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Abstract: Immune (idiopathic) thrombocytopenic purpurea (ITP) is an autoimmune disease characterized by the
increased anti-platelet antibodies in the patient’s sera and decreased platelets in the blood circulation. This study
has determined and characterized the antiplatelet glycoproteins in children with ITP. Thirty eight children, who were
hospitalized with clinical signs of ITP in Mofid Children Hospital (Tehran, Iran) during 18 months, went under our clin-
ical studies in a research project. ELISA, Flow cytometry and MAIPA (Monoclonal Antibody Immobilization of Platelet
Antigens) methods were employed to determine serum anti-platelet antibodies level. The anti-platelet antibodies
level above mean + 3SD of control group was assumed as positive. The platelet counts ranged between 2 x 10°/L
and 100 x 10°/L. Among the patients 63.5% of them were anti-platelet antibodies positive with ELISA method.
Results of platelet lysate method showed that 51.7% of patients had antibodies against platelet antigens. Antibody
against platelet GPIIb/Illa, GPIb/IX and GPla/lla using MAIPA method were 48%, 54% and 25% respectively. In flow
cytometry 62% of patients showed anti-platelet antibodies. The comparison of three methods shows that since
MAIPA is the specific method for the detection of very small amount of antibody against glycoprotein antigens, it has
the advantage of differentiating between immune and non-immune thrombocytopenia.
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Introduction

Immune thrombocytopenia purpura (ITP) is an
autoimmune disease characterized by loss of
self tolerance leading to the production of auto
antibodies directed against platelet antigens
[1-3]. Acute thrombocytopenia purpura mostly
was reported in children under 16 years old.
Kuhne and colleagues reported that the mean
age of children with ITP at presentation was 5.7
years. Approximately 70% were ages 1 to 10
years with 10% of the cohort infants between 3
and 12 months old and the remainder 20%
older children (ages 10 to 16 years) [4]. By now
we have a clear understanding that for most
patients with ITP, thrombocytopenia results
from both increased platelet destruction and
decreased platelet production [5]. The auto

antibodies produced against platelet glycopro-
teins are able to bind to platelet membranes,
initiating pathways that result in dysfunction
and destruction of platelets and clinical singes.
These include pethechiae, ecchimosis, and
bleeding in some patients [3]. Recently, primary
ITP has been uniformly defined as an autoim-
mune disorder characterized by an isolated
platelet count lower than 100 x 10°%L [6].
Therefore by this definition we know that the
most autoantibodies in patients who have ITP
could be identified by the 1gG class with speci-
ficity against platelets, glycoproteins llb/Illa and
Ib/IX [7]. Around 85% of platelet auto antigens
lie on the platelet GPIlb/llla, GPIb/IX or GP la/lla
complexes, and 15% of them are found on other
membrane glycoproteins [8]. Although, the
detection of platelet autoantibodies is difficult
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and not available routinely in most clinical
hematology laboratories [7] even with the best
direct tests performed in expert laboratories,
Anti-platelet antibodies have been found in the
sera of 80% of ITP patients [9]. However,
despite many studies on antiplatelet antibod-
ies, characterization of binding and evaluation
of anti-platelet auto antibodies remain poor
[10] and many questions remain unanswered
[3]. The aim of our study is to determine and
characterized the anti-platelet antibodies in
children with ITP with different methods and
procedures.

Materials and methods
Patients

38 children who were hospitalized with clinical
signs of ITP in Mofid children hospital during 18
months, all of them were under study in our
project. The physician in clinic recorded the
patients’ information including age, gender, his-
tory and clinical signs such as petechiae, pur-
pura and ecchymosis in a standard format. All
the relatives gave us consent to take blood
sample from their children.

Samples preparation

For platelet count, 2 ml anticoagulated [Ethylen
Diamine Tetraacetic Acid (EDTA)] blood was col-
lected and counted by a cell counter (Sysmex).
To detect anti-platelet glycoproteins antibod-
ies, 3 ml serum was obtained from patients’
clotted blood and aliquoted into two tubes and
stored in freezer.

