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Applying serologic procedures to the detection of RBC and lym-
phocyte antigens has facilitated the identification of granulo-
cyte antigens with established clinical significance, which are
now classified in the human neutrophil antigen system. Granu-
locyte alloantibodies and autoantibodies have been implicated
in a variety of clinical conditions including alloimmune neutro-
penia, autoimmune neutropenia, febrile and severe pulmonary
transfusion reactions, drug-induced neutropenia, refractori-
ness to granulocyte transfusions, and immune neutropenia
after hematopoietic stem cell transplantation. Although the
intrinsically fragile nature of granulocytes contributes to the in-
herent challenges of granulocyte serology, several advances in
laboratory procedures have improved detection of granulocyte
antibodies. This review will provide a current perspective about
the importance and use of granulocyte serology for detection
of granulocyte antibodies that have significant medical effects.
Immunohematology 2010;26:11—21.
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the first case of neonatal neutropenia attributable to

transplacental transfer of granulocyte-specific antibod-
ies, thus initiating the field of granulocyte serology. This
event fostered several decades of work directed at the iden-
tification of granulocyte-specific antigens (and antibodies),
methods for their detection, and an appreciation for their
clinical significance. In many ways, granulocyte serology
developed along the laboratory footprints of RBC and hu-
man lymphocyte antigen (HLA) serology with one major
exception—granulocytes could not be preserved for testing
purposes. The requirement for fresh cells was and contin-
ues to be a major impediment for wide-scale implementa-
tion of granulocyte immunobiology studies. Although the
number of laboratories worldwide that specialize in this
technology is limited, the clinical significance of granulo-
cyte antibodies has not diminished and is now supporting
the development of new methodologies that have the poten-
tial to enhance the utility of testing and growth of this field.
Therefore, as we move ahead, it is important to (1) focus
on the clinical events that support the need for granulocyte
serology, (2) understand the benefits and limitations of the
current serologic assays, and (3) evaluate the application of
new technologies for the detection of granulocyte antigens
and antibodies.

It has now been half a century since Lalezari* described
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Clinical Significance
Alloimmune Neonatal Neutropenia

Neutropenia observed in the neonate is primarily the
result of neutrophil-specific alloantibodies transplacentally
transferred to the fetus from the maternal circulation. The
presence of these human neutrophil antigen (HNA) anti-
bodies most likely is the result of prenatal maternal sensi-
tization by fetal neutrophils crossing the placental barrier,
although the antibodies may have also arisen in association
with autoimmune diseases such as systemic lupus
erythematosus or rheumatoid arthritis.?3 Mater-
nal alloimmunization can occur anytime after the first
trimester of pregnancy. Once present in the fetal circula-
tion, maternal HNA antibodies will bind to the mature fetal
cells expressing the corresponding neutrophil alloantigens,
as the neutrophil precursor cells are spared.# Neonates af-
fected by alloimmune neonatal neutropenia (ANN) are al-
most always neutropenic at birth, although cases have been
reported in which the neutropenia has been delayed by 1 to
3 days.4 ANN is often asymptomatic and goes undiscovered
unless the deficit of the neutrophils is profound enough
(absolute neutrophil count < 1.5 x 109/L) that the newborn
becomes susceptible and succumbs to infection caused by
bacterial or fungal pathogens. These children commonly
present with fever, malaise, lethargy, skin infections such
as cellulitis and omphalitis, mucosal and respiratory infec-
tions (stomatitis, otitis media, and pneumonia), urinary
infections, and very rarely septicemia. These infections are
usually mild, but fatalities have been reported in 5 percent
of cases.? As there are numerous reasons for neonatal neu-
tropenia (i.e., congenital, antibody-mediated destruction,
or infection that decreases hemopoietic cell production),
detection of these maternal neutrophil antibodies is very
important for determining the mechanism causing neutro-
penia. This allows the physician to focus on the appropriate
treatment. The presence of maternal antibodies can persist
up to 6 months after birth although antibodies and clini-
cal effects usually dissipate more quickly. The incidence of
ANN has been estimated to be 0.1 to 0.2 percent.®? Cur-
rently, neutrophil antibodies with the following specificities
have been implicated in cases of ANN: HNA-1a,5-° HNA-
1b,* HNA-1¢,”* FcyRIIIb (CD16),'3*4 HNA-2a,’ HNA-3a,*
and HNA-4a."7
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Autoimmune Neutropenia

Autoimmune neutropenia (AIN) occurs in both in-
fants and adults. It is the most common form of chronic
neutropenia in infants. Severe neutropenia is usually recog-
nized 4 to 7 months after birth.4 In the vast majority of AIN
cases infants exhibit relatively mild clinical issues such as
stomatitis, otitis, and respiratory infections. The presence
of clinical symptoms lessens as the child becomes older.
Neutropenia in infants is self-limited with complete reso-
lution commonly observed within 7 to 24 months.*® How-
ever, this condition necessitates aggressive hygienic care of
infants to prevent infection and vigorous therapy that may
include severe antibiotic therapy along with treatment with
recombinant G-CSF and IVIG when infection occurs. Cell
destruction can occur in the peripheral circulation in addi-
tion to interference with myelopoiesis in the bone marrow.
Complete blood counts demonstrate absolute neutropenia,
although random fluctuations in the neutrophil count can
range from zero to near normal.

