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Abstract
Objective: HLA‑C*03:187 is a rare frequency allele in the human leukocyte 
antigen  (HLA)‑C locus. The purpose of this investigation is to indicate the ethnicity of 
C*03:187 and its deduced plausible HLA haplotype in association in Taiwanese unrelated 
bone marrow stem cell donors. Materials and Methods: A  DNA sequence‑based typing 
procedure was used to verify the rare frequency allele C*03:187. Employing group‑specific 
primer sets’ polymerase chain reaction was carried out to amplify exons 2 and 3 of HLA‑A 
locus, HLA‑B locus, exon 1 to exon 7 of the HLA‑C locus, and exon 2 of the HLA‑DRB1 
locus. The amplified gene products were sequenced employing the BigDye® Terminator 
Cycle Sequencing Ready Reaction kits in both directions according to the manufacturer’s 
instructions. Results: The DNA sequence of C*03:187 is identical to C*03:03:01:01 from 
exon 1 to exon 7, except for codon 152 of exon 3 where GAG of C*03:03:01:01 is replaced 
by GTG in C*03:187. The nucleotide replacement causes one amino acid change to the 
protein sequence of C*03:03:01:01 at position 152 where glutamic acid (E) is changed to a 
valine (V) in C*03:187. The deduced plausible HLA haplotype in association with C*03:187 
in Taiwanese is as A*24:02‑B*35:01‑C*03:187‑DRB1*11:01. Conclusion: The data on the 
deduced plausible HLA haplotype in association with the low‑frequency C*03:187 allele 
that we described in this report are valuable for immunogenetics laboratories for reference 
purposes. In addition, they can be utilized by search coordinators in hematopoietic stem 
cell transplant programs to determine a strategy for locating compatible donors in unrelated 
bone marrow donor registries for a patient with this unusual HLA allele.
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The overall size of the MHC is about 4000 kb. It con-
tains the most polymorphic genes and the highest diversity 
of functional gene cluster of the human genome harbor-
ing over  270 genes. Today, at least 22,000 different HLA 
alleles have been reported  [1,2]. Low‑incidence HLA 
alleles are still being revealed every day. Recognition of 
the new‑  and low‑frequency alleles has enriched our appre-
ciation on the complexity and the importance of the HLA 
system clinically and scientifically [1].

Introduction

Major histocompatibility complex  (MHC) was discovered 
originally as a genetic locus controlling rapid rejec-

tion of tissue grafts expressing surface antigens. In humans, 
these transplantation antigens are referred to as human leuko-
cyte antigens  (HLAs). The discovery of MHC restriction and 
molecular identification of MHC genes and their products has 
subsequently led to a unified theory of the principal physiolog-
ical functions of MHC molecules to act as guidance molecules 
for immune responses. The genes found within the HLA 
system are involved in recognition of foreign antigen in associ-
ation with HLA gene products that are referred to as restriction 
recognition. Moreover, it is a process that has evolved in a 
manner that enables the immune system in mammals to 
respond effectively to foreign antigens while at the same time 
to recognize but not respond to self‑antigens [1,2].
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To date, many ethnic diversities in allogenic HLA loci are 
not fully recognized due to the nature of extensive HLA poly-
morphism. To elucidate the essence of the individual HLA 
allele and its variants in terms of clinical implications, it is 
imperative to unambiguously define variants of HLA allele. 
Information from this will assist in evaluating the degree of 
compatibility between donor and recipient in transplantation, 
as well as providing a measurable criterion to make a progno-
sis for the outcome of transplantation [3].

The nucleotide sequence of HLA‑C*03:187  (cell ID 
HG00005395) was first reported to the IPD‑IMGT/HLA 
Database, and the term of HLA‑C*03:187 was assigned 
by the World Health Organization HLA Nomenclature 
Committee officially in June 2013  [4]. Nevertheless, the 
information on the ethnicity of C*03:187 is lacking, and its 
HLA‑associated haplotype is undermined. Yang and Lin  [5] 
reported the detection of C*03:187 in a Taiwanese individual 
in 2018. Nevertheless, due to the lack of specimens from the 
family members of the blood donor bearing the C*03:187, a 
deduced probable HLA haplotype associated with C*03:187 
was impossible. We report here the Taiwanese ethnicity of 
C*03:187 and its deduced plausible HLA haplotypes associ-
ated with C*03:187 based on the HLA‑A, ‑B, ‑C, and ‑DRB1 
alleles shared in common by the C*03:187‑bearing donor (ID 
HG00005395) reported to the IPD‑IMGT/HLA Database  [4] 
and the donors with C*03:187 in our registry. In addition, 
we further speculate that the deduced probable HLA haplo-
type associated with C*03:187 is only found in the Taiwanese 
population.

