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Abstract 

Fourteen children with congenital thrombocytopenia were analysed in order to 
unravel the mechanisms underlying their thrombocytopenia and to evaluate the 
value of new laboratory tests, namely; measurement of plasma thrombopoietin 
(Tpo) and glycocalicin (GC) levels and analysis of megakaryocytopoiesis in vitro. 

Three groups of patients were included. The first group (n=6) was diagnosed 
with congenital amegakaryocytic thrombocytopenia. They had no megakaryocytes 
in the bone marrow, three of four patients showed no megakaryocyte formation in 
vitro and all had high Tpo and low GC levels. Mutations in the thrombopoietin 
receptor gene, c-mpl, are the cause. 

The second group of patients (n=3) had normal Tpo and severely decreased GC 
levels. In bone marrow normal to increased numbers of atypical, dysmature 
megakaryocytes were present. In vitro megakaryocyte formation was observed. A 
defect in final megakaryocyte maturation and subsequent (pro-)platelet may be 
causing the thrombocytopenia. 

The patients in the third group (n=5) had Wiskott-Aldrich Syndrome (WAS). 
They had normal Tpo and GC levels and normal megakaryocyte formation both in 
vivo and in vitro. This corresponds with the generally accepted hypothesis that 
thrombocytopenia in WAS is due to increased platelet turnover. 

In conclusion, different causes of congenital thrombocytopenia can be 
distinguished with three parameters: Tpo and GC plasma levels and in vitro 
analysis of megakaryocytopoiesis. Therefore, these parameters may be helpful in 
early diagnosis of different forms of congenital thrombocytopenia. 
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Introduction 

Thrombocytopenia in newborns is in most cases the result of specific perinatal 
complications like infections or asphyxia, often in combination with pre- or 
dysmatunty. Treatment of these neonatal complications and/or watchful waiting 
often results in normalisation of the platelet count. There are, however, infants who 
present with thrombocytopenia as the sole hematological abnormality, which 
appears to have a primary hematological etiology. Alloimmunisation as a result of 
incompatibility of platelet-specific antigens between mother and child is the most 
common cause of isolated and severe thrombocytopenia in the first months of life. 
Antibody detection in the serum of the mother, in combination with platelet typing 
of both parents, can confirm the diagnosis. This type of thrombocytopenia will 
disappear during the first weeks to months of life. However, a small group of 
infants presents with non-immune mediated thrombocytopenia, which persists after 
the first months of life. These children suffer from so called congenital 
thrombocytopenia. It may present as an isolated problem but can occur in 
association with other abnormalities as part of a syndrome. 

Thrombopoietm (Tpo) has been identified as the key cytokine in megakaryocyte 
formation [1]. Measurement of Tpo plasma levels has been shown to be useful to 
discriminate thrombocytopenia caused by increased platelet destruction from 
thrombocytopenia caused by bone-marrow failure. Several groups demonstrated 
[2-6] that absent or suppressed megakaryocytopoiesis is characterised by increased 
Tpo levels in the patient's plasma. Normal Tpo levels are found in plasma from 
thrombocytopenic patients with an undisturbed platelet formation but with 
increased platelet turnover, for example due to autoantibodies, as in Idiopatic 
Thrombocytopenic Purpura (ITP) [6]. 

Mature megakaryocytes and platelets express GPIb (CD42b) and the plasma 
level of soluble GPIb, which is called glycocahcin (GC), seems to reflect platelet 
turnover [7], GC plasma levels in patients with defective platelet formation are 
decreased, whereas GC plasma levels in patients with increased platelet turnover 
are higher than in normal controls [5,6]. Thus, the combined measurement of Tpo 
and GC plasma levels is useful for the diagnostic evaluation of thrombocytopenia. 

In this study we investigated whether analysis of megakaryocytopoiesis in vitro, 
in combination with measurement of Tpo and GC levels would clarify the etiology 
of congenital thrombocytopenia in children. 

