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the five HNA antigen systems has been decoded during 
the past decades. This enables reliable molecular typing 
strategies, antibody detection and specification as well 
as development of new assays based on recombinant 
antigens. However, research on HNA alleles, antigens, 
and antibodies is not finally terminated and also in the 
future will add new findings.

© 2018 S. Karger GmbH, Freiburg

Introduction

Human neutrophil antigens (HNAs) are a group of glycopro-
teins expressed on the surface of human neutrophil granulocytes 
which play an important role in allo- and autoimmunity. They 
exhibit an extended polymorphism resulting in a variety of differ-
ent allo- and isoantigens. The expression on neutrophil granulo-
cytes is essential but some HNAs are also expressed on a variety 
of other cells and tissues, for example choline transporter-like 
protein 2 (CTL2), CD11a, and CD11b [1, 2]. Antibodies to HNAs 
have been shown to be involved in a variety of clinical conditions 
like transfusion-related acute lung injury (TRALI), neonatal allo-
immune neutropenia (NIN), primary and secondary autoim-
mune neutropenia, febrile transfusion reactions, and refractori-
ness to granulocyte transfusions [3]. Long before implementing 
the term HNA in 1998 by the Granulocyte Antigen Working 
Party (GIWP) of the ISBT [4], a leukocyte-specific antibody was 
described by Lalezari and colleagues [5] in a case of neonatal neu-
tropenia. Shortly thereafter the former 5b antigen, which is now 
termed HNA-3a, was demonstrated in a case of TRALI [6]. In the 
following decades, further neutrophil antigens were described in-
cluding their molecular organization and the clinical relevance 
[3], but it took until 2010 to decode the molecular basis of the 
former 5b antigen [7, 8]. 
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Summary
Background and Objective: Antibodies to human neutro-
phil antigens (HNAs) have been implicated in transfu-
sion-related acute lung injury and allo- and autoimmune 
neutropenia. To date, five HNA systems are assigned, 
and during the last decades enormous efforts have been 
undertaken to identify the underlying genes and to char-
acterize the antigens. This review of the literature will 
provide the current genetic, molecular and functional in-
formation on HNAs. Recent Findings: New information 
on alleles and antigens has been added to nearly each of 
the five HNA systems. HNA-1d has been added as the 
antithetical epitope to HNA-1c that is located on the gly-
coprotein encoded by FCGR3B*02 but not by FCGR3B. 
FCGR3B*04 and *05 now are included as new alleles. A 
CD177*787A>T substitution was demonstrated as the 
main reason for the HNA-2-negative phenotype on neu-
trophils. The target glycoprotein of HNA-3 antibodies 
could be identified as choline transporter-like protein 2 
(CTL2) encoded by SLC44A2. The conformation sensitive 
epitope discriminates between arginine and glutamine at 
position 152 resulting in HNA-3a and HNA-3b. An addi-
tional Leu151Phe substitution can impair HNA-3a anti-
body binding. Recently an alloantibody against HNA-4b 
which discriminates from HNA-4a by an Arg61His ex-
change of the glycoprotein encoded by the ITGAM gene 
was reported in neonatal alloimmune neutropenia. An 
update of the current HNA nomenclature based on the 
new findings was provided in 2016 by the ISBT Granulo-
cyte Immunobiology Working Party nomenclature sub-
committee. Conclusions: The molecular basis of each of 
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Today, fourteen HNA alleles have been officially assigned to 
five HNA antigen systems by the ISBT GIWP [9]. HNA alleles are 
defined as alternative forms of a gene discriminated mainly by sin-
gle nucleotide exchanges which code for the respective glycopro-
teins. A HNA glycoprotein can carry one or more HNA epitopes 
that are specifically recognized by antibodies. The term epitope de-
fines the antigenic determinant or antibody binding region on an 
immunogenic molecule. This is used in preference to the term ‘an-
tigen’, which is the superordinate term for a molecule inducing im-
munization, e.g. HNA. Although the coding genes of each of the 
currently known five HNA systems are published, even today some 
open questions on the causal connection between serological phe-
notypes and genotypes remain [10, 11]. The following review will 
provide an overview of the molecular genetics, structures, and 
characteristics of the HNAs. 

