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| solation of Epstein-Barr Virus (EBV)-Specific Cytotoxic T Lymphocytes
That Lyse Reed-Sternberg Cells: Implications for Immune-Mediated
Therapy of EBV* Hodgkin’s Disease

By Amy P. Sing, Richard F. Ambinder, Doley J. Hong, Michael Jensen, Wendy Batten,
Effie Petersdorf, and Philip D. Greenberg

A subset of Hodgkin’s disease (HD) patients have detectable
Epstein-Barr virus (EBV) genomes in the malignant Reed-
Sternberg (R-S) cells. R-S cells express only a limited set of
latent EBV proteins, but only LMP1 and LMP2 can potentially
elicit a CD8* cytotoxic T-lymphocyte (CTL) response. We
have evaluated if either of these proteins could be used as
targets for specific adoptive T-cell therapy for EBV-positive
(EBV*) HD. The success of this strategy requires that R-S
cells are susceptible to lysis by CD8* CTL, and that CTL spe-
cific for LMP1 and LMP2 can be detected and potentially
amplified in HD patients. Antigen presentation and CTL sen-
sitivity was evaluated with an in vitro maintained, phenotyp-
ically representative R-S cell line, HDLM-2. The R-S cells were
able to process and present viral proteins, and to be effi-
ciently lysed by specific CTL in a Class I-restricted manner.

ODGKIN’ S DISEASE (HD) is alymphoma character-
ized by the presence of the large multinucleated Reed-
Sternberg (R-S) cell or its mononuclear Hodgkin cell variant
within a cellular background of reactive leukocytes in the
affected lymph node. Current therapeutic regimens combin-
ing radiation and chemotherapy have rendered early-stage
disease imminently curable'* and achieved a significant im-
provement in cure rates for advanced-stage disease. How-
ever, patientswith recurrent or refractory disease treated with
intensive regimens continue to have a long-term disease-
free survival of less than 30%,*® and alternative therapeutic
strategies are thus needed, particularly ones that lack over-
lapping toxicities with chemoradiotherapy.

Our laboratory has evaluated the treatment of human viral
diseases by the adoptive transfer of virus-specific T-cell
clones and demonstrated the potential efficacy of this strat-
egy.”® Application of this approach to the treatment of hu-
man malignancies has been hindered by difficultiesin identi-
fying immunogenic target antigens on tumor cells, although
some success has recently been achieved, particularly with
melanoma, by using tumor-reactive T cells isolated from
patients to probe for relevant target antigens.®° In viral-
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Since CTL responses to LMP1 and LMP2 do not represent
the dominant responses to EBV, we examined if CTL clones
specific for these proteins could be isolated despite the pres-
ence of weak or nondetectable responses in polyclonal T-cell
lines. LMP-specific clones were generated from individuals
either by cloning from the polyclonal EBV-reactive T-cell
lines or by direct stimulation of peripheral blood mononu-
clear cells (PBMC) with cells expressing LMP1 or LMP2 as
the only EBV protein. Our ability to isolate CTL specific for
LMP proteins from individuals with HD and the sensitivity
of R-S cells for CTL-mediated lysis suggest that the pursuit
of specific adoptive immunotherapy represents a viable
strategy for the subset of HD patients with EBV* tumors.
© 1997 by The American Society of Hematology.

associated malignancies, the expressed viral proteins repre-
sent potential targets for specific tumor therapy. A well-
known transforming virus, Epstein-Barr virus (EBV), has
been linked epidemiologically to HD for decades,™** and
more recently, EBV genomes have been detected in the ma-
lignant R-S cells of 40% to 60% of EBV-seropositive
(EBV*) HD patients.**” The pattern of viral protein expres-
sion in (EBV*) R-S cells differs from EBV-transformed B
cellsin that it is restricted to a limited set of latent proteins,
EBNA 1, LMP1, and LMP2,*%% two of which, EBNA 1
and LMP1, have been shown to have oncogenic potential 2%