We analysed fourteen children with congenital thrombocytopenia. Based on 
standard clinical and laboratory data the patients could be divided in three groups: 
congenital amegakaryocytic thrombocytopenia (CAMT, n=6), thrombocytopenia of 
unknown cause with abnormal megakaryocytes in the bone marrow (n=3), (i.e. 
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congenital dysmegakaryocytopoietic thrombocytopenia) and Wiskott Aldrich 
Syndrome (WAS, n=5). 

In these cases, in which diagnosis was known, we showed an additional value of 
determination of plasma Tpo and GC plasma levels and in vitro analysis of 
megakaryocytopoiesis for diagnosis of thrombocytopenia in children 

Material and Methods 

Patients and controls 

Patients were either referred to the Wilhelmina Children's Hospital in Utrecht, 
the Netherlands; The New York City Hospital in New York; the Academic Medical 
Centre in Amsterdam, the Netherlands or the Ospedale Pediatrico A.Meyer in 
Florence, Italy for the evaluation of chronic thrombocytopenia of unknown origin. 
Chronic thrombocytopenia is defined as platelet counts below 150 x 109/L for at 
least 6 months. The evaluation procedure included physical examination with 
special attention on dysmorphic features, hepato-splenomegaly and signs of 
hemorrhagic diathesis. X-rays of the upper limbs and ultrasonography of the 
abdomen was performed. Laboratory tests included complete peripheral blood cell 
counts, determination of mean platelet volume and morphological evaluation of the 
platelets. Bone-marrow smears were studied and chromosomal analysis, including 
breakage tests, was performed. Also screening for platelet antibodies, and analysis 
of glycoprotein profile of the platelets was done (notably for the GPIb/IX 
complex). Presence of active viral infections was excluded. Wiskott Aldrich 
Syndrome protein (WASP) gene analysis was carried out in a subset of the patients 
by Dr R. Brooymans in the laboratory of Pediatric Immunology of the Wilhelmina 
Children's Hospital, Utrecht, The Netherlands and by dr Hochs at the Childrens 
Hospital Orthopedic Medical Centre in one case. 

Patients with chronic idiopathic thrombocytopenia were diagnosed based on 
standard clinical procedures including screening for the presence of autoantibodies. 

After informed consent control bone marrow was obtained from healthy 
children undergoing a bone-marrow harvest to serve as allogeneic bone-marrow 
donor for a sibling. 

Tpo measurement 
For the measurement of plasma Tpo concentrations EDTA or heparin 

anticoagulated blood was drawn. Tpo plasma levels were measured with a solid 
phase sandwich ELISA as previously described [8]. Briefly, a mixture of two non-
crossreactive anti-Tpo monoclonal antibodies (moab) (anti-Tpo-5 and anti-Tpo-14) 
was coated on a microtiter plate. Plates were blocked and washed, after which 
plasma samples were incubated together with a third biotinylated anti-Tpo moab 
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(anti-Tpo-12). A streptavidm horseradish peroxidase conjugate and 3,3',5,5'-
tetramethylbenzidin (TMB) in substrate buffer (0.1 IM NaAc and 0.003% H202) 
were used for the final colonmetnc reaction. A pool of EDTA-anticoagulated 
plasma's with high Tpo levels was used as a standard. These plasma's were derived 
from patients with thrombocytopenia caused by bone-marrow failure. The first 
dilution of this standard was arbitrarily set at 100 Arbitrary Units (AU). Normal 
Tpo levels, as determined m a population of 193 healthy individuals, ranged from 4 
to 32 AU (2.5th- 97.5th percentile). At this moment no Tpo-standard is available, 
but 1 AU of plasma Tpo equals approximately 1 -9 pg of Tpo [8]. 

Glycocalicin measurement 

Glycocalicin (GC) plasma levels were measured m EDTA or heparin 
anticoagulated plasma with an ELISA as previously described [6]. Briefly, one 
anti-GPIb moab (CD42b: moab MB45, CLB, Amsterdam, The Netherlands) was 
coated on a microtiter plate. Plates were blocked and washed. Plasma samples 
together with a biotmylated anti-GPIb moab (CD42b: MB 15, CLB) were 
incubated. A streptavidin horseradish peroxidase conjugate and TMB were used for 
the final colonmetric reaction. Supernatant of a platelet concentrate was used as a 
standard. The GC concentration in the supernatant of the platelet concentrate 
was arbitrarily set at 1000 AU/ml. Normal plasma GC values as determined m 
95 healthy individuals were between 144-444 AU/ml (mean ± twice the SD). 