Preparation of whole platelets

Anti-coagulated [Acid Citrate Dextrose (ACD)]
blood was collected from healthy O negative
blood type volunteers and centrifuged at 200 g
for 10 minutes. The platelet-rich plasma (PRP)
was removed and recentrifuged at 1200 g for
10 minutes. After four time washing with phos-
phate buffer saline (PBS) pH 7.4, the sediment-
ed platelets were re-suspended in buffer con-
taining 10% dimethylethyl sulfoxide (DMSO)
and aliquoted into a cryotubes and stored in
liquid nitrogen.

Preparation of platelet lysate

Washed platelets were lysed with 6 ml of lysis
buffer (20 mmol Tris, 150 mmol NaCl, 1 mmol
MgCl,, 1 mmol CaCl,, pH, 7.4 and 1% Triton X
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100) containing anti-protease and incubated at
4°C for one hour. Centrifuged at 15,000 g for
30 minutes at 4°C Supernatant was removed
by centrifuging at 4000 for 40 minutes and
concentrated with (10,000 MW Cut off) filter.
The concentration of platelet membrane pro-
teins were determined using Bradford assay.

Anti-platelet antibodies detection

ELISA plate was coated with 50 yL of washed
platelet suspension containing 3 x 108 plate-
lets in bicarbonate buffer (pH 8.6) in each well
or 100 pl of platelet lysate (200 uyg/ml) and
incubated at 4°C overnight. The following day
plate was centrifuged at 2000 g for 5 minutes.
After washing and blocking with 3% BSA in PBS
and incubating for an hour at room temperature
(RT), 100 pL of diluted serum of patients and
controls (1:10 diluted in PBS) were added and
the plate was incubated for an hr at 37°C. The
unbound anti-platelet antibodies were removed
by washing four times with PBS 0.05% Tween
20 (PBST washing buffer). 100 pL Goat antihu-
man HRP-conjugated antibody (1:50 000 dilut-
ed in PBS) ((Serotech Co. UK)) was added to
each well and incubated at RT for an hour. The
plate was washed five times with washing buf-
fer then 100 uL of substrate [Tetramethylben-
zidine (TMB) sigma] was added and the plate
incubated for 30 min in a dark place. The reac-
tion was stopped by adding 100 uL of 3 M HCL,
and the OD was measured at 650 nm.

MAIPA (monoclonal antibody immobilization of
platelet antigens)

ELISA plate was coated with 100 uL of Goat
anti mouse 1gG [final concentration 5 ug/ml
diluted in Carbonate Bicarbonate Buffer (CBB)
pH 8.6] in each well and incubated overnight at
4°C. After washing with Tris Buffer Saline (TBS),
the plate was blocked with 200 uL of 3% BSA in
PBS and incubated for an hr at room tempera-
ture (RT). 100 uL of washed O negative plate-
lets suspension containing 5 x 10%/L were
added to the tubes which were blocked with 50
pL 3% BSA and incubated for an hour with 100
uL of patients and controls serum for an hour at
37°C. 40 pL of each monoclonal mouse anti
platelet-glycoproteins [lIb/llla, 1b/IX and lla/la
(Novacastra UK)] with final concentration of 20
pug/ml diluted in PBS were added to the indi-
vidual tubes containing mixture of washed
platelets and patients or controls sera and
incubated at 37°C for 30 minutes.
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Figure 1. A Pie Chart of the ITP Patients’ Clinical signs

Table 1. The platelet count in patients

Platelets count NO
95 x 10%/L-51 7
31-50 x 10°/L 5
10-30 x 10%/L 18
<10 x 10%/L 8

Anti-platelet antibodies
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Figure 2. ITP Patients who were Anti-platelet antibod-
ies positive against whole platelet, Anti-platelet anti-
bodies against platelet antigens of 63.5% of patients
were detected (green color).