Effective treatment of HD with specific CD8" T cells
requires satisfying several conditions in addition to expres-
sion of novel viral proteins by the tumor. First, R-S cells
must not evade immune recognition by losing the expression
of Class | molecules or the ability to process and present the
viral antigens with Class | molecules on the cell surface for
recognition by potentially reactive T cells. Analysis of Class
| expression in R-S cells isolated from HD lymph nodes has
shown that R-S cells express abundant Class | molecules in
at least 50% of the cases.” Second, the viral antigens must
be immunogenic and capable of eliciting CD8" responses.
Studies have suggested that the EBV proteins expressed in
R-Scellsare, at best, poor immunogens. Several laboratories
have evaluated T-cell responses to EBV and demonstrated
that most individuals exhibit an immunodominant cytotoxic
T-lymphocyte (CTL) response specific for the EBNA 2 and
EBNA 3 proteins.**? Weaker CTL responses to LMP1 and
LMP2, two of the proteins expressed in R-S cells, have been
detected in the peripheral blood, and analysis of T cells
derived from lymph nodes of six HD patients with EBV™*
tumors failed to detect LMP-reactive T cells.®® CD8* CTL
responses to EBNA 1, the third EBV protein expressed in
R-S cells, have not been isolated, apparently because this
protein contains a region of unique glycine-alanine repeats
that may interfere with the processing of the protein via the
Class | pathway.” Additional but less likely mechanisms of
evasion used by EBV™ R-S cells may include defects in the
processing of EBV proteins or in T-cell signaling that could
account for defective immune-mediated killing.
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ISOLATION OF EBV-SPECIFIC CTL

We have initiated preclinical studies with the purpose of
developing a specific T-cell therapy for HD. Our results
suggest that despite the presence of only weak or nondetect-
able responses to LMP1 and LMP2 in the CTL polyclonal
population reactive to EBV, it is possible to isolate and
expand such CTLs from the peripheral blood of both normal
individuals and HD patients. Moreover, using an in vitro
derived R-S cell line that has been extensively characterized
and shown to be morphologically, antigenically, and molecu-
larly representative of R-S cells isolated from biopsies,?® we
demonstrate that Class | —positive R-S cells can present viral
antigens and be sensitive to EBV-specific CTL. Thus, the
adoptive transfer of viral-specific CTL may be a feasible
strategy for a subset of (EBV*) HD patients.

MATERIALS AND METHODS

R-Scell lines. The R-S cell line HDLM-2 established in 1982
from the pleura effusion of a 74-year-old man with stage |V nodular
sclerosing HD was obtained from Dr Hans Drexler (German Collec-
tion of Microorganisms and Cell Cultures, Department of Human
and Animal Cell Cultures, Braunschrreig, Germany). The line is
maintained in vitro as asingle-cell suspension in RPMI 1640 supple-
mented with 20% fetal calf serum (FCS) (Gemini Bio-Products Inc,
Calabasas, CA), 50 U/mL penicillin, 50 pg/mL streptomycin, 4
mmol/L L-glutamine, and 25 mmol/L S-mercaptoethanol.

HLAtyping. HDLM-2 and HD patients were typed serologically
by the HLA tissue-typing laboratory at the Fred Hutchinson Cancer
Research Center (FHCRC). Molecular HLA typing of HDLM was
performed in the Immunogenetics L aboratories at the FHCRC. HLA-
A, -B, and -C aleles were assigned by amplification and direct
sequencing of exons 2 (a1 domain) and 3 («2 domain) from genomic
DNA.?% Al alleles recognized by the World Health Organization
Nomenclature Committee® are identified by this method, with the
exception of A*0201 and A*0209, which differ only in exon 4 (a3
domain). In brief, locus-specific amplification of HLA-A genes was
performed with a5’ intron 1 and 3’ intron 3 consensus primer. Four
5’ primers designed to exon 2 were paired with the 3’ intron primer
to amplify specific groups of HLA-A aleles® Amplification of
HLA-B and HLA-C genes was performed as previousy de-
scribed.?*% Amplified templates were sequenced and HLA-A, HLA-
B, and HLA-C aleles were assigned by previously published meth-
Ods_29,30

