the synovial tissue lining diarthrodial joints. 

Despite an intense amount of investigation, the cause of rheumatoid arthritis and the precise 

pathophysiologic events remain uncertain. Moreover, standard therapy remains largely empirical 

and, frequently not successful (3). As a result, more than 50% of persons with rheumatoid arthritis 

become work disabled within ten years of disease onset ( 4). Moreover, rheumatoid arthritis is 

associated with an increased mortality, with the standardized mortality ratio ranging from 1.3 to 3.0 

(5 ,6). 

In the past few years, concepts about the pathophysiology of rheumatoid arthritis have changed 

rapidly. These changes have resulted from intensive laboratory investigation coupled with focused 

clinical research. Part of the clinical investigation has involved therapeutic interventions, usually 

of biologic agents, that have been directed at known or suspected physiologic derangements that 

have been postulated to be important in disease pathogenesis. These interventions have been 

employed to test hypotheses about pathogenesis as well as to identify potential targets of therapeutic 

intervention in rheumatoid arthritis. The results of these interventions have shaped thinking about 

potential immunopathogenic mechanisms in rheumatoid arthritis. Moreover, new targets for therapy 

have emerged from these studies that may well provide the basis for substantial symptomatic benefit 

in rheumatoid arthritis, although the goal of a cure or prevention remains remote. 
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Immunopathogenesis of rheumatoid arthritis 

In 1948, the discovery of the presence of the autoantibody, rheumatoid factor, in the serum of 

patients with rheumatoid arthritis was instrumental in designating this disease as an autoimmune 

condition (7-9) . Before this, rheumatoid arthritis had been grouped with a series of conditions 

loosely categorized by the presence of fibrinoid necrosis at the site of inflammation and thought, 

therefore, to be primarily "collagen vascular" diseases (1 0). The documentation that rheumatoid 

factor was an autoantibody and its production was associated with rheumatoid arthritis implied that 

there was an autoimmune component to this disease. For the next 25 years, most research on the 

immunopathogenesis of rheumatoid arthritis focused on the role of rheumatoid factor and immune 

complexes in mediating disease pathology. 

In 1975, van Boxel and associates were the first to note that the rheumatoid synovium was heavily 

infiltrated with T lymphocytes (11). This finding was rapidly confirmed by many other groups (12, 

13), who demonstrated that synovial tissue contained aggregates of CD4+ T cells with an activated 

phenotype (12-14). The observation that rheumatoid synovial tissue was heavily infiltrated with T 

cells along with the finding of Stastny that rheumatoid arthritis was associated with particular alleles 

of the class II MHC complex (15), refocused thinking about the immunopathology of rheumatoid 

arthritis from the possibility that it was largely an immune complex mediated disease to the 

probability that the disease involved activation of CD4+ T cells, presumably responding to 

arthritogenic antigens. The data supporting a role for CD4+ T cells in the immunopathogenesis of 

rheumatoid arthritis are summarized in Table 1. 
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Table 1 

Evidence that CD4+ T Cells Play a Central Role in Rheumatoid Inflammation 

1. Rheumatoid synovium is infiltrated with CD4+ T cells 

2. CD4+ T cells in the rheumatoid synovium exhibit an activated phenotype 

3. Progressive rheumatoid arthritis is associated with specific HLA-DR alleles 

The data available at that time supported the conclusion that recognition of an arthritogenic peptide 

presented in the context of a relevant HLA-DR molecules to clones of CD4+ T cells with appropriate 

T cell receptors (TCR) might initiate a series of events that eventuated in rheumatoid inflammation 

(Figure 1). 
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The Search for Antigen Reactive T Cells 

Based upon the idea that rheumatoid arthritis might be driven by specific clones of antigen reactive 

CD4+ T cells, a number of investigators set out to detect clonal expansion of such T cells in synovial 

fluid and synovial tissue. A number of different approaches were employed, including Southern blot 

analysis to detect oligoclonal populations (16, 17), polymerase chain reaction (PCR) amplification 

ofT cell receptor alpha and beta chains (18-28), and identification ofT cells expressing specific 

receptors with monoclonal antibodies (29-31 ). Although a number of investigators demonstrated 

apparent oligoclonality of T cells within individual patients, attempts to identify shared clones 

among patients has been largely unsuccessful. There are a number of potential explanations for these 

discrepant results, including differences in patient selection, disease duration, HLA-DR phenotype 

and technical aspects of the determination. Despite these caveats, most of the data are consistent 

with the conclusion that the T cell infiltrate in established rheumatoid arthritis is very heterogenous, 

with little evidence of clonal expansion of T cells that is common to a majority of patients. 

Moreover, in all of the analyses, a large degree ofpolyclonality was observed in each patient, with 

an occasional overrepresented clone, confirming the conclusion that marked heterogeneity and not 

oligoclonality is characteristic of the T cells in the rheumatoid synovium. However, the number of 

antigen specific T cells in an antigen initiated T cell infiltrate might be quite small. Therefore, 

analysis of the antigen binding third complementarity determining region (CDR3) of the T cell 

receptor has also been carried out (32-34). The results have suggested that within the heterogeneity, 

there might be the possibility of preferential expansion of T cells expressing TCR with specific 

antigen binding motifs. 
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Besides examination of potentially skewed TCR usage in rheumatoid synovium, more recent studies 

have suggested the possibility that the peripheral TCR repertoire may also be abnormal in both the 

CD4+ and CD8+ subsets (33-37). This remains a matter of controversy, however, as analysis of 

monozygotic twins discordant for rheumatoid arthritis revealed that there may be a genetic basis for 

T cell receptor expression, but this does not appear to be influenced by the presence of rheumatoid 

arthritis (38,39). Rather, the presence of specific HLA-DR molecules in the thymus may influence 

the distribution of TCR expressed by naive T cells ( 40,41 ). 

