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Human leukocyte antigen antibody detection technologies in
platelet transfusion refractoriness, with special emphasis on
functional test
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Abstract: In the clinical settings of transfusion medicine, human leukocyte antigen (HLA) antibody
detection and platelet cross-matching are important tests applied in the management of patients with
platelet transfusion refractoriness (PTR). Presently, fluorescence beads technologies using extracted and
purified HLA antigens are applied for the HLA antibody screening, and highly sensitive methods such as
flow cytometry crossmatch (FCXM) and immunocomplex capture fluorescence analysis (ICFA), based on
the use of live intact cells, are used for the cross-matching. Such highly sensitive methods have importantly
contributed for the prevention of refractoriness caused by low titer antibodies but, on the other hand, they
also detect those low titer antibodies or naturally occurring antibodies without or with unknown clinical
relevance. Moreover, the use of recombinant antigens has been shown to be associated with specific issues.
In addition, although the relationship between the antibody features and the clinical implications, such as
the relevance of antibody subclass in platelet clearance, has been investigated in the field of transplantation,
presently, few evidence exists in the literature related to blood transfusion. Here, we reviewed on the
available HLA antibody detection methods, the issues of the present methods, and present a new method for

the evaluation of clinically significant HLA antibodies using iz vitro platelet phagocytosis assay.

Keywords: HLA antibody; platelet transfusion refractoriness (PTR); platelet phagocytosis assay

Received: 06 August 2018; Accepted: 08 October 2018; Published: 19 October 2018.
doi: 10.21037/20b.2018.10.01
View this article at: http://dx.doi.org/10.21037/a0b.2018.10.01

Introduction the improvement of the clinical symptoms/signs and by
. .. . confirming the increase of platelet counts in the post-
Thrombocytopenia is a condition known to be associated ) & ) p ) p
. . transfusion period. Corrected count increment (CCI)
with various adverse outcomes, such as prolonged

hospitalization, increased medical expenses, and poor is the indicator generally used for the evaluation of the

survival rate (1-3). Platelet transfusion is indicated with the platelet count increment. CCI is obtained by comparing

aim to either stop bleeding (therapeutic use) in patients the platelet increment 1 hour (10 min—1 h) or 24 hours

with severe hemorrhage or prevent bleeding (preventive (16-24 h) post-transfusion with the platelet counts pre-

use) in patients with risk of hemorrhage, under conditions transfusion (4). However, platelet transfusion refractoriness

such as reduced platelet counts or altered platelet function.
Generally, there is need to confirm the efficacy of platelet
transfusion in the post-transfusion period by evaluating
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(PTR), a condition in which the expected increment is not
achieved, is often observed. PTR may be of immunological
or non-immunological etiologies, and the latter, which
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accounts for about 80% of the cases (2), is associated with
conditions such as inflammation or infection, splenectomy,
bone marrow suppression, hemolytic uremic syndrome
(HUS), disseminated intravascular coagulation (DIC),
hypersplenism, or use of drugs, among others (2,5).
On the other hand, PTR of immunological etiology is
dependent on the production of alloantibodies produced
by the transfusion recipients which react with alloantigens
expressed on the donor’s platelet surface including antigens
of the ABO system, human leukocyte antigens (HLA
class I) and human platelet antigens (HPA) (6,7). Among
those immunological PTR, more than 80-90% are due
to anti-HLA antibodies (8), which are considered of
great importance in PTR. HLA antibodies are frequently
identified in multiparous women or patients who received
multiple blood transfusions (9), and it is reported that
42.9% of hematologic patients with multiple transfusions
are positive for HLA antibodies (10). For these patients with
HLA antibodies, platelet concentrates (PC) without the
specific HLA antigen (HLA compatible PC) are effective.
For this transfusion management, the identification of HLA
antibodies, the determination of their specificities and the
dissection of the specific antibody(ies) responsible for the
PTR is mandatory.

