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Objectives: HLA-C*07:359 is a low-incidence allele in the human leukocyte antigen (HLA)-C locus. The
objective of this study is to report the ethnicity and haplotypes of HLA-C*07:359 that were found during
an analysis of Taiwanese unrelated bone marrow hematopoietic stem cell donors.
Materials and methods: A sequence-based typing method was employed to confirm low-incidence al-
leles. Polymerase chain reaction was performed to amplify exon 2 and exon 3 of the HLA-A, HLA-B, and
HLA-C loci, as well as exon 2 of the HLA-DRB1 locus, using group-specific primer sets. The amplicons
were sequenced in both directions using BigDye Terminator Cycle Sequencing Ready Reaction Kits, ac-
cording to the manufacturer's protocols. The potential unrelated bone marrow stem cell donors inves-
tigated here are individuals with Taiwanese ethnicity who are participating in the Tzu Chi Bone Marrow
Donor Registry.
Results: The DNA sequence of C*07:359 is identical to that of C*07:02:01:01 in exons 2, 3, and 4 except at
residue 862, where the G of C*07:02:01:01 is substituted by the A of C*07:359. The nucleotide exchange
leads to an amino acid replacement at codon 264, where the glutamic acid of C*07:02:01:01 is replaced
by the lysine of C*07:359. We deduced a probable HLA-B and HLA-C haplotype that is associated with
C*07:359 in Taiwanese, namely B*39-C*07:359.
Conclusion: Information on the ethnicity of the C*07:359 allele and its deduced probable HLA haplotypes
that are associated with the low-incidence C*07:359 allele reported here are of value to HLA testing
laboratories for reference purposes. In addition, they can be used by stem cell transplantation donor
search coordinators to determine a strategy for finding compatible donors using unrelated bone marrow
donor registries when patients carry this uncommon HLA allele.

Copyright © 2016, Buddhist Compassion Relief Tzu Chi Foundation. Published by Elsevier Taiwan LLC.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

1. Introduction

at 6p21.3. These loci are classified into MHC class I, I, and Il regions.
The genes encoding the HLA alleles are located in MHC class I and II

