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Abstract

The phenotype and gene frequencies of HLA class I were studied in the Northeastern
Thai population. Blood samples were collected from 100 unrelated healthy northeastern-Thais.
HLA-A, -B and -Cw alleles were determined using the polymerase chain reaction- amplification
refractory mutation system (PCR-ARMS). 12 HLA-A, 20 HLA-B and 14 HLA-Cw alleles were
found. Linkage disequilibrium analysis indicated the existence of 7 HLA-A-B and 19 HLA-B-Cw
haplotypes. A*0207-Cw*01-B*4601 was the most common possible haplotype in this population.
These results provide regional basic information for further studies in anthropology, organ
transplantation and MHC disease associations in the northeastern-Thais.

Human major histocompatibility complex
(MHC) is located on the short arm of the 6th chro-
mosome. The MHC consists of polymorphic gene
clusters, including HLA class I and class II, occu-
pying at least 4 Mb(1). The MHC class I and II
genes encode cell surface antigens that play a role
in self/nonself recognition. The HLA class I genes
comprise of three classical (HLA -A, -B, -C) and
seven non-classical class I genes (HLA -E, -F,
-G, -H, -J, -K and -L). Of these non-classical class
I genes, HLA -E, -F and -G are probably func-
tional genes(2). Indeed, HLA-G was found to be

one of the inhibitory ligands for cytotoxicity in-
duced by natural killer cells(3). To date, over 83
HLA -A, 186-B, 44-Cw, 5-E and 7-G allelic
sequences have been reported(4).

Typing for HLA class II genes by mole-
cular methods is well established and has been
incorporated in the routine(3-11). Recently, many
investigators have developed several molecular
typing methods for HLA class I genes. The methods
include DNA amplification and hybridization with
sequence-specific oligonucleotide probes (SSOP)
(12,13), amplification with sequence-specific oli-
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gonucleotide primers (SSP or ARMS)(14-16), with
single-stranded conformation polymorphism
(SSCP)(17,18) analysis and sequence-based typing
(SBT)(19,20),

Identifying alleles of MHC class I and 11
genes are of great importance in many medical
areas, including tissue and bone marrow transplan-
tation, assessment of disease susceptibility, the
development of synthetic vaccines and anthropo-
logy study. There are some reports on the study
of HLA class 1 in the Thai population by serologi-
cal technique including Northeastern-Thai popu-
lation (NE-Thais)(21-24), but there is no informa-
tion on the distribution of HLA class I alleles at
molecular level. The purpose of this study was to
determine the gene frequencies of HLA class I
(HLA -A, -B, -Cw) in the Northeastern-Thai popu-
lation using the polymerase chain reaction ampli-
fication refractory mutation system (PCR- ARMS)
technique.

MATERIAL AND METHOD
Subjects

One hundred unrelated healthy NE-Thais
were studied. They came from 18 provinces in the
Northeast of Thailand. All of them were interviewed
for their family histories. They were Thais and have
lived in the Northeast of Thailand for at least two
generations. All of samples were typed for HLA-A
and -B by microlymphocytotoxicity test and the
results had been previously reported(24).

DNA preparation

Genomic DNA was extracted from buffy
coat by proteinase K digestion and salting out tech-
nique(3).

HLA-class I DNA typing

HLA-A, -B and -C were studied by PCR-
ARMS techniques, according to the 12th Interna-
tional Histocompatibility Workshop (IHW) protocol.
The oligonucleotide primers were from 12th IHW
including 32 primer mixes for HLA-A, 27 primer
mixes for HLA-B and 23 primer mixes for HLA-C.
Briefly, the PCR reactions were carried out in 13
ml volumes containing 100 ng of genomic DNA
and PCR buffer (67 mM Tris HCl pH 8.8, 17 mM
ammonium sulfate, 0.1% Tween 20, 200 mM each
of dNTP, 2 mM MgClz). Each PCR reaction con-
tains between 0.1 mM-0.8 mM of the control
primers, 1 mM of the allele specific primers and
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0.27 units of Tag DNA polymerase (Promega,
Medison, WI, U.S.A)).