The unbound human anti platelet-glycoproteins
were removed by washing three times with TBS
0.05% Tween 20 (TBST washing buffer). 100 pL
of lysis buffer (TBS containing 0.05% Nonidet
P-40 Sigma) were added to each tubes and
incubated for 30 minutes at 37°C.

To prevent protein destruction, anti-protease
agents was added to lysis buffer. After centri-
fuging all tubes at 14 000 g for 30 minutes at
4°C, 100 pL of supernatant was added to each
well which were coated with anti-mouse anti-
body and incubated at 4°C for 90 minutes. The
plate was washed four times with washing buf-
fer and 100 pL of Goat antihuman HR-
P-conjugated antibody (1:50 00O diluted in
PBS) (Serotech Co. UK)) was added to each well
and incubated at RT for an hour. The plate was
washed five times with washing buffer. 200 yL
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of substrate (TMB) was then
added and the plate incubat-
ed for 30 min in a dark place.

Ecchymosi The reaction was stopped by
Petechia adding 100 pL of 3 M HCL,
Purpura and the OD (optical density)

was measured at 650 nm.
Flow cytometry

The platelets of a O (Rh negative) volunteer
were prepared and washed as described above.
The final concentration of platelets was 5 x
10*t/L. 100 uL of washed platelets were incu-
bated for 1 h at 37°C with 100 pL of patients
and controls serum in the tubes. The platelets
were washed four times with Tyrode’s buffer by
centrifuging for 5 min at 1200 g. Bounded anti-
platelet antibodies was detected with 100 pL of
dilute antihuman FITC-conjugated antibody
(1:40 diluted in PBS) (Zymed Co. USA) which
was added to the samples and the negative
control tube. Five microlitre of anti-6GPllb/Illa
FITC-conjugated antibody (Serotech Co. UK)
was added to the positive control tube and all
tubes were incubated for 30 min at room tem-
perature in the dark condition. After washing
five times with Tyrode’s buffer, 1 milliliter of
parafomaldehyed was added to each tubes and
then analyzed by7FACScan (Partec) using the
following thresholds: Forward Scatter Side
(FSC): EO1, Side Scatter (SSC): 350 and
Fluorescence (FL1): 400.

Statistical analysis

The SPSS software, version 16.0, was used for
data analysis. For descriptive purposes, we
used mean (SD) for quantitative variables and
No (%) for qualitative variables. In addition, we
utilized the non-parametric Spearman’s corre-
lation coefficient to show the relationship bet-
ween two variables under study (for instance,
antibody level and clinical characterizations).

Results

In this project, the goal of our study is to deter-
mine anti-platelet antibodies in children with
ITP. In the study, 38 children who were hospital-
ized in Mofid Children’s Hospital with ITP clini-
cal signs during 18 months and 12 healthy
people as a negative control group were cho-
sen. Sixty eight percent of patients were girls
and 32% boys and their age ranged from less
than a year, up to sixteen years old. The clinical
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Anti-platelt antibodies ( plat-lysate)
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Figure 3. ITP Patients who were Anti-platelet antibodies positive against
platelet lysate, Anti-platelet antibodies against platelet antigens of 52.7% of

patients were detected (red color).

Ant1-GPs antibodies

Percentage of patients

52.7 (positive)

- 54 + 3SD) as the cut off. The anti-
£ platelet antibodies level of
= % each sample above the cut off
50 2 was assumed as antibody pos-
. itive.
- 48 g)
46 &  Among 38 patients, 63.5%
g had anti-platelet antibody pos-

44 itive with mean platelet count
of 41.5 x 10%L using non
parametric spearman coeffi-
cient, it was statistically shown
that there was a significant
correlation between clinical
signs and antibodies level in
patients (r = 0.45, P < 0.05).
Figure 2, shows the anti-plate-
let antibodies in ITP patients.

E=GPIb/lla

Results of platelet lysate
method showed that 52.7% of
patients had antibodies aga-

Platelet Glycoproteins

Figure 4. ITP Patients who were shown antibodies positive against platelet

glycoproteins.

signs were variable among the children; 10 indi-
viduals only with petechiae symptom, 24 of
them showed purpurea and ecchymosis signs
in addition to petechiae, and finally 4 of those
children, were found to have severe bleeding
from gums and urethral tract. Figure 1, shows
more details about clinical signs in ITP patients.