Immunophenotyping. Class| expression by HDLM-2 was deter-
mined by staining with monoclonal antibodies (MoAbs) specific for
either the Class | molecule (W6/32; Sigma, St Louis, MO) or the
A1l or B8 alleles (generously provided, respectively, by Drs Daniel
Geraghty and Thomas Spies, FHCRC). Briefly, 5 x 10° cells were
incubated with MoAbs diluted 1:50 in a total volume of 100 uL
Hanks balanced salt solution (HBSS) supplemented with 2% FCS
for 45 minutes at 4°C. Cells were washed two times with HBSS,
and a second-step fluorescein-conjugated goat antimouse antibody
(Zymed Laboratories Inc, South San Francisco, CA) diluted 1:50
was added to cell pellets in a total volume of 100 uL. Cells were
again incubated at 4°C for 45 minutes, washed twice, and fixed with
1% paraformaldehyde. The stained cells were then analyzed by flow
cytometry on a Coulter Epics FACS machine (Coulter Electronics,
Hialeah, FL). Analysis of surface expression of accessory molecules
was similarly performed with MoAbs specific for ICAM-1, LFAL,
LFA3, CD80, CD86, and CD30 (Pharmingen, San Diego, CA).

Generation of alloreactive T-cell clones. Alloreactive T-cell
clones were generated as previously described.® Polyclonal lines
were established by stimulating 5 x 10° peripheral blood mononu-
clear cells (PBMC) obtained by Ficoll-Hypague gradient separation
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from an HLA-A2 B57,60 individual with 1 x 10° irradiated EBV-
transformed B cells (LCL) from an HLA-A1 B8 homozygous indi-
vidual, in medium consisting of RPMI 1640 (GIBCO, Grand Island,
NY) supplemented with 10% pooled and heat-inactivated human
serum, 25 mmol/L HEPES, 4 mmol/L L-glutamine, 50 U/mL penicil-
lin, 50 pg/mL streptomycin, and 25 mmol/L [3-mercaptoethanol
(CTL media). Responding cells were stimulated for three weekly
cycles by plating 1 x 10° responding cells with 3 x 10° stimulating
cells. Recombinant interleukin-2 (IL-2) (generously provided by
Hoffman-LaRoche, Nutley, NJ) was added on days 2 and 4 at afinal
concentration of 2 to 5 U/mL. After the third in vitro stimulation,
cultures were enriched for CD8* cells by negative selection with
aCD4 MoAb-coated flasks (Applied Immune Sciences, Santa Clara,
CA). CD8* enriched cells were cloned by limiting dilution at 0.3
cells per well in CTL media supplemented with IL-2 at 50 U/mL
fina concentration in the presence of 3 x 10* allogeneic LCL per
well in 96-well round-bottom microtiter plates (Corning, Corning,
NY). Wells demonstrating growth after 10 to 14 days were assayed
for lysis of allogeneic but not autologous target cells by standard 4-
hour chromium (*'Cr)-release assay (CRA). Clones demonstrating
specific lysis were restimulated every 9 days with antigen in 24-
well plates in CTL media supplemented with IL-2 at 40 U/mL fina
concentration on days 1 and 3 and 20 U/mL on day 5 of the 9-day
stimulation cycle. The Class | target of the clones was assessed by
measuring the lysis of targets matched at only one HLA dlele.

Generation of EBV-specific CTL clones. EBV-specific CTL
clones were isolated by two different protocols. With the first
method, polyclonal lines were generated by stimulating 2 x 10°
PBMC with 5 x 10° autologous irradiated (8,000 rad) LCL in 24-
well plates (Costar, Cambridge, MA) in 2 mL CTL media Re-
sponding cells were stimulated in weekly cycles by plating 1 x 10°
T cellsand 3 x 10° LCL per well in 24-well plates in CTL media
supplemented with IL-2 at 2 U/mL final concentration on days 2
and 4 after restimulation. After the third stimulation, cells were
enriched for CD8" cells by selection on «CD4 MoAb-coated flasks
(Applied Immune Sciences) and clones were isolated by plating the
enriched responding cells at a limiting dilution of 0.3 cells per well
in the presence of 3 x 10* autologous LCL per well. Isolated clones
were characterized for HLA restriction by lysis of alogeneic LCL
matched at only one HLA dlele and for specificity by lysis of
target cellsinfected with vac recombinants encoding individual EBV
proteins by standard CRA. With the second method, PBM C obtained
from patients were separated into adherent cell (AC) and nonadher-
ent cell (NAC) fractions by plastic adherence. The ACswereinfected
at amultiplicity of infection (MOQI) of 5:1 for 16 hours with vaccinia
recombinants encoding individua EBV protein genes (vac/LMP1
or vac/LMP2) (generously supplied by Mike Kurilla, University of
Virginia, Charlottesville, VA) and then UV-irradiated to inactivate
residual vaccinia. The vac/LMP-infected ACs were cocultured with
the NAC fraction for 7 daysin CTL media. After 7 days, responding
cells were restimulated weekly with fresh vac/LMP-infected, UV-
inactivated ACs and irradiated PBMC feeder cells in CTL media
supplemented with 2 to 5 U/mL IL-2 on days 2 and 4 after restimula-
tion. After the third restimulation, cells were enriched for CD8" cells
by depleting CD4" cells using «CD4 MoAb-coated flasks (Applied
Immune Sciences) and cloned by limiting dilution using 3 x 10*
autologous LCL per well as stimulators to avoid expansion of vac-
ciniareactive cells, in CTL media supplemented with IL-2 at 50 U/
mL final concentration. Wells demonstrating growth after 10 to 14
days were screened for lysis of autologous but not allogeneic LCL.
Clones demonstrating EBV-specific lytic activity were then ex-
panded for further characterization.