PCR amplifications were carried out in a
480 DNA thermal cycler (Perkin-Elmer Instru-
ment, Cetus Corp., Norwalk CT.). The PCR cycling
conditions were as follows: 1 cycle denaturation at
96°C for 2 min, followed by denaturation at 96°C
for 30 sec, annealing at 68°C for 60 sec, extension
at 72°C for 40 sec for 5 cycles, followed by 21
cycles of denaturation at 96°C for 30 sec, annealing
at 65°C for 60 sec, extension at 72°C for 40 sec,
followed by 4 cycles of denaturation at 96°C for 30
sec, annealing at 55°C for 75 sec and extension at
72°C for 120 sec with a final extension at 72°C
for 10 min.

PCR products were electrophoresed
through 1.0 per cent agarose gel containing 0.5
mg/ml ethidium bromide. The gels were run for
30 min at 15 v/cm in 0.5X TBE (89 mM Tris-base,
89 mM boric acid, 2 mM EDTA pH 8.0) and visua-
lized by UV transilluminator.

Statistical analysis
Phenotype frequencies (PF) were calcu-
lated using the formular as follows:
PF = sum of particular antigen/N
when N = total number of individual tested
Gene frequencies (GF) were estimated from the
formular:
GF = 1-(1-PR)1/2
The linkage disequilibrium was calculated
from a 2 x 2 table. The significant association
between the two loci was calculated by the chi-
square test.

RESULTS

The phenotype and gene frequencies of
HLA-A, in 100 Northeastern-Thais are shown in
Table 1. Twelve alleles of HLA-A were recognized
in this group. The common HLA-A alleles were
A*11 at GF of 0.2584, A*24 at GF of 0.2450,
A*0207 at GF of 0.1398, A*0203 at GF of 0.1282.
The frequencies of A*0205, A*3401 and A*3101
were very low. In A*02 alleles, A*0207 is the most
common subtype.

Table 2 shows the phenotype and gene
frequencies of HLA-B alleles. Twenty alleles of
HLA-B* were determined. B*4601 at GF of
0.1398, B*15 (02,08,11,15) at GF of 0.0890, B*35
and B*55/56 at GF of 0.0780 are commonly found.
Although HLA-B*4601 cannot be definitly assigned
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Table 1. HLA-A phenotype and gene frequencies
in 100 Northeastern-Thais.
HLA-A* number Phenotype Gene
positive frequencies frequencies

0203 24 0.24 0.1282
0205 1 0.01 0.0050
0207 26 0.26 0.1398
11(01,02) 45 0.45 0.2584
24(02,03) 43 0.43 0.2450
26(01,02,04) 4 0.04 0.0202
29(01,02) 3 0.03 0.0151
30(01-03) 6 0.06 0.0305
3101 2 0.02 0.0101
33(01,02) 13 0.13 0.0673
3401 1 0.01 0.0050
7401 3 0.03 0.0151
blank 29 0.29 0.1574

Table 2. HLA-B phenotype and gene frequencies
in 100 Northeastern-Thais.

HLA-B* number Phenotype Gene
positive frequencies frequencies

07(02-05) 9 0.09 0.0461
13(01,02) 14 0.14 0.0726
15(02,08,11,15) 17 0.17 0.0890
15(01,04-07,12,19,20) 8 0.08 0.0408
18(01,02) 12 0.12 0.0619
27(02-05,06,07,09) 9 0.09 0.0461
35(01-08) 15 0.15 0.0780
38(01,02) 8 0.08 0.0408
39/6701 7 0.07 0.0356
4001 11 0.11 0.0566
40(02,04-06) 0.05 0.0253
44(02-04) 7 0.07 0.0356
4601 26 0.26 0.1398
4801 3 0.03 0.0151
5001 1 0.01 0.0050
51/5201 8 0.08 0.0408
5401 4 0.04 0.0202
57(01,02) 1 0.01 0.0050
5801 10 0.10 0.0513
55/56 15 0.15 0.0780
blank 10 0.10 0.0513
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Table 3. HLA-C phenotype and gene frequencies
in 100 Northeastern-Thais.

