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Abstract
Genes in the human leukocyte antigen (HLA) region remain the most powerful disease risk
genes in rheumatoid arthritis (RA). Several allelic variants of HLA-DRB1 genes have been
associated with RA, supporting a role for T-cell receptor-HLA-antigen interactions in the
pathologic process. Disease-associated HLA-DRB1 alleles are similar but not identical and
certain allelic variants are preferentially enriched in patient populations with defined clinical
characteristics. Also, a gene dosing effect of HLA-DRB1 alleles has been suggested by the
accumulation of patients with two RA-associated alleles, especially in patient subsets with a
severe disease course. Therefore, polymorphisms in HLA genes are being explored as tools
to dissect the clinical heterogeneity of the rheumatoid syndrome. Besides HLA
polymorphisms, other risk genes will be helpful in defining genotypic profiles correlating with
disease phenotypes. One such phenotype is the type of synovial lesion generated by the
patient. HLA genes in conjunction with other genetic determinants may predispose patients
to a certain pathway of synovial inflammation. Also, patients may or may not develop extraarticular manifestations, which are critical in determining morbidity and mortality. HLA genes,
complemented by other RA risk genes, are likely involved in shaping the T-cell repertoire,
including the emergence of an unusual T-cell population characterized by the potential of
vascular injury, such as seen in extraarticular RA.
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Introduction
A patient is diagnosed with RA if four of seven American
College of Rheumatology criteria are satisfied [1]. Some of
these criteria are vague, particularly the key criterion of
arthritis, which is established by inspecting and palpating
joints. Interestingly, histomorphologic analysis of the
arthritic lesion is not required, which stands quite in contrast to other fields of medicine where tissue diagnosis is
mandatory. For outside observers, it comes as a surprise

that classification criteria, mostly relying on subjective evaluation, have proven to be quite useful. From a pathophysiological point of view, it is inevitable that the diagnostic
category of RA includes more than a single disease entity.
Molecular genetics have now created the opportunity to
readdress this critical issue. Rheumatoid arthritis is a
classical example of a complex genetic disease characterized by incomplete penetrance, genetic heterogeneity and,
almost certainly, a role for multiple disease genes. In this

HLA = human leukocyte antigen; RA = rheumatoid arthritis; RF = rheumatoid factor
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paper, it is proposed that differences in genetic determinants and diversity of disease-risk gene combinations
generate discernible and clinically relevant variants of the
rheumatoid syndrome [2]. The current review will attempt
to utilize the knowledge of the HLA association with RA to
differentiate disease subtypes and to generate a hypothesis of how different dimensions of RA could be affected by
HLA-dependent immune pathways [3].

RA — a heterogeneous syndrome
The concept that RA is a heterogeneous syndrome encompassing multiple disease phenotypes is supported by clinical
and pathophysiologic evidence. Clinicians have long known
that the disease course, pattern of involvement, and responsiveness to therapeutic interventions vary considerably [4].
Rheumatoid arthritis can take a mild expression with irreversible damage only appearing after decades, or bony erosions can be present in early disease. Another useful
approach to dissecting disease subtypes relies on the
absence or presence of extraarticular manifestations. In population based studies, 56% of male patients and 42% of
female patients had clinical overt rheumatoid organ disease
[5]. Extraarticular RA shortens the life span [6]; however,
extrasynovial manifestations may only surface after a substantial lag period, emphasizing the need for predictive molecular markers. The rheumatoid process can target almost
any organ. The most frequent forms of extraarticular RA,
rheumatoid nodules, are typical granulomas initiated by vasculopathy. Clinically, Felty’s syndrome, pulmonary disease,
ischemic heart disease, scleritis, and rheumatoid vasculitis
are more threatening, particularly when affecting mediumsized blood vessels. Manifestations in different organ
systems can occur independently, again emphasizing the
multidimensional nature of the disease. Constitutional symptoms are more difficult to define; however, patients with
active disease may develop a wasting syndrome. Also,
patients with RA have an increased risk for infections [7],
and it is not known whether this reflects a genuine complication of autoimmunity or an iatrogenic component of disease.
From a pathophysiological view, the most prominent
autoimmune manifestation, the production of rheumatoid
factor (RF) autoantibodies, is only found in a subset of
patients. Such patients have more aggressive disease,
and almost all patients with extraarticular complications
are RF-positive. Whether other autoantibodies have prognostic value has remained an issue of debate [8,9]. Finally,
an additional level of complexity is introduced by variability
of the synovial lesion. In a series of synovial biopsies, different patterns of inflammation, closely associated with different combinations of tissue cytokines, were identified
[10]. One third of the patients had formed follicular structures, resembling germinal centers. In 19% of the synovial
membranes, classical granulomas were found; 48% of the
biopsies revealed a type of diffuse synovitis lacking additional lymphoid microstructures.