Materials and methods
We use sterile tubes with acid citrate dextrose  (ACD) or 

ethylenediaminetetraacetic acid  (EDTA) anticoagulant to 
collect the peripheral blood samples from unrelated bone 

marrow hematopoietic stem cell donors with Taiwanese eth-
nicity. Formal written consents were signed by the donors 
before blood collection. The ACD‑  or EDTA‑anticoagulated 
whole blood samples were stored at −80°C until use. Genomic 
DNA was extracted using the QIAamp DNA Blood Mini 
Kits according to the instructions provided by the manu-
facturer  (Qiagen, Hilden, Germany). The DNA material 
was 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  (TBG, Medigen 
Biotechnology, Taipei, Taiwan). Since the deduction of HLA 
haplotype in this study is a common routine practice, institu-
tion review is exempt in our institute.

Results
We confirmed that the DNA sequence of C*03:187 is 

identical to C*03:03:01:01 from exon 1 to exon 7, except 
in codon 152 of exon 3 where GAG of C*03:03:01:01 is 
replaced by GTG in C*03:187  [Figure  1a]. The nucleo-
tide replacement causes one amino acid substitution to 
the protein sequence of C*03:03:01:01 at position 152 of 
exon 3 in which glutamic acid  (E) of C*03:03:01:01 is 
exchanged by a valine  (V) in C*03:187  [Figure  1b]. The 
extended HLA‑A, ‑ B, ‑ C, and ‑ DRB1 typing of our donors 
with C*03:187 are shown in Table  1. Together with the 
HLA typing  (A*24:BMD, A*24:KNHR, B*35:MVJD, 
B*51:FSSY, C*03:187, C*12:04:02, and DRB1*07:01:01, 
DRB1*11:CTPB) of the donor HG00005395 reported to 
the IPD‑IMGT/HLA Database  [4], we deduced the probable 
HLA‑A, ‑ B, ‑ C, and ‑ DRB1 haplotype in association with 
C*03:187 in our Taiwanese donors as A*24:02‑B*35:01‑C*0
3:187‑DRB1*11:01 [Table  1]. We further speculate that indi-
viduals bearing the A*24:02‑B*35:01‑C*03:187‑DRB1*11:01 
haplotype are Taiwanese.

EXON 3
AA Codon                           95                 100                105                 110               115 
C*03:03:01:01 GG TCT CAC ATC ATC CAG AGG ATG TAT GGC TGC GAC GTG GGG CCC GAC GGG CGC CTC CTC CGC GGG TAT GAC CAG 
C*03:18 -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AA Codon                           120               125                 130                135                140 
C*03:03:01:01 TAC GCC TAC GAC GGC AAG GAT TAC ATC GCC CTG AAC GAG GAT CTG CGC TCC TGG ACC GCC GCG GAC ACG GCG GCT 
C*03:187 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AA Codon                           145                 150                 155                160               165 
C*03:03:01:01 CAG ATC ACC CAG CGC AAG TGG GAG GCG GCC CGT GAG GCG GAG CAG CTG AGA GCC TAC CTG GAG GGC CTG TGC GTG 
C*03:187 --- --- --- --- --- --- --- --- --- --- --- -T- --- --- --- --- --- --- --- --- --- --- --- --- ---

AA Codon                          170               175             180           
C*03:03:01:01 GAG TGG CTC CGC AGA TAC CTG AAG AAT GGG AAG GAG ACG CTG CAG CGC GCG G        
C*03:187 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -

AA Pos.                    10 20 30 40 50     60 70 80 90    100 
C*03:03:01:01 GSHSMRYFYT AVSRPGRGEP HFIAVGYVDD TQFVRFDSDA ASPRGEPRAP WVEQEGPEYW DRETQKYKRQ AQTDRVSLRN LRGYYNQSEA RSHIIQRMYG 
C*03:187 ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------

AA Pos.                   110 120     130 140    150   160     170    180  190  200 
C*03:03:01:01 CDVGPDGRLL RGYDQYAYDG KDYIALNEDL RSWTAADTAA QITQRKWEAA REAEQLRAYL EGLCVEWLRR YLKNGKETLQ RAEHPKTHVT HHPVSDHEAT 
C*03:187 ---------- ---------- ---------- ---------- ---------- -V-------- ---------- ---------- ---------- ----------

