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Abstract: The aim of this study was to investigate the occurrence of ambi-
guous allele combinations at the allele group level of HLA-A, -C and -B loci in the
Macedonian population. The DNA samples of 214 healthy unrelated Macedonian
volunteers were obtained from our DNA Bank. HLA typing was performed using the
IHWG-RLS method (Reverse Line Strip, Roche Molecular Systems, USA) consisting of
PCR amplification of exon 2 and 3 of HLA-A, -B and -C genes, followed by
hybridization. The statistical analysis of the observed ambiguity frequency was
performed by using the Arleqin Software. At the HLA-A locus only one ambiguous
allele combination at the allele group level in 214 samples was observed with a
frequency of 0.467% (1/214 = 0.467%). A total of 6 different HLA-C ambiguous allele
combinations at the allele group level in twelve samples with a frequency of 5.607%
(12/214 = 5.607%) and 11 different for HLA-B locus in nineteen samples with a
frequency of 8.879% (19/214 = 8.879%) were observed in 214 samples. In conclusion
we can say that analysis of the frequency of allele ambiguities revealed that the
ambiguities involved some of the most common alleles in our population, obviating the
need to introduce ambiguity resolution technique(s)/strategies in the HLA laboratory.

Key words: Allele ambiguity combination; HLA-A, -C, and -B polymorphisms;
Macedonian population; Reverse Line Strip.

Introduction

The Major Histocompatibility Complex (MHC) is a region of multiple
genes encoding products that play a central role in the development of both
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humoral and cell-mediated immune responses. Among the expressed loci, the
MHC has the greatest degree of polymorphism in the human genome. This is at
such a degree that it is theoretically possible for each human to possess a
different set of MHC alleles [1]. To a large extent the polymorphism within the
MHC system consists of single nucleotide polymorphisms, many of them silent
and having no effect on protein expression levels [2]. However, other studies
have demonstrated the central role of substitution polymorphism in shaping
HLA diversity. Analyses show that in the antigen recognition sites, nonsyno-
nymous differences between alleles are proportionally more common than syno-
nymous ones. In the rest of the molecule, there is an excess of synonymous
changes, as is normally observed in protein coding sequences. In addition, many
HLA polymorphisms are whole codon replacements that cannot be explained by
a single-nucleotide replacement model [3, 4].

Although the DNA techniques for HLA typing have proved to be po-
werful in resolving many serological ambiguities, in detecting single nucleotide
polymorphisms and actually defining a whole spectrum of new MHC alleles,
still, not a single one of these techniques offers ambiguity-free MHC typing.
Since the prevalence of ambiguities in HLA typing relates to the nature of poly-
morphisms in HLA Class | and Il genes, defining strategies to resolve ambi-
guities created by HLA DNA typing remains a focus of interest for HLA DNA
typing professionals.

The patterns of allelic sequence diversity for both the class | and class Il
HLA loci are highly unusual; some alleles differ in the second and third exons
by as much as 15%, and the sequence variation is distributed as a patchwork of
localized polymorphic sequence motifs. One consequence of this pattern of
patchwork polymorphism is that, in PCR-based HLA typing, a large number of
different alleles can be distinguished by using a relatively small number of
oligonucleotide primers or probes complementary to these discrete sequence
motifs. Another more problematic consequence is that a given pattern of se-
guence motifs, detected either with probes or primers or by sequencing, may be
consistent with more than a single genotype because the observed sequence
motifs can be combined into more than one unique pair of alleles [5].

Three different kinds of ambiguities are recognized: i. the polymorphic
sites distinguishing the alleles in question are located outside the amplified or
probed regions, ii. multiple allele pairs display identical heterozygous sequen-
ces, so that the phase of polymorphisms cannot be determined and iii. part of the
sequence of an allele is not known [6, 7].

The minimum requirements for submission of new sequences into
reference databases of HLA sequences are the sequencing of exon 2 and exon 3
for Class | and exon 2 for Class Il. This approach has been the standard due to
the functional relevance of this region which defines the peptide groove of Class
I and Class Il molecules, respectively. However, some Class I alleles have iden-
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tical sequences across exons 2 and 3. To resolve these alleles it is necessary to
analyse the gene at the region where they differ. Numerous ambiguities arise
due to an incomplete sequence in exon 4. As DNA sequencing has become
easier and more widely applied to defining HLA alleles, additional polymer-
phisms have been found in other exons, and also in the introns [8].

