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ABSTRACT

Objective: HLA-C*15:29 is a low-frequency allele in the human Ileukocyte
antigen (HLA)-C locus. The aim of this study is to confirm the ethnicity of C*15:29 and
to deduce a probable HLA haplotype in association with C*15:29 in Taiwanese population.
Materials and Methods: A total of 12,534 healthy unrelated Taiwanese individuals were
tested for HLA using a sequence-based typing method. The DNA material was subjected
to HLA genotyping for the HLA-A, HLA-B, HLA-C, HLA-DRBI1, and HLA-DQBI
loci using a commercial polymerase chain reaction—sequencing-based typing kit as
per the manufacturer’s protocols. Results: The DNA sequence of C*15:29 is identical
to C*15:02:01:01 in exons 1, 2, 3, 4, 5, and 6 except for residues 420 and 1034 where
A and G of C*15:02:01:01 are substituted by C and A in C*15:29, respectively. The
nucleotide substitutions introduce two amino acid replacements at residues 116 and 321
where leucine (L) and cysteine (C) of C*15:02:01:01 are replaced by phenylalanine (F) and
tyrosine (Y) in C*15:29, respectively. A probable HLA haplotype associated with C*15:29
in Taiwanese was deduced as A*29:01-B*07:05-C*15:29-DRB1*¥10:01-DQB1*05:01.
The frequency of C*15:29 is estimated at about 0.064%. Conclusion: Information on
the ethnicity and distribution of C*15:29 and its deduced probable HLA haplotype is of
value for HLA testing laboratories for reference purposes and can help bone marrow donor

registries find compatible donors for patients with this uncommon HLA allele.
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INTRODUCTION

he major histocompatibility complex (MHC), includ-

ing human leukocyte antigen (HLA) genes, is located
in chromosome 6p2l. It contains crucial genes for crucial
immune responses and other genes with nonimmunologi-
cal roles [1]. The HLA genetic system, located in the MHC
Class I and Class II regions, displays the highest degree of
polymorphism of any functional genetic complex with medical
impact representing a landmark for the development of pre-
ventive and predictive medicine. The high level of diversity
involving HLA alleles reflects the essential roles of the
encoded molecules in human health and disease [2].

New HLA alleles continue to be discovered and the rec-
ognition of HLA low-incidence alleles has enriched our
understanding of the complexity of the HLA system. The HLA
genes are characterized by their extreme allelic polymorphism
as well as their variations and diversity in different ethnic
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groups and racial populations [3]. HLA molecules have been
definitely defined as transplant antigens and have a strong rel-
evance to tissue transplantation. Their molecule similarity in
donors and recipients is being considered a predictive factor
for graft survival and graft versus host disease [4]. It is impera-
tive to precisely characterize any unknown and low-incidence
alleles encountered during routine HLA typing procedures. To
facilitate successful, comprehensive unrelated bone marrow
hematopoietic stem cell donor searches for patients in need
of hematopoietic stem cell transplantation, persistent effort is
required to resolve unidentified, ambiguous, and low-incidence
alleles to offer better HLA matching and donor selection [3].
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HLA-C*15:29, a rare frequency allele [5], was officially
submitted to IPD-IMGT/HLA Database in October 1992 [6].
The allele was found in an Oriental individual with Thai eth-
nicity without information on its associated HLA haplotype [6].
The frequency of C*15:29 was estimated as 0.0018% in
169,995 volunteers donors studied in the China Bone Marrow
Donor Registry Program [7] while a 0.001% frequency of
C*15:29 was reported in 519 England blood donors of mixed
ethnicity tested [5]. In this report, we confirm the Oriental
ethnicity of C*15:29 and identify the deduced plausible HLA
haplotype in association with C*15:29 based on HLA typing
of the Taiwanese individuals we observed in our routine HLA
typing practice.

