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A subset of Hodgkin’s disease (HD) patients have detectable Since CTL responses to LMP1 and LMP2 do not represent
Epstein-Barr virus (EBV) genomes in the malignant Reed- the dominant responses to EBV, we examined if CTL clones
Sternberg (R-S) cells. R-S cells express only a limited set of specific for these proteins could be isolated despite the pres-
latent EBV proteins, but only LMP1 and LMP2 can potentially ence of weak or nondetectable responses in polyclonal T-cell
elicit a CD8" cytotoxic T-lymphocyte (CTL) response. We lines. LMP-specific clones were generated from individuals
have evaluated if either of these proteins could be used as either by cloning from the polyclonal EBV-reactive T-cell
targets for specific adoptive T-cell therapy for EBV-positive lines or by direct stimulation of peripheral blood mononu-
(EBV") HD. The success of this strategy requires that R-S clear cells (PBMC) with cells expressing LMP1 or LMP2 as
cells are susceptible to lysis by CD8" CTL, and that CTL spe- the only EBV protein. Our ability to isolate CTL specific for
cific for LMP1 and LMP2 can be detected and potentially LMP proteins from individuals with HD and the sensitivity
amplified in HD patients. Antigen presentation and CTL sen- of R-S cells for CTL-mediated lysis suggest that the pursuit
sitivity was evaluated with an in vitro maintained, phenotyp- of specific adoptive immunotherapy represents a viable
ically representative R-S cell line, HDLM-2. The R-S cells were strategy for the subset of HD patients with EBV" tumors.
able to process and present viral proteins, and to be effi-

q 1997 by The American Society of Hematology.
ciently lysed by specific CTL in a Class I–restricted manner.

H associated malignancies, the expressed viral proteins repre-
sent potential targets for specific tumor therapy. A well-

ODGKIN’S DISEASE (HD) is a lymphoma character-
ized by the presence of the large multinucleated Reed-

known transforming virus, Epstein-Barr virus (EBV), hasSternberg (R-S) cell or its mononuclear Hodgkin cell variant
been linked epidemiologically to HD for decades,11-13 andwithin a cellular background of reactive leukocytes in the
more recently, EBV genomes have been detected in the ma-affected lymph node. Current therapeutic regimens combin-
lignant R-S cells of 40% to 60% of EBV-seropositiveing radiation and chemotherapy have rendered early-stage
(EBV/) HD patients.14-17 The pattern of viral protein expres-disease imminently curable1-3 and achieved a significant im-
sion in (EBV/) R-S cells differs from EBV-transformed Bprovement in cure rates for advanced-stage disease. How-
cells in that it is restricted to a limited set of latent proteins,ever, patients with recurrent or refractory disease treated with
EBNA 1, LMP1, and LMP2,16,18-20 two of which, EBNA 1intensive regimens continue to have a long-term disease-
and LMP1, have been shown to have oncogenic potential.21,22free survival of less than 30%,4-6 and alternative therapeutic

Effective treatment of HD with specific CD8/ T cellsstrategies are thus needed, particularly ones that lack over-
requires satisfying several conditions in addition to expres-lapping toxicities with chemoradiotherapy.
sion of novel viral proteins by the tumor. First, R-S cellsOur laboratory has evaluated the treatment of human viral
must not evade immune recognition by losing the expressiondiseases by the adoptive transfer of virus-specific T-cell
of Class I molecules or the ability to process and present theclones and demonstrated the potential efficacy of this strat-
viral antigens with Class I molecules on the cell surface foregy.7,8 Application of this approach to the treatment of hu-
recognition by potentially reactive T cells. Analysis of Classman malignancies has been hindered by difficulties in identi-
I expression in R-S cells isolated from HD lymph nodes hasfying immunogenic target antigens on tumor cells, although
shown that R-S cells express abundant Class I molecules insome success has recently been achieved, particularly with
at least 50% of the cases.23 Second, the viral antigens mustmelanoma, by using tumor-reactive T cells isolated from
be immunogenic and capable of eliciting CD8/ responses.patients to probe for relevant target antigens.9,10 In viral-
Studies have suggested that the EBV proteins expressed in
R-S cells are, at best, poor immunogens. Several laboratories
have evaluated T-cell responses to EBV and demonstratedFrom the Division of Oncology, University of Washington, Seattle;
that most individuals exhibit an immunodominant cytotoxicthe Fred Hutchinson Cancer Research Center, Seattle, WA; and
T-lymphocyte (CTL) response specific for the EBNA 2 andJohns Hopkins Medical Center, Baltimore, MD.
EBNA 3 proteins.24,25 Weaker CTL responses to LMP1 andSubmitted June 17, 1996; accepted October 21, 1996.
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ISOLATION OF EBV-SPECIFIC CTL 1979

