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ABSTRACT

G

FI1B is a transcription factor essential for the regulation of erythropoiesis and megakaryopoiesis, and pathogenic variants have
been associated with thrombocytopenia and bleeding.
Analysing thrombocytopenic families by whole exome sequencing, we
identified a novel GFI1B variant (c.648+5G>A), which causes exon 9
skipping and overexpression of a shorter p32 isoform. We report the
clinical data of our patients and critically review the phenotype
observed in individuals with different GFI1B variants leading to the
same effect on the p32 expression. Since p32 is increased in acute and
chronic leukemia cells, we tested the expression level of genes playing
a role in various type of cancers, including hematological tumors and
found that they are significantly dysregulated, suggesting a potential
role for GFI1B in carcinogenesis regulation. Increasing the detection of
individuals with GFI1B variants will allow us to better characterize this
rare disease and determine whether it is associated with an increased
risk of developing malignancies.
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Introduction
Inherited thrombocytopenias represent a group of heterogeneous rare disorders
characterized by a reduced platelet count that may associate with other defects.1
Mutations in at least 40 different genes are responsible for these disorders, including
a recently discovered autosomal dominant condition reported as GFI1B-associated
bleeding disorder or platelet-type bleeding disorder 17 (OMIM 187900), which is
caused by pathogenic variants of the GFI1B (growth factor-independent 1B) gene.2–4
GFI1B is a transcription repressor of the GFI zinc-finger family, consisting of three
domains: a highly conserved N-terminal repressor domain called Snail/Gfi1, which
recruits chromatin regulatory proteins; an intermediary domain of unknown function; and a C-terminal cluster of six zinc-finger domains (ZNF), of which ZNF 3, 4,
and 5 bind to DNA, while ZNF 1,2, and 6 have yet to be characterized.5,6 GFI1B plays
a key role in hematopoiesis through different isoforms. Indeed, in addition to generating a long isoform consisting of 330 amino acids (p37), GFI1B mRNA undergoes an
alternative splicing process producing a short isoform of 284 residues (p32) characterized by the skipping of exon 9 (NG_034227) and consequent removal of ZNF 1
and 2. The long p37 form is reported to have a pivotal role in megakaryopoiesis and
platelet production, whereas the short p32 form is essential for erythroid lineage.7
GFI1B regulates the differentiation of the hematopoietic stem cells through the
repression of different promoters, including its self-regulatory regions via an autoregulatory feedback mechanism.7–9 Among other targets is the hematopoietic stem cell
marker CD34, whose downregulation during hematopoiesis is not quenched when
GFI1B is mutated. Therefore, one feature of the GFI1B-associated bleeding disorder
is the aberrant expression of CD34 on patients' platelets, which is due to the dysreg-
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ulation of the respective gene at the transcriptional level.10
Since its first description,2 individuals with GFI1B mutations have been examined in order to characterize this
novel rare platelet disorder. To our knowledge, these studies have identified at least 15 different mutations in approximately 20 unrelated families, allowing better characterization of the disease, whose features are increased bleeding
tendency, thrombocytopenia with enlarged platelets and a
reduced a-granule content with abnormal distribution.2,3,10–17
We report a novel heterozygous GFI1B variant
(c.648+5G>A) in a family with mild thrombocytopenia and
no other significant features. The substitution causes skipping of exon 9 and consequent overexpression of the short
p32 isoform and dysregulation of GFI1B target genes,
including CD34 and other genes that are involved in neoplastic transformation, suggesting a potential role for GFI1B
in carcinogenesis regulation.

Methods

Foundation” of Pavia approved the study. All subjects provided
written informed consent for the study, which was conducted in
accordance with the Declaration of Helsinki.

Mutation screening and reverse transcriptase
polymerase chain reaction analysis
Mutational screening was performed by whole exome sequencing (WES) in the proband (II-2), as previously reported.20 Variants
were confirmed by Sanger sequencing in her daughters (III-1 and
III-2), sisters (II-3 and II-4) and brother (II5) (Table 1). Total RNA
was extracted from peripheral blood cells of patients II-2 and III-1,
as well as two healthy controls and cDNA amplified as previously
reported,21 using primers enlisted in the Online SupplementaryTable
S1.

Bioinformatic analysis
The effect of the splice-site mutation was predicted by in silico analyses using two dedicated bioinformatic tools: splice site
prediction
by
Neural
Network
(NNSplice;
http://www.fruitfly.org/seq_tools/splice.html) and Human
Splicing Finder Version 2.4.1 (http://www.umd.be/HSF/).

