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Autoimmune thrombocytopenic purpura (AITP) is an acquired autoimmune
bleeding disorder, characterized by isolated thrombocytopenia because of
destruction of auto-antibody-coated platelets by Fc-receptor-mediated phagocytosis. The destruction of autoantibody-sensitized platelets by FccR-bearing
phagocytic cells and the following antigen presentation are considered to play
a key role for the pathophysiology of AITP. Although different isotypes of
AITP-mediating autoantibodies, e.g. IgG, IgM and IgA, are frequently found
in AITP patients, their role in the pathophysiology of AITP remains unclear.
Using a flow cytometric monocyte-based phagocytosis assay, we investigated
the impact of disease-associated autoantibody isotype in antibody-mediated
phagocytosis of platelets. Platelets, labelled with 5-chloromethyl fluorescein
diacetate (CMFDA), were incubated with AITP patients’ serum characterized
by pure IgG or IgM antiplatelet autoantibodies. Labelled platelets were incubated with monocytes. Phagocytosis was defined as the product of percentage
of CMFDA-positive monocytes and mean fluorescence intensity of CMFDA.
Adherence of platelets to monocytes was quantified by anti-CD61-PerCp in a
CMFDA+ CD14+ gate. IgG-coated platelets showed a significantly higher
phagocytic index than IgM-coated platelets (mean 796 ± 157 versus
539 ± 78, P < 0.01). There were no significant differences regarding platelet
adherence to monocytes. The isotype of autoantibodies influences the quantity
of in vitro phagocytosis of autologous platelets by monocytes. Therefore, the
AITP-mediating autoantibody isotype should be considered more carefully in
pathophysiologic models and furthermore in diagnostic, therapeutic and prognostic approaches in AITP.

Introduction
Autoimmune thrombocytopenic purpura (AITP) is an
acquired autoimmune bleeding disorder, characterized by
isolated thrombocytopenia because of destruction of
autoantibody-coated platelets by Fc-receptor-mediated
phagocytosis in the reticuloendothelial system [1] and
suppression of platelet production [2, 3]. Patients usually
develop mucocutaneous bleeding signs. In rare cases, lifethreatening events like intracranial haemorrhage may
occur [4]. The annual ITP incidence in adults has been
estimated at 3.2 per 10.000 [5]. With respect to the clinical onset and the duration of symptoms, AITP is classified in an acute (<6-month duration) and a chronic (more
than 6 months) disorder. Children are more frequently

affected by acute AITP, while adults usually suffer from
chronic courses of thrombocytopenia [1, 6]. The onset of
acute AITP in children is often 2–3 weeks following an
immunological event like immunization or a viral infection, and the disease is often self-limiting. In contrast,
adult AITP has usually no preceding event, shows more
often an insidious onset and has a chronic course [6]. T
cell-related and cytokine abnormalities could be shown in
chronic AITP [7, 8]. Acute and chronic AITP, although
both are immune mediated, might be different disease
entities with different underlying pathophysiologic mechanisms [9].
The diagnosis of AITP remains one of exclusion [1].
Usually, secondary forms (e.g. in association with systemic lupus erythematosus or lymphoproliferative
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disorders) should be excluded. No clinical signs or laboratory findings that may lead to a different diagnosis like
marked splenomegaly, altered bone marrow aspiration
samples, blood count or blood smear apart from thrombocytopenia are found. Several assays were designed to
detect anti-platelet antibodies and show a sensitivity of
49–66% and an estimated specificity of 78–92% [1, 10,
11]. Though, a negative test result cannot rule out the
diagnosis of AITP [12].
Current diagnostic procedures usually focus on detection of IgG antibodies and the platelet-specific glycoprotein target of the disease-mediating antibody. Concerning
diagnostic and pathophysiological aspects of AITP,
autoantibodies of the IgM class and other isotypes of
antiplatelet antibodies are often neglected.
The principal aim in the treatment of AITP is to raise
platelet count to prevent the patient from severe and lifethreatening bleeding. Because bleeding in AITP patients is
rare and platelet function is preserved, many patients do
not need treatment. The risk of bleeding should face the
side effects and toxicity of treatment. Corticosteroids and
IVIg remain the most common first-line treatment for
AITP. Anti-rhesus antibody (anti-D) is also effective in
Rh-D-positive individuals. Splenectomy might be considered for adult patients with chronic AITP. Rituximab, azathioprine, cyclosporin, cyclophosphamide, mycophenolate
mofetil and etanercept are also used in AITP treatment,
usually as second-line treatment [4]. New treatment
options as thrombopoietin receptor agonists, monoclonal
anti-Fcc antibodies and inhibitors of syk kinase are currently evaluated [13, 14].
Many concepts for the immune pathophysiology of
AITP put the destruction of autoantibody-sensitized
platelets by FccR-bearing phagocytic cells in the centre
of interest [1, 6, 15]. At least three classes of FccRs are
expressed on phagocytic effector cells in the reticuloendothelial system. High-affinity activating FccRI binds
monomeric and immune-complexed IgG, while low-affinity activating receptors FccRIIA and FccRIIIA bind
only immune-complexed IgG. Additionally, inhibitory
FccRIIB has recently been found [15]. In 1986, Clarkson
et al. [16] showed that blocking of the receptors leads to
reduced platelet destruction in AITP patients. Furthermore, FccR polymorphisms that can significantly alter
antibody binding are significantly overexpressed in a population with childhood AITP compared with healthy
controls [17], and thus, FccR polymorphisms may influence disease occurrence and severity [18]. Much work has
been carried out to clarify the role of different Fc receptors in the pathogenesis of AITP, and today, low-affinity
IgG receptors FccRIIA and FccRIIIA seem to be primarily responsible for removal of opsonized platelets [15,
19]. Specific inhibitors of phagocyte-mediated consumption of platelets are now investigated for new treatment
options of AITP [13].