AA Pos.   210  220     230     240    250    260    270     280 290  300 
C*03:03:01:01 LRCWALGFYP AEITLTWQWD GEDQTQDTEL VETRPAGDGT FQKWAAVVVP SGEEQRYTCH VQHEGLPEPL TLRWEPSSQP TIPIVGIVAG LAVLAVLAVL 
C*03:187 ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------

AA Pos.                   310  320    330 340 
C*03:03:01:01 GAVVAVVMCR RKSSGGKGGS CSQAASSNSA QGSDESLIAC KA      
C*03:187 ---------- ---------- ---------- ---------- -*  

Figure 1: (a) The DNA sequence of C*03:187 is identical to C*03:03:01:01 from exon 1 to 7, except for codon 152 of exon 3 (shown here), where GAG (underlined)of 
C*03:03:01:01 is substituted by GTG (underlined) in C*03:187. (b) The nucleotide substitution introduces one amino acid replacement at the residue 152 where glutamic 
acid (E) (shaded) of C*03:03:01:01 is replaced by a valine (V) (shaded) in C*03:187. Dashes indicate nucleotide or amino acid identity with C*03:03:01:01
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Discussion
In this study, we confirmed the DNA sequence in exons 2 

and 3 of C*03:187 reported to the IPD‑IMGT/HLA Database 
previously  [4,5]. In addition, we confirmed the DNA 
sequences of C*03:03:01:01 and C*03:187, as reported by 
Yang and Lin [5], that are identical in exon 1 and from exon 
4 to exon 7, except for codon 152 of exon 3 where GAG of 
C*03:03:01:01 is replaced by GTG in C*03:187 [Figure 1a]. 
We also confirmed that the matured amino acid sequence 
encoded by C*03:187 and C*03:03:01:01 is identical except 
for position 152, where glutamic acid  (E) of C*03:03:01:01 
is substituted by a valine  (V) in C*03:187  [Figure  1b] that 
was described in the IPD‑IMGT/HLA Database  [4,5].The 
DNA sequence of C*03:187 was initially reported to the 
IPD‑IMGT/HLA Database with neither any information 
of its ethnic group  [4] nor the HLA haplotype in associa-
tion with the allele  [4,5]. In this current report, we deduced 
the plausible C*03:187‑associated HLA heliotypes as A*2
4:02‑B*35:01‑C*03:187‑DRB1*11:01, based on the com-
monly shared HLA typing of the two donors carrying 
C*03:187 listed in our registry and the donor reported to 
the IPD‑IMGT/HLA Database  (HG00005395)  [Table 1]. We 
further speculate that individuals carrying A*24:02‑B*35:0
1‑C*03:187‑DRB1*11:01 haplotype are probably Taiwanese 
since both donors with this haplotype in our registry are 
Taiwanese.

Direct approach to determine HLA haplotype via family 
study when test materials from a number of key family 
members are available is the most classical practice. Otherwise, 
population study may be employed when a significant number 
of unrelated donors is available alternatively  [6,7]. However, 
the haplotypes deduced via population study are considered 
as likely or most probable. In this present investigation, due 
to the lack of availability of necessary test materials from 
the family of the donors with C*03:187, we opted to deter-
mine the haplotype by looking at the HLA alleles carried 
in common by unrelated donors bearing the same alleles of 
interest. Similarly, if the determination of plausible HLA hap-
lotypes is for low frequency or rare HLA alleles, the alleles 
shared in common by unrelated individuals may be employed 
to deduce associated plausible haplotypes [8‑12].

In Taiwanese population, the frequency of C*03:187 allele 
is about 1 in 40,000 according to our HLA typing procedure. 
It was neither detected in a total of 812,211 Chinese individual 
donors in Mainland China tested  [13], nor was it found in a 
total of 5,104,477 German individuals studied [7]. In addition, 
to date, the Allele Frequency Net Database (http://www.allele-
frequencies.net/hla6006a.asp?hla_locus_type=Classical#) has 
yet to show the presence of C*03:187 in the world population. 

Therefore, we think the probable C*03:187‑associated HLA 
haplotype in Taiwanese that we deduced in this study is highly 
accountable.

The essence to determine the ethnicity of individuals 
with C*03:187 and its HLA‑associated plausible haplotypes 
is that the data may be employed for anthropological inves-
tigation of races in addition to allowing search coordinators 
in unrelated bone marrow donor registries to find suitable 
unrelated bone marrow hematopoietic stem cell donors for 
their recipients carrying this low‑incidence HLA allele.
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