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The recognition of an increased risk of certain malignancies in 
immunocompromised individuals has led to a growing understanding of the role 
of the immune system in the surveillance for and prevention of neoplasms. This 
fact, combined with the limitations and toxicities associated with currently 
available cytotoxic agents, has provided the impetus to investigate alternative 
therapeutic approaches. Over the past decade there has been an increased 
interest in biologic approaches to augment the immune system in its anti
neoplastic efforts including the use of biologic agents (ie. interferons and 
interleukins), vaccines, and adoptive immunotherapy. This chapter will discuss 
aspects of the Epstein-Barr virus and the human immune response against EBV. 
The clinical role of adoptive immunotherapy in the treatment of EBV-induced 
malignancies will be presented, as well as the areas of current investigation. 

EPSTEIN-BARR VIRUS 

The Epstein-Barr virus (EBV) is a ubiquitous agent with 90% of adults 
worldwide having serologic evidence of EBV infection (1). The virus primarily 
infects B-cells. While the number of infected B-cells decreases rapidly as the 
immune response against EBV develops, a small population of resting B-cells 
escapes the immune response, establishing a population of latently infected cells 
which persists throughout the life of the infected individual (2,3,4). These 
latently infected cells are transformed into immortalized lymphoblasts both in 
vitro and in vivo (5,6). Viral shedding occurs intermittently from the 
oropharyngeal epithelium over the lifetime of the infected individual and is 
increased in immunocompromised patients (7,8). Following allogeneic bone 
marrow transplantation, virus being shed can be traced to donor origin 
suggesting that latently infected B-cells can serve as a source of infection and, as 
discussed later in this chapter, lymphomagenesis (9). 

EBV and the Human Immune Response 
Following primary infection by EBV, the virus is rapidly internalized within the 
B-cell where the viral DNA circularizes as an episome. Lytic genes are 
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expressed to affect the replication, packaging, and release of new virions from 
the host cell. Conversely, resting B-cells infected by EBV express a group of 
latent genes which act in concert to affect the transformation of the cell into 
immortalized lymphoblastoid cells (10). A humoral immune response develops 
against antigens on the viral capsule and envelope. However, it is the subsequent 
cellular immune response which is required for clearance of infected cells 
harboring intracellular virus. 

It has long been recognized that the major component of viral-induced cellular 
immune response involves HLA-restricted CDS+ T-cells (11). Viral antigens 
presented in complex with MHC class I molecules on the infected cell surface 
serve as the target of this cytotoxic response (12,13). Similar mechanisms 
appear to be in operation in the immune response against EBV. Carriers of 
latent EBV infection maintain a population of cytotoxic T-Iymphocytes (CTL) 
which can be reactivated when exposed to autologous EBV-infected B-cells in 
an HLA-restricted manner (14). Murray et at transfected human fibroblasts 
using recombinant vaccinia virus genetically manipulated to express one of eight 
EBV latent proteins (15). They then tested CTL preparations from sixteen 
donors with EBV-induced immunity and known HLA typing to determine the 
specific antigen(s) recognized by EBV-specific CTLs and to determine the 
specific HLA class I type associated with the recognition of these target 
antigen(s). This work demonstrates that the cytoxic T-cell response of an 
individual against EBV consistently recognizes a specific panel of latent EBV 
proteins and that this panel of recognized latency proteins varies among 
individuals. Moreover, each HLA class I molecule presents a restricted array of 
latency proteins. Therefore, the viral proteins targeted by an individual are 
determined by their specific HLA type, and the variation of recognized targets 
among individuals reflects differing HLA expression. Among the sixteen donors 
tested, EBNA-3a, EBNA-3b, and EBNA-3c represented the predominant 
antigenic targets with responses also seen against EBNA-2 and LMP-2. No 
response against LMP-1 and EBNA-1 were elicited. Though there has been an 
occasional CTL response to LMP-l reported, there have been no reported 
responses to EBNA-1, suggesting these proteins are less antigenic (16). 
Selective expression of these viral proteins may serve as the basis of immune 
evasion by latently infected cells. 

Differences in expression of the EBV proteins by various EBV-associated 
tumors have lead to the following classification scheme. Latency Type I (LAT I) 
infected cells express only EBNA-l as seen in most Burkitt's lymphomas. LAT 
II cells express both EBNA-1 and LMP-l as frequently seen in nasopharyngeal 
carcinoma and Hodgkin's disease. LAT III cells express a full range of the 
known EBV proteins as seen in the post-transplant lymphomas of stem cell and 
solid organ transplant patients (17). 
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L YMPHOPROLIFERATIVE DISORDERS AND THE 
IMMUNOCOMPROMISED PATIENT 

An increased incidence of lymphoproliferative diseases (LPD) has been reported 
among immunocompromised individuals following solid organ transplantation, 
bone marrow transplantation (BMT), and infection with the human 
immunodeficiency virus (HIV)(Table 1). Among organ transplant recipients, the 
risk of a lymphoproliferative disorder is particularly increased among those 
patients undergoing a heart or heart/lung transplant and among those treated 
with OKT3 or cyclosporin A (18,19) Crawford et al examined the CTL 
responses against autologous EBV-infected B-ce11 cultures from cadaveric renal 
transplant patients with serologic evidence of prior EBV infection and compared 
these responses to seropositive and seronegative controls (20). This work 
demonstrated a functional impairment of CTLs among patients receiving 
cyc1osporin A with no such impairment noted among those patients receiving 
azathioprine and prednisone. 