HLA-Cw* number Phenotype Gene
positive frequencies frequencies
01(01-02) 34 0.34 0.1876
0302 10 0.10 0.0513
0303 4 0.04 0.0202
0304 18 0.18 0.0945
04(01,02) 23 0.23 0.1225
0602 6 0.06 0.0305
07(01-03) 36 0.36 0.2000
0704 11 0.11 0.0566
08(01-03) 18 0.18 0.0945
12(01-02) 5 0.05 0.0253
1203 7 0.07 0.0356
14(01-03) 5 0.05 0.0253
15(01-03,05) 7 0.07 0.0356
1504 2 0.02 0.0101
blank 14 0.14 0.0726

by PCR-ARMS, it was defined as HLA-B*4601
from HLA-B15* (02,08,11,15) by serology(Z4).
B*57, B*5001, B*4801 are rare in this population.

Fourteen HLA-Cw alleles are shown in
Table 3, Cw*07 at GF of 0.2, Cw*0l at GF of
0.1876, Cw*04 at GF of 0.1225 and Cw*0304 at
GF of 0.0945 were common. Cw*1504 and Cw*
0303 represent at low frequencies.

The linkage disequilibrium (LD) of 12
HLA-A and 20 HLA-B alleles was analysed. Seven
HLA-A and -B haplotypes with significant associa-
tions are shown in Table 4 (only delta value more
than 100). The most common combination of
alleles was HLA-A*0207-B*4601. Table 5 shows
nineteen HLA-B and C haplotypes with significant
association. HLA-B*4601-Cw*01 was the most
common haplotype. Possible HLA-A, -B and C
haplotypes were also analysed. Table 6 shows 22
possible HLA class I haplotypes in this population.
The most common haplotype was A*0207-Cw*01-
B*4601.

DISCUSSION

HLA class I polymorphisms have conven-
tionally been detected at the cell surface by sero-
logy using alloantisera or monoclonal antibodies.
Serology 1s a quick and convenient method for
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100 Northeastern-Thais.

Table 4. Singnificant HLA-A and -B association in

HLA-A* HLA-B* n Delta®
0207 4601 19 796
24 27 7 214
33 5801 7 316
30 13 4 174
33 4801 3 141
33 44 3 115
29 07(02-05) 3 144

@ = deita x 10000
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Table 6. Possible MHC class I haplotypes in 100
Northeastern-Thais.
HLA-A* HLA-Cw* HLA-B* n
29 07(01-03) 07(02-05) 2
11 07(01-03) 07(02-05) 3
30 0602 13 4
11 0304 13 7
1 08 15(02,08,11,15) 8
24 04 15(01,0407,12.19,20) 5
24 0704 18 7
0203 07(01-03) 18 2
24 0304 27 5
24 04 35 6
1 07(01-03) 38 3
24 07(01-03) 38 5
0203 07(01-03) 39/6701 6
11 0304 4001 5
24 04 4001 3
11 15(01-03,05)  40(02,04-06) 2
33 07(01-03) 44 3
0207 01 4601 19
11 01 4601 6
11 14 51/5201 3
24 01 5401 2
33 0302 5801 7

Table 5. Significant HLLA-B and -C association in
100 Northeastern-Thais.