MATERIALS AND METHODS

A total of 12,534 unrelated healthy Taiwanese individuals
were tested for C*15:29 in this study. Peripheral whole blood
samples from individuals with Taiwanese ethnicity were col-
lected in acid citrate dextrose (ACD) anticoagulant. Formal
written consent was signed by the individuals before blood col-
lection. The ACD whole blood samples were stored at —80°C
until use. Genomic DNA was extracted using the QIAamp
DNA Blood Mini Kit according to the manufacturer’s instruc-
tions (Qiagen, Hilden, Germany). Genomic DNA from the
unrelated individuals was subjected to HLA genotyping for
HLA-A, -B, -C, -DRBI, and -DQBI1 loci using commercial
PCR-SBT kits (TBG, Medigen Biotechnology, Taipei, Taiwan).
Polymerase chain reaction was performed to amplify exons
2, 3, and 4 of the HLA-A and HLA-B loci; exons 1, 2, 3, 4,
5, and 6 of the HLA-C locus; and exon 2 of the HLA-DRBI

and HLA-DRQI loci using group-specific primer sets. The
amplicons were sequenced in both directions with the BigDye
Terminator Cycle Sequencing Ready Reaction Kit according
to the manufacturer’s (TBG, Medigen Biotechnology, Taipei,
Taiwan) protocols. Determination of HLA allele-associated
probable haplotype employed in this study is by looking at the
commonly shared HLA typing of the donors carrying C*15:29.

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the ethics com-
mittee of the Hualien Tzu Chi Hospital (IRB106-81-A).

RESuLTS

In a total of 12,534 randomized healthy Taiwanese indi-
viduals tested, eight individuals with C*15:29 were identified
which makes the frequency of C*15:29 in the Taiwanese popu-
lation approximately 0.064%.

We confirmed the DNA sequence of HLA-C*15:29
is identical to C*15:02:01:01 in exons 1, 2, 3, 4, 5, and 6,
except for residue 420 (codon 116) at exon 3 and residue
1034 (codon 321) at exon 6. In residues 420 and 1034, A and
G of C*15:02:01:01 are substituted by C and A in C*15:29,
respectively [Figure la]. The nucleotide substitutions intro-
duce two amino acid replacements at residue 116 and residue
321 where leucine (L) and cysteine (C) of C*15:02:01:01 are
replaced by phenylalanine (F) and tyrosine (Y) in C*15:29,
respectively [Figure 1b]. The extended HLA typing of the
unrelated Taiwanese individuals with HLA-C*15:29 is shown
in Table 1. Based on the commonly shared HLA-A, -B, -C,
and -DRBI1 alleles of the individuals [Table 1] and together

a Exons 2 and 3
DNA 0 100 120 170
€*15:02:01:01 GCTCCCA CTCCATGAGG TATTTCTACA CCGCTGIGTC CCGGCCCGGC CGCGGAGAGC CCCACTTCAT CGCAGTGGGC TACGTGGACG ACACGCAGTT
C*15:29
DNA 180 190 200 210 220 230 240 250 260 270
€*15:02:01:01 CGTGCGGTTC GACAGCGACG CCGCGAGTICC AAGAGGGGAG CCGCGGGCGC CGTGGGTGGA GCAGGAGGGG CCGGAGTATT GGGACCGGGA GACACAGAAC
C*15:29
DNA 280 290 300 310 320 330 340 350 360 370
C*15:02:01:01 TACAAGCGCC AGGCACAGAC TGACCGAGTG AACCTGCGGA AACTGCGCGG CTACTACAAC CAGAGCGAGG CCG|GGTCTCA CATCATCCAG AGGATGTATG
C*15:29 -—-
DNA 390 420 430 460 470
€*15:02:01:01 GCTGCGACCT GGGGCCCGAC GGGCGCCTCC TCCGCGGGCA TGACCAGITA GCCTACGACG GCAAGGATTA CATCGCCCTG AACGAGGACC TGCGCTCCTG
C*15:29  mmmmmmmmm oo e e IE
DNA 490 510 520 530 560 570
€*15:02:01:01 GACCGCCGCG GACACGGCGG CTCAGATCAC CCAGCGCAAG TGGGAGGCGG CCCGTGAGGC GGAGCAGCTG AGAGCCTACC TGGAGGGCAC GTGCGTGGAG
C*15:29 = mmmmmmmmmm mmmmmme—o - ——=
DNA 580 590 600 610
€*15:02:01:01 TGGCTCCGCA GATACCTGGA GAACGGGAAG GAGACGCTGC AGCGCGCGG
C*15:29