Table 1. Clinical Factors Associated with Impaired Cellular 
Immunity and EBV Lymphoproliferative Disorders 

Quantitative Defects in T -Lymphocytes 
Congenital Deficiencies (ie Wiscott-Aldrich; Severe 

Combined Immunodeficiency Syndrome) 
HIV Infection 
Marrow -Ablative Chemotherapy 
T-Cell Depletion of Stem Cell Transplantation Products 
Anti-T-Cell Antibodies (ie ATG; OKT3) 

Qualitative Defects in T -Lymphocytes 
Immunosuppressive Agents (ie Cyc1osporin A) 

Impaired EBV-Antigen Recognition 
HLA-Mismatching 

A variety of lymphoproliferative disorders have been described following solid 
organ transplantation, ranging from plasmacytic hyperplasia to immunoblastic 
lymphoma, accounting for the varied clinical course and therapeutic responses 
reported in the literature. EBV DNA has been detected in 85-100% of specimens 
tested (21,22) though cases of B-cell LPD without genetic evidence of EBV 
have been reported (21,23,24). Immunohistochemical staining of the EBV-
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lymphoproliferative lesions in organ transplant patients demonstrates that these 
tissues express a variety of latent EBV proteins without expression of lytic 
proteins. Specifically, all specimens studied expressed EBNA-1 and EBNA-2, 
and most expressed EBNA-3 and/or LMP, indicating a LAT-III phenotype (25). 
Classification of these disorders is best accomplished by combining morphology 
and assessment of clonality based on immunoglobulin gene rearrangement 
studies. Plasmacytic hyperplasia is characterized by normal nodal architecture 
with expansion of the interfollicular area predominately by plasmacytoid 
lymphocytes. These tumors exhibit a lack of clonality and a benign clinical 
course typically confined to the tonsillar and nodal tissues with regression 
following withdrawal of immunosuppressive medications (21,26). Polymorphic 
B-cell hyperplasia and polymorphic B-cell lymphomas are characterized by 
increasing cellular atypia and necrosis with architectural distortion. These 
tumors exhibit monoclonal gene rearrangements and increased extranodal tissue 
involvement (21). The clinical behavior of this group is variable, with some 
regressing following withdrawal of immunosuppression while others progress 
despite the change. Moreover, the presence of monoclonal gene rearrangements 
does not necessarily correlate with benign or malignant clinical behavior 
although it has been suggested that increased intensity of the clonal band may 
correlate to more malignant behavior (21,22). Finally, immunoblastic B-cell 
lymphomas (IBL) exhibit monoclonal gene rearrangements, additional genetic 
aberrations involving tumor suppressor or protooncogenes, and a widely 
disseminated, malignant disease course not responsive to withdrawal of 
immunosuppressive agents (21) One model of pathogenesis would involve the 
polyclonal expansion of latently-infected, EBV-immortalized B-cells resulting 
from a suppressed EBV-specific immunosurveillance. This expansion would 
allow additional mutations to occur within this proliferating population, 
culminating in the malignant transformation of subset of clonal cells (Figure 1). 

Figure 1. Model of Progression for EBV+ Lymphoproliferative Disorders 
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Using cytogenetics or HLA-typing to determine the origin of the malignant 
lymphocytes, most of the tumors reported in the literature have been of host 
origin following solid organ transplantation (25,27-29) Other investigators have 
reported tumors of donor origin; however, neither case had detectable molecular 
evidence ofEBV (23,24) As the EBV- LPDs express a LAT III phenotype in 
the context of host HLA-molecules, evasion of immunosurveillance is not 
attributable to failure of target recognition. Rather, it results from the 
quantitative and qualitative defects in the CTL resulting from the 
immunosuppressive agents necessary to insure organ engraftment. 

Similarly, bone marrow transplant recipients develop lymphoproliferative 
disorders of B-cell origin with 75-100% having molecular evidence of EBV 
(30,31) The risk of developing an LPD is particularly increased among those 
undergoing partially-matched related allogeneic transplants (32-34), those 
manipulated by T-cell depletion (TCD) techniques during the processing of 
donor stem cells (32-35), and those treated with anti-T-cell immunoglobulins 
such as anti-thymocyte globulin (ATG) (36) or T-cell specific monoclonal 
antibodies. (30,37) Histologically, the spectrum of LPDs seen following bone 
marrow transplantation is similar to that reported following solid organ 
transplantation. The University of Minnesota reviewed their institution's 
experience following 506 patients having undergone allogeneic transplantation 
(34) They found only one case of a post-transplant LPD among 424 matched 
sibling allogeneic transplants without T-cell depletion and no case of a LPD 
among 47 matched sibling transplants with TCD. On the other hand, their 
experience found one case among only ten matched-unrelated (MUD) 
transplants without TCD and a surprising six cases of an LPD among the 25 
mismatched sibling transplants utilizing TCD. In addition, they reported a 
median time from transplant to onset of the LPD of 72 days with only two of the 
eight tumors occurring later than ninety days after the transplant (at days 484 
and 1488). Studies to determine the origin of the tumors were performed on 
seven of the eight specimens and revealed that five specimens were of donor 
origin while only two specimens were of host origin. Notably, the two patients 
developing a LPD beyond the immediate post-transplant period had the two 
tumors of host origin, and both had congenital immunodeficiencies--severe 
combined immunodeficiency disease (SCID) and Wiscott-Aldrich Syndrome-
which are themselves associated with an increased risk of LPD, raising the 
possibility that these cases were not related to the transplant but to the 
underlying diseases. Other retrospective studies have reported similar 
experiences with incidence ranges as follows: 0-0.45% following matched 
sibling allogeneic BMT, 0-0.45% following MUD BMT, 0-6.7% following 
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matched sibling allogeneic BMT with TCD, 6.16-18.3% following MUD BMT 
with TCD and 13-24% following mismatched BMT with TCD (30,34,35,38) 

The reported experiences raise many questions regarding the pathogenesis of 
these tumors. Unlike in solid organ transplantation, the host lymphocytes in 
BMT patients are nearly ablated during the preparative chemotherapy and are 
replaced by the donor's cells. Thus, the LPDs arising following BMT are 
typically of donor origin though rare cases of host origin tumors have been 
observed (30,31,34,36,39,40) The numbers of LPDs noted among recipients of a 
MUD transplant without TCD are too small to make meaningful assessment of 
the relative contribution to the risk for developing a LPD by this technique. 
Nevertheless, following an unmanipulated MUD and matched sibling BMT 
where surveillance by donor T-cells remains relatively intact, the risk of 
developing LPD appears to be small. While no statistical comparisons have been 
drawn, T-cell depletion appears to increase the risk of developing a LPD 
following all types of transplants, suggesting that the removal from the donor T
cells in itself is sufficient to allow an increased proliferation of EBV
transformed B-cells. Most patients are reported to have received ATG alone or 
in combination with other agents for engraftment and the prophylaxis of graft
versus-host disease (GVHD), suggesting that depletion of host and donor T-cell 
by immunoglobulins by itself may not be sufficient to increase 
lymphoproliferation. However, the patients reported to have developed a LPD 
often received higher doses of ATG such that there may be a dose-response 
relationship. HLA mismatching, perhaps even at the molecular level in the case 
of MUD BMT, may playa pivitol role in the development of a LPD following 
bone marrow transplantation by allowing infected cells expressing antigens in a 
HLA-restricted fashion not recognized by any residual T -cells to escape host 
recognition. This evasion of immunosurveillance would be compounded by T
cell depletion techniques and A TG which would result in the further removal of 
donor EBV-specific CTL, therefore, allowing the proliferation of EBV
transformed B-lymphocytes to proceed unchecked. 