HLA genes — one of multiple genetic factors
modulating disease risk and expression
As documented by numerous associations and recently by
genome-wide linkage studies, genes in the HLA region
play an important role in disease susceptibility [11–13].
Association studies have provided evidence that a
sequence of amino acids, termed the shared epitope, are
involved in the disease process [14]. This sequence
stretch is encountered in different alleles, bordered by distinct hypervariable regions of the HLA-DRB1 gene.
A second important feature that distinguishes the HLA
component of RA from some other HLA-associated diseases is a gene dose effect [15]. Inheritance of two
copies of RA-associated HLA alleles increased disease
risk significantly. Obvious questions are whether the
context of the HLA-DRβ1 chain in which the sequence
cassette is inherited, whether gene dosing influences
disease expression, and whether more than one HLA function is important in the different dimensions of the disease.
HLA molecules control a variety of functions in the immune
system. They are critically involved in restricting the recognition of antigenic peptides by T cells. Considering the
dominance of T cells in the synovial lesion, it has been proposed that disease-associated HLA molecules selectively
bind and present arthritogenic antigens. This model does
not satisfactorily explain the gene dose effect. Gene dosing
is compatible with a role of HLA polymorphisms in mechanisms shaping the T cell repertoire [16]. Repertoire abnormalities have been described in RA patients. Based upon
the utilization of T cell receptor BV–BJ combinations, RA
patients can be clearly distinguished from controls [17].
Also, in RA patients, the diversity of the T cell repertoire is
contracted [18]; and large clonal expansion of CD4 [19],
as well as CD8 T cells [20], is frequently encountered.