Cytotoxicity assay. Standard 4-hour CRAS were used to assess
lytic activity of cells. Target cells were labeled overnight with 10
uCi 'Cr, washed three times with HBSS, resuspended in RPMI
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supplemented with 10% FCS, and plated at 5 x 10° cells per well
in 96-well V-bottom plates (Costar, Cambridge, MA). Target cells
for specificity determination were infected with vac recombinants
at MOI of 10 and labeled with *'Cr for 16 to 18 hours, and then
prepared for use as described. Effector cells were plated in triplicate
at various E:T ratios. Samples were assayed in triplicate, and specific
Iytic activity was calculated using the standard equation.

RESULTS

Phenotypic characterization of R-S cells as potential tar-
gets for CD8" CTL. HDLM-2, an in vitro—derived R-S
cell line, was characterized for Class | expression for evalua-
tion of lysis by Class |—restricted CTLs. Traditional sero-
logic HLA typing could not be performed, due to the sensi-
tivity of the cells to nonspecific lysis by complement.
Therefore, HLA Class | genotype was determined by se-
quencing genomic DNA selectively amplified by reverse
transcriptase—polymerase chain reaction with primers to ex-
ons 2 and 3 of the HLA-A and -B alleles. Using this method,
HDLM-2 was determined to be HLA-A1, 2 B8, 44 (data not
shown).

Downregulation of Class | expression on the surface of
target cells is one potential mechanism of immune escape
used by malignant cells.3** Therefore, HDLM-2 was evalu-
ated for surface expression of Class | molecules with a fluo-
rescein-conjugated MoAb specific for the public domain of
the Class | molecule (W6/32), and flow cytometry showed
a strong expression of Class | molecules that was approxi-
mately equivalent to CD30 expression (Fig 1A). Addition-
aly, since we had identified donors who could potentially
generate CTL responses restricted to A1 and B8, expression
of these alleles was directly assessed with monospecific
MoAbs, and expression similar to that observed with the
framework antibody was observed (Fig 1B).

Expression of other surface molecules demonstrated to
participate in effector and target cell interactions was also
evaluated, including the adhesion molecules ICAM-1 and
LFA-2 and the costimulatory molecules CD80 and CD86,
which can also function as adhesion molecules to improve
target lysis® HDLM-2 demonstrated surface expression of
all of these molecules (Fig 1C and D).

Analysis of HDLM-2 as a target for CTL-mediated lysis.
The susceptibility of HDLM-2 to lysis by CD8" CTL was
initially evaluated with alloreactive CTL. Allospecific CTL
lines were generated by stimulating responder PBMC ob-
tained from an HLA-A2 B57,60 donor with stimulator cells
obtained from an HLA-A1 B8 homozygous individual, and
clones were isolated following plating at 0.3 cells per well
in the presence of irradiated A1 B8 stimulator cells. Three
clones demonstrating greater than 50% specific lysis at an
E:T of 10:1 were evaluated for Class | specificity, and all
exhibited lysis of target cells expressing B8 but not target
cells expressing Al (Fig 2). These three CTL clones were
then tested for recognition of HDLM-2 cells, and all demon-
strated greater than 35% specific lysisat an E:T of 10:1 (Fig
2).