Little is known about the pathophysiological differences of AITP-mediating autoantibody isotype and the
corresponding Fc receptor classes for phagocytosis of antibody-coated platelets, but they might be of high relevance for a better understanding of the disease. It is
surprising that although much work has been carried out
to identify the IgG receptor-subclass and the AITP-mediating autoantibody IgG subclasses, little work has been
addressed to clarify the role of the disease-mediating
autoantibody isotype.
Therefore, we used the model of AITP to investigate
the impact of disease-mediating antibody isotype on
immune phagocytosis of autologous platelets.

Material and methods
Patients and controls. Plasma samples from 11 adult
patients with AITP were obtained. Additionally, immunoglobulin from the platelet membrane of eight AITP
patients could be eluted by acid elution technique as
used in standard procedures [20]. Material obtained by
the latter procedure is referred to as eluates. All patients
presented with clinical bleeding signs because of thrombocytopenia at the time point of investigation, and the
diagnosis of AITP was made on the basis of verification
of platelet-reactive autoantibodies. None of the patients
had received treatment prior to the collection of blood
samples. No information was available on other clinical
diagnoses. Healthy adults were enrolled as controls. Studies were approved by the ethics commission at the University of Muenster, Germany.
Immunohaematological
and
biochemical
investigations. Autoantibody isotype in plasma and eluate samples
of AITP patients was determined by the platelet immunofluorescence test [20]. Results were confirmed using
the monoclonal antibody-specific immobilization of platelet antigens method in case of IgG antibodies [21] and
by commercially available enzyme-linked immunosorbent
assay (GTI, Brookfield, WI, USA) in the case of IgM
antibodies. The ELISA was performed according to the
manufacturer’s specifications with the exception that we
used anti-IgM as secondary antibody instead of a mixture
of anti-IgM, anti-IgG and anti-IgA. Anti-human leukocyte antigen (HLA) antibodies in plasma were excluded
by the lymphocyte cytotoxicity assay [20]. The concentrations of IgM and IgG in plasma and in eluates were
determined by quantitative alkaline phosphatase sandwich ELISA. The antibody concentrations were compared
to standard immunoglobulin solutions and checked with
negative and precision controls.
Characterization of patients and controls with regard to
plasma immunoglobulin concentrations and anti-platelet autoantibody isotype. The plasma samples were characterized
with regard to plasma immunoglobulin concentrations
and anti-platelet autoantibody isotype. Five patients
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presented with pure anti-platelet autoantibodies of the
isotype IgM (i.e. IgM-mediated AITP) and six patients
with pure anti-platelet autoantibodies of the isotype IgG
(i.e. IgG-mediated AITP). Anti-HLA antibodies were
detected in the plasma in none of the patients. The eluates used in the assay contained also pure anti-platelet
antibody populations (four IgG and four IgM). Healthy
individuals did not exhibit anti-platelet or anti-HLA
antibodies.
Flow cytometric monocyte-based phagocytosis assay. Monocytes
and platelets. The phagocytosis assay was performed similar
to Lim et al. [22]. The monocytes and platelets used in each
assay were obtained from two different healthy donors
with blood type 0 (one female and one male donor). The
monocytes were collected by apheresis (Cobe Spectra LRS;
Gambro BCT Inc., Lakewood, CO, USA) in the blood
donation centre by standard procedures. The apheresis
product was diluted with PBS buffer. The mononuclear
cells (MNCs) were isolated by density gradient centrifugation (density 1.077, Biocoll Separating Solution; Biochrom
AG, Berlin, Germany). MNCs were washed twice with
RPMI (RPMI 1640; Bio-Whittaker Europe, Verviers, Belgium) and resuspended in RPMI with 5% FCS to
5 · 106 white blood cells per mililitre. We used the adhesion method to enrich the monocytes as followed: 2 ml of
the resuspended MNCs was poured in each well of eight
well multi-plates (Nunc, Wiesbaden Biebrich, Germany).
After incubation for 1 h at 37 C ⁄ 5% CO2 and after
washing the well with warm RPMI solution to discharge
non-adherent cells, the monocyte layer was checked by light