In summary, despite great effort, the elusive antigen-specific CD4+ T cell has not emerged from 

molecular analysis of TCR utilization in patients with rheumatoid arthritis. Although the results are 

not conclusive, because genetically or phenotypically heterogeneous patients were examined and 

only few studies analyzed patients with very early disease, the findings have called into question the 

hypothesis that initiation of rheumatoid arthritis involves recognition of a limited set of arthritogenic 

peptides presented by specific HLA-DR molecules to unique populations of CD4+ T cells. 

Genetic Association 

Initial reports indicated that rheumatoid arthritis was associated with a particular allele of the class 

II MHC locus, HLA-Dw4 (15). The HLA-DR4 family is now known to include approximately 20 

variants with amino acid differences focused in position 57, 67, 70, 71, 74 and 86 of the HLA-DR~ 1 

chain (42). Not all of the HLA-DR4 variants are found at increased frequency among individuals 

with rheumatoid arthritis. Specifically, HLA-DR~ 1 *0401, ~ 1 *0404, ~ 1 *0405, and ~ 1 *0408 are 
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preferentially found in patients with rheumatoid arthritis (Figure 2). 

Table 72-1. HLA-DR association with RA 

Amino acids• 
HLA·DRBI 

HLA-DR Alleles 67 68 69 70 71 72 73 74 Associated with RA 

DR41Dw4 0401 Lt L E Q K R A A 
DR41Dwl4 0404/0408 R 
DR41Dwl5 0405 R 
DR! 0101 R 
DR6/Dwl6 1402 R 
DRIO 1001 R R 
DR41Dw l0 0402 D E 
DR41Dwl3 1301-1304 R E 

• Amino acid sequence of the third hypervanable reg10n of the ~-chains of HLA-DR alleles associated with rheumatOid anhritis. 
t Single- letter amino ac1d code; identity with DR4/ Dw4 at each position 1s indicated by a dash. 

Fig. 72-l. Strucrun: of the DR! molecule, based on x-ray crystallography. The class II a, and a, 
domains of the DR! molecule (ORB 1*0101) are shown. This would correspond to a top view. as 
might be seen by an approaching T cell. The antigenic peptide would be held in the antigen binding 
groove, with the floor formed by a a sheet, and the sides formed by two l1elices. Amino actd 
residues for positions 70 through 74 are indicated in one letter code. Amino acid residues in 
parentheses indicate residues occurring at these positions in other class II molecules that are also 
associated with RA (Table 72- 1). (Based on Brown JH. Jardet:zk:y TS. Gorga JC et al: Natur• 
364:33. 1993.) 

+ 
+ 
+ 
+ 
+ 
+ 

In contrast, HLA-DRp 1 *0402 and p 1 *0403 have not been found to be increased in rheumatoid 

arthritis patient (43-46). These two sets ofHLA-DR4 alleles vary in the third hypervariable region 
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of the beta chain of the molecule. Therefore, it has been suggested that the "shared epitope" between 

the susceptibility encoding HLA-DR4 molecules spanning amino acid positions 70-74 of the HLA

P 1 chain represents the key genetic element in rheumatoid arthritis (44). As HLA-DRl , that 

contains the same amino acids in these positions, is also associated with rheumatoid arthritis in 

certain populations (44), the "shared epitope" hypothesis seemed reasonable. Since the major 

function ofHLA-DR is to present peptides to CD4+ T cells during selection of the repertoire in the 

thymus and subsequently to present antigenic peptides to CD4+ T cells in the periphery and the 

"shared epitope" lies in a portion of the HLA-DR molecule that appears to be important for peptide 

binding ( 4 7), this association has suggested that presentation of specific arthritogenic peptides to 

CD4+ T cells plays a role in rheumatoid arthritis. In fact, HLA molecules expressing the "shared 

epitope" have been shown to bind a number of peptides ( 48,49), including those that could be 

involved in the pathogenesis of rheumatoid arthritis, such as peptides derived from collagen type II, 

70 kD heat shock protein and cartilage glycoprotein 39 (50-52). Moreover transgenic animals 

expressing human HLA-DR molecules containing the "shared epitope" manifest increased 

susceptibility to arthritis induced by human type II collagen (53). 

