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Epstein-Barr Virus (EBV)-Specific Cytotoxic T Lymphocytes for the Treatment
of Patients With EBV-Positive Relapsed Hodgkin’'s Disease

By Marie A. Roskrow, Nobuhiro Suzuki, Yan-jun Gan, John W. Sixbey, Catherine Y.C. Ng, Sarah Kimbrough,
Melissa Hudson, Malcolm K. Brenner, Helen E. Heslop, and Cliona M. Rooney

Adoptive transfer of Epstein-Barr virus (EBV)-specific cyto-
toxic T lymphocytes (CTLs) is effective prophylaxis and
treatment of EBV-positive immunoblastic lymphoma in im-
munocompromised patients. In 50% of patients with
Hodgkin’s disease, the tumor cells are EBV antigen-positive
and may therefore also be suitable targets for treatment
with virus-specific CTLs. However, Hodgkin’s disease may
produce several inhibitory effects on immune induction and
effector function in vivo, which may preclude the generation
or effector function of CTLs reactive against EBV viral
proteins, including those expressed by the tumor cells. We
have investigated whether EBV-specific CTLs could be gener-
ated ex vivo from 13 patients with Hodgkin’s disease: nine
with active relapsed disease and four who were in clinical
remission after a first or subsequent relapse. CTL lines were
successfully generated from nine of 13 patients (five active

disease, four remission). Although these lines had an abnor-
mal pattern of expansion comparable to EBV-specific CTLs
generated from normal donors, their phenotype was normal
except for reduced expression of the zeta chain of the T-cell
receptor (TCR). Their cytotoxicity was also compared to
EBV-specific lines generated from normal donors and in-
cluded activity against LMP2a, one of the three weakly
immunogenic viral antigens expressed by Hodgkin’s tumor
cells. To assess the activity of the CTLs in vivo, they were
gene-marked and infused into three patients with multiply
relapsed disease. The CTLs persisted for more than 13 weeks
postinfusion and retained their potent antiviral effects in
vivo, thereby enhancing the patient immune response to
EBV. This approach may therefore have value in the treat-
ment of EBV-positive Hodgkin’s disease.
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LTHOUGH THE ETIOLOGY of Hodgkin's disease re- LMP2, these antigens are weakly immunogenic in the context
mains unclear, approximately 50% of cases in Northof most HLA types®
America and Europe are associated with Epstein-Barr virus To assess the feasibility of using EBV-specific CTLs as
(EBV).! In South America, Kenya, and parts of Asia, there is atherapy for Hodgkin’s disease, we generated EBV-specific
90% to 100% associatici EBV is a ubiquitous gamma-herpes CTLs from the peripheral blood of patients with Hodgkin’s
virus that has been associated with several malignant diseasesdisease, hoping that they could be expanded in vitro, in the
addition to Hodgkin’s lymphoma. These include nasopharyn-absence of in vivo immunosuppressive effects. We then com-
geal carcinoma, Burkitt’s lymphoma, and immunoblastic lym- pared them with CTLs generated from normal doridr$o
phoma as seen in the immunocompromised f&st. discover whether autologous EBV-specific CTLs could persist
Recent work from our group has shown that EBV-specific and have antiviral activity in vivo, we genetically marked them
cytotoxic T lymphocytes (CTLs) generated from normal donorsand adoptively transferred them to three patients with relapsed
can be adoptively transferred to patients who have receivedisease.
T-cell-depleted allogeneic stem-cell transplants. These CTLs
persist long-term in vivo, reconstitute the immune response to
EBV, and are effective as prophylaxis and treatment ofimmuno- Patients and EBV status of the tumordRatients were enrolled onto
blastic lymphomd:8 Implementing such an approach for EBV- a study that was approved by the hospital’s institutional review board
positive Hodgkin's disease would have considerable appeal'?md by the Food and Drug Administration. All of these children and
although 80% or more of patients are cured with conventionala_dOIescentS (Table 1) had histologically proven I‘EBV—posi_tive Hgdg_kin’s
therapy, more than half of those who relapse fail to respond t¢/¢2se. Samples were collected from the patients while their disease
. was in clinical remission after a first or subsequent relapse, or while
salvage chemotherapy or relapse a second time have a poor
long-term prognosis. Furthermore, the unacceptably high level
of therapy-related secondary malignancies (18% at 5 years) and
other serious medical complications in those who are treated

successfully also underscores a need to improve current thera-. e
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Table 1. Patient Details from EBV-negative donors. Virus stocks that transformed B cells at
‘ ] ] Tumor EBV Status - dilutions of 10°5 or lower were used to produce patient LCL.
Pé:\ﬁf“t Diaggfsiast( ) Hs'z‘s'og'c T CS':”:“" EBV-specific CTL lines. EBV-specific CTLs were activated from
: 4 type atus the peripheral blood of patients and normal donors by coculturikg 2
1 16 MC + + Relapse 10° PBMC per well of a 24-well (1.5-cm diameter) plate with<510*
2 18 NS + + Relapse autologous LCLs that had been irradiated with 40 Gy from a cesium
3 17 MC + + Relapse source. This radiation dose entirely prevented LCL outgrowth in control
4 10 MC + - Remission cultures. After 10 days, the cells were harvested on Ficoll gradients
5 12 MC + + Remission (ICN, Irvine, CA), subcultured in 24-well plates at&61C° per well, and
6 14 NS + - Relapse restimulated with 1.25% 1P irradiated LCLs per well. After 4 days, the
7 17 MC + + Relapse cultures were fed with 20 U/mL of IL-2 (Proleukin; Cetus, Emeryville,
8 15 mC + - Remission CA). Thereafter, the cultures were fed three times weekly, twice with 20
9 12 mMC + + Relapse U/mL of IL-2 and the third time with 10 to 15 U/mL of IL-2
10 17 NS + + Relapse supplemented with irradiated LCLs (T cell:LCL ratio, 4:1). CTL lines
1 7 NS + + Relapse were successfully established from nine of the 13 patients: seven on the
12 13 NS + + Remission first attempt and two on the second attempt. CTL lines could not be
13 18 NS - + Relapse established on the only attempt from four patients, all with relapsed
Abbreviations: MC, mixed cellularity; NS, nodular sclerosing. disease. Lines from patients no. 1, 2, and 13 were infused into patients