The precise identification of HLA Class | alleles is crucial for clinical
purposes, and particularly essential for bone marrow transplantation from unrela-
ted donors, investigation of genetic inheritance or disease association and most re-
cently in developing cancer treatment strategies and designing vaccines. The exten-
sive diversity of the HLA genes makes the identification of matched donors chal-
lenging. As histocompatibility and the transplant survival are inversely correlated
with the number of HLA mismatches, the search continues for more efficient HLA
typing methods that could unequivocally define HLA alleles, thereby increasing
the chances of finding a matching donor and reducing the risk of adverse trans-
plantation outcome due to ambiguous HLA typing [5]. However, ambiguous
typing results do not necessarily correspond to clinically relevant mismatches.

Currently, commonly used HLA molecular typing methods include
Reverse Line Strip (RLS), Sequence Specific Oligonucleotide Probes (SSOP),
Polymerase Chain Reaction (PCR) using Sequence Specific Primers (SSP) and
Sequence Based Typing (SBT). In recent years a significant advance has been
made in resolution, automation, throughput and data analysis in the non-sequen-
cing based HLA DNA typing techniques such as RLS and SSOP, but still the
ambiguities remain as a considerable problem related to these techniques [5].
Sequencing is also not ambiguity free [6]. Due to the nature of HLA polymer-
phism, there will be ambiguity as long as we are forced to consider the poly-
morphism of both alleles at the same time. Even with sequencing we are faced
with an inability to set phase. The only way to get around this is to consider
each allele independently.

The aim of the study was to examine the ambiguous allele combination
at the allele group level (cross-serogroup ambiguity) for HLA-A, -C and -B
genes in the Macedonian population using a DNA typing method. For example,
an ambiguity at the allele group level is found in HLA-A locus for allele
combination "A*03011/013/03N/04xA*2501 or A*3204x A*6601", whereas an
unambiguous result is obtained for "A*0101/04N/05NxA*2601". In this study
we have observed ambiguous allele combinations for HLA-A, -C and —B genes
based on the exon 2 and exon 3 sequences.

Material and Methods

Population samples

Two hundred and fourteen unrelated random healthy Macedonian
volunteers of Macedonian origin and nationality, Christian Orthodox religion
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and residents of different regions of the Republic of Macedonia were included
in this study. Their ages ranged between 20 and 59 years. Peripheral blood was
drawn after signing of the informed consent. Genomic DNA was extracted from
the peripheral blood leukocytes using the standard phenol/chloroform procedure
previously described [9], and stored in the anthropology project field of our
DNA Bank (hDNAMKD) until processing [10].

PCR amplification

Duplex PCR reactions were carried out in 60 pul volume for HLA-A and
-C and 100 pl volume for HLA-B locus, using biotinylated primers for both
exons 2 and 3 of HLA-A, -C and -B genes contained in the PCR master mixes
provided by the manufacturer. The PCR cycling conditions for all loci were 35
cycles of 95°C for 15s; 65°C for 45s and 72°C for 15s using a MJ Research
PTC-100 thermal cycler. PCR products were visualized on a 2% agarose gel
prior to hybridization to the RLS strips [11].

HLA-A, -C, and -B genotyping

HLA DNA typing of HLA-A, -C and -B genes was performed by using
the International Histocompatibility Working Group's reverse hybridization
method (Reverse Line Strip — Roche Molecular System, USA). The labelled
PCR products were first denaturated and then hybridized in a single reaction to
an array of SSO probes immobilized on nylon membrane. 57 different probes
for high resolution HLA-A, 82 probes for high resolution HLA-B, and 36
probes for high resolution HLA-C typing were used with corresponding motifs.
The presence of biotinylated PCR product bound to a specific probe was
detected using streptavidin-horseradish peroxidase (HRP) and a chromogenic,
soluble substrate to produce a blue "line" at the position of the positive probe.
Genotyping software (HLA Genotyping Program Roche Molecular System,
Inc.) can interpret the probe reactivity pattern as a genotype and indicates
potential ambiguities [11].

Statistical analysis

The statistical analysis of the observed ambiguous allele combinations
for HLA-A, -C and -B loci was performed by using the Arlegin Software
version 2.000 [12].

Results

Reverse Line Strip typing for HLA-A, -C and -B loci was performed on
a population of 214 samples. In this study we are reporting the ambiguous allele
combinations at the allele group level for HLA-A, -C and -B loci, presented in
Tables 1-3.
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At HLA-A locus the only observed ambiguous allele combination was
"A*03011/013/03N/04xA*2501 or A*3204x A*6601", with a frequency of
0.467% (1/214 = 0.467%) (Table 1).