Cell purification and culture 

Bone marrow was anticoagulated with heparin. Mononuclear cells were isolated 
from bone marrow by density gradient centrifugation over Ficoll (1.077 g/cm3; 
Pharmacia Biotech, Uppsala, Sweden). Subsequently, CD34+ cells were purified by 
magnetic cell sorting (VarioMACS system; Miltenyi Biotec, Gladbach, Germany) 
according to the manufacturer's instructions. This resulted m a purity of more than 
95% CD34' cells, as determined by FACS analysis. CD34+ cells were cultured m 
Iscove's Modified Dulbecco's Medium supplemented with 1 mM sodium pyruvate 
(Gibco, Paisley, Scotland), 1 x MEM vitamins (Gibco), 1 x MEM non-essential 
amino acids (Gibco), 0.2% human serum albumin (m/v) (CLB), 0.02 mg/ml L-
asparagine, 0.01 mM monothioglycerol (Sigma, St.Louis, MO, USA), glutamine 
and penicillin/streptomycin [9]. To the medium, 10% (v/v) hepanmzed human AB 
plasma was added. One to 2 x 105 CD34" cells/ml were cultured m the presence of 
MGDF-D (100 ng/ml, a generous gift of Amgen, Thousand Oaks, CA, USA) and 
mterleukm-3 (IL-3) (10 ng/ml, R&D, Abingdon, UK). Depending on the number of 
cells, 24-well- (Nunc, Roskilde, Denmark), 12-well- (Costar, Cambridge, MA, 
USA) or 6-well-plate (Costar) were used. The cells were cultured for eight days at 
37°C, 5% C02, without additional feeding of growth factors or medium. 

118 



Analysis of different causes of congenital thrombocytopenia 

The number of viable cells after eight days of culture was determined with 
trypan blue exclusion. The proliferation factor was determined as the absolute 
increase in cell number (absolute number of viable cells present at day eight of 
culture divided by the number of cells seeded at day 0). 

Flow cytometry and monoclonal antibodies 
After eight days of culture, cells were harvested and immediately fixed with 1% 

(w/v) paraformaldehyde for 10 minutes on ice. Cells were gently centrifuged for 10 
minutes (180g) and resuspended in PBS containing 0.2% (m/v) BSA. For FACS 
analysis, the cells were incubated with FITC- or PE-labelled moabs for 30 minutes 
at 4°C. Isotype-matched mouse IgG subtypes served as controls. After 30 minutes 
of incubation, the cells were washed with PBS/0.2% BSA. After washing, the cells 
were resuspended in an appropriate volume of PBS/0.2% BSA and analysed by 
FACScan (Becton and Dickinson (B&D), San Jose, CA, USA). 

The following fluorescein isothiocynate (FITC) conjugated moabs were used: 
IgGl isotype control (CLB-203: CLB, Amsterdam, The Netherlands), CD 15 
(myeloid; CTB-gran/2,B4; CLB), CD41 (megakaryocytes/platelets; CLB-tromb/7, 
6C9; CLB) and CD42b (megakaryocytes/platelets; CLB-704; CLB). Phycoerythnn 
(PE)-conjugated moabs that were used: IgGl isotype control (X40; B&D), CD 14 
(monocytic; CLB-mon/l,8G3; CLB) and CD34 (stem cells; 581; Immunotech, 
Marseille, France). 

Statistical analysis 
Independent t-test was used to determine statistical differences using SPSS for 

windows, release 7.5 (SPSS Inc.). p > 0.05 was considered non-significant. 