from an HLA-A2 B57,60 individual with 1 1 106 irradiated EBV-We have initiated preclinical studies with the purpose of
transformed B cells (LCL) from an HLA-A1 B8 homozygous indi-developing a specific T-cell therapy for HD. Our results
vidual, in medium consisting of RPMI 1640 (GIBCO, Grand Island,suggest that despite the presence of only weak or nondetect-
NY) supplemented with 10% pooled and heat-inactivated humanable responses to LMP1 and LMP2 in the CTL polyclonal
serum, 25 mmol/L HEPES, 4 mmol/L L-glutamine, 50 U/mL penicil-population reactive to EBV, it is possible to isolate and
lin, 50 mg/mL streptomycin, and 25 mmol/L b-mercaptoethanol

expand such CTLs from the peripheral blood of both normal (CTL media). Responding cells were stimulated for three weekly
individuals and HD patients. Moreover, using an in vitro cycles by plating 1 1 106 responding cells with 3 1 105 stimulating
derived R-S cell line that has been extensively characterized cells. Recombinant interleukin-2 (IL-2) (generously provided by
and shown to be morphologically, antigenically, and molecu- Hoffman-LaRoche, Nutley, NJ) was added on days 2 and 4 at a final

concentration of 2 to 5 U/mL. After the third in vitro stimulation,larly representative of R-S cells isolated from biopsies,28 we
cultures were enriched for CD8/ cells by negative selection withdemonstrate that Class I–positive R-S cells can present viral
aCD4 MoAb-coated flasks (Applied Immune Sciences, Santa Clara,antigens and be sensitive to EBV-specific CTL. Thus, the
CA). CD8/ enriched cells were cloned by limiting dilution at 0.3adoptive transfer of viral-specific CTL may be a feasible
cells per well in CTL media supplemented with IL-2 at 50 U/mLstrategy for a subset of (EBV/) HD patients.
final concentration in the presence of 3 1 104 allogeneic LCL per
well in 96-well round-bottom microtiter plates (Corning, Corning,

MATERIALS AND METHODS NY). Wells demonstrating growth after 10 to 14 days were assayed
for lysis of allogeneic but not autologous target cells by standard 4-R-S cell lines. The R-S cell line HDLM-2 established in 1982
hour chromium (51Cr)-release assay (CRA). Clones demonstratingfrom the pleural effusion of a 74-year-old man with stage IV nodular
specific lysis were restimulated every 9 days with antigen in 24-sclerosing HD was obtained from Dr Hans Drexler (German Collec-
well plates in CTL media supplemented with IL-2 at 40 U/mL finaltion of Microorganisms and Cell Cultures, Department of Human
concentration on days 1 and 3 and 20 U/mL on day 5 of the 9-dayand Animal Cell Cultures, Braunschrreig, Germany). The line is
stimulation cycle. The Class I target of the clones was assessed bymaintained in vitro as a single-cell suspension in RPMI 1640 supple-
measuring the lysis of targets matched at only one HLA allele.mented with 20% fetal calf serum (FCS) (Gemini Bio-Products Inc,

