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ABSTRACT

Potentiation of the EBV-speciflc Cli response by immunization with
Cm epitopes has been proposedas a logical approachfor immune
targeting nasopharyngeal carcinoma (NPC) cells in vivo. This approach
will undoubtedly be influenced by the ability of these malignant cells to
endogenously process and present target epitopes on their cell surface for

immune recognition by CTLS. Analysis of NPC cells in fresh tumor
biopsies and long-term, established NPC tumors in nude mice revealed
normal expression of the MHC-encoded putative peptide transporters
TAN and TAP2, as well as the proteasome components LMP2 and LMP7,
which have been shown previously to be essential components of the class
I processing pathway. Moreover, these tumor cells also showed high levels
of HLA class I alleles on the cell surface, suggesting that peptides are
available for binding to nascent MHC molecules in the endoplasmic
reticulum. Using a recombinant vaccinia virus to transiently express the
EBV nuclear antigens, we StUdied the antigen-processing efficiency of
NPC cells. Our findings demonstrate that, in contrast to cells from an
other EBV-assoclated malignancy, Burkitt's lymphoma, NPC cells display
normal antigen-processing function and are efficiently recognized by HLA
class I-restricted, virus-specific CTLS. These studies also provide a ration
ale for focusing on strategies designed to activate CTLS specific for EBV

antigens that are expressed In NPC cells in vivo.

INTRODUCTION

The concept of a role for the immune system in the control and
elimination of virus-infected malignant cells has existed for many

years, giving rise to the theory of immunological surveillance against
tumors (1). More recently, it has been established that tumor rejection
is mediated by lymphocytes and, most notably, by CTLs (2). This
concept is based mainly on the assumption that, like normal virus
infected cells, tumor cells can present virus-specific epitopes on their
surface in conjunction with MHC molecules that can be recognized by
CTLs. Although synthetic peptides can directly prime a target cell for
lysis by CTLs, recognition of a native viral antigen requires intracel
lular processing, which involves cleavage of the antigen into short
peptides and their transport into the ER,3 where they associate with
MHC class I (3). The binding of these peptides to newly synthesized
MHC class I molecules is important for their normal assembly,
stability, and efficient CTL recognition. It has been suggested that
translocation of peptides into the lumen of the ER is controlled by a
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family of ATP-dependent transporter proteins (referred to as TAP1
and TAP2; Refs. 4 and 5).

There is an increasing realization that it is now possible to enhance
the immunogenicity of virus-associated tumors by manipulating fac
tors that control antitumor immunity (6). There are two common
approaches that are currently being considered. In the first approach,
virus-specific antigens (or epitopes) are being identified, and attempts
are being made to direct the immune system toward their recognition
on tumor cells (7). The second approach involves the transduction of
cytokine genes into tumor cells, thus increasing their immunogenicity
(8). It is important to mention here that both of these approaches are
critically dependent on the levels of MHC class I expression on the
surface of tumor cells. Thus, it is likely that molecular regulation of
MHC class I antigen processing and presentation in metastatic tumors
may determine the efficacy of any vaccine approach designed to
control the proliferation of virus-infected malignant cells in vivo. To
examine this issue in the context of the EBV-associated malignancy
NPC, we assayed endogenous processing function and MHC class I

expression in NPC tumors propagated in nude mice and expression of
antigen-processing genes in tumor biopsies from NPC patients. Data
presented in this study indicate that NPC cells are highly competent in
endogenously processing class I-restricted CU epitopes from EBV
and are efficiently recognized by virus-specific CTLs.

MATERIALS AND METHODS

Establishment and Maintenance of NPC Tumors and EBV-trans
formed B-CellLines. TheNPCtumorsusedin thisstudywereC15,Cl7, and
Cl8. These tumors were derived from patients with NPC, as described previ
ously, and maintained by serial passage in nude mice (9). Briefly, small

fragments of tumor were transplanted s.c. in these mice, and by days 25â€”30,
these tumor cells were harvested and cryopreserved for later immunological
analysis. The HLA typing of the Cl5 was HLA Al 1, A3, B?, Cw7, and Cw4.

