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ABSTRACT

Project Code: PDF/25/2544

Project Title: Mapping of cytotoxic T lymphocyte epitopes within latent membrane
pretein 1 from nasopharyngeal carcinoma-associated Epstein-barr virus in Thai
population

Investigators: Nattiya Hirankarn (Pimtanothai) Immunology Unit, Department of
Microbiology, Faculty of Medicine, Chulalonékorn University

E-mail Address: fmednpt@md.chula.ac.th

Project Period: July 2001-June 2003

To develop a therapeutic tool for the treatment.of NPC by the delivery of a curative
EBV-specific immune response to NPC patients, one approach is to stimulate the CTL
against EBV antigen present in the tumor cells. As a first step toward that goal, this
study characterized HLA class | distribution from Thai NPC patients since the HLA
information particularly the one common.in the endemic area is very useful for the
characterization process of CTL epitopes. The common HLA antigens with antigen
frequencies (AgF) of more than 10% in Thai NPC were A2 (68%), A11 (43%), A19
(A33) (32%), A9 (A24) (26%), B46 (30-46%), B40 (B60) (19-24%), B58 (12-24%), B12
(B44) (9-11%), and B75 (11%).In-addition, this-study-characterized LMP1 sequence
from Thai NPC biopsy, particular focusing on the region containing previously identified
LMP1 epitopes to assess their degree of variability. {n summary, the 2 HLA A2-
restricted (ALLVLYSFA and LLLIALWNL) and HLA B31/33 & B61-restricted
(SDSNSNEGR and NEGRHHLLV) epitopes were highly conserved in virus isolates from
Thai NPC biopsy compared to available data. However, data from Thai NPC isolates
revealed unique sequence which resulted in amino acid substitution. As for the more
diverse HLA A2-restricted epitope, YLLEMLWRL, Thai isolates had similar sequences
as other isolates from Chinese (YFLEILWRL). Lastly, the CTL epitopes within NPC-
associated |.MP1 antigen restricted through common HLA class | alleles prevalent in
Thai population were mapped by screening overlapping peptides in 20 donors. Only 2
out of 20 donors gave positive responses to a long peptide (SNSNEGRHHLLVSGAGDD
containing a potential novel epitope). However, the minimal epitope and HLA-restriction

of the epitope still need further characterization.

Keywoids : NPC, EBV, CTL epiope, LMP1, HLA



EXECUTIVE SUMMARY

NPC is one of the most common forms of cancer in soime regions of China and
South-East Asia and occurs less commonly in North Africa. Although patients with early
stage of the disease are highly curable by radiotherapy, about 10% of the patients
might not respond to the treatment. In addition, patients with advanced lesions are
poorly controlled by radiation and recurrences are usually occurred within 5 years
leading to only 10-40% five year survival rate. Since NPC is strongly associated with
EBYV infection, the stimulation of the patient's immune responses against the viral
antigens might provide a useful tool of rejecting these virus associated tumor cells. To
develop a therapeutic tool for the treatment of NPC by the delivery of a curative EBV-
specific immune response to NPC patients, cne-approach is to stimulate the CTL
against EBV antigen present in the tumor cells. As a first step toward that goal, this
study characterized HLA class | distribution from Thai NPC patients compared to normal
healthy control since the HLA information particularly the one common in the endemic
area is very useful for the characterization process of CTL epitopes. The common HLA
antigens with antigen frequencies/(AgF) of more than 10% in Thai NPC were A2 (58%),
A11 (43%), A19 (A33) (32%), A9 (A24) (26%), B46 (30-46%), B40 (B60) (19-24%), B58
(12-24%), B12 (B44) (9-11%), and-B75 (11%). - In addition, this study characterized
LMP1 sequence from Thai NPC biopsy, particular focused on the region containing
previously identified LMP1 epitopes. The HLA A2-restricted (ALLVLYSFA and
LLLIALWNL) and HLA B31/33 & B61-restricted (SDSNSNEGR and NEGRHHLLV)
epitopes were highly conserved in virus isolates from Thai NPC biopsy compared to
available data. However, data from Thai NPC isolates revealed unique sequence which
resulted in amino acid substitution. As for the HLA A2-restricted epitope, YLLEMLWRL,
Thai isolates had similar sequences as other isolates from Chinese (YFLEILWRL).
Lastly, the CTL epitopes within NPC-associated LMP1 antigen restricted through
common HLA class | alleles prevalent in Thai population were mapped by screening
overlapping peptides in 20 donors. Only 2 out of 20 gave positive responses to a 18-
mer peptide (SNSNEGRHHLLVSGAGDD). However, the minimal epitope and HLA-
restriction of the epitope still need further characterization. Since this protein is poorly
ummunogeneic, to target EBV-positive NPC tumor, suci smali response against LMP1
shouid be amplitied. Therefcre, more donors should be included tc obtain more

putative CTL epitopes cf LMP1.
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INTRODUCTION

NPC is one of the most common forms of cancer in some regions of China and
South-East Asia and occurs less commonly in North Africa. Although patients with early
stage of the disease are highly curable by radiotherapy, about 10% of the patients
might not respond to the treatment. In addition, patients with advanced lesions are
poorly controlled by radiation and recurrences are usually occurred within 5 years
leading to only 10-40% five year survival rate. Since NPC is strongly associated with
EBV infection, the stimulation of the patient's immune responses against the viral
antigens might provide a useful tool of rejecting these virus associated tumor cells. The
link between EBV and the geographically constrained NPC is not entirely clear but is
believed to be influenced by dietary and genetic factors. It is now well established that
these tumor cells, like many other EBV-associated malignancies, express a limited
number of EBV antigens thus restricting the potential targets for immune recognition
(reviewed in Khanna and Burrows, 2000). Many laboratories were studying the immune
mechanisms responsible for protecting healthy individuals from a recrudescence of
infection with EBV. They have shown that the main immunological arm responsible for
this protection involves cytotoxic T lymphacytes (CTL) although these T cells fail to
control the outgrowth of some EBV-associated malignancies (reviewed in Khanna et. al.

1995; reviewed in Khanna et.'al. 1999a; reviewed in Rickinson & Moss 1997).

In the case of NPC, the precise mechanism of immune escape is unclear.
Earlier studies have suggested that most NPC patients retain detectable EBV-specific T
cell surveillance, indicating that CTL dysfunction is an unlikely cause of the outgrowth of
these tumors in vivo (Moss et. al 1983). Based on studies in healthy individuals, it is
likely that this response is strongly focussed through epitopes within the EBV nucle=r
antigens (EBNA) 2-6 proteins with minimal HLA class I-restricted reactivity against tatent
membrane proteins (LMP1 & LMP2} and none within EBNA1 (Levitskaya et al, 1993).
Since NPC tumor cells express only EBNA1 and LMP1 & 2, the existing EBV-spectic
CTL repertoire in NPC patients may have a limited capacity to control this tumor iri vivo.
The lack of class |-restricted piocessing of EBNA1 has directed an increasing intsrast in
designing strategies to enhance the response to LMP epitopes tn controi NPC. Be'ure

such sirategies can be aesigned it is irnportant to precisely map the CTL responses 1<



EBV antigens expressed in NPC. Previously attempts to map such responses have
been constrained by the ability to expand virus-specific CTLs in vitro to numbers which
allow functional analysis in cytotoxicity assays. A major advancement in screening
protocols has come with development of a rapid single cell assay which is based on the
peptide induced secretion of interferon Y (IFN-Y) by T cells (also refered to as ELISPOT
assay). This assay allows a rapid means of profiling epitope-specific CTL responses

without long-term in vitro manipulation.

Currently, most of the defined CTL epitopes from LMP were characterized from
the Caucasian healthy donors (reviewed in Khanna et al.,, 1999a, donors (reviewed in
Khanna and Burrow, 2000). Since it has recently been shown that the EBV strains in
China and Southeast Asia NPC patients posses-a unique LMP sequences (Hu et al.,
1991; Miller et al., 1994; Busson-et al., 1995; Walling et al., 1999; khanna et al.,
1997a); therefore, new epitopes identified from EBV strain found in these population is
also required. ivioreover, it is necessary to identify additional epitopes restricted to

common HLA type in Southeast Asia population.

