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Abstract

The aim of this study was to investigate the distribution of human leukocyte antigens (HLA)
-E alleles in Thailand. HLA-E alleles were assigned by using a polymerlase chain reaction-sequence
specific oligonucleotide probes (PCR-SSOP) method and direct sequencing in 200 healthy individuals.
They comprised 100 Thai, 50 Chinese and 50 Thai-Chinese. From the results, three alleles of HLA-E
could be detected in these populations. The E*0101 was the most common allele in Thai and Thai-
Chinese with allelic frequencies of 42.5 per cent and 38 per cent, respectively. The other HLA-E allele
frequencies of Thai origin were 33 per cent for E¥01031 and 24.5 per cent for E¥01032, respectively.
Among Thai-Chinese, the allele frequencies of HLA-E were 31 per cent for E¥01031 and E*01032,
respectively. Whereas, the E*¥01031 was the predominant allele in Chinese origin with a frequency of
39 per cent, followed by E*0101 and E*01032 with 32 per cent and 29 per cent, respectively. No
E*01033, E¥0102 and E*0104 could be detected in all individuals. When comparing the distribution of
HLA-E alleles between each of the populations (Thai vs Chinese, Thai vs Thai-Chinese and Chinese vs
Thai-Chinese), no significant difference could be found among these populations. In addition, there
was no significant difference of the distribution of HLA-E alleles between the study populations and
other populations from Asian countries, reported previously. However, there were significant diffe-
rences between the populations (Thai, Chinese and Thai-Chinese) and Danish (x> = 15.64, p = 0.0004;
x* = 24.58, p = 0.0000046; x* = 14.69, p = 0.00065, respectively).
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HLA-E belongs to non-classical HLA class
Ib whose molecules are homologous to classical HLA
class Ia molecule(]), HLA-E is located between
HLA-A and -C on the short arm of chromosome 6(2).
Transcripts of this gene have been found in a wide
variety of different tissues(3). HLA-E has been found
to present class I leader peptides and to be recognized
by natural killer cells(4,3). This recognition is medi-
ated by the interaction of HLA-E with the CD94/
NKG?2 receptor and can result in either inhibition or
activation of the natural killer cell, depending on
the peptide presented and which NKG?2 receptor it
associates with(4:6,7), In addition, several observa-
tions raise the possibility that HLA-E might play an
important role in the regulation of cytotoxic T. lympho-
cyte (CTL) function, as CD94/NKG2 receptors are
expressied on a subset of CTL cell function(8,9). In
addition, there is evidence that HLA-E can interact
with T cell receptors (TCRs). The data imply the
generation of human T cells potentially recognized
through the ofTCR-HLA-E molecules that bind to
class I- and virus-derived peptides(10). One indirect
evidence included the observation that Qa-1b, a mouse
homologue of HLA-E has been proposed to present
H-2-unrelated antigenic peptides that may be specifi-
cally recognized by T lymphocytes(11-15), Although
the precise functions of the HLA-E gene have yet to
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be fully elucidated, it does appear that these gene
products play vital roles in immune function.

The HLA-E gene differs from the class Ia
genes with respect to the number of alleles present at
each locus. In comparison to the highly polymorphic
class Ia genes(16), the class Ib genes appear to show
much less, if any, allelic variation(2). There are six
HLA-E alleles currently registered (http://www3.Ebi,
ac.uk/services/imgt/hla/cgi-bin/align.cgi) containing
both synonymous and nonsynonymous substitutions
and designated HLA-E*0101, *0102, *01031, *01032,
*01033 and *0104 (Table 1). The polymorphism is
based on four nucleotide substitutions in exon 2 and
three in exon 3 (Table 1) reported by several authors
(17-21), The importance of the different of HLA-E
alleles in transplant rejection and disease susceptibility
has been proposed. However, there are still few popu-
lation studies for the distribution of HLA-E alleles
in various populations. The aim of this study was to
investigate the distribution of HLA-E alleles in Thai-
land by direct sequencing and PCR-SSOP typing
method.

MATERIAL AND METHOD
Study population

After having obtained the subjects’ informed
consent as to the purpose of the study blood samples

Table 1. Nucleotide and deduces amino acid substitution characterizing the HLA-E
alleles.