Analysis of antigen-processing functionin R-Scells.  Ly-
sis of R-S cells expressing EBV genes by virus-specific
CD8" CTLs requires that viral proteins be processed and
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presented appropriately in the context of Class | for CTL
recognition. CTL clones reactive with LMP1, one of the
EBV proteins expressed in R-S cells, and restricted to one
of the HLA-A or -B aleles expressed on HDLM-2 were
generated by obtaining PBMC from a norma EBV* homo-
zygous Al B8 individua and stimulating with autologous
monocytes infected with vac/LMP1. Clones wereisolated by
plating responder cells enriched for CD8" cells at a limiting
dilution of 0.3 cells per well in the presence of autologous
LCL stimulators. Clones demonstrating lysis of HLA-A1 B8
target cells expressing LMP1 as the only EBV gene were
selected for further study. Clones restricted to B8 were iden-
tified by testing for lysis of allogeneic LCL matched with
the stimulator cell at only thisHLA alele. Three representa-
tive CTL clones that exhibited greater than 50% specific
lysis of autologous LCL at E:T of 20:1 demonstrated similar
lysis of alogeneic LCL matched only at the HLA-B8 locus
(Fig 3).

Since HDLM-2 expresses B8 but does not contain an EBV
genome or express any endogenous viral proteins, we used
a recombinant vaccinia virus to introduce individual viral
genes to determine whether HDLM-2 could process and
present the viral proteins for recognition by CTL. HDLM-2
cells infected with vac/LMP1 were lysed by a B8-restricted
LMP1-specific CTL clone described earlier, whereas the
clone did not lyse uninfected or vac-infected HDLM-2 tar-
gets (Fig 4A). Since we did not have an EBV-specific CTL
clonerestricted to HLA-A1 or -A2, the presentation of LMP1
and LMP2 in the context of the HLA-A2 allele was examined
using a polyclonal EBV-reactive CTL line generated by
stimulating PBMC from an HLA-A2 B13,18 individual with
autologous LCL. The CD8" enriched CTLs lysed HDLM-2
cells infected with vac/LMP1 or vac/LMP2, but not unin-
fected or vac control —infected HDLM-2 targets (Fig 4B),
indicating that this R-S cell can process and present the two
LMP proteins in the context of the HLA-A2 allele. The
presentation of viral antigensin the context of HLA-A1 was
evaluated using an Al-restricted HIV g-specific CTL clone
generated in our laboratory using previously described meth-
0ds.® This clone lysed vac/gag-infected HDLM-2 cells but
not uninfected or vac-infected control target cells (Fig 4C).
These results indicate that this R-S cell can process and
present viral antigens, including LMP1 and LMP2, in the
context of multiple HLA Class | alleles.

CTL responses to EBV proteins expressed in R-S cells
from patients with HD. Eradication of EBV* R-S cellsin
HD patients depends on the presence of a cellular immune
response to the EBV proteins expressed in R-S cells. There-
fore, CTL responses to the latent EBV proteins were evalu-
ated in HD patients by stimulating PBMC with autologous
LCL that expressall of the latent proteins. After four weekly
restimulations with autologous LCL, responding cells from
the polyclonal cultures were screened for recognition of indi-
vidual EBV proteins using a panel of autologous fibroblasts
infected with vac-recombinants encoding single EBV genes.
The CTL responses detected from a representative patient
with HD demonstrated CD8* responses predominantly to
EBNA 2 and EBNA 3A, as reflected by specific lysis of
targets expressing these genes of 27% and 25%, respectively,
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Fig 1. FACS analysis of Class
I and adhesion molecule surface
expression. HDLM-2 cells were
suspended in FACS media and
stained with MoAbs specific for
surface molecules. After addi-
tion of a second-step antibody
conjugated to fluorescein, cells
were analyzed by flow cytome-
try. (A) Negative control (H),
anti-Class | (w6/32) (O), anti-
CD30 (). (B) Negative control
(m), anti-A1 (0), anti-B8 (CJ). (C)
Negative control (M), anti-LFA2
(00, anti-ICAM1 (0J). (D) Negative
control (M), anti-CD80 (), anti-
CD86 (OJ).

a an ET of 5:1. A weak response to LMP1 was present,
but the response to LMP2 was measured at background lev-
els (Fig 5A).