Results 

Patients 

Fourteen children with congenital thrombocytopenia were analysed. Patient 
characteristics are depicted in table 1. Three different patient groups could be 
distinguished. One with congenital amegakaryocytic thrombocytopenia (CAMT; 
patient 1 - 6), one with dysmegakaryocytopoiesis (patient 7 - 9) and one with 
Wiskott Aldrich Syndrome (WAS; patient 10 - 14). All patients had platelet 
numbers below 30 x 109/L at the time of study. Mean platelet volume (MPV) was 
found to be decreased at diagnosis in patient 9 and in all patients with WAS, except 
for patient 12. Clinically relevant thrombocytopenia was already observed shortly 
after birth or during the first month of life in the patients with CAMT and in those 
with thrombocytopenia of unknown cause, whereas thrombocytopenia in the WAS 
patients was not detected before an age of three to five months. 
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Tabic 1. Patient Characteristics 
patient sex other problems age at diagnosis platelet MPV bleeding diagnosis (age at 
number thrombocyto- number tendency diagnosis in months) 

penia (months)  
1 F None 0 14 6.7 mild CAMT (4) 

2 M None 0 12 7.2 mild CAMT(l) 

3 M None 0 <10 8.4 severe CAMT (3) 

4 F none 1 18 7.1 mild CAMT (14) 

5 M none 0 4 8 mild CAMT (16) 

6 F none 0 8 9 severe CAMT (2) 

i F age 2yr: ALL, remission 0 <10 7.1 mild 
familial 

thrombocytopenia (43) 

8* M none 0 <10 7.0 mild 
familial 

thrombocytopenia (0) 

9 F cleft palate 0 8 5.0 severe 
dysmegakaryo-

cytopoiesis (13) 
10 M eczema infections 3 8 4.9 mild WAS (10) 

11 M eczema infections 4 26 4.7 mild WAS (13) 
12 M eczema infections 4 15 6.0 mild WAS (8) 

13 M eczema infections 5 28 4.6 mild WAS (14) 

14 M none 27 11 0 mild 9 

Normal values in healthy children are for platelets 150 - 450 x 109/L, for mean platelet volume 
(MPV) 6-10. *brother and sister. F; female, M; male, ALL: acute lymphoid leukemia, CAMT: 
congenital amegakaryocytic thrombocytopenia, WAS: Wiskott Aldrich Syndrome. 

Six children were diagnosed with CAMT (patient 1 - 6). The diagnosis was 
based on the absence of megakaryocytes in bone-marrow biopsies, one of the 
characteristics of CAMT. In the majority of patients, CAMT was diagnosed within 
the first half year of life, however, in two patients this diagnosis was made after the 
first birthday. 

In a previous study we detected mutations in the gene encoding the 
thrombopoietm receptor, c-mpl, in four of five patients with CAMT (table 2) [10]. 
These five patients are also included in this study, patient 1, 2, 3, 5 and 6. In the 
new CAMT patient, patient 4, two heterozygous point mutations in c-mpl were 
found: a G to C substitution at nucleotide 305 in exon 3, predicting an arginine to 
proline substitution at codon 102. Another mutation was found in the fifth base of 
mtron 3 which will lead to loss of the splice site 3' of exon 3 (table 2). Thus, this 
patient was compound heterozygote for mutations in c-mpl. 

In the second group of three children the cause of the thrombocytopenia was 
unclear (patient 7 - 9 ) . Bernard-Souher syndrome as well as immune-mediated 
thrombocytopenia were excluded. In bone-marrow samples from these patients 
increased numbers of megakaryocytes were present, but they appeared to be too 
small and dysmorphic. In figure 1 representive megakaryocytes from the bone-
marrow smear of patient 9 are depicted. 
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Table 2. Mutations found in c-mpl in patients with CAMT 

Patient Mutation Location Result Inherited from 
1 heterozygous G _ 

->c exon 3 Argl02Pro mother 

1 heterozygous G --> A exon 10 Trp491Stop unknown 

2 heterozygous C -->T exon 5 Arg257Cys father 

2 heterozygous C ~ ->T exon 12 Pro635Leu mother 
3* heterozygous C — 

->A exon 4 Prol36His mother 
3 heterozygous 7-bp deletion exon 6 368Stop father 

4 heterozygous G >C exon 3 Argl02Pro father 

4 heterozygous G — >c intron 3 splice defect 3 exon 3 mother 

3 homozveous G — > T intron 10 splice defect 5' exon 1 1 father + mother 

Patients 1, 2, 3 and 5 indicated with * have been described previously, numbered patient 1, 2, 3, 4 and 
5 respectively [10]. 

