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autoimmune diseases, such as type 1 diabetes mellitus, systemic
lupus erythematosus, and multiple sclerosis. Second, although most
of the non-HLA associations are described in patients with anti-CCP
antibody-positive disease, there are several risk loci that are unique
to anti-CCP antibody-negative disease. Third, risk alleles vary among
ethnic groups. And fourth, the risk loci mostly reside in genes encoding proteins involved in the regulation of the immune response.
However, the risk alleles identified by GWAS only account at present
for approximately 5% of the genetic risk, suggesting that rare variants
or other classes of DNA variants, such as variants in copy number,
may be yet found that significantly contribute to the overall risk model.
Recently, imputation of SNP data from a GWAS meta-analysis
shows amino acid substitutions in the MHC locus independently associated with the risk for RA are at position 11, 71, and 74 in HLA-DRβ1,
position 9 of HLA-B, and position 9 of HLA-DPβ1. The amino acids at
position 11, 71, and 74 are located in the antigen-binding grove of the
HLA-DRβ1 molecule, highlighting positions 71 and 74 that form part
of the original shared epitope.
Among the best examples of the non-MHC genes contributing to
the risk of RA is the gene encoding protein tyrosine phosphatase nonreceptor 22 (PTPN22). This gene varies in frequency among patients
from different parts of Europe (e.g., 3–10%), but is absent in patients
of East Asian ancestry. PTPN22 encodes lymphoid tyrosine phosphatase, a protein that regulates T and B cell function. Inheritance of the
risk allele for PTPN22 produces a gain-of-function in the protein that
is hypothesized to result in the abnormal thymic selection of autoreactive T and B cells and appears to be associated exclusively with
anti-CCP-positive disease. The peptidyl arginine deiminase type IV
(PADI4) gene is another risk allele that encodes an enzyme involved
in the conversion of arginine to citrulline and is postulated to play
a role in the development of antibodies to citrullinated antigens. A
polymorphism in PADI4 has been associated with RA only in Asian
populations.
Epigenetics is the study of heritable traits that affect gene expression
but do not modify DNA sequence. It may provide a link between environmental exposure and predisposition to disease. The best-studied
mechanisms include posttranslational histone modifications and DNA
methylation. Although studies of epigenetic phenomena are limited,
DNA methylation patterns have been shown to differ between RA
patients and healthy controls, as well as patients with osteoarthritis.

ENVIRONMENTAL FACTORS
In addition to genetic predisposition, a host of environmental factors
have been implicated in the pathogenesis of RA. The most reproducible of these environmental links is cigarette smoking. Numerous
cohort and case control studies have demonstrated that smoking confers a relative risk for developing RA of 1.5–3.5. In particular, women
who smoke cigarettes have a nearly 2.5 times greater risk of RA, a risk
that persists even 15 years after smoking cessation. A twin who smokes
will have a significantly higher risk for RA than his or her monozygotic
co-twin, theoretically with the same genetic risk, who does not smoke.
Interestingly, the risk from smoking is almost exclusively related to
RF and anti-CCP antibody-positive disease. However, it has not been
shown that smoking cessation, while having many health benefits,
improves disease activity.
Researchers began to aggressively seek an infectious etiology for
RA after the discovery in 1931 that sera from patients with this disease could agglutinate strains of streptococci. Certain viruses such as
Epstein-Barr virus (EBV) have garnered the most interest over the past
30 years given their ubiquity, ability to persist for many years in the
host, and frequent association with arthritic complaints. For example,
titers of IgG antibodies against EBV antigens in the peripheral blood
and saliva are significantly higher in patients with RA than the general
population. EBV DNA has also been found in synovial fluid and synovial cells of RA patients. Because the evidence for these links is largely
circumstantial, it has not been possible to directly implicate infection
as a causative factor in RA.