Nomenclature

The nomenclature of the HNA-encoding genes and alleles and 
of the antigens which are defined by alloantibody reactivity follows 
the recommendations published by the ISBT GIWP [4, 9]. The al-
lele names comprise the official gene name (according to the 
Human Genome Nomenclature Committee (www.genenames.org/) 
followed by an asterisk and a 2-digit allele number. Genetic varia-
tions of standard alleles which have been confirmed by the ISBT 
GIWP are numbered consecutively in the order of publication. 
Only missense mutations within exons leading to an amino acid 
exchange are included. The corresponding phenotype on neutro-
phil granulocytes should be determined by standard granulocyte 
serology. New mutations without known phenotype and/or clinical 
data should be described as mutation of the respective standard al-
leles following the recommendations of the Human Genome Vari-
ation Society (HGV; http://varnomen.hgvs.org/). Thus nucleotide 
positions in this review strictly meet the rule to start with position 
number 1 at the A of the start-ATG (1st codon). In the case that 
more than one transcript variant should exist, amino acid numbers 
refer to the form expressed on neutrophils.

The HNA nomenclature is an epitope-based rather than anti-
gen-based system. The antigen nomenclature is based on serologi-
cally defined epitopes on neutrophil glycoproteins. The phenotypic 
variation within an HNA antigen system is given in lower case let-
ters, e.g. HNA-1a, HNA-1b or HNA-3a. 

HNA-1

In humans, the low-affinity FcγRIII exits in two highly homolo-
gous forms, the transmembrane Fc gamma receptor IIIa (FcγRIIIa) 
which is expressed on macrophages and natural killer (NK) cells 
and the FcγRIIIb which is restricted to neutrophil granulocytes and 
is anchored to the cell membrane via glycosyl-phospatidylinositol 
(GPI) [3, 12–15]. The underlying genes, FCGR3A and FCGR3B, are 
part of a region with highly homologous Fcγ receptor(FcγR)-

encoding genes on the human chromosome 1q23–24 [14, 16]. The 
alleles of the HNA-1 system are exclusively encoded by the FCGR3B 
gene. However, the high degree of homology between FCGR3B and 
FCGR3A complicates the development of genotyping assays. With 
about 1–2 × 105 copies per cell the low-affinity IgG1/IgG3 FcγRIIIb 
mediates clearance of immune complexes and phagocytosis of op-
sonized microorganisms [17–19]. The membrane proximal domain 
is critical for IgG Fc binding, whereas the function of the HNA-1 
epitope carrying distal domain remains unclear [3]. The HNA-1 
protein backbone of 29–33 kDA is highly glycosylated with four N-
linked glycosylation sites (50–65 kDa) for the HNA-1a and six (65–
80 kDa) for the HNA-1b form [20].

Gene copy number variation seems to be a special feature of 
FCGR3B. This means that individuals may exhibit between zero 
and four FCGR3B alleles [21–25] which can be explained by gene 
duplication combined with recombination and/or unequal cross-
ing-over during meiosis. This event may result in either two 
FCGR3B genes in close vicinity on the same chromosome or, con-
versely, in a FCGR3B gene deficiency [1, 21, 25, 26] (fig. 1). Inter-
estingly, HNA-1 null individuals who completely lack FCGR3B 
genes on both chromosomes do not suffer from autoimmune or 
immune complex-mediated diseases or an increased infection rate 
[23]. The FCGR3B gene copy number variation additionally in-
cludes the neighbored FCGR2C gene so that both genes segregate 
as one haplotype block [27]. 