New human leukocyte antigen (HLA) alleles continue to be
revealed, and the recognition of HLA low-incidence alleles has
enriched our understanding of the complexity of the HLA system.
The major histocompatibility complex (MHC) in humans consists of
several gene loci that are located on the short arm of chromosome 6
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regions. These HLA genes are characterized by their extreme allelic
polymorphism, as well as their variation and diversity across
different ethnic groups and racial populations. HLA molecules have
been definitively defined as transplant antigens and have a strong
relevance to tissue transplantation. The presence of molecular
similarity between donors and recipients is considered to be a
predictive factor regarding graft survival and graft versus host
disease. It is imperative to precisely characterize any unknown and
low-incidence alleles encountered during routine HLA typing pro-
cedures. To facilitate successful and comprehensive unrelated bone
marrow hematopoietic stem cell donor searches for patients in
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cDHA g0 90 100 110 120 130 140 150 160 170
C*07:02:01:01 GCTCCCA CTCCATGAGG TATTTCGACA CCGCCGTGTC CCGGCCCGGC CGCGGAGAGC CCCGCTTCAT CTCAGTGGGC TACGTGGACG ACACGCAGTT
C#07:359 === meemeee mmmmmmmmee e mmeee e e e e mee mmeme e e memmee e eee memmmm e me e —e e
cDNA 180 190 200 210 220 230 240 250 260 270
C*07:02:01:01 CGTGCGGTTC GACAGCGACG CCGCGAGTCC GAGAGGGGAG CCGCGGGCGC CGTGGGTGGA GCAGGAGGGG CCGGAGTATT GGGACCGGGA GACACAGRAG
C®07:359 mmmmmm e e e e e e e e e e
cDNA 280 290 300 310 320 330 340 350 360 370
C*07:02:01:01 TACAAGCGCC AGGCACAGGC TGACCGAGTG AGCCTGCGGA ACCTGCGCGG CTACTACAAC CAGAGCGAGG ACG|GGTCTCA CACCCTCCAG AGGATGTICTG
C%07:359 9 ~emcmmmmes mmmcccmmee mmmmmmmmme mmmmcemmme mmmmmmmmme mmmmeememmes mmmmcemmee mes | commmee cmmmeemmme mmmmem—meo
cDNA 380 390 400 410 420 430 440 450 460 470
C*07:02:01:01 GCTGCGACCT GGGGCCCGAC GGGCGCCTCC TCCGCGGGTA TGACCAGTCC GCCTACGACG GCAAGGATTA CATCGCCCTG AACGAGGACC TGCGCTCCTG
C#07:359 2 o memmmmmeee mmmmeemeee mmmeemmmee mmmme e cmme e e Emm e e e e m e ee Eemmee e —e e m e —e e
cDNA 480 490 500 510 520 530 540 550 560 570
C*07:02:01:01 GACCGCCGCG GACACCGCGG CTCAGATCAC CCAGCGCAAG TTGGAGGCGG CCCGTGCGGC GGAGCAGCTG AGAGCCTACC TGGAGGGCAC GTGCGTGGAG
C%07:359 mmmmmm e e e e e e e e —mem e oo
cDNA 580 590 600 610 620 630 640 650 660 670
C*07:02:01:01 TGGCTCCGCA GATACCTGGA GAACGGGAAG GAGACGCTGC AGCGCGCAG|A ACCCCCARAG ACACACGTGA CCCACCACCC CCTCTCTGAC CATGAGGCCA
C#07:359 9 ~emcmmmmee mmmmccmmee mmmmmmmmme mmmmcmmmme mmmmcmmemo | & mmmmmmmmme mmmmemmmeo mmmmemmmes Cmmmeemmme mmmme—m—eo
DA 680 690 700 710 720 730 740 750 760 770
C*07:02:01:01 CCCTGAGGTG CTGGGCCCTG GGCTTCTACC CTGCGGAGAT CACACTGACC TGGCAGCGGG ATGGGGAGGA CCAGACCCAG GACACCGAGC TTGTGGAGAC
C#07:359 9 memmmmcces mmmmccccee mmmememces mdmmeeecee cmmeeeemoe Cmmmeee—ee Semmee e mee SEEEEee——- S m——ee——— ——————————
cDNA 780 790 g00 810 820 830 840 850 860 870
C*07:02:01:01 CAGGCCAGCA GGAGATGGAA CCTTCCAGAA GTGGGCAGCT GTGGTGGTGC CTTCTGGACA AGAGCAGAGAE TACACGTGCC ATATGCAGCA CGAGGGGCTG
C%07:359 mmmmmmm e e e e s e mmmme s mmmmmmmme s —mmmme e B
cDNA 880 890
C*07:02:01:01 CAAGAGCCCC TCACCCTGAG CTGGG
C*07:359  mmmmmmmmmm e e
AA Pos. 10 20 30 40 50 60 70 80 90 100
C*07:02:01:01 CSHSMRYFDT AVSRPGRGEP RFISVGYVDD TQFVRFDSDA ASPRGEPRAP WVEQEGPEYW DRETQEYER(Q AQADRVSLRN LRGYYNQSED GSHTLORMSG
C#07:359 2 —emmmmmeem mmmmmmmmee e e e e e e e e e e e e e e ee mmmmm e me— e —— —m———— e
AA Pos. 110 120 130 140 150 160 170 180 190 200
C*07:02:01:01 CDLGPDGRLL RGYDQSAYDG KDYIALNEDL RSWTAADTAA QITORKLEAA RAAEQLRAYL EGTCVEWLRR YLENGEETL(Q RAEPPKTHVT HHPLSDHEAT
C*07:359  mmmmm oo mmm oo s e s s S mom Cmmm——mm ——mm————m —————— o
A% Pos. 210 220 230 240 250 260 270 280 290 300
C*07:02:01:01 LRCWALGFYP AEITLTWQRD GEDQTQDTEL VETRPAGDGT FQEWAAVVVP SGQEQRYTCH MQHEGLQEPL TLSWEPSSQP TIPIMGIVAG LAVLVVLAVL
C%07:359 9 ~ememmmmes mmmmccmcee mmmmcmmmme mmmmmmmmes mmmmcccmme mmmmememee oo fl-——-== ~mmmmmmmms mmmmccccee cmmcecmooe
A% Pos. 310 320 330 340

C=07:02:01:01

C=07:359

GAVVTAMMCR RESSGGKGGS CSQAACSNSA QGSDESLITC Ka

Fig. 1. (A) The DNA sequence of C*07:359 is identical to that of C*07:02:01:01 in exons 2, 3, and 4 except at residue 862, where the G of C*07:02:01:01 is substituted by the A in
C*07:359 (shaded; codon 264; underlined). Exons 2 and 3 are separated by pipes (|) between nucleotides 343 and 344, and exons 3 and 4 are separated by pipes (|) between
nucleotides 619 and 620. (B) Nucleotide exchange leads to an amino acid replacement at codon 264 where the E (glutamic acid) of C*07:02:01:01 is replaced by the K (lysine) in
C*07:359 (shaded). The dashes indicate nucleotide or amino acid identity with C*07:02:01:01.

need of hematopoietic stem cell transplantation, persistent efforts
are needed to resolve unidentified, ambiguous, or low-incidence
alleles in order to offer better HLA matching and improved donor
selection.

