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Abstract Latent membrane protein (LMP)-2 is one
of the Epstein–Barr virus (EBV)-encoded proteins
consistently expressed by nasopharyngeal carcinoma
(NPC). EBV-transformed lymphoblastoid cell lines
(LCL) have been used in patients with NPC to induce
LMP-2-recognizing T cell lines which have been in turn
utilized for protein-wide mapping of T cell epitopes.
However, comprehensive mapping of naturally recog-
nized LMP-2 epitopes in non tumor-bearing individu-
als has not been reported. Here, we applied a low
sensitivity epitope-deWning technique for the identiW-
cation of LMP-2 CTL responses detectable ex vivo in
EBV-experienced individuals. This screening tool has
been previously validated by analyzing memory CTL
responses to Flu, cytomegalovirus (CMV), and the
melanoma associated antigen gp100/Mel17. Peripheral
blood monocytes (PBMC) from ten Caucasian and ten

Chinese individuals were stimulated ex vivo with pools
of nonamer (9-mer) peptides overlapping in a stepwise
fashion each single amino acid of the LMP-2 sequence.
No obvious diVerences were observed between the
immune response of the two ethnic groups save for
those related to the divergence in the ethnic prevalence
of HLA haplotypes. Several novel and known LMP-2
epitopes were identiWed. Reactivity toward at least one
LMP-2 epitope was detected in 18 of the 20 donors but
no prevalent human leukocyte antigen (HLA)/epitope
combination was observed conWrming that LMP-2
reactivity in the context of common HLA alleles is
more pleiotropic than that of FLU and CMV. We
believe that the usefulness of these epitopes occurring
naturally in non-cancer bearing patients as reagents for
the immunization of patients with early or advanced
stage NPC deserves further evaluation.
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Introduction

Epstein–Barr virus (EBV) is a �-herpes virus capable,
in the carrier state, to induce lymphoproliferative dis-
orders in immune compromised patients or neoplastic
disorders in immune competent individuals. With-
drawal or reduction of immune suppression is widely
accepted as an eVective treatment of post-transplant
lymphoproliferative disorders which are characterized
by high expression of the full range of viral proteins by
the cancer cells [1]. In addition, complete regression of
post-transplant lymphoproliferative disorders can be
mediated by adoptive transfer of human leukocyte
antigen (HLA)-matched EBV-speciWc cytotoxic T lym-
phocytes (CTL) [2–4] and prophylactic administration
of CTL can prevent their insurgence [5]. These obser-
vations suggest that, at least in these settings, CTL play
a major role regulating tumor growth. In contrast with
the lymphoproliferative disorders, EBV-associated
tumors such as Burkitt’s lymphoma, Hodgkin’s disease
and nasopharyngeal cancer (NPC) occur in immune
competent individuals and display a restricted expres-
sion of EBV proteins [6] which may account for the
reduced eVectiveness of adoptively transferred EBV-
speciWc CTL [6, 7]. Of the three types of NPC (squa-
mous cell, lymphoepithelial and anaplastic) [8–11], the
anaplastic form is predominant worldwide and it is the
one characterized by consistent expression of LMP-2
[10]. Encouraging results have been recently reported
treating patients with NPC with EBV-speciWc CTL
generated by stimulation with autologous EBV cell
lines [12]. These CTL demonstrated a predominant
recognition of the EBV latent membrane protein
(LMP)-2 [12, 13].

Recent reports suggest the LMP-2 epitopes can be
used for active speciWc immunization of patients with
NPC [14]. In addition, in vitro exposure of PBMC
from NPC patients to autologous EBV-transformed
lymphoblastoid cell lines (LCL) has identiWed a
wealth of novel LMP-2 epitopes [13] some of which
were associated with tumor regression following adop-
tive transfer of the LCL-induced T cell lines [12].
Although useful for therapeutic purposes, the in vitro
induction of T cell lines through LCL exposure might
introduce a bias on our perception of naturally occur-
ring T cell responses to LMP-2 for instance by skewing
antigen processing in the presence of a functional
immune proteasome [15]. Therefore, characterization
of naturally occurring immune responses to LMP-2 by
direct ex vivo testing of normal donors may comple-
ment previous studies and expand our perception of
the immune repertoire against this viral protein. Thus,
a goal of the study was a comprehensive mapping of

CTL responses against LMP-2 occurring naturally in
EBV-experienced non tumor-bearing individuals of
Caucasian or Chinese background. Peptide pools
spanning the LMP-2 sequence from the B95.8 EBV
strain were used to stimulate peripheral blood mono-
nuclear cells (PBMC) obtained from leukapheresis.
To cover epitopes of LMP-2 from other strains of
EBV, peptides representing variant sequences of the
protein known at the time of the study design were
also included [16]. CTL reactivity was documented by
identiWcation of increments in interferon (IFN)-� tran-
script level in response to stimulation using real-time
quantitative PCR (qPCR) as previously described [17–
19]. This assay utilizes autologous PBMC for antigen
presentation and, therefore, relies on the whole
autologous HLA repertoire. Putative epitopes were
conWrmed by intracellular cytokine staining (ICS) and
their HLA association using partially matched heter-
ologous LCL.

The prevalence of anaplastic NPC is dramatically
dependent upon genetic background. For instance,
some regions of Southern Asia suVer about a 100-fold
higher prevalence compared with populations not at
risk [10]. Although environmental factors could con-
tribute to this predisposition, the high prevalence of
NPC in USA Chinese immigrants suggests a genetic
inXuence [9]. Ethnic predisposition to develop NPC is
paralleled by a strong association with some HLA class
I alleles. Of them, HLA-A2, -B14, -B46, -B58 and -B61
predispose to the disease while HLA-A11, -A31, -B13,
-B27, -B39, -B55 exercises a protective eVect [20–29].
A meta-analysis noted a consistent association
between HLA-A2, A11, B14 and B46 and NPC [30].
With few exceptions [26, 27], most studies employed
serologic HLA typing methods that cannot discrimi-
nate among alleles within large serologic families [31].
Such discrimination, however, is critical since diVerent
ethnic groups display signiWcant diVerences in fre-
quency of HLA alleles within a serologic family which
may have diVerent capacity to bind and present epi-
topes. For instance, the HLA-A2 serologic family
includes close to 100 alleles (http://www.anthonyno-
lan.com/HIG/) whose distribution is diVerent among
ethnic groups with HLA-A*0201 (»90%) and HLA-
A*0205 (»5%) predominant among Caucasian and
HLA-A*0203 (»20%) -A*0206 (»15%) and -A*0207
(»40%) in Asians [32–35]. It is possible, therefore, for
Asian patients to be more prone to develop NPC
because their HLA class I molecules are less eYcient in
expressing EBV epitopes [26]. This hypothesis has
never been tested by comparative epitope mapping of
LMP proteins in non tumor-bearing individuals
belonging to diverse populations.
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Thus, a second goal of this study was to test whether
diVerences in epitope recognition could be identiWed
between Caucasian and Asian/Chinese individuals
exposed to EBV infection that could justify further
expansion of this line of studies. As a test model, the
HLA-A2 serological family was studied in particular
(though not uniquely) since it is relatively frequent in
both populations (approximately 50%) and it is charac-
terized by diVerent prevalence of HLA-A2 subtypes.
The recruited donors of Caucasian or Asian/Chinese
background (ten in each group) were HLA typed by
sequence-based typing (SBT) [36–38] and the informa-
tion was used to compare CTL responses in the context
of ethnically related allelic diversity.