EBV-transformed LCLs from seropositive donors were established by cx

ogenous virus transformation of peripheral B cells using EBV derived from
type 1 (B95.8) and type 2 (Ag876) cell lines (10). In addition, the mutant
LCL X T-lymphoblastoid hybrid cell line, 174 X CEM.T2 (referred to as T2
cells) was also used in the study (1 1). The T2 cell line does not express the
TAPI, TAP2, LMP2, or LMP7 gene because these genes are deleted in this cell
line. All celllines were routinely maintained in RPM! 1640 medium containing
2 mr@iglutamine, 100 units/mi penicillin, and 100 pg/mi streptomycin, plus
l0%-20% FCS (growth medium).

Cm ClonesandPeptideEpitopes.TheEBV-specificCTLclonesusedin
this study were CM9 and CM29 (EBNA4 specific and HLA Al 1 restricted).

The specificity of these clones has been defined at the peptide epitope level:
CM9 recognizes the minimal epitope sequence IVTDFSVIK (open reading
frame BERF2a and BERF2b, residues 416â€”424),and CM29 recognizes the
minimal peptide sequence AVFDRKSDAK (open reading frame BERF2a and
BERF2b, residues 399â€”408;Ref. 12).These clones were maintained in growth
medium containing highly purified recombinant human interleukin-2 from

Escherichia coli (13, 14).
Vaccinia Virus Recombinants. The recombinant vaccinia construct, en

coding the EBNA4 antigen of EBV, and a vaccinia virus construct, made by
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insertion of the pSCl 1 vector alone and negative for thymidine kinase

(Vacc.TK), have been described previously (15, 16).NPC cells or LCLs were
infected with recombinant vaccinia virus at a multiplicity of infection of 10:1
for 1 h at 37Â°C,as described previously (17). After 4â€”5h of infection, cells
were washed with growth medium and processed for CTL assays or for
immunoblotting to assess the expression of recombinant EBNA4 protein (16).

Analysis of MHC Expression on NPC Cells and LCL MHC expression

on NPC cells and LCLs were analyzed by surface immunofluorescence label
ing followed by flow cytofluorometry (fluorescence-activated cell sorting).
Cells were initially incubated with the HLA allele-specific MoAbs, washed,
and further incubated with polyclonal affinity-purified, fluorescein isothiocya
nate-conjugated goat antimouse or rat immunoglobulin (Silenus Laboratories,
Melbourne, Australia). The MoAbs used were: ATCC Al l.1M, specifying
HLA All; ATCC GAP A3, specifying HLA A3; ATCC W6/32, specifying
HLA A, B, and C; and anti-b2-microglugulin (Silenus, Australia), specifying
B2M. Labeled cells were analyzed using the FACScan (Becton Dickinson,
Mountain View, CA), and results were expressed as mean fluorescence inten

sities.

Cytotoxicity Assay on Recombinant Vaccima Virus-infected Targets.

NPC cells and LCLs, either infected with recombinant vaccinia viruses
(Vacc.EBNA4 or Vacc.TK) or peptide-sensitized, were incubated with 5tCr
for 90 mm and used as targets in a standard 5-h 51Cr-releaseassay (10).