Patient 7 and 8 are siblings. Patient 7 developed an acute lymphoblastic 
leukemia at the age of two years for which she was successfully treated. During 
treatment, platelet counts remained below 20 x 109/L. Diagnosis of familial 
thrombocytopenia with an unknown cause was made in patients 7 and 8 shortly 
after birth of patient 8, who showed the same clinical picture as patient 7 did. 

Figure 1. A composition of megakaryocyte morphology in the bone marrow smear of patient 9 
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Patient 9 showed initially a decreased MPV. Due to non-random X-chromosome 
inactivation, X-linked diseases like WAS may also occur in females [11]. Wiskott 
Aldnch Syndrome Protein (WASP) mutations were excluded in this female child 
Moreover, repeated MPV measurements in the follow-up period showed normal 
MPV values in this patient. Re-analysis of bone-marrow samples from patient 9 at 
the age of 13 months led to the diagnosis of dysmegakaryocytopoiesis. The similar 
phenotype of the megakaryocytes in bone-marrow 

The third group of five children were diagnosed with smears from all three 
patients may point to a common defect.WAS (patient 10 - 14). WAS was 
diagnosed, based on clinical picture, specific laboratory signs as low MPV and 
defective antibody production to polysaccharide antigens. Megakaryocytes in 
bone-marrow biopsies appeared to be normal. Three of the five patients (patient 11, 
12, 13) showed mutations in the gene encoding WASP, all of which predicted to 
disrupt WASP synthesis. In two patients, no WASP mutations could be detected. 

Table 3. Platelet number, Tpo and GC plasma levels at time of investigation  

age at time of platelet number , .. rrt\\\i™\\ 
patient nr . . . . .. . , , ^ / T N TPO (AU/ml) GC (AU/ml) 
r investigation (months) (xl()9/L) 

1 39 10 337 11 

2 15 16 387 37 

3 1 < 10 384 158 

4 19 10 609 48 

5 41 < 10 581 160 

6 i < 10 895 nd 

115 6 12 9 
59 8 9 8 
8 <10 12 13 

10 10 13 29 61 
11 19 9 29 237 

12 14 30 38 356 

13 15 28 41 207 

14 46 2 18 345 

15 136 27 10 237 

16 212 389 13 637 

17 122 281 19 625 

18 61 59 11 249 

19 50 6 33 273 

20 91 16 10 145 

Normal concentrations in healthy adults for Tpo: 4 - 3 2 AU/ml, for GC: 144 - 444 AU/ml and 
for platelets: 150 - 450 x 109/L. nd: not determined. Patient 16 - 21 were diagnosed with 

122 



Analysis of different causes of congenital thrombocytopenia 

Tpo and GC plasma levels 

Table 3 shows platelet counts and plasma Tpo and GC levels at the time that the 
in vitro analysis of the megakaryocytopoiesis was performed. In the group of 
CAMT patients (patient 1 - 6), Tpo plasma levels were highly elevated, whereas 
GC levels were severely decreased in three of six patients tested (patient 1, 2 and 
4). Patient 3 and 5 had normal GC levels. However, these two patients were 
platelet-transfusion dependent (table 3), and the transfused platelets probably raised 
the plasma GC values. 

The three patients (patient 7 - 9) with dysmegakaryocytopoiesis had normal Tpo 
plasma levels, but severely reduced GC plasma levels (table 3). In the group of 
WAS patients (patient 10 - 14) both Tpo and GC levels were normal. Only patient 
10 had a slightly reduced GC plasma level (table 3). 