microscopy.
Platelets. The platelets were obtained by peripheral
blood collection from the same donor as the MNCs. The
blood was anticoagulated with EDTA. The platelet-rich
plasma was washed three times and resuspended in 0.5%
EDTA–PBS buffer to a final concentration of 5 · 108 ⁄ ml.
All cell concentrations were determined using an automated cell counter (Sysmex, K1000; Toa Medical Electronics, Kobe, Japan).
Labelling of platelets. For each assay, monocytes and
platelets were obtained from the same donor. Plateletrich plasma was obtained from EDTA whole blood.
Platelets were labelled with CellTracker Green CMFDA
(Molecular Probes, Eugene, OR, USA). CMFDA was used
as described by Baker et al. [23]. We used a concentration of 5 lM CMFDA to label the platelets. After
45 min of incubation, the platelets were centrifuged at
2000 g for 10 min, resuspended with 0.5% EDTA–PBS
and washed again. The labelled platelet solution was
adjusted to a concentration of 5 · 108 platelets ⁄ ml.
Sensitization of CMFDA-labelled platelets. One millilitre of the CMFDA-labelled platelet solution was incubated with patients’ plasma or eluates from platelet
membrane of AITP patients. Different antibody isotypes
were adjusted to same (weight dependent) concentrations

with respect to the number of antigen-binding sites. In
case of plasma 300 lg immunoglobulin and in case of
eluates 150 ng immunoglobulin were used. The incubation was performed in the absence or presence of 5 ll
rabbit complement (Biotest, Dreieich, Germany). Plasma
from AITP patients with strong IgG anti-GPIIb ⁄ IIIa
reactivity and plasma from healthy blood donors served
as positive and negative controls.
Monocyte–platelet incubation. Two millilitre of the
RPMI ⁄ FCS medium and 250 ll of the sensitized platelet
solution were added to wells coated with a monocyte
monolayer. The plates were gently moved to mix the
solutions. Each assay was performed in triplets, and each
assay was repeated the following day. Positive and negative controls were performed in each assay. The plates
were incubated in a CO2 (5%) incubator for 90 min at
37 C. To remove non-adherent cells, each well was
washed twice with 2 ml of warm RPMI ⁄ FCS medium.
Adherent monocytes were mobilized with 1.5 ml cold
PBS and the help of cell scraper (Falcon, Becton Dickinson Labware, Franklin Lakes, NY, USA). The collected
monocyte cell suspensions were centrifuged at 1200 g for
10 min and resuspended with 100 ll PBS.
Flow cytometric analysis of the platelet phagocytosis. After
phagocytosis, monocytes were incubated with 3 ll PEconjugated anti-human CD14 mouse antibody (Caltag
Laboratories, Burlingame, CA, USA) and 15 ll PerCPconjugated anti-human CD61 mouse antibody (Becton
Dickinson, San Jose, CA, USA) for 15 min at room temperature. Monocytes were washed twice with PBS and
were analysed by flow cytometry (FACS Calibur; Becton
Dickinson, Mountain View, CA, USA).
The platelets were internally labelled with CMFDA.
CMFDA shows properties similar to FITC and was
detected in fluorescence channel 1. The monocytes were
detected by PE-conjugated anti-human CD14 mouse
antibody in fluorescence channel 2. The adherent and
non-internalized platelets were identified by PerCP-conjugated anti-human CD61 mouse antibody in fluorescence channel 3 (see Fig. 1).
The data were analysed by software (CELLQUEST; Becton Dickinson). Phagocytosed platelets were detected as a
CMFDA-positive population in an ellipsoid CD14+
monocyte gate. Additionally, platelet adherence was measured in an ellipsoid CD14+ monocyte gate by the quantification of CD61-PerCP.
Two populations of the monocytes could be identified,
regarding the quantity of CMFDA fluorescence (see
Fig. 1). The population with the higher intensity
(CMFDA+) was the source for the quantification of
phagocytosis. We used a modified index, originally
described by Rinder et al. [24, 25], to quantify the index
of phagocytosis that we defined as the product of percentage of CMFDA-positive monocytes (CMFDA+ and
CD14+ cells of all cell events) and mean fluorescence
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Figure 1 Three-dimensional graphics show
two results of the monocyte-based phagocytosis assay. The monocyte population (CD14+)
is depicted in dependence of the fluorescence
intensity of 5-chloromethyl fluorescein diacetate. Left: negative control (healthy control);
right: autoimmune thrombocytopenic purpura patient.