More recent analysis of HLA-DR4 and its association with rheumatoid arthritis, however, have 

suggested alternative interpretations (Table 2). 
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Table 2 

HLA-DR P1*0401/0404 AND 
RHEUMATOID ARTHRITIS 

• Observations: 

1. Associated with rapidly progressive joint 
damage and extra articular manifestations 

2. No association with early disease 

3. Found in only a small number of patients in 
some ethnic groups 

First, in many populations, rheumatoid arthritis is not associated with the "shared epitope". Thus, 

in African Americans (54) and in certain ethnic groups in Southern Europe, the "shared epitope" 

appears to confer only a minor risk for rheumatoid arthritis (55,56). It should be emphasized that 

in some of these groups, certain manifestations of rheumatoid arthritis are different, in that the 

patients tend to have milder disease with few extraarticular manifestations, such as rheumatoid 

nodules and vasculitis. Secondly, a number of studies have suggested that early, self limited or 

minimally active rheumatoid arthritis is not associated with the presence of the "shared epitope" (57-

62). Thus, individuals with early disease who meets criteria for rheumatoid arthritis, persons in 

primary care settings who meet criteria of rheumatoid arthritis or persons with intermittent or with 

minimally active inflammatory disease show no association with the "shared epitope". Only those 

persons with erosions after one year, an early manifestations of joint damage showed this 

association. An association with the "shared epitope" and rheumatoid arthritis has been reproducibly 

found predominantly in tertiary care centers who manage persons with aggressive disease. The 

8 



association of aggressive disease with the presence of the "shared epitope" has been reported in a 

number of studies (63-67). An hierarchy of disease association was noted (63,68,69) with erosive 

disease without extraarticular progression characteristically found in individuals who inherited a 

single copy of the "shared epitope" (Figure 3). 

01/X 

XIX 

0404/X 

01/01 

0401/X 

1 non-erosive erosive 1 

seronegative disease 

0404/01 

nodular 

0401/0401 

0401/0404 
0401/01 

vasculitis 

seropositive disease 

Inheritance oftwo "shared epitope" alleles was associated with development of rheumatoid nodules, 

whereas rheumatoid vasculitis was associated with HLA-DRp 1 *0401/*0404 heterozygosity or HLA-

DRp 1 *040 1/*040 1 homozygosity. Homozygosity for HLA-DRp 1 *040 1 appeared to be the 

strongest predictor for progression of disease to rheumatoid vasculitis. These results strongly 

suggested that the "shared epitope" is not a disease susceptibility gene, but rather is associated with 

disease progression. 

The association between the "shared epitope" and the production of rheumatoid factor is 

controversial (63), as the capacity to produce rheumatoid factor appears to be an independent risk 

for severe rheumatoid arthritis (64,65,70-74). However, the ability to make rheumatoid factor is 
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tightly associated with erosive disease, extraarticular manifestations and the increased motality 

associated with rheumatoid arthritis (75-77). Therefore, one interpretation of these data is that the 

presence of the "shared epitope" and, especially, HLA-DRp 1 *0401 may be associated with the 

development of a sufficient magnitude ofT cell help for B cell responses to ensure production of 

high titers of rheumatoid factor that, in tum, may play a role in the evolution of aggressive 

rheumatoid arthritis. In this regard, HLA-DR4-expressing individuals have been noted to have a bias 

in the production of antibodies (78). 

These findings suggest that susceptibility to rheumatoid arthritis may not be related to presentation 

of a specific peptide, as would be implied from an association of all disease with the "shared 

epitope", but rather that during the evolution of the disease, the quality ofT cell help, which may be 

dependent on expression of the" shared epitope" could influence the evolution of the disease by 

facilitating the production of the autoantibody, rheumatoid factor. While supporting a role that 

CD4+ T cells in rheumatoid arthritis, this contention moves the role of these T cells from the point 

of initiating disease by recognizing a specific antigen in all patients to defining the quality ofT cell 

responses in some patients that manifest progressive disease. These findings, therefore, imply that 

the role of CD4+ T cells may be more complex than initially anticipated, functioning to influence 

the regulation of the immune response after its inception (Figure 4). 
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Figure 4 

THE PROGRESSION OF RHEUMATOID SYNOVITIS 
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Additional studies have called into question the function of the "shared epitope" in rheumatoid 

arthritis. Thus, it has been suggested that the "shared epitope" might not function to bind and present 

specific antigenic peptides, but might itself, be the source of a peptide that is recognized by T cells 

after presentation by a class II MHC molecule (79). In this regard, the reactivity might be amplified 

by a form of molecular mimicry (80-85). The "shared epitope" (QKRAA) has been noted to be 

encoded not only by HLA-DR p 1 *040 1, but also by the DnaJ heat shock protein of E. coli, L. lac tis 

and B. avis, as well as the gp110 protein of Epstein-Barr virus. T cell reactivity to peptides 

containing this epitope has been noted in persons with rheumatoid arthritis, but not in normal 

individuals expressing the "shared epitope" (81,85). This has suggested the possibility that the 

"shared epitope" may serve as an antigenic peptide, presented by another class II MHC molecule. 

The presence of this "shared epitope" in the thymus during T cell ontogeny might serve to alter the 

expressed CD4+ T cell repertoire (79 ,81 ), as has been suggested from analysis of the TCR expressed 

by naive T cells of persons expressing the "shared epitope" (39-41 ). Cross-reactivity between these 

T cells and bacterially derived proteins expressing a similar epitope might expand these CD4+ T 

cells in the periphery and trigger ongoing autoimmune diseases (Figure 5). Of note, it has been 
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suggested that HLA-DQ molecules might uniquely present these peptides (81). 