Materials and methods

Donor accrual

Ten Chinese and ten Caucasian adults who had been
exposed to silent primary EBV infection were studied.
Individuals who experienced infectious mononucleosis
more than ten years prior to enrollment were also
eligible. Prior EBV exposure was determined by
standard serological identiWcation of IgG antibodies
against EBV. Asian/Chinese individuals were deWned
as those who were born in China (including Taiwan,
Hong Kong and Singapore) and immigrated to the
USA afterwards as well as the Wrst generation
oVspring from couples of this ethnicity. Caucasian
individuals were deWned as any individual born in the
USA or Europe of clear Western ancestry. Preferen-
tially, individuals of Northern European ancestry were
selected since the frequency of HLA-A*0201 peaks in
this ethnic group. Racial selection was not intended to
perfectly represent the two ethnic groups since the
goal of the study was not to describe genetic diVer-
ences but rather increase the chances of accruing indi-
viduals with HLA-alleles relevant to the immunologic
studies to be performed in the two populations. Partic-
ipants passed the criteria for blood donors established
by the American Association of Blood Banks includ-
ing a WBC ¸ 3,000 per mm3 and a platelet count of
¸90,000 mm3. Individuals who tested positive for hep-
atitis HBsAG or HIV antibody or HIV or who had any
form of active primary or secondary immune deW-
ciency were excluded because of possible immune
eVects of these conditions. The donor accrual was per-
formed through a National Cancer Institute—Institu-
tional Review Board approved protocol (04-CC-0007)
and all individuals signed informed consent before
donation.

Lymphocyte separation and peptide stimulation

PBMC were collected by apheresis using the Fenwal
CS3000 blood cell separator (Fenwal, DeerWeld, IL).
Citrate was used as an anticoagulant. During each pro-
cedure Wve liters of whole blood were processed with
the goal of obtaining approximately 5 £ 109 mono-
nuclear cells. PBMC were separated from granulocytes
and red cells using Wcoll-hypaque density gradients and
frozen in aliquots of 1 £ 108 cells. Later, the cells were
thawed and a portion of cells was stimulated with pools
of peptides from the LMP-2 B95.8 consensus strain
plus additional epitopes spanning variant regions of
alternate strains of EBV [16]. Each pool contained ten
peptides dissolved in DMSO to a Wnal concentration of
1 �M. Stimulation of PBMC was performed following
the previous described method [17–19, 39, 40] by plat-
ing 2 £ 105 thawed PBMC per U-bottom well in a 96
well plate and exposing them to exogenous peptide
administration for 3 h before RNA preparation for
quantitative real-time PCR (qRT). We have previously
discussed extensively the details of the assay, its ratio-
nale and possible pitfalls [17–19, 39–42]. A speciWc
CTL response to a peptide pool was based on a conW-
dence interval above a 0.99 divergence over a baseline
stimulation with an inert peptide as described in the
statistical section [39, 40]. Peptide pools inducing CTL
responses were segregated into individual peptides to
stimulate in a second assay PBMC of the responsive
individual for identiWcation of the minimal determi-
nant. Positive controls included stimulation of PBMC
with a pooled peptide library encompassing the com-
plete amino acid sequence of the CMV pp65 protein,
the anti-CD3 mAB OKT3, pokeweed mytogen (PWM)
and staphylococcal exotoxin B (SEB). The Flu M1:58–
66 and the CMV pp65:495–503 epitopes were used as
positive controls in HLA-A2 individuals [43] while
gp100:209–271 [17, 18] and Flu M1 RLEDVFAGK [44]
were used as negative controls to assess respectively
epitope and HLA speciWcity.

Epitope mapping

The epitope library was constructed by synthesis of 9-
mer peptides tiled at a one amino acid pace to cover
the complete protein sequence of the B95.8 prototype
[45]. Nine amino acid lengths were selected to exclude
possible binding incompatibility to HLA alleles at the
carboxyl terminus as previously observed [13, 46].
Known polymorphic sequences [47] were also
included. Epitope mapping was performed by prepar-
ing two sets of peptide pools to develop a two-dimen-
sional matrix. The Wrst set consisted of pools including
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ten peptides each clustered according to a one amino
acid tiling selection, therefore, including overlapping
portions of LMP-2 (overlapping pools 1–36). The sec-
ond set consisted of pools that included ten peptides
each selected at ten amino acid intervals along the
sequence of LMP-2 (spaced pools #A1–A10, #B1-B1-
and #C1–C10). This strategy potentially facilitates the
identiWcation of putative epitopes by comparing results
between the two sets since each pool in one set shares
only one peptide present in any pools from the other
set.

EBV DNA ampliWcation and quantiWcation 
in donors PBMC

EBV DNA was quantiWed in patient PBMCs using the
Light-Cycler system (Roche Molecular Biochemicals,
Indianapolis, IN). In brief, primers EBV FOR.4 (5-A
GGAAGCGGGTCTATGGTTGGCTG-3) and EBV
REV.5 (5-TAGAACTGACAATTGSCTGCTGTCT
G-3, where S–C or G) were used to amplify a segment
from the BamHI-W fragment of the EBV genome.
Fluorescent resonance energy transfer (FRET) detection
probes were commercially synthesized (IT BioChem,
Salt Lake City, UT) and labeled with Red 640 as the
reporter Xuorescent dye: EBVFRETUP.2 (5-GGCCC
AAGGGGGTTCGCGTTGCTAG-Fluorescein-3) and
EBVFRETDN.2 (5-Red 640-CCACCTTCTCAGTC
CAGCGCGTTTAC-3). Real-time PCR was per-
formed in a 20 �L reaction containing a Light-Cycler
FastStart DNA Master Hybridization Probes reaction
mixture (which contains FastStart Taq polymerase
[Roche Molecular Biochemicals], 10 �L of patient sam-
ple DNA, deoxynucleoside triphosphate primers
[0.5 �M each], FRET probes [0.2 �M each], 4.0 mM
MgCl2, and 1 U of uracil-DNA glycosylase). The mix
was pre-incubated for 10 min at 30°C, after which PCR
was carried out under the following conditions: initial
denaturation of 10 min at 95°C, followed by Wve cycles
of 10 s at 95°C and 25 s at 72°C; touch-down proce-
dure, consisting of 6 s at 95°C, annealing for 10 s at
temperatures decreasing from 72°C to 55°C during the
Wrst nine cycles (with 3°C decremental steps in cycles
2–9), and ending with an extension step at 72°C for
20 s. A total of nine touch-down cycles plus 36 cycles of
annealing at 55°C were performed. Amplichek EBV
viral DNA control (Advanced Biotechnologies,
Columbia, MD) was used as a quantitative reference
standard. The EBV DNA control (1 £ 104 EBV
genome copies per microliter) was diluted to give a
standard curve of 5–5,000 EBV genome copies per
reaction volume. All Xuorescence data were analyzed
using LightCycler software (Promega). The Light-