HLA-B* HLA-Cw* n  Delta®
07(02-05) 07(01-03) 8 305
13 0304 8 320
13 0602 4 174
15(02,08,11,15) 08 14 645
15(01,04-07,12,19,20) 0304 4 137
15(01,04-07,12,19,20) 04 6 232
18 0704 8 370
27 0304 5 193
35 04 1 453
38 07(01-03) 7 264
39/6701 07(01-03) 7 285
4001 0304 6 232
40(02,04-06) 15(01-03) 4 192
44 07(01-03) 7 285
4601 01 26 1135
51/5201 14 6 292
5401 01 4 164
55/56 1203 7 328
5801 0302 10 487

@ = deita x 10000

HLA class I detection but it is not clear in many
cases by serological cross reactivities and a lack
of high quality reagents. The DNA typing of the
HLA class II genes has become popular and has
been efficiently used in the investigation of HLA-
matching in tissue transplantation and disease asso-
ciations. Recently, HLA class I DNA typing has
been developed(lz'zo) and PCR-ARMS was intro-
duced in the 12th International Histocompatibility
Workshop for HLA class I typing, using 32 primer
mixes for HLA-A(14), 27 pimer mixes for HLA-B
(15) and 23 primer mixes for HLA-Cw(16). The
resolution offered by this PCR-ARMS is low to
medium level. Definite designations of particular
alleles will need further characterization.

To date, 83 HLA-A, 186 HLA-B and 44
HLA-Cw have been defined(4). In this study 12
HLA-A*, 20 HLA-B* and 14 HLA-Cw* alleles
were demonstrated. We found only one allele of
HLA-A*, -B* and -Cw* in 29, 10 and 14 samples,
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respectively. The individuals may present homo-
zygotes at these loci. Alternatively, these indivi-
duals may possess unidentified alleles unde-
tectable by the method used in this study. This
phenomenon has often been seen in A*11, A*24,
B*4601, Cw*07(01-03) and Cw*0l. Interestingly,
these are the most common alleles found in each
locus. In our previous study(24), one antigen of
HLA-A or -B expressed in 36 and 13 samples,
respectively. This is the result of high sensitivity of
the molecular typing method compared to the
serological method. The discrepancy of the results
between PCR-ARMS and serology found in 7 sam-
ples of HLA-A (7%) and 20 samples of HLA-B
(20%). Bozon et al and Bunce et al(25,26) reported
the discrepancy rates between serology and SSP
was 7.1 per cent in HLA-A and 7.5 per cent in
HLA-B. Our result showing high discrepancy in
HLA-B may be due to the specificity of antisera
used in serological typing.

It has been established that there is a
strong association between HLA-A-HLA-B and
HLA-B-HLA-Cw. The HLA-A-B and HLA-B-Cw
associations in NE-Thais are quite similar to those
found in Southern Han, Thais, Thai-Chinese, Viet-
namese and Singapore Chinese(27). The possible
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HLA-A*-Cw*-B* haplotypes in this study were
also analysed. A*0207-Cw*01-B*4601 is the most
common in NE-Thais which is similar to that found
in Southern Han, Thais, Vietnamese, Singapore
Chinese, while A33-Cw10-B58 was commonly
found in Thai-Chinese(27).

High heterogeneity of HLA-B15 has been
described in the Southeast Asian population(18),
25 alleles of HLA-B15 have been reported(3).
B*15 haplotypes in this study can be devided into
two groups : B*15(02,08,11,15) -Cw*08-A*11 and
B*15(01, 04-07, 12, 19, 20)- Cw*04-A*24. Further
characterization of these HLA-BI1S alleles will be
needed to elucidate and define the HLA-B15 haplo-
types in this population.

In conclusion, this study revealed the dis-
tributions of HLA-A, -B and -Cw alleles in the
NE-Thais. The results provide the basic data of
HLA class I genes at the DNA level which will be
useful for further studies in anthropology, organ
transplantation and MHC disease associations in
the Northeastern-Thais.

ACKNOWLEDGEMENT
This work was supported by a grant from
the National Research Council of Thailand, 1996.

(Received for publication on June 17, 1997)

REFERENCES

1. Volz A, Boyle JM, Cann HM, et al. Report of
the Second International Workshop on Human
Chromosome 6. Genomics 1994; 21: 464-72.

2. Geraghty DE, Koller BH, Hansen JA, et al. The
HLA class I gene family includes at least six genes
and twelve pseudogenes and gene fragments. J
Immunol 1992; 149: 1934-46.