Alleles
Originally described as a bi-allelic system with the alloantigens 

NA1 (now HNA-1a) and NA2 (now HNA-1b) [28], the HNA-1 

Fig. 1. Some examples of possible FCGR3B allele combinations and copy 
number variation. From top to bottom a the initial situation with two alleles, 
here heterozygosity for FCGR3B*01 and FCGR3B*02; b duplication and muta-
tion resulting in FCGR3B*04 and FCGR3B*03 on one chromosome and only 
one on the 2nd parental chromosome; c allele drop out on one chromosome;  
d allele drop out on both chromosomes, resulting in an HNA-1null phenotype.
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system was later found to include a third (SH, now HNA-1c) [22] 
and a fourth alloantigen (HNA-1d) [29]. The HNA-1 polymor-
phism originates in five nucleotide substitutions within exon 3 of 
the FCGR3B gene. Four missense mutations induce amino acid 
exchanges at the positions 36, 65, 82, and 106 of the FcγRIIIb gly-
coprotein [1, 16, 30] (table 1). Currently, the official nomenclature 
comprises five FCGR3B alleles and one FCGR3B*null allele that 
indicates FCGR3B deficiency [9]. The single nucleotide polymor-
phism (SNP) position numbers had been corrected following the 
recommendations of the HGV, based on FCGR3B transcript vari-
ant 2 (NM_000570.4) which corresponds to the amino acid posi-
tions of the mature glycoprotein [9]. Thus they now differ from 
the originally described positions [30]. FCGR3B*01 codes for 
HNA-1a and differs from FCGR3B*02 which codes for HNA-1b in 
each of the five nucleotide positions. About 58% of Caucasians 
and up to 91% of Taiwanese express HNA-1a, and vice versa the 
HNA-1b phenotype is detected in 88% of Caucasians but only 54% 
of Taiwanese [31]. In contrast, FCGR3B*03, the basis of HNA-1c 
distinguishes from FCGR3B*02 only in an additional Ala78Asp 
substitution [22]. Interestingly, many FCGR3B*03-positive indi-
viduals exhibit three HNA-1 antigens with a combination of the 
HNA-1a and HNA-1c encoding alleles on one chromosome, and, 
as expected, these individuals present with FcγRIIIb hyperexpres-
sion [3, 21, 31, 32]. About 5% of German individuals carry the 
HNA-1c antigen, whereas it is much more frequent in African 
populations with 22–38% and missing in Chinese. Because gene 
duplication can be seen as the counterpart of gene deletion, 
FCGR3B*null alleles leading to the HNA-1null phenotype are 
more frequently observed in African populations, too [21, 31]  
(tables with comprehensive antigen and allele frequencies are 
available at [1, 3, 31–33]). The fourth allele, FCGR3B*04 with a 
316G>A exchange compared to FCGR3B*01 codes for a glycopro-
tein with unaltered reactivity with HNA-1a-specific sera and mon-
oclonal antibodies [34, 35] in individuals lacking an additional 
FCGR3B*01 allele. In a study on German blood donors the 
FCGR3B*04 allele instead of the FCGR3B*01 allele segregated to-
gether with FCGR3B*03 on the same chromosome (own observa-
tions A. Reil, abstract at the DGTI Meeting 2011 in Hannover, 
Germany). The FCGR3B*05-encoded glycoprotein which is char-
acterized by an Asn82Asp exchange compared to a wild type 
HNA-1b [34, 36] exhibited a reduced reactivity with HNA-1b an-
tibodies in the granulocyte immunofluorescence test (GIFT) [35]. 
A mother carrying the same variant was immunized by a wild-
type HNA-1b of her neonate (own observations A. Reil, abstract at 
the ESPGI Meeting 2014 in Bad Homburg, Germany). Screening 
among 67 German blood donors typed FCGR3B*02-positive re-
vealed a second case with the same FCGR3B*244A>G mutation. 
The neutrophils of this individual were not agglutinated by HNA-
1b antibodies and showed a strongly reduced antibody binding in 
the indirect GIFT [2]. The SNPs contributing to the confirmed 
FCGR3B alleles are provided in the NCBI SNP database as 108G/C 
= rs 200688856, 194A/G = rs448740, 233C/A = rs503038, 244G/A 
= rs147574249, 316G/A = 2290934. In addition to the above listed 
confirmed alleles, a multitude of genomic variants has been re-

ported [26, 36–39]. However, varying experimental approaches as 
well as missing phenotype or clinical data limit the informative 
value of these observations.