The overall long-term aim of this project is to develop a rational basis for the
delivery of a curative EBV-specific immune response to NPC patients. One approach is
to stimulate the CTL against'EBV antigen present in the tumor cells by immunizing
protocol. It is anticipated that these T ceils subsequent to the completion of this project
will be used as a therapeutic tool for the treatment of NPC by analogy to that used for
other EBV-associated cancers (reviewed in Rooney et al., 1998a; reviewed in Heslop et
al., 1997). As a first step toward our goal, this study proposes to 1) characterize HLA
class | distribution from Thai NPC patients compared to normal healthy control, 2)
characterize LMP1 sequence from Thai NPC patients compared to available data, and
3) map the CTL epitopes within NPC-associated LMP1 antigen restricted through

common HLA class | alleles prevalent in Thai population.



PROCEDURE

Experimental design

This study proposed to characterize LMP1 sequence from EBV strain commonly found
in Thai NPC patients and compared with the available data to synthesize a set of
overlapping peptide to use for the epitope mapping in Thai population. The donor will
be selected from healthy carriers who carry (;ommon HLA class | alleles prevalent in
Thai population as shown in table 6. Overlapping peptides will be prepared and tested.
In brief, the LMP1 protein contains 386 amino acids (Kieff, 1996), the total of forty-five

overlapping peptides were synihesized and tested in this study.
Methods

Study Population for HLA study.

The study population consists of/ (1) newly diagnosed NPC patient, (2) long term
survival patient, and (3) EBV-positive healthy donors in Thailand. Specifically, we
recruited the patients who attend King Memorial Chulalongkorn Hospital that have been
diagnosed as undifferentiated NPC by accepted histopathological criteria. The long term
survival group is the NPC patients who had been previously treated with radiotherapy or
combined radio-chemotherapy and were free of clinical disease at the time of the study
for more than 1 year. The healthy carrer individuals of Thai origin were recruited from
donors at the Thai Red Cross Society. After obtaining an informed consent, peripheral
blood samples were taken from healthy EBV-positive donors and NPC patients. Blood
were fractionated on Ficoll density gradients, and PBMC were collected to be used in
HLA serological typing and the ELISPOT assay. In addition, DNA were prepared from
peripheral blood samples and from serum using Qiamp DNA blood mini kit (Qiagen,

Basel Switzerland) according to the “blood and body fiuid protocol”.

Study population for CTL mapping.
After obtaining informed consent, healthy virus carrier with required-HLA class | allele,
and is homozygous on that 'ocus if possible, were recruited as donor in this study.

Approximately 2C deners wers included in the CTL screening process.



Determination of HLA Alleles.

HLA-A and HLA-B alleles were determined using standard microcytotoxicity test, which
is a methodology routinely performed in Immunology unit, Chulalongkorn University.
Briefly, lymphocyte separation and HLA typing were performed from freshly drawn

blood by standard microlymphocytotoxicity assay. The panel of 70 antisera were used
to defined the 17 HLA-A antigens and 30 HLA-B antigens. The antigen frequencies
were determined by direct counting.

Certain HLA alleles such as HLA-A2 subtype were determined using the DNA-based
Sequence Specific Primer (SSP) typing procedure (Krausa et al., 1995). In addition, the
high resolution typing of HLA-B locus were done by direct sequencing of the PCR
products using primers BIN1-TA, BIN1-CG and BIN3, which amplified exons 2 and 3
and intron 2 as previously descriced (Pimtanothai et al., 2000).

LMP Sequencing.

LMP1 gene were amplified from genomic DNA prepared from NPC tumor biopsy using
LMP1-specific primers. Then the PCR were purified and subjected to direct sequencing
using automated sequencer (310, Genetic Analyzer). Samples randomly selected from a
pool of ~ 200 samples of NPC tumor DNA have been previously prepared and will be

kindly given to us by Dr. Mutirangura.

DNA sequencing.

For direct cycle sequencing, 40 LI of the PCR products were purified by the QlAquick
PCR Purification Kit (QIAGEN Inc.) to obtain clean double-standed DNA amplificates.
Cycle sequencing was performed on an ABI Prism 310 Genetic Analyzer using a cycle
sequencing chemistry with base-specific fluorescence — labeled dideoxynucleotide
termination reagents, BigDye Terminator Ready Reaction Mix (Applied Biosystems) was
used for sequencing. Thus, each sequencing reaction mixture of 10 LU final volume
contained 1 LU of 5 pmol primer, 3 LI of template and 3 LU of the BigDye Terminator
Ready Reaction Mix. Each sample mixture was then subjected to a cycle sequencing
reaction in a Perkin Elmer/GeneAmp PCR system 2400 or Applied
Biosystems/GeneAmp PCR system 9600. The condition of cycle sequencing reaction
consisting of denaturation at 96° ¢ for 30 seconds, annealing at 55° ¢ for 10 seconds
and extension at 60° ¢ for 4 minuies were carried out. Then each sequencing reaction
nrodiict was pooled into 2 Ll of 3 M sodium acetate (NaOAc), pH4 6/50 LU of 95%

ethanol (EtOH) mixture in 1.5 rnicrocentrifuge tubes, incubatea at room temperature for



15 minutes to precipitate the extension products and centrifuged at 13,000 rpm for 20
minutes. The products were washed with 70% ethanol (EtOH) and centrifuged for 5
minutes at 13,000 rpm. The DNA peliet was then dried by place the tubes with the lids
open in a heat block or thermal cycler at 90° ¢ for 1 miﬁute. Finally, the samples were
resuspended in 15 LLlI of TSR (template suppression reagent), heat the samples at 95°
¢ for 2 minutes and then chill on ice. The samples were loaded into an AB! Prism 310
Genetic Analyzer. Data collection was performed using the software package provided

with the ABI 310 a sequencing system.

Overlapping peptides.

In the screening process, segments of 20 amino acids, overlapping by 10 amino acids
and spanning the entire molecule based on the sequencing data were synthesized by
Chiron Technologies using the solid phase method. In addition, segments of 9 amino
acids, overlapping by 1 amino acid, spanning the region of the 18-20-mers that gives
positive result in the ELISPOT assay wiil be synthesized by the same method. One 18-
20-mers peptide was composed of twelve 8-mers peptides. The rational for this design
is because the usual length of CTL epitope is ~9:10 aa long. Peptides were dissolved in

DMSO, and diluted in serum-free RPMI 1640 medium for use in the ELISPOT assay.



Amino acids in LMP1
1 10 20 30 40 50 -—

etc.

Selected 18-20-mer peptide
11111111112
123456789012345678¢0

Figure 1. a diagram shows an example of the overlapping segments

ELISPOT assay for single cell IFN-Y release.

Nitrocellulose membrane-base 96 well plates were precoated with anti-IFN-—Y

monoclonal antibody. PBMC (250,000 cells/well) were added in the presence of each

peptide at a predetermined optimal concentration (~5-10Llg/ml) in triplicate and

incubated overnight. The cells were discarded the following day and incubated with
biotinylated anti-IFN-—Y monoclonal antibody, followed by strepavidin-conjugated

alkaline phosphatase. Individual IFN-Y producing cells were detected as dark spots

after adding the substrate and can be counted using dissection microscope.



RESULTS
The distribution of HLA-A and HLA-B in NPC patients compared to normal control

The study population included 63 unrelated Thai patients with histologically confirmed
NPC diagnosed at King Chulalongkorn Memorial Hospital in Bangkok. There were 34
men and 20 women, with a median age of 48 years (range, 16-81). All of these
patients were positive for the EBNA1 gen-e in tumor cells as detected by PCR as
reported previously (Mutirangura et al.,, 1997 and 1998). Seventy healthy unrelated

Thai individuals served as ethnically and geographically matched controls.

The distribution of HLA-A and -B antigens between the two groups is shown in Table 1
and 2. A total of 10 HLA-A antigens-and 23 HLA-B antigens were observed in the Thai
control group. The common HLA antigens with antigen frequencies (AgF) of more than
20% in Thai controls were A2(38.5%), A9 (A24) (42.8%), A11 (48.6%), A19 (A33)
(34.3%), B12 (B44) (20%), B13 (22.8%), -and B40 (B60) (22.8%). Ten HLA-A antigens
and 21 HLA-B antigens were detected in NPC patients with the same 4 common HLA-A
antigens observed at high frequencies (26.4-58.5%). However, the common HLA-B
antigens in NPC patients were different from the control group. B17 (B58) and B46
antigens were present in the patient-group-with-the-high-AgF of 24.5% and 30.2%,

respectively.

