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1. ABSTRACT

Epstein Barr virus (EBV) is a gamma herpesvirus
that is associated with several specific lymphoid
malignancies, some of which occur more frequently in
immunocompromised individuals. EBV infection is almost
ubiquitous in healthy adults, so establishing a causal role in
lymphomagenesis has been difficult. Support for EBV
being an oncogenic virus is derived from its ability to infect
and transform normal human B-cells in vitro, resulting in
their “immortalization” and leading to continuously
growing lymphoblastoid cell lines (LCLs). In addition,
viral proteins required for this EBV-mediated
transformation have been identified. The presence of EBV
in the neoplastic cells of specific lymphoid malignancies is
quite consistent, further indicating an etiopathogenic role in
their development. Nevertheless, it is clear that while
important in the process of lymphomagenesis, infection by
EBV is not sufficient. Important co-factors exist for the
development of EBV-associated lymphomas, one of which
is the lack of normal immune surveillance.

2. INTRODUCTION

The observation of an association between EBV
and lymphomas dates back to the first identification of this
virus. Denis Burkitt recognized and described a novel
childhood tumor that was unusually common throughout
equatorial Africa (1). This geographic distribution led him
to suspect an infectious etiology. Subsequently he provided
fresh tumor tissues to Tony Epstein and his graduate

student, Yvonne Barr, who were able to establish cell lines
and identify herpesvirus-like particles by electron
microscopy in a subset of cells (2,3). Since then, this virus
and associated diseases have been studied extensively, and
at the time of this review a bibliographic search revealed
over 17,000 publications. Important general discoveries
include serioepidemiologic studies that determined that
EBV is widespread in all human populations (4), and
biologic studies showing that EBV, like other
herpesviruses, was found to target one cell type where
infection was predominantly latent (B cells), and another
capable of supporting lytic replication (mucosal epithelial
cells). This review will focus on the role of EBV in
lymphoproliferative disorders, including the diseases with
which it is associated and biologic features related to
lymphoid transformation.

3. PATTERNS OF EBV LATENCY IN B CELLS

EBV is generally found in its latent form in
lymphomas and lymphoproliferative disorders. Although
the pattern of EBV gene expression can vary significantly
during latency, and probably represents a spectrum, a
simplified classification establishing three patterns of
latency has been provided (Figure 1) (5,6). In latency I,
EBNA1 (necessary for maintaining the episomal EBV) is
the major viral protein expressed. This latency pattern is
established in infected B cells in healthy individuals.
Latency III involves the unrestricted expression of all 9
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Figure 1. Patterns of EBV latent gene expression in malignant lymphomas. Some of the relevant EBV genes that are expressed
during Latencies I, II, and III are illustrated in the top portion of the figure. The transforming EBV gene LMP1 is expressed in
Latencies II and III, and the highly immunogenic EBNAs only in Latency III. Cellular genetic alterations and/or viral co-
infection known to occur in these lesions are listed as other transforming events; those occurring in virtually all cases are shown
in bold letters.

latent genes including six EBV- encoded nuclear antigens
(EBNA1-6), and three latent membrane proteins (LMP1,
LMP2A, and LMP2B). Latency II is an intermediate
pattern with expression of EBNA1 and varying amounts of
the three LMP proteins.

3.1. EBV latency in lymphomas and immune
recognition

Since EBNA proteins are immunogenic, with the
exception of EBNA1, an important feature of Latency III is
the recognition and elimination of the EBV infected cells
by the immune system.  Therefore, lymphomas with
unrestricted EBV latency are mainly encountered in
immunodeficient individuals.  In contrast, most lymphomas
in immunocompetent hosts will have Latency I or II, as
down-regulation of the immunogenic EBNA proteins is
though to be an important mechanism of immune evasion
by EBV (5).

4. MOLECULAR MECHANISMS OF EBV
MEDIATED TRANSFORMATION

Some EBV-associated lymphomas, exemplified
by Burkitt’s lymphoma, express mainly EBNA1. Although
EBNA1 transgenic mice have been shown to have an
increased incidence of lymphomas, at least in one study (7),
EBNA1 does not appear to be transforming.  This may be
an explanation for the observation that lymphomas with
Latency I bear cellular oncogenic alterations, such as
translocations involving the c-myc oncogene characteristic
of Burkitt’s lymphomas.  Of the EBNA proteins expressed
in Latency III, EBNA2 and LMP1 are essential for
transformation by EBV in vitro. EBNA2 is thought to
represent a constitutively active member of the Notch
signaling pathway (8,9).  The LMP1 protein is transforming

and tumorigenic in vitro (10), and transgenic mice
expressing LMP1 under the control of immunoglobulin
gene regulatory elements develop B cell lymphomas with
increased frequency (11).  LMP1 functions as a
constitutively active CD40 receptor, a member of the TNF-
receptor family. LMP1 aggregates in the membrane as its
cytoplasmic tail interacts with tumor necrosis factor
receptor-associated factors (TRAFs) and TNFR-1-
associated death domain protein (TRADD), leading to
activation of NF-? B and the c-Jun amino-terminal kinase
(JNK)(12-14), a kinase cascade activated by inflammatory
cytokines and involved in bcr-abl leukemogenesis (15).
NF-κB is an important transcription factor, the activation of
which leads to expression of a variety of cellular genes
related to B-cell proliferation and malignancy, including
ICAM-1, LFA-3, CD40, EBI3, Fas and TRAF1 (16), and
the matrix metalloproteinase-9 which may contribute to
tumor invasion and metastasis (17). Association of LMP1
with TRAF-1 and TRAF-3, as well as activation of NF-
? appaB, have been recently demonstrated to occur in vivo
in EBV-associated lymphomas expressing LMP1,
suggesting that this is indeed a relevant pathobiologic
pathway in EBV-related lymphomagenesis (18).