Epitopes
Because the combination of five polymorphic sites within exon 

3 of the FCGR3B alleles enable different amino acids at the respec-
tive positions within the distal domain of the HNA-1 glycoprotein 
one molecule can comprise more than one HNA-1 epitope [2]. 
Both, HNA-1b and HNA-1c are encoded by FCGR3B*03 and 
HNA-1b and HNA-1d are encoded by FCGR3B*02 (table 1). Vice 
versa, one epitope can be encoded by more than one allele (e.g. 
HNA-1a by FCGR3B*01 and FCGR3B*04). Amino acids 65 and 82 
seem to be critical for the formation of the HNA-1a and HNA-1b 
epitopes, but also amino acids 36 and 106 have been described as 
crucial for the HNA-1a epitope [35, 40] (fig. 2). Because of the high 
homology with the FcγRIIIa on monocytes and NK cells it is likely 
that antibodies recognize conformational epitopes rather than lin-
ear epitopes covering only few amino acids [3]. The glycoprotein 
encoded by the FCGR3B*03 allele expresses both the HNA-1c 
epitope (including 78Asp) and the HNA-1b epitope. In two cases 

Fig. 2. Predicted structure of the FcγRIIIb molecule which is anchored to the 
neutrophil membrane by glycosylphosphatidylinositol (GPI). Amino acid posi-
tions contributing to the HNA-1 polymorphism are indicated as filled black 
circles, the first alternative amino acid indicates the situation of HNA-1a. 
Square symbols indicate potential N-linked glycosylation sites.
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of NIN, maternal antibodies were reactive with HNA-1b on neu-
trophils from FCGR3B*02-positive, but not FCGR3B*03-positive 
donors. Both mothers typed as FCGR3B*01+, *02–, *03+. Thus, the 
antibodies detected the antithetical epitope to HNA-1c covering 
Ala78 and Asn82 which resides on the same glycoprotein as the 
HNA-1b epitope on FCGR3B*02-positive neutrophils [29]. The 
epitope is now assigned to HNA-1d (table 1). 

HNA-1 alloantibodies have been implicated in NIN and TRALI 
[3, 41–43] while especially HNA-1a is the main antibody specificity 
detected in primary autoimmune neutropenia of infants younger 
than 3 years [44–46].

HNA-2

HNA-2 was originally described as neutrophil-specific antigen 
NB1 in a case of neonatal neutropenia [47]. Later on, the glycopro-
tein which is anchored to the neutrophil membrane by GPI was 
identified as CD177 with a molecular mass of 56–64 kDa and three 
potential N-linked glycosylation sites [48, 49]. HNA-2 and PRV-1, 
which is overexpressed in neutrophils of polycythemia rubra vera 
patients, most likely are alleles of the same CD177 gene located on 
chromosome 19q13.2 [50, 51]. CD177 interacts with proteinase 3 
(PR3) leading to the membrane binding of PR3 which usually is 
stored in intracellular granules and vesicles of neutrophils [52–54] 
(fig. 3). The CD177-PR3 interaction aids neutrophil transmigration 
through the endothelium [55] and enables interaction with CD11b/
CD18 and FcγRIIIb in lipid rafts [56]. The function of a pseudo 
gene (CD177P) located downstream in close vicinity to the 9 exons 
of CD177 and spanning over exons 4–9 in reverse orientation 
(19q13.31), remains unclear but it significantly hampers studies to 
decode the molecular reason of differential gene expression [50]. 
Between 88% of Japanese and about 97% of Caucasian individuals 
express the CD177 glycoprotein on their neutrophils while the rest 
are completely devoid of HNA-2 [1, 57, 58]. Only HNA-2 deficient 
(HNA-2null) [59] individuals are able to produce HNA-2 isoanti-
bodies that can cause TRALI and immune neutropenia [3, 60]. 
However, although antibody-mediated clustering of CD177 primes 
the respiratory burst reaction of neutrophils, HNA-2-negative indi-
viduals do not seem to be at increased risk of infection [61]. A dif-
ferential expression on neutrophil subsets with one or two neutro-
phil subpopulations expressing the antigen at a high or intermedi-
ate level and another subset lacking the glycoprotein is a special 
feature of HNA-2 [49, 62]. A proportion of HNA-2-positive neutro-
phils in the blood with either intermediate or high expression be-
tween 1 and 100% has been demonstrated in different individuals. 
This proportion is a lifelong characteristic [10, 59]. However, upon 
neutrophil activation in severe bacterial infections, in pregnancy 
and in newborns the expression can be upregulated [57, 63–66]. 