AIN is also observed in adults. Monocytosis with or
without lymphopenia may also be present.”® As in infants,
the bone marrow commonly demonstrates an absence of
mature cells with an increase in myeloid precursors. This
apparent imbalance of precursors to mature segmented
neutrophils is distinct in cause from the maturation arrest
that occurs in congenital defects of neutrophils or hemato-
logic malignancy. Unlike RBC autoantibodies, antibodies in
AIN are often reported to have specificity that can include
HNA-1a, HNA-1b, and HNA-2a.'8-2°

Drug-Induced Neutropenia

Although neutrophil antibodies are believed to be in-
volved in drug-induced neutropenia, neither the precise
mechanisms nor the particular antigens on the cell surface
have yet been clarified. Some cases of drug-induced granu-
locytopenias probably result from direct marrow toxicity,
although immune-mediated processes also occur. Quinine,
quinidine, ibuprofen, and psychotropic medications such
as clozapine are recognized as potential causes of neutrope-
nia.?"28 Drug-dependent antibodies have been found to re-
act with both granulocytes and granulocyte precursors. The
FcyRIIIb and CD177 neutrophil glycoproteins have been
reported to form neoantigens with drugs or their metabo-
lites, which are recognized by drug-dependent neutrophil
antibodies.

Transfusion Reactions

Antibodies to neutrophil and HLA antigens can result
in a variety of transfusion reactions. The spectrum of sever-
ity can range from mild febrile reactions to death in the case
of severe transfusion-related acute lung injury (TRALI). Re-
cently TRALI has been shown to be the most common cause
of transfusion-related fatalities in the United States.?*

Febrile nonhemolytic transfusion reactions are com-
mon and can occur when blood products containing WBCs
are transfused into patients who have leukocyte antibodies.?s
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The occurrence of febrile reactions has been mitigated with
the use of leukocyte-reduced RBCs and platelet products.

As early as 1951 blood transfusions were implicated in
noncardiogenic lung edema.?® The term TRALI was con-
ceived in 1985 when Popovsky and Moore® investigated a
series of 36 patients with well-defined transfusion-related
acute lung injury. They detected leukocyte (HLA and HNA)
antibodies in 89 percent of the implicated donors. Seventy-
two percent of these patients were treated with mechanical
ventilation, and 6 percent died. The leading theories for the
cause of TRALI involve the priming or activation of neu-
trophils with antigen-antibody interactions, inducing an
acute inflammatory response.?® Antibodies to HLA class I
and class IT as well as HNAs have all been implicated in the
development of TRALI.2®

Even though HLA class I alloantibodies are the most
frequently encountered WBC antibodies in implicated blood
donors, they may act as much weaker triggers of acute lung
injury when compared with HLA class IT and HNA antibod-
ies. In a study designed to investigate leukocyte antibody
specificities in severe TRALI reactions, Reil et al.2* reported
that even though 73 percent of leukocyte antibodies identi-
fied in their donor population were HLA class I, HLA class
IT and HNA antibodies were associated with 81 percent of
the antibody-mediated TRALI cases.? Specifically, in their
36 reported cases, 17 were elicited by blood products con-
taining HLA class II antibodies, and HNA antibodies were
implicated in 10 cases. Of the 10 fatal outcomes, 6 were
linked to HNA-3a antibodies in the transfused blood prod-
ucts, and HLA class II antibodies were associated with 3 fa-
talities.

Although leukocyte agglutinating (aggregating) anti-
bodies have been frequently associated with TRALI,3°-34
the ability of HNA-3a antibodies to also prime and activate
neutrophils in the pulmonary vasculature is thought to be
central to severe and fatal TRALI.35 Studies have now shown
that in addition to HNA-3a antibodies, HNA-2a and HNA-
4a antibodies also have the ability to prime neutrophils in
vitro.36-38

Although the pathophysiology of TRALI appears com-
plex and remains under investigation,? substantial clinical
and scientific information suggests that HLA (especially
class II) and HNA antibodies do play a significant role in
this disorder.?® Efforts are now being focused on detecting
HLA and HNA antibodies in donors both to retrospectively
investigate the cause of acute lung injury in blood recipients
and to serve as a valuable strategy in preventing TRALI by
identifying donors who may be responsible for the transfu-
sion reaction.

Granulocyte Antigens

Granulocyte-specific antigens are those with a tissue
distribution restricted to granulocytes (neutrophils, eosino-
phils, and basophils), whereas neutrophil-specific antigens
are only present on neutrophils. Because of the difficulty in
characterizing antigens on basophils and eosinophils, many
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antigens described as neutrophil-specific have not been
tested to determine whether they are present only on neu-
trophils or on all granulocytes. Although granulocyte (neu-
trophil) antigen systems were initially identified through
studies of ANN and AIN, both terms, granulocyte and neu-
trophil, have been used to describe the alloantigens.