Analysis of Antigen-processing Genes In NPC Cells. Expression of pep
tide transporters (TAP1 and TAP2) and/or proteasome components (LMP2 and

LMP7) in NPC cells and LCLs was analyzed by RT-PCR and immunohisto
chemical staining. Total RNA from NPC cells, LCLs, and TAP- and LMP

negative T2 cells was isolated by using a single-step RNA isolation reagent
(Advanced Biotechnologies Ltd., Epsom, Surrey, United Kingdom) and re
verse-transcribed with oligo-dT primer. Semiquantitative PCR analysis of the
relative amounts ofTAPl, TAP2, LMP2, and LMP7 transcripts was performed
using sequence-specific primers, as follows: TAP1, 5'-CTACTGCACTGG

GAAGTCACC-3' and 5'-ACAGAGAACCCCTAGTACGAGA-3'; TAP2,

5'-GTCFCGAATCAACTFGCGGATC-3' and 5'-GTTACAGCCGTCGA
CATAACCG-3'; LMP2, 5'-GVFCAGAUGAGATGGCCCATG-3'and 5'-
AGGTFCGACGACAGGTFGTA@T-3'; and LMP7, 5'-ATGGGATAGAA
CFGGAGGAACC-3' and 5'-GCCGTCGTGGAAATAGATACCA-3'. Ampli
fications were performed in 20-id reaction volumes using 2 @.dof cDNA, 10
pmol of each primer, 200 pM dNTPs, 1.5 nmt MgCl2, and 1 unit of Taq
polymerase. Amplified products were separated on 2% agarose gels and
quantitated densitometrically using ImageQuant software version 3.3 (Molec
ular Dynamics, Sunnyvale, CA).

For immunohistochemical staining, fresh biopsies from nine undifferenti
ated NPCs, listed in Table 1, were embedded in optimal cryopreserving tissue
compound, snap-frozen in liquid nitrogen, and stored at â€”80Â°Cuntil section
ing. Cryostat sections were preincubated with normal rabbit serum to prevent
nonspecific binding and were then incubated with an optimal dilution of TAP1
or TAP2 MoAb for 30 mm. The bound TAP antibody was detected with
biotinylated horse antimouse antibody and avidin-biotin-peroxidase complex.
Following extensive washing, sections were incubated with 0.03% H202and
0.06% 3,3'-diaminobenzidine for 3â€”5rain. Finally, slides were washed for 5
mm in running tap water, counterstained with hematoxylin for 5 mm, and
mounted in Canadian balsam. In all experiments, a routine control, in which
the primary antibody was omitted, was included.

Table 1 iminunoreactivityfor TAPI and TAP2 in Tissue Sections of Undifferentiated
NPC

a Cryostat sections were immunostained for TAP! and TAP2 using avidin-biotin

peroxidasecomplex.
b UC, undifferentiated carcinoma; DC, differentiated carcinoma (nonkeratinizing).

311

Rrj@+_ +-

TAP1

TAP2

LMP2

LMP7

GAPDH

Fig. 1. RT-PCR analysis of class I-processing gene expression in NPC tumors and
EBV-transformed LCLS. Relative levels of TAP1, TAfl, LMP2, and LMP7 transcripts
were measured by using semiquantitative PCR analysis. Each of the PCR products was
amplified by using sequence-specific primers, and the TAPI- and TAP2-negative and
LMP2- and LMP7-negative cell line T2 was used as a control in this analysis. In parallel,
relative levels of GAPDH transcripts were also measured in NPC tumors and the T2 cell
line to confirm the equal loading of cDNA in a PCR.

RESULTS AND DISCUSSION

Expression of MHC Class I-processing Genes in NPC Tumors.
In the first set of experiments, three different NPC tumors (Cl5, Cl7,
and Cl8) from patients with metastatic NPC were analyzed for the
expression of peptide transporters (TAP1 and TAP2) and proteasome
components (LMP2 and LMP7) by RT-PCR. Data from one such
analysis are presented in Fig. 1. This analysis clearly shows that all
NPC tumors were positive for both TAP1 and TAP2 expression. On
the other hand, a significant down-regulation of LMP2 expression was
noted in the C18 NPC, whereas the Cl5 and C17 NPC showed strong
expression of both LMP2 and LMP7. An EBV-transformed LCL used
in this assay as a positive control showed high levels of expression of
all processing genes, whereas no RT-PCR products were seen from
TAP1- and TAP2-negative and LMP2- and LMP7-negative T2 cells.
These results strongly suggest that NPC cells are capable of process
ing class I-restricted CTh epitopes. To confirm the results obtained
from RT PCR, TAP1 and TAP2 expression in these tumors were also
analyzed by immunoblotting using TAP1- and TAP2-specific MoAbs.
This analysis also showed strong expression of both TAP! and TAP2
in all three NPC tumors (data not shown).