Molecular Basis of Differential Gene Expression
Neither the reason for the complete HNA-2 deficiency nor for 

the differential expression on neutrophil subsets is completely un-
derstood. The NCBI dbSNP database lists numerous SNPs affecting 

nearly each of the 437 amino acids (21 of them are part of a signal 
peptide resulting in a 416 amino acid mature protein). Different 
SNPs have been attributed to a low or high HNA-2 expression or the 
presence of one or two antigen-positive subpopulations [67–69]. A 
dose effect of the wild-type CD177*787A or heterozygosity for both 
*787A and *787T has been correlated with the proportion of HNA-
2-positive neutrophils [10, 59]. Recently, gene silencing and a novel 
monoallelic expression pattern caused by disparate CpG and histone 
methylation have been described as basis for distinct neutrophil sub-
sets thus introducing epigenetic mechanisms [70].

In two individuals the molecular basis for the complete HNA-2 
deficiency was demonstrated to result from an incorrect splicing 
[71]. However, this does not account for each case because a cor-
rectly spliced cDNA was found in an immunized HNA-2-defi-
cient women with a HNA-2 isoantibody (own observations, 
unpublished). 

The CD177*787A>T exchange (rs879198465, in [10] reported 
as rs70950396) leading to a premature stop within exon 7 was 
identified in a number of HNA-2-deficient individuals, some of 
them carrying HNA-2 antibodies [10, 11, 59] (table 1). The SNP 
originally was assigned to position 829 based on a numbering 
starting at position 1 of the cDNA and not at the initial A of the 
start codon. The CD177*787A>T substitution was explained by 
an allelic gene conversion of exon 7 of the CD177P1 pseudo gene 
rather than a random mutation [59]. The CD177*787A>T ex-
change is flanked by further nucleotide exchanges [10]. But these 
do not induce further stop codons (fig. 4). Nine of 9 individuals 
homozygous for CD177*787T were HNA-2-deficient, and 2 fur-
ther deficient individuals were heterozygous but carried an addi-
tional CD177*955delG mutation leading to a frame shift [10]. Ad-

Fig. 3. Potential organization of FcγRIIIb (HNA-1), CD177 (HNA-2), 
CD11b/CD18 (HNA-4) and membrane-associated proteinase-3 (mPR-3) as 
lipid raft within the neutrophil membrane.
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ditionally, the percentages of HNA-2-positive neutrophils were 
significantly lower in heterozygous samples than in those of indi-
viduals with a homozygous CD177*787A wild-type allele. The re-
sults were largely confirmed by a second group that introduced a 
typing protocol based on a long-range PCR product covering the 
whole gene to separate the CD177 gene from the CD177P1 pseudo 
gene [11]. However, only 3/5 immunized patients and 2/5 HNA-2 
antigen-negative probands were homozygous for the 787A>T 
mutation, whereas it was not detected in any of 10 HNA-2-posi-
tive individuals. The 966delG mutation was detected not at all in 
this study, which leaves a gap of explanation for some HNA-2-de-
ficient individuals. A third study applying deep sequencing also 
identified the novel stop codon within exon 7 (CD177*787A>T) 
in HNA-2null individuals [59]. However, the authors did not re-
gard the SNP as a mutation of the CD177 gene itself but explained 
it by an entire substitution by the pseudo gene (CD177P1) exon 7 
as a result from allelic gene conversion. Heterozygosity for ec-
topic CD177P1 gene conversion correlates with a higher propor-
tion of HNA-2-negative neutrophils, in which both the CD177P1 
partially incorporated allele and the paired intact CD177 are tran-
scribed [59]. 