Nucleotide Exon 2 a-1 domain @ Exon 3 o-1 domain b
positions 5 230 245 246 48 179 198
0101 C C C G A C A
0102 C C G¢ C A C A
01031 C C C G G C A
01032 C TC C G G C A
01033 C C C C G TC¢ C
0104 TC C C G G C G
Amino acid Exon 2 -1 domain 2 Exon 3 a-1 domain b
position 2 77 82 83 107 150 157
010t Ser Asn Arg Gly Arg Ala Arg
0102 Ser Asn Arg Arg Arg Ala Arg
01031 Ser Asn Arg Gly Gly Ala Arg
01032 Ser Asn Arg Gly Gly Ala Arg
01033 Ser Asn Arg Gly Gly Ala Arg
0104 Ser Asn Arg Gly Gly Ala Gly

4 Codon 1 to 91, nucleotide 1 to 270
b Codon 91 to 183, nucleotide 1 to 276
€ not reflected in amino acid substitution
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were collected by venipuncture. This study was
approved by The Ethics Committee of the Faculty of
Medicine, Chulalongkorn University, Bangkok, Thai-
land. Two hundred healthy unrelated individuals were
recruited from the National Blood Center, the Thai
Red Cross Society. They were permanent residents
in Bangkok or the central part of Thailand. All indi-
viduals were interviewed and then divided into three
groups, Thai, Chinese and Thai-Chinese, respectively,
based on the ethnic origins of their grandparents. If
their ancestors, including their great grandparents,
originated from China, they were considered Chinese.
On the other hand, if their ancestors originated from
Thailand, they were defined as Thai. In addition, if
their ancestors originated from Thailand and China,
they were defined as Thai-Chinese. The healthy indi-
viduals comprised 100 Thai, 50 Chinese and 50 Thai-
Chinese. The age range was 18-59 years (mean 34.7).

DNA extraction and PCR amplification of the
HLA-E gene

Molecular genetic analysis was performed
on genomic DNA, obtained from peripheral blood
using standard phenol-chloroform extraction proce-
dure as previously described(22). The genomic DNA
were amplified with the use of the HLA-E gene speci-
fic primers HLA-E.2F [S’ GAA ACG GCC TCT ACC
GGG AGT AG 3’] and HLA-E.2R [5° GTT CCG
CAG CCT TGG GGT GAA TC 3] described by
Hodgkinson AD et al which is specifically amplify
exon 2(23). While primers HLA-E.3F [5' CGG GAC
TGA CTA AGG GGC 3’] and HLA-E.3R [5* AGC
CCT GTG GAC CCT CTT 3’] described by Gomez-
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Casoda EG et al specifically amplify exon 3(19). The
reaction volume for the amplification reaction was
50 ul, containing 50 ng/ul genomic DNA, 0.25 pul of
5.0 U Taq polymerase (Promega or Gibco, USA), 5
ul of 10x PCR buffer (20mM Tris-HCI pH 8.0, 100
mM KClI), 3 pl of 25 mM MgCl,, 1 ul of 10 mM
deoxynucletide triphosphates and 2.5 pl (20 pmol) of
each primer. Amplification was performed in Perkin
Elmer/GeneAmp PCR system 2400 or Applied Bio-
systems/GeneAmp PCR system 9600 (USA). The
PCR protocol consisted of an initial denaturation at
94°C for 2 minutes, followed by 30 cycles of dena-
turation (94°C, 20 seconds), annealing (58°C, 50
seconds) and extension (72 ooc¢, 20 seconds) and final
extension at 72°C for 7 minutes. The resulting pro-
ducts were further analyzed by 1.5 per cent agarose
gel electrophoresis.

Dot-blot hybridization

Twelve SSOPs (Sequence specific oligo-
nucleotide probes) were used for oligotyping of HLA-
E alleles as shown in Table 2. Ten SSOPs previously
described by Gomez-Casado E et al(19). Two SSOPs
of codonlS0C/T were designed in this study. The
SSOPs were labeled with y-32P-adenosine triphos-
phate (ATP) (Amersham, England) and T4 poly-
nucleotide 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 neutra-
lized with neutralizing solution {1.5 NaCl, 0.5 M Tris-
HCI (pH 7.2) and 0.5 M EDTA (pH 8.0)]. Prehybri-
dization of the membrane was performed in a hybri-

Table 2. SSOPs used for oligotyping of HLA-E alleles.
Probe Codon Sequence (5" > 3’) HLA-E specificities

