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ABSTRACT

Background Epstein—Barr virus (EBV) is associat-
ed with various malignant and benign lymphoprolif-
erative disorders. It also efficiently transforms hu-
man B lymphocytes in vitro. The latent membrane
protein 1 (LMP1) of EBV-infected cells plays a central
part in this process by mimicking members of the
family of tumor necrosis factor (TNF) receptors,
thereby transmitting growth signals from the cell
membrane to the nucleus through cytoplasmic TNF-
receptor—associated factors (TRAFs). | sought evi-
dence of LMP1-mediated signal transduction through
TRAFs in tumor tissue from patients with post-trans-
plantation lymphoproliferative disease and non-Hodg-
kin’s lymphomas related to the acquired immunode-
ficiency syndrome (AIDS).

Methods The association of LMP1 with TRAF-1 or
TRAF-3 in tumor tissue was studied with double-
immunofluorescence microscopy and immunopre-
cipitation assays. Evidence of LMP1-TRAF signaling
was sought with an electrophoretic mobility shift as-
say for the nuclear factor-«B (NF-«xB) transcription
factor.

Results Tumors from eight patients with post-trans-
plantation lymphoproliferative disease, two patients
with AIDS-associated non-Hodgkin’s lymphoma, and
three patients with endemic Burkitt's lymphoma
were analyzed. Tumors from six of the patients with
post-transplantation lymphoproliferative disease were
positive for EBV and expressed LMP1; two samples
were EBV-negative. Tumors from both patients with
AlDS-associated non-Hodgkin's lymphoma were
EBV-positive and expressed LMP1, whereas tumors
from all three patients with Burkitt's tumors were
positive for EBV but negative for LMP1. Double-im-
munofluorescence microscopy showed that LMP1
localized with and immunoprecipitated with TRAF-1
and TRAF-3 in all eight of the EBV-positive, LMP1-
positive samples. An electrophoretic mobility shift
assay revealed activated NF-«B in all eight EBV-pos-
itive, LMP1-positive samples as well, but not in ei-
ther of the EBV-negative, LMP1-negative samples or
in the three EBV-positive, LMP1-negative samples.

Conclusions LMP1-mediated signaling through the
TRAF system has a role in the pathogenesis of the
EBV-positive lymphomas that arise in immunosup-
pressed patients. (N Engl J Med 1998;338:1413-21.)
©1998, Massachusetts Medical Society.

PSTEIN-BARR virus (EBV) is a human

herpesvirus linked to endemic (African) Bur-

kitt’s lymphoma, post-transplantation lym-

phoproliferative disease, and non-Hodgkin’s
lymphoma associated with the acquired immunode-
ficiency syndrome (AIDS). In vitro, EBV efficiently
transforms B lymphocytes, causing them to prolifer-
ate continually! EBV-infected cells express only nine
viral proteins, and they mediate the transforming
role of EBV in B lymphocytes. One of these pro-
teins, latent membrane protein 1 (LMP1), has po-
tent transforming effects in cell culture and animal
models*!1? and is essential for the in vitro transfor-
mation of B cells by EBV.13

LMP1 is a viral analogue of the family of tumor
necrosis factor (TNF) receptors in human cells. These
receptors are embedded in the cell membrane, with
one end facing the external milieu and the other the
interior of the cell. Like the cellular TNF receptors,
LMP1 has a cytoplasmic tail that binds to intracel-
lular proteins called TNF-receptor—associated fac-
tors (TRAFs). These LMP1-bound proteins activate
the nuclear factor-kB (NF-«B) transcription factor,
thereby causing the cell to proliferate (Fig. 1).1417
Cellular members of the TNF-receptor family are
important mediators of lymphocyte growth and ac-
tivation. Two representatives of this family, CD30
and CD40, are expressed by Hodgkin’s and non-
Hodgkin’s lymphomas and may be important in the
pathogenesis of these diseases. It is plausible that
LMP1 exerts its growth-promoting effects on human
B lymphocytes by aggregating in the plasma mem-
brane in association with members of the TRAF
family. In this way, it would mimic an activated TNE-
receptor—TRAF complex.

Despite knowledge of the in vitro transforming
and biochemical properties of LMP1, there is no di-
rect evidence that LMP1 contributes to the malig-
nant phenotype of lymphoproliferative diseases. In
fact, the role of EBV in the development and main-
tenance of these diseases is controversial, partly be-
cause LMPI is not expressed in all types of EBV-
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