3. Rouas-Freiss N, Marchal RE, Kirszenbaum M,
et al. The domain of HLA-G1 and HLA-G2
inhibits cytotoxicity induced by natural killer
cells : Is HLA-G the public ligand for natural
killer cell inhibitory receptors. Proc Natl Acad
Sci USA 1997; 94 5249-54.

4. Bodmer JG, Marsh SGE, Albert ED, et al. Nomen-
clature for factors of the HLA system, 1996. Tissue
Antigens 1997, 49: 297-321.

5. Bein G, Glaser R, Kircgner H. Rapid HLA-DRBI
genotyping by nested PCR amplification. Tissue
Antigens 1992; 39: 68-73.

6. Olerup O, Zetterquist H. HLA-DR typing by PCR

amplification with sequence-specific primers
(PCR-SSP) in 2 hours: an alternative to serological
DR typing in clinical practice including donor-
recipient matching in cadaveric transplantation.
Tissue Antigens 1992; 39: 225-35.

7. Olerup O, Aldener A, Fogdell A. HLA-DQBI
and -DQA1 typing by PCR amplification with
sequence-specific primers (PCR-SSP) in 2 hours.
Tissue Antigens 1993; 41: 119-34.

8. Kimura A, Sasazuki T, Eleventh International
Histocompatibility Workshop Reference Protocol
for the DNA Typing Technique. In: Tsuji K, Aizawa
M, Sasazuki T, eds. HLA 1991, Vol 1. Oxford:
Oxford University Press, 1992: 397-419.

9. Saiki RK, Bugawan TL, Homn GT, et al. Analysis
of enzymatically amplified beta-globin and HLA-
DQ alpha DNA with allele-specific oligonucleo-
tide probes. Nature 1986; 324: 163-6.

10. Santamaria P, Boyce-Jacino MT, Lindstrom AL,
et al. HLA class II "typing": direct sequencing of



S18

1.

12.

13.

14.

15.

16.

17.

18.

A. ROMPHRUK et al.

DRB, DQB, and DQA genes. Hum Immunol 1992;
33: 69-81.

Kimura A, Hoshino S, Yoshida M, et al. Poly-
merase chain reaction-single strand conforma-
tion polymorphism (PCR-SSCP) analysis of HLA
genes: a practical HLA-matching system. In:
Tsuji K, Aizawa M, Sasazuki T, eds. HLA 1991,
Oxford: Oxford University Press, 1992: 511-4.
Bugawan TL, Apple R, Erlich HA. A method for
typing polymorphism at the HLA-A locus using
PCR amplification and immobilized oligonu-
cleotide probes. Tissue Antigens 1994; 44: 137-47.
Cereb N, Maye P, Lee Y, et al. Locus-specific
amplification of HLA class I genes from genomic
DNA: locus-specific sequenced in the first and
third introns of HLA-A,-B, and -C alleles. Tissue
Antigens 1995; 45: 1-11.

Krausa P, Moses J, Bodmer W, et al. HLA-A locus
alleles identified by sequence specific PCR.
Lancet 1993; 341: 121-2.

Sadler AM, Perronzelli F, Krausa P, et al. Low-
resolution DNA typing for HLA-B using sequence-
specific primers in allele- or group-specific ARMS/
PCR. Tissue Antigens 1994; 44: 148-54.

Bunce M, Eelsh KI. Rapid DNA typing for
HLA-C using sequence-specific primers (PCR-
SSP): Identification of serological and non-
serologically defined HLA-C alleles including
several new alleles. Tissue Antigens 1994;43:7-17.
Yoshida M, Kimura A, Numano F, et al. Poly-
merase-chain-reaction-based analysis of poly-
morphism in the HLA-B gene. Hum Immunol 1992;
34: 257-66.

Lin L, Tokunaga K, Tanaka H, et al. Further mole-
cular diversity in the HLA-B15 group. Tissue
Antigens 1996; 47: 265-74.