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PATHOLOGY
RA affects the synovial tissue and underlying cartilage and bone. The
synovial membrane, which covers most articular surfaces, tendon
sheaths, and bursae, normally is a thin layer of connective tissue. In
joints, it faces the bone and cartilage, bridging the opposing bony
surfaces and inserting at periosteal regions close to the articular cartilage. It consists primarily of two cell types—type A synoviocytes
(macrophage-derived) and type B synoviocytes (fibroblast-derived).
The synovial fibroblasts are the most abundant and produce the structural components of joints, including collagen, fibronectin, and laminin, as well as other extracellular constituents of the synovial matrix.
The sublining layer consists of blood vessels and a sparse population of
mononuclear cells within a loose network of connective tissue. Synovial
fluid, an ultrafiltrate of blood, diffuses through the subsynovial lining
tissue across the synovial membrane and into the joint cavity. Its main
constituents are hyaluronan and lubricin. Hyaluronan is a glycosaminoglycan that contributes to the viscous nature of synovial fluid, which
along with lubricin, lubricates the surface of the articular cartilage.
The pathologic hallmarks of RA are synovial inflammation and
proliferation, focal bone erosions, and thinning of articular cartilage.
Chronic inflammation leads to synovial lining hyperplasia and the
formation of pannus, a thickened cellular membrane containing
fibroblast-like synoviocytes and granulation-reactive fibrovascular tissue that invades the underlying cartilage and bone. The inflammatory
infiltrate is made up of no less than six cell types: T cells, B cells, plasma
cells, dendritic cells, mast cells, and, to a lesser extent, granulocytes.
The T cells comprise 30–50% of the infiltrate, with the other cells
accounting for the remainder. The topographical organization of these
cells is complex and may vary among individuals with RA. Most often,
the lymphocytes are diffusely organized among the tissue resident
cells; however, in some cases, the B cells, T cells, and dendritic cells
may form higher levels of organization, such as lymphoid follicles and
germinal center–like structures. Growth factors secreted by synovial
fibroblasts and macrophages promote the formation of new blood vessels in the synovial sublining that supply the increasing demands for
oxygenation and nutrition required by the infiltrating leukocytes and
expanding synovial tissue.
The structural damage to the mineralized cartilage and subchondral
bone is mediated by the osteoclast. Osteoclasts are multinucleated
giant cells that can be identified by their expression of CD68, tartrateresistant acid phosphatase, cathepsin K, and the calcitonin receptor.
They appear at the pannus-bone interface where they eventually form
resorption lacunae. These lesions typically localize where the synovial
membrane inserts into the periosteal surface at the edges of bones close
to the rim of articular cartilage and at the attachment sites of ligaments
and tendon sheaths. This process most likely explains why bone erosions usually develop at the radial sites of the MCP joints juxtaposed
to the insertion sites of the tendons, collateral ligaments, and synovial
membrane. Another form of bone loss is periarticular osteopenia that
occurs in joints with active inflammation. It is associated with substantial thinning of the bony trabeculae along the metaphyses of bones,
and likely results from inflammation of the bone marrow cavity. These
lesions can be visualized on MRI scans, where they appear as signal
alterations in the bone marrow adjacent to inflamed joints. Their
signal characteristics show they are water-rich with a low fat content
and are consistent with highly vascularized inflammatory tissue. These
bone marrow lesions are often the forerunner of bone erosions.
The cortical bone layer that separates the bone marrow from the
invading pannus is relatively thin and susceptible to penetration by
the inflamed synovium. The bone marrow lesions seen on MRI scans
are associated with an endosteal bone response characterized by
the accumulation of osteoblasts and deposition of osteoid. Thus, in
recent years, the concept of joint pathology in RA has been extended
to include the bone marrow cavity. Finally, generalized osteoporosis,
which results in the thinning of trabecular bone throughout the body,
is a third form of bone loss found in patients with RA.
Articular cartilage is an avascular tissue comprised of a specialized
matrix of collagens, proteoglycans, and other proteins. It is organized
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