With the advent of fluorescence beads technology,
the detection of HLA antibodies with a higher sensitivity
and the determination of the antibody specificity became
feasible. However, it is also associated with the detection
of antibodies with low clinical relevance including very
low titer antibodies or naturally occurring ones, requiring
careful analysis of the results. Moreover, the antibodies of
clinical relevance in PTR, among those identified by the
fluorescence beads technology, remain to be elucidated.
For the characterization of functionally relevant antibodies
involved in PTR, there is need to accumulate and
analyze the clinical data, which has been a difficult task,
mostly dependent on the heavy workload of the medical
institutions. To solve these issues, the development of a
simple and highly sensitive functional assay for the analysis
of platelet clearance was required.

Here, we review on the diagnosis of PTR, especially
focusing on the methods available for the detection of HLA
antibodies, discuss on the advantages and disadvantages of
each method, and describe a new functional assay for the
analysis of platelet clearance, namely platelet phagocytosis
assay, which we have published recently (11).
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HLA antibody detection methods

To now, methods such as the complement dependent
cytotoxicity (CDC) assays have been developed and applied
in the HLA antibody testing (12). Either methodology has
its advantages and disadvantages, so it is important to know
their features for the selection of the most appropriate
one. In addition to detection of the antibody, there is need
to confirm the antibody specificity, and to interpret on
its clinical relevance, and for this, there is need to deeply
understand the patient’s background, that means fully
understand the aim of the antibody testing, which requires
high level of expertise and experience. HLA antibody
detection methods can be divided into cell-based, which are
based on the use of live intact cells, and solid-phase assays,
such as ELISA or fluorescent-beads technologies, and they
should be selected according to the needs, which may be
antibody screening or antibody specificity identification.

Cell-based assay

Cell-based assays are methods in which intact cells are
used, and include CDC, flow-cytometry assay (FCXM), and
ICFA. They require a repertoire of antigens to be covered
according to the target antibodies, and for the identification
of antibody specificity, there is need to prepare panel cells
with known HLA specificity. Moreover, these methods
are useful for the crossmatch test, because they allow the
detection of a reaction with intact cells.

Complement-dependent cytotoxicity (CDC)

CDC is a method which uses the donor lymphocytes, which
are used for the identification of complement-dependent
antibodies in the patient’s plasma, and is also known as
lymphocyte cytotoxicity test (LCT). It was first reported
in 1964 by Terasaki et a/. (12) and since then, it has been
the gold standard method for the pre-transplant prediction
of hyperacute rejection (HAR) in patients receiving
transplantation. However, it is associated with disadvantages
such as the need to prepare raw cells with a good viability,
the low sensitivity of the test, and the affection of the test
results by non-HLA antibodies. In patients receiving blood
transfusion, there are reported cases of PTR due to low titer
antibodies not detectable by LCT (13), reason why recently
the mainstream of HLA antibody detection has been shifted
to methodologies such as FCXM and solid-phase assay,
which have higher sensitivity for antibody detection.
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Flow-cytometry assay

Flow-cytometry is based on the use of panel cells consisting
of lymphocytes, which are reacted with the antisera,
followed by a secondary fluorescence-labeled antibody, and
the fluorescence intensity is measured in a flow-cytometer.

This method allows the identification of both class
I and class II antibodies, by using T or B lymphocytes,
respectively, and has been shown to be useful for patients
with low-titer donor specific antibody (DSA) with high
risk of antibody mediated rejection (AMR) or transplant
rejection (14).

Moreover, its usefulness in detecting low titer antibodies
undetectable by LCT in patients with PTR has been
confirmed (13). On the other hand, the standardization of
the flow-cytometry assay has been considered an issue, due
to the inter-institutional variations of the flow-cytometer, the
fluorescence dye, the secondary antibody, and the number
of cells and the volume of antisera applied, in addition to the
disadvantages of the method, which include the affection
of the results by non-HLA antibodies, similar to CDC, the
need of cells with a good viability and the affection by drugs
such as the anti-thymocyte globulin (ATG).

ICFA

This method, originally reported by Fujiwara et al. (15),
is based on the capture of the HLA antigen-antibody
complex, formed by reaction of hemolyzed donor whole
blood (leukocyte pellet) with the patient’s serum, by
the anti-HLA antibody immobilized to the surface of
fluorescence beads. Since antigen-specific antibodies are
detected, the development of non-specific reactions due to
patient’s factors, which was one important issue of the cell-
based assays, could be importantly reduced. Moreover, the
reactivity of naturally occurring antibodies, which is an
issue of the fluorescence beads technology using genetically
recombinant proteins, as described below, is not observed,
which makes it a valuable method for use as a high sensitive
crossmatch test.