for the treatment of their relapsed disease. In contrast, CTL lines were
successfully established from greater than 95% of normal EBV-
seropositive donor¥.
they had active relapsed disease provided they had received no To increase the rate of expansion when large cell numbers were
chemotherapy for a minimum of 4 weeks. required or when the cell line was growing poorly, the third feeding
The EBV status of the tumors was determined as described elseconsisted of a “superexpansion cocktail” that was a variation of one
wherel® In brief, dewaxed sections of paraffin-embedded tissue werereported by Riddell and GreenbefgThis mitogenic mixture contained
hybridized to digoxygenin-labeled riboprobes specific for EBER1 10-15 U/ml of IL-2, a submitogenic (0.01 pg/mL) dose of anti-CD3
(EBV-encoded small nuclear RNA) in a standard in situ hybridization monoclonal antibody (Ortho Diagnostics, Raritan, NJ), irradiated
assay. Bound probe was detected by an antidigoxygenin antibody-autologous LCLs (T cell:LCL ratio, 4:1), and irradiated PBMC from
alkaline phosphatase conjugate (Boehringer Mannheim, Mannheimgytomegalovirus-negative donors who met our institutional require-
Germany) as suggested by the manufacturer. For detection of latemhents for blood donors (T cell:PBMC ratio, 8:1). To avoid stimulating
membrane protein 1 (LMP1), the CS1-4 mouse monoclonal antibodyallospecific clones, this cocktail was never used less than 21 days after
(Dako, Carpenteria, CA) was used in an immunoperoxidase protocoinitiation of the CTL line. This step was rarely required for the
recommended by the manufacturer (Vectastain Elite ABC; Vector,generation of CTLs from the normal bone marrow donor controls.
Burlingame, CA). Of 35 cases analyzed, 13 were positive for either CTL reactivations. To assess the contribution of the infused CTLs
EBERL1 or LMP1 or both, and were considered EBV-positive (Table 1).to the patient’s immune response to EBV postinfusion, EBV-specific
Normal donors. EBV-specific CTL lines were generated from the CTL lines were reactivated from patients no. 1 and 13, 1 and 2 months
peripheral blood of normal bone marrow donors, for the prophylaxispostinfusion using the autologous LCLs as stimulators as described
and treatment of EBV lymphoma in the marrow recipietit®ata from earlier. After 4 weeks of culture, the cytotoxic specificity of the line was
these CTL lines have been collected over the past 4 years. analyzed and DNA was extracted to compare the level of gene marking
EBV-transformed B-cell lines.Samples of peripheral blood (20 to of the reactivated line with that of the infused line (results not shown).
40 mL) were collected from patients with EBV-positive Hodgkin’s ~ Gene marking of EBV-specific CTLsCTLs were genetically marked
disease or normal bone marrow donors and used to generate bothlgy transduction with the G1Na retroviral vector, which contains the
B-lymphoblastoid cell line (LCL) and a CTL line. To establish Escherichia coliderived neomycin resistance geneged. Clinical
spontaneously transformed or B95-8-transformed LCL, peripheralgrade G1Na-containing supernatant from a PA317 amphotropic packag-
blood mononuclear cells (PBMC) were plated af &6lls per well in ing cell line (Genetic Therapy, Gaithersburg, MD) was incubated for 6
flat-bottomed 96-well plates containing RPMI 1640 medium (GIBCO hours with the CTLs at a multiplicity of infection of 10:1, in the
Life Technologies, Grand Island, NY) supplemented with 10% heat-presence of IL-2 (50 U/mL) and protamine sulfate (4 pg/mL) in a
inactivated fetal calf serum, 1%glutamine, 1% penicillin/streptomy-  75-cn¥ flask1”
cin, and 1 pg/mL cyclosporine A (Sandoz Pharmaceuticals Inc, Washing- To determine the efficiency of transduction, DNA was extracted from
ton, DC). Concentrated supernatant (10 pL, see later) from B95-&n aliquot of the transduced cells by using an anion-exchange column
cultures, a human type | EBV-transformed marmoset B-cell line, was(Qiagen, Chatsworth, CA). The DNA concentration was measured with
added to parallel samplé%2° Once B95-8—infected LCL were estab- a fluorimeter (Hoeffer, San Francisco, CA), and 1 ug was added to a
lished, they were expanded into 25<%rfiasks. Aliquots of these polymerase chain reaction (PCR) to detectrieegene, using primers
long-term cultures were frozen. and conditions described previoudlyrhe amplification products were
Concentrated supernatant from B95-8 celld\le used a B95-8 analyzed by Southern blotting using a radiolabetezhprobe. Positive
virus-producer cell line that was negative for mycoplasma (Gen-Probecontrol DNA was prepared from G1Na-transduced K-562 cells (one
San Diego, CA), for squirrel monkey retrovirus (by Southern and integrant per cell) diluted with nontransduced cells to give mixtures
Western blotting), and for viruses, other than EBV, detectable bycontaining 0.1%, 1%, and 10%eoc-positive cells.
electron microscopy. Virus stocks were made from a master cell bank Cytotoxicity assays. The cytotoxicity of each CTL line was ana-
that was grown for 7 to 9 days in supplemented RPMI 1640.lyzed in a standard 4-hour chromium-51 release assay using effector:
Supernatants were harvested by centrifugation, filtered (0.45-um poresjarget ratios of 40:1, 20:1, 10:1, and 5:1. Target cells included
and then concentrated 50-fold by ultrafiltration through a pressurizecautologous and HLA-class |-mismatched LCLs, and the T-cell line
concentrator (Cole Parmer, Niles, IL) containing a disk with a molecularHSB-2, which is sensitive to killing by lymphokine-activated killer
weight cutoff of 500,000 kD. Aliquots of virus were frozen in liquid cells. To determine whether cytolysis was restricted by HLA class | or
nitrogen, then tested for their ability to transform peripheral B cells class I, target cells were preincubated for 30 minutes with 20 pg/mL of
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W6/32 (Dako), a monoclonal antibody that recognizes a monomorphigrimers (8 primer, 3-AACTTCAACCCACACCATCA-3'; 3' primer,
HLA class | determinant or CR3/43 (Dako), which recognizes HLA- 5'-TTCTGGACTATCTGGATCAT-3) led to amplification of a 115-bp
DR, -DP, and -DQ and blocks HLA class ll-restricted killing. In the segment of the EBNA2 gene; the reaction volume was 100 pL and
minority of patients in whom no antibody inhibition was obtained, the contained 1 pg PBMC DNA. The second PCR (template, 2 pL of the
cell line was depleted of CD56and CD18 cells to remove nonspecific ~ first-round product; total volume, 100 pL) used the sarngrbner, but
natural killer/antibody-dependent cytotoxic cell effectors, and thenthe 3 primer was 5-GGTGCATTGATTGGTCT-3, leading to amplifi-
retested (see later). cation of a 78-bp segment of the EBNA2 gene. The conditions for both
To determine whether EBV-specific CTL lines generated in this way rounds of amplification were 93°C for 1 minute, 55°C for 1 minute, and
would be able to recognize the EBV antigens expressed by Hodgkin's’2°C for 2 minutes for 25 cycles. We used the BL2/B95-8 cell line,
cells, we depleted patient CTLs of nonspecific (CDlhd CD56) which contains two integrated copies of EBV per cell, to determine the
killer cells using a FACStar (Becton Dickinson, San Jose, CA). A sensitivity of the nested PCR reaction by amplifying 0.1 ug BL2/B95-8
dermal fibroblast line was prepared from a normal donor, who shared®NA (representing=10 to 20 copies of EBV) diluted in 1 pg DNA from
HLA-A,B antigens with the patient. These fibroblasts were treated forthe EBV-negative cell line HSB-2.
24 hours with interferorny and infected for 1 hour with 5 plaque-
forming units of vaccinia virus recombinant containing one of the EBV RESULTS