Nomenclature

Lalezari and colleagues® identified the first granulo-
cyte antigen during their investigation of a neonate with
transient ANN and subsequently proposed the first no-
menclature system for these antigens. Because their stud-
ies indicated that the antigen was neutrophil-specific, they
designated it the N system and the antigens were named in
chronologic order of discovery. The antigens were labeled
alphabetically and the alleles were described numerically.
The system eventually classified seven antigens: NA1,®
NA2,4 NB1,4 NB2,4243 NC1,4 ND1,% and NE1,4 which be-
came the foundation for granulocyte serology.

During this same period and subsequently, several dif-
ferent granulocyte antigens were identified. Some were
specific for granulocytes (or neutrophils): HGA-3, GA,
GB, GC, Gr1, Gr244; some were shared with other cells
or tissues: HGA-1, 5a, 5b, 9, MART#5°°52; and some had
unclassified distribution: CN1, KEN, LAN, LEA, SL.575°
All of these granulocyte antigens were detected with sera
from patients with autoantibodies or alloantibodies di-
rected against granulocytes, using traditional blood group
serologic techniques such as agglutination, immunofluo-
rescence, and cytotoxicity. Unfortunately, most of these
antigens have not been further classified owing to the lack
of sufficient biologic material for study.

Granuloycte serology: concepts and significance

of detection. The HNA system currently includes seven an-
tigens, which are restricted to five antigen groups. The key
features of the HNA system are summarized in Table 1. An
extensive amount of information is now known about these
antigens, and the reader is referred to Bux’s recent and
comprehensive review about the antigens that constitute
this system.5®

HNA-1 is the best-characterized group, and it contains
three antigens: HNA-1a, HNA-1b, and HNA-1c. The HNA-1
antigens are expressed only on neutrophils, and antibodies
to these antigens are frequently implicated in cases of al-
loimmune or autoimmune neutropenia.'®s® The antigens are
epitopes that occur on the neutrophil low-affinity FcyRIIIb
receptor (CD16). This molecule binds the Fc region of IgG
antibodies complexed to other antigens or immunoglobu-
lins. The gene frequencies of HNA-1a, HNA-1b, and HNA-
1c vary among different ethnic populations.5® Furthermore,
individuals lacking FcyRIIIb have been identified. These in-
dividuals do not express the HNA-1 antigens on their neu-
trophils, thus presenting as an HNA-1 null phenotype.5+%2

The HNA-2 group has one characterized antigen—
HNA-2a—which is located on a 58- to 64-kDa glycoprotein
that is expressed only on neutrophils.® Although HNA-2a is
a high-frequency antigen phenotype (i.e., greater than 90%
for most populations), it is unique in that it is expressed
on subpopulations of neutrophils among antigen-positive
people. The expression of HNA-2a is greater on neutrophils
from women than men, and two or three subpopulations
of expression are often detected: one population that lacks
HNA-2a expression and one or two populations that express
the antigen but with different intensities.® The functional

Table 1. Human neutrophil antigenst

Although this led to a consolidation of
individuals working in this field, advances

Antigen location/

. . Antigen Former glycoprotein CD  Coding gene Clinical
were Ilr)l_adi an(_i efforts Wf.’re dlrg(:ted at lmi groups Antigens name number allelest significance
munobiochemical, genetic, and structura HNA-1  HNA-1a  NAT FoyRIIIb/CD16b  FCGR3B*01 ANN. AIN,
or functional studies for a few of the well- HNA-Tb  NA2  FoyRIIb/CD16b  FCGR3B'02 TRALLS
classified granulocyte antigens. With the HNA-1c SH FeyRIlb/CD16b  FCGR3B*03
advent of this information came the need HNA-2 HNA-2a  NB1  58-64kDa/CD177  Unknown  ANN, AN, TRALI,
for a standardized granulocyte antigen no- febrile transfu-
menclature system based on the molecules sion reactions,
carrying the antigens and the genes encod- dr:g;freo%znnc::"t
ing each allele. In 1999, the Granulocyte

. . . HNA-3 HNA-3a 5b CTL2/Unknown ANN, TRALI,
Antigen Working Party of the International . .

| . HNA-3b Ba CTL2/Unknown febrile transfusion
Society of Blood Transfusion (ISBT) estab- reactions
lished a new nomenclature system for the HNA-4 HNA-4a  MART CR3/CD11b ITGAM*01 ANN
well-characterized granulocyte antigens, (o M subunit) (230G)
which was based on the glycoprotein loca- HNA-5 HNA-5a  OND LFA-1/CD11a ITGAL*01 Unknown
tion of the antigens.” In this system the (o L subunit) (2372G)

granulocyte antigens are called human neu-
trophil alloantigens to indicate they are ex-
pressed on neutrophils; however, this does
not imply that they are neutrophil-specific.
Each antigen group is assigned a number,
and polymorphisms within the group are
designated alphabetically in sequential order
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tInformation from references 20, 58, 59, 60.