Tpo and GC plasma levels from six children with chronic ITP (patient 15-20) 
are included in table 3 for comparison: these patients have normal Tpo plasma 
levels and normal to slightly elevated GC plasma levels. 
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Figure 2. Immunophenotypiiig of CD34+ cell cultures 
Immunophenotyping of cultured bone marrow derived CD34+ cells. CD34+ cells were cultured in the 
presence of Tpo and IL-3. After eight days of culture, cell-lineage-specific Moabs were used to 
identify the cells present in culture. The percentage of positive cells is depicted, a) percentage of 
CD41+ cells (megakaryocytes), b) percentage of CD34+ cells (progenitor cells), c) percentage of 
CD14+ cells (monocytes), d) percentage of CD15+ cells (myeloid cells). 
Controls: control 1 - 6, CAMT: patient 1 - 4, dysmega: patient 7 - 9, WAS: patient 10 - 14. 
• control 1, patient 1, 7, 10 A control 2, patient 2, 8, 11 O control 3, patient 3, 9, 12 V control 4, 
patient 4, 13 • control 5, patient 14 o control 6. Bone marrow from patient 5 and 6 was not available. 
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Table 4. Proliferation and absolute number of cells obtained per seeded CD34* cell in bone 
marrow cultures. 

proliferation factor CD41 CD34 CD15 CD14 

patient nr increase in cell number number obtained per seeded CD34 cell 

1 1.8 0.01 0.03 0.32 0.68 

2 3.5 0.02 0.18 0.60 1.44 

4 1.9 0.01 0.05 0.21 0.82 

7 4.1 0.78 0.53 2.13 0.78 

8 4.4 0.53 0.57 2.55 0.88 

9 11.1 1.78 1.55 5.99 2.66 

10 4.8 0.82 0.38 0.53 1.10 

11 5.1 1.22 0.66 0.66 1.33 

12 6.4 1.60 0.83 0.90 1.41 

13 3.2 0.58 0.61 0.51 0.58 

14 0.8 0.27 0.08 0.12 0.03 

control 1 8.8 0.06 0.30 0.17 0.02 

control 2 5.6 0.22 0.39 1.18 1.62 

control 3 4.7 0.61 0.42 0.94 0.94 

control 4 9.1 1.18 0.64 1.00 4.10 

control 5 5.7 0.63 0.46 1.37 2.05 

control 6 4.6 0.74 0.37 0.74 0.97 

Absolute number of cells obtained per seeded CD34+ cell after eight days of culture of isolated, bone-
marrow derived CD34+ cells in the presence of Tpo and IL-3. The proliferation factor reflects the 
absolute increase in cell number. The percentage of positive cells was determined with cytometry. 
Bone marrow from patient 5 and 6 was not available. In the cultures with CD34+ cells from patient 3 
the absolute number of cultured cells was not determined. 

Megakaryocytopoiesis studied with CD34+ cell culture 

To study megakaryocytopoiesis in children with congenital thrombocytopenia, 
bone-marrow-denved CD34+ progenitor cells were cultured in an in vitro liquid 
culture system in the presence of Tpo and interleukin-3 (IL-3). This cytokine 
combination was chosen, because in a previous study, and as described in 
literature, we found that it induced both proliferation and differentiation of 
megakaryocytes after eight days of liquid culture [12-14]. CD34+ cells selected 
from fresh bone-marrow samples from healthy children served as control (n = 6). 
After eight days of culture, cells were analysed with cell-type specific markers by 
flow cytometry, to determine the cell types present. Table 4 depicts the 
proliferation of the cells and the absolute number of various cell-types obtained per 
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seeded CD34^ cell. Only from four of the six CAMT patients (patient 1 - 4) bone-
marrow samples were available to perform CD34^ cell cultures. In three of the four 
patients no megakaryocyte formation, as measured by CD41 expression, was 
observed (Fig. 2a, Table 4. p=0.004). However, in a culture with CD34~ cells from 
patient 3 in presence of Tpo + IL-3 megakaryocyte formation was observed. If 
CD34" cells from this patient were cultured with Tpo as a single cytokine, or 
combined with IL-1, no megakaryocytes were formed [10]. All cultures from 
CAMT patients showed significantly reduced percentages and absolute numbers of 
cells that remained CD34' (Fig. 2b, Table 4, p=0.02 and 0.001, respectively). 
Normal formation of monocytes (CD14XD36*) and myeloid cells (CD15~) was 
observed (Fig. 2c, d, Table 4) . 