intensity (MFI) of CMFDA. This index is referred to as
phagocytic index (PI) and is given as mean ± SD.
Statistical analysis. The results were analysed using
the Mann–Whitney U-test. All statistics were performed
by software (SPSS 16.0; SPSS Inc., Chicago, IL, USA).

Results
Phagocytosis of platelets sensitized with antibodies from
plasma of AITP patients

Autoantibody-coated platelets were differentially in vitro
phagocytosed by monocytes depending upon immunoglobulin isotype and complement activation. As shown
in Fig. 2 and supplemental Table S1 in more detail, the
platelets either sensitized with IgG antibodies from AITP
patients showed in the absence of complement a phagocytic index (PI) of 330 ± 24 (n = 6) or sensitized with
IgM antibodies a PI of 250 ± 29 (n = 5), whereas platelets incubated with healthy control plasma resulted in a
PI of 202 ± 35 (n = 5). Only the phagocytosis of platelets with autoantibodies of the IgG isotype achieved significance when compared with the IgM isotype and
control group [Mann–Whitney U-test (P < 0.01 for

both)]. The monocyte-based phagocytosis assay was performed additionally in the presence of complement. As
expected, the controls showed a slight increase in the PI
(260 ± 55), indicating a near equal ‘background’ level
including spontaneous phagocytosis. In contrast to the
above-mentioned experiments without complement supplementation, the phagocytic indices were now significantly increased for both groups of antibody-sensitized
platelets (IgG isotype 796 ± 158 (n = 6), IgM isotype
539 ± 78 (n = 5), P < 0.01, respectively). Furthermore,
donor platelets sensitized with IgG autoantibodies of
AITP patients were phagocytosed to significant higher
amounts when compared to those with IgM autoantibodies (P < 0.05).
Phagocytosis of platelets sensitized with antibodies from
platelet eluates of AITP patients

In addition, comparable experiments were carried out by
using autoantibodies initially bound on the surface of
AITP platelets and subsequently eluated by acid elution
technique. Because there was a shortage of eluate, these
assays were exclusively performed without complement.
The mean indices of phagocytosis of IgG-sensitized platelets were 212 ± 26 (n = 4) and of IgM-sensitized platelets 118 ± 12 (n = 4). The indices of phagocytosis of
IgG-sensitized platelets compared with IgM-sensitized
platelets could be discriminated significantly using
Mann–Whitney U-test (P < 0.05).
Platelet adherence to monocytes

Figure 2 Index of phagocytosis of antibody-sensitized platelets depending upon the antibody isotype (IgG or IgM) with or without complement supplementation.