Table 1 — Ta6emna 1

Allele ambiguity encountered with RLS for HLA-A locus
Hsojoenu aseau 0obuernu co PJIC 6o XJIA-A nokycoil

Allele Number of Ambiguity
HLA-A ambiguity samples frequency %
No. observed at where (total 214) Oligonucleotide probes
group level ambiguity
was found
1. A*03011/013 2,6, 14,16, 21,/ 23, 31, 33, 37,
/03N/04 39, 46, 48, 54, 57
A*2501 1,9, 12,13, 20, 21,/ 27, 35, 37,
41, 43, 50, 51, 57
or 1 0.467
A*3204 2,6,13, 20,21, /23, 31, 33, 37,
39, 46, 48, 54, 57
A*6601 1,9, 12, 14, 16, 21,/ 27, 35, 37,
41, 43, 50, 51, 57

At HLA-C locus we found 6 different ambiguous allele combinations
observed in twelve samples with a total frequency of 5.607% (12/214 =
5.607%) (Table 2).

Table 2 - Tabena 2

Allele ambiguity encountered with RLS for HLA-C locus
Lsojoenu aneau 0obuenu co PJIC 6o XJIA-L aoxycoiu

S Number L

z Allele of samples Ambiguity

Q ambiguity where frequency Oligonucleotide probes

S observedat | ambiguity | % (total

T group level was found 214)

1. | C*1203/06 1,7,8,12,13,16,17,/ 20, 25, 33, 34, 36
C*15021/022 2,7,8,11,14,16,17,/ 18, 28, 30, 34, 36
or
C*12042 1,7,8,12,14, 16,17,/ 20, 25, 33, 34, 36
C*1507 2,7,8,11,13,16,17,/ 18, 28, 30, 34, 36
or 4 1.869
C*16041 1,7,8,11,13,16,17,/ 20, 25, 33, 34, 36
C*1503 2,7,8,12,14,16, 17,/ 18, 28, 30, 34, 36

2. | C*1203/06 1,7,8,12,13, 16,17,/ 20, 25, 33, 34, 36
C*14021/022 5,6,8, 11,13, 16,17,/ 23, 25,31, 34,36
or
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C*1207 1,7, 8, 12, 16, 17, / 20, 25, 33, 34, 36