Family study and clinical features
The propositus (Figure 1), a 65-year-old female with low platelet
number, and her family members were studied to determine the
molecular basis of thrombocytopenia. Their clinical features, as
well as the methods used for blood cell analyses,18,19 are described
in more detail in the Online Supplementary Appendix. The
Institutional Review Board of the IRCCS “Policlinico San Matteo

A

Expression vectors and dual-luciferase reporter assay
Wild-type and mutant (c.511_648del due to skipping of exon 9)
GFI1B cDNA were cloned into the tagged (myc) expression vector
pcDNA3.1 (Invitrogen, Carlsbad, CA, USA). The GFI1B, GFI,
MEIS1, and CD34 promoters were cloned into a reporter firefly
luciferase vector (pGL4/luc2, Promega). Plasmids were transiently

B

C

Figure 1 Genetic analyses of the family. (A) Sanger
sequencing showing exon 9 (e9) and intron 9 (i9) boundary
of GFI1B gene. The heterozygous c.648+5G>A substitution
is indicated by an arrow. Nucleotide A of the ATG translation
initiation start site of the GFI1B cDNA in GenBank sequence
NM_004188.6 is indicated as nucleotide +1. (B) Real-time
polymerase chain reaction showing different transcription
pattern between patients (II-2; III-1) and healthy control (HC).
The expected product of 246 basepairs (bp) was detected in
the HC sample; an additional band of 108 bp corresponding
to skipping of exon 9 was found in the affected individuals.
M: molecular weight. (C) Family pedigree showing an autosomal dominant pattern of inheritance. Arrow indicates the
proband whereas black filled symbols represent affected
individuals carrying the mutation. The grey filled symbol indicates a thrombocytopenic brother without the mutation
(platelet count in this patient may be influenced by a liver cirrhosis). wt: wild-type.
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co-transfected in Meg01, as previously described.2 The luciferase
activity was detected using the Dual Luciferase reporter assay system kit (Promega), according to the manufacturer’s instructions.
Details of the experiments are included in the Online Supplementary
Appendix.

Quantitative real-time polymerase chain reaction
Quantitative real-time polymerase chain reaction (qRT-PCR)
was performed to evaluate the absolute expression of GFI1B isoforms and relative expression of GFI1B major target, using specific
primers (Online Supplementary Table S2). FastStart Universal SYBR
Green Master Mix (Roche) and ABI PRISM 7900 detection
(Applied Biosystem, Foster City, CA, USA) were used. All experiments were performed three times in triplicate, as previously
reported.22

Western blot analyses
HEK293T cells were transfected with myc-tagged wild-type and
mutant GFI1B cDNA using calcium phosphate method and maintained in DMEM medium (Euroclone, Pero, Italy) with 10% fetal
bovine serum. Protein fractionated cell extracts were analyzed by
western blot using primary antibodies anti-myc (9E10; sc-40; Santa
Cruz Biotechnology, Dallas, TX, USA), anti-HSP90 (sc-7947; Santa
Cruz Biotechnology), anti-ORC2 (ab68348; Abcam, Cambridge,
UK); as previously described.23

Immunofluorescence assay
GFI1B transfected in HeLa cells was detected using 9E10 antibody against c-myc (Santa Cruz Biotechnology). Peripheral blood
smears were double-labeled with antibodies against CD41 (Santa
Cruz Biotechnology) and CD34 (Miltenyi Biotec, Bergisch
Gladbach, Germany). General staining and image acquisition have
previously been described.24,25 Detailed methods for both immunofluorescence analyses are included in the Online Supplementary
Appendix.

Results
Identification of the novel c.648+5G>A mutation in
GFI1B
WES of proband II-2 revealed a single nucleotide heterozygous substitution (c.648+5 G>A) in the GFI1B gene,
affecting the splice donor site of intron 9 (Figure 1A). Sanger
sequencing confirmed the variant in the proband (II-2), her
sister (II-3) and her daughters (III-1 and III-2) but not in her

healthy sister (II-5) (Figure 1B). The proband’s brother (II-4)
was homozygous for the wild-type allele and the thrombocytopenia was likely due to liver cirrhosis. The
c.648+5G>A substitution is reported in GnomAD with a
microcytic anemia factor (MAF) value of 0.000008025 and
identified in two European (non-Finnish) individuals in heterozygous status.
Based on NNSplice software, the c.648+5G>A variant is
predicted to drop the score of the splice donor site from
0.89 to 0.24, suggesting potential alternative splicing
processes. Therefore, RT-PCR analysis was performed
using RNA extracted from affected individuals’ peripheral
blood cells (II-2 and III-1) (Figure 1C). In contrast with the
healthy control showing the expected product of 246 basepairs (bp), the patients’ samples amplified an additional
band of 108 bp. Sequencing analysis revealed that the lower
band corresponded to a transcript characterized by skipping
of exon 9, resulting in an in-frame mRNA deletion of 138 bp
(p.Val171_Gln216del). The alternative splicing is expected
to produce a shorter protein of 32kDa, lacking zinc fingers
1 and 2, corresponding to what was previously described as
p32.7,26

