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Epstein-Barr virus (EBV) is a human
herpes virus that infects predominant-
ly oropharyngeal epithelial cells and
mature B lymphocytes (1). Infection of
epithelial cells by EBV results in repli-
cation of linear viral DNA, production
of new virions, and lysis of the infect-
ed cell. In contrast, when B cells
become infected by EBV, the virus can
persist in a latent form and the cells
can become immortalized and survive
for the lifetime of the host. IgG anti-
bodies specific for EBV, which indicate
previous EBV infection, are found in
the blood of more than 90% of adults.
Primary EBV infection in children usu-
ally results in asymptomatic serocon-
version or mild nonspecific symptoms,
whereas about 50% of adolescents and
adults with acute EBV infection expe-
rience infectious mononucleosis.

Primary EBV infection resolves with-
out apparent clinical sequelae in virtu-
ally all immunocompetent people.
CD8+ cytotoxic T lymphocytes (CTLs)
appear to be crucial for control of the
transformed B cells during primary
EBV infection, although natural killer
(NK) cells and other effector cells may
participate in the immune response to
EBV (1, 2). EBV-specific memory CD8+

T cells are believed to be primarily
responsible for long-term in vivo sup-
pression of latently infected B cells.
EBV seropositive persons who become
immunocompromised are at risk for
the development of EBV-associated
lymphoproliferative disorders (EBV-
LPDs) (1, 2). EBV-LPDs have been
observed in patients with HIV infec-
tion and patients on immunosuppres-
sion after allogeneic solid organ or
hematopoietic stem cell transplanta-
tion. EBV-LPDs are clinically and
pathologically heterogeneous (3, 4). A

spectrum of histopathologic appear-
ances, from polyclonal B cell hyperpla-
sia to monoclonal diffuse aggressive 
B cell non-Hodgkin lymphoma, can be
seen in EBV-LPD.

Treatment of EBV-LPDs is currently
unsatisfactory. EBV-LPD regresses in
some patients after the reduction or dis-
continuation of therapeutic immuno-
suppression (1, 2). However, this ap-
proach exposes patients to risks of
life-threatening organ failure or graft-
versus-host disease (GVHD). Conven-
tional chemotherapy and/or radiother-
apy are sometimes effective but can be
quite toxic in this clinical setting (5). In
contrast, treatment with anti–B cell
mAb’s appears to be very well tolerated
(6, 7), although it may not be sufficient
for patients with widely disseminated or
more aggressive disease. Infusion of 
T cells from an HLA-compatible, EBV-
seropositive donor can reconstitute
EBV-specific immunity in immuno-
compromised recipients (8). Infusion of
unfractionated donor leukocytes puts
patients at risk for GVHD, however, and
EBV-specific donor T cell lines (9) are
arduous to prepare and are not widely
available. Thus, novel therapeutic
approaches are clearly needed for
patients with EBV-LPD.

Lack of suitable animal models has
been a major obstacle to the develop-
ment of new treatments for EBV-LPD.
However, the ability to reconstitute a
human immune system in SCID mice
offers a promising system for the
study of this disease. Mature human T,
B, and NK cells can persist and func-
tion in this mouse strain, which lacks
endogenous T and B lymphocytes due
to a defect in the recombinase system
required for productive T cell receptor
or immunoglobulin gene rearrange-

ment (10). Injection of normal human
peripheral blood lymphocytes (hu-
PBLs) into SCID mice yields lympho-
hematopoietic chimeras, which have
proved of value in studies of cancer
and infectious diseases (11, 12). More
recently, several groups have created
hu-PBL-SCID chimeras using PBLs
from EBV-seropositive donors and
have shown that recipient mice repro-
ducibly develop a fatal lymphoprolif-
erative disorder of human B cells that
resembles human EBV-LPD (13–15).
The hu-PBL-SCID mouse would there-
fore appear to provide an excellent sys-
tem in which to test immunothera-
peutic approaches to EBV-LPD.

In this issue of the JCI, Baiocchi et al.
(16) describe effective cytokine-based
immunotherapy for EBV-LPD in this
mouse model. Systemic administra-
tion of recombinant human GM-CSF
and low-dose IL-2 was found to delay
the development of EBV-LPD and pro-
long the survival of hu-PBL-SCID
mice that were depleted of murine NK
cells. The survival of hu-PBL-SCID
mice treated with either IL-2 alone or
GM-CSF alone was markedly inferior
to that of mice treated with both
cytokines (16) and was similar to that
of animals treated with placebo (17).
Experiments using PBLs depleted of
various leukocyte subsets demonstrat-
ed that human NK cells, CD8 T cells,
and monocytes contributed to the pro-
tective effect of IL-2 and GM-CSF.
Moreover, an expanded population of
EBV-specific human CD8+ T cells was
detected in the spleens of hu-PBL-
SCID mice treated with IL-2 and GM-
CSF in combination, but not of mice
treated with IL-2 alone. These results
indicate that treatment with IL-2 and
GM-CSF promotes the expansion of
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EBV-specific CD8+ T cells and sup-
presses the proliferation of EBV-trans-
formed human B cells in vivo.