Figure 5 

ROLE OF CLASS II MHC MOLECULES 
IN SUSCEPTIBILITY TO RHEUMATOID ARTHRITIS 
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The possibility that HLA-DQ may bind and present an arthritogenic peptide and, thus, be a disease 

susceptibility gene has also been suggested (86). In this regard, it has been suggested that HLA-DQ 

may actually be the disease susceptibility allele, that HLA-DR may encode for peptides that can 

modulate the development of arthritis. Thus, HLA-DR alleles that are not associated with 

rheumatoid arthritis, such as HLA-DR4 Dw10 (DRp1*1502) or may even be protective against 

rheumatoid arthritis in some populations, such as HLA-DR2Dwl2 (DRp 1 *0402) may serve to alter 

the recognition of arthritogenic peptides presented by HLA-DQ (86). By contrast, peptides derived 

from HLA-DR molecules derived from rheumatoid arthritis associated molecules, such as HLA-DR4 

Dw4 (DRp 1 *0401) may have no such blocking activity. 

Two HLA-DQ alleles (HLA-DQw8, DQp 1 *0302; and HLA-DQw7, DQp 1 *0301) are in linkage 

disequilibrium with most HLA-DR4 haplotypes in North America and Europe. Most HLA-DR4+ 

patients with rheumatoid arthritis express one of these alleles. However, association with 

rheumatoid arthritis may not be seen because of the modifying influences ofHLA-DR. HLA-DQW8 
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has been shown to be a susceptibility factor that predisposes animals made transgenic for this 

molecule to intense inflammation following immunization with type II collagen (87). Moreover, 

peptides derived from rheumatoid arthritis resistant individuals, but not rheumatoid arthritis 

susceptible individuals, block collagen arthritis in this model (88,89). Based upon these findings, 

it has suggested that HLA-DR derived molecules may be permissive or resistant to the development 

of arthritis mediated by presentation of peptides by HLA-DQ molecules (Figure 5). As a result, 

linkage with rheumatoid arthritis might not be seen because the HLA-DQ molecule of relevance is 

found in both individuals who are susceptible and resistant to rheumatoid arthritis. The development 

of arthritis, however, may be dependent on the HLA-DQ molecule, but regulated by the disease 

modifying influence of the HLA-DR molecule. As different HLA-DR peptides might differ in their 

ability to block disease, various influences on disease might be noted with some HLA-DR molecules 

having no influence, some mitigating, but not blocking disease and others permitting aggressive 

disease. In this regard, HLA-DQ4, DQ7, DQ8 and DQ9 alleles have a common DQA1 *0301 a: 

chain, whereas their DQB1 p chains (DQB1 *0401, DQB1 *0301, DQB1 *0302 and DQB1 *0303, 

respectively) are likely to be similar in the structure that influences antigenic peptide binding. 

Moreover, in different ethnic group these HLA-DQ molecules are associated with HLA-DR alleles 

that are associated with rheumatoid arthritis (90-93). This suggests that these specific HLA-DQ 

molecules may actually be the genetic element associated with rheumatoid arthritis. Based on these 

considerations, rheumatoid arthritis patients may be classified into two groups: an HLA-DQ4/7/8/9 

population predisposed to severe arthritis, and an HLA-DQ5 population predisposed to milder 

arthritis and the absence of rheumatoid factor (96,97). These differences may be related to the 

variation in the mitigating influences ofHLA-DR4 (or 9) on the one hand and HLA-DR10 on the 
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other. Finally, the association between homozygocity of two non-protective HLA-DRp 1 alleles and 

severe disease (63 ,68,69) might relate to the lack of any mitigating influences. 

Whether this regulatory mechanism plays a role in the initiation of disease or subsequently is 

currently not known. However, the association of alleles of HLA-DR and disease progression 

(57,59,63 ,68,69) suggests that if HLA-DQ is playing a role in rheumatoid arthritis, it is likely to 

involve propagation of previously established disease. 

In summary, each of these considerations about the HLA associations with rheumatoid arthritis 

suggests that simple antigen recognition of a single arthritogenic peptide presented to clones of 

CD4+ T cells by HLA-DR molecules expressing the "shared epitope" cannot explain the entire 

pathophysiology of rheumatoid arthritis. Rather, more complex immunoregulatory roles of CD4+ 

T cells appear to be involved in the pathogenesis of rheumatoid arthritis. Despite an incomplete 

understanding of the precise nature of the peptides and the MHC class II restricting elements 

involved and their precise function, all available information implies that the role of CD4+ T cells 

is likely to be far more complex than hitherto appreciated and may vary as the disease progresses 

(Table 3). 
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Table 3 

UNRESOLVED QUESTIONS ABOUT 
THE ROLE OF CD4+ T CELLS IN 

RHEUMATOID ARTHRITIS 

• Are they important in early disease 
and/or late disease? 

• What antigenic peptides do they 
recognize? 

• Do they recognize the same peptides 
early in disease and late in disease? 