4.1. Maintenance of the transformed phenotype by EBV
Although it is clear that EBV can transform B-

cells in vitro, its role in the maintenance of the transformed
state is still under active investigation. Elimination of
episomal EBV from LCL cells has been achieved by
treatment with hydroxyurea, which induces an inhibition of
cellular proliferation (19).  Furthermore, loss of the EBV
genome from the BL cell line Akata, results in loss of the
malignant phenotype, although Akata is a Latency I cell
line, and does not express the major EBV transforming
genes, LMP1 and EBNA2 (20). Two studies show that re-
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Figure 2. Model of tumor progression in EBV-positive
solid organ post-transplatation lymphoproliferative
disorders. An initial step in the development of PT-LPDs
appears to be the polyclonal expansion of EBV infected B
cells, either as a result of release from immune surveillance
of latently infected cells or de novo infection. This
expansion would have a histologic appearance of a
plasmacytic hyperplasia (PH). Subsequently, some clones
with unknown selective advantages outgrow others, leading
to oligoclonal and then monoclonal expansions, which are
still responsive to immune responses if restored.  These
lesions may have the histologic appearance of a
polymorphic PT-LPD. However, if genetic alterations in
oncogenes or tumor suppressor genes occur, a truly
neoplastic process arises which may no longer be
responsive to immune surveillance mechanisms. Mutation
in BCL-6 alone does not appear to affect the morphologic
features, but cases with structural alterations in p53, N-ras
and or c-myc have the histologic appearance of a
monomorphic malignant lymphoma (ML) or, more rarely, a
multiple myeloma/plasmacytoma (MM).

establishment of Latency I in EBV-negative Akata cells
restores tumorigencity (21,22).  An increased resistance to
apoptosis accompanies this effect, which was postulated to
be due to a decrease in c-myc and increase in Bcl-2 protein
levels.  This restored tumorigenicity is not simply due to
expression of the EBNA1 protein, as both studies showed
that enforced expression of EBNA1 in EBV-negative Akata
cells does not restore tumorigenicity or apoptosis
resistance.  Therefore, a restricted latency program is also
important for malignancy, although the precise mechanism
is unknown.

5. EBV-ASSOCIATED LYMPHOMAS

5.1. Burkitt’s lymphoma (BL)
African (endemic) BLs invariably contain the

EBV genome. However, EBV is found in only a subset of
sporadic cases. Most of our understanding of EBV gene
expression was derived from the study of BL cell lines;
however, in vivo expression has also been determined in
endemic BL tissue biopsies (23). EBV-positive BLs have
Latency I EBNA1, and usually LMP2A, transcripts, in the
absence of lytic transcripts or other latent transcripts.
Expression of the Latency I EBNA1, and repression of
Latency III transcripts is thought to result from differences
in CpG methylation of the corresponding promoters (24).

Therefore, it may be possible to induce changes in the
methylation status of the EBV promoters, resulting in the
induction of expression of immunogenic Latency III
proteins followed by anti-tumor immunity. In addition, the
lack of immune recognition of EBV-associated BLs is
secondary to inefficient processing of class I-restricted
CTL epitopes due to a loss of peptide transporters (TAP)
and MHC expression (25). A recent study showed that
CD40 engagement upregulates TAP-1 and HLA class I
expression in BL cells, allowing recognition by virus-
specific CTLs (26). Therefore, treatment with CD40 ligand
has been proposed as a potential approach to allow the use
of immunotherapy for the treatment of EBV-related BLs.

5.2. Post-transplantation lymphoproliferative disorder
(PT-LPD)

PT-LPDs are a heterogeneous group of lymphoid
proliferations arising in the setting of therapeutic
immunosuppression following organ transplantation. Only
a small proportion of PT-LPDs lack EBV. These cases
appear to occur later after transplantation and are associated
with shorter survival (27).  Clinically, some patients
experience regression of all EBV-positive PT-LPD lesions
with a reduction of immunosuppression (in solid organ
transplant recipients) or infusion of donor T cells (in bone
marrow transplant recipients), whereas others rapidly die of
disease despite aggressive treatment. Unlike other
malignant lymphomas, histologic classification has not
been very helpful in predicting clinical outcome.

Studies in our laboratory to characterize the
pathologic and molecular features of PT-LPDs arising in solid
organ transplant recipients have indicated that morphological
and molecular analyses do provide insights into the biology of
these lesions that may help in making clinical decisions. Solid
organ PT-LPDs can be divided into three biologically relevant
categories (28): 1) plasmacytic hyperplasia (PH); 2)
polymorphic PT-LPD (polymorphic); and 3) malignant
lymphoma/multiple myeloma (ML/MM). PHs are polyclonal
and regress following surgical excision and/or a reduction in
immunosuppression. In contrast, ML/MM are monoclonal
lesions with additional oncogene/tumor suppressor gene
alterations (c-myc, p53, BCL-6 and/or N-ras) that usually
progress in spite of aggressive clinical intervention (29). The
clinical behavior of the monoclonal polymorphic lesions, all of
which lack structural alterations in c-myc, p53 or N-ras, cannot
be predicted by their histologic appearance. The only
molecular alteration found to be predictive of behavior among
the polymorphic lesions is the presence of BCL-6 gene
mutations: when present in our series, the lesions did not
regress following a reduction in immunosuppression (30).
Therefore, mutations in BCL-6 may be indicative of
progression from a “monoclonal hyperplasia” to a true
neoplasm. A schematic representation of our model of
lymphoma progression in solid organ PT-LPDs is provided in
Figure 2.