We then examined if LMP-reactive CTL clones could be
isolated from the CD8* enriched polyclona line derived
from this HD patient, despite the presence of only weak or
nondetectable responses in the polyclonal cultures. A total
of 3,000 wells were plated at 0.3 cells per well with autolo-
gous LCL as stimulators, and yielded 30 CTL clones that
lysed autologous LCL but not mismatched allogeneic LCL.
One of these 30 clones, 2D7, demonstrated specific lysis of
vac/LMP2-infected target cells (Fig 5B). None of the clones
isolated demonstrated lysis of vac/LMP1 target cells.

These results demonstrated that LM P2-specific responses
could be generated from a HD patient with a dominant re-
sponse to other EBV proteins and nondetectable responses
to LMP2 in the polyclonal EBV-reactive line. However, the
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majority of clones isolated from such CTL lines recognize
EBV proteins other than LMP, and thus would be of little
use for treatment of HD. Therefore, we examined an alterna-
tive in vitro method that might increase the likelihood of
isolating predominantly the clones of interest. To avoid the
preferential generation of responses to the more immuno-
dominant EBNA proteins that occurs if LCL are used as
stimulator cells, PBMC from a HD patient were stimulated
with autologous fibroblasts infected with a vac-recombinant
encoding LMP2. After three weekly stimulations with fresh
stimulators and autologous feeder cells, responding cells
were enriched for CD8" T cells and cloned by limiting dilu-
tion at 0.3 cells per well with autologous LCL as stimulators
to selectively expand the LMP2-specific cells generated in
the primary culture and not propagate T cells reactive to
vaccinia proteins. Using this method, 50% of the clones that
specifically lysed autologous LCL were determined to be
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Fig 3. Determination of HLA class | restriction of LMP-specific T-
cell clones. LMP-specific clones were isolated by stimulating in vitro
PBMC obtained from an HLA-A1,B8 homozygous individual with au-
tologous monocytes infected with vac/LMP1 recombinants and clon-
ing by limiting dilution. Clones were characterized for Class | restric-
tion using a standard CRA. Autologous LCL and allogeneic LCL
mismatched and matched at either the A1 or B8 alleles were prepared
as previously described. Effector cells were added at an E:T of 10:1.
Three representative CTL clones restricted to the B8 allele are shown:
SR2F7 (W), SR4F4 (%), and SR13F4 (0).
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Fig2. Lysis of HLA-B8-positive target cells by B8-

allospecific CTL clones. Polyclonal lines were gener-

d d 5 ated by stimulating PBMC with allogeneic B lympho-
o e ey blastoid cells derived from a homozygous A1, B8 do-
g z T nor. Specific lytic activity was determined in a
standard CRA. Target cells include autologous LCL

(negative control), LCL generated from the A1,B8 do-
nor, allogeneic LCL matched with the stimulating
LCL at only 1 class | allele, and HDLM-2. Effector cells
were added at an E:T of 10:1.

LMP2-specific with lysis of target cells infected with vac/
LMP2, but not with vac/L MP1 or vac alone. A representative
clone, 3E8, generated by this method demonstrated 50%
lysis of LMP2-expressing targets and autologous LCL at an
E:T of 20:1 (Fig 6). These results suggest that LMP re-
sponses can be isolated at an increased frequency using this
methodol ogy.

DISCUSSION

The demonstration that R-S cells in a subset of EBV™
patients with HD express EBV antigens has engendered en-
thusiasm for pursuing immunotherapeutic approaches in the
treatment of HD. The potentia efficacy of this strategy has
been further supported by studies of EBV-associated lymph-
oproliferative disorder, in which the adoptive transfer of
EBV-specific CTLs has resulted in eradication of tumor.®
However, the malignant cell in EBV lymphoproliferative
disease expresses al of the latent EBV proteins, including
the proteins that elicit the immunodominant responses.*®*
By contrast, R-S cellsin (EBV ™) HD express only three of
the latent proteins, EBNA 1, LMP1, and LMP2,%%2° ngne
of which generate an immunodominant CTL response.*+#
Moreover, athough EBV-reactive CTLs efficiently lyse
EBV-transformed B cells, there is little information regard-
ing the ability of R-S cells to function as target cells for
CTL specific for the expressed vira proteins. The studies
presented here demonstrate not only that HD patients may
indeed have CTL precursors present in the peripheral blood
that are capable of recognizing and lysing R-S cells, but al'so
that R-S cells can be lysed by CTL specific for viral proteins.
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Fig 4. Lysis of HDLM-2 ex- A: SR 2G10 (B8 restricted)

pressing viral proteins by CTL.