Cycler software generated a best-Wt line from the
log-linear region of each standard curve that deWned
the crossing line. The point of intersection between the
emitted Xuorescence and the crossing line deWned the
crossing point. The concentration of target DNA was
calculated by plotting the crossing point of each sample
on the standard curve using the LightCycler software.
To detect PCR inhibitors in the patient specimens, a
“mimic” sequence ampliWable by the EBV primers
described above was constructed by amplifying a seg-
ment of the tetracycline resistance gene of pBR322
with primers tailed with the corresponding EBV prim-
ers. The resulting sequence, AGGAAGCGGGTCTA
TGGTTGGCTGTTGCTAACGCAGTCAGGCACC
GTGTATGAAATCTAACAATGCGCTCATCGTC
ATCCTCGGCACCGTCACCCTGGATGCTGTAG
GCATAGGCTTGGTTATGCCGGTACTGCCGGG
CCTCTTGCGGGATATCGTCCATTCCGACAGC
ATCGCCAGTCACTATGGCGTGCTGCTAGCGC
TATATGCGTTGATGCAATTTCTATGCCAGAC
AGCAGCCAATTGTCAGTTCTA, was cloned, and
the plasmid was propagated and puriWed. The EBV
primers described above were used to amplify the
mimic (3000 copies) in a separate reaction that
included 10 �L of extracted DNA from each patient
sample. The mimic detection FRET probes were com-
mercially synthesized (IT BioChem) and labeled with
Red 705: MIMICFRET UP (5-GAT ATC GTC CAT
TCC GAC AGC ATC-Fluorescein-3) and MIMIC-
FRET DN (5-Red 705-CCA GTC ACT ATG GCG
TGC TGC TAG-Phosphate-3). Real-time PCR was
carried out with the Light-Cycler system, as described
above. To determine the number of human cellular
equivalents tested for the presence of EBV, another
aliquot of patient DNA samples was also subjected to
real-time PCR analysis for the human �-globin gene
using the LightCycler Control DNA kit (Roche Molec-
ular Biochemicals), according to the manufacturer’s
recommendations. EBV viral load was calculated by
dividing the EBV copy number in a given sample by
the number of cellular genome equivalents, based on
the human �-globin gene, in the sample. The EBV viral
load was expressed per 106 cellular genome equiva-
lents.

Quantitative real-time PCR (qRT)

Quantitative real-time PCR (qRT) was performed as
previously described using primers and probes that we
have already extensively characterized [43]. Three
hours after stimulation of PBMC with peptide pools
and relevant controls, RNA was extracted (RNeasy
Mini Kit, Qiangen, Valancia, CA) and 1 �l of total
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RNA was reverse transcribed into cDNA (Invitrogen,
Carlsbad, CA). One �l of synthesized cDNA was used
as template to measure IFN-� mRNA abundance by
qRT using an ABI Prism 7900 Sequence Detection
System (Perkin Elmer, Foster City, CA). Beta-actin (�-
actin) was used as internal reference gene.

Intra-cellular cytokine staining (ICS)

ConWrmation of epitope speciWcity was performed by
ICS. ICS was performed on independently thawed
PBMC or after one round of in vitro sensitization (IVS)
to further increase the number of epitope-speciWc T
cells. IVS was performed by plating 1 £ 106 per ml
PBMC in 48 well plates with 1 ml of complete medium
(Iscove, Life Technologies, Grand Island, NY) supple-
mented with 10% heat inactivated human AB serum,
10 mM HEPES buVer, 100 U/ml penicillin-streptomycin,
0.5 mg/ml amphotericin B and 0.03% glutamine. After
resting overnight, the cells were stimulated with 1 �g/ml
of pooled or single peptides and cultured for a week in
an incubator adding recombinant human IL-2 (rHuIL-2)
(Chiron Co, Emeryville, CA) every 2 days at the Wnal
concentration of 300 IU/ml. As controls cells were stim-
ulated with gp100:209–217 (melanoma antigen-derived
peptide, negative control), OKT3, PWM, SEB and the
pooled library of CMV-pp65 epitopes (positive con-
trols). After overnight resting the freshly thawed PBMC
(ex vivo assay) or at day 7 (IVS assay) the T cell cultures
were stimulated with the relevant pools or peptides.
After 1 h from the second stimulation, BrefeldinA was
added to the wells at the Wnal concentration of 10 �g/ml

and the cells were incubated for extra 5 h at 37°C. The
cells were then harvested, washed and Wxed in FACS
lysing solution (BD Bioscience, San Jose, CA). The day
after, cells were permeabilized (Perm2, BD Bioscience),
washed and stained with mAb against CD8-PE, CD3-
PerCP, CD4-APC and IFN�-FITC (all from BD Bio-
science) for 30 min at 4°C in the dark. Samples were
analyzed with FACS sort (BD Bioscience).

Assignment of epitope/HLA associations

The HLA of each donor was determined by sequenc-
ing of the HLA-A, -B and -C alleles and ambiguities
were resolved as previously discussed [36, 48] (Table 1).
IdentiWcation of the HLA alleles associated with indi-
vidual epitopes was deducted by cross-referencing the
results in diVerent patients and tested by presenting in
separate experiments the test epitopes exogenously
pulsed on partially matched heterologous LCL to
sensitized T cell cultures. The HLA type of the most
frequently used LCL is shown in Table 2.

Data analysis and validation

One goal of the study was to compare ex vivo and in
standardized conditions epitope immune dominance
between individuals of Caucasian and Chinese ancestry
prevalently carrying diverse HLA alleles. In particular,
the HLA-A2 system was used as test model. All data
were evaluated using the Log2 of individual values and
are presented as mean § SD. Log2 of the absolute IFN-
� copy number and the IFN-�/�-actin ratios were ana-

Table 1 Sequence-based 
HLA typing of donors and 
presence of EBV DNA in 
their PBMC

Donor ID HLA-A HLA-B HLA-C Molecular 
EBV testing
(PBMC)

CAU#1 09193-5 A*0205, 2601 B*3801, 5801 C*0701(0706), 12030 Positive
CAU#2 01500-3 A*0201, 0310 B*3503, 5701 C*04, 0602 Negative
CAU#6 23530-1 A*0201 B*15 ,44 C*0102, 05 Positive
CAU#7 19730-0 A*0101, 3301 B*1402, 27 C*0102, 0802 Negative
CAU#8 24311-5 A*0101, 0201 B*27, 5701 C*0202, 0602 Positive
CAU#9 20023-2 A*0301, 0301 B*18, 35 C*04, 07 Positive
CAU#11 20028-1 A*0101, 2601 B*0702, 3801 C*0702, 1203 Negative
CAU#16 25090-9 A*24, 26 B*3801, 4002 C*0202, 1203 Negative
CAU#24 16959-6 A*0201, 0201 B*1501, 5701 C*0102, 0602 Negative
CAU#26 23794-2 A*0101, 0201 B*08a, 15a C*0102, 07 Positive
CHN#3 25088-0 A*0201, 1101 B*1301, 5201 C*0304, 1202 Negative
CHN#4 25097-1 A*0203, 2402 B*1502, 4001 C*0702, 0801 Positive
CHN#5 25100-8 A*0207, 2402 B*3802, 4601 C*0102, 0702 Negative
CHN#10 01772-3 A*0201, 1101 B*4001, 4601 C*0702, 0702 Positive
CHN#12 25299-2 A*1102, 2402 B*2704, 4001 C*1202, 1502 Negative
CHN#13 25249-9 A*0207, 2402 B*35, 4601 C*0102, 0303 Negative
CHN#17 25203-7 A*1102, 2402 B*1301, 1302 C*0304, 0602 Negative
CHN#23 20459-6 A*1101 B*1301, 1502 C*1501, 1602 Negative
CHN#27 25584-1 A*24, 31 B*0702, 5801 C*0302, 0702 Negative
CHN#29 25680-8 A*1101, 2601 B*0801, 4001 C*0304, 0702 Positive
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lyzed obtaining comparable results in all experiments.
Therefore, the subsequent analysis was performed only
on IFN-�/�-actin ratios. To account for individual vari-
ations in baseline IFN-� expression, Log2 IFN-�/�-actin
ratios were further adjusted using, as a normalization
factor, the average values of all peptide pool stimula-
tions (n = 66) for each donor’s PBMC. This represents
a modiWcation of the principle of relative changes in
gene expression between paired samples as described
by others [49]. This normalization was based on the
assumption that peptide pools would be inert in the
majority of cases and, therefore, the average of all
experiments should approximate a central value in a
normal distribution approaching the value for non-
stimulated autologous PBMC. Normalized data were
subsequently presented as (n) log2 IFN-�/�-actin.
Alternative methods of relative quantiWcation (i.e. the
2–��CT [49]) yielded concordant results.