C*14021/022 2 0.935 5,6,8, 11, 13, 16, 17,/ 23, 25, 31, 34, 36

or

C*16041 1,7,8, 11, 13, 16, 17,/ 20, 25, 33, 34, 36

C*1404 5,6, 8, 12, 16, 17, / 23, 25, 31, 34, 36
3. | C*0501/03 1,7,8,11, 14, 16, 17,/ 18, 27, 31, 34, 36

C*1203/06 1,7,8,12, 13,16, 17,/ 20, 25, 33, 34, 36

or

C*0502 1,7,8, 11, 14, 16, 17,/ 18, 27, 31, 36

C*1203/06 2 0.935 1,7,8,12,13, 16, 17,/ 20, 25, 33, 34, 36

or

C*0802/07 1,7,8,11, 13,16, 17,/ 18, 27, 31, 34, 36

C*12042 1,7,8,12, 14, 16, 17,/ 20, 25, 33, 34, 36

or

C*0805 1,7,8,12, 13,16, 17,/ 18, 27, 31, 34, 36

C*1205 1,7,8, 11, 14, 16, 17,/ 20, 25, 33, 34, 36
4. | C*0501/03 1,7,8,11, 14, 16, 17,/ 18, 27, 31, 34, 36

C*07011/012/06 3,6,8, 12,13, 16, 17,/ 18, 25, 30, 34, 36

or

C*0501/03 1,7,8,11, 14, 16, 17,/ 18, 27, 31, 34, 36

C*0705 3,6, 8, 12, 13, 16, 17, / 25, 30, 34, 36

or

C*0502 2 0.935 1,7,8,11, 14, 16, 17,/ 18, 27, 31, 36

C*07011/012/06 3,6,8, 12, 13, 16, 17,/ 18, 25, 30, 34, 36

or

C*0502 1,7,8, 11, 14, 16, 17,/ 18, 27, 31, 36

C*0705 3,6,8, 12, 13, 16, 17, / 25, 30, 34, 36

or

C*0802/07 1,7,8,11, 13, 16, 17,/ 18, 27, 31, 34, 36

C*0707/09 3,6,8, 12, 14,16, 17,/ 18, 25, 30, 34, 36
5. | C*0501/03 1,7,8,11, 14, 16, 17,/ 18, 27, 31, 34, 36

C*1507 2,7,8,11, 13,16, 17,/ 18, 28, 30, 34, 36

or

C*0502 1,7,8,11, 14, 16, 17,/ 18, 27, 31, 36

C*1507 2,7,8,11, 13,16, 17,/ 18, 28, 30, 34, 36

or

C*0801/03/04 1 0.467 1,7,8, 11, 13, 16, 17,/ 18, 27, 30, 34, 36

C*1508 2,7,8,11, 14, 16, 17,/ 18, 28, 31, 34, 36

or

C*0802/07 1,7,8,11, 13, 16, 17,/ 18, 27, 31, 34, 36

C*15021/022 2,7,8,11, 14, 16, 17,/ 18, 28, 30, 34, 36

or

C*0806 1,7,8,11, 13, 16, 17,/ 18, 27, 30, 36

C*1508 2,7,8,11, 14, 16, 17,/ 18, 28, 31, 34, 36
6. | C*1205 1,7,8,11, 14, 16, 17,/ 20, 25, 33, 34, 36

C*1507 2,7,8,11, 13, 16, 17,/ 18, 28, 30, 34, 36

or 1 0.467

C*16041 1,7,8, 11, 13, 16, 17,/ 20, 25, 33, 34, 36

C*15021/022 2,7,8,11, 14, 16, 17,/ 18, 28, 30, 34, 36
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For HLA-B locus we identified 11 different ambiguous allele combina-
tions that were observed in nineteen different samples with a total frequency of
8.879% (19/214 = 8.879%) (Table 3).

Table 3 - TabGena 3

Allele ambiguity encountered with RLS for HLA-B locus
Jlsojoenu aneau 0obueru co PJIC 60 XJ/IA-A aokycoiu

S o Number of o
Z | Allele ambiguity samples Ambiguity
M | observed at group where frequency Oligonucleotide probes
< level ambiguity | % (total
T was found 214)
1. | B*0801 5,9, 11, 15, 17, 23, 25, 34, 41, 42, / 45
53, 56, 64, 68, 72, 75, 77, 80, 82
B*51011/09 6, 8,12, 15, 18, 23, 25, 33, 40, 42, / 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*0801 5,9, 11, 15,17, 23, 25, 34, 41, 42, | 45
53, 56, 64, 68, 72, 75, 77, 80, 82
B*5103 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, / 46
53, 56, 64, 67, 74, 78, 79, 82
or
B*0801 3 1.402 5,9, 11, 15,17, 23, 25, 34, 41, 42,/ 45
53, 56, 64, 68, 72, 75, 77, 80, 82
B*5114 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, / 46
53, 64, 67, 74, 75, 78, 79, 82
or
B*0803 5,9, 11, 15, 17, 23, 25, 33, 40, 42, / 45
53, 56, 64, 68, 72, 75, 77, 80, 82
B*7801/022 6, 8, 12, 15, 18, 23, 25, 34, 41, 42,/ 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*0805 5,9, 11, 15, 17, 23, 34, 40, 42,/ 45, 53
56, 64, 68, 72, 75, 77, 80, 82
B*51011/09 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, / 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*0805 5,9, 11, 15, 17, 23, 34, 40, 42, / 45, 53
56, 64, 68, 72, 75, 77, 80, 82
B*5103 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, / 46
53, 56, 64, 67, 74, 78, 79, 82
or
B*0805 5,9, 11, 15, 17, 23, 34, 40, 42, / 45, 53
56, 64, 68, 72, 75, 77, 80, 82
B*5114 6, 8,12, 15, 18, 23, 25, 33, 40, 42, / 46
53, 64, 67, 74, 75, 78, 79, 82
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2. | B*4002 3, 10, 14, 16, 20, 22, 27, 34, 41, 42, /
45, 53, 56, 64, 67, 73, 75, 77, 79, 82
B*51011/09 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*4002 3, 10, 14, 16, 20, 22, 27, 34, 41, 42, |
45, 53, 56, 64, 67, 73, 75, 77, 79, 82
B*5103 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 56, 64, 67, 74, 78, 79, 82
or
B*4002 3,10, 14, 16, 20, 22, 27, 34, 41, 42,/
45, 53, 56, 64, 67, 73, 75, 77, 79, 82
B*5114 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 64, 67, 74, 75, 78, 79, 82
or 3 1.402
B*4008 3, 10, 14, 16, 20, 23, 25, 34, 41, 42,
45, 53, 56, 64, 67, 73, 75, 77, 79, 82
B*51011/09 6,8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*4009 3, 10, 14, 16, 20, 22, 27, 34, 41, 42, |
45, 53, 64, 67, 73, 75, 77, 79, 82
B*51011/09 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*4009 3,10, 14, 16, 20, 22, 27, 34, 41, 42,/
45, 53, 64, 67, 73, 75, 77, 79, 82
B*5103 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 56, 64, 67, 74, 78, 79, 82
or
B*4019 3, 10, 14, 16, 20, 22, 27, 33, 40, 42, |
45, 53, 56, 64, 67, 73, 75, 77, 79, 82
B*7801/022 6,8, 12, 15, 18, 23, 25, 34, 41, 42,/ 46
53, 56, 64, 67, 74, 75, 78, 79, 82
3. | B*3501/07/11/23 6,7, 12, 15, 18, 23, 25, 34, 41, 42, | 43
54,59, 64, 67, 74, 75, 77, 79, 82
B*51011/09 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*3501/07/11/23 6,7, 12, 15, 18, 23, 25, 34, 41, 42,/ 43
54, 59, 64, 67, 74, 75, 77, 79, 82
B*5103 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
3 1.402 53, 56, 64, 67, 74, 78, 79, 82
or
B*3521/24 6,7, 12, 15, 18, 23, 25, 34, 41, 42,/ 43
54,59, 64, 67, 74, 75, 78, 79, 82
B*51021 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 46
53, 56, 64, 67, 74, 75, 77, 79, 82
or
B*5301 6,7, 12, 15, 18, 23, 25, 33, 40, 42, / 43