PT-LPDs occurring following bone marrow
transplantation are different from those associated with
solid organ trasplatation in that they are of donor origin.
These are increased in incidence when T-cell depleted
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marrow is used, as well as in patients receiving anti-T-cell
therapy for graft versus host disease (GVHD) or with acute
high grade GVHD (31). T-cell depletion using
CAMPATH-1 (CD52) antibodies, which also deplete B-
lymphocytes, does not increase the incidence of PT-LPDs
(32).

Most PT-LPDs have EBV Latency III, with
expression of immunogenic EBNAs. Therefore, PT-LPDs
are often sensitive to immune-restoration therapy.  While in
the solid organ transplant setting this may sometimes be
achieved by withdrawal or reduction of immunosuppressive
agents, PT-LPDs occurring following allogeneic bone
marrow transplantation are ideal candidates for adoptive
immunotherapy. Unselected populations of peripheral
blood lymphocytes from the donor, containing EBV-
specific T-cells, have been used (33,34). However, this
treatment led to complications that arise from the presence
of alloreactive T cells in the infusions. Recently,
preparations of EBV-specific T-cell lines from donor
lymphocytes have been generated (35), and used
successfully in the prophylaxis and treatment of PT-LPDs
in bone marrow transplant recipients (36). More efficient
and faster methods for the production of EBV-specific
CTLs are being developed, such as the use of EBV-loaded
dendritic cells (37).

5.3. AIDS-related non-Hodgkin’s lymphomas (AIDS-
NHL)

AIDS-NHL can be subdivided into several major
categories, which include systemic, primary central nervous
system (PCNSL), and primary effusion lymphomas (PEL).
The latter, while positive for EBV, also contain KSHV (see
below).

Among the systemic AIDS-NHLs are the diffuse
large cell lymphomas (DLCL), which frequently have
immunoblastic features and generally harbor EBV infection
(80%), and Burkitt’s lymphomas, which are characterized
by c-myc activation, frequent p53 mutations and infection
by EBV in 30% of cases (38).  Cases with morphologic
features intermediate between BL and DLCL often occur in
the setting of HIV infection, and are classified as Burkitt-
like lymphoma (BLL). At the molecular level, BLLs also
have intermediate features, with c-myc rearrangements in
68% of cases and EBV in 79% (39). Patients with BL have
significantly higher CD4 counts than those with DLCL and,
when EBV positive, they have Latency I pattern of gene
expression. In contrast, the majority of DLCLs have a
Latency II or III.  In addition, while DLCL express
adhesion molecules that are important for immune
recognition, BLs do not. These observations suggest that
defective EBV immunity is involved in the pathogenesis of
DLCLs (40).

PCNSL are large cell lymphomas arising from
germinal center B-cells, all of which contain EBV.
According to a recent study, PCNSL can be divided into
two categories, those with immunoblastic features which
express LMP1 in conjunction with BCL-2 but no BCL-6
expression, and those with a large noncleaved cell
morphology which do not express LMP1 or BCL-2, but
express BCL-6 (41).

5.4. T/NK cell lymphomas
The angiocentric (nasal and nasal-type) NK/T-

cell lymphomas are invariably associated with EBV
infection (42). These have a high prevalence in Asia, but
cases from other countries have also shown an association
with EBV (43). Studies on cell lines indicate that T/NK cell
lymphomas have a Latency II (44,45).  While EBV has also
been reported to be present in peripheral T cell lymphomas,
a recent study suggests that while present, it is
preferentially localized in B-cells rather than the neoplastic
T cells (46). It nevertheless may play a role in attracting
and inducing the clonal expansion of antigen-driven T
cells, which subsequently may undergo oncogenic genetic
alterations, leading to the development of a true neoplasm
that may or may not remain dependent on antigen for
survival.

5.5. Hodgkin’s disease (HD)
Classical HD has been found to be associated

with EBV infection in approximately 40% of cases in
Western countries and more frequently in developing
countries and in younger patients (47). HD results from a
monoclonal expansion of B-cells containing somatic
hypermutation of the immunoglobulin (Ig) genes. Although
Hodgkin’s cells are of B cell origin, they do not express Ig,
and this is though to be due to the lack of expression of
transcription factors, in particular Oct-2 and BOB-1 (OCA-
B or OBF-1), that are involved in Ig gene expression
(48,49). It has been suggested that the Hodgkin’s Reed-
Sternberg (HRS) cells are derived from germinal B-cells
destined to undergo apoptosis because of lack of Ig
expression, but were protected by some transforming event,
such as EBV infection (50). Activation of NF-? appaB has
been postulated to be an essential survival signal for
Hodgkin’s cells. In EBV-positive HD, the virus establishes
Latency II within HRS cells, with expression of LMP1 and
LMP2. As mentioned above, LMP1 initiates cellular
signals that lead to activation of NF-? appaB.  In addition,
aberrant activation of NF-? appaB can be found in some
cases of HD as a result of loss of functional I? appaB
(inhibitor of NF-kappaB) resulting from genetic structural
alterations, or from aberrant activation of the upstream
regulatory I? appaB kinases (IKK's) (51-54). With respect
to the immunologic control of EBV-infected cells in the
contexts of HD, it has been found that HRS cells express at
least two subdominant targets for CTL recognition: LMP1
and LMP2. In addition, HRS cells in EBV-associated HD
do express MHC class I molecules, as well as the
transporter-associated molecules TAP1 and TAP2,
necessary for a CTL response (55,56). While the reasons
for a lack of effective immune recognition and elimination
of these cells in patients with HD are not known, these
observations raise the possibility of developing
immunotherapy for the treatment of EBV-positive HD.