Cytokine Production by T Cells 

Cytokines are thought to play an essential role in the immunopathogenesis of synovial inflammation, 

as well as the initiation of damage to cartilage and bone (94-96). It was reasoned that if T cells were 

playing a central role in rheumatoid inflammation, they would be likely to produce large amounts 

of cytokines. However, initial studies quantitating the amount ofT cell derived cytokines, such as 

interferon-y and interleukin-2, in rheumatoid inflammation indicated that they were found in small 

amounts and were much less abundantly produced than cytokines derived from macrophages and 

synovial fibroblasts (97,98). This was initially interpreted as indicating that T cells played only a 

bystander role in rheumatoid inflammation (97). However, recent studies using more sensitive 

techniques of immunohistology and quantitative PCR amplification of cytokine mRNAs have 

clearly shown the presence ofT cell derived cytokines in rheumatoid synovitis (99-1 04 ). The most 

prominent cytokine appears to be interferon-y that may be produced by as much as two to ten 

percent of synovial membrane CD4+ T cells in rheumatoid arthritis (1 01 ). Even though the number 

of cytokine producing CD4+ T cells in the rheumatoid synovium is comparable to that found in other 

chronic inflammatory diseases (1 05), their paucity has suggested to some that CD4+ T cells may 
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not be sufficiently activated to drive the intense inflammation characteristic of rheumatoid arthritis. 

Additional features of rheumatoid synovial CD4+ T cells were interpreted to substantiate the 

contention that they were effete cells with little function (97). Thus, signaling defects in rheumatoid 

synovial T cells have been demonstrated that relate to an altered redox state and altered 

phosphorylation of the MAP kinase, p38, and the zeta chain of the T cell receptor (114,115). 

Moreover, synovial T cells appear to have a limited potential to grow in culture, related to their 

tendency to undergo apoptosis in vitro (116). There is evidence to support the conclusion that these 

cells are functionally altered by virtue of their exposure to oxidative and other stress within the 

synovium (114,117). 

Despite perturbation of their function, synovial T cells exhibit an activated phenotype as gauged by 

the expression of a variety of activation markers and upregulation of a number of functional 

activities (118-127). For example, synovial CD4+ T cells have a markedly enhanced capacity to 

provide help forB lymphocytes (117). Part of this activity relates to the constitutive expression on 

the TNF receptor family member that is essential for contact dependent activation of B cells and 

macrophages by T cells, CD40 ligand/CD154 (128). By virtue of the upregulation of CD40 

ligand/CD154, synovial CD4+ T cells not only can directly induce immunoglobulin production by 

B cells, but can also upregulate cytokine production by myeloid cells in a contact dependent manner 

(128). These findings are consistent with the conclusion that the function of synovial CD4+ T cells 

may be somewhat perturbed, but they remain capable of providing both membrane signals and 

cytokines responsible for the inflammation characteristic of rheumatoid synovitis. 
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It has also become apparent that synovial CD4+ T cells are markedly enriched in a subpopulation 

ofhighly differentiated memory T cells characterized by the phenotype, CD45RBctim, CD27· (119). 

These cells have the capability of producing cytokines rapidly after stimulation, providing intense 

help for B cells and co-stimulating macrophage activation, but limited capability for proliferation 

(129). Thus, when compared to a similar population of peripheral CD4+ memory T cells, functional 

capabilities of synovial CD4+ T cells are reasonably intact. However, they appear to be markedly 

biased toward production of the pro-inflammatory cytokine, interferon-y, and markedly diminished 

in the capacity to produce the anti-inflammatory cytokine, interleukin-4 (99,101,103,104,130). 

Table 4 

EVIDENCE AGAINST AN ESSENTIAL ROLE 
FORT CELLS IN RHEUMATOID ARTHRITIS 

1. Few cytokine producing T cells in rheumatoid 
synovium 

2. Synovial T cells proliferate poorly and produce small 
amounts of cytokines in vitro 

3. Autonomous growth of synovium in immunodeficient 
mice 

4. Lack of clinical response to depleting monoclonal 
antibodies to CD4 

Pro-inflammatory Activity of Multiple Cell Types in the Rheumatoid Synovium 

Many cell types in the rheumatoid synovium express an activated phenotype and appear to contribute 

to the inflammatory milieu. Thus, synovial fibroblasts and macrophages are activated to produce 
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a variety of cytokines and tissue damaging enzymes (131-135). Synovial fibroblasts express an 

increased density of adhesion molecules, have up-regulated a number of oncogenes associated with 

cellular proliferation and produce increased amounts of matrix metalloproteinases (131-133), 

whereas mononuclear phagocytes in both bone marrow (136), peripheral circulation (138), and 

synovial space (134,135) are functionally and phenotypically activated, producing increased amounts 

ofproinflammatory cytokines. The pro-inflammatory capabilities of macrophage-derived cytokines 

are indicated by their capacity to induce marked inflammation when expressed in the synovial tissue 

oflaboratory animals (139-140). Antigen presenting dendritic cells are also markedly activated in 

the synovial tissue and synovial fluid and highly enhanced in their capacity for antigen presentation 

(141,142). Whether any of these abnormalities represent fundamental etiologic events in rheumatoid 

arthritis or are secondary to stimulation by cytokines or other inflammatory mediators produced in 

the local milieu and systemically is a matter of intense debate. Some have suggested that acquired 

abnormalities is proliferative regulation may render synovial fibroblasts primarily pathogenic (133). 

Thus, grafts of human synovium or isolated cultured synovial fibroblasts in immunodeficient SCID 

mice have been shown to have the capacity to induce degradation of cartilage, even though 

inflammatory cells have apparent! y been deleted ( 14 3, 144, 144a). Whether this reflects a primary 

alteration resulting in unregulated aggressive behavior or is the end point of growth and selection 

in the cytokine containing synovium remains unknown. In this regard, alterations of p53 activity 

have been noted in rheumatoid synovial fibroblasts that could contribute to their "partially 

transformed" phenotype (133). 