54,59, 64, 67,74,75,77,79, 82

Contributions, Sec. Biol. Med. Sci., XXIX/1 (2008), 77-91



Ambiguous allele combinations... 85

B*7801/022 6, 8, 12, 15, 18, 23, 25, 34, 41, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
4. | B*3801 1,9, 11, 15, 17, 23, 26, 33, 40, 42, | 44
53, 61, 64, 71, 72, 75, 77, 79, 82
B*7801/022 6, 8, 12, 15, 18, 23, 25, 34, 41, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*39011/013/05 1,9, 11, 15, 17, 23, 26, 34, 41, 42, | 44,
53, 61, 64, 71, 72, 75, 77, 79, 82
B*51011/09 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, / 46
2 0.935 53, 56, 64, 67, 74, 75, 78, 79, 82
or
B*39011/013/05 1,9, 11, 15, 17, 23, 26, 34, 41, 42, | 44,
53, 61, 64, 71, 72, 75, 77, 79, 82
B*5103 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, / 46
53, 56, 64, 67, 74, 78, 79, 82
or
B*39061/062 1,9, 11, 15, 17, 23, 26, 34, 41, 42, | 46
53, 61, 64, 71, 72, 75, 77, 79, 82
B*5106 6, 8, 12, 15, 18, 23, 25, 33, 40, 42, | 44
53, 56, 64, 67, 74, 75, 78, 79, 82
5. | B*3801 1,9, 11, 15, 17, 23, 26, 33, 40, 42, | 44
53, 61, 64, 71, 72, 75, 77, 79, 82
B*4002 3,10, 14, 16, 20, 22, 27, 34, 41, 42, |
45,53, 56, 64, 67, 73, 75, 77, 79, 82
or 2 0.935
B*39011/013/05 1,9, 11, 15, 17, 23, 26, 34, 41, 42, | 44
53, 61, 64, 71, 72, 75, 77, 79, 82
B*4019 3, 10, 14, 16, 20, 22, 27, 33, 40, 42, /
45, 53, 56, 64, 67, 73, 75, 77, 79, 82
6. | B*3801 1,9, 11, 15, 17, 23, 26, 33, 40, 42, | 44
53, 61, 64, 71, 72, 75, 77, 79, 82
B*5001 4, 10, 14, 16, 20, 22, 27, 34, 41, 42, /
51, 54, 63, 64, 67, 74, 75, 77, 79, 82
or 1 0.467
B*39011/013/05 1,9, 11, 15, 17, 23, 26, 34, 41, 42, | 44
53, 61, 64, 71, 72, 75, 77, 79, 82
B*4901 4,10, 14, 16, 20, 22, 27, 33, 40, 42, /
51, 54, 63, 64, 67, 74, 75, 77, 79, 82
7. | B*15011/26N/33 6,7, 12,15, 19, 22, 27, 34, 41, 42, | 44
53, 59, 64, 70, 74, 75, 77, 79, 82
B*5107 6, 8, 12, 15, 18, 23, 27, 33, 40, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
Or
B*1511 6,7, 12, 15, 19, 23, 34, 41, 42, | 44, 53
1 0.467 59, 64, 70, 74, 75, 77, 79, 82
B*52012 6, 8, 12, 15, 18, 22, 27, 33, 40, 42, | 46
53, 56, 64, 67, 74, 75, 78, 79, 82
Or
B*1512/19 6,7, 12,15, 19, 22, 27, 34, 41, 42, | 44
53, 59, 64, 70, 74, 77, 79, 82
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B*5107 6,8, 12, 15, 18, 23, 27, 33, 40, 42, 1 46
53, 56, 64, 67, 74, 75, 78, 79, 82