Generation of EBV-specific CTL clones. EBV-specific CTLCalabasas, CA), 50 U/mL penicillin, 50 mg/mL streptomycin, 4
clones were isolated by two different protocols. With the firstmmol/L L-glutamine, and 25 mmol/L b-mercaptoethanol.
method, polyclonal lines were generated by stimulating 2 1 106HLA typing. HDLM-2 and HD patients were typed serologically
PBMC with 5 1 105 autologous irradiated (8,000 rad) LCL in 24-by the HLA tissue-typing laboratory at the Fred Hutchinson Cancer
well plates (Costar, Cambridge, MA) in 2 mL CTL media. Re-Research Center (FHCRC). Molecular HLA typing of HDLM was
sponding cells were stimulated in weekly cycles by plating 1 1 106performed in the Immunogenetics Laboratories at the FHCRC. HLA-
T cells and 3 1 105 LCL per well in 24-well plates in CTL mediaA, -B, and -C alleles were assigned by amplification and direct
supplemented with IL-2 at 2 U/mL final concentration on days 2sequencing of exons 2 (a1 domain) and 3 (a2 domain) from genomic
and 4 after restimulation. After the third stimulation, cells wereDNA.29,30 All alleles recognized by the World Health Organization
enriched for CD8/ cells by selection on aCD4 MoAb-coated flasksNomenclature Committee31 are identified by this method, with the
(Applied Immune Sciences) and clones were isolated by plating theexception of A*0201 and A*0209, which differ only in exon 4 (a3
enriched responding cells at a limiting dilution of 0.3 cells per welldomain). In brief, locus-specific amplification of HLA-A genes was
in the presence of 3 1 104 autologous LCL per well. Isolated clonesperformed with a 5* intron 1 and 3* intron 3 consensus primer. Four
were characterized for HLA restriction by lysis of allogeneic LCL5* primers designed to exon 2 were paired with the 3* intron primer
matched at only one HLA allele and for specificity by lysis ofto amplify specific groups of HLA-A alleles.32 Amplification of
target cells infected with vac recombinants encoding individual EBVHLA-B and HLA-C genes was performed as previously de-
proteins by standard CRA. With the second method, PBMC obtainedscribed.29,30 Amplified templates were sequenced and HLA-A, HLA-
from patients were separated into adherent cell (AC) and nonadher-B, and HLA-C alleles were assigned by previously published meth-
ent cell (NAC) fractions by plastic adherence. The ACs were infectedods.29,30

at a multiplicity of infection (MOI) of 5:1 for 16 hours with vacciniaImmunophenotyping. Class I expression by HDLM-2 was deter-
recombinants encoding individual EBV protein genes (vac/LMP1mined by staining with monoclonal antibodies (MoAbs) specific for
or vac/LMP2) (generously supplied by Mike Kurilla, University ofeither the Class I molecule (W6/32; Sigma, St Louis, MO) or the
Virginia, Charlottesville, VA) and then UV-irradiated to inactivateA1 or B8 alleles (generously provided, respectively, by Drs Daniel
residual vaccinia. The vac/LMP-infected ACs were cocultured withGeraghty and Thomas Spies, FHCRC). Briefly, 5 1 105 cells were
the NAC fraction for 7 days in CTL media. After 7 days, respondingincubated with MoAbs diluted 1:50 in a total volume of 100 mL
cells were restimulated weekly with fresh vac/LMP-infected, UV-Hanks balanced salt solution (HBSS) supplemented with 2% FCS
inactivated ACs and irradiated PBMC feeder cells in CTL mediafor 45 minutes at 47C. Cells were washed two times with HBSS,
supplemented with 2 to 5 U/mL IL-2 on days 2 and 4 after restimula-and a second-step fluorescein-conjugated goat antimouse antibody
tion. After the third restimulation, cells were enriched for CD8/ cells(Zymed Laboratories Inc, South San Francisco, CA) diluted 1:50
by depleting CD4/ cells using aCD4 MoAb-coated flasks (Appliedwas added to cell pellets in a total volume of 100 mL. Cells were
Immune Sciences) and cloned by limiting dilution using 3 1 104again incubated at 47C for 45 minutes, washed twice, and fixed with
autologous LCL per well as stimulators to avoid expansion of vac-1% paraformaldehyde. The stained cells were then analyzed by flow
cinia-reactive cells, in CTL media supplemented with IL-2 at 50 U/cytometry on a Coulter Epics FACS machine (Coulter Electronics,
mL final concentration. Wells demonstrating growth after 10 to 14Hialeah, FL). Analysis of surface expression of accessory molecules
days were screened for lysis of autologous but not allogeneic LCL.was similarly performed with MoAbs specific for ICAM-1, LFA1,
Clones demonstrating EBV-specific lytic activity were then ex-LFA3, CD80, CD86, and CD30 (Pharmingen, San Diego, CA).
panded for further characterization.Generation of alloreactive T-cell clones. Alloreactive T-cell

