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Abstract

Background: Anti-platelet antibody testing may be useful for the diagnosis and man-
agement of childhood immune thrombocytopenia (ITP).

Objectives: Here we aimed to assess the prevalence and prognostic significance of
anti-platelet glycoprotein-specific IgM and IgG antibodies.

Methods: Children with newly diagnosed ITP were included at diagnosis and rand-
omized to an intravenous immunoglobulins (IVIg) or careful observation group (TIKI
trial). In this well-defined and longitudinally followed cohort (N = 179), anti-platelet
glycoprotein-specific IgM and IgG antibodies were determined by monoclonal anti-
body-immobilization of platelet antigens.

Results: The dominant circulating anti-platelet antibody class in childhood ITP was
IgM (62% of patients); but IgG antibodies were also found (10%). Children without
IgM platelet antibodies were older and more often female. There was weak evidence
for an association between IgM anti-GP IIb/Illa antibodies and an increased bleed-
ing severity (P = .03). The IgM and IgG anti-platelet responses partially overlapped,
and reactivity was frequently directed against multiple glycoproteins. During 1-year
follow-up, children with IgM antibodies in the observation group displayed a faster
platelet recovery compared to children without, also after adjustment for age and
preceding infections (P = 7.1 x 107°). The small group of patients with detectable
IgG anti-platelet antibodies exhibited an almost complete response to IVIg treatment
(N =12; P=.02), suggesting that IVIg was particularly efficacious in these children.
Conclusions: Testing for circulating anti-platelet antibodies may be helpful for the
clinical prognostication and the guidance of treatment decisions in newly diagnosed
childhood ITP. Our data suggest that the development of even more sensitive tests

may further improve the clinical value of antibody testing.
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1 | INTRODUCTION

Childhood immune thrombocytopenia (ITP) is a rare autoimmune
bleeding disorder with an incidence of 2 to 6 children per 100 000
annually,! characterized by a platelet count below 100 x 10°/L.2
About 50% of children experience an infectious episode before the
onset of bleeding symptoms and thrombocytopenia, and it is hy-
pothesized that epitope spreading or molecular mimicry may play
a role in the development of self-directed anti-platelet immunity.®
The pathophysiology of ITP features both humoral and cellular im-
mune responses against platelet self-antigens.® Thus, anti-platelet
antibody testing could potentially be used in the diagnosis and de-
termination of prognosis of ITP.

A pathophysiological role of anti-platelet antibodies in ITP
has been demonstrated by the identification of a transferable
factor in the plasma of adult ITP patients, which induced throm-
bocytopenia in healthy individuals. This factor was located in the
7S fraction of human gamma globulin and could be adsorbed to
pIateIets.7'8 Studies using platelets from patients with Glanzmann
disease have identified the first platelet antigen targeted by ITP
anti-platelet antibodies as the fibrinogen receptor glycoprotein
(GP) lib/ll1a.? 1t is now known that multiple platelet glycoproteins
can be involved, including GP V and the GP Ib/IX complex.}®! In
childhood ITP, IgM anti-platelet antibodies have been suggested to
be at least as prevalent as anti-platelet 1gG antibodies.}?1> Apart
from affecting platelet clearance, anti-glycoprotein antibodies can
functionally impair platelet aggregation by blocking the fibrino-

16,17

gen receptor interactions, or may potentially inhibit effective

thrombopoiesis through GPlba-mediated hepatocyte thrombopoi-
etin production.®
While early antibody tests have focused on the detection of an-

tibodies bound to whole platelets,”*zo

this approach has been dis-
missed because of the unspecific adsorption of protein to platelets,
and false-positive results in non-immune mediated thrombocyto-
penic patients.?*2% Improved antigen-specific antibody tests were
subsequently developed, for example by monoclonal antibody-im-
mobilization of platelet antigens (MAIPA)?* or immunobead technol-
ogy,25 and these have today largely replaced whole-platelet tests
with improved specificity.?>2¢ The first glycoprotein-specific study
amongst 15 children with acute ITP identified IgG anti-GP IIb/llla in
27% of patients, and detected no anti-GP Ib/IX antibodies.?®> More
recently, IgG glycoprotein-specific antibodies were investigated in
74 children with newly diagnosed and treatment-naive ITP.?” 1gG
anti-GP llb/llla and anti-GP Ib/IX antibodies were detected among
36% and 30% of children, respectively. This study found no associ-
ation with transient versus chronic disease courses. Unfortunately,
inclusion criteria, controls, clinical characteristics, and follow-up of

included patients were not described, making it difficult to put these

Essentials

o Glycoprotein-specific IgM platelet antibodies are the
dominant antibody class in childhood ITP.