Epitope-speciWc induction of IFN-� mRNA expres-
sion by single or pooled peptides was deWned by assess-
ing the conWdence interval (CI) of log2 IFN-�/�-actin
values when each donor PBMC was stimulated with an
inert peptide (gp100:209–217) never recognized ex vivo
by PBMC from non melanoma-bearing, not immu-
nized HLA-A2 expressing or not expressing individu-
als [17]. Normalized (n) log2 IFN-�/�-actin in response
to stimulation with gp100:209–217 were separately
assessed for the Caucasian and the Chinese cohorts.
For the ten Caucasian donors the normalized values
were 0.881 § 0.19 resulting in a 0.99 CI of 0.158; there-
fore, the cutoV to deWne speciWc a response to a given
pool or peptide was set to a (n) log2 IFN-�/�-
actin ¸ 1.040. For the ten Chinese donors the normal-
ized values were 0.944 § 0.104 resulting in a 0.99 CI
of 0.085 and a speciWcity cutoV (n) log2 IFN-�/�-
actin ¸ 1.028.

SigniWcant induction of IFN-� mRNA expression
between experimental groups was evaluated by the

non-parametric two-tailed Fisher exact test assigning
positive or negative values according to the cut oV
thresholds discussed above. Paired Student t test was
used to compare results between unstimulated and
stimulated autologous PBMC. In addition, signiWcance
was assessed parametrically comparing experimental
group results with an unpaired Student t test. Pearson
correlation was used to quantify correlations between
individual overlapping pools and corresponding spaced
pools across the entire donor population.

Positive cut-oV values for ICS were considered those
whose percent of IFN-� expressing CD8 or CD4 T cells
occurred at a minimum frequency of 0.1% and were at
least three fold that of parallel samples stimulated with
an irrelevant peptide. This cut-oV value also encom-
passed a previous requirement for values that were
above three standard deviation over the distribution
of values from samples stimulated with irrelevant
peptides [50]. All analyses were conWrmed by at least
two subsequent independent experiments.

Results

Donors’ characteristics and HLA phenotyping

The ethnicity of individual donors, their HLA class I
phenotype and the results of molecular testing for
EBV in PBMC are shown in Table 1. Serologically, all
donors were VCA IgG positive and IgM negative.

Ex vivo recognition in the context of HLA-A2 
of the well-characterized Flu, gp100/PMel17 
and CMV epitopes

To validate the methodology, we tested the eVect of
stimulation with the well characterized HLA-A*0201-
associated epitopes Flu M1:58–66 (to which most

Table 2 HLA of EBV lines used in this study

ID A B Cw DRb1 DRb_ DQb1

CL003 01 6801 1402 57 0602 0802 01021 1305 0301 0501 3*0202
CL008 0301 0702 0702 0401 4*01 0302
CL015 0205 3201 1510 40 0202 03 0407 0806 4*01 0301 602
CL032 2601 3801 1203 0402 4*01 0302
CL049 0205 5801 0701 0301 3*0202 0201
CL057 11011 3001 1302 1502 0602 0801 0901 1202 3*0301 04 06
CL068 03 68 42 5801 0302 17 03 13 3*0101 04 0603
CL190 11 13 44 0403 1604 11 1202 3*02 3*03 03
CL216 0201 570101 0602 0701 01030102 030302
CL224 240301 3303 1512 4601 0102 30302 0406 1202 0301 0302
CL226 110101 1102 4601 5201 0102 070201 090102 1410 3*0202 4*01 030302 050301
CL228 240201 520101 120202 150201 5*0102 0601
CL274 0201 1302 0602 0701 4*0101 0202
123
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HLA-A2 expressing patients should be responsive)
and gp100:209–217 inert in the same conditions [17].

This analysis was of interest because 4 of the 11
HLA-A2 bearing donors expressed a subtype diVerent
from HLA-A*0201 (two were A*0207, one A*0203
and one A*0205, Table 1). Therefore, we stratiWed the
analysis by comparing results from HLA-A*0201
PBMC alone with those obtained from non-HLA-A2
donors or, incrementally adding PBMC from -A*0203
and -A*0207 and -A*0205 donors to the HLA-A2
experimental group. This was done because of the con-
Xicting results previously obtained testing various
canonical HLA-A*0201-associated epitopes in the con-
text of diVerent alleles belonging to the HLA-A2 super
family [46, 51]. A paired comparison of IFN-� levels
between epitope-stimulated versus non-stimulated
PBMC demonstrated signiWcantly higher expression of
IFN-� by HLA-A2 bearing PBMC in response to Flu
M1:58–66 stimulation but not gp100:209–217 (Table 3).
This observation was corroborated by applying a
Fisher’s exact test to (n)log2 IFN-�/�-actin values
observed in HLA-A2 and non HLA-A2-bearing
PBMC stimulated with Flu peptide. Epitope-speciWc
responses were considered those above the 0.99 CI of
PBMC stimulated with the irrelevant gp100:209–217
epitope as described in the Materials and methods. Ten
out of ten HLA-A2 carrying donors with the exclusion
of donor #1 (bearing the HLA-A*0205 allele) reacted
positively to FLU M1:58–66 while only two out of nine
non-HLA-A2 expressing donors’ PBMC resulted posi-
tive based on the same criteria (Fisher’s exact test
p2-value < 0.001). The lack of response of the HLA-
A*0205 bearing donor was not surprising as we have
previously noted a poor response to the Flu M1:58–66
epitope in association with this allele [46, 51]. As a neg-
ative control, the gp100 epitope did not elicit epitope-
speciWc increments in IFN-� mRNA in any HLA-A2
bearing PBMC and one borderline positive response in
a non-HLA-2 bearing donor. We also analyzed the
reactivity to another immune dominant HLA-A2-asso-
ciated epitope from the CMV pp65 protein (pp65:495–
503). This epitope induced enhancement of IFN-�
expression in HLA-A2 expressing PBMC. The
enhancement did not reach statistical signiWcance when
only the seven HLA-A*0201 expressing PBMC were
tested possibly because two of them were serologically
negative for CMV infection reducing the power of the
analysis to only Wve samples. The inclusion of the other
HLA-A2 subtypes restored signiWcance to the analysis
comparing HLA-A2-associated, CMV speciWc responses
between HLA-A2-bearing versus non HLA-A2-
bearing individuals (Table 3). Thus, ex vivo reactivity
against classic epitopes known to be recognized with

high prevalence in the context of HLA-A2 could be
consistently identiWed by detection of IFN-� transcript
following direct stimulation of PBMC. Since LMP-2
responses are subdominant compared with Flu and
CMV, the aim of the study was not to compare such
responses but rather to use a validated method for
eYcient ex vivo screening of T cell epitopes that could
consistently identify dominant immune responses in
association with speciWc HLA presentations [52].
Therefore, the LMP-2 responses identiWed in individ-
ual donors by this method could be considered compa-
rable to those of Flu or CMV in such individuals
although they might not be as reproducibly identiWed
in other individuals bearing an identical HLA allele
due to their sporadic nature.