The fluorescence level of anti-CD61-PerCP was measured
with respect to the sensitizing antibody isotype or control, see Fig. 3. Adherent platelets ‘sensitized’ with control plasma without any known antibody-mediated
platelet reactivity showed a MFI of 2621 ± 71. The MFI
of adherent platelets sensitized with plasma-soluble IgG
antibodies was 2872 ± 120 (n = 4) and with eluated IgG
antibodies 2007 ± 41 (n = 4). Platelets sensitized with
IgM antibodies achieved MFI of 2857 ± 64 (n = 4) and
2025 ± 30 (n = 4), respectively, without complement
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presented on the cell surface to be the target for antigenspecific T-helper cells [33]. During senescence, phagocytosis occurs physiologically in the manner that platelets are
taken up by macrophages and presumably destroyed within
lysosomes. Under certain inflammatory stimuli, the monocyte ⁄ macrophage system might be activated, which may
alter the physiological way to process autoantigens and lead
to altered T cell and APC interactions that may force antigen-primed B cells to secrete autoreactive antigen-specific
antibodies [9].
Autoantibodies in AITP

+

Figure 3 Mean fluorescence intensity of anti-CD61-PerCP of CD14
monocytes showing the properties of adherence depending upon autoimmune thrombocytopenic purpura-mediating antibody isotype.

supplementation. The control group could be discriminated from the AITP patients group independent upon
the immunoglobulin isotype (IgG or IgM) by the level
of anti-CD61-PerCP fluorescence (P < 0.001), whereas
there was no statistical significance between these groups
of sensitizing antibody isotypes (P = 0.862).

Discussion
Early in vitro studies have shown that the thrombocytopenia in AITP patients based primarily upon the destruction of platelets by the antibody-induced phagocytosis
[26, 27]. However, to this end, no further investigations
concerning autoantibody isotype and phagocytosis capacity were made yet, although specific inhibitors of phagocyte-mediated consumption of platelets are currently
investigated for new treatment options of AITP and
Fc-FcR interactions are thought to be brilliant targets for
immunomodulatory therapies [13].
Phagocytosis in AITP

Antigen processing is thought to be a key determinant of
the quality and quantity of a CD4+ T cell activation [28],
and so it is postulated that presentation of antigen and
activation of antigen-presenting cells (APC) play a crucial
role for the understanding of tolerance and autoimmunity
[29]. Over the last 10 years, abnormal T cell activation patterns could be demonstrated in the setting of AITP [7, 8,
30], and autoreactive T cells are believed to drive autoantibody production in patients with AITP [31]. Yet, it is
unknown how the T cells are activated, but probably,
APCs such as monocytes and dendritic cells may be
involved [9, 32]. Antigens are usually internalized by APCs
and processed into smaller antigenic fragments by proteolytic degradation. These antigen fragments are attached to
major histocompatibility complex class II molecules and