e |gM platelet antibodies associate with spontaneous re-
covery from ITP.

e IgG platelet antibodies associate with a favorable re-
sponse to IVIg.

e Testing for platelet antibodies may be helpful to deter-
mine disease courses already at diagnosis.

data in clinical perspective. In contrast, a Chinese study suggested
that anti-GP Ib/IX antibodies in children with newly diagnosed ITP
might be associated with the development of chronic ITP, whereas
anti-GP llb/llla antibodies may be associated with transient dis-
ease.?® Although these data are suggestive of a potential use of an-
ti-platelet antibody testing, the diagnostic and prognostic value of
such testing remains unclear.?%%°

In the present study, we sought to provide definitive evidence by
evaluating the prevalence and prognostic significance of glycopro-
tein-specific anti-platelet antibody testing performed in our national
reference laboratory in a clinically well-described, large cohort of
children with newly diagnosed ITP, who were followed longitudinally
for 1 year.

2 | METHODS
2.1 | Study participants

We report data from the phase 3 randomized controlled, open-label
trial Therapy with or without Intravenous Immunoglobulins for Newly
Diagnosed Immune Thrombocytopenia in Kids in the Netherlands
(TIKI).2! The study protocol was approved by the ethical review board
of University Medical Center Utrecht and all participating sites, and
conducted in accordance with the second Declaration of Helsinki and
Good Clinical Practice guidelines. Parents or patients aged 212 years
gave written informed consent for study participation. Children with
newly diagnosed ITP (N = 200) were allocated in a 1:1 ratio to be ad-
ministered 0.8 g/kg intravenous immunoglobulin or followed by care-
ful observation. The randomization into the trial arms was stratified by
a platelet count below or above 10 x 10°/L. To be eligible for inclusion,
patients had to be 3 months to 16 years of age, with newly diagnosed

2,30

ITP in the past 72 hours, according to guidelines,“>" a platelet count

<20 x 10%/L and bleeding symptoms (Buchanan score 1-3). Exclusion
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criteria were severe bleeding with an indication for IVIg therapy
(Buchanan score 4-5), immune modulatory treatment within the past
month, or insufficient command of language. The primary outcome
of the trial was development of chronic ITP. Secondary outcomes in-
cluded bleeding symptoms, resolution of thrombocytopenia, and bio-
logical factors related to the pathophysiology of ITP and response to
IVIg. Blood samples were collected at study sites and transferred to
a central laboratory facility (Laboratory for Platelet and Leukocyte
Serology; Sanquin Diagnostics).

Samples from children with chronic ITP were obtained from
the multicenter cross-sectional CINKID study (Chronic ITP in the
Netherlands in Kids).3? Inclusion criteria of the study were an age
between 6 months to 17 years. Children were excluded for presence
of autoimmune phenomena, other cytopenia, or features suggestive
of hereditary thrombocytopenia. Parents or patients aged 212 years
gave written informed consent for study participation. The study
was approved by the ethical review board of University Medical
Center Utrecht.

Control samples were obtained from healthy volunteers
(Sanquin), adult refractory ITP patients included in the HOVONé64
study,®® juvenile idiopathic arthritis (JIA) patients who were in remis-
sion, and patients with autoimmune neutropenia sent for anti-neu-
trophil antibody evaluation (Sanquin). The study was conducted
in agreement with Dutch national guidelines (Human Tissue and
Medical Research: Code of conduct for responsible use; https://
www.federa.org/codes-conduct) and the Declaration of Helsinki. All
analyses were performed on coded, de-identified data. Serum and

plasma samples were stored at —20°C.

2.2 | Clinical outcome definition

Bleeding symptoms were recorded on a modified Buchanan score.®*
The recovery from thrombocytopenia was defined according to rec-
ommendations by the International Working Group on ITP.2 A com-

plete response was defined as a platelet count 2100 x 10°/L.