Ex vivo recognition of previously known EBV epitopes 
in HLA-A2, A11 and A24 individuals

Contrary to Flu and CMV, analysis of pools in which
HLA-A2 associated epitopes of LMP-2 known at the
time of the study design were present did not elicit sig-
niWcant diVerences in IFN-� transcription between
HLA-A2 and non-HLA-A2 expressing PBMC. In
addition, no evidence of direct ex vivo activation of
PBMC was noted when peptides representative of the
variant strains of EBV were tested. It should be clari-
Wed that this result does not exclude that in individual
donors the reactivity toward a given epitope could be
detectable ex vivo. This analysis only allows the con-
clusion that the prevalence of such responses in a ran-
dom population of EBV-experienced donors does not
reach the consistency observed with other viral model
systems such as Flu or CMV to allow the detection of
signiWcant diVerence across the donors’ pool. A similar
analysis comparing PBMC from HLA-A11 or HLA-
A24-bearing individuals did not identify any prevalent
reactivity associated with these alleles. Thus, in gen-
eral, no prevalent LMP-2 epitope could be identiWed in
association with common HLA class I alleles whose
frequency of detection could be compared with that of
other viral models.

IdentiWcation of HLA-associated patterns of LMP-2 
reactivity ex vivo

Using the two-dimensional matrix system for each
matching pool sub-category we looked for closed cor-
relations between the overlapping (1–12, 13–24 or 25–
36) and the correspondent spaced pools (A1–10, B1–10
or C1–10). This was obtained by applying the Eisen’s
hierarchical method [53] for unsupervised clustering of
PMBC samples and peptide pools (Fig. 1). This
123



1054 Cancer Immunol Immunother (2007) 56:1047–1063
allowed an unbiased, global characterization of the
immune response to LMP-2 epitopes according to eth-
nic group and/or HLA-phenotype. The clustering pro-
gram demonstrated that in each matrix category (only
A and B matrixes are shown) there was no signiWcant
demarcation of immune response between Chinese
and Caucasian donors although some clusters were
observed with an enrichment of one population over
the other. For instance, in the Matrix A category,
clusters were identiWed with preferential inclusion of
Chinese (orange circles) or Caucasian subjects but such
grouping was not statistically signiWcant. Groups of
donors could be best segregated according to their
HLA phenotype. For instance, among the A matrix
clusters subgroups could be identiWed: one predomi-
nantly including non HLA-A2 individual (2 out of 10,
green dashed vertical line) Xanked by two groups in
which PBMC bearing HLA-A2 predominated (9 out of
10 individuals, blue dashed vertical lines) (Fisher exact
test p2-value = 0.006, Fig. 1). Interestingly, a sub-class
of PBMC in the non-HLA-A2 cluster included a group
of 5 PBMC expressing HLA alleles belonging to the
HLA-A3-like super family (including HLA-A*0301,
HLA-A*1101, HLA-A*3101 and HLA-A*3301) often
sharing the presentation of identical peptides [54]. Sim-
ilarly, in the B matrix, PBMC bearing HLA-A11 or
other alleles belonging to the HLA-A3-like super fam-
ily appeared to segregate separately from the remain-
ing PBMC (Fisher exact test p2-value = 0.04, Fig. 1b).
Interestingly, when the same analysis was applied to

evaluate clusters based on the HLA-B or C loci no pre-
dominant pattern was observed (data not shown). This
suggests that HLA-A alleles exert a predominant role
in determining the overall immune response to LMP-2.
Obviously, because of the linkage disequilibrium
among HLA loci results in their co-expression as
ancestral haplotypes, a conclusive segregation of the
weight that individual loci play in determining the
immune response to LMP-2 could not be done by this
approach.

Ex vivo identiWcation of LMP-2 epitopes in individual 
PBMC samples using the two-dimensional matrix

Comparison between overlapping and spaced pools in
search of common minimal epitopic determinants was
done by ranking the R2 Pearson’s correlation coeY-
cients between each overlapping peptide pool and the
corresponding spaced pool belonging to the same
matrix (Matrix A: pools 1–12 and A1–A10; Matrix B:
pools 13–24 and B1–B10; Matrix C: pools 25–36 and
C1–C10). Correlation was performed by comparing the
pattern of induction of IFN-� mRNA in all 20 samples
with the assumption that the strongest correlation
should occur most likely between pools sharing the
same minimal determinant. Several spaced pools were
identiWed with patterns of IFN-� mRNA expression
strongly correlating with that of overlapping pools
indicative of a shared minimal epitopic determinant.
Individual PBMC results from these pools were

Table 3 Validation of ex vivo assay speciWcity and sensitivity in the context of known immune-dominant T cell epitopes

Normalized (see statistical section) (n) log2 IFN-�/�-actin values reXecting the transcriptional response of PBMC to stimulation with
immune dominant epitopes from CMV (pp65:495–503) and Flu (Flu M1:58–66) known to be associated with HLA-A*02 alleles are
shown. As negative controls for epitope-speciWcity associated with HLA-A*02 presentation, gp100:209–217 was used as a HLA-A*02-
associated epitope known to induce IFN-� transcripts detectable ex vivo only in HLA-A*0201-bearing individuals with metastatic mel-
anoma who had been previously exposed to the same epitope for anti-cancer immunization purposes [17, 18]. As negative control for
HLA-speciWcity the HLA-A*03 restricted Flu matrix peptide RLEDVFAGK was used [44]. To assess maximum expression of IFN-�
the general T cell stimulators PWM and OKT-3 were used that stimulate T cells (OKT-3) and immune cells (PWM) independently of
epitope/HLA restriction; p2-values refer to paired two-tailed t test between the individual log2 IFN-�/�-actin values compared to the
normalization factor (NF) for each autologous PBMC. NF = average of the IFN-�/�-actin values for all pools tested in each individual’s
PBMC (see statistical section). SigniWcant (· 0.05) values are shown underlined with the associated (n) log2 IFN-�/�-actin values are
shown in italics

