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Acquired Bernard-Soulier syndrome as the presenting 
feature of GATA2-related myeloid neoplasm in an 
adolescent: an insight into the mechanisms underlying 
the platelet defect

Pseudo-Bernard-Soulier syndrome is an acquired rare 
bleeding condition characterized by thrombocytopenia, large 
platelets lacking functional GPIb-IX and impaired response 
to ristocetin, mimicking classic Bernard-Soulier syndrome, 
which is caused by biallelic GPIb-IX mutations.1 It may de-
velop secondary to autoimmune and lymphoproliferative 
disorders, myelodysplastic syndrome and Gaucher disease.1-4 
GATA2 deficiency is a heterogeneous disorder associated 
with protean clinical manifestations, including monocyte, 
dendritic, B- and natural killer (NK)-cell deficiency, immu-
nodeficiency, warts, lymphedema and predisposition to 
myeloid malignancies.5 We report a girl with GATA2 defi-
ciency who developed pseudo-Bernard-Soulier syndrome 
heralding the onset of a myeloid neoplasm consistent with 
atypical chronic myeloid leukemia (aCML) and investigate 
the mechanisms linking the acquired platelet defect to 
malignant transformation in this setting. 
A 12-year-old girl was referred for severe bleeding. She 
had experienced epistaxis, bruising and hypermenorrhea 
since the age of 11 years, requiring blood transfusions, nasal 
packing and hormonal therapy. She had macrothrombocy-
topenia (platelet count 60x109/L) and anemia (hemoglobin 
6.2 g/dL, MCV 105 fL, reticulocytes 0.9%). Leukocyte count 
(6.5x109/L), coagulation tests and von Willebrand factor 
were normal. Impedance aggregometry showed absent 
response to ristocetin with preserved response to other 
agonists. Large platelets were evident by microscopy and 
flow cytometry (Figure 1A), which revealed two platelet 
populations with different GPIb-IX levels, one with complete 
absence of this complex (34-37% of platelets) and another 
which expressed GPIb-IX, albeit at reduced levels, as re-
vealed by decreased mean fluorescence intensity (Figure 
1B), whereas GPIIb-IIIa was preserved or increased (data 
not shown). Whole exome seguencing (WES) followed by a 
virtual platelet disorders panel, including GP1BA, GP1BB and 
GP9, was negative. Recent onset macrothrombocytopenia 
together with defective ristocetin-induced aggregation and 
GPIb-IX expression in the absence of GP1BA/GP1BB/GP9 
mutations was consistent with pseudo-Bernard-Soulier 
syndrome. The Institutional Ethics Committee approved 
the study and informed consent was provided.
Six months later, the patient continued with severe bleeding 
and developed leukocytosis (15-30x109/L), persistent ane-
mia (MCV 120 fL), increased fetal hemoglobin (5.6%) and 

worsening thrombocytopenia (platelet count 25-50x109/L). 
Differential count disclosed blasts (1-3%), myeloid pro-
genitors (6-12%), bands (3-8%), neutrophilia (70-85%) with 
prominent hyposegmentation and pseudo-Pelger-Hüet 
forms and low monocyte counts (0.5-1%). Monocytopenia 
was confirmed by flow cytometry (data not shown). The 
bone marrow showed increased numbers of small mega-
karyocytes (MK), with predominant mono- and bi-nuclear 
forms, some displaying multinuclearity, myeloid hyper-
plasia, myeloid and erythroid dysplasia and 3% myeloid 
blasts (Figure 1C), with normal cytogenetics and absence 
of BCR::ABL fusion transcript. Spleen size was normal. Due 
to suspicion of a clonal disorder, WES obtained at first 
admission, aimed at excluding classical Bernard-Soulier, 
was re-evaluated, disclosing a novel GATA2 mutation and 
additional CSF3R, SETBP1 and ASXL1 mutations, revealing 
the presence of clonal alterations in myeloid genes at ini-
tial presentation, before the development of overt leuko-
cytosis and myeloid dysplasia. A targeted next-generation 
sequencing (NGS) myeloid panel6 confirmed these variants 
(Table 1), except for GATA2, which was not covered, and 
revealed allelic imbalance (80/20) of SNP CUX1 c.4350G>A 
(rs410825) at 7q22. Repeated myeloid panel at 15-month 
follow-up showed clonal evolution with increased ASXL1, 
CSF3R and SETBP1 VAF, 95/5 allelic imbalance at CUX1 and 
acquisition of U2AF1 and ETV6 mutations (Table 1). The 
subset of platelets lacking GPIb-IX rose to 66-69% (Figure 
1D). Collectively, morphologic and genetic features were 
consistent with aCML. 
Sanger sequencing of purified T cells disclosed the GA-
TA2, but not ASXL1, CSF3R and SETBP1 variants (Figure 1E). 
Fragment analysis revealed the 22-bp GATA2 deletion in 
whole blood and T cells with approximately 50% VAF, which 
remained stable at follow-up (Table 1, Figure 1F), strongly 
suggesting its germline origin. Unfortunately, germline tissue 
was not available. The GATA2 variant was absent in her un-
affected parents, supporting de novo origin, consistent with 
the fact that most germline GATA2 variants occur de novo.7