genes, EBNAL, EBNA2, EBNA3a, EBNA3D, EBNA3c, EBNA-LP,  CTLs from patients with Hodgkin's disease expand slowly
LMP1, or LMP2a, or the control geng-galactosidase (all a gift of compared with those from healthy donord\le compared the

. . 22 ; . . ) _ _ _
B b, ot B e lectedl {CLinduced proferaton of T hmphocytes from Hodgkins
51Cr. The target cells were then washed five times and plateckat @ Patients (in remission or relapse) with normal donors. During

cells per well with effector cells to give effector:target ratios of 40:1, _the first 10_ tO_J_‘A' days’_ m_cunure’ the total cell number dl(_j not
20:1, 5:1, and 2.5:1. After 5 hours, supernatants were harvested anffc€@se significantly in lines from healthy donors or patients,
chromium release measured to determine specific cytotoxicity. presumably due to death of unresponsive T cells. During the
Immunophenotyping. For cell-surface phenotyping, the CTLs were Subsequent expansion phase in the presence of IL-2, cell counts
incubated with combinations of fluorescein isothiocyanate (FITC)- orof cultures from healthy donors  15) typically increased by
phycoerythrin (PE)-conjugated monoclonal antibodies to CD3, CD4,10-fold in the first 2 weeks and then slowed down. These
CD8, CD5, CD25 (Dako), HLA-DR, TCR®, CD16, CD56, CD19  kinetics are illustrated for two normal donors in Fig 1. After 16
(Becton Dickinson), or TCR (T-Cell Diagnostics, Cambridge, MA). \weeks in culture, CTLs from normal donors had expanded by a
Cells were analyzed on a FACScan flow cytometer. median of 1,500-fold (range, 130- to 5,000-fold). During the
To simultaneously stain T cells for CD3 (a cell-surface marker) andSame 16-week period, CTL cultures from patients in remission

TCR zeta (an intracytoplasmic antigen), PBMC were isolated and .
washed in phosphate-buffered saline (PBS). The cell pellet WaSEXpanded by a median of only 160-fold (range, 100- to

resuspended in 10 pL of a CD3-FITC monoclonal antibody (Dako) and?oo'fc’ld)' while thos_e from patients with relapsed disease
incubated for 10 minutes at room temperature in the dark. The celidncreased by a median of 80-fold (range, 20- to 100-fold).
were then washed once in PBS and fixed by incubating them in 0.019€espite this slower rate of expansion, addition of a mitogenic
formaldehyde (in PBS) for 20 minutes on ice. After four washes with cocktail (see Methods) allowed us to generate at ledSCTQs
ice-cold PBS, the cells were resuspended at 8(° cells/mL in 10 from four of five patients in remission and from five of nine
pg/mL digitonin (Sigma Chemicals, St Louis, MO; in PBS) and
incubated for 5 minutes on ice. The cells were pelleted, resuspended in

10 pL of a zeta-chain antibody (IgG1 unconjugated; Dako) or an
isotype-matched control, and incubated for 10 minutes at room 10!
temperature. After washing twice in 0.05% Tween-20 (in PBS), the cells
were resuspended in 10 pL rat antimouse IgG1-PE (Dako) and placed i
the dark for 10 minutes. The cells were then resuspended in PB¢  10'% normal
containing 1% formaldehyde and analyzed by flow cytometry. For v
LMP1 staining of biopsy materials, fixed sections were incubated with-2

()]
the CS1 to CS4 antibodies as describéd. g 109} o
i P4 remission
Frequency of EBV-specific precursorsTo compare the precursor =—
frequency of EBV-specific CTLs before and after CTL infusion, patient 8
PBMC were seeded at limiting dilution from:§ 10° to 5 X 107 cells 8 108} ] relapse
(o]
'_

per well (twofold dilutions) in 96-well plates. Each well was stimulated
with 10° autologous LCLs, and supplemented with* lifradiated
autologous PBMC feeder cells if the wells contained ©0 fewer 107
PBMC. After 6 weeks in culture, the responding cells were split into two

parts and assayed for cytotoxic activity against autologous and HLA-

mismatched LCLs; both target populations were labeled %&h. This 108 . . : )
extended duration of culture was required to grow testable numbers ¢ Y 5 10 15 20
CTLs from patient samplesPositive wells were scored on the basis of Weeks in Culture

=10% lysis of the cells; this value exceeded the mean spontaneous

release o¥Cr by 3 SD. The frequency of CTL precursors was estimated 79 - Growth kinetics of representative EBV-specific CTL cultures
. . from normal donors, 2 patients with Hodgkin’s disease in remission,
from the slope of a regression plot of the log percentage of negative - . . ; -
and 2 patients with relapsed disease. All CTL lines from Hodgkin’s

wells versus the number of responder lymphocytes.

: - f . patients required weekly stimulation with the four-component cock-
Detection of EBV DNA in patient PBMC.The level of EBV DNAin tail of IL-2, allogeneic irradiated PBMC, LCLs, and anti-CD3 from day

patient PBMC was assessed every 2 to 4 weeks after CTL infusion usings. Lines from normal donors received only IL-2. Total cell number is
a nested PCR to amplify a portion of the EBNA2 gene. The first pair ofillustrated as a log scale on the y-axis.
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patients with relapsed Hodgkin’s disease. This number of cellslso increased in CTLs from patients with relapsed disease, the
exceeded that required for our in vivo stuey. ratio remained subnormal (Fig 2).