$Alleles of the coding genes are named according to the ISGN Guidelines for Hu-

man Gene Nomenclature.’’
§Except HNA-1c.

AIN = autoimmune neutropenia; ANN = alloimmune neonatal neutropenia; CD =
clusters of differentiation; CR3 = complement receptor 3; CTL2 = choline trans-
porter-like protein 2; FcyRIllb = Fc gamma receptor lllb; HNA = human neutrophil
antigen; LFA-1 = leukocyte function antigen-1; TRALI = transfusion-related acute

lung injury.
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role of HNA-2a is not known, and antibodies to this antigen
have been associated with AIN,?° ANN, % febrile transfusion
reactions,® TRALIL® and drug-dependent neutropenia.®®

HNA-3a is expressed on granulocytes, lymphocytes,
platelets, endothelial cells, kidney, spleen, and placental
cells.’® It is a high-frequency antigen located on choline
transporter-like protein 2 (CTL2), and its function is not
known.52%° Alloantibodies to HNA-3a have been associated
with occasional cases of febrile transfusion reactions® and
one case of ANN.” Although antibodies to HNA-3a are rare,
their major clinical significance has been their association
with serious and fatal TRALI events.32-34

The HNA-4 and HNA-5 antigens are located on subunits
of the B2 integrin family (CD11a and CD11b molecules). In-
tegrins are a large family of adhesive receptors that are es-
sential for cell-cell interactions and cell trafficking. HNA-4a
is an epitope on the a M (CD11b) chain of CD11b/CD18 (the
CR3 molecule), and HNA-5a is an epitope on the a L chain
(CD11a) of CD11a/CD18 (the leukocyte function antigen-1
[LFA-1] molecule).” HNA-4a is expressed on granulocytes,
monocytes, and natural killer cells, whereas HNA-5a is ex-
pressed on all leukocytes.5® Alloantibodies to HNA-4a can
cause ANN,”? and the CD11b/CD18 complex has been re-
ported to be the target of autoantibodies.’®”3 To date, HNA-
5a antibodies have not been clinically associated with
neutropenia.

A general consensus exists that granulocytes do not ex-
press ABO antigens™ or HLA class II antigens.” Although
the density of HLA class I antigens on granulocytes is fairly
low, it can vary among individuals.” Therefore, these anti-
gens must be taken into consideration when patient samples
are tested for granulocyte antibodies. HLA class I antigens
may be of particular interest during granulocyte transfusion
for neutropenic patients as these antigens, in granulocyte
concentrates, may be introduced in high amounts to recipi-
ents with preformed class I antibodies. Transfusion reac-
tions including TRALI have been observed in this situation,
and the antigen-antibody interaction has been proposed to
limit effectiveness of the transfusion.”-7

Serologic Testing

The detection of HNA antibodies is labor intensive and
technically challenging. Unlike HLA testing, commercial
test kits are not readily available for the detection of granu-
locyte antibodies by solid-phase methodologies. Therefore,
intact viable granulocytes are required for granulocyte an-
tibody screening. Granulocytes are intrinsically designed
to respond to physiologic priming signals, so they must be
handled very carefully to prevent activation. Once activated
it is impossible to interpret any serologic test results involv-
ing these cells, as false-positive test results abound. Granu-
locytes are also extremely labile and must be used within
24 hours of collection, necessitating ready access to panel
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cell donors with the needed antigen phenotypes. Although
many have tried, attempts to develop short-term or long-
term granulocyte preservation procedures have been un-
successful, thus requiring that fresh suspensions of granu-
locytes be prepared daily for testing procedures. Finally, the
presence of HLA antibodies in test sera makes identifying
HNA antibodies difficult because granulocytes also express
HLA class I antigens on their cell surface.

Preparation of Pure Granulocyte Suspensions

The isolation of pure granulocyte suspensions from pe-
ripheral blood was greatly facilitated and simplified with
Bayum’s introduction in 1968 of the Ficoll-Isopaque gradi-
ent technique.® Double-density gradient centrifugation is
now the most widely used approach for the isolation and
purification of granulocytes for serologic testing. The proce-
dure makes use of discontinuous Ficoll gradients, and nu-
merous publications exist describing the methodology and
the recovery, purity, functional integrity, and activity of the
isolated granulocytes.®'-84

Granulocyte Antibody Detection and Antigen Typing

Laboratory approaches for the detection of granulocyte
antibodies require procedures that are accurate, reproduc-
ible, and practical. Although numerous granulocyte sero-
logic assays have been described, not all meet these criteria.
In addition to the assay used, the ability to detect antibodies
in test specimens or antigens on test cells may also depend
on target cell antigen density and the concentration and
immunoglobulin type of the antibody in the test reagent.
Therefore, the successful detection of granulocyte antibod-
ies often requires that a combination of methods be used.