Anti-platelet autoantibodies in AITP mainly belong to
the IgG class. The most common antibody subclass in
chronic AITP patient was IgG1 (77%), either alone or
with other IgG subclass antibodies [34]. Observations
were made that patients with acute AITP show predominantly IgM autoantibodies [35]. He et al. evaluated sera
from 47 chronic AITP patients for antibodies of IgG, IgA
and IgM classes. In 85%, the sera contained one or more
classes of Abs. IgG and IgA occurred together in 51% of
sera, in 17% IgA alone. IgM antibodies were found in
15% in combination with IgG or IgA [36]. Porcelijn and
von dem Borne [37] mentioned an occurrence of antiplatelet autoantibodies of the IgM isotype in up to 26%
of cases. This observation was previously confirmed by our
group, indicating that AITP is mediated partially by antibodies of both isotypes, IgM and IgG [38]. In some clinical settings, the detection of IgG autoantibodies might
not be sufficient. The autoantibody assays in AITP should
be broadened with autoantibody isotypes like IgM and
IgA. However, it remains unclear whether autoantibodies
in AITP follow the rules of isotype switch.
In AITP, autoantibody-dependent phagocytosis is considered to be the primary mechanism of peripheral platelet destruction [1, 6, 39]. However, there might be
additional components such as a decreased T cell-mediated platelet production involved in the pathophysiology
of AITP [3, 40, 41]. Apart from this, we used an in vitro
monocyte-based phagocytosis assay to investigate the link
between FcR-mediated phagocytosis and different autoantibody classes.
We could show that autoantibody-coated platelets were
differentially in vitro phagocytosed by monocytes depending upon immunoglobulin isotype. With respect to the
index of phagocytosis used in our study, IgG antibodies led
to the highest quantity of phagocytosis, compared with
IgM and controls. The presence of a complement source
increases the phagocytosis capacity of monocytes for each
group or makes antibody-sensitized platelets more ‘mouthwatering’ for phagocytosis comparable to the process of
opsonization. As shown by our own results, bound autoantibodies of IgM isotype could only be discriminated from
healthy controls in the presence of complement. In early
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studies, increased levels of platelet-associated C3, C4 and
C9 have been demonstrated on AITP platelets [42, 43], and
our results underline that complement activation may be
important in some AITP patients and this is probably
dependent on autoantibody isotype.
In our experiments, the actual internalization of platelets was controlled by the simultaneous measurement of
merely adherent platelets by anti-CD61-PerCP. There
were no differences of non-internalized and adherent
platelets depending upon the IgM or IgG isotype. It can
be assumed that the monocyte surface might be saturated
with antibody ⁄ platelet bindings. As expected, healthy
controls showed a significant lower level of antibodymediated adherence of platelets on monocytes.
In conclusion, we were able to confirm our hypothesis
that the individual quantity of phagocytosis of antibodysensitized platelets depends first on the immunoglobulin
isotype of the respective AITP initiating autoantibody and
second on complement activation. The observed differences
might be mediated by distinct Fc receptor classes, specific
for different antibody isotypes. A human Fca receptor (also
known as CD89) with IgA-binding specificity has been
characterized [44]. Fca receptor is involved in renal autoimmune disease [45]. More recently, the Fca ⁄ l receptor
(Fca ⁄ lR) could be identified on B cells and macrophages
and seems to be specific for IgA and IgM antibodies [46].
Fca ⁄ lR is thought to be involved in the protection of bacterial infections by mediating phagocytosis of IgM-coated
organisms, facilitating subsequent antigen processing and
presentation to helper T lymphocytes [47]. It is well
known that IgG antibodies bind to Fcc receptor on macrophages and neutrophils, mediating phagocytosis of opsonized micro-organisms and secretion of proinflammatory
cytokines. In AITP, inhibitory FccRIIB receptors and its
balance with activating receptor subtypes (e.g. FccRIIA)
have highly been investigated and are now targets for
immunomodulatory therapies [4]. Low-affinity receptors
FcRIIA and FcRIIIA are thought to be primarily responsible for removal of opsonized platelets [6].
Taken all findings together, in AITP, little is known
about specific platelet-associated signalling pathways that
follow the specific Fc receptor ⁄ ligand interaction, but it
has to be postulated that diverse isotype-dependent pathways follow different Fc receptor classes and might be
crucial for tolerance induction and autoimmunity. Therefore, the immunoglobulin isotype of the underlying autoantibodies should be carefully considered in diagnostic
procedures, novel treatment options and the pathophysiology of AITP.

Acknowledgment
This work was supported by a grant from the German
Society for Transfusion Medicine and Immunohaematology (DGTI) to DS and UC.

Conflict of interest
The authors do not have any conflicts of interest.