Phenotype of CTL lines from patients with Hodgkin's disease. CTLs from Hodgkin's patients are HLA-restrictedTo verify
To determine whether the phenotype of CTL lines from the cytotoxic specificity of the CTL lines generated, we tested
Hodgkin’s patients might provide an insight into the mechanismthem against autologous and HLA class I-mismatched LCLs
of their low proliferative rate, we analyzed the CTL lines from and HSB-2 (the LAK-sensitive EBV-negative T-cell lym-
patients in the two study groups and compared them with linephoma). Table 2 shows the cytotoxicity of CTLs generated from
previously derived from normal individuat3.CTL lines from  patients with Hodgkin’s disease. The results are not different
normal individuals and patients with Hodgkin's disease exhib-from CTLs from normal donor# Thus, CTLs from Hodgkin’s
ited considerable heterogeneity with respect to the percentagesatients contained HLA-restricted components, as killing of
of CD56%, CD8', and CD4 cells and in their CD4/CD8 ratio, autologous LCLs was higher than that of HLA-mismatched
but were nonetheless broadly comparable. In lines from healthy.CLs. In six of 10 experiments, killing of autologous LCLs was
individuals, CD8§ cells ranged from 3% to 99% (median, 77%), inhibited by an anti-HLA class | monoclonal antibody, thereby
CD4 cells ranged from 2% to 98% (median, 19%), and*DR confirming the presence of HLA class I-restricted EBV-specific
cells ranged from 82% to 100% (median, 98%bhn lines from  CTL. Significant killing through class Il also occurred, since
Hodgkin's patients (Table 2), CD8cells ranged from 2% to inhibition was seen with antibody to class Il antigens (Table 2).
92% (median, 67%), CD4 cells ranged from 2% to 86% The level of LAK-activated killing varied from 0% to 77%
(median, 10%), and DR cells ranged from 73% to 100% (median, 26%) in CTL lines generated from healthy individuals
(median, 97.6%). The proportion of CD56ells was similarin  and from 21% to 86% (median, 38%) in CTL lines from
all groups and no phenotypic differences were observed in lineslodgkin’s patients (Table 2). Lines containing high levels of
from remission versus relapsed patients. The high proportion oLAK activity were often not sensitive to HLA-class | blocking
vd* cells seen in three of the nine lines was also seen in five oantibody. However, removal of CD56nd CD16 nonspecific
29 lines from normal individual& cytotoxic effector cells was able to reveal class I/ll-restricted

The level of TCR zeta chain is abnormally low in Hodgkin’s killing of autologous EBV LCLs, even when bulk cultures were
patients. Because the cytoplasmic portion of the TCR zetaapparently major histocompatibility complex (MHC)-unre-
chain is involved in signal transduction and subsequent activastricted (Fig 3). This phenomenon has been reported previously
tion and proliferation of T cells, downregulation of this chain in EBV-specific CTLs generated from normal dondts.
may result in the decreased ability of patient T cells to make a Hence, EBV-specific CTLs generated from patients with
proliferative response to autologous LCLs. By comparison withHodgkin's disease in relapse or remission were similar in
unstimulated T cells from normal donors, those from patientsactivity to those generated from normal individuals, even
with relapsed or remission status Hodgkin's disease expressetiough the lines from patients had been in culture longer and
less TCR zeta chain (Fig 2). Normal donors had a zeta:epsilohad required exposure to the mitogenic cocktail for expansion.
ratio of 0.90. In contrast, patients in remission had a ratio ofHaving shown that we could generate EBV-specific CTLs with
0.75, and relapse patients had a greatly reduced ratio,P.88 ( normal phenotype and cytotoxicity from Hodgkin’s patients, we
.03 for comparisons with normals), which corresponded to theitested the function of these CTLs in vivo by gene modifying
poor proliferative response. Evaluation of TCR zeta-chainthem and infusing them into three patients with multiply
expression in T cells cultured for 10 days in the presence of IL-2relapsed disease.
showed expression levels of CTLs from remission patients had Infused CTLs persist in vivo for more than 13 weekfo
increased versus normal levels. While zeta-chain expressiotrack the persistence of infused CTLs, they were genetically

Table 2. Characteristics of CTL Lines Generated From Patients With Hodgkin’s Disease

% Specific Lysis % Inhibition of Autologous LCL Phenotype

Patient Status Autologous LCL MM-LCL HSB-2 Class | Class Il CD4+* CD8" vo
1, Relapse 78 7 34 49 20 3 92 0.2
2, Relapse 62 8 38 61 3 10 89 1
3, Relapse 22 21 7 0 55 19 55 5
4, Remission 65 8 24 57 8 5 84
5, Remission 17 18 66 0 46 86 2 0.4
5, Relapse 19 17 78 0 37
6, Relapse 36 12 52 22 17 2 58 59
8, Remission 58 0 21 62 21 5 82
12, Remission 43 9 29 51 0 17 60 67
13, Relapse 57 35 86 ot ot 17 67 16
Median 43 9 38 22 17 10 67 5
Range 17-78 0-21 21-86 2-86 2-92 0.2-67
Normal donors?

Median 40 13 26 19 77 2

Range 12-88 0-67 21-86 2-98 3-99 0-34

Inhibition seen after depletion of CD16* and CD56* cells: see text and Fig 7.
Abbreviation: MM, mismatched.
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Fig 2. Level of TCR zeta chain is abnormally low s 04 I

in fresh, unstimulated T cells from patients either in N 03 |
remission of Hodgkin’s disease or with relapsed 02
disease v that in T cells from normal donors (OJ). “r
Stimulation of T cells with IL-2, anti-CD3, and HLA- 01
mismatched PBMC resulted in upregulation of the 0
TCR zeta-chain expression as assessed by FACs I — S
analysis (H). Normal Remission Relapse

marked with a retrovirus containing the neomycin resistanceeffector cells, suggesting that an increase in classical MHC-
gene (eq. The efficiency of gene marking of CTLs generated restricted CTL activity was responsible for the observed in-
from Hodgkin’s patients was 0.5% to 10%, identical to that crease in autologous LCL target killing.