Although several methods for the detection of gran-
ulocyte-specific antibodies are used by the few laborato-
ries that perform this testing, the ISBT Working Party on
Granulocyte Immunobiology, a worldwide consortium of
16 laboratories that participate in the annual International
Granulocyte Immunology Workshop (IGIW), have recom-
mended that granulocyte antibodies should be investigated
using a minimum of two methods: the granulocyte immun-
ofluorescence test (GIFT) and the granulocyte agglutination
test (GAT).® Multiple workshops have shown the sensitiv-
ity of GIFT to far exceed that of GAT; however, agglutinat-
ing antibodies such as HNA-1¢c, HNA-3a, and HNA-4a are
much more readily detectable in GAT and in many cases it
is the only reliable method for detecting these specificities.
For example, the seventh IGIW included a test specimen
that contained an HNA-3a antibody that could only be de-
tected by GAT and the granulocyte chemiluminescence test
(GCLT). Although GCLT has been useful in selective labora-
tory settings, it is not routinely used for clinical granulocyte
antibody detection and is not discussed.
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Antibody Detection Methods
Granulocyte Agglutination Test

Lalezari®® developed the basis of this assay in the early
1960s. Since that time, micro techniques and the use of
pure granulocyte suspensions with optimized concentra-
tions of EDTA have vastly improved the performance of
this test. Typically, a panel of three to five donors is selected
to include all known neutrophil antigens currently defined
by the ISBT consortium. Purified granulocytes are isolated
from EDTA-anticoagulated peripheral whole blood using
a double-density gradient. These granulocytes are then
washed in PBS before use. The test is biphasic and is based
on the intrinsic response of granulocytes to aggregate when
stimulated by antibodies reacting to corresponding cell
surface antigens. The resulting agglutination is the conse-
quence of the granulocyte activation that occurs during the
sensitization phase, which induces the cells to form pseu-
dopods and slowly migrate toward one another during the
aggregation phase, until membrane contact is established.
Typically, the serum or plasma from the specimen being
investigated is incubated with the granulocyte suspension
for 4.5 to 6 hours at 30°C.%” The reactions are evaluated us-
ing an inverted-phase microscope and graded from nega-
tive to 4+ on the basis of the percentage of cells that are
agglutinated. Our laboratory has determined cutoff scores
for both adult and pediatric patients (<6 years old) on the
basis of the reaction grades established during microscopic
evaluation. Both IgG and IgM antibodies are detected by
this method.

Granulocyte Immunofluorescence Test

Developed by Verheugt et al.® in the late 1970s, this
fluorescent “antiglobulin” technique is used for the detec-
tion of granulocyte alloantibodies and autoantibodies that
are circulating and cell bound. As with the GAT, an anti-
body screening panel of three to five donors is selected
to include all currently defined HNA antigens. A purified
granulocyte suspension is prepared and treated with 1%
paraformaldehyde for a short time to prevent nonspecific
immunoglobulin binding to the neutrophil Fc receptors and
to stabilize the cell membrane. Serum or plasma from the
patient is then incubated with an optimized concentration
of granulocytes for 30 minutes at 37°C. After a wash step
that removes unbound antibodies, the granulocytes are
then incubated with F(ab’), fragments of a fluorescent con-
jugated anti-human antibody for approximately 30 min-
utes at room temperature in a dark environment. The as-
say’s performance is optimized with the use of a fluorescent
secondary probe that can detect both IgM and IgG antibod-
ies (to ensure the detection of both primary and secondary
immune responses) and the use of F(ab’), Ig fragments to
prevent the probe from binding to the high concentrations
of Fc receptors on granulocyte surface membranes. The cells
undergo another wash cycle, are resuspended, and then are
analyzed. Detection of the immunofluorescence reactions
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can be accomplished by using either a fluorescence-detect-
ing microscope or a flow cytometer. Evaluation by a flow
cytometer has in most cases replaced the fluorescence mi-
croscope as more cells can be analyzed in a shorter time,
resulting in improved assay sensitivity and reproducibility,
and it does not require the expertise needed to evaluate the
characteristic staining pattern seen with specific granulo-
cyte antibodies by microscopic analysis.

Monoclonal Antibody Immobilization of Granulocyte Antigens

The monoclonal antibody immobilization of granulo-
cyte antigens assay (MAIGA) is based on the platelet ver-
sion (MAIPA) developed by Kiefel et al. in 1987.80 MAIGA
relies on the capture of neutrophil-specific antigen-antibody
complexes by a murine monoclonal antibody onto a solid-
phase surface.®® The benefits of this test are twofold: first,
this is currently the most sensitive assay for the detection of
granulocyte antibodies, and second, the assay is designed to
detect only HNA antibodies even when HLA antibodies are
present in the test specimen. The disadvantage of this pro-
cedure is that it is very complex and requires highly skilled
staff to perform the detailed techniques.