Despite the high number of identified SNPs within the CD177 
gene no alloreactivity has been observed. As far as reported, anti-
bodies against HNA-2 do not discriminate between different forms 
so that the antibody produced by HNA-2null individuals is re-
garded as an isoantibody [2, 3].

HNA-3

Antibodies to the former neutrophil 5b antigen were described 
early in 1964 by van Leeuwen et al. [72] as leukocyte agglutinins, 
but it took until 2010 to localize the antigen to the CTL2 which is 
encoded by the SLC44A2 gene on chromosome 19p13.1 [7, 8]. The 
alloantigens HNA-3a (formerly 5b) and HNA-3b (formerly 5a) are 
expressed on human neutrophils, lymphocytes, platelets, and vari-
ous tissues such as lung, liver, colon, and the inner ear [7, 73–75]. 
Two transcript variants TV1 (also named P2; NM_020428.3) and 
TV2 (also named P1; NM_001145056.1) differ in the NH2 termi-
nus located within the cytoplasmic compartment, but only the two 
amino acids longer TV1 enables choline transport through the cell 
membrane [73]. On human neutrophils, mononuclear cells, plate-

Fig. 4. CD177 gene region covering the 
CD177*787A>T substitution. The electrophero-
gram at the top (a) indicates a homozygous wild 
type, in the middle (b) a heterozygous sample and 
at the bottom (c) a homozygously mutated type.
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lets, and liver tissue only the shorter TV2 is expressed, whereas 
lung tissue, especially human microvascular endothelial cells de-
rived from lung blood vessels and human umbilical vein endothe-
lial cells, carry both transcript variants [74, 76]. Differential cell 
and tissue distribution however does not influence HNA antibody 
binding as could be demonstrated by transfected HEK-293T cells 
expressing either TV1 or TV2. CTL2 is a 68–72 kDa transmem-
brane protein characterized by ten hydrophobic membrane-span-
ning domains, five extracellular loops, and six intracellular regions 
with one predicted and two confirmed N-linked glycosylation sites 
and potential disulfide bonds (fig. 5) [19, 75]. This special confor-
mation aggravates the development of assays for the detection of 
HNA-3 antibodies based on recombinant CTL2 protein because 
the posttranslational modifications of the protein and the correct 
conformation within the neutrophil membrane are required for 
antibody binding [77–80]. 

Epitopes
HNA-3a and HNA-3b differ in a SLC44A2*455G>A exchange 

(rs2288094) leading to an Arg152Gln substitution within the first 
extracellular loop of CTL2 TV2 [7–9] (table 1). Different position 
numbers are reported in the literature because the first reports re-
ferred to TV1 where the same amino acid is located at position 154. 
Since HNA-3 on neutrophils is only expressed as TV2, this was 
adapted later on. HNA-3a antibody binding strictly requires the 
presence of Arg152 [7, 79, 81], whereas the HNA-3b epitope in-
cludes Gln152 (fig.  5). The HNA-3a encoding allele was demon-
strated in Caucasians with a frequency of 0.79, in African Ameri-
cans with 0.93 and in Chinese with 0.74, and the respective 
HNA-3b-encoding alleles with 0.21, 0.07 and 0.26 [82–84]. An ad-
ditional SLC44A2*451C>T exchange (rs147820753) affecting the 
amino acid next to Arg152 and inducing a Leu151Phe substitution 
impairs the HNA-3a epitope in a way that the induction of neutro-
phil agglutination by some HNA-3a-specific alloantibodies is di-
minished or even abrogated [85]. Of note is that this additional 
mutation can influence HNA-3a typing in HNA-3a/3b heterozy-

gous individuals when the HNA-3a allele-specific sense primer 
binds with reduced affinity so that the typing result is falsely inter-
preted as HNA-3b homozygous. This methodical problem can be 
overcome by applying adequate molecular tests [83, 86]. The 
SLC44A2*451C>T substitution has been demonstrated with a gene 
frequency of 0.01 and phenotype frequencies of 2.4% in the Cauca-
sian population [80, 85] and of 0.4% in African Americans [83]. 