5.6. Primary Effusion Lymphomas (PEL)
Following the identification of the Kaposi’s

sarcoma-associated herpesvirus (KSHV), also called human
herpesvirus 8 (HHV-8) (57), its presence in a small subset
of malignant lymphomas was recognized (58) and
subsequently confirmed by several investigators (59-63).
These lymphomas possess distinctive and unusual
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clinicopathologic features, including their presentation as
lymphomatous effusions in body cavities, therefore being
initially called body cavity-based lymphomas (BCBL), and
subsequently primary effusion lymphomas (PEL). In
addition to KSHV, the vast majority of PEL contain EBV,
and are therefore co-infected with two different gamma
herpesviruses. While these lymphomas are more frequent in
HIV-positive individuals, cases of PEL occurring in HIV-
negative men as well as women have been identified, and
these cases also contain KSHV, but the proportion of EBV
positive cases in this category is reduced (64-67).

Examination of PELs has provided information
about the biology of this type of disease, and its place in the
spectrum of non-Hodgkin’s lymphomas.  Most cases have
been B cell lymphomas, as determined by the presence of
clonal immunoglobulin gene rearrangements, and while
they usually lack expression of B-cell associated antigens,
they may express monotypic kappa or lambda
immunoglobulin light chain mRNA (68) and we have
found weak expression of cytoplasmic immunoglobulin in
a subset of cases.  Most PELs are thought to originate from
post-germinal center B cells, since they commonly have
hypermutation of the immunoglobulin genes (69,70). In
addition to an immunoblastic morphology, PELs have a set
of immunophenotypic features suggesting that they are at a
preterminal stage of B cell differentiation, in particular the
loss of expression of some B cell antigens, which may
occur in multiple myeloma as well as in immunoblastic
lymphomas.  Furthermore, most PELs express
CD138/Syndecan-1, an adhesion molecule that is
selectively expressed by a subset of pre-B cells and by
plasma cells, including myeloma plasma cells (71).

The almost invariable presence of KSHV in
lymphomas having the features described above suggests
that this virus is necessary for the development of PELs.
However, since PELs are so uncommon, even in
populations where the seroprevalence of KSHV is
relatively high, it is evident that infection by this virus
represents only one of several genetic events involved in
their development.  One such other factor appears to be
EBV infection.  The specific role of each of these viruses
and their interaction is still poorly understood, but analysis
of the genes expressed by both of them has shed some light
into their possible roles.  Most PEL cells, both in vivo and
in cell culture, have a latent pattern of KSHV gene
expression. Analysis of the pattern of EBV gene expression
in PELs revealed that only EBNA1 was expressed,
corresponding to type I latency (72,73).  This was an
unexpected finding, given the resemblance of PEL cells to
immunoblastic lymphoma cells and their increased
incidence in immunodefficient individuals. This
observation suggests that KSHV, rather than EBV, is
playing a transforming role in PELs. Supporting this
hypothesis are the observations that KSHV encodes several
possible viral oncogenes and that PELs do not contain
structural alterations in most of the cellular transforming
genes frequently involved in malignant lymphomas, in
particular c-myc (reviewed in 74,75).

6. PERSPECTIVE

Following many years of arduous investigation,
we are beginning to acquire a basic understanding of the
mechanisms utilized by EBV in the development of
lymphoproliferative disorders. We now know that EBV
subverts cellular signaling pathways that result in the
proliferation and survival of infected lymphocytes. In
addition, we are now aware of many relevant aspects of
immune recognition of EBV by the host, as well as viral
mechanisms for evasion of such recognition. The medical
and scientific community is now in the position to start
manipulating both viral and cellular responses to develop
rational approaches for the treatment and prevention of this
group of common and aggressive malignancies.