Following bone marrow transplantation, the immune function of the host 
remains compromised by both the preparative regimens and the graft-versus
host disease prophylaxis. The nature and duration of the immunosuppression 
have been subjects of investigation. An early study evaluated the recovery of 
EBV-specific immunity following HLA-matched allogeneic BMT using total 
body irradiation and cyclophosphamide as the preparative regimen and 
cyclosporin A as GVHD prophylaxis (41) Using 51chromium release assays to 
detect CTL function, all patients studied recovered EBV-specific CTL function 
by 6 months post-transplantation. Following HLA-matched-related 
transplantation combined with T-cell depletion, no difference in the time to 
engraftrnent, in the absolute number ofT-cells, or in the CD4:CD8 ratio is seen 

208 



Advances in Allogeneic Hematopoietic Stem Cell Transplantation 

when compared with HLA-matched-related transplantation without T-cell 
depletion (42) EBV-specific CTLs have also been studied following T-cell 
depletion and appear quantitatively similar at 3 and 6 months to unrnanipulated 
allogeneic transplants though the small number of patients studied, particularly 
at the later time points, limits the ability to detect subtle differences. However, 
Slchromium release assays evaluating lysis of donor-derived, EBV-transformed 
B-Iymphoblastoid cell lines (BLCL) suggest the possibility of a delay in 
development of EBV -specific CTL response to donor infected cells among T
cell depleted marrow recipients (Figure 2) (38) Differences may result from 
qualitative or quantitative differences in donor-specific CTLs following the use 
of ATG or the removal of donor-specific T-cells. No study of EBV-specific 
CTL recovery following allogeneic, HLA-mismatched transplantation with or 
without T-cell depletion has been reported. Nevertheless, the limited available 
data confirms that the most severe deficiency in CTL immunity--inc1uding that 
specific for EBV--is within the first six months post-transplant coinciding with 
the period of highest risk for development oflymphoproliferative disorders. 

Figure 2. The log of EBV CTLp frequency is represented over time for 
recipients of unmodified BMT, related TCD BMT, and unrelated TCD BMT. 
The time at which past cases (28) ofEBV-LPD have occurred in BMT patients 
at MSKCC is depicted below. The majority of past cases of EBV -LPD have 
occurred in the same time interval in which our study patients have been found 
to have deficient cytotoxicity against the donor BLCL. 
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Infection with Human Immunodeficiency Virus-I (HIV) leads to the gradual 
destruction of CD4+ T-Iymphocytes and the acquired immunodeficiency 
syndrome (AIDS) which is defmed by i.he degree of immunodeficiency and the 
resultant infectious and malignant manifestations of the compromised T-cell 
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mediated immunity. AIDS-related Non-Hodgkin's lymphoma represents the 
second most common malignancy affecting the HIV infected individual with an 
incidence estimated between 4-10% (43,44) Protease inhibitors and 
combinations of anti-retroviral agents have been shown to decrease the 
incidence of AIDS-associated opportunistic infections and Kaposi's sarcoma; 
however, the impact of such therapy on NHL incidence remains uncertain with 
no clear decrease observed (45-47). Histologically, the majority are aggressive 
B-cell lymphomas (Burkitt's-type--BL, immunoblastic--IBL, and diffuse large 
celllymphoma--DLCL). In systemic AIDS-associated NHL, evidence suggests 
an association with EBV in 42% of these malignancies though the association 
varies significantly depending upon the histologic type (25% of DLCL, 31 % of 
BL, and 100% of IBL) (48). Immunohistochemical staining for LMP-l and 
EBNA-2 among AIDS-associated NHL with DNA and/or RNA evidence of 
EBV infection demonstrates that among Burkitt's-like tumors 73% express a 
LA T I phenotype and 27% a LAT II phenotype while among 
immunoblastic/large cell NHL phenotypic expression is as follows: 27% LAT I; 
32% LAT II; and 41% LAT III (49). 

Primary Central Nervous System Lymphoma (PCNSL)--a rare malignancy 
among individuals not infected by HIV--is estimated to occur in 2-13% of HIV 
infected individuals over the life-time of their infection.(50) Histologically, 
these malignancies are of B-Iymphocyte origin in 95% of cases-with >90% 
being either large cell lymphoma (LCL) or immunoblastic lymphoma (IBL).(51-
53) Nearly 100% of B-cell, HIV-associated PCNSL have evidence of EBV 
mRNA.(51,54) In addition, immunohistochemical staining of AIDS-associated 
PCNSL reveals that 100% express EBV -associated antigens with 54-91 % 
expressing a LAT III phenotype.(54,55) None of the reported studies evaluated 
these tumors for the more immunogenic antigens-EBNA-3a, 3b, and 3c. 

Figure 3. 
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Using serial measures in HIV infected patients, CTL responses to HIV-l and to 
EBV have been shown not to be parallel in their deterioration over the course of 
the HIV infection (56). Of note, in all five patients studied with progression to 
NHL, EBV -specific CTLs were noted to decrease--corresponding in four of the 
five with an increase in the EBV load as measured by a spontaneous B-cell 
transformation assay-during the months preceding the development of the 
NHL (Figure 3). Interestingly, one of the five patients experienced a brief 
spontaneous remission of a high grade B-cell lymphoma temporally associated 
with a transient increase in EBV -specific CTLs which subsequently became 
undetectable prior to recurrence of disease months later. 

CELLULAR ADOPTIVE IMMUNOTHERAPY: RATIONALE AND 
BACKGROUND 

Whether congenital, drug-induced, immunologically-induced, or viral-mediated 
and whether qualitative or quantitative, deficiency in T-lymphocyte cell
mediated immunity plays a critical role in the development of 
lymphoproliferative disorders in post-transplant and HIV-infected patients. 
Restoration of immunosurveillance, therefore, provides an attractive theoretical 
approach to the treatment and prevention of the infectious or neoplastic sequelae 
of immunodeficiency with the potential to avoid potentially toxic and/or 
ineffective therapies. 