The HLA-B antigens are highly polymorphic with more than 100 alieles described. In
addition, many HLA-B alleles have been previously described as an important
associated factor with NPC. Therefore, we have also performed a high resolution
typing of HLA-B by direct sequencing method in a subset of sample (64 NPC patients
compared to 49 controls). The distribution of HLA-B alleles between the two groups is
shown in Table 3. A total of thirty-four HLA-B alleles was observed in the Thai control
group including one new allele (B*3804) (Steiner et al., 2001). The five most common
alleles in Thai controls were B*44032 (28.5%), B*4601 (16.3%), B*1502 (16.3%),
B*4001 (14.2%), and B*5801 (12.2%). Twenty-nine alleles were detected in NPC
natients with the same five common alleles observed at high freauencies (11.1-46.3%).
In addition, the allele frequencies of B*38021 (11.1%) and B*51012 (12.8%) were high

in the patient group compared to controis.



The summarized of HLA-A and HLA-B alleles commonly present in Thai NPC patients

which are the main target population was shown in Table 4.
Association between certain HLA class | alleles with NPC

When the frequency of HLA-A and B antigens in NPC patients and normal individuals
was compared, significant associations between NPC and 2 HLA antigens were
observed, as summarized in Table 6. Specifically, the frequencies of A2 and B46, were
significantly incréased in NPC patients (58 and 30% vs. 38 and 14%, p = 0.02 and p =
0.03, respectively).

When the frequency of high-resolution HLA-B alleles.in NPC patients and normal
individuals was compared, significant associations between NPC and three HLA-B
alleles were observed, as summarized in Table 6. In conclusion, this study reported a
protective B*44032 allele and two susceptible, B*4601 and B*51012 alleles, for NPC in
Thai population.

Sequence analysis of HLA class I-restricted LMP1 CTL epitopes in EBV isolates
from Thai NPC

In the previous studies, target epitopes in LMP1 were identified using CTLs reactivated
with the reference type1 EBV strain, B95.8. However, if such epitopes are to form the
basis of an effective CTL therapy for EBV-associated malignancies, we must first
determine the extent to which these epitope sequences are conserved among other
EBV strains from different world populations. Therefore, a panel of Thai NPC biopsies
were sequenced across the DNA regions encoding for the LMP1 epitopes and
compared with previous data of EBV isolates from other reports. Specifically, CAO
strain is the EBV isolate derived from NPC biopsy from Chinese patient (Figure 6). C15
strain is the EBV isolate derived from a white Mediterranean NPC patient. Raiji strain is

the EBV isolate derived from an African Burkitt's lymphoma cell line.

A detailed summary of the sequence analysis of four previously identified LMP1
epitcoes (ALLVLYSFA, YLLEMLWRL, LLLIALWNL, SDSNSNECGR and NEGRHHLLY) is
presented in Table 7. The HLA A2-restricted (ALLVLYSFA and LLLIALWNL) and HLA



B31/33 & B61-restricted (SDSNSNEGR and NEGRHHLLYV) epitopes were highly
conserved in virus isolates from various sources (Table 7). Only a small number of virus
isolates showed minor variation within the epitope sequences. However, data from Thai
NPC isolates revealed unique sequence which resulted in amino acid substitution. For
example, the substitution of serine instead of isoleucine at position 4 in the LLL[S-> ]
ALWNL epitope. The substitution of threonine instead of serine at position 1 in the [T->
SIDSNSNEGR epitope. And the substitution of arginine instead of histidine at position 6
in the NEGRH[R->H]LLV.

Sequence analysis of the HLA A2-restricted epitope, YLLEMLWRL in EBV

In Thai isolates, leucine at position 2 and methionine at position 5 were substituted for
phenylalanine and isoleucine, respectively (YFLEILWRL). No wild-type sequence was
detected in any of the isolates from South-East Asia. A unique nucleotide substitution
of A instead of G at position 12 was also observed although resulted in a silent

mutation,
The screening for T cell responses using a set of overlapping peptide from LMP1

CTL epitopes were identified by their ability fo stimulate T cell response in the ELISPOT
assay. First, each 20-mer peptide was tested with lymphocytes in a single well.
Twenty-one healthy donors who carry at least one common HLA allele described in
NPC patient as shown in table 4 were recruited for this study. List of donor and their

HLA types was shown in table 8.

Out of 21 donors, only 2 donors gave positive result to one overlapping peptide
designated peptide#28 (SNSNEGRHHLLVSGAGDD). Specifically gamma-interferon
ELISPOT reaction from donor AT (HLA-A11, A31; B13, B51) gave 60 spot forming cells
(SFC) / PBMC 106 cells and reaction from donor SP (HLA-A11, A24,; B18, B27) gave 20
SFC/million cells (Table 9). None of the other overlapping peptides can significantly
stimulate gamma-interferon production from all the 21 donors. These positive result
with peptide#28 was confirmed by repeating the ELISPOT assay which gave similar

resuits (data not shown).



Peptide#28 contains two previously characterized CTL epitopes, B31/33 and B&1-
restricted SDSNSNEGR and NEGRHHLLYV, respectively. We further tested PBMC from
the 2 donors with these 2 well-defined epitopes. However, no spot were detected from
either donor ‘against SDSNSNEGR or NEGRHHLLYV (table 9) suggesting that other

minimal epitopes might be important.

Due to the limited budget, we apply bioinformatic technology to further predict a minimal
epitope from peptide#28 instead of the original approach of making 9-mer peptides
spanning the entire length of the 18-mer peptide. Using program “Binding Motif
Scanner” from the HLA molecular Immunology database

(http://hiv.basic.nwu.edu/HLA/Reports/DoMotifList.cfm), we search the entire amino acid

sequance of LMP1 for putative CTL epitopes restricted to HLA alleles of the 2 donors
(A11, A24, A31, B27, B51). However there are no binding motif of HLA-B13, B18
available in the database. Summary of the predicted result was shown in table 10. A
number of putative epitopes (35 distinct sequences) were predicted. However, only 2
sequences were lying within peptide#28, indicated as bold letter in table 10 as B27-
restricted GRHHLLVSG and B51-restricted EGRHHLLYV,



Table 1. HLA-A frequencies in patients with NPC and healthy controls from

Thailand
HLA antigen NPC Patients Controls
(N =53) (N =70)
n AgF % n AgF %
A1 3 5.6 3 4.2
A2 31 58.5 27 38.5
A3 2 3.7 3 42
A9 (A23) 0 0 0 0
A9 (A24) 14 264 30 42.8
A10 (A25) 0 0 0 0
A10 (A26) 4 7.5 1 1.4
A10 (34) 0 0 0 0
AT 23 433 34 48.6
A19 (A29) 0 0 f 1 1.4
A19 (A30) 1 1.8 4 57
A19 (A31) 0 0 2 2.8
A19 (A32) 0 0 0 0
A19 (A33) 17 - 32 24 34.3
A19 (A74) 2 3.7 0 0
A28 1 1.8 0 0
A36 0 0 0. 0

N = the total number of individuals studied in either patient or control group

n = the number of individuals positive for each antigen



Table 2. HLA-B frequencies in patients with NPC and healthy controls from

Thailand
HLA antigen NPC Patients Controls
(N =53) (N =70)

n AdF % n AgF %
B5 (B51) 0 0 0 0
B5 (B52) 4 75 5 71
B7 2 3.8 5 7.1
B8 0 0 1 14
B12 (B44) 5 9.4 14 20
B12 (B45) 0 0 0 0
B13 10 18.8 16 22.8
B14 0 0 1 14
B15 (B62) 5 9.4 7 10
B15 (B75) 6 11.3 5 7.1
B15 (B76) 0 0 0 0
B15 (B77) 0 0 2 2.8
B16 (B38) 4 7.5 4 57
B16 (B39) 1 1.8 0 0
B17* 1 1.8 0 0
B17 (B57) 2 3.8 7 10
B17 (B58) 13 245 8 11.4
B18 6 11.3 4 5.7
B22 (B54) 1 1.8 2 2.8
B22 (B55) 1 1.8 1 1.4
B22 (B56) 1 1.8 3 43
B27 1 1.8 5 7.1
B35 4 7.5 9 12.8
B37 I 1.8 0 0
B40 (B60) 10 18.8 16 22.8
B40 (B61) 4 7.5 2 43
B42 0 0 1 1.4

B46 16 30.2 10 14.2




B47 0 o - 0 0
B48 0 0 1 1.4
B70 1 1.8 0 0

N = the total number of individuals studied in either patient or control group

n = the number of individuals positive for each antigen

* Subtype of B17 could not be interpreted in one individual, who has both B15 and B17,
because th.e key sera that differentiate B17 subtype is duo-specific for B15 and B17
subtype (B57).