Exon 6
DNA 1020 1030 1040
€*15:02:01:01 GTGGA AAAGGAGGGA GCIGCTCTCA GGCTGCGT
C*15:29  mmmmm mmmmeeeee oo B oo
AA Pos. 2 30 70 0 100
C*15:02:01:01 CSHSMRYFYT AVSRPGRGEP HFIAVGYVD D TQFVRFDSDA ASPRGEPRAP WVEQEGPEYW DRETQNYKRQ AQTDR VNLRK LRGYYNQSEA GSHIIQRMYG
CF 15120 s e
AR Pos. 110 120 130 140 150 160 170 180 190 200
C*15:02:01:01 CDLGPDGRLL RGHDQLAYDG KDYIALNED L RSWTAADTAA QITQRKWEAA REAEQLRAYL EGTCVEWLRR YLENG KETLQ RAEHPKTHVT HHPVSDHEAT
C*15:29  —mmmmmmmm oo e e e ISR
AA Pos. 210 220 230 240 250 260 270 280 290 300
€C*15:02:01:01 LRCWALGFYP AEITLTWQRD GEDQTQDTE L VETRPAGDGT FQKWAAVVVP SGEEQRYTCH VQHEGLPEPL TLRWE PSSQP TIPIVGIVAG LAVLAVLAVL
C*15:29 e
AR Pos. 310 320 330 340
€*15:02:01:01 GAVMAVVMCR RKSSGGKGGS CSOAASSNS A QGSDESLIAC KA
C*15:29 Y -- --

Figure 1: (a) The DNA sequence of C*15:29 is identical to C*15:02:01:01 in exons 1, 2, 3, 4, 5 and 6 except for residue 420 (exon 3; codon 116; underlined) and residue
1034 (exon 6; coden 321; underlined) where A and G of C*15:02:01:01 is substituted by C and A in C*15:29 respectively (only exons 2, 3 and 6 are shown here). (b)

The nucleotide substitutions introduce two amino acid replacements at residues

116 and 321 where leucine (L) and cysteine (C) of C*15:02:01:01 are replaced by a

phenylalanine (F) and a tyrosine (Y) (shaded) in C*15:29 respectively. Dashes indicate nucleotide or amino acid identity with C*15:02:01:01
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with the HLA typing of the two donors submitted to the
IPD-IMGT/HLA Database (A*24:10:01, A%*29:01:01:01,
B*07:05:01, B*51:01:01:01, C*07:04:01, C*15:29,
DRB1*04:05:01, DRB1*10:01:01, DQB1*04:01:01,
and DQBI1*05:01:01; and A%*24:10:01, A%*29:01:01:01,
B*07:05:01, B*51:01:01:01, C*07:04:01, C*15:29,
DRB1*04:05:01, DRBI1*10:01:01, DQBI1*04:01:01, and
DQBI1*05:01:01) [6], we deduced the most probable
HLA-A-B-C-DRB1 haplotype in association with C*15:29
in Taiwanese to be A*29:01-B*07:05-C*15:29-DRB1*10:01.
When HLA-DQBI typing of the donors is taking into account,
the most probable HLA-A-B-C-DRB1-DQBI1 haplotype asso-
ciated with C*15:29 may be deduced as A*29:01-B*07:05-C*
15:29-DRB1*¥10:01-DQB1*05:01.

DiscussioN

We confirmed the DNA sequence and amino acid
sequence of the low-frequency HLA allele C*15:29 in this
study. C*15:29 was initially discovered in a Thai individ-
ual without knowledge of the probable HLA haplotype in
association with the allele [6]. In this study, we ascertain
the Oriental ethnicity of C*15:29 and propose the deduced
probable C*15:29-associated HLA-A-B-C-DRB1-DQBI1
haplotype to be A*29:01-B*07:05-C*15:29-DRB1*10:
01-DQB1*05:01.This finding is in agreement with the
C*15:29-associated HLA-A-B-C haplotype indicated on the
Allele Frequency Net Database (www.allelefrequencies net/
hla6006a.asp).