Or

B*1515 6,7, 12, 15, 19, 23, 27, 34, 41, 42, [ 44
53, 59, 64, 70, 74, 75, 77, 79, 82

B*52012 6, 8,12, 15, 18, 22, 27, 33, 40, 42,1 46
53, 56, 64, 67, 74, 75, 78, 79, 82

8. | B*15011/26N/33 6,7, 12, 15, 19, 22, 27, 34, 41, 42, | 44,

53, 59, 64, 70, 74, 75, 77, 79, 82

B*51011/09 6,8, 12, 15, 18, 23, 25, 33, 40, 42, ] 46
53, 56, 64, 67, 74, 75, 78, 79, 82

Or

B*15011/26N/33 6,7, 12, 15, 19, 22, 27, 34, 41, 42, ] 44,
53, 59, 64, 70, 74, 75, 77, 79, 82

B*5103 6,8, 12, 15, 18, 23, 25, 33, 40, 42,1 46
53, 56, 64, 67, 74, 78, 79, 82

Or

B*1504 6,7, 12, 15, 19, 22, 27, 34, 41, 42,1 46
53, 59, 64, 70, 74, 75, 77, 79, 82

B*5106 6, 8,12, 15, 18, 23, 25, 33, 40, 42, / 44
53, 56, 64, 67, 74, 75, 78, 79, 82

Or

B*1508 1 0467 75712, 15 19, 23, 25, 34, 41, 42, ] 44,
53, 59, 64, 70, 74, 75, 77, 79, 82

B*52012 6,8, 12, 15, 18, 22, 27, 33, 40, 42, 1 46
53, 56, 64, 67, 74, 75, 78, 79, 82

Or

B*1512/19 6,7, 12, 15, 19, 22, 27, 34, 41, 42, ] 44,
53, 59, 64, 70, 74, 77, 79, 82

B*51011/09 6,8, 12, 15, 18, 23, 25, 33, 40, 42,1 46
53, 56, 64, 67, 74, 75, 78, 79, 82

Or

B*1524 6,7, 12, 15, 19, 22, 27, 33, 40, 42, [ 44
53, 59, 64, 70, 74, 75, 77, 79, 82

B*7801/022 6, 8,12, 15, 18, 23, 25, 34, 41, 42,1 46
53, 56, 64, 67, 74, 75, 78, 79, 82

Or

B*1538 6,7, 12,15 19, 22, 27, 34, 41, 42, [ 44
53, 59, 64, 70, 74, 75, 78, 79, 82

B*51021 6,8, 12, 15, 18, 23, 25, 33, 40, 42, 1 46
53, 56, 64, 67, 74, 75, 77, 79, 82

9. | B*3501/07/11/23 6,7, 12, 15, 18, 23, 25, 34, 41, 42, [ 43

54,59, 64, 67, 74, 75, 77, 79, 82

B*2901 Z. 10, 14, 16, 20, 22, 27, 33, 40, 42, |
51, 54, 63, 64, 67, 74, 75, 77, 79, 82

or 1 0.467

B*5301 6,7, 12, 15, 18, 23, 25, 33, 40, 42,/ 43
54, 59, 64, 67, 74, 75, 77, 79, 82

B*5001 410, 14, 16, 20, 22, 27, 34, 41, 42, |

51, 54, 63, 64, 67, 74, 75, 77, 79, 82
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10. | B*3501/07/11/23 6,7,12, 15, 18, 23, 25, 34, 41, 42,/ 43
54, 59, 64, 67, 74, 75, 77, 79, 82
B*4019 3,10, 14, 16, 20, 22, 27, 33, 40, 42, ]
45,53, 56, 64, 67, 73, 75, 77, 79, 82
Or 1 0.467
B*5301 6,7, 12, 15, 18, 23, 25, 33, 40, 42,/ 43
54, 59, 64, 67, 74, 75, 77, 79, 82
B*4002 3,10, 14, 16, 20, 22, 27, 34, 41, 42,
45,53, 56, 64, 67, 73, 75, 77, 79, 82
11. | B*0801 5,9, 11, 15, 17, 23, 25, 34, 41, 42,/ 45
53, 56, 64, 68, 72, 75, 77, 80, 82
B*4901 4,10, 14, 16, 20, 22, 27, 33, 40, 42, |
51, 54, 63, 64, 67, 74, 75, 77, 79, 82
Or 1 0.467
B*0803 5,9, 11, 15, 17, 23, 25, 33, 40, 42, / 45
53, 56, 64, 68, 72, 75, 77, 80, 82
B*5001 4,10, 14, 16, 20, 22, 27, 34, 41, 42,
51, 54, 63, 64, 67, 74, 75, 77, 79, 82

A different combination of specific probes in exon 2 and exon 3 in the
HLA -A, -C and -B loci presents ambiguous allele combinations at the allele
group level.

The only one ambiguous result for HLA-A locus, "A*03011/013/03-
N/04 x A*2501 or A*3204 x A*6601", was found due to different combina-
tions of probes 12, 13, 14, 16 and 20 in exon 2 (Table 1).