Peripheral platelet count, ranges from less
than 3 x 10%/L up to 95 x 10°/L. Table 1, shows
more details about platelet count in patients.

The results with ELISA, indicated that anti-
platelet antibodies in sera of all patients either
with clinical signs and low platelets counts or
just low platelets counts reacted strongly with
whole platelet antigens. It should be mentioned
that we used peroxidase activity to calculate
level of antibody instead of OD (optical density)
by following formula:

Percent change = OD sample - OD control/OD
control x 100

The mean controls absorbance was used as
normal value. We also used the mean controls
antibody level with 3 standard deviation (mean
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inst platelet antigens which
are in a good correlation (r =
0.38; P < 0.04) with the sever-
ity of clinical signs. Figure 3,
shows the anti-platelet anti-
bodies against platelet lysate
in ITP patients.

The determination of anti-platelet GP antibod-
ies

Using MAIPA method, antibodies in patients’
sera were analyzed against three most impor-
tant platelet glycoproteins (GP llb/llla, lla/la,
Ib/1X). Results have shown that 48% of patients
were anti-GP llb/llla antibody positive with
mean platelet count of 38 x 10%/L. 54% were
anti-GP Ib/IX positive with mean platelet count
of 50 x 10°/L. The correlation between anti-GP
Ib/IX positive and clinical signs was 0.2. Out of
38 patients only 25% were anti GP-la/lla posi-
tive with mean platelet count of 48 x 10°%/L.
Using non parametric spearman coefficient, it
was statistically shown that a significant corre-
lation was seen between increased anti-GP la/
lla level and the platelet count in patients (r =
0.35, P < 0.05). Figure 4, shows the anti-Gps
antibodies in ITP patients.

Flow cytometric detection of anti-platelets
antibodies

In order to determine anti-platelet antibodies,
we employed flow cytometry.
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Figure 6. Chart for ITP Patients who were shown 62%
Fluorescence antibodies positive.

Anti-GP llla was used to determinate the plate-
let gating and as a positive control. The result
showed that 94% of washed platelets were in
the platelet gate the Figure 5, demonstrate
platelet gating. We also used 12 healthy adult
volunteered sera as negative anti-platelet anti-
bodies. The mean fluorescence intensity (MFI)
of negative controls with 3 standard deviation
(+ 3SD) used as a flow cytometric cut off. The
MFI of positive control was 98%. 62% of
patients were anti-platelet antibodies positive
by flow cytometry. Figure 6, shows the anti-
platelet antibodies in ITP patients.

Discussion

ITP is an autoimmune disease characterized by
platelet destruction, which can result in
increased bleeding and haemorrhage [2, 3,
10]. For further characterization function of
auto antibodies against platelet glycoproteins
in ITP patients, our studies have indicated, first
of all the determination of anti-platelet antibod-
ies using ELIZA method, then the detection of
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these antibodies by flow cytometry and com-
pares the result with ELIZA assay and finally the
detection of anti-GPs antibodies by MAIPA.

During 18 months period, 38 children with ITP
clinical symptoms were studied. The result of
our clinical studies indicated that major signs
(34 Children) were petecheaia and purpura
with minor signs of (4 Children) severe bleed-
ing. The age variety was between 1 to 16 years,
which 68% of them were under 8 years old. The
platelet count showed that more than 50% of
patients had platelet count < 30 x 10°/L, which
this factor makes severity in clinical signs.
Results Data from 225 children in UK were ana-
lyzed at 6 months follow-up, 32% had a persis-
tent platelet count < 150 x 10°%L, but only
4.8% had a count < 20 x 10%/L [10]. In some
patients, not only their platelets have been
decreased but also they had anemia due to the
decrease of the RBC and hemoglobin. The nor-
mochrmic normocytic anemia in these patients
might be due to losing blood as result of hemor-
rhage and massive ecchymose or probably they
had ITP with autoimmune hemolytic anemia
(Evans syndrome).