obtained in normal donor CTLs and sufficient for detection in It is possible that the increase in the EBV-specific precursor
vivo in stem-cell transplant recipient§.In patient no. 1, the frequency and CTL activity could be accounted for by a general
neogene was detectable in PBMC for 12 weeks after the initialimprovement in immune function after cessation of chemother-
dose of 2X 107/m? EBV-specific CTLs (Fig 3A). As the apy at least 1 month previously. To determine whether the
marking efficiency of the CTL line was 2% and 0.002% of the infused CTLs contributed to this immunologic improvement,
PBMC were positive foneq approximately one of every 1,000 the frequency of marked CTLs in lines reactivated from patients
circulating PBMC was derived from the infused cell line. no. 1 and 13, 1 and 2 months after infusion, was compared with
Patient no. 2 had a similar level afeo signal in PBMC, the frequency of marked cells in the infused CTL lines.
persisting in this case for 10 weeks after the initial dose, whileSemiquantitative PCR analysis showed that the marking effi-
in patient no. 13, marked cells were detected in peripheral bloodiency of the infused lines was between 5% and 10% and that of
for more than 13 weeks (the duration of the study). Moreover, inthe reactivated CTL lines was between 2% and 10%. Thus, a
patient no. 13, who had extensive pleural involvement withsignificant portion of the immune response to EBV was derived
Reed Sternberg cells, marker signal was detected in the pleurédom the infused CTL line, suggesting that a major portion of
fluid at a 10-fold higher level than in peripheral blood, the immunologic improvement and antiviral effects was due to
indicating that the infused CTLs can traffic to sites of active CTL infusion.

disease (Fig 3B). Infused EBV-specific CTLs have antiviral activity in vivo.
We next looked for evidence that these CTLs were func-To demonstrate the in vivo antiviral activity of these circulating
tional. cytotoxic cells, we used semiquantitative nested PCR analysis

EBV-specific CTLs activity increases after infusion of in vitro to calculate the viral burden in peripheral blood before and after
cultured CTLs. In patient no. 1, sufficient PBMC were avail- infusion. In more than 50 healthy individuals, the number of
able at multiple time points after infusion to determine whetherEBV DNA genomes ranged from fewer than 20 to 2,000 copies
CTL infusion increased the proportion of circulating EBV- per 1¢ PBMC825Before CTL infusion, the level of EBV DNA
specific cytotoxic precursor cells (CTLp), showing an enhancedn patient no. 1 was consistent with a genome number of 30,000
cell-mediated immune response to EBV. Figure 4 shows thaper 1¢ PBMC (Fig 3A). This 15-fold higher than normal level
following two doses of 2< 107/m? EBV-specific CTLs 2 weeks was within the range seen for stem-cell transplant recipients
apart, the CTLp frequency increased from one in 10,000 PBMGwith immunoblastic lymphom&82°>As shown in Fig 3A, the
to one in 1,000 within 3 weeks of the second CTL infusion, level of EBV DNA decreased dramatically after CTL infusion
thereby reaching the range found in healthy dodbrghe and was undetectable after 4 weeks. Associated with this drop in
number of MHC-unrestricted cytotoxic effector precursors EBV DNA, the patient showed improvement of stage B
remained constant, as shown by the minimal change in theymptoms, with increased appetite and resolution of fever and
proportion of CTLp that killed HLA-mismatched LCL (Fig 4). sweats; there was also stabilization of his pulmonary disease.

In addition to the increase in CTLp frequency, Fig 5 shows These effects were not due to concomitant chemotherapy, as the
that the CTL activity, tested after culture with autologous LCLs, patient had received no other treatment for 4 weeks before or 6
also increased in vivo. PBMC from patient no. 1 cultured beforeweeks postinfusion. In fact, the viral load in the peripheral
CTL infusion showed a low level of cytotoxic activity (1% blood of this patient subsequently increased coincident with
killing of autologous LCLs at an effector:target ratio of 40:1). readministration of chemotherapy, at 6 weeks postinfusion (the
This level of killing increased substantially in PBMC drawn and end of the evaluation period) (Fig 3A). Patient no. 2 had
cultured 4 weeks and 8 weeks after infusion (28% killing of insufficient blood counts to allow measurement of EBV DNA
autologous LCLs at the same effector:target ratio). There wasevels, but experienced improvement in stage B symptoms
little effect on the activity of MHC-unrestricted cytotoxic before the institution of further chemotherapy and disease
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Fig 3. Analysis of PBMC for evidence of the neo marker and for EBV
DNA. (A) Levels of neo DNA are shown in the upper portion. They were
measured by semiquantitative PCR analysis of 1 pg total DNA at various
time points after the second CTL infusion. Lower portion shows EBV
DNA in PBMC for the corresponding time points. Levels of EBNA 2 DNA
were measured by nested semiquantitative PCR analysis of 1 pg total
DNA. (B) Detection of marker gene in pleural fluid of patient no. 13, 3
weeks after CTL infusion. Detection in the infused CTL line and blood
obtained on the same day are shown for comparison.
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Fig 4. Increase in EBV-specific CTL precursors after two infusions
of CTL in a patient with relapsed Hodgkin’s disease (—). CTL precur-
sor frequencies (per 106 PBMC) were measured immediately before
and for as long as 49 days after the infusion of the T cell lines.
Frequency of precursors specific for autologous LCL increased by
10-fold. However, proportion of precursors able to kill allogeneic LCL
changed only minimally, indicating that the observed increment in
cytotoxicity was due to activity of “classical” CTL, rather than to
MHC-unrestricted killer cells (---).
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with Hodgkin’s disease have efficacy against circulating EBV-
infected cells. To discover whether they may have activity
against the EBV proteins expressed by the tumor cells, the
CTLs infused into patient no. 13 were tested for their ability to
kil HLA-matched fibroblasts that had been infected with
vaccinia recombinants and expressed each of the EBV latent
cycle proteins individually. Figure 6 shows that following
depletion of nonspecific CD56and CD16 cytotoxic cells, the

line contained both HLA class | and class ll-restricted CTLs
that killed not only the autologous and an HLA-A2, -A3, -B35,
and -DR1-matched LCL from donor HH, but also HH fibro-
blasts that were expressing LMP2a, confirming the presence of
effector cells able to recognize at least one of the antigens
present on Hodgkin’s tumor cells.