Before the introduction of measures to exclude plasma of pa-
rous women from therapeutic application without prior testing for 
HNA and HLA antibodies, HNA-3a antibodies in Germany and 
other countries represented one of the main causes of fatal TRALI 
cases [43, 87, 88]. In contrast, immunogenicity of HNA-3b seems 
to be much lower [82], and also the clinical effect of HNA-3b al-
loantibodies is less severe. 

HNA-4

The HNA-4 system is expressed on the CD11b/αM subunit of 
the αMβ2-integrin (CD11b/CD18, Mac-1, CR3) [89, 90]. The leuko-
cyte β2 integrin family consists of four members sharing a common 
β subunit (CD18) which is non-covalently linked to one of four 
different CD11 subunits (CD11a–d) [91, 92]. CD11b/CD18 is ex-
pressed on most leukocytes like neutrophils, monocytes, and NK 
cells where the complex is functionally inactive as long as the white 
blood cell is resting. Upon leukocyte activation the β2 integrin also 
is rapidly activated and enables adhesion of the cell to its counter 
receptors, transmigration, phagocytosis, and oxidative burst [91]. 
The CD11b/αM subunit is a transmembrane protein with 19 poten-
tial and three confirmed N-linked glycosylation sites [19]. It is en-
coded by the ITGAM gene on chromosome 16p11.2 and codes for 
a 1,153 amino acid glycoprotein including a 16 amino acid signal 
peptide which is cleaved in the mature protein (NM_001145808.1, 
transcript variant 1) [93, 94]. 

The first and for a long time only antigen was the formerly 
called ‘Marta’ (now HNA-4a) [89]. Different non-synonymous 
 mutations of CD11b/αM gene have been reported, but application 
of recombinant HNA-4 clearly indicated that an arginine at 
 position 61 of the mature protein (position 77 of the precursor 
 protein) is essential for HNA-4a alloantibody binding [92]. An 
ITGAM*230G>A substitution (rs1143679) is responsible for the 
translation into either 61Arg or the antithetical form with 61His 
(table 1) [9]. The HNA-4a allele frequencies in most populations 
have been determined with about 0.9–1.0 [84, 90, 92]. Only Tai-
wanese and Brazilians have lower frequencies with 0.65–0.92 [19, 
95]. It is not known whether the function of the CD11b/CD18 
complex is influenced by the polymorphism [3]. HNA-4a alloanti-
bodies that interfere with CD11b/Mac-1-dependent neutrophil ad-
hesion can induce NIN [96]. Interestingly, antibodies of the same 
specificity that do not exhibit this functional characteristic were 
not able to induce NIN [92]. The two types of alloantibodies also 
differ in their capability to induce the neutrophil respiratory burst, 
probably by differential epitope recognition at the N-terminal re-
gion of CD11b. Recently, alloantibodies directed to the HNA-4 

Fig. 5. Predicted structure of the CTL2 molecule according to [75]. Amino 
acid positions critical for the HNA-3 polymorphism are indicated as filled black 
circles, the first alternative aa indicates the situation of HNA-3a. Square sym-
bols indicate potential N-linked glycosylation sites.
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epitope including 61His have been described in two cases of NIN 
[97, 98]. The antibody has been assigned to HNA-4b. In addition 
to alloantibodies also autoantibodies against the CD11b/CD18 
complex (without clear definition of the epitopes) have been re-
ported not only to induce neutropenia but also to impair neutro-
phil adhesion [44, 99].