Cytotoxicity assay. Standard 4-hour CRAs were used to assessclones were generated as previously described.33 Polyclonal lines
lytic activity of cells. Target cells were labeled overnight with 10were established by stimulating 5 1 106 peripheral blood mononu-

clear cells (PBMC) obtained by Ficoll-Hypaque gradient separation mCi 51Cr, washed three times with HBSS, resuspended in RPMI
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SING ET AL1980

supplemented with 10% FCS, and plated at 5 1 103 cells per well presented appropriately in the context of Class I for CTL
in 96-well V-bottom plates (Costar, Cambridge, MA). Target cells recognition. CTL clones reactive with LMP1, one of the
for specificity determination were infected with vac recombinants EBV proteins expressed in R-S cells, and restricted to one
at MOI of 10 and labeled with 51Cr for 16 to 18 hours, and then of the HLA-A or -B alleles expressed on HDLM-2 were
prepared for use as described. Effector cells were plated in triplicate generated by obtaining PBMC from a normal EBV/ homo-
at various E:T ratios. Samples were assayed in triplicate, and specific

zygous A1 B8 individual and stimulating with autologouslytic activity was calculated using the standard equation.
monocytes infected with vac/LMP1. Clones were isolated by
plating responder cells enriched for CD8/ cells at a limiting

RESULTS dilution of 0.3 cells per well in the presence of autologous
LCL stimulators. Clones demonstrating lysis of HLA-A1 B8Phenotypic characterization of R-S cells as potential tar-
target cells expressing LMP1 as the only EBV gene weregets for CD8/ CTL. HDLM-2, an in vitro–derived R-S
selected for further study. Clones restricted to B8 were iden-cell line, was characterized for Class I expression for evalua-
tified by testing for lysis of allogeneic LCL matched withtion of lysis by Class I–restricted CTLs. Traditional sero-
the stimulator cell at only this HLA allele. Three representa-logic HLA typing could not be performed, due to the sensi-
tive CTL clones that exhibited greater than 50% specifictivity of the cells to nonspecific lysis by complement.
lysis of autologous LCL at E:T of 20:1 demonstrated similarTherefore, HLA Class I genotype was determined by se-
lysis of allogeneic LCL matched only at the HLA-B8 locusquencing genomic DNA selectively amplified by reverse
(Fig 3).transcriptase–polymerase chain reaction with primers to ex-

Since HDLM-2 expresses B8 but does not contain an EBVons 2 and 3 of the HLA-A and -B alleles. Using this method,
genome or express any endogenous viral proteins, we usedHDLM-2 was determined to be HLA-A1, 2 B8, 44 (data not
a recombinant vaccinia virus to introduce individual viralshown).
genes to determine whether HDLM-2 could process andDownregulation of Class I expression on the surface of
present the viral proteins for recognition by CTL. HDLM-2target cells is one potential mechanism of immune escape
cells infected with vac/LMP1 were lysed by a B8-restrictedused by malignant cells.34-36 Therefore, HDLM-2 was evalu-
LMP1-specific CTL clone described earlier, whereas theated for surface expression of Class I molecules with a fluo-
clone did not lyse uninfected or vac-infected HDLM-2 tar-rescein-conjugated MoAb specific for the public domain of
gets (Fig 4A). Since we did not have an EBV-specific CTLthe Class I molecule (W6/32), and flow cytometry showed
clone restricted to HLA-A1 or -A2, the presentation of LMP1a strong expression of Class I molecules that was approxi-
and LMP2 in the context of the HLA-A2 allele was examinedmately equivalent to CD30 expression (Fig 1A). Addition-
using a polyclonal EBV-reactive CTL line generated byally, since we had identified donors who could potentially
stimulating PBMC from an HLA-A2 B13,18 individual withgenerate CTL responses restricted to A1 and B8, expression
autologous LCL. The CD8/ enriched CTLs lysed HDLM-2of these alleles was directly assessed with monospecific
cells infected with vac/LMP1 or vac/LMP2, but not unin-MoAbs, and expression similar to that observed with the
fected or vac control–infected HDLM-2 targets (Fig 4B),framework antibody was observed (Fig 1B).
indicating that this R-S cell can process and present the twoExpression of other surface molecules demonstrated to
LMP proteins in the context of the HLA-A2 allele. Theparticipate in effector and target cell interactions was also
presentation of viral antigens in the context of HLA-A1 wasevaluated, including the adhesion molecules ICAM-1 and
evaluated using an A1-restricted HIVgag-specific CTL cloneLFA-2 and the costimulatory molecules CD80 and CD86,
generated in our laboratory using previously described meth-which can also function as adhesion molecules to improve
ods.38 This clone lysed vac/gag-infected HDLM-2 cells buttarget lysis.37 HDLM-2 demonstrated surface expression of
not uninfected or vac-infected control target cells (Fig 4C).all of these molecules (Fig 1C and D).
These results indicate that this R-S cell can process andAnalysis of HDLM-2 as a target for CTL-mediated lysis.
present viral antigens, including LMP1 and LMP2, in theThe susceptibility of HDLM-2 to lysis by CD8/ CTL was
context of multiple HLA Class I alleles.initially evaluated with alloreactive CTL. Allospecific CTL