The feasibility of the transfer of lymphocytes was first demonstrated in animal 
models. Reddehase et al investigated the transfer of lymphocytes from 
immunocompetent mice to syngeneic, immunosuppressed mice (57,58). They 
demonstrated that the transfer of cytotoxic (CD8+ ) T-lymphocytes was able to 
protect the recipient against both a cytomegalovirus (CMV) challenge and 
established CMV infection. Moreover, helper (CD4+ ) T-cells provided no such 
benefit. Transfer of cellular immunity among humans was initially investigated 
in patients having relapsed after allogeneic transplantation for chronic 
myelogenous leukemia (CML) (59,60). Infusion of donor mononuclear cells 
into the patients with relapsed CML induced a graft-versus-leukemic reaction 
with cytogeneic remissions obviating the need for additional cytotoxic therapies; 
however, acute and/or chronic GVHD of varying degrees occurred in nine of the 
eleven patients (60). Subsequently, to reduce the acute and chronic toxicity of 
GVHD associated with the use of mononuclear cells, investigators isolated and 
cultured CMV-specific CD8+ T-lymphocytes from the peripheral blood of 
CMV+ allogeneic donors (61). They infused the cells into allogeneic bone 
marrow transplantation patients starting one month after the transplant. None of 
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the patients developed CMV viremia or CMV disease, and, impressively, no 
major toxicity was observed in any of the fourteen patients. 

Table 2. SummarY of the Clinical E!I!!lrience in Cellular Immunotheral!v for Post-BMT EBV+ LPD 

Author #Pts Patient Tme Effector Cells Dose Resl!onse Notes 

Papadopoulos62 5 Allogeneic TCD PBMC 0.8-2 x 1061kg 515CR 2diedARF 
Matched 2 Grade II AGVHD 

2 Chronic GVHD 

Heslop63 Allogeneic TCD PBMC I x 106/kg lIICR GradeNGVHD 
Mismatched 

Lucas" 5 Allogeneic TCD PBMC 0.7-1.2 x 1061kg lI5CR 2diedGVHD 
MUD/Mismatched I diedARF 

2diedLPD 

Roonef' Allogeneic TCD EBV-CTL 12 x IO'/m2 lIICR No Toxicity 
MUD (over 4 doses) 

Lucas" Allogeneic TCD EBV-CTL 2 x 10s/kg lIICR No Toxicity 
MUD 

TCD=T -cell depletion; MUD=matched, unrelated donor; PBMC=peripheral blood mononuclear cells; EBV-
CfL=Epstein-Barr virus specific cytotoxic T -lymphocytes; CR=compiete response; ARF=acute respiratoty failure; 
AGVHD=acute graft versus host disease; GVHD=graft versus host disease 

CELLULAR ADOPTIVE IMMUNOTHERAPY FOR POST-BONE 
MARROW TRANSPLANTATION LYMPHOPROLIFERATIVE 
DISORDERS 

Progress in the development of adoptive cellular immunotherapy for EBV
related lymphoproliferative disorders in the post-transplant patient has followed 
closely the work in CML and CMV (Table 2). In 1990, Papadopoulos et al 
reported their clinical experience using donor leukocytes in five patients for 
established EBV -related large cell NHL following allogeneic BMT for leukemia 
(62). All five patients had received HLA-matched, T-cell depleted transplants 
(four related and one unrelated). with four of the five receiving ATG and 
methylprednisolone for the prevention of graft rejection. The patients received 
infusions of unirradiated donor peripheral-blood mononuclear cells at a total 
dose range of 0.8-2.0 x 106 CD3+ cellslkg patient weight. Clinical remissions 
were achieved 14-30 days after the first infusion. However, two of the patients 
died of respiratory failure 7-17 days after the first infusion of donor cells though 
both had already developed respiratory distress before the treatments. Neither 
had evidence of active lymphoma at autopsy. The other three patients had a 
complete response without evidence of recurrence 7-11 months after the first 
infusion ofPBMC. Whether the infusions contributed to the respiratory failure 

212 



Advances in Allogeneic Hematopoietic Stem Cell Transplantation 

of the two patients who died is uncertain. While alloreactive cytotoxicity could 
result from leukocyte infusions with subsequent inflammation and capillary leak 
and while infectious agents could potentially be transmitted, both patients were 
experiencing respiratory deterioration before receiving the PBMC infusions. Of 
the remaining three patients, two developed grade II cutaneous GVHD, and all 
developed mucocutaneous chronic GVHD. However, these were easily managed 
with corticosteroids. A second group reported similar clinical benefit following 
the infusion of 1 x 106 donor CD3+ cellslkg in a three year old boy developing 
an immunoblastic lymphoma eight months following a HLA-mismatched, T-cell 
depleted transplant (63). Though the patient remained clinically free of 
recurrence 16 months after the infusion, the therapy precipitated Grade IV 
GVHD of the skin, gastrointestinal tract, and liver resulting in much therapy
related morbidity. 

More recent data raises some caution against over-optimism regarding the 
efficacy of cellular immunotherapy for the posttransplant EBV LPD. Lucas et al 
reported eight cases of EBV -associated lymphomas developing after TCD BMT 
(64). Five cases were treated with donor PBMCs at total doses of 0.7-1.2 x 106 

cellslkg. Of these patients only one had a disease response corresponding to a 
rise in EBV-CTLs and decline in detectable EBV-DNA (Figure 4). This patient 
and one other, however, died of complications related to GVHD; two additional 
patients died of acute respiratory failure. More sobering is the fact that two 
patients died with persistence of disease and that two died from progression of 
their LPD despite therapy and an increase in EBV-specific cytotoxic activity 
(Figure 5). 