Blood cell studies in family members
The major blood parameters of the family members are
reported in Table 1. The propositus had moderate thrombocytopenia while the other individuals carrying the heterozygous c.648+5G>A GFI1B mutation had a platelet
count only slightly lower or higher than the lower limit of
the normal range. Platelet size calculated as mean platelet
volume (MPV) by the automated counter was normal in all
subjects. The study of myeloproliferative disorders (MPD)
by image analysis of blood smears revealed slightly
increased values, indicating mild platelet macrocytosis. The
remaining parameters, including hemoglobin concentration, mean red cell volume (MCV) and red blood cell count
were within the normal ranges in all investigated subjects.
Examination of peripheral blood smears revealed a mild
reduction in platelet a-granules and red blood cell anisocytosis in all affected family members. Flow cytometry
revealed normal expression of the platelet surface GP complexes Ia-IIa, IIb-IIIa, and Ib-IX-V in individuals II-2 and III1 (data not shown). Platelet aggregation after stimulation
with collagen (4 and 20 mg/mL), ADP (5 and 20 mM,) epinephrine (10 mM), arachidonic acid (1 mM), TRAP (25 mM),
and ristocetin (1.5 mg/mL) was normal in individuals II-2

Table 1. Clinical and laboratory parameters in GFI1B mutated and non-mutated family members

Subject
(Sex)
II-2 (F)
II-3 (F)
III-1 (F)
III-2 (F)
II-4 (M)
II-5 (F)
Normal values

GFI1B
mutational
status

Platelet
count
(x109/L)

MPV (fL)

MPD (mm)

Hb (g/dL)

MCV (fL)

648+5G>A/+
648+5G>A/+
648+5G>A/+
648+5G>A/+
+/+
+/+

50
149
124
153
94*
215
150-450

10.7
9.2
12.6
11.7
10.8
10
8-13**

3.32
2.95
2.96
3.57
3.09
3.26
2.4-2.7†

13.6
13.4
12
13.9
15.6
14.6
11.7-15.5 (F)
13.2-17.3 (M)

85
90.6
82.3
88.3
98
95.1
82-98

RBC RCDW (%) Leukocyte
(x106/mL)
count
(x109/L)
4.89
14
4.40
13.7
4.10
13.4
4.80
15
4.92
13.9
4.58
14
3.8-5.2 (F) 11.6-16
4.4–5.7 (M)

6.23
4.01
7.62
9.1
5.7
5.42
4-10

WHO
bleeding
score§
3
3
0
0
0
0
0

£
F: female; M: male; * in this patient thrombocytopenia was likely due to liver cirrhosis; **MPV range given by the automated cell counter; †MPD obtained in 50 healthy volunteers (95%
confidence interval)18; §World Health Organization (WHO) bleeding scale: 0 - no bleeding tendency; 1 - cutaneous bleeding only (including minimal mucosal bleeding); 2 - mild blood
loss (any mucosal bleeding not fulfilling the criteria for grade 1 or 3); 3 - gross blood loss, requiring transfusion; 4 - debilitating blood loss (including retinal or cerebral associated with
fatality). See patients and methods for details about bleeding symptoms. MPV: mean platelet volume; MDP: myeloproliferative disorders; Hb: hemoglobin; RBC: red blood cell.
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and III-1 carrying the c.648+5G>A variant, and similar to II4 who is wild-type (data not shown).