Twelve normal voluntary adults were used as
the normal controls and the main result of anti-
platelet antibodies + 3SD (Mean + 3SD) was
used as the cut off, and ITP patients who their
anti-platelet antibodies were above the cut off
line placed with patients with antibody positive.
It was found that 63.5% out of 38 patients in
our assay were anti-platelet antibodies positive
with the main platelets count 41.5 x 10°%/L
which show a good correlation between decrea-
sing circulated platelets and increasing anti-
bodies, compare with anti-platelet negative
patients. There was a positive correlation
between increasing serum anti-platelet anti-
bodies and clinical sings. In some cases there
were not relations between anti-platelet anti-
bodies and platelet account or clinical signs.
This could be due to the acute phase of disease
which their platelets absorbs antibodies and
removes these platelet sensitivities from circu-
lation by phagocyte system. In a large study,
less than 7% of thrombocytopenic pregnant
women were found to have auto-antibodies.
Thus, the most useful means of differentiating
between these syndromes are by definition, the
antenatal history [11, 12]. In the other hand,
detection of auto antibodies on platelet surface
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due to platelet structure is not simple [13].
However, using the platelet lysate as source of
platelet antigens, 52.7% of patients were anti-
bodies positive. In comparison with the whole
platelet as a source of antigens, 11% of them
failed to react with antibodies. It is suggested
that in the platelet lysate perhaps, the confor-
mational structure of platelet glycoproteins was
changed, resulting in not expression of more
platelet antigens [14, 15]. The result showed
that 62% of patients were anti-platelet antibod-
ies positive by flow cytometry. The correlation
of anti-platelet antibodies positive in patients
by ELIZA and Flow cytometry assays was 0.3.
Although detection of anti-platelet antibodies
by flow cytometry is more available than ELIZA
[16-19] but the sensitivity of ELIZA is high.
However, it would be suggested that using of
two techniques are more assuring. We employ-
ed MAIPA technique to detect anti-platelet gly-
coproteins. The results showed that 48% of
patients were anti-GPllb/llla positive. The cor-
relation between this antibody and antibodies
against whole platelets was 0.4. Van Leuven
has reported that 80% out of 42, ITP patients
were anti-GPlIb/llla positive [20].

In our study 54% of patients were anti-GPlb/IX
positive. It needs to be mentioned that previ-
ously have been reported that 35% patients,
had both anti-GPlIb/llla and Ib/IX antibodies in
their sera [21]. Fuji Sawa and colleagues have
found that in 75% of ITP patients’ anti-GP llb/
Illa and Ib/IX [22]. In 25% of patients we have
found anti-GPla/lla and correlation between
level of sera anti-GPla/lla and low platelet
count was 0.4. Ho WL et al, found that patients
without antecedent of preceding infection (API)
were more likely to have anti-GPla/lla than
those with API (42.9% vs. 5.5%, (P = 0.048)
[20]. However the determination of antibodies
against the platelet glycoproteins by MAIPA is
very sensitive though it may take a long time
[23-27]. Finally, the pathogenéses and diagno-
ses of ITP has proven complex and concours
with several issues such as: genetic predisposi-
tion, underlying autoimmune repertoire, inhibi-
tion of platelet production, perturbations of cell
mediated affector and effector pathways, se-
questered harbors within lymphoid organs, and
responsiveness to intervention [28].

Conclusions

e Coating platelets at the bottom of ELISA plate
is difficult; we have modified the method by
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centrifuging the plate and fixing them with Gluta-
raldehyde.

e Instead of using optical density (OD) for analy-
sis of the data which can not differentiate low
absorption, we used percentage of peroxidase
activity.

e The preference of MAIPA method is due to the
large amount of Ag-Ab complex in the superna-
tant of platelet lysate (the second process) and
the detection of very small amount of anti-
body.

e Since MAIPA is the specific method for the
detection of antibody against glycoprotein anti-
gens, it has the advantage of differentiating
between immune and non-immune thrombocy-
topenia.