To minimize the risk of non-specific alloreactivity and the resulting GVHD, the 
use of EBV -specific CTL instead of nonspecific PBMC infusions-as 
previously studied using CMV-specific CTL (61)--provides a theoretical 
advantage in specificity of the targeted tissue. The use of donor-derived EBV
specific CTL has been evaluated in patients receiving T-cell depleted, partially
matched related or MUD bone marrow transplants in which both the patient and 
the donor had pre-transplantation evidence of EBV-DNA (65). Using EBV
transformed B-Iymphoblastoid cell lines (BLCL) prepared from donor 
peripheral blood, EBV -specific donor CTL have been generated and 
subsequently infused into ten such transplant patients at total dose levels of 4-12 
x 107 EBV-CTLlm2 divided in four weekly infusions. Seven patients were 
infused for prophylaxis against EBV disease; none of whom developed disease 
nor increased EBV-DNA concentrations. Two patients were infused following 
elevations in EBV-DNA concentrations consistent with reactivation of disease; 
both patients experienced normalization of the EBV-DNA concentrations within 
three weeks of the first infusion. Finally, one patient was infused following a 
rise in EBV-DNA associated with the development of an immunoblastic 
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lymphoma with LAT III EBV-antigen expression. Clinical improvement was 
observed within one week following the first infusion, and complete resolution 
of adenopathy was noted by four weeks. The patient remained free of disease 
eight months following the therapy. Importantly, none of the patients 
experienced GVHD or any serious toxicity as a result of the infusions. Similar 
success has been reported in a patient treated with a smaller total dose of only 2 
x 105 donor EBV-CTLlkg with complete resolution of the lymphoma (64). 
EBV-specific T-cells, therefore, appear to be an effective and safe approach to 
the management of EBV -associated disease occurring following bone marrow 
transplantation and warrants further investigation. 
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The number of patients studied is too small to determine whether the 
prophylactic use of such infusions would be efficacious and cost-effective in 
selected transplant patients at high risk of developing EBV-related post
transplant complications. Using a scid mouse model, Buchsbaum et al 
demonstrated that human-derived EBV-specific CTL given with interleukin-2 
prevented the development of autologous human EBV-associated lymphomas 
following concomitant intraperitoneal injection of EBV-transformed B-cells 
(66). Conversely, nearly 100% of mice not injected with EBV-specific CTL 
died of these tumors 10-26 weeks following inoculation with EBV-infected 
cells. While this study is limited by the fact that it is an animal model and 
transformed cells were directly inoculated concurrent with the administration of 
the protective CTL (albeit at separate sites), these preclinical observations 
combined with the apparent safety provide the rationale supporting studies to 
examine the use of EBV-specific CTL as prophylaxis against EBV-associated 
LPD in humans undergoing allogeneic T-cell depleted bone marrow 
transplantation. Furthermore, serial measures of EBV DNA by semiquantitative 
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PCR may help identify patients at high risk for developing an EBV LPD and 
target populations for the study of prophylactic cellular immunotherapy (64). 

A 
Figure 5. 
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Rooney et al used the GINa retroviral vector containing the neomycin resistance 
gene (neaR) to genetically mark EBV-specific CTLs and estimated that 
following an infusion of EBV-specific donor CTL at doses of 2-12 x 107 

CTLlm2, donor EBV-CTL comprise 11100-111000 of circulating lymphocytes 
(65,67). Given the small number of infused cells relative to the total in vivo 
lymphocyte population, it is believed that this represents a 2-3 log expansion in 
vivo of the marked CTL following the infusion (67). The duration of detectable 
neoR marked CTL ranged from 3-16 weeks (median 10 weeks)(Figure 6) 
(65,67). However, following an EBV-antigenic challenge the cytotoxic 
response remained intact with appropriate expansion of CTL resulting in 
detection of neoR marked CTL as long as 18 months after the CTL infusions 
both in vitro and in vivo (65,67). Therefore, following adoptive transfer of 
EBV-specific donor CTL into BMT patients, the donor CTL are capable of 
sustained expansion and cytotoxic function. 

CELLULAR ADOPTIVE IMMUNOTHERAPY FOR POST-SOLID 
ORGAN TRANSPLANTATION L YMPHOPROLIFERATIVE 
DISORDERS 

Clinical experience in the use of cellular adoptive immunotherapy in EBV
associated LPD following solid organ transplantation has been more limited 
(Table 3). While these tumors exhibit a LAT III phenotype and histology 
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comparable to the LPDs following bone marrow transplantation and should, 
therefore, be amenable to cellular immunotherapy, issues regarding the source of 
the CTLs deserve special consideration. With the exception of living related 
donors of kidneys, solid organ donors are typically deceased and, thus, not 
available following the initial organ harvest. As the tumors are typically of host 
origin and express EBV antigens in the context of host MHC-molecules, 
autologous CTLs would be a logical choice and do not require any delay in 
further HLA-typing. Problems with using autologous CTLs include potential 
difficulty expanding functional cytotoxic cells from the immunocompromised 
patient particularly while immunosuppressive therapies are ongoing, failure to 
recognize the EBV antigen epitopes presented by the tumor especially in the 
donor-origin tumors, and precipitation of graft rejection particularly with the use 
of nonspecific PBMCs. Camoli et al demonstrated that EBV -specific CTLs can 
be expanded from the peripheral blood of organ transplant patients, and these 
cells exhibit functional, HLA-restricted lysis of autologous, EBV-transformed 
BLCL (68). Three heart transplant patients have been infused with autologous 
EBV-CTLs and have demonstrated that the infusions can result in decreased 
detection of EBV DNA without evidence of graft rejection by serial myocardial 
biopsies (68) WeekS an., BM! 

Figure 6 
Patient l. 
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Allogeneic cells procured from a second donor provide the third potential source 
of CTLs. In addition to the considerations described above for autologous CTLs, 
use of a second donor entails the time necessary to find a suitable HLA-match 
and a potential risk for both GVHD and graft rejection. Nevertheless, one patient 
with a host-origin, monoclonal B-cell lymphoma of the brain following 
cadaveric lung transplantation for cystic fibrosis has been infused with 1 x 106 

CD3+ PBMClkg from an EBV-seropositive HLA-identical sibling resulting in a 
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marked decrease in the size of his tumor (69). Following an increase in his 
immunosuppressive therapy, the patient experienced a local recurrence of 
disease which was treated by two additional infusions of CD3+ PBMC from his 
sibling resulting in a complete remission with no evidence of disease confirmed 
by brain biopsy. Thus, adoptive immunotherapy using autologous or allogeneic 
CTLs appears to be feasible and safe, warranting further clinical investigation in 
the use of this modality in the organ transplant recipients developing EBV
associated LPDs. Additional issues requiring study include the duration of CTL 
survival and efficacy following infhsion and the optimal use of 
immunosuppressive therapies during and following the infusions. 