7. REFERENCES

1.  Burkitt D: A sarcoma involving the jaws in African
children. Brit J Surg. 45, 218-223 (1958)
2.  Epstein MA, Achong BG, Barr YM: Virus particles in
cultures lymphoblasts from Burkitt's lymphoma. Lancet. 1,
702-703 (1964)
3.  Burkitt D: A children's cander dependent upon climatic
factors. Nature. 194, 232-234 (1962)
4.  Henle G, Henle W, Clifford P, Diehl V, Kafuko GW,
Kirya BG, Klein G, Morrow RH, Munube GM, Pike P,
Tukei PM, Ziegler JL: Antibodies to Epstein-Barr virus in
Burkitt's lymphoma and control groups. J Natl Cancer Inst.
43, 1147-1157. (1969)
5.  Rickinson AB, Kieff E. Epstein-Barr virus. In: Fields
BN, Knipe DM, Howley PM, eds. Virology. Vol. 2.
Philadelphia: Lippincott-Raven Publishers; 1996:2397-
2446
6.  Kieff E. Epstein-Barr virus and its replication. In: Fields
BN, Knipe DM, Howley PM, eds. Virology. Vol. 2.
Philadelphia: Lippincott-Raven Publishers; 1996:2343-
2396
7.  Wilson JB, Bell JL, Levine AJ: Expression of Epstein-
Barr virus nuclear antigen-1 induces B cell neoplasia in
transgenic mice. Embo J. 15, 3117-3126 (1996)
8.  Grossman SR, Johannsen E, Tong X, Yalamanchili R,
Kieff E: The Epstein-Barr virus nuclear antigen 2
transactivator is directed to response elements by the J
kappa recombination signal binding protein. Proc Natl
Acad Sci U S A. 91, 7568-7572 (1994)
9.  Hsieh JJ, Hayward SD: Masking of the CBF1/RBPJ
kappa transcriptional repression domain by Epstein-Barr
virus EBNA2. Science. 268, 560-563 (1995)
10.  Wang D, Liebowitz D, Kieff E: An EBV membrane
protein expressed in immortalized lymphocytes transforms
established rodent cells. Cell. 43, 831-840 (1985)
11.  Kulwichit W, Edwards RH, Davenport EM, Baskar JF,
Godfrey V, Raab-Traub N: Expression of the Epstein-Barr
virus latent membrane protein 1 induces B cell lymphoma
in transgenic mice. Proc Natl Acad Sci U S A. 95, 11963-
11968 (1998)
12.  Kieser A, Kilger E, Gires O, Ueffing M, Kolch W,
Hammerschmidt W: Epstein-barr-virus latent membrane
protein-1 triggers ap-1 activity via the c-jun n-terminal
kinase cascade. Embo Journal. 16, 6478-6485 (1997)



EBV and lymphomas

63

13.  Gires O, Kohlhuber F, Kilger E, Baumann M, Kieser
A, Kaiser C, Zeidler R, Scheffer B, Ueffing M,
Hammerschmidt W: Latent membrane protein 1 of Epstein-
Barr virus interacts with JAK3 and activates STAT
proteins. Embo J. 18, 3064-3073. (1999)
14.  Eliopoulos AG, Blake SM, Floettmann JE, Rowe M,
Young LS: Epstein-Barr virus-encoded latent membrane
protein 1 activates the JNK pathway through its extreme C
terminus via a mechanism involving TRADD and TRAF2.
Journal of Virology. 73, 1023-1035 (1999)
15.  Dickens M, Rogers JS, Cavanagh J, Raitano A, Xia Z,
Halpern JR, Greenberg ME, Sawyers CL, Davis RJ: A
cytoplasmic inhibitor of the JNK signal transduction
pathway. Science. 277, 693-696 (1997)
16.  Devergne O, McFarland EC, Mosialos G, Izumi KM,
Ware CF, Kieff E: Role of the TRAF binding site and NF-
kappaB activation in Epstein-Barr virus latent membrane
protein 1-induced cell gene expression. J Virol. 72, 7900-
7908 (1998)
17.  Yoshizaki T, Sato H, Furukawa M, Pagano JS: The
expression of matrix metalloproteinase 9 is enhanced by
Epstein- Barr virus latent membrane protein 1. Proc Natl
Acad Sci U S A. 95, 3621-3626 (1998)
18.  Liebowitz D: Epstein-Barr virus and a cellular
signaling pathway in lymphomas from immunosuppressed
patients. N Engl J Med. 338, 1413-1421 (1998)
19.  Chodosh J, Holder VP, Gan YJ, Belgaumi A, Sample
J, Sixbey JW: Eradication of latent Epstein-Barr virus by
hydroxyurea alters the growth-transformed cell phenotype.
J Infect Dis. 177, 1194-1201 (1998)
20.  Shimizu N, Tanabe-Tochikura A, Kuroiwa Y, Takada
K: Isolation of Epstein-Barr virus (EBV)-negative cell
clones from the EBV- positive Burkitt's lymphoma (BL)
line Akata: malignant phenotypes of BL cells are dependent
on EBV. J Virol. 68, 6069-6073 (1994)
21.  Ruf IK, Rhyne PW, Yang H, Borza CM, Hutt-Fletcher
LM, Cleveland JL, Sample JT: Epstein-barr virus regulates
c-MYC, apoptosis, and tumorigenicity in burkitt lymphoma
[In Process Citation]. Mol Cell Biol. 19, 1651-1660 (1999)
22.  Komano J, Sugiura M, Takada K: Epstein-Barr virus
contributes to the malignant phenotype and to apoptosis
resistance in Burkitt's lymphoma cell line Akata. J Virol.
72, 9150-9156 (1998)
23.  Tao Q, Robertson KD, Manns A, Hildesheim A,
Ambinder RF: Epstein-Barr virus (EBV) in endemic
Burkitt's lymphoma: molecular analysis of primary tumor
tissue [published erratum appears in Blood 1998 Apr
15;91(8):3091]. Blood. 91, 1373-1381 (1998)
24.  Tao Q, Robertson KD, Manns A, Hildesheim A,
Ambinder RF: The Epstein-Barr virus major latent
promoter Qp is constitutively active, hypomethylated, and
methylation sensitive. J Virol. 72, 7075-7083 (1998)
25.  Masucci MG, Klein E: Cell phenotype dependent
expression of MHC class I antigens in Burkitt's lymphoma
cell lines. Semin Cancer Biol. 2, 63-71 (1991)
26.  Khanna R, Cooper L, Kienzle N, Moss DJ, Burrows
SR, Khanna KK: Engagement of CD40 antigen with
soluble CD40 ligand up-regulates peptide transporter
expression and restores endogenous processing function in
Burkitt's lymphoma cells. J Immunol. 159, 5782-5785
(1997)