Expression level of alternative spliced products
The patient’s cDNA was used to clone the wild-type
(330 amino acids [aa]; p37) and the exon 9 skipped (284
aa; p32) forms of GFI1B tagged to myc into an expression
vector. Accordingly to what was observed during the RT-

PCR on patients RNA (Figure 1C), colony screening using
primers on exons 8 and 10 (Online Supplementary Table S1)
detected the expected products of 246 bp and of 108 bp,
as well as two additional bands of 312 bp and 174 bp
(Figure 2A). Sanger sequencing showed that the additional products retained the last 66 bp (gggatcccggccgggtccagtcctgagcctgcacctgaccccccggggcctcatttcctccggcag)
of intron 9 in both p37 and p32 forms due to the recogni-

A

B

C

Figure 2. GFI1B splicing isoforms. (A) Polymerase chain reaction (PCR) products obtained after amplification of a portion of GFI1B from different plasmids containing
subcloned GFI1B cDNA (individual II-2) using primer aligning on exons 8 and 10. Fragments corresponding to the wild-type (246 basepairs [bp]) and skipped exon 9
(108 bp) forms of GFI1B are shown in lanes 1 and 4, and 2 and 5, respectively. Additional fragments of 312 bp (lane 7) and 174 bp (lanes 3 and 6) corresponding
to p39 and p34, respectively, were also detected. M: molecular weight. (B) Schematic structure of the genomic GFI1B gene (gDNA) which includes the coding exons
(exons 6-11; NM_004188.6). On the bottom, the representation of the full cDNA (p37) and the different isoforms identified. p32 is characterized by skipping of exon
9. p39 and p34 results in p37 and p32, respectively, which also retain the last 66 bp of intron 9 (of which the first and the last are listed in detail) due to recognition
of a cryptic acceptor splice site “ag” (in bold). Arrows represent primers used for the amplification. (C) Differential expression level of the four GFI1B isoforms between
patients (II-2 and III-1) and healthy controls (HC) perfomed by quantitative PCR using specific primers. Overall the wild-type isoform (p37) is the most represented in
controls while p32 is significantly increased in patients (*P<0.05). Error bars represent the standard deviation of three independent experiments. Statistical analysis
was performed using t-test. GDNA: genomic DNA; cDNA: coding DNA; aa: amino acids.
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tion of a cryptic acceptor splicing site (ggagtgtcctgttccgcaggggat) with a score of 0.83 predicted by NNSpice
tool (Figure 2B). Therefore, the two additional products
would correspond to GFI1B molecules of an expected
molecular weight of 39 kDa (p39) and 34 kDa (p34),
respectively for an in-frame insertion of 22 aa
(p.216_217insGIPAGSSPEPAPDPPGPHFLRQ).
We investigated the expression level of the four forms of
GFI1B (Online Supplementary Table S2). In control samples
(n=2), forms p37 and p32 represented the most expressed
products, being approximately 83% and 10% of the total
GFI1B cDNA, respectively; the other two forms, p34 and
p39, were overlooked (Figure 2C). In patients, the expression level of p37 and p32 was significantly different than in
controls, corresponding to 54% and 32% of the total
cDNA, respectively. Of note, p32 was relatively less
expressed than p37, suggesting that c.648+5G>A leads to
partial skipping of exon 9 or partial degradation of the
mRNA. Finally, no significant difference in the expression
of p39 and p34 was observed between patient and control
samples.

A

Pathogenic role of the c.648+5G>A mutation leading
to p32
In order to investigate the effect of c.648+5G>A on GFI1B
cellular localization, we performed immunofluorescence
and western blot analysis in cells transiently transfected
with the wild-type or mutant cDNA. Like p37, the p32 isoform enters the HeLa cell nucleus (Figure 3A) and both
forms are similarly distributed in the cytoplasmic and
nuclear fractions of Hek293 cells (Figure 3B), suggesting that
zinc fingers 1 and 2 are dispensable for migration of p32
into the nucleus.
Moreover, we determined the effect on the transcriptional activity, using the luciferase gene under the control of
three known GFI1B target gene promoters (MEIS, GFI, and
GFI1B itself). The luciferase activity was significantly
reduced when the Meg-01 cells were co-transfected with
myc-tagged p37, confirming the role of GFI1B as a transcription repressor of those three targets.27 On the contrary,
the expression of p32 not only abolished the repression but
also increased the transcriptional activity of those three promoters, suggesting that the functional defect is likely due to