Granulocytes are incubated with the test serum or plas-
ma for 30 minutes at 37°C. This granulocyte suspension is
then washed to remove any unbound immunoglobulins and
incubated with a murine monoclonal antibody to a specific
neutrophil glycoprotein for an additional 30 minutes. Af-
ter another wash step, the granulocyte membranes are dis-
rupted in a mild detergent and centrifuged. The resulting
lysate is then transferred to polystyrene microwells coated
with anti-mouse immunoglobulins for incubation. The
trimolecular neutrophil antigen—patient HNA antibody—
murine monoclonal antibody complex present in the lysate
is captured on the solid phase, whereas any HLA
antibody-antigen complexes (if present) are removed by
a subsequent wash step. Remaining complexes are then
detected by the addition of anti-human IgG conjugated to
horseradish peroxidase followed by a substrate (OPD dis-
solved in 30% H_O,), and the reaction is analyzed with a
spectrophotometer.

MAIGA can be used to detect antibodies specific
to HNA-1a, HNA-1b, and HNA-1c antigens located on
FcyRIIIb (CD16); HNA-2a present on gp 58- to 64-kDa
(CD177); HNA-4a on the complement component receptor
C3bi (CD11b); and HNA-5a on the LFA-1 receptor (CD11a).
HNA-4a and HNA-5a antibodies can also be detected by a
common CD18 monoclonal antibody.

Antigen Detection and Typing Methods

The same methodology that is used to detect antibodies
in serum and plasma can be used to characterize the antigen
phenotype of an individual’s granulocytes. Just as the short
lifespan of granulocytes is a limitation to obtaining panel
cells for antibody testing, it also restricts the ability to do
antigen typing because granulocyte specimens must be tested
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within 24 hours of collection to obtain reliable results. A
sufficient volume of whole blood must be collected to obtain
an adequate number of granulocytes for phenotyping. This
can be a dilemma in pediatric patients or patients who are
neutropenic. Because ample volume, freshness, and avail-
ability of granulocytes is critical, this also acts as a practical
barrier to doing donor-recipient crossmatch testing during
investigations of suspected granulocyte-antibody—mediat-
ed transfusion reactions such as TRALI. The highly charac-
terized antisera used to phenotype granulocytes should be
free of HLA class I antibodies as their presence can result in
a false-positive HNA typing. At a minimum, the titer of the
HLA antibody should be weaker than the HNA antibody
as it can then be readily diluted to a nonreactive level. An-
other constraint to phenotyping granulocytes is the limited
availability of qualified antisera for the currently defined
HNA antigens.

Monoclonal antibodies specific to several HNA anti-
gens are commercially available and have been used to type
granulocytes by GIFT using the flow cytometer. An advan-
tage to phenotyping by this method is that it can be done
with whole blood instead of with isolated granulocytes.

Because phenotyping granulocytes cannot often be per-
formed or can be unreliable if samples are not handled in a
careful and timely manner, genotyping by PCR, which has
less stringent sample age and handling restraints, can serve
either as an alternative to or as confirmation of serologic
results.

Granulocyte Genotyping

The discovery of the PCR in the 1980s facilitated the
development of molecular methods that have now been ap-
plied to delineate the genetics and allelic variations of the
HNAs. Initially, the characterization of the genes encoding
the HNA-1 antigen system (HNA-1a, HNA-1b, and HNA-1c¢)
allowed for the development of PCR assays using sequence-
specific primers (SSP) to differentiate the alleles. To com-
plicate matters there is a high degree of homology between
the FCGR3A gene that encodes the FcyRIIIa granulocyte
receptor and the FCGR3B gene where the three different
HNA-1 polymorphisms reside. HNA-1a, HNA-1b, and HNA-
1c are encoded by FCGR3B*1, FCGR3B*2, and FCGR3B*3
genes, respectively. FCGR3B*1 differs from FCGR3B*2
by five nucleotide bases, and a single nucleotide polymor-
phism (SNP) differentiates FCGR3B*2 from
FCGR3B*3 (Table 2). FCGR3A differs from

splicing defects, and no mutations have been detected in
the CD177 introns or exons in these individuals.?? Because
the gene encoding HNA-3a has only recently been identi-
fied, there has not been a genotyping procedure for this
antigen, but the clinical importance of this antigen is sup-
porting efforts to get a molecular method developed.

Genomic DNA (gDNA) can be isolated and purified
from anticoagulated blood using any number of published
methods. A unique set of sense and antisense oligonucle-
otide primers that border the DNA fragment to be amplified
are added to a master mix of reagents that includes deoxy-
nucleoside triphosphates (ANTPs), Taq polymerase, a buf-
fer solution containing Mg?*, and the individual’s gDNA.
The master mix is subjected to a series of 30 to 40 tempera-
ture changes that define the amplification cycles. Each cycle
consists of three temperature steps that are critical in the
amplification of the DNA target strands. The first step in
the cycle typically involves heating the master mix to a tem-
perature of 95°C. This denaturation step results in double-
stranded DNA separating into single strands by disrupting
the hydrogen bonds between each nucleotide base pair. The
annealing step follows in which the reaction temperature is
lowered to 50°C to 65°C. This allows the primers to hybrid-
ize to the opposing strands of the target DNA. The final ex-
tension step heats the master mix from 71°C to 72°C, which
results in DNA synthesis in the presence of Taq polymerase
and dNTPs complementary to the oligonucleotide primers.
A final extension step is added after all cycles have been
completed to ensure that any remaining single-stranded
DNA is fully elongated. The amplified double-stranded
DNA (amplicon) is separated by size using agarose gel
electrophoresis, stained with ethidium bromide, and visu-
alized by fluorescence using ultraviolet light. The sizes of
the amplicons are determined by comparison with a DNA
ladder, which contains DNA fragments of known sizes that
were run alongside the PCR products during the agarose gel
electrophoresis step.