CTL responses to EBV proteins expressed in R-S cellslines were generated by stimulating responder PBMC ob-
from patients with HD. Eradication of EBV/ R-S cells intained from an HLA-A2 B57,60 donor with stimulator cells
HD patients depends on the presence of a cellular immuneobtained from an HLA-A1 B8 homozygous individual, and
response to the EBV proteins expressed in R-S cells. There-clones were isolated following plating at 0.3 cells per well
fore, CTL responses to the latent EBV proteins were evalu-in the presence of irradiated A1 B8 stimulator cells. Three
ated in HD patients by stimulating PBMC with autologousclones demonstrating greater than 50% specific lysis at an
LCL that express all of the latent proteins. After four weeklyE:T of 10:1 were evaluated for Class I specificity, and all
restimulations with autologous LCL, responding cells fromexhibited lysis of target cells expressing B8 but not target
the polyclonal cultures were screened for recognition of indi-cells expressing A1 (Fig 2). These three CTL clones were
vidual EBV proteins using a panel of autologous fibroblaststhen tested for recognition of HDLM-2 cells, and all demon-
infected with vac-recombinants encoding single EBV genes.strated greater than 35% specific lysis at an E:T of 10:1 (Fig
The CTL responses detected from a representative patient2).
with HD demonstrated CD8/ responses predominantly toAnalysis of antigen-processing function in R-S cells. Ly-
EBNA 2 and EBNA 3A, as reflected by specific lysis ofsis of R-S cells expressing EBV genes by virus-specific

CD8/ CTLs requires that viral proteins be processed and targets expressing these genes of 27% and 25%, respectively,
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ISOLATION OF EBV-SPECIFIC CTL 1981

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 (j),
anti–Class I (w6/32) ( ), anti-
CD30 (h). (B) Negative control
(j), anti-A1 ( ), anti-B8 (h). (C)
Negative control (j), anti-LFA2
( ), anti-ICAM1 (h). (D) Negative
control (j), anti-CD80 ( ), anti-
CD86 (h).

at an E:T of 5:1. A weak response to LMP1 was present, majority of clones isolated from such CTL lines recognize
EBV proteins other than LMP, and thus would be of littlebut the response to LMP2 was measured at background lev-

els (Fig 5A). use for treatment of HD. Therefore, we examined an alterna-
tive in vitro method that might increase the likelihood ofWe then examined if LMP-reactive CTL clones could be

isolated from the CD8/ enriched polyclonal line derived isolating predominantly the clones of interest. To avoid the
preferential generation of responses to the more immuno-from this HD patient, despite the presence of only weak or

nondetectable responses in the polyclonal cultures. A total dominant EBNA proteins that occurs if LCL are used as
stimulator cells, PBMC from a HD patient were stimulatedof 3,000 wells were plated at 0.3 cells per well with autolo-

gous LCL as stimulators, and yielded 30 CTL clones that with autologous fibroblasts infected with a vac-recombinant
encoding LMP2. After three weekly stimulations with freshlysed autologous LCL but not mismatched allogeneic LCL.