Because our initial analysis was based on NPC cells which were
maintained by sequential passage in nude mice, it was important to
determine whether fresh tumors from NPC patients also display
similar characteristics. Specific MoAbs were used for immunohisto
chemical detection of TAP1 and TAP2 protein in acetone-fixed,
snap-frozen tissue sections of undifferentiated NPC. Consistent with
data presented in Fig. 1, nine of nine tissue sections of NPC tumor
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Fig. 2. Immunohistochemical staining using
TAP1andTAP2on sequentialtissuesectionsof a
snap-frozenundifferentiatedNPC.Positivestain
ing for both TAP1 and TAP2 (dark red) is clearly
evident in NPC cells in both sections. A summary
of analysis of TAP1 and TAP2 expression in a
panel of NPC tissues is presented in Table 1.
Originalmagnification,X80.

cells were strongly positive for TAP!, whereas eight of nine tissue
samples showed strong reactivity with TAP2-specific antibody (Fig.
2; the other sample showed very weak staining). Staining for TAP
proteins was localized in the cytoplasm, which is in accordance with
the proposed ER localization of the TAP heterodimer. The TAP!- and
TAP2-negative cell line, T2, showed no staining with either TAP1- or
TAP2-specific antibody (data not shown). A summary of this analysis
is presented in Table 1. These results confirm that NPC cells express
normal levels of peptide transporters and, thus, have the potential to
process endogenous class I-restricted epitopes.

Expression of LILA Class I Molecules on the Surface of NPC
Cells. It is now well established that virus-specific CTLs recognize
peptide epitopes in association with HLA molecules expressed on the
surface of antigen-presenting cells. To analyze surface MHC expres
sion on NPC cells, C15 NPC cells and HLA-matched LCLs were
stained with either anti-HLA class I (W6/32), HLA Al 1 (Al 1.1M),
HLA A3 (GAP A3), or B2M-specific antibody. Data from one such

analysis are presented in Fig. 3. Cl5 cells consistently showed strong
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pan-HLA class I (HLA A, B, and C) and allele-specific (HLA All
and HLA A)) expression, although this expression was always lower
than that of LCLS. Similarly, strong expression of B2M was also seen
for NPC cells, suggesting that these tumor cells express peptide-bound
stable MHC molecules. Analysis of MHC expression on C17 and C18
cells also showed strong HLA class I alleles on the cell surface (data
not shown). These results are consistent with the normal expression of
TAP! and TAP2 in these tumor cells.

Analysis of Antigen-processing Function of NPC Cells. To de
termine whether NPC cells can present endogenously expressed an
tigens to virus-specific CTLs, tumor cells were either infected with
recombinant vaccinia encoding EBNA4 (Vacc.EBNA4) or presensi
tized with synthetic peptide epitopes. Fig. 4 illustrates the results from
an experiment in which HLA All-positive NPC cells (Cl5) and type
2 LCLSwere infected with Vacc.EBNA4 and comparedfor lysis by
two EBNA4-specific, HLA Al 1-restricted Cli clones. The type 2
LCLs used in this assay are not recognized by the EBNA4-specific
CTLs without vaccima infection because the C'FL epitope sequence in

312

â€¢t. â€˜1

TAP2@I@@ ,,8,'
r @.â€˜â€˜ 4

@,@ c;@.;' â€˜,@

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/2/310/2467522/cr0580020310.pdf by guest on 19 M

ay 2023



Â°b

ANTIGEN PROCESSING IN NASOPHARYNGEALCARCINOMA

type 2 EBV is mutated. Following exposure to EBNA4-specific
CTLs, Vacc.EBNA4-infected or peptide-sensitized NPC cells were
efficiently recognized by both CM9 and CM29 CTL clones. The

levels of @TLlysis were comparable to those seen for LCLS. These
results clearly demonstrate that NPC cells are able to transport suffi
cient levels of peptides into the ER by a TAP-dependent mechanism
and can efficiently transport MHC-peptide complexes from the ER to
the surface of the cell.

