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Context

The clinical picture of RA can include abnormalities in antiviral immune responses. EBV is
prominent among the list of implicated viruses. EBV infection is highly prevalent among adults and the
growth-transforming properties of EBV have been associated with various lymphoproliferative disorders
and with nasopharyngeal carcinoma. In RA, levels of serum antibodies to various EBV antigens are
elevated, and yet there may be a concomitant drop in T cell immunity to EBV in peripheral blood. These
findings suggest an escape of the virus from T-cell surveillance in RA patients, related to either primary
RA pathogenesis or iatrogenic immune suppression. Cytotoxic T cells reactive to EBV antigens are
commonly found in RA joints, but also in inflamed tissue from non-RA patients. It remains unclear
whether recruitment of activated T cells to joints is antigen-specific. EBV DNA has been detected in RA
synovial tissue by several groups using PCR; in some cases, EBV reactivation was seen in other
arthritides, and other persistent viruses have been found to be activated as well. Little is known about
which cell types support viral replication in RA joints.

This work aimed to establish the frequency and abundance of EBV DNA, RNA, and protein in
synovial tissue of RA patients and to identify the cells supporting EBV infection or replication in situ.

Significant findings

Synovial tissue from half of the RA patients, but none of the OA patients, contained detectable EBV
DNA; the PCR detection limit was 1 EBV copy per 5000 cells. Lytic infection was most prevalent in
younger patients and in those with active lymphocytic infiltrates in their joints. In three patients, EBV
DNA levels were high enough to be detectable by Southern blotting of genomic DNA without prior PCR
amplification; the maximum copy number observed was 1 EBV copy per 10 cells. In a subset of patients
with large amounts of EBV DNA, in situ hybridization detected EBV-encoded small RNA-1 and EBV
DNA in infiltrating lymphocytes. Surprisingly, EBV was also detected in synovial lining cells lacking
the leukocyte common antigen, CD45. The limited sensitivity of the DNA in sifu hybridization
suggested that detection of EBV DNA in infected tissue represented lytic infection. Furthermore,
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immunohistochemical analysis revealed several EBV proteins, including lytic-phase proteins, in
lymphocytes as well as synovial lining cells. Further evidence for active EBV infection in RA patients
was provided by the observation that serum levels of antibodies reactive with EBV antigens were
elevated compared to those from OA patients or healthy controls.

Comments

This report provides evidence for ongoing lytic Epstein-Barr virus (EBV) infection in synovial tissues
from a substantial proportion of rheumatoid arthritis (RA) patients. Intriguingly, EBV infection was not
confined to infiltrating B lymphocytes but was also found in synovial lining cells. As these cells lack the
EBYV receptor, CD21, this could reflect cell-to-cell spread from infected B cells. EBV-specific cytotoxic
T lymphocytes seem to be recruited into inflamed tissues in a variety of inflammatory diseases (see
Additional information), so EBV reactivation in inflamed tissues might not be unique to RA. Also, given
the lack of EBV replication found in some other studies (see Additional information), the generality of
these observations for different patient populations remains in doubt.

Methods

Synovial tissue was obtained from joints of 32 RA and 30 approximately age- and sex-matched
osteoarthritis (OA) patients. All RA patients fulfilled 1987 ACR criteria, had well-established disease,
and were taking combinations of nonsteroidal anti-inflammatory drugs (NSAIDs), disease modifying
antirheumatic drugs (DMARDs), and low-dose prednisolone. DNA from synovial tissue was tested for
the level of EBV DNA by semiquantitative PCR and, where high levels of EBV DNA were detected, by
Southern blot. To localize EBV-replicating cells in synovial tissue, sections from EBV-DNA-positive
patients were further examined for the presence of EBV DNA and EBV-encoded small RNA-1 by in situ
hybridization, and frozen sections were examined for the presence of the EBV-encoded proteins BZLF1,
gp350/220, and LMP-1 by immunohistochemistry.
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