One of these 30 clones, 2D7, demonstrated specific lysis of stimulators and autologous feeder cells, responding cells
were enriched for CD8/ T cells and cloned by limiting dilu-vac/LMP2-infected target cells (Fig 5B). None of the clones

isolated demonstrated lysis of vac/LMP1 target cells. tion at 0.3 cells per well with autologous LCL as stimulators
to selectively expand the LMP2-specific cells generated inThese results demonstrated that LMP2-specific responses

could be generated from a HD patient with a dominant re- the primary culture and not propagate T cells reactive to
vaccinia proteins. Using this method, 50% of the clones thatsponse to other EBV proteins and nondetectable responses

to LMP2 in the polyclonal EBV-reactive line. However, the specifically lysed autologous LCL were determined to be
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SING ET AL1982

Fig 2. Lysis of HLA-B8–positive target cells by B8-
allospecific CTL clones. Polyclonal lines were gener-
ated by stimulating PBMC with allogeneic B lympho-
blastoid cells derived from a homozygous A1, B8 do-
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 I 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/LMP1 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
methodology.

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 potential 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.39

However, the malignant cell in EBV lymphoproliferative
disease expresses all of the latent EBV proteins, including
the proteins that elicit the immunodominant responses.40-42

By contrast, R-S cells in (EBV/) HD express only three of
the latent proteins, EBNA 1, LMP1, and LMP2,16,18-20 none
of which generate an immunodominant CTL response.24,43,44

Fig 3. Determination of HLA class I restriction of LMP-specific T- Moreover, although EBV-reactive CTLs efficiently lyse
cell clones. LMP-specific clones were isolated by stimulating in vitro

EBV-transformed B cells, there is little information regard-PBMC obtained from an HLA-A1,B8 homozygous individual with au-
ing the ability of R-S cells to function as target cells fortologous monocytes infected with vac/LMP1 recombinants and clon-

ing by limiting dilution. Clones were characterized for Class I restric- CTL specific for the expressed viral proteins. The studies
tion using a standard CRA. Autologous LCL and allogeneic LCL presented here demonstrate not only that HD patients may
mismatched and matched at either the A1 or B8 alleles were prepared indeed have CTL precursors present in the peripheral bloodas previously described. Effector cells were added at an E:T of 10:1.

that are capable of recognizing and lysing R-S cells, but alsoThree representative CTL clones restricted to the B8 allele are shown:
SR2F7 (j), SR4F4 (

��
), and SR13F4 ( ). that R-S cells can be lysed by CTL specific for viral proteins.
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ISOLATION OF EBV-SPECIFIC CTL 1983

Fig 4. Lysis of HDLM-2 ex-
pressing viral proteins by CTL.
Virus-specific lines and clones
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 HIVgag-specific CTL clone
for HDLM-2 target cells infected
with vac/gag, vac alone, or unin-
fected at an E:T of 10:1.

Studies of HD have been hindered by the difficulty in ated characteristic surface expression of CD15 and CD30.28

Previous investigations have demonstrated Class I expres-isolating the R-S cell due to the paucity of the malignant
cell in the affected lymph nodes. Therefore, our studies used sion in HDLM-2 by immunohistochemistry,45 suggesting

that it would be appropriate for analyzing recognition andan in vitro–derived and maintained R-S cell line, HDLM-
2. This line has been extensively analyzed and displays the lysis by CD8/ CTL. Our studies using molecular typing to

identify the HLA genotype and specific MoAbs to evaluatepathognomonic R-S cell morphology, as well as the associ-

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
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.

AID Blood 0010 / 5h30$$$182 02-11-97 15:27:02 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/89/6/1978/1409881/1978.pdf by guest on 08 June 2024



SING ET AL1984

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 I–restricted
manner.

The lysis of R-S cells expressing potentially transforming
EBV genes further depends on the ability of the cell to
process and present the viral proteins in the context of Class
I 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 I on the
cell surface.53 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 a treatment 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.54,55 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,25,44 these responses are weak
compared with the immunodominant CTL responses to