Data presented in this study indicate that down-regulated class I
processing does not constitute a mechanism of immune escape for
NPC cells. These results are in contrast to previously published
studies on another EBV-associated malignancy, Burkitt's lymphoma,
in which loss of peptide transport function is consistently seen in
group I cell lines (18, 19). More importantly, normal antigen-process
ing function in NPC cells has significant implications for the design of
vaccines aimed at controlling these tumors in vivo. Earlier studies
have demonstrated that latent gene expression in NPC is often limited
to EBNA1 and the transmembrane proteins, LMP1 and LMP2 (20).
Because EBNA1 is not recognized by EBV-specific CTLs, there is
increasing interest in the epitopes known to be included within LMP1
and 2 for their potential use in a therapeutic vaccine for NPC (15, 21).

In view of the data presented in this study, it is reasonable to assume
that LMP epitopes will be processed efficiently by NPC cells. The
inability of the CTL response to reject these potentially immunogenic
tumors may be due to an inherent weakness of LMP-specific re
sponses. An effective approach to control NPC cells in vivo may be to
amplify LMP-specific CTL responses in these patients. This could be
achieved by two alternative procedures. First, NPC patients could be
immunized with synthetic peptides, which include CTL epitopes from
LMP1 and/or LMP2. Alternatively, LMP1- and LMP2-specific CTLs
from HLA-matched healthy virus carriers may be adoptively trans
ferred into NPC patients in a manner analogous to that used to
successfully treat EBV-associated polyclonal lymphomas in bone
marrow transplant recipients (6).
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Fig. 3. FACSCananalysis of surface HLA class I allele expression on NPC cells and
LCLs.Cells were initiallyincubatedwith the HLA allele-specificMoAbs(Al l.lM,
specifying HLA Al 1; GAP A3, specifying HLA A3; W6132,specifying HLA A, B, and
C; andanti-@-microglugulin),washed,andfurtherincubatedwithpolyclonalaffinity
purified, fluorescein isothiocyanate-conjugated goat antimouse or rat immunoglobulin.
Labeled cells were analyzed using the FACScan (Becton Dickinson). Colwnns, mean
fluorescence intensities.

70

60

.@,5fJ

i@0

Effacter. CM90 C15+Vacc.TK
0 C15+IVTDFSVIK
* C15+Vacc.EBNA4

50
Eff.ctor. CM9

40

I
@30

10

a
1:1 2:1 4:1 8:1

Effector:Target Ratio
lii 2@1 4:1 8:1

Effector-.TargOtRatio

Kifector. CM29

0 LCL+Vacc.TK

0 LCL+IVTDFSVIK
w LCL+Vacc.EBNA4

Effecter: CM2O 0 LCL+Vacc.TK

0 LCL+AVFDRKSDAK

:::::::::III:III::::7@

@â€”@--------@â€”â€”â€”e d

1:1 2:1 4:1 8:1
Effoctor.Target Ratio

50

10

0
2:1 4:1 8:1

Effector:TargetRatio

Fig. 4. CI'!.. recognition of NPC cells and LCLs by EBV-specific HLA Al 1-restricted CFL clones CM9 (a and c) and CM29 (b and d). Vacc.EBNA4- or Vacc.TK-infected or
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positive control, target cells were presensitized with either IV'FDFSVIK peptide (a and c) or AVFDRKSDAK peptide (b and d). Data points. percentages of specific lysis.
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