Some of the ambiguous results for HLA-C locus were due to different
combinations of probes in exon 2, while others were due to different combi-
nations in both exons (exon 2 and exon 3). The ambiguous HLA-C combination
"Cw*1205 x Cw*1507 or Cw*16041 x Cw*15021/022" was due to a different
combinations of probes 13 and 14 in exon 2, "Cw*1203/06 x Cw*15021/022 or
Cw*12042 x Cw*1507 or Cw*16041 x Cw*1503" was due to different combi-
nation of probes 11, 12, 13 and 14 in exon 2 and "C*1203/06 x C*14021/022 or
C*1207 x C*14021/022 or C*1604 x C*1404" was due to different combina-
tions of probes 11, 12 and 13 in exon 2. Ambiguous results for the remaining
HLA-C ambiguities were due to the different probe combinations in exons 2
and 3 (Table 2).

Ambiguous results for the HLA-B locus were also due to different
combinations of specific probes in exon 2 and exon 3 (Table 3).

Since, in a total of 214 samples examined, ambiguous allele combina-
tions were found in only one sample for HLA-A locus, the observed resolution
of RLS for HLA -A locus at the allele group level was 99.533%. The observed
resolution for HLA-C locus, with ambiguous combinations found in 12 samples
of the 214 examined, was 94.392%, and was 91.122% for HLA-B locus, with
ambiguous combinations in 19 of the 214 examined samples (Table 4).
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Table 4 — TaGena 4

Overall performance characteristics of the RLS tests
Ocobunu na yeaokyiinaitia ussooausocit Ha PJIC tuecitioguitie

Test Accuracy (%) Observed resolution (%)
HLA-A 100 99.533 (at group level)
HLA-C 100 94.393 (at group level)
HLA-B 100 91.121 (at group level)

Discussion

We found ambiguous allele combinations on an allele group level with
the frequency of 0.5% for HLA-A locus, 5.6% for HLA-C locus and 8.9% for
HLA-B locus, resulting in resolutions of 99.5%, 94.4%, and 91.6% for the
HLA-A, -C, and -B loci, respectively. The observed resolution of the INNO-
LiPA HLA Update tests (which is similar to the RLS method used in this paper)
is 99.4% for HLA-A Update and 92.4% for HLA-B Update at the allele group
level ]13]. Analysis of the frequency of allele ambiguities revealed that the
found ambiguities involved some of the most common allele groups in our
population HLA-C*07, C*12, C*15, B*08, B*35, B*38, B*40 and B*51,
obviating the need to introduce ambiguity resolution technique(s)/strategies in
our lab.

Our results indicate that the RLS (a probe hybridization-based method)
has a significant limitation in the precise identification of alleles (allele-level
resolution). The results showed that ambiguous allele combinations in all three
loci have resulted from combinations of probes for those polymorphisms that
are shared between large numbers of alleles in multiple combinations, so that
the phase of the polymorphisms is difficult to establish. For HLA-A locus these
probes were 12, 13, 14, 16 and 20 in exon 2. For HLA-C locus the most
frequent probes found in different combinations were 11, 12, 13 and 14 in exon
2 and 18, 25, 27, 30 31, and 34 in exon 3. For HLA-B locus, ambiguous allele
combinations were due to specific probes 22, 23, 25, 27, 33, 34, 40, and 41 in
exon 2 and 44, 46, 56, 64, 75, 77 and 78 in exon 3. Since RLS is a probe-based
method, the amelioration of the high resolution result (i.e. unambiguous assign-
ments at the four-digit (peptide) level) may require an increase in the number of
probes as well as an increase in the number of polymorphisms detected by a
single probe for the HLA-A, -C and -B loci, improvement of the minimum re-
quirements for HLA Class | typing and probing outside of exons 2 and 3 (i.e.
probing in exon 4). However, such improvements must be balanced against
space-constraints and ease of use considerations (i.e. maximizing the number of
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probes that can be put on a strip while permitting the strip to be read by a hu-
man), as well as the requirement that all probes perform correctly under the
same hybridization conditions. If the ambiguity is due to identical probe pat-
terns in different heterozygous genotypes, one of the possible options to ove-
rcome ambiguous allele combinations could be the use of primers for separate
amplification of each allele in the PCR followed by hybridization.

There are several techniques used to resolve ambiguities in HLA
genotyping. The most comprehensive results are published by Rosemuller [6]
using SBT resolution. He reported the number of alleles, sequences, genotypes,
ambiguous combinations and percentage of all ambiguous combinations for
HLA-A, -C and -B loci at a group level. He published 1.19% for HLA-A,
1.69% for HLA-C and 1.68% for HLA-B ambiguous combinations at a group
level. However, if ambiguities are analyzed with SBT at the allelic level such as
in the papers of Adams et al. [8] their results showed 41% of HLA-A alleles and
24% of HLA-B alleles with ambiguities at the allelic level. Although infor-
mative and relatively fast for small numbers of samples, the SSP approach re-
quires many separate PCRs to achieve intermediate or high level typing and, in
its current format, is not well suited for rapid throughput of a large number of
samples. Allele-specific amplification can be used in conjunction with SSO
probe typing for high-resolution typing by allowing the separate amplification
of the two alleles in a heterozygote [8]. In addition, Pyrosequencing has been
applied for the study of gene expression and could be a useful complement to
the high throughput single nucleotide polymorphism identification system as a
substitute to SBT [14].