2.3 | Glycoprotein-specific IgM and IgG anti-platelet
antibody profiling

The platelet antigen specificity and semi-quantitative levels of anti-
platelet antibodies of the IgM and IgG classes were determined using
the monoclonal antibody immobilization of platelet antigens (MAIPA)
assay,24 asfollows. Goat anti-mouse IgG-Fc (Jackson ImmunoResearch)
was coated overnight in 96-well microplates (Nunc Maxisorb) at 3 ug/
mL in 50 uL coating buffer at 4°C and blocked afterward with 0.2%
BSA in 0.9% NaCl (w/v). Cryopreserved healthy human donor platelets
from three individuals typed for human platelet antigens were washed
and pelleted in U-bottom 96-well plates (Greiner). Washing of platelets
was performed at 550 g for 5 minutes. The cells were then suspended
in 50 uL PBS/2% BSA and incubated with 120 pL test serum or plasma
for 30 minutes at 37°C. Subsequently, the plate was washed three

times and incubated with 50 puL mouse anti-human antibody against
glycoprotein IIb/llla (CD61; CLB-Thromb/1, C17, Sanquin; Y2.51 dis-
tributed in the Fourth International Workshop and Conference on
Human Leukocyte Differentiation Antigens; Dr Cordell, John Radcliffe
Hospital, Oxford, UK), glycoprotein Iba (CD42b; CLB-MB45, Sanquin)
or glycoprotein V (CD42d; CLB-SW16, Sanquin) for 30 minutes at
37°C. After three washing steps the cells were lysed with NP40 in
100 uL TRIS solubilization buffer in a fresh V-bottom 96-well plate
(Nunc) for 30 minutes at 4°C. The plate was then centrifuged at 1400 g
for 15 minutes. Supernatant (80 uL) was transferred into fresh rea-
gent tubes, and mixed with 110 uL TRIS washing buffer containing 2%
bovine serum albumin (BSA). The goat-anti-mouse IgG coated plate
was washed five times with phosphate buffered solution (PBS)/Tween
0.05%. After this, 50 pL of the diluted supernatant was added to each
well and the plate was incubated overnight at 4°C. The plate was then
washed again and 50 pL goat anti-human IgG (Fcy)-HRP or anti-human
IgM (Fcp)-HRP (Jackson ImmunoResearch) was added and incubated
for 2 hours at 4°C. After five washing steps, the color reaction was
started by addition of 50 pL substrate solution (o-phenylenediamine
dihydrochloride [DAKO] supplemented with H,O, in H,0) and subse-
quently stopped by addition of 50 uL 4 N H,SO,. The optical density
was measured on an Anthos-HTII plate reader at 492 nm. All samples
were tested in duplicate. The concentrations of mouse anti-human,
goat anti-mouse, goat-anti human-HRP antibodies were determined
against existing stocks and varied per batch. The monoclonal antibod-
ies C17, Y2, MB45 and SW16 were produced and affinity-purified
from hybridomas (Department of Experimental Immunohematology;
Sanquin Research) and validated against commercially available anti-

bodies (Sanquin Reagents).

2.4 | Statistical analyses

Data was analyzed in R 3.6.0 (R Core Team).35 Continuous vari-
ables were tested with a non-parametric Wilcoxon rank test or
Welch's t test, as appropriate. Multiple groups were compared by
Kruskal-Wallis test with a post-hoc Nemenyi test. Frequencies were
compared with a Chi-squared test or Fisher’s exact test. Repeated
measurements of platelet counts were analyzed using linear mixed
effects models with random effects for the patient and fixed effects
for platelet antibody status (positive/negative) and any covariates, as

reported. A two-sided P-value below .05 was considered significant.

3 | RESULTS

3.1 | IgM anti-platelet antibodies are directed
against multiple glycoproteins in childhood ITP

We evaluated the presence of glycoprotein-specific anti-platelet
antibodies in 179 children with newly diagnosed ITP. The median
age was 4 years and 53% had experienced a preceding infection

(Table 1); 96 children were randomized to treatment with 1VIg and
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TABLE 1 Baseline characteristics of the study population

TIKI study
Variable (N =179)
Randomized to IVIg, n (%) 96 (53.6)

Age, y (median [IQR]) 4,10 [2.49, 7.62]

Age, n (%)
0-1 7(3.9)
>1-7 123(68.7)
7-18 49 (27.4)
Female (%) 83 (46.4)

Platelet count, x107/L 6.00 [3.00, 9.50]

Buchanan score, n (%)

0 3(1.7)
1 27 (15.2)
2 75 (42.1)
3 73 (41.0)

95(53.7)
8.20[6.50, 10.70]
3.80[2.70, 5.00]
3.00[2.00, 7.00]
176 (98.3)

167 (93.3)

Preceding infection, n (%)
Leukocytes, x107/L
Lymphocytes, x10°/L
Symptom duration, d

1gG MAIPA available, n (%)
IgM MAIPA available, n (%)

Note: Data are median [interquartile range] unless otherwise specified.