The patient was treated with hydroxyurea with partial re-
sponse. Stem cell transplantation (SCT) with a matched 
GATA2-negative sibling donor was planned. However, the 
patient developed severe COVID-19 during pre-transplant 
preparation followed by pulmonary aspergillosis and died 
of pulmonary hemorrhage at the age of 14.
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Figure 1. Hematologic and genomic features in the patient presenting with pseudo-Bernard-Soulier in the setting of GATA2-re-
lated myeloid neoplasm. (A) (i) May-Grünwand-Giemsa-stained peripheral blood smear at diagnosis showing the presence of large 
platelets. (ii) Forward (FSC) and side (SSC) scatter flow cytometry profile of control and patient platelets showing increased FSC 
for the patient, reflecting increased platelet size. (B) Platelet surface GPIb-IX levels at diagnosis were assessed in platelet-rich 
plasma by flow cytometry by measuring the expression of CD42b (GPIbα)-PE and CD42a (GPIX)-FITC, or the corresponding iso-
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To investigate the mechanisms underlying the pseu-
do-Bernard Soulier phenotype, and considering that both 
GATA2 deficiency and aCML may be associated with au-
toimmune phenomena, we first assessed whether the 
decrease in GPIb-IX could be mediated by anti-GPIb-IX 
autoantibodies, as reported in other settings.1,2 To this end, 
normal platelets were incubated with patient plasma and 
ristocetin-induced platelet agglutination was assessed 
by lumi-aggregometry. Patient plasma did not inhibit 
ristocetin-induced platelet agglutination (Figure 2A) and, 
furthermore, GPIb-IX expression was not substantially 
altered under these conditions (Figure 2B), indicating 
that the decrease in GPIb-IX was unlikely to be due to 
immune-mediated mechanisms. The fact that platelets 
lacking GPIb-IX were larger than GPIb-IX-positive ones 
(data not shown) suggested the decrease in GPIb-IX could 
originate at the MK level resulting in the production of 
large platelets. To assess this hypothesis, we cultured 
patient-derived MK, which showed a striking decrease 
in the output of CD61+CD42+ cells (Figure 2C), indicating 
decreased MK maturation or reduced GPIb-IX expression 
on mature MK. Finally, we measured GP1BA, GP1BB and 
GP9 transcript levels in patient platelets, as a reflection 
of MK gene expression, and found reduced GP1BB, while 

GP1BA and GP9 were preserved (Figure 2D), suggesting 
that low GPIbβ could lead to reduced expression of the 
whole complex at the cell surface.
GATA2 deficiency is a leading cause of myeloid neoplasms 
in children and adolescents, and GATA2 mutations rep-
resent the most frequent germline defect underlying 
pediatric myelodysplastic syndrome (MDS).8 In this pa-
tient, identification of a GATA2 variant with a stable VAF 
of around 50%, which was also present in a non-myeloid 
specimen lacking the other clonal abnormalities, such as 
T cells, strongly supports its germline origin. There were 
no other signs of GATA2 deficiency except for monocyto-
penia, highlighting the marked clinical variability of this 
syndrome. Abnormal MK morphology and atypical nuclear 
features characteristic of GATA2 deficiency, such as mul-
tinuclearity, were evident. Patients with GATA2 deficiency 
are at high risk of malignant transformation, most devel-
oping MDS/AML, while a smaller subset present with de 
novo AML and chronic myelomonocytic leukemia.8 This 
patient developed a myelodysplastic/myeloproliferative 
overlap neoplasm characterized by prominent neutrophilia 
and neutrophilic dysplasia with increasing proportions 
(>10%) of immature myeloid precursors in circulation, 
fulfilling the diagnostic criteria for aCML,9 which is a very 

