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is associated with a heterogeneous
roup of lymphoma, including Burkitt's
lymphoma, Hodgkin's disease, NK-T lym-
phomas and lymphoproliferative disease
(LPD).™* All EBV-associated malignancies
are associated with the virus' latent cycle,
and three distinct types of EBV latency have
been characterized.** All are EBER positive,
but the EBV latent protein expression
varies. Latency type lll, is expressed in lym-
phoblastoid cell lines (LCL), which can be
readily produced by infecting B cells in vit-
rowith EBV and is characterized by expres-
sion of the entire array of nine EBV latency
proteins: EBNAs 1, 2, 3A, 3B, 3C, LP, BARFO
and the two viral membrane proteins LMP1
and LMP2. This pattern of EBV gene expres-
sion characterizes the EBV-associated lym-
phoproliferative diseases (EBV-LPD) that
occur in individuals severely immunocom-
promised by solid organ or stem cell trans-
plantation, congenital immunodeficiency or
human immunodeficiency virus (HIV) infec-
tion. Latency type Il is the hallmark of EBV-
positive Hodgkin's disease and peripheral
TINK-cell lymphomas where a more
restricted array of proteins including EBNA-
1, BARFO, LMP1 and LMP2 are expressed. In
latency type |, found in EBV-positive
Burkitt's lymphoma only EBNA-1 and
BARFO are expressed. As EBNA-1 is not
processed by the Class | processing machin-
ery,® lymphoma's expressing Type 1 latency
are not a good target for immunotherapy
approaches. However, immunotherapy
approaches targeting EBV antigens does
have potential for treating Type Il and Type
[l latency EBV lymphomas.

I-:tent Epstein-Barr virus (EBV) infection

EBV CTLs as therapy for Type lll laten-
cy lymphomas

Post-transplant lymphoproliferative dis-
order post-hemopoietic stem cell trans-
plantation

Post-transplant lymphoproliferative dis-
order (PTLD) is a serious, life-threatening
disease and encompasses a heterogeneous
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group of lymphoproliferative disorders
ranging from reactive, polyclonal hyper-
plasias to aggressive non-Hodgkin's lym-
phomas. EBV lymphoma arising after allo-
geneic hemopoietic stem cell transplanta-
tion (HSCT) is an excellent model to evalu-
ate EBV specific CTLs, as the tumor cells
express all 9 latent cycle EBV antigens
(including the immunodominant EBNA3
antigens), most donors are seropositive, and
the lymphoblastoid cell lines generated by
infecting normal peripheral blood B cells
with EBV function as excellent antigen pre-
senting cells.

Donor LCL are generated by infection of
donor lymphocytes with a laboratory strain
of EBV and irradiated LCLs are then used to
stimulate PBMC and expand EBV-specific
CTL. After an initial primary and secondary
stimulation with irradiated LCL, CTL are
expanded by twice weekly addition of IL2
and once weekly stimulation with irradiat-
ed LCL’ The resulting CTL line is then char-
acterized and if it meets release criteria for
specificity and sterility can be adoptively
transferred to the recipient. The resultant
EBV-specific CTL are polyclonal and con-
tain both CD4- and CD8- positive EBV-spe-
cific T cells. One limitation of this approach
is that because of the prolonged ex vivo
culture these CTL lines need to be grown in
specialized facilities following Good Tissue
Practices.®

Our group has used donor-derived EBV-
specific T cell lines as prophylaxis for EBV-
induced lymphoma in 58 patients who
received a T cell depleted HSCT or who were
transplanted for an EBV-associated malig-
nancy. The first 26 patients received CTL,
which were genetically modified with a
retroviral vector encoding the neomycin
resistance gene to enable tracking of
infused cells and this gene marking com-
ponent allowed us to show persistence of
infused CTL for as long as seven years.” In
patients with high EBV-DNA levels in
peripheral blood prior to CTL infusion,
which in this population is highly predictive
for development of EBV-LPD,10 EBV-DNA
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levels fell to undetectable levels coincident with an
increase in EBV-specific CTL precursor frequency."
None of the patients treated prophylactically devel-
oped EBV lymphoma compared with an incidence of
11% in patients receiving the same transplant regimen
who did not receive prophylactic CTLs.”