POTENTIAL ROLE IN AIDS-ASSOCIATED NHL 

There has been little experience with the use of adoptive immunotherapy for 
HIV-associated EBV-induced lymphoproliferative disorders; however, in light 
of the limited efficacy of currently available therapies for most of these patients, 
the modality has obvious potential benefits (Table 3). With many of the AIDS
NHL cases-particularly the immunoblastic subtype-exhibiting evidence of 
EBV DNA and/or RNA and with many of these exhibiting a LAT III phenotype, 
these tumors are potentially amenable to targeting by CTL (48,49) 

Table 3. Summary of the E:merience in Cellular Immunotherapy in Organ Transplant and HIY Patients 

Author #Pts Patient Type Effector Cells Dose Response Notes 

Camo\i68 3 HeartTX EBV-CTL NS 3/3EBV-DNA 
decreased 

Emanuel69 LungTX PBMC 3 x I06/kg I1ICR 

Wheatley72 HlV-NHL EBV-CTL I1ICR 

TX=transplant; HlV-NHL=human immunodeficiency virus-associated non-Hodgkin's lymphoma; 
PBMC=peripheral blood mononuclear cells; EBV-CTL=Epstein-Barr virus specific cytotoxic T
lymphocytes;NS=not specified; CR=complete response 
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One issue in the use of cellular immunotherapy in the AIDS patient is the source 
of the cytotoxic cells. As the lymphomas seen in this population are of host 
origin and, therefore, express the viral antigens in the context of the patients 
own MHC class I proteins, the use of autologous CTL would appear to be a 
potential option. Advantages to the use of autologous PBMC or EBV-CTL 
include the following: (1) a readily available donor from whom to obtain the 
necessary blood samples, (2) viral antigens presented in the appropriate MHC
restricted context for cellular recognition, and (3) minimal risk of toxicity 
related to GVHD. However, while EBV-specific CTLs have been demonstrated 
in HIV -infected individuals, these cells markedly decrease prior to the 
development ofEBV-associated NHL in these patients (56). This decline is part 
of the cellular immune deterioration resulting directly from the underlying HIV 
infection, and for most patients, no subsequent rise in EBV -CTL with the 
development of the EBV-associated LPD-an antigenic challenge-has been 
observed. The possibility that immunosurveillance may be recovered has been 
raised by anecdotal cases of spontaneous regression of established lymphomas 
following the initiation of protease inhibitor therapy for the HIV infection 
resulting in a rise in the CD4+ T-cells (70,]1). More exciting is the case report 
of an HIV infected individual with a AIDS-associated EBV B-cell NHL 
refractory to conventional chemotherapy treated with autologous EBV -specific 
CTL expanded in vitro without apparent toxicity and with a complete response 
(72). Therefore, the use of autologous cellular immunotherapy appears to be 
potentially feasible. Whether sufficient numbers of EBV -specific CTL could be 
isolated from most patients with AIDS-associated NHL remains uncertain, and 
clinical investigation into the possibility continues. 

The use of allogeneic PBMC or EBV -CTL provides a second potential option. 
This approach would eliminate the potential difficulties of expanding sufficient 
numbers of EBV -CTL from the HIV infected patient; however, disadvantages 
include the following: (1) need for tissue typing and the associated time delays 
to identify a potential donor, (2) potential differences in HLA-restricted antigen 
presentation allowing for lack of cellular recognition-particularly in partially
matched donor candidates, and (3) potential toxicity related to GVHD
particularly ifPBMC infusions are employed. While HLA-identical CTL would 
have the greater likelihood of inducing a cytotoxic response, haplo-identical 
CTL may also induce a response against lymphoma cells if the CTL are capable 
of recognizing EBV peptides in the context of the shared HLA antigens (44,72). 
Indeed, haploidentical related EBV -CTL and partially-matched, unrelated EBV
specific CTL sharing at least 1 or 2 HLA class I antigens have demonstrated 
strong EBV -specific lysis of patient BLCL in vitro without nonspecific 
alloreactivity (73). As such, the possibility of using partially-matched EBV
specific CTL with effective recognition and lysis of patient EBV-infected cells 
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greatly increases the likelihood of identifying an appropriate donor and makes 
the use of allogeneic CTL a widely available therapeutic consideration. One 
problem of infusing allogeneic CTL would be the risk of inducing graft versus 
host disease (GVHD)-particularly if using a partially-matched donor. The risk 
of this complication would be minimized by the infusion of EBV -specific CTL 
as discussed previously, especially if similarly small doses of EBV -specific CTL 
are required in the HIV -associated NHL patient as suggested in the bone marrow 
transplant population (65). The use of matched or partially-matched, allogeneic 
T-cells in EBV" AIDS-NHL is currently under investigation in an ongoing 
clinical trial. 

Various studies have shown that CTL penetrate the blood-brain barrier and may 
playa protective and/or pathologic role in various viral-mediated diseases of the 
CNS (74-76). As nearly 100% of AIDS-PCNSL demonstrate EBV DNA and/or 
RNA and as many exhibit a LAT III phenotype, these tumors also are potentially 
amenable to targeting by CTL (48,49). The amenability of PCNSL to 
immunomodulation is highlighted in the case report of an HIV" patient with a 
large cell CNS lymphoma who refused radiation and chemotherapy (71). He 
was, therefore, managed with dexamethasone, and anti-retrovirals including a 
protease inhibitor were initiated. Anti-retroviral therapy sustained a CD4+ 
increase > 1 00/mm3, and the patient remained asymptomatic with a complete 
clinical and radiographic response 22 months after the initial presentation. As 
discussed previously, the infusion of PBMC from an EBV-seropositive HLA
identical sibling into a non-HIV infected patient with a host-origin, monoclonal 
B-cell lymphoma of the brain following cadaveric lung transplantation resulted 
in a complete remission with no evidence of disease confirmed by brain biopsy 
(69). Thus, the use of adoptive cellular immunotherapy for the treatment of 
EBV-associated PCNSL appears to be both feasible and potentially effective, 
providing an alternative to the current standard where median survival has been 
a disappointing 3 months. Investigation into the use of matched or partially
matched, allogeneic T-cells in EBV" AIDS-PCNSL is ongoing. 