Abbreviations: MAIPA, monoclonal antibody-immobilization of platelet
antigens; TIKI, Therapy with or without Intravenous Immunoglobulins
for Newly Diagnosed Immune Thrombocytopenia in Kids

86 to receive careful observation only. Due to the limited sample
volume obtained from juvenile patients and the low platelet counts
in ITP, we evaluated the presence of circulating anti-platelet antibod-
ies (indirect test), but not of anti-platelet antibodies directly bound
to patients' cells (direct test).

We modified our routine IgG MAIPA assay to detect glycopro-
tein-specific IgM antibodies because of earlier reports of IgM an-
ti-platelet antibodies in childhood ITP and evaluated this test in
secondary cohorts. The IgM MAIPA detected anti-GP Ilb/llla anti-
bodies in newly diagnosed childhood ITP (TIKI; Figure 1A). In addition
to the increased signals in childhood ITP patients, we observed that
a fraction of healthy adults and children with autoimmune neutro-
penia (AIN) also showed presence of IgM anti-GP lIb/llla antibodies,
whereas adult ITP patients, chronic childhood ITP from the CINKID
study, or children with JIA in remission showed this to a much lesser
extent (Figure 1A). For evaluation of glycoproteins GP Ib/IX and GP
V, we found comparable results as for GP llb/Illa (Figure S1A in sup-
porting information). These data showed that IgM anti-platelet an-
tibodies were a common finding in newly diagnosed childhood ITP,
but they were also present in some individuals without ITP.

We next assessed the prevalence of anti-platelet IgG. Anti-GP
IIb/Illa antibodies were present at a low frequency among chil-
dren with ITP (CINIKID and TIKI). A few positive test results were

present amongst children with JIA in remission or healthy controls

jm | 1213

(Figure 1B). As above, we found comparable results for glycoproteins
GP Ib/IX and GP V (Figure S1B).

Among the children with newly diagnosed ITP, 103/167 (62%)
had circulating 1gM anti-platelet antibodies to either GP llb/llla,
GP Ib/IX, or GP V (Figure 1C). In contrast, 10% of children (17/176)
showed IgG antibodies to any of the three glycoproteins (Figure 1D).
Of these 17 patients with IgG anti-platelet antibodies, 5/15 patients
with available test results also showed IgM antibodies. We further
observed that the majority of patients who tested positive with
GP-specific antibodies regularly showed a positive test to another
GP-specific antibody of the same class (Figure 1E), but without
cross-over of IgM and IgG antibodies (Table S1 in supporting in-
formation). Principal component analysis of the multidimensional
results of the six anti-glycoprotein antibody tests (each test is one
vector) showed that the results of a patient could be summarized
along two distinct projections for I1gG and IgM (Figure 1F). This was
also reflected by a high between-test correlation between the IgG
and IgM tests, but limited correlation between IgG and IgM tests
(Figure 1G; numerical values in Table S2 in supporting information).
Thus, a patient with a positive IgG anti-platelet antibody did not
necessarily show an IgM response for the same glycoprotein, and
vice versa.

In summary, the dominant circulating anti-platelet antibody class
detected in childhood ITP was anti-platelet IgM. The observed re-
sponses were detected as a distinct IgM or IgG anti-platelet antibody,
with partial overlap, and directed against multiple glycoproteins.

3.2 | Circulating IgM anti-platelet antibodies are
associated with young age and immune activation