Six patients have also been treated for established
EBV lymphoma with complete responses seen in 5
patients accompanied by accumulation of gene-
marked CTL at sites of disease in two patients who
had follow up biopsies. In one patient with extremely
bulky disease significant inflammation was seen at
sites of disease after CTL administration illustrating
the benefits of treating patients with early rather than
advanced disease."” The patient who failed treatment
was found to have an mutation resulting in deletion
of the two immunodominant HLA 11 restricted epi-
topes in EBNA 3B, recognized by the donor CIL line.”
HLA11 is a dominant restricting allele so that lines
with this HLA type have restricted specificity for EBNA
3B. In other EBV CTL lines generated in situations
where the HLA type results in immunodominance of
particular EBV derived peptides, there may be target
antigen restriction after only one week of cultureand
a restricted pattern of TCR usage on spectratyping has
been observed.” Although mutations in immunodom-
inant EBV antigens are not common, the risk of tumor
escape mutants remains a concern even when poly-
clonal lines rather than clones are infused. However,
overall these studies showed that adoptively trans-
ferred EBV-CTL persist long term and can prevent as
well as effectively treat EBV PTLD.

The activity of donor derived EBV specific CTL in allo-
geneic transplant recipients has been confirmed by a
group from Sweden who treated six T cell depleted
allogeneic BMT recipients prophylactically with EBV-
specific CTLs. One patient, who received a T cell line
lacking a major EBV-specific component, progressed to
fatal EBV-positive lymphoma but in the other five
patients infusion of EBV specific CTLs treatment result-
ed in reduction of the viral load thereby confirming the
utility of approaches to reconstitute T cell immunity.

Post-transplant lymphoproliferative disorder post
Solid OrganTransplant

The success of this approach in treating hemopoiet-
ic stem cell transplant recipients led to evaluation of
this strategy in solid organ transplant recipients who
are also at risk of developing EBV-associated PTLD.
However, generation of EBV-specific CTL in this patient
population presents some differences from HSCT recip-
ients when the normal transplant donor is available.
Solid organ recipients and donor are not HLA-matched
and PTLD occurring after solid organ transplant is often
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of recipient origin, so that the use of donor-derived CTL
is not appropriate. The options are therefore to use
closely matched allogeneic CTLs or autologous CTLs.

a) Autologous EBV specific CTLs

Several groups have evaluated autologous EBV CTLs
in solid organ transplant recipients. An initial concern
was whether it was possible to generate autologous
CTL in patients receiving immunosuppression but this
proved to be feasible.”®® The first prophylaxis study
was reported by Haque et a/ who administered three
injections of autologous CTLs at monthly intervals to
three recipients of solid organ transplant.” The num-
bers of CTL precursor cells increased following the
infusions reaching their highest level after the third
infusion then gradually declined. EBV genome copy
number became undetectable and remained lower
than the pretransplant level in all patients for up to 3
months. Comoli et al. * reported 7 patients where an
increase of the EBV-specific cytotoxicity was observed
after infusion coincident with a decrease in EBV DNA
levels in 5 patients. Our group has seen similar results
with an increase in EBV-precursor frequency after each
infusion that persisted for around 4 weeks.”? We also
saw indirect evidence of CTL accumulation in two
patients who had biopsies post CTL confirming the in
vivo function of adoptively transferred T cells.”? How-
ever, the modest and temporary increase observed in
the EBV-precursor frequency suggests that the mas-
sive in vivo expansions seen in T cell-depleted SCT
recipients do not occur in SOT patients perhaps
because of ongoing immunosuppression.

There have also been reports EBV CTL use in patients
with established disease. Khanna et al.® used autolo-
gous EBV-specific CTL to treat a renal transplant recip-
ient with EBV-LPD and observed significant regression
following two infusions of CTLs. However after this
initial response new lymphoma lesions developed 10
weeks after the second CTL infusion.” This contrasts
with the experience post HSCT transplant where the
infused CTL persisted long term and there were no
recurrences in patients successfully treated for PTLD
and raises the possibility that transferred CTL may not
function long term in solid organ recipients who
receive continuous immunosuppressive therapy. An
additional issue is that after retreatment with CTLs
the patient died, with evidence of necrosis and hem-
orrhage found in a pulmonary vein at autopsy. This
reinforces experience in stem cell transplant recipi-
ents and emphasizes that patients with bulky disease
may have inflammatory reactions after receiving EBV
specific CTLs and that debulking treatment with Rit-
uximab should be considered prior to CTL infusion. In
a second report from this group a cardiac transplant
patient who developed multiple subcutaneous nod-
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ules required six doses of CTLs to achieve remission and
response was coincident with reconstitution of T cell
reactivity to latent epitopes.”