Similarly, macrophages appear to be abnormally stimulated in the bone marrow, peripheral blood 
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and in the synovial tissue. In the tissue, they produce intense amounts of cytokines, including IL-6, 

TNFa: , IL-l and IL-10 (97,98,145-148). The ongoing production of these cytokines by macrophages 

suggests the possibility that there might be a loss of the normal down-regulation of macrophage 

cytokine production in the rheumatoid synovium or, alternatively an imbalance between the 

production of pro-inflammatory cytokines and their natural antagonists. One influence that normally 

appears to down-regulate macrophage production of pro-inflammatory cytokines is interleukin-4 

(149-151 ), that is absent from rheumatoid synovium (151 ). Therefore, a deficiency in interleukin-4 

may contribute to the ongoing macrophage production of cytokines. A systemic effect of such 

stimulation of these cytokines is suggested by the dysregulation of macrophage maturation in the 

bone marrow (136) and the presence of myeloid cells in the peripheral blood expressing increased 

levels of cytokine mRNA constitutively (138). Again, whether the systemic activation of 

macrophages is a primary event or secondary to other events, including production of interferon-y 

by CD4+ T cells in the synovium, as well as the local production of immune complexes ( 152) 

remains to be determined conclusively. 

Finally, the local differentiation of antigen presenting dendritic cells within the rheumatoid 

synovium appears to relate to the increased cytokine concentrations in the environment, although 

a primary defect related to other signals stimulating dendritic cell differentiation is also possible 

(141,142). 

The plethora of activated cell types within the synovium, as well as the local differentiation of B 

lymphocytes into plasma cells secreting the autoantibody, rheumatoid factor, with the subsequent 
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local production of immune complexes (152) has caused some to question the primary role ofCD4+ 

T cells in driving the inflammation of rheumatoid arthritis. In this regard, recent successful 

therapeutic interventions with monoclonal antibodies to TNF a, a soluble TNF a receptor -IgG fusion 

protein, the interleukin-1 receptor antagonist and monoclonal antibodies to interleukin 6 have 

emphasized the important role ofthese cytokines in the pathogenesis of rheumatoid arthritis (153-

160). However, therapy directed at these macrophage derived cytokines clearly decreases disease 

activity only temporarily, with little suppression of disease after the therapeutic intervention is 

discontinued. This suggests that macrophage-derived cytokines are important effector molecules, 

but are not primary initiators of rheumatoid inflammation. 

Treatment of Rheumatoid Arthritis with Antibodies to T Cells and T Cell Subsets 

With the initial documentation of the participation of CD4+ T cells in rheumatoid inflammation, a 

number of biotechnology companies rapidly developed monoclonal antibodies to a variety ofT cell 

determinants with the expectation that depleting T cells or interfering with their function should 

ameliorate rheumatoid inflammation. Monoclonal antibodies were employed that were directed 

toward CD4, CDS and CD52 (161). Although there was initial enthusiasm from the results of non

controlled trials, subsequent controlled trials showed no clinical efficacy (161-172). There are a 

number of possible interpretations ofthese results (Table 5). 
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Table 5 

TREATMENT OF RHEUMATOID ARTHRITIS 
WITH ANTI- T CELL 

MONOCLONAL ANTIBODIES 

Observation: Peripheral depletion of CD4(+) T cells is 
insufficient to affect the course of rheumatoid 
arthritis 

Implications: 1. Rheumatoid arthritis is not driven by CD4(+) T cells 

2. Depletion of tissue CD4( +) T cells is not achieved 

3. Inappropriate subsets are depleted 

4. Generation of newT cells reinstitutes the 
pathogenic immune response 

Some have interpreted these results to indicate that T cells and especially CD4+ T cells play no role 

in rheumatoid synovitis. However, emerging information about the impact of these interventions 

on synovial versus peripheral T cells and the nature of the T cell subsets differentially effected by 

these therapies has called into question the validity of this interpretation. It appears that more has 

been learned about the correct way to do a clinical trial than about rheumatoid inflammation from 

these interventions (168). However, compared to the therapeutic impact of therapies aimed at 

blocking macrophage-derived cytokines, such as TNF a, IL-l and IL-6, the results have caused some 

to question the "T cell paradigm" of the immunopathogenesis of rheumatoid arthritis and to suggest 

that primary abnormalities of syniovocytes and/or macrophages might lead to manifestations of 

rheumatoid arthritis (173). 
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The Impact of a Non-depleting Anti-CD4 Monoclonal Antibody in Rheumatoid Arthritis 

In experimental autoimmune disease, monoclonal antibodies to CD4 have been successfully used, 

not only to prevent the induction of disease (174-176), but also to inhibit further disease 

development when given after initial inflammation has already become apparent (177, 178). 

Moreover, antigen specific unresponsiveness (anergy) to soluble antigens or tissue allografts can be 

induced by anti-CD4 monoclonal antibodies in animals (179, 180). In man, uncontrolled pilot studies 

with murine monoclonal antibodies to CD4 yielded some initial promising results in several 

refractory autoimmune disorders, including rheumatoid arthritis (162, 163,164, 168). Short term 

treatment with relatively low doses of these monoclonal antibodies to CD4 was not sufficient, 

however, to result in long-term clinical benefit. Moreover, the development of host antibody 

responses to the therapeutic murine monoclonal antibody limited repeat applications. 