Information on the ethnicity of C*15:29 and its linked
HLA haplotype can be employed in anthropological investiga-
tion of races. In addition, bone marrow donor registries can
allocate appropriate unrelated stem cell donors for patients
with C*15:29. In addition, knowing the nucleotide and amino
acid variation between C*15:29 and the prevalently observed
C*15:02:01:01 allele may be helpful when selecting a minor

HLA-mismatched unrelated bone marrow stem cell donor for
a patient with the rare C*15:29 allele.

It is worth mentioning that the most direct and classic
method of determining HLA haplotypes is through a family
study if test materials from a number of key family members are
available. Alternatively, a population study may be employed
if a sufficient number of unrelated donors are available [8].
However, the haplotypes deduced via population investigation
are considered to be likely or most probable [9-16]. In this
study, because of the lack of availability of necessary test mate-
rial from the families, we opted to determine the haplotypes
by looking at the HLA alleles carried in common by random-
ized unrelated donors with the same alleles of interest. By the
same token, if determination of plausible HLA-associated hap-
lotypes is for rare or low-frequency HLA alleles, the alleles
shared in common by unrelated individuals may be employed
to deduce the associated probable haplotypes [9-16]. The fre-
quency of C*15:29 in Taiwanese is about 0.064%. Therefore,
we think the deduced probable C*15:29-associated HLA hap-
lotype in Taiwanese that we deduced in this study are accurate.
Nevertheless, we cannot rule out the possibility that additional
C*15:29-associated HLA haplotypes may be revealed in the
future when increased number of individuals with C*15:29 is
detected.

The number of known HLA alleles is increasing with the
recent development of DNA-based molecular typing technol-
ogy. There is a high level of HLA diversity among ethnic
groups and knowledge of this diversity is important. Matching
of bone marrow stem cell donors relies on the accuracy of HLA
typing results. This is dependent on the resolution of unknown,
ambiguous, and low-incidence genes in the HLA system.

Acknowledgments

We are indebted to all volunteer donors who joined the
Buddhist Tzu Chi Bone Marrow Donor Registry and gave

Table 1: Deduced probable human leukocyte antigen-A-B-C-DRB1-DQBI1 haplotype in association with human leukocyte

antigen-C*15:29

Donor ID HLA-A, -B, -C, -DRBI1, and -DQB1 typing of donors Deduced probable HLA haplotype associated with HLA-C*15:29

Donor 1 A*11:01, A*29:01, B*07:05, B*40:01, C*07:02, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*10:01
DRB1*09:01, DRB1¥10:01, DQB1*03:03, DQB1*05:01 DQB1*05:01

Donor 2 A*02:01, A*29:01, B*07:05, B*¥40:01, C*07:02, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*10:01
DRB1%*09:01, DRB1*10:01, DQB1*03:03, DQB1*05:01 DQBI1*05:01

Donor 3 A*02:01, A*29:01, B*07:05, B¥40:01, C*15:02:01:04, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*¥10:01
DRB1*¥10:01, DRB1*11:01

Donor 4 A*11:01, A*29:01, B*07:05, B*¥13:01, C*03:04, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*10:01
DRB1*10:01, DRB1*¥15:01, DQB1*05:01, DQB1*¥06:01 DQB1*05:01

Donor 5 A*11:02, A*29:01, B*07:05, B*55:02, C*08:01, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*10:01
DRBI1%*10:01, DRB1*12:02, DQB1*03:01, DQB1*05:01 DQBI1*05:01

Donor 6 A*29:01, A*31:01, B*¥07:05, B¥51:01, C*15:04, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*¥10:01
DRB1*¥10:01, DRB1*15:01

Donor 7 A*11:01, A*29:01, B*07::05, B*55:02, C*01:02, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*10:01
DRB1*04:05, DRB1*10:01

Donor 8 A*11:01, A*29:01, B*07:05, B*51:01, C*14:02, C*15:29 A*29:01-B*07:05-C*15:29-DRB1*10:01

DRB1*09:01, DB1*10:01, DQB1*03:03, DQB1*05:01

DQB1*05:01

The plausible HLA haplotype in association with C*15:29 (underlined) is deduced based on HLA typing of the eight unrelated Taiwanese individuals

carrying C*15:29 in this study. HLA: Human leukocyte antigen
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