In cultures with bone-marrow derived CD34' cells from all other patients and 
six healthy controls, megakaryocytes were obtained (Fig. 2, Table 4). After culture, 
4 to 34% of the cells expressed the megakaryocyte-specific marker CD41. 
Approximately 10% of the cells still expressed the hematopoietic stem-cell marker 
CD34. In all cultures, expression of CD 15 and CD 14 was observed, implying 
formation of myeloid cells and monocytes, respectively. The percentage of cells 
that expressed CD 15 and the absolute number of CD15+ cells were significantly 
higher in patients with thrombocytopenia of unknown cause (patient 7 -9) (Fig. 2, 
Table 4, p<0.0001 and p=0.03, respectively). In none of the cultures, lymphoid or 
erythroid cells were formed. 

Discussion 

The aim of the study was to investigate whether Tpo and GC plasma levels and 
analysis of megakaryocytopoiesis in vitro could be of additional value in the 
differential diagnosis of patients with chronic severe congenital thrombocytopenia. 

In patients with CAMT, hardly any megakaryocytes were found in bone-
marrow biopsies. In CD34+ cell cultures from three of the four patients studied, no 
megakaryocyte formation in vitro was observed. CD34+ cells from one patient 
showed capacity of megakaryocyte formation, however only if Tpo was combined 
with IL-3. At present there is no explanation for this phenomenon. The strongly 
increased Tpo plasma levels in all patients with CAMT (10 to 28-fold higher than 
normal) and severely decreased GC plasma levels (less than 10% of normal values) 
in those patients not on platelet support, are both in concordance with absent 
megakaryocyte and platelet formation. In most patients with CAMT, as described 
in literature, defective megakaryocytopoiesis was indicated as the origin of the 
thrombocytopenia [15-17]. In five of six CAMT patients we found mutations in c-
mpl as the likely cause of the thrombocytopenia (this study and [10]. Ihara et al. 
[18] also described a CAMT patient with two mutations in c-mpl. Currently, we are 
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investigating for all CAMT patients, whether the observed mutations, that did not 
directly predict loss of a functional Mpl expression, are causing disruption of Mpl 
function or expression. 

Three patients were suffering from chronic thrombocytopenia of unknown 
cause. All three patients had normal Tpo plasma levels and very low GC levels. 
Bernard Soulier Syndrome is characterized by absent GPIb/IX expression and 
generally GC-levels are not measurable. Bernard Soulier Syndrome was excluded 
in these patients, because of the normal glycoprotein profile of the residual 
platelets (CD42a; GPIX and CD42b; GPIba expression were in the normal range, 
data not shown). All three patients had increased numbers of small atypical 
dysmorphic megakaryocytes in the bone marrow (figure 1). The in vitro 
megakaryocytopoiesis assay did not show a quantitative abnormality in outgrowth 
of the megakaryocyte lineage. Determination of ploidy as marker of maturity of 
the cells could not be performed in all these cases due to the limited number of 
cells obtained. To analyse possible qualitative defects of the in vitro obtained 
megakaryocytes from the patients with dysmegakaryocytopoiesis, the time of 
culture should be extended to be able to judge the final maturation of the 
megakaryocytes and to score their capacity to undergo proplatelet formation. The 
severely decreased GC levels and the aberrant myeloid proliferation in the in vitro 
CD34" cell cultures were characteristic for this group of patients. In vivo, abundant 
but normal myeloid cell formation was scored in bone-marrow samples and the 
neutrophil counts in the peripheral blood were normal. It is probable that an 
aberrant megakaryocyte maturation and proplatelet formation and/or intramedular 
destruction of platelets underlies the thrombocytopenia in this group of patients. 
This may explain the decreased GC plasma levels. 