Future Directions
Solid-Phase Technology

The complement-dependent lymphocyte cytotoxicity
assay was the first platform, developed nearly 50 years ago,
for identifying HLA antibodies and remains the standard
for the development of new methodologies in this field.

Table 2. Nucleotide differences for the three HNA-1 alleles (1a, 1b, and 1¢) on
FcyRIllb and among the FcyRIIl genest

FCGR3B at five different nucleotide locations
(Table 2).

HNA Gene

Polymorphic nucleotides

Methods are also available to genotype
the HNA-4a and HNA-5a alleles.” Both of 1a
these polymorphisms are the result of SNPs. 1b
Even though the molecular sequence of HNA- 1c
2a has been identified, genotyping methods

141 147 227 266 277 349 473 505 559 641 733

FCGR3B*1 G C A C G G A C G C T
FCGR3B*2 Cc T G C
FCGR3B™3 Cc T G A

FCGR3A C

A A A C G C T
A A A C G C T
G C G G A G T T T Cc

to detect the gene that encodes this alloanti-
gen are not available. The HNA-2a negative
phenotype is attributable to CD177 mRNA
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tInformation from references 91 and 92.
NOTE: Boldface indicates substituted nucleotides.
FcyRIllb = Fc gamma receptor lllb; HNA = human neutrophil antigen.
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Multiple new technologies are now being used by HLA
laboratories, and in the past few years solid-phase assays
have been developed in which purified HLA molecules are
bound to a well in a microtiter plate or to a bead. HLA an-
tibody is then detected either using an enzyme-linked im-
munosorbent assay (ELISA) technique or by analyzing the
beads with a flow cytometer, which uses a new technology
developed by Luminex (Austin, TX).%4 A critical advantage
of this technology is its ability to measure multiple analytes
simultaneously in a single reaction system. The commer-
cially available test kits use purified HLA antigens bound
to microbeads, which can be individually differentiated by
varying ratios of internal fluorescent dye prepared during
the manufacturing process. The test involves incubation of
test sera with the panel of microbeads, and the bound HLA
antibody is detected by a secondary R-phycoerythrin (PE)
conjugated IgG (or IgM)—specific antibody.

Analysis is done with the use of a Luminex flow analyz-
er in which the beads pass through two lasers, similarly to
classic flow cytometry. One laser identifies the specific bead
being analyzed, thereby identifying the unique HLA anti-
gen. The other laser detects the presence of bound Ig on the
surface of the microbead. The color signals are then detect-
ed and processed into data for each reaction. A significant
fluorescence shift from the negative control range indicates
the presence of specific antibody in the test sample.

The widespread use of Luminex technology by HLA
laboratories has fostered commercial activity directed at
using this technology for the detection of HNA antibodies
that have been related to febrile and pulmonary transfusion
reactions. One Lambda, Inc. (Canoga Park, CA), has devel-
oped recombinant cell lines for HNA-1a, -1b, -1c, -2a, and
-4a, and these cell lines have allowed the production of pu-
rified proteins that have been individually immobilized on
Luminex microbeads for use in their LABScreen Multiflow
bead assay. Stroncek and colleagues® evaluated the specific-
ity and sensitivity of this new procedure using 22 sera that
had known HNA antibodies detected with the GA assay and
140 samples from nontransfused men. All HNA antibody
specificities (except 4a) recognized by GAT were detected
in the solid-phase flow bead system (8 HNA-1a, 6 HNA-1b,
1 HNA-1¢, and 8 HNA-2a positive sera), and HNA-1c reac-
tivity was detected in four specimens that were negative by
GAT. In addition, all of the 140 negative control samples
had negative reactions when tested by LABSreen Multi, and
the system was able to detect both HNA and HLA antibod-
ies (both class I and class IT) in some individual specimens.%
Although preliminary, these results suggest that this solid-
phase technology may emerge as a major achievement in
the development of a new sensitive and specific platform
for the detection of granulocyte antibodies in an automated
manner with limited complexity and high cost efficiency.