We next investigated if circulating IgG or IgM anti-platelet anti-
bodies were associated with clinical characteristics among the
children with newly diagnosed ITP. The children with IgM anti-
platelet antibodies were younger (Figure 2A; P < .001), showed
prolonged duration of symptoms (Figure 2B; P = .009), were more
often male (Figure 2C; P = .006), and had higher leukocyte and
lymphocyte counts (P < .001; P = .008). Of the patients with a
preceding infection, 62% (55/89) had detectable IgM anti-plate-
let antibodies, compared to 62% (47/76) in the group without a
preceding infection (P = 1.0). We found no association with the
presence of the human Fc-gamma receptor FCGR2C open reading
frame (ORF) variant (P = .81), which is associated with transient
ITP.2® Thrombopoietin (TPO) levels were similar between children
with and without IgM anti-platelet antibodies (median [interquar-
tile range (IQR)]; 37 [24-72] versus 38 [27-54] IU/mL, respectively;
P =.73). There were no detectable differences in clinical character-
istics of the small group of patients with IgG anti-platelet antibod-
ies, compared to patients without. Like for IgM platelet antibodies,
no differences in circulating TPO levels were observed between
IgG anti-platelet antibody-positive and antibody-negative patients
(median [IQR]; 33 [23-68] versus 38 [26-60] IU/mL, respectively;
P = .47). Taken together, these data suggested that children with
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FIGURE 1 Glycoprotein-specific anti-platelet antibodies as assessed by monoclonal antibody-specific immobilization of platelet
antigens assay (MAIPA). A, Overview of anti-glycoprotein (GP) lIb/Illa specific IgM antibodies in various cohorts. Exact P-values for a
post-hoc Nemenyi test in comparison to newly diagnosed childhood ITP (Therapy with or without Intravenous Immunoglobulins for
Newly Diagnosed Immune Thrombocytopenia in Kids [TIKI] trial; N = 167) are: Healthy controls (N = 65; P = 3.2 x 107%), Adult ITP (N =
42; P = 5.4 x 10™), juvenile idiopathic arthritis (JIA; N = 22; P = 5.5 x 10”%); autoimmune neutropenia (AIN; N = 48; P = 3.9 x 10™%); Chronic
childhood ITP (CINKID; N = 33; P = 5.4 x 10°*%). B, Overview of anti-GP IIb/Illa specific IgG antibodies in various cohorts. Exact P-values
for a post-hoc Nemenyi test in comparison to newly diagnosed childhood ITP (TIKI; N = 176) are: Healthy controls (N = 68; P = 3.8 x 1074,
JIA(N = 11; P = 5.9 x 107%); Chronic childhood ITP (CINKID; N = 33; P = .30). C, IgM anti-platelet glycoprotein-specific antibody levels in
newly diagnosed childhood ITP (TIKI). D, IgG anti-platelet glycoprotein-specific antibody levels in newly diagnosed childhood ITP (TIKI). E,
Venn diagrams of overlap of positive anti-platelet glycoprotein antibodies within single patients for IgM (left panel) and IgG (right panel).
F, Principal component analysis of all glycoprotein-specific antibody levels reveals reduction of IgM and IgG antibody levels in two distinct
vectors. PC1 and PC2 described ~80% of the total variance. Values were log, , transformed before calculating eigenvalues to account for
skewedness of the data. G, Correlation between glycoprotein-specific antibody levels. In panels A-C, the dashed line (optical density [OD]

0.130) is showing the cut-off of positive and negative results

IgM anti-platelet antibodies might represent a subgroup amongst
a spectrum of clinically diagnosed ITP.

In terms of observed bleeding at diagnosis, five children with
isolated 1gG anti-GPIIb/Illa antibodies showed no more severe
bleeding tendency than children without IgG anti-platelet antibod-
ies (Buchanan scores of 1, 1, 2, 2, 3). In the whole cohort, 17% of
children exhibited mild bleeding (Buchanan score <2). Compared to
this, mild bleeding was observed in 1/28 (4%) of children with iso-
lated IgM anti-GPlIb/llla antibodies, and 14/62 (20%) without any
IgM autoantibody (Fisher's exact test; P = .03).

3.3 | Assessment of the anti-platelet antibody
response during the course of disease and treatment

Next, the presence and evolution of platelet antibodies was evaluated
during 1-year follow-up. We first assessed if IgM anti-platelet anti-
body responses were stable over time. Strikingly, the anti-GP llb/llla
IgM anti-platelet antibody response was short-lived, as samples ob-
tained 1 week after diagnosis showed no more anti-platelet antibodies

(Figure 3A). At this time point, the majority of patients in the observation
group were still thrombocytopenic, suggesting that thrombocytopenia
is maintained by mechanisms which are not detected by this assay. In
addition, 1 year after diagnosis, we observed no new formation of IgM
anti-platelet antibodies. This suggested that IgM anti-platelet antibod-
ies mark a biological phenomenon that is present in a confined time
period around the diagnosis of ITP, where delayed assessment of IgM
anti-platelet antibodies may miss early antibody responses.