27.  Leblond V, Davi F, Charlotte F, Dorent R, Bitker MO,
Sutton L, Gandjbakhch I, Binet JL, Raphael M:
Posttransplant lymphoproliferative disorders not associated
with Epstein-Barr virus: a distinct entity? J Clin Oncol. 16,
2052-2059 (1998)
28.  Knowles DM, Cesarman E, Chadburn A, Frizzera G,
Chen J, Rose EA, Michler RE: Correlative morphologic
and molecular genetic analysis demonstrates three distinct
categories of posttransplantation lymphoproliferative
disorders. Blood. 85, 552-565 (1995)
29.  Chadburn A, Chen JM, Hsu DT, Frizzera G, Cesarman
E, Garrett TJ, Mears JG, Zangwill SD, Addonizio LJ,
Michler RE, Knowles DM: The morphologic and molecular
genetic categories of posttransplantation
lymphoproliferative disorders are clinically relevant.
Cancer. 82, 1978-1987 (1998)
30.  Cesarman E, Chadburn A, Liu YF, Migliazza A, Dalla-
Favera R, Knowles DM: BCL-6 gene mutations in
posttransplantation lymphoproliferative disorders predict
response to therapy and clinical outcome. Blood. 92, 2294-
2302 (1998)
31.  Micallef IN, Chhanabhai M, Gascoyne RD, Shepherd
JD, Fung HC, Nantel SH, Toze CL, Klingemann HG,
Sutherland HJ, Hogge DE, Nevill TJ, Le A, Barnett MJ:
Lymphoproliferative disorders following allogeneic bone
marrow transplantation: the Vancouver experience. Bone
Marrow Transplant. 22, 981-987 (1998)
32.  Hale G, Waldmann H: Risks of developing Epstein-
Barr virus-related lymphoproliferative disorders after T-
cell-depleted marrow transplants. CAMPATH Users.
Blood. 91, 3079-3083 (1998)
33.  Papadopoulos EB, Ladanyi M, Emanuel D, Mackinnon
S, Boulad F, Carabasi MH, Castro-Malaspina H, Childs
BH, Gillio AP, Small TN, et al.: Infusions of donor
leukocytes to treat Epstein-Barr virus-associated
lymphoproliferative disorders after allogeneic bone marrow
transplantation [see comments]. N Engl J Med. 330, 1185-
1191 (1994)
34.  Heslop HE, Brenner MK, Rooney CM: Donor T cells
to treat EBV-associated lymphoma [letter; comment]. N
Engl J Med. 331, 679-680 (1994)
35.  Orentas RJ, Lemas MV, Mullin MJ, Colombani PM,
Schwarz K, Ambinder R: Feasibility of cellular adoptive
immunotherapy for Epstein-Barr virus- associated
lymphomas using haploidentical donors. J Hematother. 7,
257-261 (1998)
36.  Rooney CM, Smith CA, Ng CY, Loftin SK, Sixbey
JW, Gan Y, Srivastava DK, Bowman LC, Krance RA,
Brenner MK, Heslop HE: Infusion of cytotoxic T cells for
the prevention and treatment of Epstein-Barr virus-induced
lymphoma in allogeneic transplant recipients. Blood. 92,
1549-1555 (1998)
37.  Wheatley GH, 3rd, McKinnon KP, Iacobucci M,
Mahon S, Gelber C, Lyerly HK: Dendritic cells improve
the generation of Epstein-Barr virus-specific cytotoxic T
lymphocytes for the treatment of posttransplantation
lymphoma. Surgery. 124, 171-176 (1998)
38.  Gaidano G, Carbone A, Dalla-Favera R: Genetic basis
of acquired immunodeficiency syndrome-related
lymphomagenesis. J Natl Cancer Inst Monogr. 23, 95-100
(1998)