HNA-5

To date the HNA-5 system only comprises one antigen, the 
HNA-5a, which originally was described as ‘Onda’ [89, 100]. 
HNA-5a alloantibodies recognize an epitope on the αL-subunit 
(CD11a) of the αLβ2 integrin (CD11a/CD18, LFA-1) which is 
characterized by an arginine at position 766 of the mature protein 
(rs2230433). The presence of two mRNA transcripts of the integ-
rin αL gene (ITGAL) complicates assignment of the polymor-
phism to a definite location. Because only transcript variant 1 
(NM_002209.2) is in accordance with the Arg766Thr substitution 
of the mature protein (table  1), the SNP has been assigned to 
ITGAL*2372G. HNA-5a gene frequencies vary in different popu-
lations between 0.59 and 0.66 with phenotype frequencies be-
tween 79 and 88% [101]. So far no alloantibodies against the 
 antithetical form which is characterized by 755Thr (encoded by 
ITGAL*2372G>A) have been described. 

The CD11a/CD18 complex is expressed on all leukocytes and, 
like the CD11b/CD18 complex, is involved in leukocyte adhesion 
[3]. It is unknown whether the HNA-5 polymorphism influences 
integrin function. The first reported HNA-5a antibody was pro-
duced by a patient with hypoplastic anemia and thrombocytope-
nia who did not develop HPA or HLA class I antibodies after 
transfusion of platelet concentrates of more than 700 random do-
nors. Additionally, he showed a markedly prolonged survival of an 
experimental skin graft from an HLA-incompatible donor. It was 
argued that the HNA-5a alloantibody might have blocked leuko-
cyte interactions in the graft [100, 102]. The first case of NIN 
caused by an HNA-5a alloantibody was described in 2011 [103]. 
Interestingly, the maternal antibody was only reactive with donor 
neutrophils and T cells but was negative with B cells and mono-
cytes. Altogether, HNA-5 is the system with the least known facts 
on the clinical significance of both the antigen and the related 
HNA-5a antibody. 

Conclusions and Future Prospect

During the last two decades the main facts on HNA genetics, 
molecular basis, and antibody detection have been unraveled. 
These findings were the basis for further development of in-house 
and commercial assays for genotyping and antibody detection that 
facilitate the confirmation of clinically suspected cases of allo- and 
autoimmune neutropenia and TRALI. Easy availability of these 
tests may have expedited the awareness of clinical pictures related 
to HNA antibodies. A higher awareness of NIN and neonatal auto-
immune neutropenia could deepen the knowledge on antibodies 
and antigens involved in these clinical pictures.

However, even if many facts were added to granulocyte immu-
nobiology, some open questions remain. Even if the facts on 
HNA-1 alleles, antigens and epitopes are well documented, the re-
cent findings on copy number variation and differentially ex-
pressed epitopes give a wide scope for further developments. The 
molecular basis for the enigma of differential HNA-2 expression 
on neutrophil subsets and for some unresolved cases of HNA-2null 
phenotypes remains to be illuminated. After decoding the molecu-
lar basis of HNA-3 and restrictions to prevent TRALI placed by 
many national authorities, the HNA-3 system in the meantime dis-
appeared somewhat from the focus. But further studies on func-
tional aspects regarding HNA-3a antibody-induced tissue damage 
may add additional facts. Less is known on HNA-4 and HNA-5 al-
loantibodies and their function. Especially data from geographical 
regions with diverging allele frequencies could add further facts. 

However, granulocyte immunobiology is somewhat like a niche 
discipline where only few researchers and laboratories worldwide 
have the capability to administer new findings. During the last 
years many efforts have been made in Eastern Asian Countries in 
HNA diagnostics. But many regions of the world, especially Africa, 
Near East, India and Latin America (except for Brazil), to date are 
scarcely engaged in granulocyte immunobiological diagnostics and 
research. Including of these regions could add new findings be-
cause of possibly differing alleles and frequencies.
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