A key question was if patients with IgM antibodies at diagno-
sis would show class-switching to IgG antibodies during follow-up.
Interestingly, we found no evidence of a preferential occurrence of
new circulating anti-GP lIb/Illa antibodies in patients with IgM an-
ti-platelet antibodies at diagnosis for the same antigen (Figure 3B)
for both treated and untreated patients.

Finally, of the patients who initially showed an IgG anti-GP IlIb/
Illa antibody, ~50% kept this antibody response over at least 1 year
(Figure 3C), even after the patients showed resolution of thrombo-
cytopenia and recovered from ITP. A small proportion of patients
showed de novo increases of anti-GP IIb/llla antibody levels during
follow-up (Figure 3C). Amongst the treated patients, 1 week after

1 | —— |
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- o o8
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FIGURE 2 Clinical characteristics of patients with positive IgM anti-platelet antibodies. A, Children with circulating IgM antibodies were
younger (P < .001); B, showed longer duration of symptoms (P = .009); C, and were more often male (P = .006)
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FIGURE 3 Glycoprotein-specific anti-platelet antibody
measurements during 1-year follow-up. A, Longitudinal
measurement of IgM anti-GP IIb/Illa antibody levels revealed
disappearance of the antibodies already 1 week after diagnosis
and persistent negative results 1 year thereafter. B, Patients who
showed IgM anti-GP lIb/llla antibodies did not class-switch to
1gG anti-GP lIb/llla antibodies during follow-up. C, The majority
of patients with positive IgG antibody tests kept an anti-GP Ilb/
Illa antibody during 1-year follow-up. In all panels the dashed line
indicates the optical density 0.130, the cut-off of positive and
negative results according to technical and healthy controls

IVIlg administration there was a statistically significant increase in
anti-platelet 1gG responses against all three assessed glycopro-
teins (data not shown), which was not shown in the observation
group, and was lost again at 1-month follow-up. However, we could
replicate a similar increase in MAIPA signals in vitro by incubating
healthy donor platelets with IVIg (data not shown).

Together, these data indicated that the IgM anti-platelet anti-

body response was present only short term and downregulated after

1 week, even when no treatment was given and many patients were
still thrombocytopenic. There was no observable class-switching.
On the other hand, a large proportion of I1gG anti-platelet antibody
responses were present long term, even after resolution of throm-
bocytopenia, suggesting differential effector functions of these

antibodies.

3.4 | Presence of anti-platelet antibodies is
associated with favorable disease courses

Finally, we assessed the prognostic significance of anti-platelet an-
tibodies. After 1 month follow-up was reached, we observed that
patients with IgM anti-platelet antibodies at diagnosis in the obser-
vation cohort recovered faster than patients without (Figure 4A,B).
This difference remained statistically significant (mixed effects
model; P = 7.1 x 10™°) when we performed multivariate analyses
with age and preceding infections as covariates, indicating that IgM
anti-platelet antibodies independently determined prognosis in this
group. In contrast, IVIg-treated patients positive for IgM anti-platelet
antibodies at diagnosis showed no statistically significant differences
in platelet count or response rates during follow-up (Figure 4A).

With regard to IgG anti-platelet antibodies, only few patients
showed positive test results at diagnosis. We did not test differences
in the observation group due to low sample numbers (Figure 4C).
In IVIg-treated patients, we observed that patients with 1gG an-
ti-platelet antibodies showed increased platelet counts over time
and a very high complete response rate to IVIg, much higher than
the ~70% average observed amongst the whole group randomized
to IVIg treatment®! (Figure 4C,D). Although the IgG antibody-pos-
itive group was small, this finding was statistically significant. The
most prevalent IgG anti-platelet antibody was anti-GP lIb/llla, and
focusing only on this group of patients showed the same result.

These data indicate that patients with IgM anti-platelet anti-
bodies had a more favorable natural course of disease, compared
to patients without. The data further suggested that when IgG an-
ti-platelet antibodies were present, a favorable response to IVIg
could be expected.