References
1 Cines DB, Blanchette VS. Immune thrombocytopenic purpura. N
Engl J Med 2002;346:995–1008.
2 McMillan R, Wang L, Tomer A, Nichol J, Pistillo J. Suppression
of in vitro megakaryocyte production by antiplatelet autoantibodies
from adult patients with chronic ITP. Blood 2004;103:1364–9.
3 Nugent D, McMillan R, Nichol JL, Slichter SJ. Pathogenesis of
chronic immune thrombocytopenia: increased platelet destruction
and ⁄ or decreased platelet production. Br J Haematol 2009;146:585–
96.
4 Arnold DM, Kelton JG. Current options for the treatment of
idiopathic thrombocytopenic purpura. Semin Hematol 2007;44:S12–
23.
5 Frederiksen H, Schmidt K. The incidence of idiopathic thrombocytopenic purpura in adults increases with age. Blood 1999;94:909–
13.
6 Stasi R, Evangelista ML, Stipa E, Buccisano F, Venditti A, Amadori
S. Idiopathic thrombocytopenic purpura: current concepts in pathophysiology and management. Thromb Haemost 2008;99:4–13.
7 Semple JW, Milev Y, Cosgrave D et al. Differences in serum cytokine levels in acute and chronic autoimmune thrombocytopenic purpura: relationship to platelet phenotype and antiplatelet T-cell
reactivity. Blood 1996;87:4245–54.
8 Semple JW. Pathogenic T-cell responses in patients with autoimmune thrombocytopenic purpura. J Pediatr Hematol Oncol 2003;25
(Suppl. 1):S11–3.
9 Coopamah MD, Garvey MB, Freedman J, Semple JW. Cellular
immune mechanisms in autoimmune thrombocytopenic purpura: an
update. Transfus Med Rev 2003;17:69–80.
10 Warner MN, Moore JC, Warkentin TE, Santos AV, Kelton JG.
A prospective study of protein-specific assays used to investigate
idiopathic thrombocytopenic purpura. Br J Haematol 1999;104:
442–7.
11 Brighton TA, Evans S, Castaldi PA, Chesterman CN, Chong BH.
Prospective evaluation of the clinical usefulness of an antigen-specific assay (MAIPA) in idiopathic thrombocytopenic purpura and
other immune thrombocytopenias. Blood 1996;88:194–201.
12 Raife TJ, Olson JD, Lentz SR. Platelet antibody testing in idiopathic thrombocytopenic purpura. Blood 1997;89:1112–4.
13 Psaila B, Bussel JB. Immune thrombocytopenic purpura. Hematol
Oncol Clin North Am 2007;21:743–59, vii.
14 Psaila B, Bussel JB. Fc receptors in immune thrombocytopenias: a
target for immunomodulation? J Clin Invest 2008;118:2677–81.
15 Crow AR, Lazarus AH. Role of Fcgamma receptors in the
pathogenesis and treatment of idiopathic thrombocytopenic purpura.
J Pediatr Hematol Oncol 2003;25 (Suppl. 1):S14–8.
16 Clarkson SB, Bussel JB, Kimberly RP, Valinsky JE, Nachman RL,
Unkeless JC. Treatment of refractory immune thrombocytopenic
purpura with an anti-Fc gamma-receptor antibody. N Engl J Med
1986;314:1236–9.
17 Carcao MD, Blanchette VS, Wakefield CD et al. Fcgamma receptor
IIa and IIIa polymorphisms in childhood immune thrombocytopenic
purpura. Br J Haematol 2003;120:135–41.
18 van der Pol W, van de Winkel JG. IgG receptor polymorphisms:
risk factors for disease. Immunogenetics 1998;48:222–32.
19 Crow AR, Song S, Siragam V, Lazarus AH. Mechanisms of action
of intravenous immunoglobulin in the treatment of immune thrombocytopenia. Pediatr Blood Cancer 2006;47:710–3.
20 AABB. American Association of Blood Banks: Technical Manual, 15th
edn. AABB: Bethesda, 2005; ISBN 1-56395-196-7.
 2011 The Authors

Scandinavian Journal of Immunology  2011 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 74, 489–495