typic controls, after gating CD61 (GPIIIa)-FITC- or CD41 (GPIIb)-PE-positive events, respectively, on double-labeled tubes.  Patient 
platelets (red histogram) and platelets from a healthy individual (control) assessed in parallel (blue histogram) are shown. The 
percentage of GPIbα- and GPIX-positive (63% and 66%, respectively) and -negative (37% and 34%, respectively) platelets and 
mean fluorescence intensity (MFI) of GPIbα-IX positive platelets is depicted. (C) Bone marrow histology showing: (i) hypercellu-
larity with myeloid and megakaryocytic hyperplasia, (ii-iv) small megakaryocytes, with predominant mono- and bi-nuclear forms, 
some displaying multinuclearity and others with emperipolesis (inset). Hematoxylin and eosin staining (i-iii) and immunohisto-
chemistry for CD61 (iv) images are shown at 4x (i), 10x (iv) or 40x (ii-iii) magnification; scale bars: 100 µm (i, iv) and 20 µm (ii, iii), 
respectively. (D) Platelet surface expression of GPIb-IX at 15-month follow-up. Patient platelets (red histogram) and platelets from 
healthy individual (control) assessed in parallel (blue histogram) are shown. The percentage of GPIbα- and GPIX-positive (34% 
and 31%, respectively) and -negative (66% and 69%, respectively) platelets and MFI of GPIbα-IX positive platelets is depicted. (E) 
Schematic representation of the GATA2 variant at the transcript and protein level (upper panel) and DNA sequencing chromato-
gram traces for the GATA2 variant in purified T cells (bottom). Arrow indicates the frameshift generated by the 22-bp deletion. (F) 
Fragment length analysis of the GATA2 deletion by capillary electrophoresis and GeneScanning of the fluorescent PCR product 
showing: (i) one peak in the control sample and (ii-iv) two peaks (mutated and wild-type alleles) in patient purified T-cell and 
whole blood DNA obtained at diagnosis and 15-month follow-up.

Gene c.DNA Protein Classification Baseline VAF (%) Follow-up VAF (%) Purified T cells
  NGS panel

SETBP1 c.2609G>A p.Gly870Asp Pathogenic 71 93 Wild-type
CSF3R c.1853C>T p.Thr618Ile Pathogenic 34 49 Wild-type
ASXL1 c.1861_1871del p.Ala621ProfsTer10 Pathogenic 12 22 Wild-type
U2AF1 c.470A>C p.Gln157Pro Pathogenic - 17 NE
ETV6 c.691G>T p.Glu213Ter Likely pathogenic - 3 NE

  Fragment analysis
GATA2 c.635_656del p.Lys212ArgfsTer3 Likely pathogenic 55 53 Mutant*

Table 1. Pathogenic and likely pathogenic variants in myeloid genes.