Table 3. High resolution HLA-B Allele frequencies in patients with NPC and

healthy controls from Thailand

HLA-B NPC Patients Controls
Allele Count (2N =108) % Count (2N = 98) %
B*07056/6 1 1.8 2 4.0
B*1301 4 74 4 8.1
B*1302 1 1.8 1 2.0
B*1402 0 0.0 1 " 20
B*1501 3 5.5 1 2.0
B*1502 6 1.1 8 16.3
B*1504 1 1.8 0 0.0
B*1511 1 1.8 1 2.0
B*1517 1 1.8 0 0.0
B*1518 0 0.0 1 2.0
B*1521 0 0.0 1 2.0
B*1525 1 1.8 v 2 4.0
B*1532 0 0.0 | 1 2.0
B*1801 1 1.8 2 4.0
B*1802 4 74 1 2.0
B*2704 0 0.0 2 40
B*2706 0 0.0 3 6.1
B*3501 0 0.0 1 2.0
B*3503 1 1.8 1 2.0
B*3505 1 1.8 1 2.0
B*3701 1 1.8 1 2.0
B*38021 6 11.1 2 4.0
B*3804 0 0.0 1 20
B*3901 1 1.8 0 0.0
B*3909 1 1.8 3 6.1
B*4001 13 241 7 14.2
B*4002 3 55 2 4.0
B*4006 0 0.0 2 40
B*44032 6 11.1 14 28.5

3*4501 25 46.3 8 16.3




B*4801
B*51011
B*51012
B*52011
B*5502
B*5604
B*5801
B*5401
B*5701
B*7021

W ~N O e

-_—

1.8
9.2
12.9
5.5
1.8
1.8
12.9
1.8
0.0
0.0

W A OO N OO W O

—

0.0
6.1
0.0

- 10.0

4.0
0.0
12.2
8.1
6.1
2.0

N = the total number of individuals studied in either patient or control group



Table 4. HLA class | alleles commonly present in Thai NPC population

HLA allele Allele frequency in Thai NPC patients
HLA-A2 ® 58%

HLA-A11 43%

HLA-A24 26%

HLA-A33 32%

HLA-B75 L 1%

HLA-B44 9-11%

HLA-B46 30-46%

HLA-B58 12-24%

HLA-B60 19-24%

?Common HLA-A2 subtypes in-Thai-population are A*0203 and A*0207 (Vejbaesya et
al., 1998)



Table 5. HLA-A and B antigens that demonstrated significant associations with

NPC
HLA NPC Controls
(N =53) (N=170) +- p value
n % n o associatio
n
HLA-A2® 31 58 27 38 + 0.02
HLA-B46b 16 30 10 14 + 0.03

N = the total number of individuals studied in either patient or control group

= the number of individuals positive for each antigen

a

X2 = 6.4, p =0.02, OR = 2.24,95% CI = 1.02-4.97

®x®=79, p=003 OR = 2.59, 95% C| = 0.98-6.95



Table 6. HLA-B alleles that demonstrated significant associations with NPC

HLA-B* NPC Controls
{N = 54) (N = 49) +- p value
n % n % associatio
n
44032 5 9 14 29. ; 0.01
4601° 21 39 7 14 + 0.005
51012° 6 11 0 0 + 0.02

N = the total number of individuals studied in either patient or controf group

n = the number of individuals positive for each allele
* % =6.4,p=001,OR = 0.26, 95% Cl = 0.07-0.85
® =79, p=0005 OR = 3.8,95% Cl= .34 11.82

° Fisher's exact, p = 0.02



Figure 2. Example of complete sequences of nucleotide bases and amino acids
from latent membrane protein-1 (LMP1) gene, CAO strain which is an EBV isolated

from NPC biopsy from Chinese patients.

>gi|11136612|gb|AF304432.1|AF304432 Human herpesvirus 4 latent membrane protein-
1 (LMP1) gene, complete cds
ATGGAACGCGACCTTGAGAGGGGCCCACCGGGCCCGCCACGGCCCCCTCTAGGAC
CCCCCCTCTCCTCTTCCATAGGCCTTGCTCTCCTTCTCCTGCTCTTGGCGCTACTGT
TCTGGCTGTATATCGTTATGAGTGACTGGACTGGAGGAGCGCTCCTTGTCCTCTATT
CCTTTGCTCTCATGCTTATTATTATCATTCTCATCATCTTTATCTTCAGAAGAGACCTT
CTCTGTCCACTTGGAGGCCTTGGTCTACTCCTACTGATGAGTAAGTATTACACCCTTT
GCCCCCCACCCCCTTTCCCTTACGCTTCCTTCTCTAACGCACTTTCTCCTCTTTCCCC
AGTCACCCTCCTACTCATCGCTCTCTGGAATTTGCACGGACAGGCATTGTACCTTGG
AATTGTGCTGTTCATCTTTGGCTGCTTACTTGGTAAGATCTAACATTCCCTAGGACTT
ATTTACCACACCCTCACCTTTCCAGCCCTAACACTCTTITTTTTCAACGCAGTCTTAGG
TCTCTGGATCTACTTCTTGGAGATTCTCTGGCGGCTTGGTGCCACCCTCTGGCAGCT
TTTGGCCTTCATCCTAGCCTTCTTCCTAGCCATCATCCTGCTTATTATTIGCTCTCTATC
TACAACAAAACTGGTGGACTCTATTGGTTGATCTCCTTTGGCTCCTCCTGTTTATGGC
CATTTTAATCTGGATGTATTATCATGGACCACGACACACTGATGAACACCACCACGAT
GACTCCCTCCCGCACCCTCAACAAGCTACCGACGATICTAGCCATGAATCTGACTCT
AACTCCAACGAGGGCAGACACCACCTGCTCGTGAGTGGGGCCGGCGACGGACCCC
CACTCTGCTCTCAAAACCTAGGCGCACCTGGAGGTGGTCCTGACAATGGCCCACAG
GACCCTGACAACACTGATGACAATGGCCCACAGGACCCTGACAACACTGATGACAAT
GGCCCACAGGACCCTGACAACACTGATGACAATGGCCCACAGGACCCTGACAACAC
TGATGACAATGGCCCACAGGACCCTGACAACACTGATGACAATGGCCCACAGGACC
CTGACAACACTGATGACAATGGCCCACAGGACCCTGACAACACTGATGACAATGGC
CCACATGACCCGCTGCCTCATAACCCTAGCGACTCTGCTGGAAATGATGGAGGCCC
TCCAAATTTGACGGAAGAGGTTGCAAACAAAGGAGGTGACCGGGGCCCGCCTTCGA
TGACAGACGGTGGCGGCGGTGATCCACACCTTCCTACGCTGCTTTTGGGTACTTCT
GG TTCCGGTGGAGATGATGACGACCCCCACGGCCCAGTTCAGCTAAGCTACTATGA
CTAA

>gi|11136613|gb|AAG31283.1|AF304432_1 latent membrane protein-1 [iHuman

herpesvirus 4]



MERDLERGPPGPPRPPLGPPLSSSIGLALLLLLLALLFWLYIVMSDWTGGALLVLYSFAL
MLUIILHFIFRRDLLCPLGGLGLLLLMITLLLIALWNLHGQALYLGIVLFIFGCLLVLGLWIYFL
EILWRLGATLWQLLAFILAFFLAILLIALYLQONWWTLLVDLLWLLLFMAILIWMYYHGPR
HTDEHHHDDSLPHPQQATDDSSHESDSNSNEGRHHLLVSGAGDGPPL.CSQNLGAPGG
GPDNGPQDPDNTDDNGPQDPDNTDDNGPQDPDNTDDNGPQDPONTDDNGPQDPDN
TDDNGPQDPDNTDDNGPQDPDNTDDNGPHDPLPHNPSDSAGNDGGPPNLTEEVANK
GGDRGPPSMTDGGGGDPHLPTLLLGTSGSGGDDDDPHGPVQLSYYD

Note: Bold ietters indicate the position of five CTL epitopes described in the sequencing

result in this study.