Solid-phase assay

Solid-phase assays, including enzyme-linked immunosorbent
assay (ELISA) and fluorescence-based technologies using
Luminex, are known to have higher sensitivity compared
to cell-based assays. The fluorescence-based technologies
are nowadays the mainstream in HLA antibody detection.
The fluorescence beads technology is composed by the
original fluorescent polystyrene beads, and the specialized
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equipment to measure their fluorescence, and is recently
widely diffused in various fields including blood transfusion,
and organ and stem cell transplantation. The advantageous
features of the fluorescent beads include the feasibility
to conduct the test using small amounts of reagents, the
multiple information obtained in a single assay, and the
higher sensitivity and throughput compared with the other
technologies.

Next, we describe the currently available fluorescence
beads technologies in details.

Fluorescence beads technologies

The fluorescence beads technologies are based on the use
of 100 different types of polystyrene beads, prepared by
coating with two different fluorescent dyes in different
contrasting densities, which are read in the Luminex
system. In the Luminex system, the red laser is irradiated
to the beads, and the reflected fluorescence intensity is
identified, in addition to the irradiation of a green laser to
identify the fluorescence intensity of phycoerythrin (PE).
Thus, the fluorescence of the beads and that of the labeled
antibody are simultaneously identified, making it feasible to
differentiate even in case of a mixture of beads, allowing the
simultaneous measurement of multiple specificities. The
Luminex system allows the use of a maximum of 100 beads
per assay, which means 100 types of information can be
obtained simultaneously.

The HLA antibody detection by the Luminex system
is based on the following principle: extracted and purified
HLA or recombinant HLA antigens are coupled to the
polystyrene beads, and the beads are reacted with the
antisera. Then, the PE-labeled secondary antibody (anti-
human IgG) is added to identify the HLA antibody
specificity. The results are analyzed and interpreted using
the software provided by the manufacturers, allowing the
identification of the antibody specificities. A vast product
lineup is available according to the purpose of the test,
but all the commercialized products have high sensitivity
and simple (easy) manipulability, in addition to the
short-time required for the test. The fluorescence bead
technology can be divided into screening products and
antibody specificity identification products. In the screening
products, multiple beads coated with multiple antigenic
specificities are applied for the antibody detection. Since
beads are coated with multiple specific HLA antigens, the
antibody specificity cannot be identified. Also, products
in which beads are coated with a “single specific” HLA
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antigen are available, which allows the antibody screening
with a rough identification of antibody specificity, but the
clear identification is not feasible. In these products, the
HLA antigen extracted and purified from cultured B-cell
lineage cell lines are coated to the beads. On the other
hand, antibody screening products in which individual
beads are coated with a single HLA antigen synthesized
by recombinant technology are also available as the
antibody specificity identification products (single antigen
beads). These specificity identification products allow
the identification of antibodies specific for a single HLA
antigen, in addition to making feasible to estimate the
antibody titer roughly. Thus, the HLA antibody tests based
on the fluorescence beads technology vary in sensitivity
or in the resolution of specificity identification, so they
should be carefully selected according to the aim of the
test. Compared to the previously described cell-based
assays, this technology has many advantages, including
the higher sensitivity, easier manipulability, and the
availability of commercial kits, which are steadily subjected
to quality control tests. However, dependent on the use of
recombinant HLA antigens, it is known to detect antibodies
with low clinical relevance or naturally occurring HLA

antibodies (16,17).

Cautions when applying the fluorescence beads technologies

Many types of naturally occurring antibodies have
been reported, which have the characteristic of being
monospecific (16). Morales-Buenrostro ez al. (17) reported
that any type of HLA antibody (HLA class I Ab in 43%,
class II antibody in 11%, class I + class II antibodies in
12%) is detected in the plasma of 63% of healthy male, and
it was hypothesized to be dependent on a cross-reactive
immunization against vaccination, any kind of bacteria, or
the ingestion of any kind of food. These naturally occurring
antibodies have been suggested to specifically react with a
new epitope emerged on HLA denatured during extraction
of the recombinant protein (18). Thus, it is estimated to be
not reactive with the native HLA on live cells, and many
reports have suggested the low clinical relevance of such
antibodies (19,20). However, discriminating these non-
HLA antibodies is not an easy task.