More recently, placebo controlled trials with chimerized depleting monoclonal antibodies to CD4 

have shown no clinical efficacy, despite significant peripheral CD4+ T cell depletion and a marked 

but transient reduction in synovial cellular infiltration (165,166). This result is consistent with 

finding from animal models of autoimmune diseases, indicating that depletion of CD4+ T cells is 

not the mechanism underlying anti-CD4 monoclonal antibody efficacy and, moreover, that short 

term therapy with such monoclonal antibodies is insufficient to effect disease progression in animal 

models of autoimmune disease ( 181, 182). In contrast to the effects of depleting anti-CD4 

monoclonal antibodies, there are numerous reports documenting the immunosuppressive actions of 

non-depleting monoclonal antibodies to CD4 in animals (182-185). Moreover, non-depleting 

22 



monoclonal antibodies to CD4, which modulate and/or block T cell functions, were found to be more 

effective than depleting monoclonal antibodies at inducing anergy in different experimental 

situations in the mouse, such as the transfer of p cells in non-obese diabetic mice or allogeneic skin 

grafting (185). Finally, sustained suppression of autoimmunity in NZB/NZW F1 mice was shown 

to depend on continuous inhibition, but not depletion ofCD4+ T cells (177,181). Taken together, 

these observations are all consistent with the hypothesis that successful treatment of rheumatoid 

arthritis might require long-term inhibition of peripheral T cell functions by a non-depleting 

monoclonal antibody to CD4. 

To test this hypothesis, a placebo controlled randomized multicenter double-blind study of a non

depleting anti-CD4 monoclonal antibody was initiated in patients with rheumatoid arthritis, 

refractory to standard therapy with disease modifying anti-rheumatic drugs. To reduce the 

immunogenecity of the monoclonal antibody and to minimize the host immune response, a 

therapeutic monoclonal antibody was employed that was generated by a grafting complementary 

determining regions of a murine monoclonal antibody to CD4 onto the variable regions of a heavy 

and a light chain of a human IgG4hc immunoglobulin ( 186). The resulting humanized anti-CD4 

monoclonal antibody was administered in repeated cycles in concentrations that resulted in 

saturation of CD4 on peripheral T cells for up to two weeks. Marked clinical benefit was noted in 

this blinded trial. Benefit lasted as long as the monoclonal antibody was present in the circulation. 

Clinical benefit was not associated with depletion of CD4+ T cells, as no depletion was noted. 

Moreover, no changes in the circulating number of monocytes, B cells or CD8+ T cells was 

observed. Of importance, improvement with the non-depleting monoclonal antibody to CD4 was 
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associated with a marked decrease in plasma levels of C-reactive protein (Table 6). 

C-Reactive Protein Leveb Following Treatment With A 
Non-Depleting Anti-CD4 Monoclonal Antibody 

C Reactive Protein (mg/L) 

EimC!lllrliC Sc~!lod C!lllrliC IbitdC!lUJ:liC 

Patient# WkO, Day I Wkl Wk7,Day I Wk8 Wk 14, Day I Wk 15 

OKTcdr4a OKTcdr4a Placebo 

I 6.5 <0.8 2.3 <0.8 0.9 <0.8 

2 6.1 <0.8 9.1 1.1 12.3 NA 
4 2.6 <0.8 <0.8 0.9 2.4 1.5 

5 4.4 1.0 3.5 <0.8 5.9 NA 
7 1.2 <0.8 1.2 <0.8 1.0 2.5 

1.2 <0.8 1.1 <0.8 1.2 1.7 

Placebo Placebo OKTedr4a 

3 <0.8 <0.8 <0.8 <0.8 0.9 <0.8 

6 4.1 5.5 6.4 4.9 2.7 <0.8 

10 1.0 0.9 0.8 <0.8 <0.8 <0.8 

11 4.6 5.6 4.2 3.9 5.3 4.5 

Since C-reactive protein is produced in the liver after stimulation by a variety of pro inflammatory 

cytokines ( 187), a profound and rapid decline in CRP levels following therapy with the non-

depleting monoclonal antibody to CD4 suggested that activated CD4+ T cells play a necessary role 

in production of these cytokines. Since the major source of CRP inducing cytokines is from 

macrophages and synoviocytes in the synovium (97,98), these results suggest that CD4+ T cells are 

playing a role in the production of these proinflammatory cytokines. This would tend to place CD4+ 

T cells upstream of macrophage effector cells in rheumatoid inflammation. Finally, this trial 

involved rheumatoid arthritis patients with long-standing disease, supporting the conclusion that 

CD4+ T cells play an important role in driving rheumatoid inflammation, even after years of disease 

activity. 
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Three Phases of Rheumatoid Arthritis 

Initiation. Together, the data suggest that the first phase of rheumatoid synovitis would involve 

nonspecific inflammation (Figure 6), and nonspecific production of cytokines, such as TNF a in the 

joint. 