Virus-specific lines and clones 20 1
were generated from normal,
healthy donors who shared HLA
alleles with HDLM-2 by stimulat-
ing PBMC with autologous APC
infected with vac recombinants.
Lysis of HDLM-2 after infection
with vac recombinants was de-
termined in a standard CRA. (A)
Lytic activity of a HLA-B8-re-
stricted LMP1-specific CTL clone,
2G10 for HDLM-2 target cells in-
fected with vac/LMP1, vac alone,
or uninfected at an E:T of 2:1. (B)
Lytic activity of an EBV-reactive
CTL line generated from a HLA-
A2,B13,18 individual for HDLM-
2 target cells infected with vac/
LMP1, vac/LMP2, vac alone, or
uninfected at an E:T of 10:1. (C)
Lytic activity of a HLA-A1-re-
stricted HIV ,,-specific CTL clone
for HDLM-2 target cells infected
with vac/gag, vac alone, or unin-
fected at an E:T of 10:1.

10 -

% Lysis

vac

uninfected
vac/LMP1

Studies of HD have been hindered by the difficulty in
isolating the R-S cell due to the paucity of the malignant
cell in the affected lymph nodes. Therefore, our studies used
an in vitro—derived and maintained R-S cell line, HDLM-
2. This line has been extensively analyzed and displays the
pathognomonic R-S cell morphology, as well as the associ-
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HDLM-2

ated characteristic surface expression of CD15 and CD30.%
Previous investigations have demonstrated Class | expres-
sion in HDLM-2 by immunohistochemistry,* suggesting
that it would be appropriate for analyzing recognition and
lysis by CD8" CTL. Our studies using molecular typing to
identify the HLA genotype and specific MoAbs to evaluate

B: CTL Clone
MF 2D7

20 Fig 5. CTL responses to la-
tent EBV proteins. (A) Polyclonal
lines were generated from a pa-
tient with HD by stimulating
PBMC with autologous LCL.
After 3 in vitro stimulations, re-
sponding cells were enriched for
CD8" cells, and the repertoire of
10 CTL responses to the latent EBV
proteins was determined by ly-
sis of autologous fibroblasts in-
fected with vac recombinants
encoding individual latent EBV
genes. Specific lysis was deter-
mined by a standard CRA. Ef-
fector cells were added at an E:T
of 10:1. (B) Responding cells
from the polyclonal lines de-
scribed above were cloned by
limiting dilution in the presence
of autologous LCL stimulators.
Specificity of the clones was de-
termined in a CRA by measuring
specific lysis of autologous fi-
broblasts infected with vac re-
combinants. Clone MF 2D7 lysed
vac/LMP2-infected target cells at
an E:T of 5:1.

vac
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vac/LLMP-2A
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Fig 6. Representative LMP2-specific CD8" CTL isolated from a HD
patient. Polyclonal lines were generated by stimulating PBMC with
autologous LMP2-expressing cells. Responding cells were cloned by
limiting dilution in the presence of autologous LCL. Clones were
screened for specific lysis of autologous LCL in a standard CRA. Speci-
ficity for the LMP2 protein was determined in a CRA by lysis of autolo-
gous fibroblasts infected with vac/LMP2, but not cells infected with
vac/LMP1 or vac alone. Effector cells were added to the plates at an
E:T of 10:1.