19.

20.

21.

22,

23.

24.

25.

26.

27.

J Med Assoc Thai September 1997

Zemmour J, Parham P. HLA class I nucleotide
sequences, 1992. Tissue Antigens 1992;40:221-8.
Santamaria P, Lindstrom AL, Boyce-Jacino MT,
et al. HLA-class I sequence-based typing. Hum
Immunol 1993; 37: 39-50.

Chandanayingyong D, Chiewsilp P. HLA anti-
gens in Thais. In: Proceeding of the Third Asia
and Oceania Histocompatibility Workshop Con-
ference 1986: 249-51.

Chiewsilp P, Charoenwongse P, Chandanaying-
yong D. HLA Antigens in Thai-Chinese. In: Pro-
ceedings of the Third Asia and Oceania Histo-
compatibility Workshop Conference 1986: 241-8.
Chandanayingyong D, Kunmartini S, Udee S, et al.
HLA in Thais, Thai-Chinese, Vietnamese, Javanese
and Timorese In: Tsuji K, Aizawa M, Sasazuki T.
eds. Proceedings of the Eleventh International
Histocompatibility Workshop and Conference,
Yokohama, Japan, 1991: 681-3.

Romphruk Am, Barusrux S, Puapairoj C, et al.
Distribution of HLA-A and B in Northeastern-
Thais. J Med Assoc Thai 1996; 79: 732-6.

Bozon MV, Delgado JC, Turbay D, et al. Com-
parison of HLA-A antigens typing by serology
with two polymerase chain reaction based DNA
typing methods: implications for proficiency
testing. Tissue Antigens 1996; 4: 512-8.

Bunce M, Fanning GC, Welsh KI. Comprehen-
sive, serologically equivalent DNA typing for
HLA-B by PCR using sequence specific primer
(PCR-SSP). Tissue Antigens 1995; 45: 81-90.
Imanishi T, Akaza T, Kimura A, etal. W15.1 Allele
and haplotype frequencies for HLA and comple-
ment loci in various ethnic groups. In: Tsuji K,
Aizawa M, Sasazuki T. eds. HLA 1991, Vol 1.
Oxford: Oxford University Press, 1992: 1075-107.




Vol. 80 Suppl. 1 HLA CLASS I DNA TYPING IN NORTHEASTERN-THAIS S19

nMIAnIEU HLA-A, -B uwas —C msinaiia DNA : MHC class | haplotypes
WumMilngmeasziuaani@sanis

onTsmd swwans, man wying dagiand PhD. Y,
ar a a  ges & - a &

animd  USATINGE, nat* Fueun Walwlsad wu

DIy INWONY, Mt gwl 1Bp3imIBTa, NN

1ﬁﬁ1nwsﬁnmmwﬁ'mmﬁuﬁmuaumsaﬁmauﬁtw human leukocyte antigen (HLA) class | 1u
Jsznsinemeansiupsnidsuniiosig  neile polymerase chain reaction—amplification refractory mutation
system (PCR-ARMS) lasifiufmingmasauanndsznadanilng ﬁs‘iqﬁénm‘lumﬂmﬁuaamﬁmmﬂa
warlididueinginuaau 100 778 wufiu HLA-A, B uaz Cw dwou 12, 20 uas 14 ila aNd e
WiplAnevidnsne linkage disequiibrium Tu class | WU HLA-A-B 2771 7 9fin HLA-B-CW 377U 19 7iln
wpnINdidnmnz possible HLA class | haplotype TiwuldUpevian fip A*0207-Cw*01-B*4601 anuamsAnn
Al ansatldiudayaiugu fdvsslomimeuyseinen msdgnaeaien: uasAnmanuduiuten
msdalsaunedaludsznnilnemass iupanidesaniioss U

Y ARURDANAN, ANTUWNEAERT NMINENAYBULNY,
= MAMNRANAWINEARTN, AntnalamMsuwng, Nmanenaseauniy, L.9auuAY 40002