(n) log2 IFN-�/�-act

A*0201 A*0201;07;03 A*0201;03;05; 07 Non A2

N = 7 N = 10 N = 11 N = 9

AVE p2-value AVE p2-value AVE p2-value AVE p2-value

HLA-A2 controls
PP65:495-503 (A2) 1.58 0.118 1.51 0.045 1.49 0.036 0.99 0.945
FLU M1:58–66 (A2) 1.36 0.003 1.33 0.000 1.30 0.001 0.96 0.620
GP100:209–217 (A2) 0.85 0.181 0.88 0.212 0.91 0.265 0.92 0.105
FLU (A3) 1.04 0.936 1.00 0.955 1.03 0.924 1.00 0.707
PWM 2.48 0.007 2.43 0.001 2.46 0.000 1.58 0.000
OKT-3 1.81 0.011 1.77 0.003 1.83 0.001 1.30 0.005
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analyzed to identify those that had shown epitope-spe-
ciWc responses according to the previously described
parameters: (n) log2 IFN�/�-actin above 1.04 for Cau-
casian and 1.028 for Chinese subjects. This approach
identiWed PBMC samples likely to be reactive ex vivo
to the epitope suggested by the Matrix analysis. This
systematic approach identiWed reactivity toward at
least one LMP-2 epitope in 18 out of 20 donors with
the exception of donors 11 and 29 who did not display
any reactivity to LMP-2. The epitopes identiWed by this
approach are summarized in Table 4. Several of the
epitopes had been previously described by others
(marked by asterisks) [13, 15, 47, 55–59] while 18 novel
candidate epitopes had not been previously described.

Validation of previously described and of novel LMP-2 
epitopes

To validate the epitopes identiWed by qRT screening,
we re-tested positive PBMC samples by ICS both in ex
vivo conditions or after 7 days of IVS by exposing them
to the relevant pools. After conWrming the best match
between spaced and overlapping pools, a candidate epi-

tope could be deduced that was subsequently tested as a
single 9-mer peptide by ICS ex vivo and after IVS. In
several cases, more than one adjacent spaced pool elic-
ited reactivity in the same PBMC sample. This is not
surprising since adjacent spaced pools contain overlap-
ping peptide sequences spanning the same region of
LMP-2. In this case, multiple corresponding candidate
peptides were tested and the one eliciting the strongest
response (higher proportion of CD8+ T cells expressing
IFN-� by ICS over total number of CD8+ T cells) was
ranked as the most likely natural epitope (underlined in
Table 4). Figure 2 shows an example of an ex vivo anal-
ysis of PBMC directly stimulated and analyzed after
thawing. Subsequent expansion with IVS conWrmed the
speciWcity of the identiWcation. In all cases the epitopes
were identiWed by the two-dimensional matrix. Interest-
ingly, a Chinese donor (#17) displayed strong epi-
tope-speciWc CD4+ T cell responses to several 9-mer
epitopes including LMP:4 through LMP:6 (LAAIA
ASCFTA) and LMP:84 through LMP:85 (AGGLGG
IYVL). Several independent experiments demon-
strated and conWrmed that the CD4-dependent recogni-
tion of these 9-mer peptides was HLA-DR*0701

Fig. 1 Eisen’s clustering analysis of individual peptide pools and
PBMC. Normalized (n) log-2 IFN-�/�-actin ratios are presented
according to the central normalization method [83] for the three
sub-categories of pool matrixes (A: including pools 1–12 and A1-
A10, B: including pools 13–24 and B1–B10). Top panel Matrix A;

PBMC from Chinese subjects are underlined by orange circles.
Clusters of PBMC predominantly expressing HLA-A2 are out-
lined by blue dashed vertical bars and the cluster containing
PBMC predominantly not expressing HLA-A2 is outlined by a
dashed green bar. Bottom panel Matrix B
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restricted. The explanation for the unusual identiWca-
tion of CD4 responses elicited by ninemer peptides is
presently under investigation. Of the 18 novel LMP-2
epitope were identiWed by qRT screening, 11 could be
conWrmed by ICS. The epitope recognition by individ-
ual PBMC that tested positive by qRT was strong, clear
and easily reproducible by ICS. However, contrary to
the commonly studied Flu and CMV responses, these
reactivities were restricted to few individuals and not
widely detectable in most donors sharing the same
HLA haplotypes. In addition, several epitopes identi-

Wed by this study were diVerent from those identiWed by
stimulation with autologous LCL lines of PBMC from
NPC patients as described by Straathof et al. [13] which
were concomitantly tested by ICS when their HLA
association was relevant to the donors studied here
(Table 4). In particular, several epitopes described by
the other study were not identiWed in our study either
by qRT or ICS and only in two cases, (LMP:224,
FLYALALL and LMP:321, LTAGFLIFL) ICS per-
formed after IVS could identify previously described
epitopes that were missed by qRT ex vivo.

Table 4 Candidate LMP-2 epitopes identiWed by ex vivo screening of PBMC or identiWed in association with HLA alleles relevant to
this study [13]

Underlined epitopes that have been conWrmed by intra-cellular cytokine staining (ICS)—when overlapping epitopes were identiWed
only the amino acid sequence that yielded the highest frequency of epitope-speciWc cells by ICS is underlined

The donors in which reactivity was identiWed are shown and speciWc reactivity was based on a cut-oV (n)log2 IFN�/�-actin = 1.04 for Cau-
casian donors and 1.028 for Chinese donors as described in the Materials and methods
* Epitopes already known
§ Epitopes identiWed by ICF only

(17) This donor CD4+ T cells responded to epitope stimulation as detected by ICS
a See Fig. 3 (pept 104)
b See Fig. 2 (pept 294)

Candidate epitope Donor Candidate HLA-allele [13] HLA in [13]

Matrix A
*LMP-2: - 2 pylfwlaai* – – + A23/24
LMP-2:4 laaiaascf 2, 8, 16, (17) A2, B57, DR07 – –
LMP-2:6 aiaascfta 8, 10, 16, 27, (17) A2, A24, DR07 - -
LMP-2:10 scftasvst 2, 27 B 57/58 - -
LMP-2:15 svstvvtat 2, 7, 8 A1, A11, C6 – –
LMP-2:25 lalslllla 8 A2, B57 – –
LMP-2:50 vtvltavvt 2, 9, 26 A2, B35, C4 – –
LMP-2:75 sllfallaa 2, 8 A 2, B57, C6 – –
LMP-2:84 agglqgiyvl (17) DR07 – –
LMP-2:94 vmlvllila 2 A2 – –
*LMP-2:104 rrrwrrltv* 8a, 12, 24 B27 + B27
LMP-2:107 wrrltvcgg 8a, 12, 24 B27 – –
*LMP-2:108 rrltvcggi* – – + B27
*LMP-2:111 tvcggimX* – – + A0101/06
LMP-2:115 gimXacvl 8 A2, B27 – –
Matrix B
LMP-2:123 lvlivdavl 2, 8 A*0201 – –
*LMP-2:125 livdavlql* – – + A0204 or 0217
LMP-2:136 llgavtvvs 2, 8 A*0201 – –
LMP-2: 145 mtllllafv 1, 2 A*0205, B57/58 – –
LMP-2: 155 wlsspgglg 1, 2, 8, A*0205/0201 - -
*LMP-2:161 glgtlgaal* – – + A2
*LMP-2:197 llwtlvvl* – – + A*0101
LMP-2:203–206 vllicsscsscp 2, 3, 8 A2, B57, C6 – –
*LMP-2:208 sscsscpls* – – + A11
*LMP-2:213 cplskilla* 2, 8, 27 B 57/58, C 6/7 -
*LMP-2:224 Xyalalll* - § A*0201 + A0201
Matrix C
*LMP-2:287 tygpvfmcl* 5, 23, 9 A24 + A24
*LMP-2:294–297 clgglltmvaga* 2, 5, 6c, 10, 13, 16(?) A*0201/03/07 + A0201/06/07 
LMP-2:304–307 gavwltvmtntl 1, 2, 4, 5d, 6, 13 A*0201/03/05/07 – –
LMP-2:319 wiltagXi 8, 10, 24, 26 A*0201 – –
*LMP-2:321 ltagXiX* –§ A2 + A2
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Assignment of HLA/epitope associations