These studies using autologous CTLs have allayed
concerns that EBV-specific CTL might have alloreac-
tivity and cause graft rejection and have shown that
EBV-specific immunity can at least be temporally
restored in these patients. However, the persistence of
CTL is much less than after HSCT transplant and the
optimum dosing schedule in SOT patients who remain
on long term immunosuppression requires further
investigation.

b) Matched allogeneic EBV specific CTLs

One solution to the issues discussed above is to
develop a bank of allogeneic EBV specific CTLs so an
off the shelf product is immediately available. A recent
report describes eight patients with PTLD who received
partly matched allogeneic EBV specific CTL from a
frozen bank.** Three of the five patients who complet-
ed treatment had a complete response although the
patients had also had reduction of immunosuppression
and the authors did not show persistence of the adop-
tively transferred allogeneic CTLs. Another study
reported two SOT patients who both responded to allo-
geneic CTLs with regression of PTLD.* While these
results are encouraging the patients who responded
also has their immunosuppressive treatment reduced
so it is difficult to definitively ascribe benefit to the
allogeneic CTLs especially as neither group showed
persistence of the allogeneic cells.

EBV CTLs as therapy for Type Il latency lym-
phomas

In EBV-associated lymphomas which express Class Il
latency, the tumor cells may be less susceptible to
immunotherapeutic approaches because they express
a more restricted array of subdominant EBV-encoded
antigens.”® For example, Reed Sternberg cells, in
patients with EBV genome positive Hodgkin's disease,
express only LMP-1, LMP-2 and EBNA-1. In polyclon-
al CTL lines, the majority of clones recognize the more
immunodominant EBNA-3 family of antigens and only
a few clones, if any, will recognize subdominant anti-
gens.” However, we hypothesized that any clones rec-
ognizing tumor associated antigens would expand in
vivo® and undertook a study to evaluate the activity
of autologous LCL-activated, EBV-specific cytotoxic T
lymphocytes (EBV-CTL) to treat patients with multiply
relapsed Hodgkin Disease (HD).2*® We treated 14
patients and showed that it is possible to generate
from these patients, polyclonal EBV specific CTL lines
with an effector memory phenotype and containing
clones specific for the subdominant tumor antigen
LMP2 expressed by the malignant Reed Sternberg cells.
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The gene-marking component of the study showed
that infused effector cells could further expand by sev-
eral logs in vivo, contribute to the memory pool (per-
sisting up to twelve months), and traffic to tumor
sites.*® Tetramer and functional analyses showed that
T cells reactive with the tumor-associated antigen
LMP2 were present in the infused lines, expanded in
peripheral blood following infusion, and also entered
tumor.* Viral load decreased, demonstrating the bio-
logic activity of the infused CTLs. Clinically, EBV-CTLs
were well tolerated, could control type B symptoms
(fever, night sweats, weight-loss), and had anti-tumor
activity. Following CTL infusion, five patients are in
complete remission at up to 40 months, two of whom
had clearly measurable tumor at the time of treat-
ment. One additional patient had a partial response,
and 5 had stable disease. The performance and fate of
these human tumor antigen-specific T cells in vivo
suggests they may be of value for the treatment of
EBV-positive Hodgkin lymphoma.30 Another group has
used HLA matched allogeneic CTLs in patients with
relapsed EBV+ve Hodgkin's disease and also seen clin-
ical responses.”

Future directions

EBV specific CTLs have shown efficacy for the pro-
phylaxis and therapy of Type Il latency PTLD after both
HSCT and solid organ transplantation and provide
“proof of principle” for immunotherapy approaches.
Responses have also been seen in the Type Il latency
tumor EBV+ve Hodgkin's disease although the
response rate is lower and in several patients response
was limited and transient. In follow up studies we are
attempting to improve CTL therapy by generating
LMP2 CTLs that will target the subdominant LMP2
antigen expressed on these tumors and by pretreating
patients with a lymphodepleting antibody to improve
CTL expansion.” In preclinical studies we are explor-
ing strategies for overcoming tumor evasion mecha-
nisms.**
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