Cell Lines Expressing HNA Antigens

Another approach to eliminate the need for freshly
isolated granulocytes for granulocyte antibody screening
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has been the establishment of cell lines that express HNA
antigens. In 1999 Bux’s group transfected Chinese ham-
ster ovary (CHO) cells with HNA-1a, HNA-1b, and HNA-
1c cDNA and established stable cell lines expressing these
antigens.®® Although the cell lines were stable for 1 month
at 4°C, they demonstrated high background fluorescence in
the GIF assay and could only be used for the MAIGA, which
limited their overall utility. More recently, Yasui et al.o”%®
transduced HNA genes into the human erythroleukemia
cell line K562 and established a panel of K562 cell lines that
stably expressed HNA-1a, -1b, -1¢, -2a, -4a, -4b, -5a, and -5b
for at least 1 year while being maintained in culture. They
were not able to establish a cell line expressing HNA-3a be-
cause of the previous lack of biochemical and genetic infor-
mation for this antigen. The group’s report demonstrated
the utility of using the cultured cells in the GIF assay to de-
tect HNA antibodies in serum samples from patients with
HNA antibody-related disorders, but experience with this
new cell line technology is very limited and it remains to be
seen whether the cell lines can be maintained or preserved
in a manner that would support the use of these cells for
routine (nonresearch) granulocyte serology applications.

ISBT Working Party on Granulocyte Immunobiology

In 1989, Professor Alan Waters organized the UK Plate-
let and Granulocyte Serology Working Group, and 11 inter-
national laboratories participated in the First International
Workshop on Granulocyte Serology. The objectives of this
first workshop were as follows: (1) to initiate an exchange
of sera among laboratories to evaluate the techniques be-
ing used for the detection of granulocyte antibodies, (2) to
foster working relationships among laboratories involved
in this field, and (3) to support the development of the sci-
ence and technology for the detection of granulocyte anti-
bodies.*

The Working Party was initially affiliated with the Brit-
ish Blood Transfusion Society but is now affiliated with the
ISBT. The goals of the Second Workshop, in 1996, were
the (1) establishment of typed granulocyte panels by well-
defined typing sera, (2) proficiency testing of granulocyte
antibody detection, (3) investigation of uncharacterized
sera, (4) proficiency testing of HNA genotyping, and (5) ex-
change of information to establish standards in granulocyte
serology.’*® Fifteen international laboratories participated
in the Fourth Workshop, in 2001, with the main objec-
tive being the establishment of a formal quality assurance
(QA) scheme for granulocyte serology and molecular typing
methods.%

To date, the Working Party has conducted nine Granu-
locyte Serology Workshops and comprises 16 international
member laboratories, which are listed in Table 3. Also, the
American Red Cross Mid-America Blood Services Neutro-
phil & Platelet Immunology Laboratory has been a member
of this consortium since its inception in 1989. The workshops
continue to focus on the QA and standardization of the test
systems, and the Working Party recently published its
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serologic screening recommendations for the investigation
and prevention of leukocyte antibody-mediated TRALI.*!

Conclusions

Granulocyte antibody and antigen testing has played
and continues to play a critical role for diagnosing and
investigating relatively rare but potentially lethal clini-
cal conditions such as TRALI and immune neutropenias.
Although mitigation strategies are already being imple-
mented nationwide, TRALI still appears to be a leading and
preventable cause of transfusion fatalities. As advancing
technology allows granulocyte antibody testing to be done
on a less manual and larger scale with more standardized
and reproducible results, it now has the potential to become

Table 3. Members of the ISBT Working Party on Granulocyte
Immunobiology

+ Platelet and Leucocyte Immunology Laboratory, EFS lle de France,
Hopital Henri Mondor, Creteil, France

+ Leucocyte and Platelet Inmunology Laboratory, Blood Service West of
the German Red Cross, Hagen, Germany

+ The BloodCenter of Wisconsin, Platelet and Neutrophil Immunology
Laboratory, Milwaukee, WI, USA

+ Institute of Transfusion Medicine, University of Schleswig-Holstein, Kiel,
Germany

= Australian Red Cross Blood Service-Queensland, Brisbane, Australia

+ Platelet and Granulocyte Immunology Laboratory, National Blood Se
vice, Bristol, UK

+ Blood Transfusion Center of Slovenia, Ljubljana, Slovenia

+ Centre de Transfusio | Banc de Teixitis, Hospital Vall d’'Hebron, P. Vall
d'Hebron, Barcelona, Spain

+ Sanguin Diagnostics, Inmunohaematology Diagnostic Department,
Amsterdam, The Netherlands

+ Institute for Clinical Inmunology and Transfusion Medicine, Justus
Liebig University, Giessen, Germany

» American Red Cross Mid-America Blood Services, Neutrophil & Platelet
Immunology Laboratory, St. Paul, MN, USA

+ Department of Transfusion Medicine, Graduate School of Medical Sc
ences, University of Tokyo, Tokyo, Japan

» Department of Inmunohaematology and Transfusion Medicine, Institute
of Haematology and Blood Transfusion, Warsaw, Poland

« Aberdeen and North East Scotland Blood Centre, Scottish National
Blood Transfusion Service, Aberdeen, UK

» Platelet and Leucocyte Immunology Laboratory, Institute of Biology,
Nantes, France

» Department of Transfusion Medicine, Karolinska University Hospital,
Stockholm, Sweden

even more valuable as a tool to increase blood safety by ac-
tually preventing transfusion reactions without compro-
mising an adequate supply of blood.
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