In conclusion, using the RLS method we have identified a high frequ-
ency of ambiguous allele combinations, particularly for the HLA-C and -B loci,
that could perhaps be reduced somewhat with the addition of new probes tar-
geting polymorphisms that are shared between large numbers of alleles in multi-
ple combinations. The only way to eliminate ambiguity is to amplify each allele
separately and examine the polymorphism in multiple exons by either probes or
sequencing. The elimination of ambiguity, while a desirable goal, may be
significantly more costly than the benefits that it could potentially provide.
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Pe3ume

ABOJBEHU AJIEJICKW KOMBMHAILIMU HA TPYIIHO HUBO
O XJIA-A, -II 1 -b TEHUTE BO MAKEJTOHCKATA IIOITYJIAIIMJA
CO METO/J 3A PEBEP3HA XUBPUIU3AILINJA HA IEHTH

Crpe3oBa Ana, Apcos Tonop, Ilernmnukosckn Anexkcanaap, Tpajkos [dejan,
Ed¢unncka-Mnanenoscka Onusuja, Ciupocku Mupko

Hucinuiniyiti 3a umynobuoaozuja u xymara 2eneiiiuxa, Meouyurncku gaxyaitieid,
Yuusepsuitieiti Ca. Kupua u Meitioouj, Ckoiije, P. Maxeooruja

H3Banok: Lenta Ha 0BOj Tpyy Oellle fa ce WCMUTAa MojaBaTa Ha ABOjOCHU
aJieJICku KOMOMHAIMY Ha ajiesicko rpymHo HUBO 3a XJIA-A, -1 n -b mokycute BO
MakenoHcKaTa nomynanuja. bea ymorpe6enn [JHK mpumeporm op 214 3upaBu
HECpPOJIHM MaKe[[OHCKM AoOpoBosmM off HamaTa OaHka 3a xymaHa JTHK. XJTA
TUMHA3UPAKETO Oellle U3BEIEHO cOo yrnoTpeba Ha METOOT 3a peBep3Ha Xubpuau-
3ammja Ha neHTH (Reverse Line Strip, Roche Molecular Systems, USA) co kopu-
CTemE MOJIMMEPA3HO BepIKHA peakija 3a er3onute 2 u 3 og XJTA-A, -b, n -1
TeHUTe, CO MociefoBaTeNHa XuOpuau3anyja Ha JeHTu. CraTucTuykaTa aHajau3a
Ha noOueHuTe ABOjOeHM (ppekBeHIMU Oelle m3BeleHa co ynoTpeba Ha Arlegin
Software. Bo XJIA-A nokycoT of 214 npuMepoiu Gelie HajieHa caMo eHa JIBOj-
OeHa anescka KOMOMHAIMja Ha aJIeJICKO TPYMHO HUBO co ppekBeHumja ox 0,467 %
(1/214). Bo ucnuryBanute 214 mpumepoum Oea HajieHH BKYIMHO 6 pa3inyHK
XJIA-II nBOjOeHM anejcku KOMOMHAUMM Ha ajejIiCKo I'PyNHO HUBO Bo 12 mpu-
Mepor co ¢pekBeHnmja o 5,607% (12/214) n 11 paznumunn XJIA-B nokycu Bo
19 npumeponu co dpeksenmja of 8,879% (19/214). Kako 3akiydok MoskeMe fia
KakeMe fileKa aHanu3aTa Ha (PpEeKBEHIMUTE Off ABOjOCHUTE alleJICKU KOMOMHAINN
MmoKaxa Jieka BO ABOjOCHOCTUTE ce BKJIYYEHH HEKOU Of] HAjueCTHTe ajeid BO
HalllaTa MoTyJialyja yKaskyBajKu Ha nmotpebara fga ce BOBEAT BIUCOKO pa3feiHu
METOJU 3a pa3pelllyBame Ha IBOjOCHOCTUTE BO Jlabopatopunte 3a XJIA.

Knyunn 300poBm: XJIA anencku ABOjOeHM KOMOHMHALUU; NOJUMOPGU3MH Ha
XIJIA-A, -11 u -b; makenoHcKa nonynanyja; peBep3Ha XuOpuan3aluja Ha JeHTH.
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