surface expression demonstrated that HDLM-2 is HLA-
A1,2-B8,44, dleles that are common in the population.
Class | expression in R-S cells is an essential component
for success of an immunotherapy strategy that targets the
tumor cellsfor lysisby CD8" CTL. Downregulation of Class
| expression as the basis for evasion of the immune response
has been demonstrated for several malignancies,**® includ-
ing an EBV-associated malignancy, Burkitt’s lymphoma.*®
EBV* Burkitt's cells use multiple mechanisms to escape
from immune-mediated elimination, including expression of
only EBNA 1, an EBV protein that does not elicit a CD8*
CTL response, and downregulation of several moleculesim-
portant for cell-mediated lysis, including Class | and
ICAM.* In contrast, EBV"* R-S cells isolated from the
lymph nodes of HD patients have demonstrated expression
of two CTL immunogenic proteins.®?° Evaluation of Class
| expression in R-S cellsisolated from in vivo biopsy speci-
mens demonstrated strong Class | expression in 22 of 40
HD patients,®® suggesting the possibility of a similar mecha-
nism of tumor escape from immune surveillence for a pro-
portion of HD patients. However, Class | expression in 24
of 25 HD patients with EBV* R-S cells was preserved,®
with intact adhesion molecule expression.”* Therefore,
EBV™* R-S cells appear to retain the potential to be elimi-
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nated by adoptively transferred viral-specific CTL. Our stud-
ies with HDLM-2 support this supposition, demonstrating
that R-S cells can be lysed by CTL in a Class | —restricted
manner.

The lysis of R-S cells expressing potentialy transforming
EBV genes further depends on the ability of the cell to
process and present the viral proteins in the context of Class
| molecules. Tumor cells can also evade immune surveillance
by developing a defect in the processing of proteins that are
potential CTL target antigens, which results in failure to
present the tumor antigens in the context of Class | on the
cell surface.® Our studies with HDLM-2 have demonstrated
that this R-S cell can process endogenously synthesized viral
proteins and be lysed by CD8" CTL clones specific for the
viral proteins. The appropriate processing and presentation
of viral proteins by HDLM-2, in particularly the LMP1 and
LMP2 proteins of EBV, provides further support for pursu-
ing atreatment strategy using the adoptive transfer of EBV-
specific CTL in patients with (EBV™) HD.

Expression of nonimmunodominant proteins represents
another mechanism by which tumor cells have been shown
to evade immune elimination.>** EBV* R-S cells express
only three of the latent EBV proteins, EBNA 1, LMP1, and
LMP2. Although the latter two proteins have been shown to
elicit CD8* CTL responses,®®* these responses are weak
compared with the immunodominant CTL responses to
EBNA 2 and 3 proteins.®* Our studies demonstrate that even
when responses are not readily detectable in the reactivity
of polyclonal EBV-specific lines, it is possible to isolate
CTL clones specific for the relevant proteins. Previously, we
have demonstrated that such antigen-specific T-cell clones
can be expanded to large numbers in vitro, and following
reinfusion, can achieve frequencies in vivo of 1:100 to
1:1,000 of every cell in the peripheral blood.? Thus, by this
technology, it is possible to convert a weak response into
an extremely strong response. These findings suggest that
although R-S cells may evade immune eradication by ex-
pressing only poorly immunogenic EBV proteins, adoptive
immunotherapy may provide a means to effectively treat this
malignancy.

The essential requisites for specific adoptive T-cell ther-
apy are the identification of target antigens that can elicit
an immune response and the technology for isolating and
expanding T cells reactive with these antigens. Our previous
studies in immunocompromised hosts have demonstrated the
feasibility and potential efficacy of adoptive T-cell therapy
with CMV-specific CD8" T-cell clones for the prevention
of CMV disease.”® The preclinical studies described here
demonstrate that the malignant R-S cell is a suitable target
for recognition by CD8" CTL and that LMP-specific CTL
can be isolated from HD patients. Recent studies have dem-
onstrated that T cells from patients with HD, as well as
other malignancies, may exhibit deficient expression of the
{ chain, acritical component of the T-cell receptor signaling
complex.>**® Although this defect could contribute to the
inability of patients with HD to generate an effective re-
sponse in vivo to the EBV antigens expressed in R-S cells,
our results suggest that in vitro activation and expansion
may provide a means to overcome the consequences of such
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T-cell dysfunction. Furthermore, additional obstaclesto ther-
apeutic efficacy may exist, such as poor localization of CTL
to the region of the lymph node containing R-S cells, selec-
tion of antigen-loss variants, or the presence of local factors
in lymph nodes affected with HD that can interfere with
maintenance of an effective T-cell response.>*% The efficacy
and/or limitations of a T-cell therapy strategy will likely
only be elucidated by a clinical trial in which LMP1- and/
or LMP2-specific CTL are adoptively transferred as treat-
ment for (EBV™) HD.
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