CD4+ T-helper cells are necessary to sustain host CD8+ CTL responses during 
chronic viral infections (77). CD4+ T-helper cells are also pivotal in the 
maintenance of CD8+ CTL responses following adoptive transfer (61). In bone 
marrow transplant patients infused with CMV-specific CTL, recovery of CD4+ 
T -helper cell responses following the infusion is associated with a sustained or 
increased CD8+ CTL response while patients in whom T -helper function does 
not recover following CTL infusions experience a gradual decline in CTL 
responses. Therefore, the fate of adoptively transferred CTL in the AIDS patient 
is unknown. Whether the sustained CTL responses observed as long as 18 
months after infusion in bone marrow transplant patients will be seen in a 
patient population where the HIV results in progressive deterioration of the 
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CD4+ lymphocytes remains to be seen. Though some EBV-specific CD4+ T
cells are expanded and transferred along with the EBV-specific CD8+ T-cells, 
sustained responses following the infusions may be best achieved in those 
patients in whom effective anti-retroviral therapy can lead to some degree of 
viral control and immune "reconstitution". The kinetics of adoptively transferred 
CTL in AIDS patients needs to be formally investigated with additional 
attention to the influence of highly active anti-retroviral therapy (HAART). 

POTENTIAL ROLE IN BURKITT'S LYMPHOMA 

While nearly all cases of endemic (African) Burkitt's lymphoma are associated 
with EBV,(78,79) the association in the sporadic form seen elsewhere is less 
frequently observed. Among cases of AIDS-associated Burkitt's lymphoma, 
only half of the tumors exhibit DNA and/or RNA evidence of EBV (49). The 
potential role of adoptive cellular immunity in Burkitt's lymphoma is tempered 
by the limited expression of EBV antigens with most cases exhibiting a latency 
type I phenotype in which antigen expression is limited to EBNA-1 and the 
remainder exhibiting a latency type II phenotype (17,49). The limited 
expression of less immunogenic antigens provides a means for escaping 
immunosurveillance. In maintained cultures of Burkitt's cell lines, tumor cells 
phenotypically shift gradually toward a lymphoblastoid (BLCL)-type phenotype 
with a LAT-III expression of the full array of EBV latency antigens (80,81). 
Along with the changing EBV antigen expression, the expression of cellular 
adhesion molecules (LFA-1, LFA-3, and ICAM-1) increases dramatically (81). 
Using allogeneic, HLA-matched, EBV-specific T-Iymphocytes exhibiting lysis 
of autologous BLCL derived from patients with Burkitt's, the Burkitt's 
lymphoma cells from the same patients are able to evade cytolysis by the viral
specific T-cells (80,81). Even after Burkitt's cell lines exhibit a shift in EBV 
antigen expression, EBV-specific cytotoxic T-cells are able to effectively lyse 
tumor cells only if upregulation of the cellular adhesion molecules has also been 
achieved (81). Burkitt's lymphoma cells in vivo evade cellular 
immunosurveillance by downregulation of both EBV-Iatency antigens and 
cellular adhesion molecules, and both need to be overcome for effective immune 
recognition. 

Unless upregulation of EBV-Iatency antigens and cellular adhesion molecules 
can be achieved in vivo, the clinical role of adoptive cellular immunotherapy in 
the management of EBV+ Burkitt's lymphoma appears to be unlikely. Two 
promoters (Wp and Cp) have been identified which appear to be involved in the 
generation of the transcript from which the full compliment of EBNAs are 
derived (82). Alternatively, the promoter located in the F-Q region generates a 
shorter transcript encoding only for EBNA-1 (83). In contrast to cells with a 
LAT-III phenotype, Burkitt's lymphoma and other cell-types with a limited 
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EBV latency antigen expression have inactivated Wp and Cp promoters and use 
the F-Q promoter instead (83). The Burkitt's cells switch to the Wp and Cp 
promoters in vitro during the observed phenotypic drift and with exposure to 5-
azacytadine (17). Thus, if activation of the Wp and Cp promoters could be 
induced in vivo resulting in upregulation ofEBV antigens, and ifupregulation of 
the cellular adhesion molecules could be similarly induced, enhanced immune
recognition by cytotoxic T -cells may make investigation of adoptive cellular 
immunotherapy more reasonable and feasible. 

POTENTIAL ROLE IN HODGKIN'S DISEASE 

The role of EBV in the pathogenesis of Hodgkin's disease (HD) remains 
unclear. However, using in situ hybridization techniques, the EBV genome has 
been identified as clonal within the Reed-Sternberg cells (RS cells) in half of 
patients seropositive for EBV, particularly among the mixed cellularity and 
nodular sclerosis histologic subtypes (84-91). Expression of EBV antigens by 
the RS cells in EBV+ tumors follows a LAT II phenotype limited to EBNA-l, 
LMP-l and LMP-2 (17,87,92,93). The limited expression of the non
immunogenic EBNA-l and the less immunogenic LMPs provides the RS cell 
with the potential for a weakened immunosurveillance by CTLs though not 
complete evasion. HLA class I molecule expression by RS cells has been 
demonstrated in approximately half of studied specimens, but expression has not 
been universal and may, therefore, limit the appropriate presentation of viral 
antigens to the cytotoxic T-cells in some patients (94). Moreover, Frisan et al 
noted that EBV -specific CTLs could not be expanded in vitro from EBV HD 
specimens despite the ability to stimulate the expansion of functional EBV
specific CTLs from the peripheral blood of the same patients and from EBV
HD specimens (95). This work suggests that local inhibition of EBV -specific 
CTLs may contribute to the ability of EBV antigen expressing RS cells to evade 
a cytoxic immune response. 

The use of adoptive cellular immunotherapy in Hodgkin's disease may, 
therefore, be limited to the subset of patients with EBV tumors and with HLA 
class I expression. It may also have to overcome unknown local inhibitors of 
EBV-specific CTLs. Nevertheless, it has been demonstrated in vitro that 
functional EBV-specific CTLs targeting LMP-2 could be generated and 
expanded from the peripheral blood mononuclear cells of patients with HD (96). 
Despite nondetectable responses against LMP-2 from polyclonal EBV -CTLs in 
which EBNA-2 and EBNA-3a were the dominant antigenic targets, autologous 
BLCLs could be used to further expand a clone of CTLs with cytolytic activity 
against transfected cells with EBV-antigen expression restricted to LMP-2. 
Additionally, expansion of EBV-LMP-2-specific CTLs could be accomplished 
more efficiently using autologous fibroblasts transfected with a recombinant 
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vaccinia virus encoding EBV LMP-2 as the stimulator cell in cultures. These 
LMP-2 specific CTLs demonstrate effective lysis of both transfected target cells 
expressing LMP-2 and autologous BLCL. Allogeneic CTL have been expanded 
in vitro with demonstrated cytotoxic activity against HD cell lines in culture in 
an HLA-restricted fashion (96). While the use of EBV-directed immunotherapy 
may be applicable to only a subset of Hodgkin's disease patients, it appears the 
approach may be feasible and warrants further clinical investigation. 