There were reports on the PTR caused by HLA
antibodies undetectable by the conventional LCT (13),
but the detection of such antibodies became feasible with
the advent of fluorescence beads technologies, and the risk
of PTR due to HLA antibodies significantly decreased.
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However, recent reports have shown that low titer HLA
antibodies are not involved in the pathogenesis of PTR
(21,22). Also, there are reports on the correlation between
the intensity of the results in fluorescence beads technology
and the severity of PTR, and Beligaswatte et al. reported
that fluorescence intensity over 5,440 is associated with
more than 90% risk of PTR (21). On the other hand,
Linjama et 4/. have reported that the effectiveness of
platelet transfusion is affected in case the cumulative MFI
exceeds 1,000 (23), however, the discrimination of the
causative antibody is not feasible, and presently, defining
the appropriate cut-off is not feasible. In addition, recently,
many factors, such as epitope sharing, oversaturation, or
inhibition of secondary antibody binding by complement
(prozone effect), have been shown to affect HLA antibody
detection by fluorescence beads technologies, and it is
suggested that the correlation with the mean fluorescence
intensity (MFI) is lost in case a certain antibody titer is
exceeded, making difficult to know the precise antibody titer
(24-26). In fact, Tambur et al. reported that the prozone
effect is observed in 71% of alloimmunized patients (27).
For this reason, it is recommended that the results of
fluorescence intensity using recombinant HLA antigens
should be interpreted semi-quantitatively (28,29). As
described above, the use of fluorescence beads technology
allows the detailed identification of HLA antibody with
high sensitivity, but on the other hand, there is need to pay
special attention to the possibility of detecting naturally
occurring antibodies or low titer antibodies without clinical
relevance. Moreover, many uncertainties, such as the
correlation between antibody titer and the effectiveness of
platelet transfusion and the determination of the cut-off
value of the test, remain to be solved. To solve these issues,
it is essential to accumulate clinical data, but for reasons
such as the burden for the patients or the health insurance
coverage, or the busy schedule of the medical staff, the
clinical data of platelet transfusion is not necessarily
available post-transfusion, which may be one reason why
the understanding on the clinical significance of HLA
antibodies has not improved. For the better understanding
of the importance of HLA antibodies in the pathogenesis
of PTR, we developed a functional assay based on the
phagocytosis of platelets, and using this assay, we are trying
to improve the understanding of such antibodies in PTR.

In vitro platelet phagocytosis assay

First reported by Lim et a/. in 2002 (30), the platelet
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Figure 1 Procedure of the phagocytic assay.

phagocytosis assay is an effective tool for the evaluation
of PTR, also recently confirmed by Sayyadi er al. (31).
However, in their protocol, platelets are pre-stained
with a CellTracker Orange CMTMR (5-(and-6)-(((4-
chloromethyl)benzoyl)amino) tetramethylrhodamine) or a
CellTracker Green CMFDA (5-chloromethylfluorescein
diacetate) followed by the phagocytosis, which may result
in increased background, dependent on the platelets
attached to the external membrane of phagocytic cells. For
this reason, we have modified the protocol to use pHrodo
(Thermo Scientific), a rhodamine pH indicator, as the
fluorescence dye, and as a result we obtained an in vitro
assay of platelet phagocytosis with higher sensitivity and
specificity (11).

pHrodo is a fluorescence dye that emits fluorescence
only under acidic conditions, and is widely applied in the
phagocytosis assays of bacteria or apoptotic cells (32,33).