Likely pathogenic or pathogenic variants in myeloid genes identified in whole blood and T cells. Variant allele frequency (VAF) was assessed 
in whole blood at diagnosis (baseline) and at 15-month follow-up by a next-generation sequencing-based targeted myeloid gene panel for 
SETBP1, CSF3R, ASXL1, U2AF1 and ETV6 variants and by fragment analysis for the 22-bp GATA2 deletion. Mutations were assessed in purified 
T cells by Sanger sequencing or by both Sanger sequencing and fragment analysis (for GATA2). *Fragment analysis of the GATA2 variant in 
purified T cells disclosed 53% VAF. RefSeq transcripts for GATA2: NM_032638; SETBP1: NM_015559; CSF3R: NM_000760; ASXL1: NM_015338; 
U2AF1: NM_001025203; ETV6: NM_001987. NE: not evaluated.
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Figure 2. Mechanisms underlying the platelet defect. (A) Washed control platelets (200x109/L) were resuspended in either control 
(left) or patient (right) plasma and platelet aggregation in response to 1.2 mg/mL ristocetin was evaluated by light transmission 
aggregometry. (B) Washed control platelets were incubated with either control or patient plasma during 30 minutes (min) and 
then platelet surface GPIbα and GPIX expression was assessed by flow cytometry using CD42b-PE and CD42a-FITC, respective-
ly. (C) Megakaryocytes (MK) were cultured from patient and control peripheral blood CD34+ hematopoietic progenitors separated 
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rare hematologic neoplasm in children. Development of 
aCML in the setting of germinal GATA2 deficiency has not, 
to our knowledge, been reported previously, expanding 
the list of neoplasms associated with this syndrome. The 
somatic mutational profile at disease onset included mu-
tations in ASXL1, SETBP1 and CSFR3. Clear signs of clonal 
progression were documented during follow-up with an 
increase in ASXL1, CSF3R, SETBP1 VAF and acquisition of 
new mutations. In addition to somatic variants, co-op-
erating events during malignant transformation in GATA2 
deficiency patients involve cytogenetic abnormalities, such 
as monosomy 7 or partial 7q deletion.7 Allelic imbalance 
was noted at locus CUX1, suggesting an interstitial deletion 
involving 7q22. Timely SCT is fundamental in this setting, 
but, unfortunately, the patient died due to an opportu-
nistic infection following hospitalization for COVID-19.  
Severe bleeding secondary to Bernard-Soulier-like de-
fect heralded the overt manifestation of the myeloid 
neoplasm and was the presenting feature in this patient. 
The defect in platelet aggregation and GPIb-IX expression 
could not be reproduced when normal platelets were 
incubated with patient plasma, rendering the presence 
of an autoantibody against GPIb-IX unlikely. Instead, low 
GP1BB transcript levels were found, providing a plausible 
explanation leading to the reduction in GPIb-IX. Interest-
ingly, GP1bβ has been shown to be down-regulated after 
shRNA-induced GATA2 silencing10 and GATA2 binding to 
GP1BB regulatory regions was documented by ChIP-seq in 
primary human MK,11 suggesting GATA2 regulates GP1BB. 
On this basis, we considered the possibility that GATA2 
deficiency could contribute to reduced GPIbβ transcript 
levels, leading to altered GPIb-IX complex assembly and 
surface expression. However, defective GPIb-IX expres-
sion or platelet dysfunction have not been described in 
patients with GATA2 deficiency and thrombocytopenia is a 
rare finding before malignant transformation.12 In addition, 
the degree of surface GPIb-IX reduction was not homoge-
neous, as would be expected for a germline abnormality, 
as two platelet populations were found, one negative for 
GPIb-IX and another which expressed GPIb-IX, although 
at reduced levels. Moreover, the GPIb-IX-negative subset 
increased during follow-up, in parallel with the increase 
in the VAF of somatic mutations, while GATA2 VAF re-
mained stable. Altogether, these features suggest that 
the underlying myeloid neoplasia itself, rather than the 

GATA2 germline defect, was responsible for the platelet 
defect.  Remarkably, previous reports have described the 
development of pseudo-Bernard-Soulier in 4 children with 
MDS,3,13,14 2 of them showing monosomy 7,3,14 of whom one 
displayed two platelet populations with different degrees 
of GPIb-IX reduction,3 similar to our case, suggesting that 
low GPIb-IX could represent a clonal abnormality in this 
background. In addition to reduced GPIb-IX, abnormal 
platelet formation by dysplastic MK, which were prom-
inent in the patient’s bone marrow, likely contributed 
to thrombocytopenia. In fact, platelet counts dropped 
progressively, paralleling MDS progression and clonal 
evolution. The proposed sequence of events is depicted 
in Figure 2E.
In conclusion, this report highlights that an initial hemor-
rhagic presentation due to acquired platelet dysfunction 
should prompt suspicion of an underlying myeloid neo-
plasm. Whether the presence of germline GATA2 mutations 
may facilitate this hemorrhagic phenotype remains to be 
demonstrated and requires further evidence.
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(mature MK) cells. (D) GP1BA, GP1BB and GP9 mRNA expression was assessed by qPCR relative to ITGA2B on patient and control 
(N=4) purified washed platelets. (E) Proposed mechanism of disease. The proband was born with a de novo germline GATA2 mu-
tation. Acquisition of additional somatic mutations in myeloid genes triggered evolution to a neutrophilic neoplasm consistent 
with atypical chronic myeloid leukemia. Dysplastic megakaryocytes yield low numbers of large platelets displaying reduced GPIbIX 
expression, leading to a pseudo-Bernard-Soulier phenotype. Monocytopenia, which represents a frequent feature of GATA2 ger-
mline deficiency, is also evident. HSC: hematopoietic stem cell; MK: megakaryocyte. Created with BioRender.
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