Acknowledgements

The authors would like to thank the Deputy of
research of Shahid Beheshti University of
Medical Sciences and Mofid Children’s Hospital
for kindly supported this research.

Disclosure of conflict of interest

The authors declare that they have no conflict-
ing interests. Contribution: MH, GK, NT, BBS
and RH designed the research, analyzed the
data, performed the research and wrote the
paper, review and final approval of the version
to be published.

Address correspondence to: Dr. Rafie Hamidpour,
Department of Herbal Medicine, Pars Biosciences
Research Center, 14109 Cambridge Lane, Leawood,
KS 66224, USA. Tel: 913-432-0107; E-mail: rafie@
parsbioscience.com

References

[1] Bloom AL, Thomas DP. Haemostasis and
thrombosis. London: Churchill Livingstone;
1981.

[2] Freedman J, Garvey MB, Elinder G, Blanchette
VS. Directions for research in autoimmune
thrombocytopenic purpura (ITP). Acta Paediatr
Suppl 1998; 424: 82-84.

[3] Blanchette V, Bolton-Maggs P. Childhood Im-
mune Thrombocytopenic Purpura: Diagnosis
and Management. Hematol Oncol Clin N Am
2010; 24: 249-273.

[4] Kuhne T, Buchanan GR, Zimmerman S, Zim-
merman S, Michaels LA, Kohan R, Berchtold

Am J Blood Res 2014;4(2):86-92



(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

92

Anti-platelet antibody in children with ITP

W, Imbach P; Intercontinental Childhood ITP
Study Group. A prospective comparative study
of 2540 infants and children with newly diag-
nosed idiopathic thrombocytopenic purpurea
(ITP) from the Intercontinental Childhood ITP
Study Group. J Pediatr 2003; 143: 605-8.
Godeau B. Immune thrombocytopenic purpu-
ra: Major progress in knowledge of the patho-
physiology and the therapeutic strategy, but
still a lot of issues. Presse Med 2014; 43: e47-
80.

Koloni¢ SO, Patekar MB, Milunovi¢ V. Diagnos-
tic approach and treatment of Immune throm-
bocytopenia in adults. Acta Med Croatica
2013; 67: 3-11.

Blanchett V, Bolton-Maggs P. Childhood Im-
mune Thrombocytopenic Purpura: Diagnosis
and Management. Hematol Oncol Clin N Am
2010; 24: 249-273

Chen JF, Yang LH, Dong CX, Feng JJ, Liu XE, Lu
YJ, Chang LX, Liu JQ. Significance of detection
of anti-GPlIb/llla antibody secreting B cells
and platelet-specific antibody in patients with
idiopathic thrombocytopenic purpura. Zhong-
hua Xue Ye Xue Za Zhi 2010; 31: 603-606.
Berchtold P, Muller D, Beardsley D, Fujisawa K,
Kaplan C, Kekomaki R, Lipp E, Morell-Kopp
MC, Kiefel V, McMillan R, von dem Borne AE,
Imbach P. International study to compare anti-
gen-specific methods used for the measure-
ment of antiplatelet auto antibodies. Br J Hae-
matol 1997; 96: 477-83.

Imbach P, Kithne T, Miiller D, Berchtold W, Zim-
merman S, Elalfy M, Buchanan GR. Childhood
ITP: 12 months follow-up data from the pro-
spective registry | of the Intercontinental Child-
hood ITP Study Group (ICIS). Pediatr Blood
Cancer 2006; 46: 351-6.

Grainger JD, Rees JL, Reeves M, Bolton-Maggs
PH. Changing trends in the UK management of
childhood ITP. Arch Dis Child 2012; 97: 8-11.
Kokawa T, Nomura S, Yanabu M, Yasunaga K.
Detection of platelet antigen for anti-Platelet
antibodies in idiopathic thrombocytopenic pur-
pura by flow cytometry, antigen capture ELISA,
and immunoblotting: a comparative study. Eur
J Haematol 1993; 50: 74-80.