The principle of this test is based on the fluorescence
emission by pre-stained platelets only under acidic
condition, i.e., after phagocytosed by monocytes, which
allows the detection of only the internalized stained
cells. With this method, we can accurately detect platelet
phagocytosis. The details of the method are shown in
Figure 1. First, washed platelets are stained with the pHrodo
dye, then reacted with the antiserum, and washed with
buffer solution. In case the antiserum contains an antibody,
it binds to the surface of platelets, becoming opsonized
platelets. Separately, peripheral blood mononuclear cells
(PBMC) isolated by gradient centrifugation are seeded
onto a plastic plate, and incubated for a period of time to
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scraping

allow them to adhere to the bottom of the wells. The non-
adherent cells are removed by washing, and the remaining
monocytes are used for the assay. Opsonized platelets are
seeded onto the monocyte layer, and incubated. In case
antibodies are bound to the surface of the platelets, the
Fc fragment of the immunoglobulin is recognized by the
FcyR of the monocytes, and platelets are phagocytozed
by monocytes. Opsonized platelets are translocated to
the lysosome, and under the acidic environment of the
lysosome, the pHrodo emits fluorescence. Then, monocytes
are removed from the bottom of the wells and analyzed
by flow-cytometry. Monocytes emitting fluorescence
can be recognized, allowing the analysis of antibody-
dependent platelet clearance (Figure 2). The phagocytosis
assay using pHrodo allows the accurate identification of
phagocytosis of the platelets specifically reactive with the
antibodies, and thus, it is not associated with increased
background reactivity as in previous phagocytosis assay.
Also, compared to the previous assays, there are many
advantages, such as the very sensitive detection ability, a
wide dynamic range, allowing the more precise detection of
platelet phagocytosis. This method will allow us to better
understand the relationship between antibody titer and
transfusion effectiveness, as well as the association with the
antibody features, as discussed in the next section.

The correlation between antibody features

and PTR

It is suggested that not only HLA antibody titers, but
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Figure 2 Analysis of the phagocytic assay using the pHrodo dye. Analysis of phagocytosis using pHrodo-SE-labeled platelets. (A)
Representative dot scattergram and histograms in the phagocytosis assay of platelets. Left panel: Monocytes were gated by FSC and SSC
scatter. Right panel: M1 area was a population of monocytes that phagocytosed pHrodo-SE-labeled platelets. Platelets were treated with
w6/32 (shown in dark grey) or a buffer (solid black line). The phagocytic index was calculated by sample phagocytosis (%) compensated by
the buffer. (B) The fluorescent intensity of pHrodo-labeled platelets increased after they were engulfed by monocytes. The left panel shows

images by phase contrast microscopy. The right panel shows images of the same area by fluorescent microscopy.

also antibody features and antibody class, affect antibody-
mediated platelet clearance. As an example, the IgG
subclass is considered to be an important factor regulating
the antibody-mediated platelet clearance. Presently, IgG,,
IgG,, IgG; and IgG, are the known subclasses of IgG. IgG;,
and IgG;, but not IgG, and IgG,, bind to complement and
play important roles in effector functions, such as antibody-
dependent cellular cytotoxicity (ADCC) activity (Table 1).
In the field of organ transplantation, humoral immunity is
considered to play an important role, and many reports have
shown the role of antibody features, including IgG subclass,
in transplant outcomes (34-36) but, presently, little evidence
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is found in the literature related to PTR. Also, it is known
that the affinity of the FcyR expressed on effector cells, such
as macrophages, and the Fc fragment of the antibody play
an important role. The many types of Fc fragment which
interact with the FcyR are known (Table 2), and the affinity
of each IgG subclass with the FcyR and their effector
function are reported (37,38). The effector function of
IgG subclasses is reported to be stronger in the following
sequence: IgG;>IgG >>1gG>1gG, (39), but presently there
are no reports on the correlation between HLA antibody
subclass and PTR. Recently, the ratio of the expression level
of FeyRIIa carrying the ITAM motif to that of FeyRIIb
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Table 1 Immunoglobulin subclasses differ in function
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Biological function 1gG; 19G, 19G; 1gG, IgM IgA IgE IgD
Pathogen neutralization ++ ++ ++ ++ + ++ - -
Opsonization +++ +/- ++ + + + - -
NK cell ADCC ++ - ++ - - — _ _
Surface of mast cells and basophils + - + - - - +++ -
Classical complement activation ++ + +++ - +++ + - -
Transplacental transfer +++ + ++ +/— - - _ _
Serum level (mg/mL) 9 3 1 0.5 15 2.1 3x107° 0.04

-, none; +, weak activity; ++, moderate activity; +++, strong activity.