Table 7. Sequences of HLA class l-restricted LMP1 epitopes in EBV isolates from

Thai NPC biopsy compared to various EBV strains characterized previously

Virus Epitope sequence HLA Number of
origin restriction isolates
B95.8" GCC CTCCTT GTC CTC TATTCC TTT GCT HLA-A2
A L L VvV L Y S F A
cAO” e ¢ T T
Rajid R IR €
_ _ _ /) N N A
Thai ¢ I IR S L 3
Thai' I IR s T Y 2
_ _ = = - u A
B95.8° CTCCTACTC ATC GCT CTC TGG AATTTG HLA-A2
L L L l A LW N
cAo” T ¢
c15° fe e mee e eee e e aae e
.d ~ —
Raji R ¢ B T TR S
Thai ce- -G - B T 1




Thai e e e e e e o ane 1

B95.8°

TAC TTATTG GAG ATG CTC TGG CGACTT
Y L L E M L WR L

HLA-A2

CAO

c15°

..d — -
Raji S Dl [ S I
_ - v _ I X

Thai

Virus

origin

HLA

restriction

Number of

isolates

Thai

1

B95.8"

TCT GAC TCT AAC TCC AAC GAG GGC AGA

S D s N S N E G R

HLA-
A31/A33

CAO

)
o




Raji°

Thai 10
Thai Acr s e mee e e e e 1
T _ _ - _ _
B95.8" AAC GAG GGC AGA CAC CAC CTG CTC GTG HLA-B61
N E G R H H L L V
cAO’
,d — -
Raji T S I
_ - _ o 7 A _ -
Thai 10
Thai N ¢ ST 1

® B95.8 is a reference type | EBV strain isolated from a marmoset monkey

lymphocyte.

® CAO is a strain derived from a Chinese NPC patient.

° C15 is a strain derived from a white Mediterranean NPC patient.

d Raji is a strain derived from an African Burkitt’'s lymphoma cell line.




Table 8. List of donors with HLA types that were included in the overlapping

peptide screening test

D HLA-A HLA-B
PR A2, A24 B35, B60
NA A11, A24 B27, B60
Wi A24, A33 B13, B44
CH A24 B56, B75
AT A1, A31 B13, B51
PA A2, A11 B60

WE A2, A33 B44, B46
SP A24, A11 B18, B27
SuU A2, A3 B13, B61
SO A1, A24 B57, B35
AN A3/A33 B75, B57
SM A2 B57

PO A24 B27, B60
SA A1 B27

CA A11,7A33 B44, B61
OR A2, A33 B51, B58
SB A11, A33 B44, B52
IN A11, A24 B35, B38
KA A11, A26 B8, B60
uB A1, A26 B52, B58
PN A2, A24 B27, B52




Table 9. Summarized result of the overlapping peptide screening from LMP1

sequences
ID HLA-A HLA-B peptide ELISPOT result
(SFC/ million)
AT  A11,A31  B13, B51 Peptide#28: 60
SNSNEGRHHLLVSGAGDD
SDSNSNEGR 0
NEGRHHLLV 0
SP  A24,A11  B18,B27 Peptide#28: 20
SNSNEGRHHLLVSGAGDD
SDSNSNEGR 0
NEGRHHLLV 0

SFC = spot forming cell

120702112



Table 10. List of potential epitopes predicted by “Binding Motif Scanner” in HLA

molecular Immunology database

HLA HLA Motif Potential epitopes
(Serotype) (Genotype)

A1 A*1101 XOXXXXXXX[K] NLTEEVANK
A24 - X[YTXXXXXX[I,L,F] LYSFALMLI
LYLGIVLFI
A31 A*3101 XXXXXXXX[R] ERGPPGPPR
IILUIFIFR
ILIFIFRR
IYFLEILWR
IWMYYHGPR
SDSNSNEGR
EVANKGGDR
B27 . X{RPOOOKKK. ERDLERGPP
ERGPPGPPR
PRPPLGPPL
FRRDLLCPL
RRDLLCPLG
WRLGATLWQ
PRHTDEHHH
GRHHLLVSG
DRGPPSMTD
B51 B*5101 X[A, P, G]XXXXXX[F, ] LGPPLSSSI
LALLFWLYI
GALLVLYSF
FALMLII
HGQALYLGI
B*5102 X[A,P,GIXXXXXX[V, ] LGPPLSSSI
LALLFWLY!
FALMLINI
HGQALYLGI




B*5103

X[A,P,GIXXXXX[V,F,1]

GPPNLTEEV
GPPLSSSI
FALMLII
LGLLLLMI
QALYLGIV
LGIVLFIF
LAFILAFF
LAFFLAII
LAIILLH

- EGRHHLLV

PPNLTEEV

peptide#28.

Note: Bold letters indicate the potential epitopes since they are located within



DISCUSSION

HLA distribution data from Thai NPC patients is useful since vaccihe
development including T cell epitopes restricted to these common alleles will benefit
the majority of affected population. As demonstrated in this study, HLA typing data
was helpful in the process of selecting donors as listed in table 8. Interestingly, the
frequencies of certain HLA alleles were significantly different between NPC patient and
normal control group. In conclusion, this study reported 2 susceptible, A2 and B46
antigens, for NPC in Thai population. In the allelic level a protective B*44032 allele
and two susceptible, B*4601 and B*51012 alleles, were also identified for Thai NPC

population.

A lower incidence of B*44032 in the patient group was noticed (9 vs. 29%, p
<0.01) similar to a previous reportin East Africa in which B44, characterized by
serological typing, was reported as a resistance antigen in NPC (Moore et al., 1983).
Interestingly, some CTL epitopes from EBV antigens have been identified as restricted
by B44 (Khanna et al., 1997). Studies of thosé epitopes that contributing to the
protective effect of the protective allele might be useful in vaccine development. The
frequencies of another two alleles, B*4601 and B*51012, were significantly increased in
NPC patients (39 and 11% vs. 14 and 0%, p<0.005 and p<0.02, respectively). As
mentioned above, the association with B46 has been consistently observed in Chinese
populations (reviewed in Ren and Chan, 1996; Simons et al., 1974 and 1975; Chan et
al., 1983 and 1985). One previous report of 20 Thai NPC patients also demonstrated
a positive association of NPC with B46 (p<0.05) (Chan et al., 1985). Our study has
confirmed that result suggesting that genetic susceptibility of NPC to in the Thai
population is likely similar to the Chinese population. The restricted-antigen binding
properties of the B*4601 molecule (Barber et al., 1996) might be one explanation for its
link to susceptibility to NPC. Interestingly, no EBV epitopes restricted by B46 have
been reported so far and further studies are required to prove this hypothesis.
Although there are some relationships between HLA types and NPC, the exact nature
of this association is not yet clear. It is more likely that HLA antigens are not involved
in the causation of the disease but are very closely linked to the “disease susceptibility
genes”. In fact, many studies supported this latter theory (Lu et al., 1990; Ooi et al.,

1997). However, no major susceptibility genes of NPC have been identified s» far.



Previous studies have suggested that LMP1 sequences in different geographic
regions of the world display a very high degree of variation. This genetic variation has
been considered as a major impediment towards the use of LMP1 as a potential
immunotherapeutic target for the treatment of relapsed NPC. Hence it was
important to determine the extent to which the B95.8 derived LMP1 epitope sequences
are conserved in EBV isolates from different geographic regions of the world. Studying
a panel of EBV isolates representative from African (Raiji) and Chinese NPC (CAO,
C15) as well as Thai NPC biopsies, we found that T cell epitope sequences from LMP1
were generally well conserved. Four of the five epitopes sequenced here showed only
minor sequence variation. However, some unique nucleotide substitution which resuited
in amino acid substitution were identified from Thai NPC isolates within these relatively
conserved epitopes. Although the effect of these changes against CTL activity remains
to be further investigated. These findings stress the necessitation of specific epitope

characterization from each endemic area,

The only epitope with major sequence divergence was the HLA A2 supertype-
restricted YLLEMLWRL epitope, which displayed an interesting pattern of sequence
diversity in EBV isolates from different geographic regions. The analysis of the genetic
variants of the YLLEMLWRL epitope-indicated that the variant sequence (YFLEILWRL)
is prevalent in South-East Asia. Although the precise reason/mechanism for such a
high degree of genetic variation within this epitope-is not known, it is possible that
mutation within this epitope in the isolates from South-East Asia, where NPC is
endemic, may provide an advantage in protecting these isolates from the EBV-specific

CTL response.