4 | DISCUSSION
4.1 | Main findings

We describe the presence, longitudinal evolution, and prognostic sig-
nificance of antigen-specific platelet antibodies in newly diagnosed
immune thrombocytopenia. The key findings of our study are that
circulating anti-platelet antibodies are predominantly of the IgM
class, and these antibody responses are present short term, with-
out evidence of class-switching to IgG. Detectable anti-platelet 1gG
responses are apparently rare and occur separately from IgM anti-
platelet antibody responses. No increases in circulating TPO levels

among the antibody-positive patients were observed, suggesting
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FIGURE 4 Prognostic significance of IgM and IgG anti-platelet antibodies. A, Patients with IgM anti-platelet antibodies against GP Ilb/llla
showed higher platelet counts during spontaneous recovery after 1-month follow-up. P-value for mixed effects model with random effects
for patient and fixed effects interaction between time and IgM antibody status. B, Complete recovery (CR) rate based on IgM antibody
status. No effect was observed for |VIg-treated patients, as shown in (A). No significance test was performed due to the crossing survival
curves at week 1 (nd, not determined). C, Patients with anti-platelet IgG antibodies showed higher platelet counts after IVIg. P-value for
mixed effects model with random effects for patient and fixed effects interaction between time and IgM antibody status. D, CR rate based
on IgG antibody status. Patients with IgG anti-platelet antibodies showed complete recovery after |VIg treatment. P-value for a log-rank test.
For the observation group no significance test was performed due to the crossing survival curves (nd, not determined)

that megakaryocytopoiesis is not supressed.®” The presence of IgM
anti-platelet antibodies is associated with a favorable spontaneous
recovery from disease, also after taking into account age and pre-
ceding infection status. The patients with IgG anti-platelet antibod-
ies against one of the major platelet glycoprotein complexes show
higher longitudinal platelet counts and complete response rates after
IVIg treatment. Finally, patients with IgM anti-GP llb/Illa antibodies
exhibited more severe bleeding, suggesting functional impairment of
platelet aggregation. Notably, this observation was made on a subset
of patients and should be further investigated. Altogether, this mod-
ern reassessment of glycoprotein-specific antibody testing in a well-
characterized and longitudinally followed patient population provides
answers to the long-standing debate pertaining to the relevance of
platelet anti-platelet antibody testing in newly diagnosed childhood
ITP.

4.2 | Findings of others

In a systematic review, we have identified 40 studies that investi-
gated direct and indirect tests to detect anti-platelet antibodies in
childhood ITP.3® However, due to heterogeneous and selective pa-
tient populations, varying sampling times from diagnosis and infer-
ence of treatments, most studies did not allow assessment of the
diagnostic or prognostic value of anti-platelet antibody assessment.
The studies that allowed assessment of sensitivity and specificity
against healthy controls and non-immune thrombocytopenic con-
trols showed moderate sensitivity and good specificity, indicating
that antibodies were present in a proportion of childhood ITP pa-
tients (Schmidt et al; in press). These findings are in agreement with
our results. Moreover, our finding of a high proportion of IgM anti-

platelet antibodies by a newly developed glycoprotein-specific IgM
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MAIPA agrees with and extends data from three previous studies
that assessed IgM anti-platelet antibodies, but not in an antigen-

specific manner.31°

In contrast to our study, Biglino et al?’

assessed glycoprotein-spe-
cific IgG antibodies in 74 children with transient or chronic disease
courses and found no association with prognosis. Remarkably, the
prevalence of circulating IgG antibodies in their study was above
30%, indicating differences in the patient population (selection bias)
or technical performance of MAIPA.

One recent study in 134 Chinese children with ITP has suggested
that isolated anti-GP Ib/IX IgG antibodies could be associated with
chronic ITP.?22 However, the observed predictive association of iso-
lated anti-GP Ib/IX antibodies with chronic disease was based on only
four patients. Moreover, the association did not persist when both
anti-GP lIb/llla and anti-GP Ib/IX antibodies were present, in contrast
to data observed in adult ITP.3%*C Importantly, our data show that an-
tigen-specific antibodies in childhood ITP do not occur isolated from,
but responses for the different platelet antigens correlate strongly
with, distinct IgG and IgM response patterns (Figure 1). The presence
of multiple platelet antibodies at the same time could indicate epi-
tope spreading in childhood ITP, and provides serological evidence
for a previously described correlation between anti-GPIIb/llla and
anti-GPIb 1gG producing B cells in circulation in ITP.4* While we inter-
pret this phenomenon as the presence of antibodies against multiple
antigens, it remains possible that platelet antibodies of ITP patients
have a different avidity or propensity to complex formation or pro-
motion of macromolecular interactions toward co-precipitation.

The serological presence of IgM anti-platelet antibodies may im-
plicate a role for complement-mediated clearance of platelets, which
has been suggested inimmune thrombocytopenia.“’43 We could not
show this experimentally when we tested a group of sera on healthy
human donor platelets (data not shown).