Fig 6. Representative LMP2-specific CD8" CTL isolated from a HD EBNA 2 and 3 proteins.24 Our studies demonstrate that evenpatient. Polyclonal lines were generated by stimulating PBMC with
when responses are not readily detectable in the reactivityautologous LMP2-expressing cells. Responding cells were cloned by

limiting dilution in the presence of autologous LCL. Clones were of polyclonal EBV-specific lines, it is possible to isolate
screened for specific lysis of autologous LCL in a standard CRA. Speci- CTL clones specific for the relevant proteins. Previously, we
ficity for the LMP2 protein was determined in a CRA by lysis of autolo- have demonstrated that such antigen-specific T-cell clones
gous fibroblasts infected with vac/LMP2, but not cells infected with

can be expanded to large numbers in vitro, and followingvac/LMP1 or vac alone. Effector cells were added to the plates at an
reinfusion, can achieve frequencies in vivo of 1:100 toE:T of 10:1.
1:1,000 of every cell in the peripheral blood.8 Thus, by this
technology, it is possible to convert a weak response into
an extremely strong response. These findings suggest thatsurface expression demonstrated that HDLM-2 is HLA-
although R-S cells may evade immune eradication by ex-A1,2-B8,44, alleles that are common in the population.
pressing only poorly immunogenic EBV proteins, adoptiveClass I expression in R-S cells is an essential component
immunotherapy may provide a means to effectively treat thisfor success of an immunotherapy strategy that targets the
malignancy.tumor cells for lysis by CD8/ CTL. Downregulation of Class

The essential requisites for specific adoptive T-cell ther-I expression as the basis for evasion of the immune response
apy are the identification of target antigens that can elicithas been demonstrated for several malignancies,34-36 includ-
an immune response and the technology for isolating anding an EBV-associated malignancy, Burkitt’s lymphoma.46

expanding T cells reactive with these antigens. Our previousEBV/ Burkitt’s cells use multiple mechanisms to escape
studies in immunocompromised hosts have demonstrated thefrom immune-mediated elimination, including expression of
feasibility and potential efficacy of adoptive T-cell therapyonly EBNA 1, an EBV protein that does not elicit a CD8/

with CMV-specific CD8/ T-cell clones for the preventionCTL response, and downregulation of several molecules im-
of CMV disease.7,8 The preclinical studies described hereportant for cell-mediated lysis, including Class I and
demonstrate that the malignant R-S cell is a suitable targetICAM.47-49 In contrast, EBV/ R-S cells isolated from the
for recognition by CD8/ CTL and that LMP-specific CTLlymph nodes of HD patients have demonstrated expression
can be isolated from HD patients. Recent studies have dem-of two CTL immunogenic proteins.18-20 Evaluation of Class
onstrated that T cells from patients with HD, as well asI expression in R-S cells isolated from in vivo biopsy speci-
other malignancies, may exhibit deficient expression of themens demonstrated strong Class I expression in 22 of 40
z chain, a critical component of the T-cell receptor signalingHD patients,23 suggesting the possibility of a similar mecha-
complex.56-58 Although this defect could contribute to thenism of tumor escape from immune surveillence for a pro-
inability of patients with HD to generate an effective re-portion of HD patients. However, Class I expression in 24
sponse in vivo to the EBV antigens expressed in R-S cells,of 25 HD patients with EBV/ R-S cells was preserved,50

our results suggest that in vitro activation and expansionwith intact adhesion molecule expression.51,52 Therefore,
EBV/ R-S cells appear to retain the potential to be elimi- may provide a means to overcome the consequences of such
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Epstein-Barr virus in Hodgkin’s disease. Yale J Biol Med 60:321,T-cell dysfunction. Furthermore, additional obstacles to ther-
1987apeutic efficacy may exist, such as poor localization of CTL

12. Shope TC, Khalifa AS, Smith ST, Cushing B: Epstein-Barrto the region of the lymph node containing R-S cells, selec-
virus antibody in childhood Hodgkin’s disease. Am J Dis Childtion of antigen-loss variants, or the presence of local factors
136:701, 1982in lymph nodes affected with HD that can interfere with

13. Evans AS, Comstock GW: Presence of elevated antibody
maintenance of an effective T-cell response.59,60 The efficacy

titres to Epstein-Barr virus before Hodgkin’s disease. Lancet 1:1183,
and/or limitations of a T-cell therapy strategy will likely 1981
only be elucidated by a clinical trial in which LMP1- and/ 14. Staal SP, Ambinder R, Beschorner WE, Hayward GS, Mann
or LMP2-specific CTL are adoptively transferred as treat- R: A survey of Epstein-Barr virus DNA in lymphoid tissue. Frequent
ment for (EBV/) HD. detection in Hodgkin’s disease. Am J Clin Pathol 91:1, 1989
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