HLA polymorphisms and the synovial lesion
Generation of synovial inflammation is almost certainly influenced by HLA polymorphisms; synovitis is ultimately
dependent on T lymphocytes that regulate the production
of proinflammatory monokines and tissue-injurious metalloproteinases [21]. Tissue-infiltrating T cells undergo clonal
expansion in situ, with selection of identical T cells in different joints, strongly suggesting antigen-driven T cell activation [22,23]. Finally, in rheumatoid synovitis, follicular
structures with germinal center reactions are formed.
These sophisticated lymphoid microstructures specialize in
the generation of high-affinity antibodies and are absolutely
T cell dependent [24, 25]. Thus, there is overwhelming evidence that immune processes in the synovium are directed
by antigen recognition. The precise nature and number of
the antigens remain to be elucidated [26].
Considering that the joint-destructive lesion reflects adaptive immune responses, it is a natural question whether
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polymorphisms of HLA genes influence the inflammatory
reaction; specifically, whether HLA polymorphisms modulate the aggressiveness of rheumatoid synovitis. A series
of studies suggests that this may be the case. Retrospective studies have indicated that HLA genotyping provides
information about the aggressiveness of rheumatoid synovitis [27]. HLA-DR B1*01 alleles are preferentially found
in patients with RF-negative RA, a variant of disease
known to progress more slowly. HLA-DRB1*0404 was
enriched among RF-negative and RF-positive patients,
whereas HLA-DRB1*0401 was the dominant allele in
RF-producing patients [28]. Thus, HLA-DRB1*0401
appears to confer risk for the formation of a more rapidly
progressive synovial lesion. Patients combining
HLA-DRB1*04 and HLA-DRB1*01 required joint arthroplasty earlier than patients inheriting only a single copy of
RA-associated HLA alleles [15]. In prospective studies,
assessing the use of HLA typing for predicting progression
of joint disease, HLA-DRB1*04+ patients were more likely
to develop early erosive disease [29,30]. To what extent
HLA polymorphisms can be used as biomarkers to predict
disease course, however, is still unanswered [31–33]. So
far, no prospective study with sufficient patient numbers to
control for disease and treatment variables, and to assess
the impact of polymorphisms of disease-associated alleles
and gene dosing is available.
How could polymorphic HLA residues influence the character of the synovial lesion? Mechanisms of T cell repertoire formation, as well as local peptide selection and
presentation, could be relevant [16]. T cells utilizing
BV–BJ combinations overrepresented in the rheumatoid
repertoire are also preferentially encountered in lesional
T cells undergoing in situ proliferation [34]. Remarkably,
antigen recognition in the synovium is not uniform, but is
associated with the formation of complex lymphoid
microstructures, such as germinal centers and granulomas, in subsets of patients [10]. Available data indicate
that granulomas and germinal centers do not coexist in the
same synovial sample. It is likely that HLA polymorphisms
dictate which lymphoid microstructure is formed. Possible
involvement of HLA class I molecules is suggested by the
accumulation of CD8+CD40L+ cells at the periphery of
germinal centers [35]. These CD8 cells lack expression of
perforin but carry intracellular IFNγ, identifying them as
possible helper cells in the germinal center reaction.

HLA polymorphisms and repertoire
abnormalities in extraarticular RA
The highest frequencies of RA-associated HLA-DR molecules are seen in patients with extraarticular RA. However,
not all shared epitope-containing alleles are equally
enriched. HLA-DRB1*01, while a risk factor for RA joint
disease, does not contribute to the risk of extraarticular
RA, whereas a combination of two HLA-DR B1*04 alleles
seems to optimize the risk [15]. The combination of
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HLA-DRB1*0401 and HLA-DRB1*0404 has been
detected in patients with Felty’s syndrome [36] and
patients with rheumatoid nodules. Among patients with
rheumatoid vasculitis, individuals homozygous for
HLA-DRB1*0401 are clearly overrepresented. Studies
with sufficient numbers of patients stratified for the clinical
phenotype of extraarticular disease are required to define
the effect of different HLA polymorphisms and allelic combinations on the targeting of RA to different organ
systems. Preliminary evidence suggests that extraarticular
manifestations in different tissues do not have a tendency
to co-occur; for example, patients with arthritis do not necessarily develop rheumatoid lung disease, and leukocytoclastic vasculitis manifests in a different patient subset
than rheumatoid arteritis of medium-sized arteries (unpublished observations).
A second marker of abnormality in rheumatoid vasculitis is
the expansion of CD4+CD28null T cells [37]. These
unusual T cells are infrequent in healthy individuals [38];
they are expanded in RA patients, with a clear correlation
between the size of the CD4+CD28null compartment and
the clinical pattern of extraarticular disease. The inheritance of two RA-associated HLA-DR alleles may facilitate
the generation of CD4+CD28null T cells.
What are the possible mechanisms through which
CD4+CD28null cells influence RA and increase the likelihood of vascular complications? These cells are cytotoxic
via a granzyme/perforin mechanism [39] and produce
large quantities of IFNγ [40]. A direct role of these T cells
in vascular injury is suggested by the finding that patients
with acute coronary syndrome, caused by surface rupture
of atherosclerotic plaque, also carry expanded frequencies
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