DISCUSSION

The results presented here show the feasibility of generating
and infusing EBV-specific CTLs in patients with advanced
Hodgkin’s disease. Global unresponsiveness to EBV antigens
clearly cannot account for the persistence of EBV-positive
tumor cells in Hodgkin's patients. Frisan et%apreviously
showed that EBV-specific CTL lines can be generated from
patients with EBV-positive Hodgkin's disease at the time of
their diagnosis, and Sing et?alshowed that such lines may
contain clones with specificity for LMP1 and LMP2. We have
now shown that EBV-specific cellular immunity can be detected
and expanded in vitro even from patients with active disease

progression. In patient no. 13, EBV burden was at an initialWhe have had multiple relapses, that these cell lines may be

level of 400 EBV genomes per 40PBMC, but fell to

LMP2a-specific, and that they have antiviral function in vivo.

undetectable levels by 19 days after the first infusion. These Although the EBV-specific (,:T'- lines generated from pa-
effects were again produced in the absence of intensivdients with relapsed Hodgkin's disease are phenotypically

chemotherapy*4 weeks before and after).

similar to those generated from normal donors, the expansion

CTLs from patients with Hodgkin's disease contain LMP2a- rate and proliferative potential of the lines from patients is much
specific clones. These data, showing reduction in viral burden, '0Wer. This may result in part from their suboptimal expression
suggest that the EBV-specific CTL lines derived from patientsOf the TCR zeta chaitf. The TCR zeta chain contributes to the

30,
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Fig 5. Increased anti-EBV activity after CTL infusion. Immediately
before and at 6, 8, and 16 weeks after the first infusion of CTL,
cytotoxic T-cell lines were generated from the PBMC of a patient with
relapsed Hodgkin’s disease by culturing the cells with autologous
LCLs (see Methods). The data, presented as percentage of 51Cr release
from autologous LCLs at an effector:target ratio of 20:1, demonstrate
a maximum 28-fold rise in anti-EBV activity following CTL infusion
(M). There was no significant increase in MHC-unrestricted activated
killer activity as demonstrated by there being no increase in the
percentage of 5Cr release from HLA-mismatched LCL targets (OJ).
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Fig 6. EBV antigen-specificity of patient no. 13 CTL line after
depletion of CD56+ and CD16* cells. Targets were the autologous
LCLs, HH-LCL that was HLA-matched at HLA-A2, -A3, -B35, and -DR1,
and HH-derived dermal fibroblasts that had been infected with

vaccinia recombinants expressing each of the EBV latency-associated
proteins. Killing at an effector:target ratio of 20:1 is shown.
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assembly of the CD3 complex, and its cytoplasmic domain isspecific CTLs during the time period studi¥d* Because the
involved in signal transduction and subsequent activation andirst two patients received cytotoxic drugs after the T-cell
proliferation of T cell$?® Hence, decreased expression of the infusion, we do not know whether an antitumor effect was
TCR zeta chain results in abnormal activation through theproduced in addition to the antiviral effect. However, both
TCR/CD3 complex and in depressed T-cell respoAs&sur individuals had resolution of type B symptoms after infusion.
results, showing decreased expression of the TCR zeta chain iRatient no. 13 received no additional intensive chemotherapy
peripheral blood lymphocytes from Hodgkin's patients, agreeand has stable disease greater than 4 months after CTL infusion.
with results from Rubin et & and also show that the severity of ~ Even though EBV-specific T cells can be generated from
the impairment correlates with the disease status. The TCR zetaatients with advanced Hodgkin’s disease, and even though
chain defect can be corrected in vitro by allostimulaidand  these cells survive and have antiviral function in vivo can we
our results show that it may also be reversed by IL-2 when thenticipate that this approach will successfully treat EBV-
EBV-specific CTL lines are generated from patients in remis-positive Hodgkin’s disease? While we are actively exploring
sion. However, the defect is only partially correctable in this possibility, there remain a number of mechanisms by which
patients with relapsed disease. Hodgkin’s cells may evade even a high-level, adoptively
Despite this relatively limited proliferative potential, we have transferred anti-EBV response. EBV-positive Hodgkin’s tumor
shown that it is feasible to obtain substantial ex vivo expansiorcells express only three EBV latency proteins, EBNAL, LMP1,
of EBV-specific T cells from nine of 13 patients with advanced and LMP2. In contrast, immunoblastic lymphoma cells, which
Hodgkin’s disease, and that these cells have normal cytotoxiare highly susceptible to CTL activity, express five additional
activity against autologous EBV-infected B-cell lines. Using antigens, LP and EBNA2, 3A, 3B, and 3&32In the majority
gene marking, we were able to compare the in vivo performancef cases, memory CTL responses are preferentially directed
of autologous CTLs in Hodgkin’s patients with that of normal against the highly immunogenic EBNA3A, 3B, and 3C anti-
donor-derived CTLs in allogeneic stem-cell recipiefitsnoni- gens, irrespective of the patient's HLA type. By comparison,
toring their survival in vivo and assessing their function EBNA1 and LMP1 and LMP2 are usually only weakly immuno-
directly. If EBV-positive Hodgkin's disease resists endogenousgenic. EBNAL contains a repeating gly-ala amino acid sequence
cytotoxic T-cell activity because of a systemic effect on CTL that inhibits processing and presentation of the EBNA1 antigen
survival or activity, then this in vivo study of patients with by HLA class | antigeng3 The reason for the limited immuno-
Hodgkin’s disease should have shown reduced survival andenicity of LMP1 and LMP2 is less clear, since both contain
diminished antiviral activity of CTLs compared with that of CTL epitopes that are presented, at least in the context of the
CTLs in our previous studies of bone marrow transplantHLA-A2.1, -B24, -B40, -B51, and -B55 allel&33* An EBV-
patients’8 In fact the marker signal in the peripheral blood of specific immune response may thus simply fail to recognize the
the three patients with Hodgkin's disease persisted for 10, 12EBV antigens expressed by Hodgkin's cells. While this possibil-
and greater than 13 weeks in the first three patients, which isty remains a concern, three lines of evidence suggest that CTLs
within the range of the duration of the marker signal observed inffrom patients with Hodgkin’s disease can exhibit activity
the peripheral blood of stem-cell transplant recipients in ouragainst at least one of the EBV antigens expressed by the tumor
previous study:® Marked cells were also found in fluid obtained cells. First, we demonstrated LMP2a-specific activity in the
from involved pleura at levels 10-fold higher than peripheral CTL line from patient no. 13. Second, the infused CTL lines
blood, implying infused CTLs are able to traffic to sites of reduced the virus burden, suggesting activity either against the
disease. An alternative explanation for the observed improvetumor cells or against EBV-infected normal B cells in which
ments in immune responses to EBV and antiviral effects is thabnly the LMP2 gene product can be detecte#. Finally
patient endogenous immune responses recovered after cessatioMP1- and LPMP2-specific CTLs may be isolated from
of chemotherapy, which had occurred at least 4 weeks beforpatients with Hodgkin’s diseagé.
CTL infusion. However, the high level of gene-marked CTLsin  While these results offer promise for CTL therapy of
the lines reactivated from two patients postinfusion suggestedHodgkin’s disease, the tumor may evade killing by other
that a major part of the immune response was derived from thenechanisms. Many Hodgkin's tumors have mutations within
infused CTLs. the 3 region of the LMP1 oncogene, including a 30-bp deletion
The cells transferred during the present study functionedand a high frequency of nonrandom point mutatig$.These
normally, producing an increase in the EBV-specific cytotoxic mutations may further reduce the antigenicity of LMP1 or
activity of peripheral blood lymphocytes and a decline in the create epitopes that are not recognized by CTLs specific for
viral burden in the peripheral blood. While it is uncertain wild-type LMP1. Other factors, such as impaired antigen
whether supranormal levels of EBV DNA seen in many patientspresentatiof’-3° or downregulation of HLA class | molecules,
with EBV-positive Hodgkin’s disease is a measure of circulat-may also protect Hodgkin’s cells. Of note, most of the
ing tumor cells or reflects poor control of EBV-infected normal patient-derived CTL lines described here contained HLA class
B cells, it is evident from our data that the virally infected cells ll-restricted CTLs, which may remain active against class
can be controlled by infused EBV-specific CTLs. The infused I-negative cells.
cells must therefore be able to recognize one or more of the Many barriers may remain to prevent the successful therapy
EBV antigens expressed by the tumor (EBNAL, LMP1, LMP2) of EBV-positive Hodgkin’s disease using virus-specific CTLs.
or by circulating normal B cells (LMP2 onlyf:31 These data Nonetheless, our demonstration that it is possible to generate
demonstrated that the EBV-infected Hodgkin’s tumor cells didEBV-specific CTLs from patients with advanced Hodgkin's
not decrease survival or inhibit the function of infused EBV- disease, that these cells survive and function in vivo, and that