The DNA sequence of C*07:359 was first submitted to IMGT/HLA
database in January 2014 without any indication as to its ethnicity
and haplotype [1]. A second C*07:359 submission to the IMGT/HLA
database was submitted in June 2014 [1]| by Tzu Chi Immunoge-
netics Laboratory, and the donor in this case was a Taiwanese in-
dividual. There was no report at that time of a haplotype associated
with C*07:359 because of a lack of blood samples from the family of
the donor with this allele.

2. Materials and methods

Potential unrelated bone marrow stem cell donors are in-
dividuals with Taiwanese ethnicity who participate in the Tzu Chi
Bone Marrow Donor Registry and who have given informed con-
sent. Peripheral whole blood samples from eight unrelated bone
marrow hematopoietic stem cell donors with Taiwanese ethnicity
were collected in acid citrate dextrose anticoagulant. Formal writ-
ten consents were signed by the donors before blood collection. The
acid citrate dextrose whole blood samples were stored at —80°C
until use. Genomic DNA was extracted using the QIAamp DNA
Blood Mini kits according to the manufacturer's instructions
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Deduced probable HLA-A, HLA-B, and HLA-C haplotypes associated with C*07:359 in Taiwanese.
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Donor ID HLA-A* HLA-B* HLA-C* HLA-DRB1* Ethnicity Deduced probable C*07:359-associated

HLA haplotype
313413 11 24 39 40 03:04 07:359 04 15 Taiwanese B*39-C*07:359
331307 11 02 39 46 01:08 07:359 12 16 Taiwanese B*39-C*07:359
357339 02:01 24:02 39:01 40:01 07:02 07:359 04:04 04:05 Taiwanese B*39-C*07:359
368267 11:02 24:02 39:01 40:01 07:02 07:359 04:04 04:05 Taiwanese B*39-C*07:359
371042 24:02 — 39:01 40:01 03:04 07:359 04:04 04:05 Taiwanese B*39-C*07:359
R39387 24:02 34:01 39:01 40:01 04:82 07:359 04:04 04:05 Taiwanese B*39-C*07:359
AB3586 24:02 33:03 15:25 39:01 04:03 07:359 04:04 12:02 Taiwanese B*39-C*07:359
295076 24 — 39 56 01:02 07:359 04 15 Taiwanese B*39-C*07:359
ABAL772993 (1) 02 03:01 07:02 08:01 07:02 07:359 03:01 04:05 Unknown ?

HLA = human leukocyte antigen.

(Qiagen, Hilden, Germany). The DNA samples were subjected to
HLA genotyping for the HLA-A, HLA-B, HLA-C, and HLA-DRB1 loci
using commercial polymerase chain reaction-sequencing-based
typing kits (Secore A/B/C/DRB1 Locus Sequencing kits; Life Tech-
nologies, Brown Deer, WI, USA). High-resolution allelic sequencing
was performed as previously described [2—7]. The following two
sets of primer sequences were used: (1) B-CG: M13-BIN1-CGG
(sense): TGTAAAACGACGGCCAGTCGGGGGCGCAGGACCCGG; P3/
exon 5B (antisense): GCTCCGATGACCACAACTGCT and (2) B-TA:
M13-BIN1-TGA (sense): TGTAAAACGACGGCCAGTGGCGGGGGCG-
CAGGACCTGA; P3’ exon 5B (antisense): GCTCCGATGACCA-
CAACTGCT. The amplicons were sequenced in both directions using
a BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied
Biosystems, Foster City, CA, USA).

Determination of the HLA allele-associated probable haplotype,
which was carried out in this study, involved looking at the
commonly shared HLA typing of the donors carrying C*07:359.
Where applicable, haplotype deduction based on HLA allelic ho-
mozygosity was carried out as described previously [8,9]. For
example, if a donor is typed for HLA-A, HLA-B, and HLA-DRB1 as
having A*33:03, -, B*58:01, -, DRB1¥03:01, -, it is possible to deduce
the putative haplotypes of the donor derived from the biological
parents as HLA-A*33:03-B*58:01-DRB1%03:01 and A*33:03-B*58:01-
DRB1703:01. On the same token, if the typing of a donor is A*02:01,
A*02:07, B*46:01, -, DRB1709:01, -, the putative haplotypes of the
donor are A*02:01-B*46:01-DRB1%09:01 and A*02:07-B*46:01-
DRB1*09:01 [9].