A low frequency of positive responses against LMP1 have been reported in
several studies (Khanna et al., 1998; Leen et al., 2001; Meij et al., 2002; Whitney et al.,
2002). Recent study by Meij et al., 2002 using the same strategy of overlapping
peptide screening in healthy Caucasian donors detected positive response only in 9 out
of 50 donors (18%). In addition, the number of cells reactive to LMP1 were very low
similar to our study. In summary, this protein is poorly immunogeneic. The explanation
for this weakiy immuiiogeneic is not understood. It is possible that LMFP1 may has

immunosuppressive propeiiies that favor the induction of T ceil anergy (Dukers et al.



2000). However, to target EBV-positive NPC tumor, such smali response against LMP1
should be amplified, either by active immunization or by in vitro expansion and re-
infusion. Therefore, more donors should be included to obtain more putative CTL

epitopes of LMP1.



SUGGESTION FOR FURTHER WORK

Further identificatior: of novel CTL epitopes from LMP1 using a larger panel of
donor should be pursued with the use of bioinformatic technology e.g., binding motif
scanner. The characterization CTL epitopes in Thai population from other candidate
protein such as LMP2 is also needed by applying the same strategy as this study.
In addition, increasing inferest has been focusing on T helper epitopes as well since
the addition of T helper epitope with CTL epitopes should increase the efficiency of
the immunotherapy. - Therefore, the characterization of T helper epitopes restricted

to common HLA class 1l alleles is another subject of interest for future work.
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Brief communication

Distribution of HLA-B alleles in

nasopharyngeal carcinoma patients and

normal controls in Thailand

Abstract: HLA-B frequencies in 54 unrelated nasopharyngeal carcinoma
(NPC) patients and 49 healthy random controls in Thailand were investigated
by direct DNA sequencing. Similar te previous reports in Chinese NPC
patients, HLA-B*460} was observed at a greater frequency in patients (21/54
(40%)) compared to'controls (7/49 (149). An increase in HLA-B*51012 was
aisu duriunon ated. B*51012 was present in 6/54 (119) NPC patients but was
not observed (09)in controls. B*44032 was associated with a decreased risk.
Five out of 54 (9%) NPC patients had B*44032 compared to 14/49 (29%) in the
control group.

Nasopharyngeal carcinoma {(NPC) is a tumor affecting the epithelial
lining in the head and neck region. It is one of the most common can-
cers(in Asia, with the highest incidence ratein South China and inter-
mediate incidence rate in South-east Asia {1). This tumor is quite rare
in the Western population. Multiple factors have been reported to be
involved in the pathogenesis of this disease including EBV infection,
environmental carcinogens {e.g., cigarette smoke. certain foods), and
genetic factors {2). HLA is one of the genetic factors reported as
having a significant association with NPC (1). Certain HLA antigens
or haplotypes, mostly identified using serological techniques, have
been associated with either increased or decreased risk in various
studies. For example, HLA-A2/B46 haplotypes were consistently re-
ported to be positively associated with NPC in Chinese populations
living in different countries {e.g, Singapore, China. Hong Kong, Ma-
laysia, California, U.S.A) (1. 3-6). HLA-B58 is another NPC-associated
antigen observed at a higher frequency in Chinese and Malay patients
(7) while HLA-A11 was observed at a lower frequency among Chinese
NPC patients (6, 7). Studies of HLA in other low incident populations
gave more variable results (8-12).

The underlying mechanisms of these associatisns have not been
elucidated. One explanation is the existence of an NPC susceptible

gene closely linked to the HLA region, which was suggesied from an
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HLA-B allele frequencies in patients with NPC and healthy controls from Thailand

HLA-B alleles that demonstrated significant associations with NPC

NPC Patients Controls NPC Controls
(N=154) (N=49)
HLAB Count Count .
Aliele (2N=108) % (2N=198) % HLA-B* n % n % + association Pvalue
B*0705/6 1 1.8 2 4.0 440322 5 9 14 29 - 0.01
8*1301 4 7.4 4 8.1 4601° 21 39 7 14 + 0.005
B*1302 1 1.8 1 2.0 51012¢ 6 11 9] 0 + 0.02
B*1402 o] 0.0 1 2.0 N = the total number of individuals studied in either patient or control group
n = the number of individuals positive for 2ach allcle
B*1501 3 5.5 1 2.0 *42 = 6.4, P=0.01, OR = 0.26. 95%C1 = 0.07-0.85
8*1502 6 11 8 16.3 by?=17.9, P=0.005, OR = 3.8, 95% I = 1.34-11.82
“Fisher's exact, P= 0.02
B*1504 1 1.8 0 0.0
B*1511 1 1.8 1 2.0 Table2
B*1517 1 1.8 9] 0.0
B*1518 0 0.0 1 2.0
B*1521 0 0.0 1 2.0 HLA study of 30 sibling pairs {12). A more recent study, using micro-
8*1525 1 1.8 2 4.0 satellite markers, predicted that this putative NPC susceptible gene,
B*1532 0 0.0 1 2.0 nat yet identified, is close to the D651624 narker (14). However, the
B*1801 1 1.8 2 4.0 ability of certain HLA molecules to present EBV antigens might also
B*1802 4 7.4 i 2.0 contribute to the observed HLA associations. Moreover, with the in-
B*2704 0 0.0 2 4.0 creasing interest in epitope-based immunotherapy in EBV-related tu-
B*2706 0 0.0 3 6.1 mors including NPC, the distribution of HLA alleles in NPC popula-
B*3501 0 0.0 1 2.0 tions will provide useful information for epitope selection i.e., by in-
B*3503 1 1.8 1 2.0 cluding the epitopes restricted to common HLA allelic products in the
B*3505 1 1.8 1 2.0 target population. In this study, we investigated the distribution of
B*3701 1 1.8 1 2.0 HLA-B alleles in Thai NPC patients compared to normal controls to
B*38021 6 1.1 2 40 identify the HLA-B alleles associated with NPC in Thailand.
B*3804 0 0.0 1 2.0 The study population included 54 unrelated Thai patients with
B*3901 1 1.8 e 0.0 histotogically confirmed NPC diagnosed at King Chulalongkorn
B*3909 1 1.8 3 6.1 Memorial-Hospital in Bangkok. There were 34 men and 20 women,
B*4001 13 241 7 14.2 with a median age of 48 years (range 16-81 years). All of these pa-
B*4002 3 55 2 4.0 tients were positive for the EBNAI gene in tumor cells as detected by
B8*4006 0 0.0 2 4.0 PCR. as reported previously (15, 16). Forty-nine healthy unrelated
B*44032 6 1.1 14 28.5 Thai individuals served as ethnically and geographically matched
B*4601 25 46.3 8 16.3 controls. All patients and controls were typed for the HLA-B locus by
B*4801 1 1.8 ] 0.0 direct sequencing of the PCR products using primers BIN1-TA, BIN1-
B*51011 5 9.2 3 6.1 CG and BIN3, which amplified exons 2 and 3 and intron 2 as pre-
851012 7 12.9 0 0.0 viously described (17. 18). The allele frequencies were determined by
B*52011 3 5.5 5 10.0 direct counting based on the assumption that individuals carrying a
B*5502 1 1.8 2 4.0 single allele were homozygous. The significance of differences be-
8*5604 1 1.8 0 0.0 tween the two groups was analyzed by the chi-square test. Fisher's
B*5801 7 12.9 6 12.2 exact tests were applied if the expected frequency was less than 5.
B*5401 1 1.8 4 8.1 The distribution of HLA-B alleles between the two groups is shown
B*5701 0 0.0 3 6.1 in Table 1. A total of 34 HLA-B alleles was observed in th= Thai con-
B*7021 0 0.0 1 2.0 trol group, including one new allele (B*3804) (19). The five most com-

N = the total number of individuals studied in the patient or control group

Table 1
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mon alleles in Thai controls were B*44032 (28.5%). B*4&01 (16.3%).
B*1502 (16.3%), B*400! (14.2%) ar.d B*5801 (12.2%). Twenty-nine al-

leles were detected in NPC patients with the same five cosnmon alleles



observed at high frequencies (11.1-46.39). In addition, the allele fre-
quencies of B*38021 {11.1%) and B*51012 (12.9%) were high in the
patient group compared to controls. This information is useful as vac-
cine development including T cell epitopes restricted 1o these com-
mon alleles will benefit the majority of affected population. When the
frequency of HILA-B alleles in NPC patients and normal individuals
was compared, significant associations between NPC and three HLA-
B alleles were observed, as summarized in Table2. Specifically. a
lower incidence of B*44032 was noticed in the patient group (9 vs
299, P <0.01) which was similar to a previous report in East Africa,
in which B44, rharacterized by serological typing, was reported as a
resistance antigen in NPC (10). Interestingly. some CTL epitopes from
EBV antigens have been identified as restricted by B44 (20). Studies
of these epitopes that contribute to the protective effect of the protec-
tive allele might be useful in vaccine development. The frequencies of
another two alleles, B¥4601 and B*51012, were significantly increased
in NPC patients (39 and 11% vs 14 and 09, P<0.005 and P<0.02.