EBV and lymphomas

64

39.  Davi F, Delecluse HJ, Guiet P, Gabarre J, Fayon A,
Gentilhomme O, Felman P, Bayle C, Berger F, Audouin J,
Bryon PA, Diebold J, Raphael M: Burkitt-like lymphomas
in AIDS patients: characterization within a series of 103
human immunodeficiency virus-associated non-Hodgkin's
lymphomas. Burkitt's Lymphoma Study Group. J Clin
Oncol. 16, 3788-3795 (1998)
40.  Kersten MJ, Van Gorp J, Pals ST, Boon F, Van Oers
MH: Expression of Epstein-Barr virus latent genes and
adhesion molecules in AIDS-related non-Hodgkin's
lymphomas: correlation with histology and CD4-cell
number. Leuk Lymphoma. 30, 515-524 (1998)
41.  Larocca LM, Capello D, Rinelli A, Nori S, Antinori A,
Gloghini A, Cingolani A, Migliazza A, Saglio G,
Cammilleri-Broet S, Raphael M, Carbone A, Gaidano G:
The molecular and phenotypic profile of primary central
nervous system lymphoma identifies distinct categories of
the disease and is consistent with histogenetic derivation
from germinal center-related B cells. Blood. 92, 1011-1019
(1998)
42.  Jaffe ES, Krenacs L, Kumar S, Kingma DW, Raffeld
M: Extranodal peripheral T-cell and NK-cell neoplasms.
Am J Clin Pathol. 111, S46-55 (1999)
43.  Elenitoba-Johnson KS, Zarate-Osorno A, Meneses A,
Krenacs L, Kingma DW, Raffeld M, Jaffe ES: Cytotoxic
granular protein expression, Epstein-Barr virus strain type,
and latent membrane protein-1 oncogene deletions in nasal
T- lymphocyte/natural killer cell lymphomas from Mexico.
Mod Pathol. 11, 754-761 (1998)
44.  Tsuchiyama J, Yoshino T, Mori M, Kondoh E, Oka T,
Akagi T, Hiraki A, Nakayama H, Shibuya A, Ma Y,
Kawabata T, Okada S, Harada M: Characterization of a
novel human natural killer-cell line (NK-YS) established
from natural killer cell lymphoma/leukemia associated with
Epstein-Barr virus infection. Blood. 92, 1374-1383 (1998)
45.  Kanegane H, Yachie A, Miyawaki T, Tosato G: EBV-
NK cells interactions and lymphoproliferative disorders.
Leuk Lymphoma. 29, 491-498 (1998)
46.  Ho JW, Ho FC, Chan AC, Liang RH, Srivastava G:
Frequent detection of Epstein-Barr virus-infected B cells in
peripheral T-cell lymphomas. J Pathol. 185, 79-85 (1998)
47.  Harris NL: The many faces of Hodgkin's disease
around the world: what have we learned from its
pathology? Ann Oncol. 9, S45-56 (1998)
48.  Re D, Muschen M, Ahmadi T, Wickenhauser C,
Staratschek-Jox A, Holtick U, Diehl V, Wolf J: Oct-2 and
Bob-1 deficiency in Hodgkin and Reed Sternberg cells.
Cancer Res. 61, 2080-2084. (2001)
49.  Stein H, Marafioti T, Foss HD, Laumen H, Hummel
M, Anagnostopoulos I, Wirth T, Demel G, Falini B: Down-
regulation of BOB.1/OBF.1 and Oct2 in classical Hodgkin
disease but not in lymphocyte predominant Hodgkin
disease correlates with immunoglobulin transcription.
Blood. 97, 496-501. (2001)
50.  Kuppers R, Rajewsky K: The origin of Hodgkin and
Reed/Sternberg cells in Hodgkin's disease. Annu Rev
Immunol. 16, 471-493 (1998)
51.  Wood KM, Roff M, Hay RT: Defective IkappaBalpha
in Hodgkin cell lines with constitutively active NF-kappaB.
Oncogene. 16, 2131-2139. (1998)
52.  Jungnickel B, Staratschek-Jox A, Brauninger A,
Spieker T, Wolf J, Diehl V, Hansmann ML, Rajewsky K,

Kuppers R: Clonal deleterious mutations in the IkappaBalpha
gene in the malignant cells in Hodgkin's lymphoma. J Exp
Med. 191, 395-402. (2000)
53.  Krappmann D, Emmerich F, Kordes U, Scharschmidt E,
Dorken B, Scheidereit C: Molecular mechanisms of
constitutive NF-kappaB/Rel activation in Hodgkin/Reed-
Sternberg cells. Oncogene. 18, 943-953. (1999)
54.  Emmerich F, Meiser M, Hummel M, Demel G, Foss HD,
Jundt F, Mathas S, Krappmann D, Scheidereit C, Stein H,
Dorken B: Overexpression of I kappa B alpha without
inhibition of NF-kappaB activity and mutations in the I kappa
B alpha gene in Reed-Sternberg cells. Blood. 94, 3129-3134.
(1999)
55.  Murray PG, Constandinou CM, Crocker J, Young LS,
Ambinder RF: Analysis of major histocompatibility complex
class I, TAP expression, and LMP2 epitope sequence in
Epstein-Barr virus-positive Hodgkin's disease. Blood. 92,
2477-2483 (1998)
56.  Lee SP, Constandinou CM, Thomas WA, Croom-Carter
D, Blake NW, Murray PG, Crocker J, Rickinson AB: Antigen
presenting phenotype of Hodgkin Reed-Sternberg cells:
analysis of the HLA class I processing pathway and the effects
of interleukin-10 on epstein-barr virus-specific cytotoxic T-cell
recognition. Blood. 92, 1020-1030 (1998)
57.  Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J,
Knowles DM, Moore PS: Identification of herpesvirus-like
DNA sequences in AIDS-associated Kaposi's sarcoma.
Science. 266, 1865-1869 (1994)
58.  Cesarman E, Chang Y, Moore PS, Said JW, Knowles
DM: Kaposi's Sarcoma-associated Herpesvirus-like DNA
sequences in AIDS-related body cavity-based lymphomas. N
Eng J Med. 332, 1186-1191 (1995)
59.  Karcher DS, Alkan S: Herpes-like DNA sequences,
AIDS-related tumors, and Castleman's disease (Letter to the
Editor). New England Journal of Medicine. 333, 797-798
(1995)
60.  Pastore C, Gloghini A, Volpe G, Nomdedeu J, Leonardo
E, Mazza U, Saglio G, Carbone A, Gaidano G: Distribution of
Kaposi's sarcoma herpesvirus sequences among lymphoid
malignancies in Italy and Spain. Br J Haematol. 91, 918-920
(1995)
61.  Carbone A, Tirelli U, Gloghini A, Pastore C, Vaccher E,
Gaidano G: Herpesvirus-like DNA sequences selectively
cluster with body cavity-based lymphomas throughout the
spectrum of AIDS-related lymphomatous effusions (Letter to
the Editor). European Journal of Cancer. 32A, 555-556 (1996)
62.  Otsuki T, Kumar S, Ensoli B, Kingma DW, Yano T,
Stetler-Stevenson M, Jaffe ES, Raffeld M: Detection of HHV-
8/KSHV DNA sequences in AIDS-associated extranodal
lymphoid malignancies. Leukemia. 10, 1358-1362 (1996)
63.  Gessain A, Brière J, Angelin-Duclos C, Valensi F, Merle
Béral H, Davi F, Nicola M-A, Sudaka A, Fouchard N, Gabarre
J, Troussard X, Dulmet E, Audouin J, Diebold J, de Thé G:
Human herpes virus 8 (Kaposi's sarcoma herpes virus) and
malignant lymphoproliferations in France: a molecular study
of 250 cases including two AIDS-associated body cavity based
lymphomas. Leukemia. 11, 266-272 (1997)
64.  Nador RG, Cesarman E, Knowles DM, Said JW:
Herpes-like DNA sequences in a body-cavity-based
lymphoma in an HIV-negative patient (Letter to the
Editor). New England Journal of Medicine. 333, 943
(1995)