M. Hoemberg et al.
Isotype of Autoantibody Influences Phagocytosis in AITP 495
..................................................................................................................................................................
21 Kiefel V, Santoso S, Weisheit M, Mueller-Eckhardt C. Monoclonal
antibody – specific immobilization of platelet antigens (MAIPA): a
new tool for the identification of platelet-reactive antibodies. Blood
1987;70:1722–6.
22 Lim J, Kim Y, Han K et al. Flow cytometric monocyte phagocytic
assay for predicting platelet transfusion outcome. Transfusion
2002;42:309–16.
23 Baker GR, Sullam PM, Levin J. A simple, fluorescent method to
internally label platelets suitable for physiological measurements.
Am J Hematol 1997;56:17–25.
24 Rinder HM, Murphy M, Mitchell JG, Stocks J, Ault KA, Hillman
RS. Progressive platelet activation with storage: evidence for shortened survival of activated platelets after transfusion. Transfusion
1991;31:409–14.
25 Rinder HM, Snyder EL, Bonan JL, Napychank PA, Malkus H,
Smith BR. Activation in stored platelet concentrates: correlation
between membrane expression of P-selectin, glycoprotein IIb ⁄ IIIa,
and beta-thromboglobulin release. Transfusion 1993;33:25–9.
26 Handin RI, Stossel TP. Phagocytosis of antibody-coated platelets by
human granulocytes. N Engl J Med 1974;290:989–93.
27 Tsubakio T, Kurata Y, Kanayama Y, Yonezawa T, Tarui S, Kitani
T. In vitro platelet phagocytosis in idiopathic thrombocytopenic
purpura. Acta Haematol 1983;70:250–6.
28 Watts C. The exogenous pathway for antigen presentation on major
histocompatibility complex class II and CD1 molecules. Nat Immunol 2004;5:685–92.
29 Garza KM, Chan SM, Suri R et al. Role of antigen-presenting cells
in mediating tolerance and autoimmunity. J Exp Med
2000;191:2021–7.
30 Semple JW. T cell and cytokine abnormalities in patients with
autoimmune thrombocytopenic purpura. Transfus Apher Sci
2003;28:237–42.
31 Kuwana M, Ikeda Y. The role of autoreactive T-cells in the pathogenesis of idiopathic thrombocytopenic purpura. Int J Hematol
2005;81:106–12.
32 Semple JW, Lazarus AH, Freedman J. The cellular immunology
associated with autoimmune thrombocytopenic purpura: an update.
Transfus Sci. 1998;19:245–51.
33 Watts C. Capture and processing of exogenous antigens for presentation on MHC molecules. Annu Rev Immunol 1997;15:821–
50.
34 Chan H, Moore JC, Finch CN, Warkentin TE, Kelton JG. The IgG
subclasses of platelet-associated autoantibodies directed against
platelet glycoproteins IIb ⁄ IIIa in patients with idiopathic thrombocytopenic purpura. Br J Haematol 2003;122:818–24.
35 Freedman J, Garvey MB, Elinder G, Blanchette VS. Directions for
research in autoimmune thrombocytopenic purpura (ITP). Acta Paediatr Suppl 1998;424:82–4.
36 He R, Reid DM, Jones CE, Shulman NR. Spectrum of Ig classes,
specificities, and titers of serum antiglycoproteins in chronic idiopathic thrombocytopenic purpura. Blood 1994;83:1024–32.

37 Porcelijn L, von dem Borne AE. Immune-mediated thrombocytopenias: basic and immunological aspects. Baillieres Clin Haematol
1998;11:331–41.
38 Stahl D, Hoemberg M, Cassens U, Pachmann U, Sibrowski W. Evidence that human autoimmune thrombocytopenia mediated by both
immunoglobulin isotypes IgM and IgG is an independent disease
entity. Eur J Haematol 2005;75:318–27.
39 Cines DB, McMillan R. Pathogenesis of chronic immune thrombocytopenic purpura. Curr Opin Hematol 2007;14:511–4.
40 Olsson B, Andersson PO, Jernas M et al. T-cell-mediated cytotoxicity toward platelets in chronic idiopathic thrombocytopenic purpura. Nat Med 2003;9:1123–4.
41 McMillan R. The pathogenesis of chronic immune thrombocytopenic purpura. Semin Hematol 2007;44:S3–11.
42 Hauch TW, Rosse WF. Platelet-bound complement (C3) in
immune thrombocytopenia. Blood 1977;50:1129–36.
43 Kurata Y, Curd JG, Tamerius JD, McMillan R. Platelet-associated
complement in chronic ITP. Br J Haematol 1985;60:723–33.
44 Maliszewski CR, March CJ, Schoenborn MA, Gimpel S, Shen L.
Expression cloning of a human Fc receptor for IgA. J Exp Med
1990;172:1665–72.
45 McDonald KJ, Cameron AJ, Allen JM, Jardine AG. Expression of
Fc alpha ⁄ mu receptor by human mesangial cells: a candidate receptor for immune complex deposition in IgA nephropathy. Biochem
Biophys Res Commun 2002;290:438–42.
46 Shibuya A, Sakamoto N, Shimizu Y et al. Fc alpha ⁄ mu receptor
mediates endocytosis of IgM-coated microbes. Nat Immunol
2000;1:441–6.
47 Shibuya A, Honda S. Molecular and functional characteristics of the
Fcalpha ⁄ muR, a novel Fc receptor for IgM and IgA. Springer Semin
Immunopathol 2006;28:377–82.

Supporting Information
Additional supporting information may be found in the
online version of this article
Table S1 Index of phagocytosis of antibody-sensitized
platelets (PI) depending upon the antibody isotype (IgG
or IgM) with or without complement supplementation.
Please note: Wiley-Blackwell are not responsible for
the content or functionality of any supporting materials
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
for the article.

 2011 The Authors
Scandinavian Journal of Immunology  2011 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 74, 489–495