Pimtanothai et al : HLA-B alleles and NPC in Thailand

respectively). As mentioned above, the association with B46 has been
consistently observed in Chinese populations (1, '3-6). One previous
report of 20 Thai NPC patients also demonstrated a positive associ-
ation of NPC with B46 (£<<0.05) (6). Our study has confirmed that
genetic susceptibility of NPC to in the Thai population is likely to be
similar to the Chinese population. The restricted-antigen binding
properties of the B*4601 molecule (21) might be one explanation for
its link to susceptibility to NPC. Interestingly. no EBV epitopes re-
stricted by B46 have been reported so far and further studies are re-
quired to prove this hypothesis. No association with B58 was demon-
strated in this study; however, in a previous study, B58 association
was only seen in newly diagnosed patients and its frequency is.\'er‘\'
low in long-term survivors (1}, which were not identified in this studx.

In conclusion, this study reported a protective B*44032 allele and
two susceptible alleles, B*4601 and B*51012, for NPC in Thai popula-

tion.
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HLA-E and genetic susceptibility to nasopharyngeal carcinoma
Short Title: HLA-E and nasopharyngeal carcinoma
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Abstract

Nasopharyngeal carcinoma (NPC) has been known to be associated with HLA class I
region. The aim of this study was to investigate the association between HLA-E and genetic
susceptibility to nasopharyngeal carcinogenesis by comparing the frequencies of HLA-E alleles
in 104 Thai patients with NPC and 100 healthy controls. HLA-E typing was performed using
PCR-SSOP method. DNA sequencing was used to confirm the accuracy of PCR-SSOPs results.
The frequency of the HLA-E*0103, 0103 genotype, but not others, was increased in the patients
compared to controls (p =0.0141, OR =2.11, 95% CI = 1.15-3.88). A significant increase in the
frequency of the HLA-E*0103 allele was found in the patients compared to normal controls (p =
0.0076, OR = 1.78, 95% CI = 1.16-2.74). These might suggest a possible important role for

HLA-E in NPC development, possibly via NK cell or CTL function.

Key words: Nasopharyngeal carcinoma; HLA class I; HLA-E; PCR-SSOP; NK cell; CTL cell



Introduction

Nasophayngeal carcinoma (NPC) is a geographically restricted tumor of epithelial cell
lining na;sopharynx (1,2). The tumor is rare among European and North American Caucasians
(less than 1 per 100,000). However, it is more common in many Asian countries, especially
common in Southern China (30 - 50 per 100,000) (3). The etiologic factors identified for NPC
include environmental and genetic factors. Implicated environmental factors include the Epstein
Barr virus, nutritional factors, and exposure to smoke, wood dust and aromatic hydrocarbon (4-
6). The data of different incidence among different populations as well as the high incidence
among migrants and family clustering suggested the involvement of genetic factors in addition
to environmental factor (7-9). HLA associations have been reported in NPC. Several studies
have been reported that HLA-A2, HLA-B46, HLA-B58 and HLA-B*51012 were associated
with NPC (1,2,7). However, The explanations of these associations are still unclear. Another
possibility is that there may be another disease susceptibility gene that linked to the HLA-A and
HLA-B genes. This latter hypothesis was further strengthened by Lu and coworker in 1990 who
conducted a linkage study based on affected sib-pair in Chinese population which suggests that,
a gene closely linked to the HLA locus confers a greatly increased risk of nasopharyngeal
carcinoma (11). Since the suspected gene is around the HLA region, Ooi and co-workers began
mapping the approximate position of a gene closely linked to the HLA region. In that study,
they found that NPC susceptibility gene may be within the centromeric end of the class I and the
telomeric end of class III regions of HLA, near the D6S1624 microsatellite locus (12). In our
study, we are interested in the HLA-E gene that 1s in close proximity to D6S1624 microsatellite

locus.



HLA-E belongs to a non-classical HLA class Ib group of molecules which are
homologous to classical HLA class Ia molecules but are characterized by a limited
polymorphism and low cell surface expression (13). Transcripts of this gene have been found in
a variety of different tissues (14). HLA-E may be involved in the regulation of Natural killer
(NK) cell funciion by presenting leader peptide derived from HLA-A, B, C and G molecules to
interact with NK cell receptors and affects inhibiting or activating function .of NK cell-mediated
lysié (15-18). Recent study has shown that different HLA-E alleles can affect different functions
of natural kiiier cells (19). In addition, several observations raise the possibility that HLA-E
might plays an important rcle in the regulation of cytotoxic T lymphocyte (CTL) function, as
CD94/NKG2 receptors are expression-on a subset of CTL cell function (20,21). Furthermore,
there is evidence that HLA-E can interact with T cell receptors (TCRs). The data imply the
generation of human T cells potentially recognizing through the af TCR-HLA-E molecules that
bind to class I- and virus-derived peptides (22). The aim of this study was to investigate the
association between HLA-E and genetic susceptibility to nasopharyngeal carcinogenesis by
comparing the frequencies of HLA-E alleles in 104 Thai patients with NPC and 100 healthy

controls.

Material and methods
Subjects

After having obtained the subjects’ informed consent as to purpose of the study blood
samples were collected by venipuncture. This study has been approved by The Ethics
Committee of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand. One
hundred and four Thai patients with NPC who attended at King Chulalongkorn Memorial
Hospital from 1994 to 2001 and 100 countrol sampies from healthy bloud donors in Thai Red

Cross Society. The tumor of every patient was histologicaily ascertained as NPC type II or I,



according to WHO classification. These patients’ ages ranged from 5 to 82 years (mean 41.2) at
the time of diagnosis whereas the control subjects ages ranged from 18 to 59 years (mean 34.7).
Males outnumber females among the cases was 1.8: 1 and among the controls 1.4: 1,

respectively.

Extraction and amplification of genomic DNA

Molecular genetic analysis was performed on genomic DNA, obtained from peripheral
blood lymphocytes using standard phenol-chloroform extraction procedure as previously
described (23). Exon 2 and exon 3 were separately amplified by polymerase chain reaction
(PCR) using primers HLA-E.2F [5" GAA ACG GCC TCT ACC GGG AGT AG 3’}- HLA-E.2R
[5° GTT CCG CAG CCT TGG GGT GAA TC 3’] and HLA-E.3F [5° CGG GAC TGA CTA
AGG GGC 3’]-HLA-E3R [5” AGC CCT GTG GAC CCT CTT 3°] (24,25).
HLA-E typing

Twelve SSOPs (Sequence specific oligonucleotide probes) were used for oligotyping of
HLA-E alleles. Ten SSOPs were described previously (25). Two SSOPs of codonl50 were
designed in this study [GATGCCTCTGAGGCG and GATGCTTCTGAGGCG ]. The DNA
typing of HLA-E gene was performed by dot-blot hybridization method. The SSOPs were
labeled with y—32P-ATP (Amersham, England) and T4 polynucleotide kinase (New English
BioLab, USA). PCR products were spotted onto nylon membrane (Hybond-N; Amercham,
England), immobilized by denaturing solution [1.5 M NaCl and 0.5 M NaOH] and neutralized
with neutralizing solution [1.5 NaCl, 0.5 M Tris-HCI (pH 7.2) and 0.5 M EDTA (pH 8.0)].
Prehybridization of the membrane was performed in a hybridization oven (Stuart Scientific,
England) for 15 minutes at 42°c, in 10 ml of hybridization solution per 100 cm® of membrane
(5x standard saline citrate [SSC], 1% blocking agent, 1% N-lauroylsarcosine, and 0.02% sodium

dodecyl sulfate [SDS]). Hybridization was carried our at 42°c foir 1 hour with y—"F-ATP



labeled-SSOPs. Poshybridization washing was done as follow: 5xSSC at 42°c for 10 minutes
and twice for 10 minutes at 50°c in the same solution. Hybridization signals were detected by
exposure the blots DNA to a phosphor screen and visualized on Phopholmager using

ImageQuaNT software (Molecular Dynamics, USA).