EBV and lymphomas

65

65.  Nador RG, Cesarman E, Chadburn A, Dawson DB,
Ansari MQ, Said J, Knowles DM: Primary effusion
lymphoma: a distinct clinicopathologic entity associated
with the Kaposi's sarcoma-associated herpesvirus. Blood.
88, 645-656 (1996)
66.  Said JW, Tasaka T, Takeuchi S, Asou H, de Vos S,
Cesarman E, Knowles DM, Koeffler HP: Primary effusion
lymphoma in women: Report of two cases of Kaposi’s
sarcoma-herpes virus-associated effusion-based lymphoma
in human immunodeficiency virus-negative women. Blood.
88, 3124-3128 (1996)
67.  Carbone A, Gloghini A, Vaccher E, Zagonel V,
Pastore C, Dalla Palma P, Branz F, Saglio G, Volpe R,
Tirelli U, Gaidano G: Kaposi's sarcoma-associated
herpesvirus DNA sequences in AIDS-related and AIDS-
unrelated lymphomatous effusions. Br J Haematol. 94,
533-543 (1996)
68.  Gaidano G, Pastore C, Gloghini A, Volpe G, Capello
D, Polito P, Vaccher E, Tirelli U, Saglio G, Carbone A:
Human herpesvirus type-8 (HHV-8) in haematopoietic
neoplasia. Leuk Lymphoma. 24, 257-266 (1997)
69.  Matolcsy A, Nador RG, Cesarman E, Knowles DM:
Immunoglobulin VH gene mutational analysis suggests that
primary effusion lymphomas derive from different stages
of B cell maturation. American Journal of Pathology. 153,
1609-1614 (1998)
70.  Fais F, Gaidano G, Capello D, Gloghini A, Ghiotto F,
Roncella S, Carbone A, Chiorazzi N, Ferrarini M:
Immunoglobulin V region gene use and structure suggest
antigen selection in AIDS-related primary effusion
lymphomas. Leukemia. 13, 1093-1099 (1999)
71.  Gaidano G, Gloghini A, Gattei V, Rossi MF, Cilia
AM, Godeas C, Degan M, Perin T, Canzonieri V,
Aldinucci D, Saglio G, Carbone A, Pinto A: Association of
Kaposi's sarcoma-associated herpesvirus-positive primary
effusion lymphoma with expression of the
CD138/syndecan-1 antigen. Blood. 90, 4894-4900 (1997)
72.  Horenstein MG, Nador RG, Chadburn A, Hyjek EM,
Inghirami G, Knowles DM, Cesarman E: Epstein-Barr
virus latent gene expression in primary effusion
lymphomas containing Kaposi's sarcoma-associated
herpesvirus human herpesvirus-8. Blood. 90, 1186-1191
(1997)
73.  Szekely L, Chen F, Teramoto N, Ehlin-Henriksson B,
Pokrovskaja K, Szeles A, Manneborg-Sandlund A,
Lowbeer M, Lennette ET, Klein G: Restricted expression
of Epstein-Barr virus (EBV)-encoded, growth
transformation-associated antigens in an EBV- and human
herpesvirus type 8-carrying body cavity lymphoma line.
General Virology. 79, 1445-1452 (1998)
74.  Cesarman E, Knowles DM: The role of Kaposi's
sarcoma-associated herpesvirus (KSHV/HHV-8) in
lymphoproliferative diseases. Semin Cancer Biol. 9, 165-
174 (1999)
75.  Cannon M, Cesarman E: Kaposi's sarcoma-associated
herpes virus and acquired immunodeficiency syndrome-
related malignancy. Semin Oncol. 27, 409-419. (2000)

Key Words: Epstein-Barr virus, EBV, Kaposi’s sarcoma
herpesvirus, KSHV, HHV-4, HHV-8, Lymphoma, AIDS,
Hodgkin’s disease, Review

Send correspondence to: Dr Ethel Cesarman, Department of
Pathology, Weill Medical College of Cornell University, 1300
York Ave, Room C-410, New York, NY  10021, Tel: 212-746-
8838, Fax: 212-746-4483, E-mail: ecesarm@med.cornell.edu