3. Results

In this study, the DNA and protein sequences and the Taiwanese
ethnicity of the C*07:359 allele were confirmed. The DNA sequence
of C*07:359 is identical to that of C*07:02:01:01 (frequency 20%) in
exons 2, 3, and 4 except at residue 862, where the G of
C*07:02:01:01 is substituted by the A in C*07:359 (Fig. 1A). The
nucleotide exchange leads to an amino acid replacement at codon
264 where the E (glutamic acid) of C*07:02:01:01 is replaced by the
K (lysine) in C*07:359 (Fig. 1B). From the eight Taiwanese unrelated
potential bone marrow donors studied here (Table 1), it is apparent
that C*07:359 is closely linked with B*39 in the HLA-B locus, as all
the eight donors with C*07:359 were found to bear the B*39 allele.
However, when the HLA-A alleles of the donors are taken into
consideration, two probable HLA-A, HLA-B, and HLA-C haplotypes
may be determined in Taiwanese donors, namely A*11-B*39-
C*07:359 and A*24:02-B*39-C*07:359. This indicates that B*39-
C*07:359 haplotype is not strictly restricted to a particular allele
in the HLA-A locus. This variable linkage phenomenon is also
observed in the case of C*07:359-carrying cells (ABAL 772993)
submitted to the IMGT/HLA database (1). The C*07:359 allele of the
ABAL 772993 cells is linked neither to B*39 in the HLA-B locus nor

to A*11 or A*24 in the HLA-A locus, which was the case with the
Taiwanese studied. Therefore, the haplotype HLA-B*39-C*359 is
possibly strictly restricted to individuals of Taiwanese ethnicity.

4. Discussion

In this study, the Taiwanese ethnicity of C*07:359 and the DNA
and protein sequences of C*07:359 allele were confirmed. Further,
C*07:359 was found to be linked closely to B*39. However, the
B*39-C*07:359 haplotype is not strictly restricted to associate with
a particular HLA-A allele. Therefore, two probable HLA-C*07:359-
associated HLA-A, HLA-B, and HLA-C haplotypes that are present
in the Taiwanese population were identified. Furthermore, in the
case of the C*07:359-carrying cells (ABAL 772993) that were sub-
mitted to the IMGT/HLA database (1), this is linked neither to B*39
in the HLA-B locus nor to A*11 or A*24 in the HLA-A locus. Further
investigation on ABAL 772993 is still pending and its associated
HLA haplotype remains undetermined.

It is worth mentioning that the most direct and classic method
to determine HLA haplotypes is through a family study if samples
from appropriate key family members are available. Alternatively, a
population study may be employed if a significant number of un-
related donors are available [3]. However, the haplotypes deduced
via population-based investigation are considered to be likely or
most probable rather than certain. In this study, because of the lack
of availability of necessary test material from the family of donors
with C*07:359, determination of the haplotypes was carried out by
examining the HLA alleles carried in common by unrelated donors
bearing the same allele of interest. By the same token, if determi-
nation of plausible HLA haplotypes involves rare or low-frequency
HLA alleles, the alleles shared in common by unrelated individuals
can be employed to deduce associated probable haplotypes
[4-7,10—13].

The frequency of C*07:359 in Taiwanese is about 0.03%, ac-
cording to our HLA typing practice. Furthermore, up to the present,
the Allele Frequency Net Database (http://www.allelefrequencies.
net/hla6006a.asp?hla_locus_type=Classical#) has yet to show the
existence of the C*07:359 allele in the world's population outside of
Taiwan.

The significance of determining the ethnicity of individuals with
C*07:359 and its HLA-linked haplotypes is that the information
may be employed in anthropological investigation of races. In
addition, it also helps search coordinators, using unrelated bone
marrow donor registries, in identifying appropriate unrelated bone
marrow hematopoietic stem cell donors for their patients.

The number of known HLA alleles is increasing exponentially due
to recent developments in DNA-based molecular typing technology.
The outstanding HLA diversity in ethnic groups is unique and
important. Facilitation of the identification of an appropriate HLA-
matched unrelated bone marrow stem cell donor, which will
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allow successful stem cell transplantations, relies on the accuracy of
HLA typing and the spirit and strength to resolve the various un-
known, ambiguous, and low-incidence genes present in the HLA
system. Additionally, determination of haplotype is essential for the
matching of unrelated stem cell transplantation between the donor
and the recipient, since matching at the haplotype level has a better
likelihood of achieving a match at other loci within the HLA region
than when donors are merely matched at the individual allelic level.
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