20z dunr g0 uo isanb Aq Jpd'5z62/91¥S791/5262/8/16/4pd-al01E/pO0|qABU"SUOHEDIIgNdYSE//:d}y WOy papeojumog



EBV-SPECIFIC CTL TO TREAT EBV-POSITIVE HODGKIN’S DISEASE 2933

may be directed to the subdominant viral epitopes expressed by 17. Smith CA, Ng CYC, Heslop HE, Holladay MS, Richardson S,
Hodgkin’s cells, provides reason to hope that such cytotoxicTume_r EV, Loftin_ SK, Li C, Bren_n_er MK, R09ney CM: Production _Of
T-cell therapy will become a useful adjunct to conventional genetically modified EBV-specific cytotoxic T cells for adoptive

treatments for EBV-positive Hodgkin’s disease. trgnsfer to patients at high risk of EBV-associated lymphoproliferative
disease. J Hematother 4:73, 1995
ACKNOWLEDGMENT 18. MacMahon EME, Glass J.D, Hayward SD,'Mann RB, Bgcker PS,
) Charache P, McArthur JC, Ambinder RF: Epstein-Barr virus in AIDS-
We acknowledge Nancy Parnell for word processing. related primary central nervous system lymphoma. Lancet 338:969,
1991
REFERENCES