Alternatively, a novel approach to cellular immunotherapy may include the use 
of targeted immunoglobulins. Bispecific monoclonal antibodies directed against 
the Hodgkin's disease-associated CD30 and either the T-cell-associated CD3 or 
CD28 have been generated (97). In the murine model, these antibodies result in 
tumor clearance even when innoculated in mice with advanced, established 
xenografted HD tumors. The anti-tumor action required the presence of both 
human CD8+ and CD4+ lymphocytes; T-cells from both healthy human controls 
and Hodgkin's disease patients were effective. Moreover, the cytotoxic effects 
are antigen-specific (CD30+ cells) but are not MHC-restricted. Though these 
antibodies have not been evaluated in human clinical trials, they suggest an 
alternative means of augmenting the cellular immunity against Hodgkin's 
disease, potentially without the need for in vitro expansion of autologous or 
allogeneic CTLs and without the limitations posed by the issues of the restricted 
LAT II phenotype and MHC-restricted presentation. In patient's with 
compromised cellular immunity such as in patient's with AIDS, the potential of 
a combined cellular and humoral immunotherapy approach could be 
investigated. 

POTENTIAL IN NASOPHARYNGEAL CARCINOMA 

Nasopharyngeal carcinoma is an EBV-associated malignancy most prevalent in 
China and Southeast Asia. Like Hodgkin's disease, EBV antigen expression is 
of the LA T II phenotype. Therefore, the issues discussed for HD also apply in 
the case of nasopharyngeal carcinoma-( 1) limited immunogenicity of the 
expressed EBV-antigens, (2) need for MHC- class I molecule expression on the 
tumor surface, and (3) CTL-recognized presentation of the EBV antigens by the 
MHC class I molecules. As discussed above, the ability to generate a sufficient 
quantity of functional CTLs specific for EBV LMP-2 raises the possibility that 
the lesser immunogenicity of LMP-2 can be overcome (96) The presentation of 
LMP-2 by HLA alleles commonly found within the Chinese population has been 
demonstrated to produce a functional CTL response (98). Moreover, the LMP-2 
epitopes expressed by nasopharyngeal carcinoma specimens appear to be the 
same as those presented and recognized on peripheral blood cells (98). 
Therefore, while it remains possible that functional CTL responses could be 
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directed against nasopharyngeal carcinoma, no clinical experience exists in the 
use of cellular immunotherapy for these tumors. 

FUTURE DIRECTIONS 

Despite the considerable work achieved over the last decade in the use of 
adoptive cellular immunotherapy, much work remains to be done to explore the 
potential of this novel therapeutic approach. Clinical issues pertinent to each of 
the EBV -related malignancies have been raised in each of the corresponding 
sections. The use of EBV-specific CTLs has provided a safer alternative to 
PBMCs with a reduction in the risk of GVHD and, potentially, graft rejection. 
However, the considerable time required to generate EBV-specific CTLs hinders 
the broad application of the modality particularly for those patients whose 
clinical condition and the potentially rapid disease course of their LPD does not 
allow for the 6-8 weeks delay. If dendritic cells are substituted for BLCLs as the 
antigen-presenting cells used to stimulate CTL generation, the necessary time 
delay can be reduced by nearly 3-4 weeks (99). This may substantially improve 
the availability of the modality to many such patients. Applicability may also be 
increased using methods capable of improving the generation of CTLs directed 
against specific EBV antigens particularly for those tumors with restricted 
antigen expression. This can be achieved using dendritic cells or cells 
transfected with a restricted portion of the EBV genome (96,100). Conversely, 
tumor cells may be able to be manipulated to express a broader array of antigens 
to allow greater immunorecognition, ie. with 5-azacytadine (17) 

In murine studies, IL-2 and IL-7 have been shown in vivo to increase the 
antiviral activity of transferred T-cells against the herpes simplex virus 
corresponding with a seven-fold and twenty-fold decrease in viral load, 
respectively (101). The concomitant use of biologic agents may enhance the 
effectiveness of CTLs though these agents may additionally enhance CTL
related toxicities such as GVHD and/or graft rejection. An alternative approach 
to augmenting the antitumor effects of natural and/or transferred CTLs may 
include the use of bispecific antibodies engineered both to target tumor-specific 
antigens and to recruit and stimulate cytotoxic lymphocytes (97,102). Such 
antibodies might provide enhanced activity directed specifically against the 
tumor while minimizing non-specific toxicities to non-tumor tissues. 

Toxicities associated with transfer of cellular immunity may be minimized by 
molecularly altering the transferred CTLs to provide a means of terminating 
them. Transfecting CTLs with a retroviral vector containing the thymidine 
kinase gene provides one such possibility. The transfected cells could be 
eliminated using the thymidine kinase dependent antiviral, ganciclovir 
003,104). A significant problem with the clinical application of this approach 
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has been the in vivo development of immunity against the transfected cells 
thereby eliminating the cells even in the absence of ganciclovir (105) 

CONCLUSIONS 

EBV-associated malignancies remain a significant problem both for the 
immunocompromised and the immunocompetent host. Cellular immunotherapy 
provides a novel modality in our armamentarium though requires further 
investigation to define its clinical role. Early clinical studies indicate that 
PBMCs confer protection against EBV-related lymphoproliferative disorders in 
the post-transplant patient although toxicities may be considerable. The use of 
EBV-specific CTLs have demonstrated similar potential in post-transplant and 
HIV-infected patients with minimal toxicity although the substantial amount of 
time required to generate such cells may limit their applicablity. Investigation 
into the application of this modality to more prevalent diseases worldwide such 
as Burkitt's lymphoma, Hodgkin's disease, and nasopharyngeal carcinoma is 
needed and provides hope for future generations of cancer victims. 
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