Peptide/HLA binding aYnity prediction models were
used to deduce the most likely epitope/HLA associa-
tion. Both Parker et al. [60] (http://www.bimas.
dcrt.nih.gov/molbio/hla_bind/) and Rammensee et al.
[61] (http://www.syfpeithi.de/) were evaluated as
described by Straathof et al. [13] entering 9-mer amino
acid sequences in the search engine. This analysis iden-
tiWed predominantly, HLA-A2-associated epitopes.
This could be due to the larger proportion of donors
expressing HLA-A2. In fact, 39 of the 64 CD8+ T cell
responses identiWed by this study were in PBMC from
HLA-A*0201 expressing donors. Importantly, epi-
topes were identiWed that elicited strong immune
responses in individuals that did not share the expres-
sion of any HLA molecule suggesting cross presenta-
tion of identical epitopes by diVerent HLA alleles, a
phenomenon that we have already observed studying
CMV reactivity [42] and has been broadly discussed by
others in association with HLA-A locus super families
[54, 62–64]. Further characterization of these responses
was entertained by presenting candidate epitopes
exogenously-pulsed on partially matched LCL to T cell
cultures. T cells were expanded with one round of IVS
with the relevant epitope and tested against HLA
allele matched and not matched LCL. In this fashion

most epitope/HLA associations could be deWned and
veriWed as exempliWed by Fig. 4 and summarized as
bolded alleles in Table 4.

Discussion

This investigation was aimed at comprehensively
mapping LMP-2 epitopes in normal subjects and
testing whether Chinese and Caucasian people carry-
ing a latent EBV infection display diVerent immune
reactivity toward the LMP-2 protein. This could in turn
provide additional insights about the higher prevalence
of NPC among Chinese together with previously
described genetic, epidemiologic, socio-economical
and environmental explanations [9, 10]. The question
was approached by delivering a complete series of min-
imal epitopic determinants covering the full sequence
of LMP-2. The limited number of donors tested in this
explorative study (ten in each ethnic group) does not
allow a deWnitive conclusion. However, in our opinion,
the lack of distinctive patterns between the two popu-
lations (besides those related to the ethnically-related
variance of HLA haplotypes) does not justify further

Fig. 2 Example of ex vivo testing of reactivity by ICS. PBMC
from donor #6 were stimulated ex vivo and analyzed after 6 h with
pool C4 (a), pool 30 (b) or peptide 294 (c). d Negative control
(stimulation with gp100:209–217). In the upper right corner is
shown the percent of CD3+CD8+ and IFN-�+ cells

Fig. 3 Example of epitope validation applying ICS after IVS to
increase the frequency of epitopes-speciWc T cells. PBMC from
donor #8 were tested after IVS at day 1 with pool A4 (a). At day 7
the same culture was stimulated with several overlapping pools of
which pool 11 tested positive (b). Based on this result, at day 9 the
same culture was tested with the corresponding single peptide
corresponding according to the two dimensional matrix to LMP2-
104 (c). d Negative control (stimulation with gp100:209–217) of
the same culture at day 7. In the upper right corner the percent of
CD3+CD8+ and IFN-�+ cells is shown
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expansion of this investigation to larger cohorts. In
particular, the sporadic nature of the observed
responses (observed in a minor portion of donors shar-
ing the same HLA alleles) and the lack of identiWcation
of one or few immune dominant epitope/HLA combi-
nations would require the study of an unjustiWable
number of subjects to achieve a suYcient statistical
power. On the other hand, more conWned investiga-
tions focused on particular model systems such as the
HLA-A2 or other serologically deWned HLA super-
families [54, 62, 64, 65] might provide useful insights on
genetically-determined immune responses to LMP-2.

The results of this study suggest that some level of
reactivity toward LMP-2 is identiWable naturally in
almost all individuals (18 of 20) independent of ethnic
background. This reactivity, however, follows an idio-
syncratic pattern characterized by epitope recognition
patterns restricted to a limited number of individuals
among those sharing a common HLA class I antigen.
This conWrms others’ Wnding that LMP reactivity is
remarkably diVerent from other viral model systems
such as Flu or CMV where recognition of commonly

shared immune dominant T cell epitopes can be
observed with high prevalence in populations carrying
the relevant HLA class I allele [19, 51, 66–69]. Indeed,
detailed analysis of HLA-A locus alleles yielded
expected results for Flu M1:58–66 and for CMV
pp65:495–503 which have been previously extensively
characterized in the context of HLA-A2 [19, 51, 66–
69]. In both cases, stimulation of HLA-A2-bearing
PBMC with the associated epitope induced detectable
transcription of IFN-� in all (Flu) or most (CMV)
donors but rare and borderline responses in non-HLA-
A2 bearing donors (Table 3). No such consistency
could be observed for LMP-2 in the context of any
HLA class I allele prevalent in either of the two ethnic
groups such as HLA-A1, -A2, -A3, -A11, A24 -B15,
-B40 or -B46 [35, 70]. The sporadic nature of the
immune responses identiWed in various donors is
intriguing and not easily explainable. It is unlikely that
diVerent strains of EBV could have been at the basis of
this heterogeneity. Although the genotype of EBV was
not tested in this study, it is likely that the B95.8 strain
was predominant in the Caucasian population [45] and
robustly represented in the Chinese [71]. Recently,
Zeng M-S et al. [72] completed the whole genome
sequence of an EBV strain derived from the nasophar-
ynx of a NPC patient from Guangdong, China. The
EBV strain, named GD1, was characterized by the
presence of various deletion and insertions plus 318
missense point mutations scattered throughout the
genome. This strain was found to be highly prevalent at
least in the Southern Chinese population tested.
Although several variants sequences were identiWed,
the study conWrmed that LMP-2 is among the most
conserved among EBV-encoded proteins.