19. Miller G, Lipman M: Release of infectious Epstein-Barr virus by
1. Weiss LM, Movahed LA, Warnke RA, Sklar J: Detection of transformed marmosetleukocytes. Proc Natl Acad Sci USA70:190, 1973
Epstein-Barr viral genomes in Reed-Sternberg cells of Hodgkin's 20. Rickinson AB, Rowe M, Hart I, Yao QY, Henderson LE, Rabin
disease. N Engl J Med 320:502, 1989 H, Epstein MA: T cell-mediated regression of “spontaneous” and of
2. Chang KL, Albujar PF, Chen YY, Johnson RM, Weiss LM: High Epstein-Barr virus-induced B cell transformation in vitro: Studies with
prevalence of Epstein-Barr virus in the Reed-Sternberg cells ofcyclosporin A. Cell Immunol 87:646, 1984
Hodgkin's disease occurring in Peru. Blood 81:496, 1993 21. Riddell SR, Greenberg PD: The use of anti-CD3 and anti-CD28
3. Weinreb M, Day PJ, Niggli F, Green EK, Nyong'o AO, Othieno- monoclonal antibodies to clone and expand antigen specific T cells. J
Abinya NA, Riyat MS, Raafat F, Mann JR: The consistent associationlmmunol Methods 128:189, 1990
between Epstein-Barr virus and Hodgkin's disease in children in Kenya. 22. Murray RJ, Kurilla MG, Brooks JM, Thomas WA, Rowe M,
Blood 87:3828, 1996 Kieff E, Rickinson AB: Identification of target antigens for the human
4. Raab-Traub N: Epstein-Barr virus and nasopharyngeal carcinomecytotoxic T cell response to Epstein-Barr virus (EBV): Implications for
Semin Cancer Biol 3:297, 1992 the immune control of EBV-positive malignancies. J Exp Med 176:157,
5. Magrath [, Jain V, Bhatia K: Epstein-Barr virus and Burkitt's 1992
lymphoma. Semin Cancer Biol 3:285, 1992 23. Smith CA, Ng CYC, Loftin SK, Li C, Heslop HE, Brenner MK,
6. Thomas JA, Allday M, Crawford DH: Epstein-Barr virus- Rooney CM: Adoptive immunotherapy for Epstein-Barr virus-related
associated lymphoproliferative disorders in immunocompromised indi-lymphoma. Leuk Lymphoma 23:213, 1996
viduals. Adv Cancer Res 57:329, 1991 24. Bourgault |, Gomez A, Gomard E, Levy JP: Limiting-dilution
7. Rooney CM, Smith CA, Ng C, Loftin SK, Li C, Krance RA, analysis of the HLA restriction of anti-Epstein-Barr virus-specific
Brenner MK, Heslop HE: Use of gene-modified virus-specific T cytolytic T lymphocytes. Clin Exp Immunol 84:501, 1991
lymphocytes to control Epstein-Barr virus-related lymphoproliferation.  25. Rooney CM, Loftin SK, Holladay MS, Brenner MK, Krance RA,
Lancet 345:9, 1995 Heslop HE: Early identification of Epstein-Barr virus-associated post-
8. Heslop HE, Ng CYC, Li C, Smith CA, Loftin SK, Krance RA, transplant lymphoproliferative disease. Br J Haematol 89:98, 1995
Brenner MK, Rooney CM: Long-term restoration of immunity against  26. Frisan T, Sjoberg J, Dolcetti R, Boiocchi M, De Re V, Carbone A,
Epstein-Barr virus infection by adoptive transfer of gene-modified Brautbar C, Battat S, Biberfeld P, Eckman M, Ost A, Christensson B,
virus-specific T lymphocytes. Nat Med 2:551, 1996 Sundstrom C, Bjorkholm M, Pisa P, Masucci MG: Local suppression of
9. Beaty O, Hudson MM, Greenwald C, Luo X, Fang L, Wilimas JA, Epstein-Barr virus (EBV)-specific cytotoxicity in biopsies of EBV-
Thompson El, Kun LE, Pratt CB: Subsequent malignancies in childrenpositive Hodgkin's disease. Blood 86:1493, 1995
and adolescents after treatment for Hodgkin's disease. J Clin Oncol 27. Sing AP, Ambinder RF, Hong DJ, Jensen M, Batten W, Peters-
13:603, 1995 dorf E, Greenberg PD: Isolation of Epstein-Barr virus (EBV)-specific
10. Slivnick DJ, Ellis TM, Nawrocki JF, Fisher RI: The impact of cytotoxic T lymphocytes that lyse Reed-Sternberg cells: Implications
Hodgkin's disease on the immune system. Semin Oncol 17:673, 1990 for immune-mediated therapy of EBV Hodgkin’s disease. Blood
11. Renner C, Ohnesorge S, Held G, Bauer S, Jung W, Pfitzenmeie89:1978, 1997
JP, Pfreundschuh M: T cells from patients with Hodgkin's disease have 28. Wange RL, Samelson LE: Complex complexes: Signaling at the
a defective T-cell receptor zeta chain expression that is reversible by CR. Immunity 5:197, 1996
T-cell stimulation with CD3 and CD28. Blood 88:236, 1996 29. Rubin B, Martin EPG, Arnaud J, Delsol G, Plesner T, Ratsim-
12. Herbst H, Foss H, Samol J, Araujo |, Klotzbach H, Krause H, bazafy A, Llobera R, Holm B, Mariame B: Expression and signal
Agathanggelou A, Niedobitek G, Stein H: Frequent expression oftransduction of T-cell antigen receptor (TCR)/CD3 complexes on fresh
interleukin-10 by Epstein-Barr virus-harboring tumor cells of Hodgkin's or in vitro expanded T lymphocytes from patients with Hodgkin’s
disease. Blood 87:2918, 1996 disease and non-Hodgkin’s lymphomas. Scand J Immunol 45:715, 1997
13. Strand S, Hofmann WJ, Hug H, Muller M, Otto G, Strand D, 30. Qu L, Rowe DT: Epstein-Barr virus latent gene expression in
Mariani SM, Stremmel W, Krammer PH, Gale PR: Lymphocyte uncultured peripheral blood lymphocytes. J Virol 66:3715, 1992
apoptosis induced by CD95 (APO-1l/fas) ligand-expressing tumor 31. Miyashita EM, Yang B, Babcock GJ, Thorley-Lawson DA:
cells—A mechanism of immune evasion? Nat Med 2:1361, 1996 Identification of the site of Epstein-Barr virus persistence in vivo as a
14. Gimmi CD, Morrison BW, Mainprice BA, Gribben JG, Boussio- resting B cell. J Virol 71:4882, 1997
tis VA, Freeman GJ, Lee Park SY, Watanabe M, Gong JL, Hayes DF, 32. Rickinson AB, Kieff E: Epstein-Barr virus, in Fields BN, Knipe
Kufe DW, Nadler LM: Breast cancer-associated antigen, DF3/MUC1,DM, Howley PM (eds): Fields Virology. Philadelphia, PA, Lipincott-
induces apoptosis of activated human T cells. Nat Med 2:1367, 1996 Raven, 1996, p 2397
15. Herbst H, Dallenback F, Hummel M, Niedobitek G, Pileri S,  33. Levitskaya J, Coram M, Levitsky V, Imreh S, Steigerwald-
Nuller-Lantzsch N, Stein H: Epstein-Barr virus latent membrane proteinMullen PM, Klein G, Kurilla MG, Masucci MG: Inhibition of antigen
expression in Hodgkin and Reed-Sternberg cells. Proc Natl Acad Scprocessing by the internal repeat region of the Epstein-Barr virus
USA88:4766, 1991 nuclear antigen-1. Nature 375:685, 1995
16. Khanna R, Burrows SR, Kurilla MG, Jacob CA, Misko IS,  34. Lee SP, Thomas WA, Murray RJ, Khanin F, Kaur S, Young LS,
Sculley TB, Kieff E, Moss DJ: Localization of Epstein-Barr virus Rowe M, Kurilla M, Rickinson AB: HLA A2.1-restricted cytotoxic T
cytotoxic T cell epitopes using recombinant vaccinia: Implications for cells recognizing a range of Epstein-Barr virus isolates through a de-
vaccine development. J Exp Med 176:169, 1992 fined epitope in latent membrane protein LMP2. J Virol 67:7428, 1993

20z dunr g0 uo isanb Aq Jpd'5z62/91¥S791/5262/8/16/4pd-al01E/pO0|qABU"SUOHEDIIgNdYSE//:d}y WOy papeojumog



2934 ROSKROW ET AL

35. Knecht H, Bachmann E, Joske JL: Molecular analysis of the 37. de Campos-Lima PO, Torsteinsdottir S, Klein G, Solitzeau D,
LMP (latent membrane protein) in Hodgkin’s disease. Leukemia 7:580,Masucci MG: Antigen processing and presentation by EBV carrying
1993 cell lines. Phenotype dependence and influence of the EBV encoded

36. Knecht H, Bachmann E, Brousset P, Sandvej K, Nadal D,LMPL1. IntJ Cancer 53:856, 1993
Bachmann F, Odermatt BF, Delsol G, Pallesen G: Deletions within the 38. Poppema S, Viser L: Absence of HLA class | expression by
LMP1 oncogene of EBV are clustered in Hodgkin's disease andReed-Sternberg cells. Am J Pathol 145:37, 1995
identical to those observed in nasopharyngeal carcinoma. Blood 39. Lombardi G, Sidhu S, Batchelor R, Lechler R: Anergic T cells as
82:2937, 1993 suppressor cells in vitro. Science 264:1587, 1994

20z dunr g0 uo isanb Aq Jpd'5z62/91¥S791/5262/8/16/4pd-al01E/pO0|qABU"SUOHEDIIgNdYSE//:d}y WOy papeojumog