Table 2 Immunoglobulin receptor differ in structure and function

Receptor FcyRI (CD64) FcyRlla (CD32A) FcyRIlb (CD32B) FcyRllla (CD16A) FcyRlllb (CD16B)
Structure
a72 kDa
040 kDa 040-60 kDa a50-80 kDa a50 kDa
GPl link
ITAM l ITIM
. ITAM I ITAM
Affinity 19G=1gG;>1gG,>>IgG,  19Gs=IgG;, 1gG>>IgG,  19Gs=1gG,>1gG,>IgG, 9G4, 19Gs>>1gG,, 1I9G,  19Gy, 19G>>1gG,, 19G,
Cellular Macrophage; Macrophage; Macrophage; NK cell; eosinophil; Neutrophil; eosinophil
distribution  neutrophil; eosinophil;  neutrophil; eosinophil;  neutrophil; eosinophil;  macrophage; mast cell
dendritic cell platelet; dendritic cell dendritic cell; B-cell;
mast cell; basophil
Function Phagocytosis; ROS Phagocytosis; ROS Inhibition of signal Phagocytosis; ROS ROS release;
release; cytotoxicity; release; cytotoxicity; release; cytotoxicity; Cytotoxicity

cytokine release cytokine release

cytokine release;
degranulation

carrying immunoreceptor tyrosine-based inhibitory motif
(ITIM) motif importantly has been reported to importantly
regulate cells activation (40). Since FcyRIIb is reported
to negatively regulate phagocytosis (41), by evaluating
the correlation between the IgG subclass or the diversity
of Fey receptor on monocytes and the phagocytosis may
help improve our knowledge on the correlation between
alloantibodies, such as HLA antibodies, and PTR. Also,
recently, deletion of core fucose, a component of the sugar
chain of IgG,, has been reported to be associated with
severity of neonatal alloimmune thrombocytopenia (NAIT)
and with platelet clearance, and shown to associate with
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a more than 50 times stronger ADCC activity (42). In
addition, increase of sialic acid is reported to associate with
stronger ADCC or phagocytic activities (43), suggesting
the importance of the modification of IgG Fc glycans in
modulating effector activities (44). For this reason, we
believe there is need to investigate not only on the IgG
subclasses, but also on the correlation of the IgG sugar
chain modification and PTR. Moreover, although IgM
type antibodies are also reported to be involved in the
pathogenesis of PTR (45), presently its mechanism remains
to be elucidated. Recently, C3b deposited on the membrane
of cells through complement activation has been shown to
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have high affinity to the complement receptor present on
hepatic Kupffer cells (46), and that this binding increases
the cell clearance (47), thus complement activation is also
an important mechanism to be considered, and future
studies to clarify on the association of antibody subclass and
complement activation, using reagents for the detection of
complement activation, such as Cl1q Screen (One Lambda)
and LIFECODE C3d Detection (Immucor), are required.
According to the phenotype, HLA antigen expression is
reported to vary (48-51), but recently, it was shown that
there is individual difference not only in the phenotype but
also in the HLA antigen expression on platelets, and it has
been demonstrated that those platelets from donors with
low HLA antigen expression are not the target of antibody-
mediated clearance (52). This knowledge confers great
advantage for the selection of HLA compatible platelet
donors, so there is need to further investigate on the
importance of expression level of HLA on platelets in the
pathogenesis of PTR.

Concluding remarks

The antibody detection test and cross-matching are
important test for the provision of HLA compatible
platelets, but also analysis of the effectiveness of platelet
transfusion in the post-transfusion period is essential.
However, due to reasons such as the burden for the patient,
the health insurance payment coverage, and the heavy duty
of the medical staff, the effectiveness of platelet transfusion
is not appropriately analyzed in the post-transfusion period.
With the advances of the laboratory technologies, although
we have the benefits of highly sensitive tests on one side, the
above issue on the other side lead to a dissociation between
the antibody testing and the clinical results, which is the
present issue of the HLA antibody testing. To solve this,
there is need to confirm the validity of the test results in the
clinical setting, that means, there is need to accumulate data
on the antibody titers that are clinically relevant in PTR,
and simultaneously, apply iz vitro tools for the prediction or
evaluation of the clinical effectiveness, especially focusing
on the antibody features.
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