Interestingly, a good proportion of the immune
reactivity was observed in association with HLA-A2
and, most speciWcally, HLA-A*0201. Of the 64 CD8+
T cell responses identiWed in this study, 39 occurred in
PBMC from the HLA-A*0201 expressing donors. This
could be partly explained by the relatively high preva-
lence of HLA-A*0201 expressing donors (7 of 20) in
this study. However, it is intriguing and worth explor-
ing in future studies the potential immune relevance of
HLA-A*0201-associated immune responses to LMP-2.
This may be of particular importance since the stron-
gest association between NPC and HLA phenotype is
with this HLA class I super family [30]. In particular,
the relatively minor contribution of other HLA-A2
alleles to the immune responses identiWed in this study
suggests that the Chinese population may lack the
powerful immune response elicited by LMP-2 in the
context of HLA-A*0201. Indeed, the immune
responses identiWed in individuals bearing HLA-A2

Fig. 4 Example of assignment of HLA/epitope association based
on parallel stimulation of T cell culture with HLA partially
matched and mismatched heterologous LCL exogenously loaded
with the target epitope. In this case, PBMC from donor 1 under-
went IVS with pool B5. After 7 days the cultures were tested
by ICS for reactivity toward a panel of partially matched and
unmatched LCL pulsed with LMP:145 peptide. Shown is the
response to LCL CL049 pulsed with LMP: 145 (a) or with an irrel-
evant peptide (b) which shares the HLA-A*0205/B*58 alleles
with donor 1. No response could be elicited using other LCL
including the unmatched CL274 pulsed with LMP:145 (c) or an
irrelevant epitope (d)
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alleles diVerent from HLA-A*0201 where few: three in
a Caucasian (donor #1) bearing the HLA-A*0205
allele (Table 4) and only six in typical Chinese alleles
such as HLA-A*0203 (one response in donor #4) or
0207 (three responses in donor #5 and two in donor
#13). A good example was LMP-2:319–327 (identiWed
by the intersection of pool 32 with pool C9) in which all
the reactive PBCM were from HLA-A*0201-bearing
donors (donor #8, 10, 24 and 26) independently of their
ethnic background. The stringency of association with
LMP-2:319–327 and HLA-A*0201, however, was spe-
ciWc for this peptide sequence since cross presentation
by several HLA-A2 alleles could be observed for pep-
tide LMP-2:304–312 recognized by PBMC from donors
1, 2, 4, 5, 6 and 13 bearing respectively the HLA-
A*0205, A*0201, A*0203, A*0207, A*0201, and
A*0207 alleles. Thus, we believe that a comprehensive
comparison of responses to LMP-2 in the context of
the HLA-A2 super family is warranted and we are
continuing recruitment of individuals of Chinese and
Caucasian background expressing HLA-A2.

The predominant role that HLA-A*0201 may play
in the response to LMP-2 (if conWrmed) may partly
explain in functional terms the epidemiologic observa-
tion that NPC is predominant in Chinese patients
expressing HLA*A0207, while HLA-A*0201 does not
represent a speciWc risk factor [26]. Possibly, the pres-
ence of this allele might be associated with a lower
eYciency of presentation of LMP-2 epitopes. Structur-
ally, there could be an explanation for the predominant
role that HLA-A*0201 may play in presenting LMP-2
epitopes. LMP-2 is a prevalently transmembrane pro-
tein containing hydrophobic sequences. This matches
the binding characteristics of HLA-A*0201 character-
ized by high aYnity for hydrophobic peptides [73–77].
Obviously, this hypothesis needs extensive validation
since it is against the currently preferred paradigm that
HLA class I associations with NPC predisposition
depend upon a locus in strong linkage disequilibrium
with HLA genes and do not stem from functional char-
acteristics associated with the binding properties of
individual HLA molecules [26, 78]. In addition, the
hydrophobic nature of LMP-2 versus Flu and CMV
peptides might explain partly the preferential identiW-
cation of epitopes based on their biochemical aYnity
to HLA alleles in the conditions tested rather their
natural presence in vivo based on endogenous antigen
processing and presentation. This may provide some
bias in the results.

Another interesting Wnding of this study was the
extensive pleiotropism of individual responses to LMP-
2. PBMC from all but two donors demonstrated at
least one example of strong immune reactivity toward

LMP-2 that could be detected ex vivo. Straathof et al.
[13] have recently shown that analyses of T cell
responses to LMP-2 based on functional parameters
may under estimate the frequency of epitope-recogniz-
ing T cells in a given specimen as analyzed by non-
functional tools such as tetrameric HLA/epitope
complex. Thus, it is likely that most individuals
infected with EBV carry a signiWcant number of LMP-
2-reactive T cells during latent infection. The relevance
that these naturally occurring immune responses
detectable ex vivo bear on the immune surveillance
against the development of EBV-related tumors war-
rants further investigation.

LMP 1 and, in particular, LMP 2 are consistently
expressed by NPC [45, 79, 80] and, therefore, appear to
be suitable candidates for immunogenic protocols to
treat this cancer. In addition, the protein sequence of
LMP-2 appears to be relatively conserved (compared
with EBNA and other EBV proteins) across viral
strains in various geographical locations [47, 57, 72, 81].
Recently, Straathof et al. [13] have convincingly shown
that T cell responses toward conserved sequences of
LMP-2 are predominant in T cell lines expanded from
NPC patients by exposure to autologous LCL. Such T
cell responses are therapeutically relevant as the adop-
tive transfer of several T cell lines has been associated
with regression of cancer [12]. This suggests that the
identiWed epitopes are naturally processed and pre-
sented by NPC cells in vivo. Interestingly, only a pro-
portion of the LMP-2 epitopes identiWed by this ex vivo
survey in non-tumor bearing individuals matched the
broad repertoire described by Straathof’s study in NPC
patients (Table 5). Obviously, this diVerence could be
due to several factors unrelated to the immune biology
underlining the transition from a normal non-tumor
bearing status to NPC. For instance, the HLA pheno-
type of the two populations studied could have been
signiWcantly diVerent. In addition, the in vitro expan-
sion of T cell lines through LCL stimulation might
induce a diVerent pattern of recognition than the one
identiWed by a direct ex vivo analysis of naturally
occurring responses and perhaps more representative
of the antigen presenting characteristics of NPC cells.
Lautscham et al. [15] observed that the immunogenic-
ity of LMP-2 epitopes may be immune proteasome
dependent. Thus, LCL cell lines which have an active
immune proteasome may display a diVerent library of
epitopes compared to other EBV-infected cells occur-
ring in latent conditions in vivo. Finally, the tumor
bearing status may alter the type of immune responses
in patients through in vivo priming of epitopes more
relevant to the antigen processing and presenting
machine of tumors cells and/or normal bystander
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antigen presenting cells. We and others have previ-
ously observed a similar phenomenon comparing the
recognition of tumor associated antigen in patients
with metastatic cutaneous melanoma and HLA
matched normal donors [69, 82]. The latter hypothesis
is intriguing because it may suggest that the immune
response to LMP-2 observable in non tumor-bearing
individuals may be partly irrelevant in the context of
NPC and, as a consequence, NPC may arise by escap-
ing such immune response to this EBV protein. Obvi-
ously, only a direct comparison of the two populations
(normal donors and NPC patients) using identical
methods will conclusively address this question.

This study was not meant to represent an exhaustive
and conclusive analysis of the immune biology of T cell-
mediated EBV responses since it is focused only on
one, though relevant, EBV product. Because of the use-
fulness of identifying new LMP-2 associated epitopes in
the context of NPC treatment, this study also intended
to survey candidate epitopes associated with HLA class
I alleles common to diVerent races. The identiWcation of
such epitopes could serve two purposes. First, these
epitopes could be used to broaden the repertoire of
immunogens used to immunize patients with advanced
NPC. Second, it would provide reagents to evaluate the
prevalence of immune responses in diverse ethnic
groups on a larger study comparing the prevalence of
the response to the identiWed epitopes in an adequate
NPC patient population. The relatively simplicity in
which high throughput testing of peptide libraries could
be performed with an automated approach suggests
that in the future large cohorts of individuals bearing
informative HLA haplotypes could be tested to further
our understating of the immunological changes occur-
ring in the transition from a non tumor-bearing status to
the development of clinically detectable NPC.
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