DNA sequencing

Sequencing was used to screen for additional polymorphism at other locations besides the
one previously characterized and used to confirm the accuracy of PCR-SSOPs results. For direct
cycle sequencing, 40 pl of the PCR products were purified by the QIAquick PCR Purification
Kit (QIAGEN Inc.) to obtain clean double-standed DNA amplificates. Approximately 100 ng
each of PCR products were sequenced with both directions of exon 2 and exon 3 primers as
previously described (24,25). Cycle sequencing was performed on an ABI Prism 310 Genetic
Analyzer using a cycle sequencing chemistry with base-specific fluorescence — labeled
dideoxynucleotide termination reagents, BigDye Terminator Ready Reaction Mix (Applied

Biosystems) was used for sequencing.

Statistical analysis

The number of HLA-E alleles was obtained using gene counting. The association
between certain alleles of HLA-E gene and NPC was estimated by the statcalc from Epi info
version 6 program (http:// www. Cdc.gov/epiinfo/EI6dnjp.htm) to calculate the odds ratio (OR)
and 95% confidence interval (CI), Yates’ corrected chi-squares and associated p values. P values

of <0.05 were considered to be significant.

Results



HILA-E genotypes or alleles of 104 patients with NPC and 100 healthy individuals were
investigated by PCR-SSOF method. Sequence résults did not reveal any new polymorphism at
the other locations besides the one previously characterized. The determination of each allele
depeﬁds on the presence of specific nucleotide as earlier described (26). For example, the HLA-
E*0101 allele presents with polymorphism at the codon 83 (G/C) and the codon 107(A/G) both
consisting in missense substitutions. A nonsynonymous conservative change fiom glycine to
arginine at positibn 83(G/C) and a synonymous change of the codon 82(C/G) define the HLA-
E*0102. The HLA-E*0103 lineage correspond to HLA-EG [A pattern of nucleotide substitution
of HLA-E gene, Which is Guanine (G)] at codon’107. The HLA-E*0103 comprised E*01031,
E*01032 and E*01033. A silent substitution (C/T) at codon 77 in exon 2 distinguished E*01032
from E*01031. The HLA-E*01033 allele corresponds to HLA-ET [A pattern of nucleotide
substitution of HLA-E gene, which is Thymine (T)] at codon 150. The HLA-E*0104 allele is
defined by a silent substitution at codon 2 (C/T) or'd nonsynonymous change from arginine to
glycine at amino acid position 157 (A/G). In this study, three alleles of HLA-E could be
detected on the basis of these polymorphism which composed of HLA-E*0101, 01031 and
01032. When analyzing the association between genotypes or alleles of HLA-E and NPC, the
HLA-E*0103 lineage (E*01031 and E*01032) were combined together because both of them
correspond to HLA-EG at codon 107. The codon 107(A/G) of HLA-E is a mutation altering the
amino acid arginine to glycine. There was a significant increase in the frequency of the HLA-
E*0103, 0103 genotype in the patients compared to the normal controls (p = 0.0141, OR = 2.11,
95% CI = 1.15-3.88). None of the other genotypes showed any significant association (Table 1).
A significant increase in the frequency of the HLA-E*0103 allele was found in the patients
compared to normal controls (p = 0.0076, OR = 1.78, 95% CI = 1.16-2.74). The HLA-E allelic

irequencies in the patients and normal contrels are show in: Tabie 2.



Discussion

A previous study has shown that the D6S1624 microsatellite is strougly associated with
NPC (12). HLA-E is in close proximity to this microsatellite marker and is candidate gene that
related with function of NK and CTL cells, which are important immune cells against tumor. In
this study, the results showed that the NPC susceptibility is associated with certain HLA-E
"genotypes and alleles. HLA-E*0103, 0103 genotype and HLA-E*(0103 allele are associated with
NPC. These might suggest a possible important role for HLA-E in NPC development.

Since NPC is a complex disease, HLA-E gene might be one of several causes for NPC
development. In addition, there may be some other genes in this iegion that play a role in the
susceptibility to NPC that are in linkage disequilibrium with HLA-E. If HLA-E107G is a true
disease allele, which is likely one of several causes for NPC development. Various explanations
that can link HLA-E to NPC development were discussed. Firstly, HLA-E plays an important
role in NK cell function. HLA-E has been found to present class I leader peptides and to be
recognized by NK cells (27,28). According to HLA-E*0103 allele is defined by a missense
mutation at codon 107, which change from arginine to glycine. One experiment supporting
function of HLA-E*0103 (glycine) to present the leader peptide of certain HLA-A, -B, -C and -
G alleles to NK cell receptors and affect different NK cell function. HLA-E presents the leader
peptide from A2, which is common type in most population and there are reports that HLA-A2
was associated with NPC (29,30). So, it is possible that HLA-E*0101 (arginine) presents the
leader peptide from HLA-A2 leading to no inhibition in NK cell-mediated lysis. Whereas HLA-
E*0103 allele with the leader peptlde from HLA-A2 will inhibit NK cell-mediated lysis (19). It
would be interesting to further charactenze HLA-A together with HLA E allele in NPC patients.
In addition, One study showed the relation between NPC and NK cell that NK cell activity of
NPC patients lower significantly than controls (31). This might be the effect of HLA-E107G

allele to inhibit NK cell-mediated lysis. Secondly, according to the crystal structure of HLA-EZ



8

(32), the amino acid at position 107 is found in-a loop between the B-pleats at the base of the
antigen binding cleft in the a -2 domain. This position is not placed in the peptide-binding
region but rather in the T cell receptor-contacting region. Recent studies demonstrated that
HLA-E complexed with class I signal sequence-derived peptides is not cnly a ligand for NK cell
inhibitory receptors, but can also interact with TCR and trigger CTL (33). Yet, no direct proof
for functional implication of CTL response in the interaction betwec;n TCR and each HLA-E
allele biud to EBV peptides. Several observations raise the possibility that HLA-E might plays
an impc.tant role in the regulation of CTL function, as CD94/NKG?2 receptors are also expressed
on T cells in particular on those with an activated or memory phenotype (21,34). The functional
role of HLA-E-NK cell receptor recognition on CTLs remains unclear. However, future studies
would be interesting to test the functional properties of the HLA-E alleles in NK cell or CTL for

NPC patients.
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Table 1 Frequency of HLA-E genotypes in patients with NPC and normal controls

HLA-E genotypes % of patients (n) % of controls (n) P value OR (95% CI)
0101 9.62 (10) 18 (18)

0101; 8102 0(0) 0 (0)

0101; 0103 39.42 (41). 49 (49)

0101; 0104 0 (0) 0(0)

0102 0(0) 0.(0)

0102; 0103 0 (0) 0(0)

0102; 0104 00) 0.(0)

0103 50.96 (53) 33 (33) 0.0141" 2.11
(1.15-3.88)

0103; 0104 0 (0) 0 (0)

Total (n) 104 100

The number of individuals is given in parentheses.

! Chi-square probability for the comparison of HLA-E genotypes in patients and controls.
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Table 2 Frequency of HLA-E alleles in patients with NPC and normal controls

HLA-E alleles % of patients (n) % of controls (n) P value OR (95% CI)
0101 29.33 (61) 42.5 (85)

0102 0 (0) 0(0)

0103 70.77 (147) 57.5 (115) 0.0076" 1.78
(1.16-2.74)

0104 0(0) 0.(0)

Total (n) 208 200

The number of individuals is given in parentheses.

! Chi-square probability for the comparison of HLA-E alleles in patients and controls.
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