Stavrou E, McCrae KR. Immune Thrombocyto-
penia in Pregnancy. Hematol Oncol Clin North
Am 2009; 23: 1299-1316.

Bakchoul T, Meyer O, Agaylan A, Bombard S,
Bein G, Sachs UJ, Salama A, Santoso S. Rapid
detection of HPA-1 alloantibodies by platelet
antigens immobilized onto microbeads. Trans-
fusion 2007; 47: 1363-1368.

Meyer O, Agaylan A, Bombard S, Kiesewetter H,
Salama A. A novel antigen-Specific capture as-
say for the detection of platelet antibodies and
HPA-1a phenotyping. Vox Sanguinis 2006; 91:
324-330.

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

(24]

(25]

[26]

[27]

(28]

Hamidpour M, Behrendt M, Griffiths B, Par-
tridge L, Lindsey N. The isolation and charac-
terization of antiplatelet antibodies. Eur J Hae-
matol 2006; 76: 331-8.

Tomer A. Flow cytometry for the diagnosis of
autoimmune thrombocytopenia. Hematol Rep
2006; 5: 64-9.

Tomer A. Autoimmune thrombocytopenia: de-
termination of platelet specific auto antibodies
by flow cytometry. Pediatric Blood Cancer
2006; 47: 697-700.

Kihne T, Berchtold W, Michaels LA, Wu R, Do-
nato H, Espina B, Tamary H, Rodeghiero F, Chit-
lur M, Rischewski J, Imbach P. Newly diag-
nosed immune thrombocytopenia in children
and adults: a comparative prospective obser-
vational registry of the Intercontinental Coop-
erative Immune Thrombocytopenia Study
Group. Haematologica 2011; 96: 1831-7.

Van Leeuwen EF, van der Ven JTh M, Engelfriet
CP, von dem Borne EG Kr. Specificity of auto
antibodies in autoimmune thrombocytopenia.
Blood 1982; 59: 23-26.

Hamidpour M, Khalili G, Kamali M, Arzani MH,
Jadali F, Alavi Majd H, Khojasteh N. Detection
of Anti-Platelet Glycoprotein Antibodies Using
MAIPA Method. J Paramed Sci (JPS) 2010; 1:
17-21.

Fujisawa K, Tani P, O'Toole TE, Ginsberg MH,
McMillan R. Different specificities of platelet
associated and plasma auto antibodies to
platelet GPIlIb/llla in patients with chronic im-
mune thrombocytopenic purpura. Blood 1992;
79: 1441-46.

Ho WL, Lee CC, Chen CJ, Lu MY, Hu FC, Jou ST,
Lin DT, Lin KH. Clinical features, prognostic fac-
tors, and their relationship with antiplatelet
antibodies in children with immune thrombo-
cytopenia. J Pediatr Hematol Oncol 2012; 34:
6-12.

Kiefel V, Santoso S, Weisheit M, Mueller-Eck-
hardt C. Monoclonal antibodyspecific immobili-
zation of platelet antigens (MAIPA): a new tool
for the identification of platelet-reactive anti-
bodies. Blood 1987; 70: 1722-26.

Lucas GF, Rogers SE. Evaluation of an enzyme-
linked immunosorbent assay kit (GTl PakPlus)
for the detection of antibodies against human
platelet antigens. Transfus Med 1999; 9: 63-
67.

Lubenko A, Savage J. Antigen capture ELISA for
platelet antibody detection. Transfus Med
2000; 10: 213-218.

Cines DB, Bussel JB, Liebman HA, Luning Prak
ET. The ITP syndrome: pathogenic and clinical
diversity. Blood 2009; 113: 6511-6521.

Cines DB, Cuker A, Semple JW. Pathogenesis
of immune thrombocytopenia. Presse Med
2014; 43: e49-59.

Am J Blood Res 2014;4(2):86-92