Exon 2 E2011 2 GGCTCCCACTCCTTG 0101, 0102, 01031, 01032, 01033
E2012 GGCTCICACTCCTTG 0104
E2021 77 CGAGTGAACCTGCGG 0101, 0102, 01031, 0104
E2022 CGAGTGAATCTGCGG 01032, 01033
E2031 82,83 CTGCGCGGCTACTAC 0101, 01031, 01032, 01033, 0104
E2032 CTGCGGCGCTACTAC 0102

Exon 3 E3011 107 CCCGACAGGCGCTTC 0101, 0102
E3012 CCCGACGGGCGCTTC 01031, 01032, 01033, 0104
150C 150 GATGCCTCTGAGGCG 0101, 0102, 01031, 01032, 0104
150T GATGCITCTGAGGCG 01033
E3021 157 CACCAGAGAGCCTAC 0101, 0102, 01031, 01032, 01033
E3022 CACCAGGGAGCCTAC 0104
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dization 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 dodecy! sulfate [SDS]). Hybridi-
zation was carried out at 42°C for 1 hour with y-32P-
ATP labeled-SSOPs. Poshybridization washing was
done as follows: 5xSSC at 42°C for 10 minutes and
twice for 10 minutes at 50°C in the same solution.
Hybridization signals were detected by exposing the
blots DNA to a phosphor screen and visualized on
Phopholmager using ImageQuaNT software (Mole-
cular Dynamics, USA).

DNA sequencing

Sequencing was used to screen for additional
polymorphism at other locations besides the one pre-
viously characterized and used to confirm the accu-

racy of PCR-SSOPs results. Exon 2 and exon 3 of’

HLA-E gene were amplified from genomic DNA
samples of 10 healthy donors. For direct cycle sequen-
cing, PCR products were purified by the QIAquick
PCR Purification Kit (QIAGEN Inc., USA) to obtain
clean double-standed DNA amplificates. Approxi-
mately 100 ng each of PCR products were sequenced
with both directions of exon 2 and exon 3 primers
as previously described(19,23), The sequencing was
undertaken using an ABI Prism 310 Genetic Analyzer
by cycle sequencing chemistry with base-specific
fluorescence-labeled dideoxynucleotide termination
reagents, BigDye Terminator Ready Reaction Mix
(Applied Biosystems, USA).

Statistical analysis

The number of HLA-E alleles was obtained
using gene counting. The significant difference of the
distribution of alleles between the two groups was
tested by Chi-square (%2) method. Fisher’ exact tests
were applied if the expected frequency was less than
5. P-values of < 0.05 were considered to be signifi-
cant.

RESULTS

HLA-E alleles of two hundred healthy indi-
viduals were investigated by the PCR-SSOP method.
Sequence results from 10 healthy donors did not reveal
any new polymorphism at the other locations besides
the one previously characterized. The determination
of each allele depends on the presence of specific
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nucleotide as shown in Table 1. For example, the
HLA-E*0101 allele presents with polymorphism at
the codon 83 (G/C) and the codon 107(A/G) both con-
sisting in missence substitutions. A nonsynonymous
conservative change from glycine to arginine at posi-
tion 83(G/C) and a synonymous change of the codon
82(C/G) define the HLA-E*0102. The two alleles
from 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. 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 sub-
stitution of HLA-E gene, which is Thymine (T)] at
codon 150. The HLA-E*Q104 allele is defined by a
silent substitution at codon 2 (C/T) or a nonsyno-
nymous 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. The HLA-E allelic frequencies (%) in
three populations described in this study are shown
in Table 3. The E*0101 is the most common allele
in Thai and Thai-Chinese with allelic frequencies of
42.5 per cent and 38 per cent, respectively. The other
HLA-E allele frequencies of Thai origin are 33 per
cent and 24.5 per cent for E*01031 and E*01032,
respectively. Among Thai-Chinese, the allele fre-
quencies of HLA-E are 31 per cent for E*01031 and
E*01032. Whereas the E*01031 was the predomi-
nant allele in Chinese origin with a frequency of 39
per cent, followed by E*0101 and E*01032 with 32
per cent and 29 per cent, respectively. No E*01033,
E*0102 and E*0104 could be detected in all indi-
viduals.