Thusfar, not much is known about the factors involved in final stages of 
megakaryocyte maturation and proplatelet formation.Two transcription factor 
knock-out mice, NF-E2 and GATA-1, have been described that were both severely 
thrombocytopenic [19-22]. NF-E2 knock-out mice have normal Tpo levels and 
normal numbers of polyploid megakaryocytes, but no proplatelet formation [21]. 
GATA-1 knock-out mice have increased numbers of megakaryocytes in bone 
marrow and spleen, but most megakaryocytes are small and immature [23]. One 
patient with dysfunctional GATA-1 has been described and found to suffer from 
abnormal platelet and red cell formation [24]. Recently, two families with 
autosomal dominant thrombocytopenia were described [25-27]. Like in our 
patients with dysmegakaryocytopoiesis, the megakaryocytes in these patients were 
not fully maturated [25]. However, Drachman et al. observed reduced numbers of 
megakaryocytes in bone marrow of affected family members, while in our patients 
increased numbers of megakaryocytes were present in the bone marrow. 
Furthermore, Tpo plasma levels were slightly elevated in the thrombocytopenic 
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individuals, in contrast to the normal Tpo levels observed in our three patients 
[25,27]. Linkage analysis established in both families a locus on chromosome 10p 
[25,26]. Genes encoding NF-E2, Tpo, Mpl or GATA-1 are not located on 
chromosome 10 and they are thus excluded as cause of thrombocytopenia in these 
families. Despite the discrepancies in megakaryocyte number and Tpo levels, after 
identification of the responsible gene our patients should also be screened for 
mutations in this gene. 

In this study, five children diagnosed with WAS were included. They had 
normal numbers of megakaryocytes in their bone marrow and quantitatively 
normal megakaryocyte formation in vitro. Tpo plasma levels were all in the normal 
range. GC plasma levels were normal, except in patient 10, who had slightly 
decreased GC plasma levels. This patient was clinically diagnosed as suffering 
from WAS, but no mutations could be detected in WASP. In 10 to 15% of cases of 
clinically defined WAS, no mutations in WASP can be found (personal 
communication, dr H. Ochs, University of Washington School of Medicine, 
Seattle, USA). Patient 14 was included during the study. Also in this patient no 
WASP mutation could be detected, but both our three tested parameters and the 
clinical picture were consistent with WAS as cause of the thrombocytopenia. 

Clinical observations in WAS patients suggested that accelerated platelet 
destruction is the cause of the thrombocytopenia. After splenectomy, platelet 
counts can normalize, indicating that sequestration in the spleen leads to decreased 
platelet numbers [28]. Furthermore, autologous transfused platelets have a shorter 
life span than transfused donor platelets, implying an intrinsic platelet defect [28]. 
It may be caused by impaired regulation of actin polymerisation because of the 
absence of functional WASP [29]. Haddad et al. [30] showed that CD34" cells 
from patients with WAS developed into structurally normal megakaryocytes, 
showing signs of proplatelet formation in vitro. The in vitro formed platelets had a 
normal size, while peripheral blood platelets of the same patients were abnormally 
small [30]. These authors suggested that platelet formation is normal in WAS 
patients, and that cytoskeletal changes occur in their platelets in the circulation. In 
contrast, Kajiwara et al. [31] observed that megakaryocyte colony formation and 
proplatelet formation was severely decreased in WAS patients. The normal Tpo 
and GC plasma levels found within our WAS patient group together with the 
observed normal megakaryocyte formation both in vivo and in vitro suggests that 
megakaryocytes and platelets are normally produced. The Tpo and GC plasma 
levels are comparable to those from patients with (chronic) ITP, whose 
thrombocytopenia also results from limited platelet life span. 

Our study shows that the three described laboratory parameters improve the 
discrimination between different causes of congenital thrombocytopenia. 
Measurement of Tpo and GC plasma levels can be used to distinguish between 
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different causes of thrombocytopenia. In vitro analysis of megakaryocytopoiesis 
may further add to (confirmation of) final diagnosis and to decision making on 
appropriate therapy. For children with CAMT successful treatment has proven to 
be bone-marrow transplantation with related or unrelated donors [32,33]. Also in 
WAS, bone-marrow transplantation is a possible and accepted treatment. In the 
patients with dysmegakaryocytopoiesis no underlying genetic or stem cell defect 
has yet been shown. Bone-marrow transplantation, although it may be curative, 
may be a point of discussion in this group of patients. 
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