INITIATION PHASE 
(Maturation of Dendritic Cells) 

Non-specific stimulus 

t 
Cytokine production by resident synovial cells 

t 
Chemoattraction of DC precursors 

t 
DC maturation and upregulation of self-antigen presentation 

t 
Cytokine (?other) signals for DC migration to lymph node 

Many nonspecific events within the synovium, including minor trauma, infections, allergic or 

vaccination reactions, or deposition of immune complexes, might initiate local inflammation and 

cytokine production, leading to the stimulation of macro phages and other cells within the synovial 

lining layer. This could account for the frequent report of various "precipitating" events preceding 

the onset of or exacerbations of rheumatoid inflammation. An important event during this phase of 

rheumatoid arthritis is the local activation and differentiation of professional antigen presenting 

dendritic cells (141, 142). Repeated local nonspecific stimulation might eventually create a milieu 
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either locally or in draining lymph nodes. Tllis latter event appears to be much more likely to occur 

in individuals with the "shared epitope". 

This scenario is consistent with a number of features of rheumatoid arthritis. The onset of 

rheumatoid arthritis is most commonly indolent (1 ,2), perhaps reflecting the need for recurrent 

nonspecific damage in order to induce dendritic cell differentiation and/or priming or activation of 

self-reactive CD4+ T cells. Indeed, there is no association with the shared epitope with early 

inflammatory polyarthritis (57-62), as would be expected if tills phase of the disease were not T cell 

dependent. In accordance with this is the lack of effect of anti-CD4 monoclonal antibody therapy 

in patients with early rheumatoid arthritis (162). These findings are all consistent with a model in 

whlch the earliest phases of rheumatoid arthritis are not T cell dependent, but rather involve repeated 

insults to the synovium, with the eventual differentiation of professional antigen presenting dendritic 

cells. This phase of the disease can be quite prolonged, but is likely to be followed by a phase of 

activation and differentiation of autoreactive T cells, which occurs most readily in individuals who 

express the "shared epitope" . 

Perpetuation. The activation of CD4+ T cells in rheumatoid arthritis may be necessary to induce 

aggressive disease with rapid joint destruction and extraarticular features (Figure 7). CD4+ T cells 

may stimulate macrophages and synovial fibroblasts to secrete cytokines and B cells to produce 

immunoglobulin and the autoantibody rheumatoid factor via a contact-dependent mechanism (128). 

CD4+ T cells also facilitate rheumatoid inflammation by producing the pro-inflammatory cytokine, 

interferon-y, but not the anti-inflammatory cytokine, interleukin-4 (99,101 ,103,104,130). 
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Figure 7 

PERPETUATION 
(T cell activation) 

Priming of Autoreactive T Cells in Secondary Lymphoid Tissue 

• Differentiation of Memory T Cells 

• Exit of Memory T Cells from Lymphoid Tissue with Capacity to Access 
Inflammatory Sites 

• Local Memory T Cell Differentiation 

• Local Non-specific B Cell Stimulation 

• Local Immunoglobulin, Rheumatoid Factor, 
Immune Complex Formation 

Chronic phase. In the chronic phase of rheumatoid arthritis (Figure 8), the autoimmune response 

eventually drives the recruitment of other effector cells, leading to polycellular dysregulation. Thus, 

many tissue-derived self antigens could become available as a result of tissue damage. The T cell 

response may thus become poly clonal in response to the number of antigens presented by locally 

differentiating antigen presenting cells. In addition, since the recruitment of memory T cells into 

the joint is not antigen specific (188), polyclonal T cell activation may occur as a result of bystander 

effects. The polyclonal nature ofT cells infiltrating the synovial tissue of patients with established 

rheumatoid arthritis has been demonstrated (18-28). Finally, well-established disease may be 

characterized by synovial cell autonomy. At this stage of disease, the autoimmune response of 

CD4+ T cells may be l.ess important in terms of tissue damage within the joint than are the actions 

of other cells, such as macrophages and synovial fibroblasts that secrete degradative enzymes and/or 

cytokines. However, CD4+ T cells still appear to influence inflammatory synovitis at this stage, 

as evidenced by the clinical impact of an intervention with a non-depleting monoclonal antibody to 

CD4. 
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Summary 

Figure 8 

CHRONIC PHASE 
(Polycellular Dysregulation) 

Stimulation of neutrophils, macrophages and B cells 

t 
Cytokine production, joint damage, release of tissue 

antigens, recruitment of APC 

t 
Polyclonal T cell response, bystander effects 

t 
Synovial cell autonomy 

The emerging data strongly suggest that rheumatoid synovitis involves the activity of CD4+ T cells. 

Although the initial idea that CD4+ T cells recognized a single arthritogenic epitope that initiated 

the disease seems unlikely, the demonstration that established rheumatoid arthritis can be 

ameliorated by altering the function of CD4+ T cells strongly implies a role for these cells in the 

propagation of ongoing inflammation. That role is likely to be immunoregulatory in nature and to 

develop after disease is initiated. The absence of an association with class II MHC alleles in early 

disease supports the idea that non-specific inflammation may be an initiating event. Afterward, 

however, CD4+ T cells recognizing multiple antigenic peptides in the synovium may amplify the 

disease. Unresolved production ofinterferon-y by differentiated CD4+ effector T cells may facilitate 

the ongoing inflammatory nature of the disease. Expression of a variety of cell surface molecules 

by synovial CD4+ T cells, including CD40 ligand/CD154, may play an important role in 

perpetuating inflammation. The role of the CD4+ T cell is clearly more complex than initially 
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anticipated, but remains essential for the evolving inflammation characteristic of rheumatoid 

arthritis. 
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