Several important issues are raised by
the provocative findings of Baiocchi 
et al. (16). EBV antigen-specific CD8+

T cells have been thought to be the
most important effectors for the con-
trol of EBV-transformed B cells (18),
but the present data demonstrate a cru-
cial role for NK cells in cytokine-based
therapy for EBV-LPD. Without excep-
tion, animals depleted of both human
and murine NK cells succumbed to
EBV-LPD despite combined treatment
with IL-2 and GM-CSF. Thus, the pres-
ence of NK cells is absolutely required
for successful treatment of EBV-LPD in
this model. In contrast, 20% of mice
treated with both cytokines survived
despite depletion of human CD8 T cells
or monocytes. Currently it is not clear
whether human NK cell–depleted 
mice fail to develop EBV-specific CD8+

T cells, which would suggest a require-
ment for NK cells in the afferent arm of
the adaptive immune response. Alter-
natively, the animals may succumb to
EBV-LPD despite the presence of anti-
gen-specific T cells if NK cells are
required along with CTLs in the effec-
tor phase of the immune response. One
could begin to dissect the contribution
of NK cells to the control of EBV-LPD
in this model by evaluating their role in
the afferent and efferent phases of EBV-
specific CD8 T cell immunity.

The task of elucidating the role of
NK cells in the hu-PBL-SCID model of
EBV-LPD is complicated by the pres-
ence of functional murine NK cells in
SCID mice (19). When hu-PBL-SCID
mice are not depleted of murine NK
cells, treatment with low-dose IL-2
alone is effective against EBV-LPD, and
treatment with GM-CSF is not re-
quired (17). The mechanism whereby
GM-CSF administration compensates
for the absence of endogenous murine
NK cells is not known and deserves fur-
ther investigation. A clue may be
offered by previous work of Baiocchi
and Caligiuri (17), who found that suc-
cessful treatment by low-dose IL-2
alone was associated with an accumu-
lation of murine monocytes, murine
NK cells, and human NK cells in peri-
toneal cavity of hu-PBL-SCID mice.
Depletion of murine NK cells led to
fatal EBV-LPD in 100% of IL-2–treated
mice, whereas depletion of human NK

cells had no effect. It seems reasonable
to hypothesize that murine monocytes
could interact productively with
murine NK cells, but not human NK
cells, in a protective response to EBV-
transformed B cells. The accumulation
of human monocytes as well as human
NK cells in the peritoneal cavity of hu-
PBL-SCID mice treated with both IL-2
and GM-CSF might compensate for
the absence of murine NK cells in this
system. Testing these hypotheses is
conceptually straightforward and
should shed further light on the mech-
anisms by which NK cells help to con-
trol EBV-LPD.

The attractive features of the hu-PBL-
SCID experimental system should not
blind one to its limitations (20). The
immune defects that allow EBV-trans-
formed B cells to proliferate unchecked
in hu-PBL-SCID chimeras (15) may be
very different from those of most
immunocompromised humans. It is
obvious, for example, that the human
lymphocyte subsets that are adoptively
transferred to SCID mice by injection
of PBLs from healthy EBV-seropositive
donors are not the same as the endoge-
nous lymphocyte subsets of patients
with advanced HIV infection. These
issues become particularly acute when
one wishes to use the results of hu-
PBL-SCID experiments to design ther-
apeutic approaches for human disease.
For example, if GM-CSF in the hu-
PBL-SCID model of Baiocchi et al. (16)
is required merely to enhance the sur-
vival of injected human monocytes in
the murine peritoneal cavity, adminis-
tration of GM-CSF may not be neces-
sary for the treatment of EBV-LPD in
humans. Nevertheless, the results of
Baiocchi and colleagues (16, 17) pro-
vide a solid foundation for further
studies that can elucidate the mecha-
nisms by which NK cells, monocytes,
and CD8+ T cells contribute to the con-
trol of EBV-transformed human B cells
in vivo. It is to be hoped that such pre-
clinical studies will ultimately lead to
more effective treatment for immuno-
compromised patients afflicted with
EBV-LPD.
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