When comparing the distribution of HLA-E
alleles between each of study populations (Thai vs
Chinese, Thai vs Thai-Chinese and Chinese vs Thai-
Chinese), no significant difference could be found.
In addition, the comparison of the HLA-E alleles
distribution between the study populations and other
populations, previously reported were analyzed(24-
27) (Table 3). The analysis showed significant diffe-
rence between each of the study populations (Thai,
Chinese and Thai-Chinese) and Danish population
(x2 = 15.64, p = 0.0004; x2 = 24.58, p = 0.0000046;
x2 = 14.69, p = 0.00065), respectively. In addition,
when compared to an African population, only Chinese
origin showed a significant difference with x2 = 7.61
and p = 0.022. No significant difference of the distri-
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Table 3. HLA-E allelic frequencies (%) in different populations.

HLA-E allele Thai a Chinese b Thai-Chinese ©  Danish(24) Shanghai Japanese(27)  Indigenous
(n = 200) (n = 100) (n = 100) (n = 300) Chinese(26) (n = 100) African(25)

(n=402) (n=216)

0101 425 32 38 56.67 42.29 32 50.93

0102 0 0 0 0 0 0 0

01031 33 39 31 9.67 24.88 39 29.63

01032 245 29 31 33.67 32.84 29 19.44

01033 0 0 0 0 0 0 0

0104 0 0 0 0 0 0 0

a compared with Danish %2 = 15.64, p = 0.0004.

b compared with Danish 2 = 24.58, p = 0.0000046.

¢ compared with Danish ¥2 = 14.69, p = 0.00065.

b compared with Indigenous African x2 = 7.61, p = 0.022.

bution of HLA-E alleles between the study popula-
tions and Shanghai Chinese or Japanese population
could be detected.

DISCUSSION

In the present study, the authors observed
the presence of 3 out of 6 previously characterized
HLA-E alleles, HLA-E*0101, *01031 and *01032.
This finding was similar to those reported in African-
American, Japanese, Danish, Shanghai Chinese and
indigenous African(24-27), Although the HLA-E
*0102 and 0104 were not detected, it was not sur-
prising because several studies also reported the
absence of these alleles(24-27), HLA-E*0102 has
been reported in a small sample of Spanish with a fre-
quency of 10 per cent(19). Whereas, HLA-E*0104
was initially reported at a frequency of 4.5 per cent in
Japanese individuals. The fact that these two alleles
were not found in any of the samples in the present
study or other studies(24-27), suggest that the fre-
quencies of these alleles are actually lower than pre-
viously reported or they may not exist. HLA-E*01033
was also not detectable in the present study. How-
ever, other studies did not analyze the distribution of
this allele(19,24-27) In the present study, the data
of HLA-E allele frequencies reveal the limited poly-
morphism of HLA-E with some different patterns in
the distribution of alleles in ethnically non-related
populations.

However, a recent study of nucleotide varia-
tion of HLA-E in humans and macaques found evi-
dence of selection acting on this gene. Regardless of
which form of selection has influenced the pattern-
ing of alleles, their data suggest that HLA-E has not

evolved neutrally and that functional differences be-
tween HLA-E alleles may exist(20). In addition,
increasing evidence suggests that HLA-E variation
could also play a role in human health. For example,
the expression of HLA-E may influence the success
of transplantation. The frequency of graft versus host
disease (GVHD) in HLA-matched donor transplants
indicates that other polymorphic genetic factors must
also be involved(28). HLA-E is a prime candidate
for such a genetic factor. One experiment also showed
that two alleles differing at amino acid position 107,
which is either a glycine (HLA-EG) or an arginine
(HLA-ER) affect different function of natural killer
(NK) cell. For example, HLA-EG allele presents the
leader peptide from HLA-G or HLA-A2 leading to
inhibit NK cell-mediated lysis. Whereas HLA-ER
showed no inhibition in NK cell-mediated lysis(29).
The different HLA-E alleles seem to bind leader
peptide and inhibit NK cell differently, suggesting the
role HLA-E alleles in determining disease susceptibi-
lity or resistance. One recent study reported the asso-
ciation between the HLA-E alleles and susceptibility
to type 1 diabetes mellitus(23). Therefore, although
with limited polymorphism, the analysis of HLA-E
distribution in various patient groups might help
further elucidate the role of HLA-E in disease suscep-
tibility or resistance.

In summary, the authors examined HLA-E
polymorphism in Thailand, which comprised Thai,
Chinese and Thai-Chinese populations. These popu-
lations were found to contain low levels of allelic
polymorphism similar to ethnic groups from Asian
countries.
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