A proposed working mechanism of IVIg is the clearance of
platelet anti-platelet antibodies through saturation of the human
neonatal Fc receptor (FcRn).*4*° The low number of patients with
detectable circulating IgG anti-platelet antibodies in our study
made it impossible to test this hypothesis. However, in the long
term, treatment with IVIg did not completely abolish anti-plate-
let antibodies; in fact, we could detect IgG anti-platelet antibodies
for at least 1 year in about half of patients with platelet antibod-
ies at diagnosis. This is in full agreement with the antigen-spe-
cific assessment of anti-platelet 1gG antibodies in patients with
ITP in the past, from which they have recovered.*® In adult ITP
patients, the response rate to IVIg has been suggested to be re-

3940 or an-

duced when GPIb-specific IgG anti-platelet antibodies
ti-GPIb IgG producing B cells are found in circulation.*! Moreover,
the response rate to rituximab was reduced in adult ITP patients

without IgG anti-platelet antibodies*48

although conflicting data
have been published.* Our data indicate that amongst children
with ITP, the absence of detectable IgG anti-platelet antibodies is
associated with lower response rates to 1VIg, compared to children

who do show IgG anti-platelet antibodies.

4.3 | Strengths and limitations

An important limitation of circulating anti-platelet antibody test-
ing in autoimmune thrombocytopenia is the problem that antibod-
ies with a high affinity and excellent effector functions are likely to
have bound to platelets and may have been cleared preferentially in
vivo. This is emphasized by a generally higher sensitivity of direct
cell-bound anti-platelet antibody tests in ITP.}265%51 |n juvenile pa-
tients, due to the limited sample volume and the low platelet counts
in ITP, we were not able to perform direct anti-platelet antibody
tests on patients’ cells. Nonetheless, we show that indirect platelet
antibody testing can still be of clinical benefit, as results correlated
with clinical follow-up.

Many previous publications calculated sensitivity and specific-
ity of anti-platelet antibody tests with the clinical diagnosis of ITP
as gold standard (reference). With the known heterogeneity due to
case-mix of the clinical diagnosis, and the absence of a reference
group of children investigated for suspected ITP, such accuracy esti-
mates can be misleading. A main strength of our study to circumvent
this problem was to perform analyses directly related to longitudinal

patient platelet counts and clinical response.

4.4 | Implications

Despite a long history of research, the role of antiplatelet antibody
testing in childhood ITP remains under debate.?2° Our study sug-
gests several clinical implications. First, the assessment of circulating
glycoprotein-specific anti-platelet antibodies may be helpful in deter-
mining the chance of spontaneous recovery. Second, the presence of
IgG glycoprotein-specific anti-platelet antibodies was significantly
associated with a complete response to IVIg. In such patients, treat-
ment could be considered with a high chance of response, and IVIg
treatment may be a useful rescue therapy in case of severe bleeding.
These results may aid in the clinical counseling of patients and their
families. Importantly, the study's results should be confirmed in a
secondary validation study before clinical implementation.

Because of the potential ongoing clearance of anti-platelet an-
tibodies in vivo, it is possible that the detection of circulating an-
ti-platelet 1gG antibodies reflect merely the “tip of an iceberg.” We
suggest that more sensitive (direct) laboratory techniques, which
can be employed with low cell numbers, should be evaluated in re-
spect to prognosis in childhood ITP. For instance, a direct MAIPA
has a sensitivity of 80% to 90% in adult ITP 52 but children often
have insufficient platelets available for this assay. Surface-plasmon
resonance (SPR), which measures antigen-antibody interactions on
a chip, can detect circulating low-avidity platelet antibodies that
would be missed in an indirect MAIPA,'® but currently not all rele-
vant antigens can be immobilized to the chip. Cellular SPR, in which
sensitized cells are perfused over a microchip coated with Fc recep-

53,54

tors that detect cell-bound antibodies, could be a sensitive alter-

native that should be explored for ITP.
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5 | CONCLUSIONS

In newly diagnosed childhood ITP, glycoprotein-specific anti-plate-
let antibody testing may be useful to determine the prognosis and
potential response to IVIg. IgM anti-platelet antibodies are the
dominant circulating antibody class. IgM antibodies are short-lived,
without evidence of class-switching to IgG antibodies. Finally, our
data suggest more sensitive techniques should be developed and
evaluated to determine anti-platelet antibodies for prognosis in
childhood ITP.
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