B

C

Figure 3. Pathogenic role of GFI1B p32. (A) Immunofluorescence (IF) and (B) western blot (WB) of nuclear (N) and cytoplasmatic (C) fractionated cellular lysates from
Hek293 transiently transfected with wild-type (WT) (p37) and mutated (p32) GFI1B expression vector. Results demonstrate that both isoforms are distributed in the
nucleus as well as in the cytoplasm with the same proportions. In IF, propidium iodide (PI) was used to detect nuclei. HSP90 and ORC2 antibodies were used in WB
as loading marker for the cytoplasmic and nuclear fraction, respectively. (C) Transcriptional activity of p37 (WT) and the variant p32 GFI1B isoforms measured on
GFI, GFI1B and MEIS promoters in Meg01 cells. Results are represented by ratio of the promoter signal (Firefly) and the control promoter (Renilla) and expressed as
fold change in luciferase activity. p37 shows the expected repressive activity on targets compared to the empty vector while p32 is an activator (1- to >1.5-fold) in
comparison with the p37 for all the three targets (***P<0.001). Error bars represent the standard deviation of three independent experiments. Statistical analysis
was performed using t-test.
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a dominant negative effect of the exogenous p32 on the p37
endogenous transcription factor in Meg-01 cells (Figure 3C).
Of note, similar data were obtained using non-tagged p37
and p32 forms generated to test the effect of a different
mutation (c.648+1_648+8delGTGGGCAC) of GFI1B.10

Transcriptional regulation of the CD34 promoter reflects
the aberrant expression of CD34 in patients' platelets
Previous investigations reported that GFI1B-related
thrombocytopenia is associated with aberrant expression of
the stem cell antigen CD34 in platelets and megakaryocytes, which could be caused by the loss of CD34 downregulation during megakaryocytopoiesis due to defective
GFI1B function.10 We therefore investigated the transcriptional effect of p32 on the CD34 promoter. Similarly to
what observed on MEIS, GFI, and GFI1B promoters, p32
does not repress the CD34 promoter activity (P<0.001)
(Figure 4A). Consistent with our in vitro findings, immunofluorescence analysis of peripheral blood smears confirmed
the aberrant expression of the CD34 antigen in the
proband’s platelets (II-2) (Figure 4B).

p32 dysregulates the transcription of genes involved in
oncogenic pathways
Since myeloid and lymphoid leukemia cells express higher level of p32 than control cells,26 we hypothesized that
p32 could unbalance the transcription of genes involved in
malignant transformation. For this reason, we investigated
the expression level of other GFI1B targets, including protooncogenes GFI1 and MYC, antiapoptotic factors TGFBR3
and BCL2L1, and hematopoietic master regulators, the
GATA family members, whose dysregulation is known to
occur in oncogenesis. qPCR performed on patients’ peripheral blood RNA showed that except for GATA2, all the

A

other genes tested (GFI1, BCL2L1, TGFBR3, MYC, GATA1
and GATA3) were significantly overexpressed in patients II2 and III-1 compared to controls with a fold-change ranging
from 1.5 to > 3 (Figure 5), suggesting that patients carrying
the c.648+5G>A mutation could have an increased risk for
malignancies. In order to confirm the role of p37 and p32 in
regulating the oncogenic factors, qPCR was also carried out
in HEK cells overexpressing the two GFI1B isoforms. As in
patients' peripheral blood cells, the overexpression of p32 is
associated with an increased expression level of the oncogenes, indicating that p32 up-regulates their transcription
(Online Supplementary Figure S1). The only exception is represented by GATA 3, whose expression was significantly
decreased in p32-overexpressing cells instead of being
increased as in patients’ samples, suggesting that p32
downregulates this gene at least in the HEK cellular model.

Discussion
GFI1B is a transcriptional repressor that plays a fundamental role in megakaryocyte development and erythropoiesis9 and pathogenic variants are responsible for the
GFI1B-associated bleeding disorder. The novel heterozygous GFI1B splicing variant (c.648+5G>A) identified in our
family causes alternative splicing leading to unbalanced
expression level of the GFI1B isoforms. Specifically, we
detected four alternative splicing events, leading to the
three known isoforms, p37, p32 and p39, as well as the
novel p34 isoform. The p37 and p32 isoforms are expressed
at different level in the individuals carrying the c.648+5G>A
substitution, with the p32/p37 ratio ten times higher in
affected than healthy individuals, indicating that this unbalance, due to the presence of the c.648+5G>A mutation,

B

Figure 4. CD34 expression in c.648+5G>A patients. (A) Transcriptional activity of p37 (wild-type) and the variant p32 GFI1B isoforms measured on the CD34 promoter after transient transfection in Meg01 cells. Results are represented by the ratio of the promoter signal (Firefly) and the control promoter (Renilla) and expressed
as fold change in luciferase activity. Significative variations occur on CD34 transcriptional levels as a significant p32 impaired repression activity is detected in comparison to p37 active repression (***P<0.001). Error bars represent the standard deviation of three independent experiments. Statistical analysis was performed
using t-test. (B) Peripheral blood slides of the proband III-2 and healthy volunteers were double-labeled for CD41 (red) and CD34 (green). Platelets were identified by
morphology and CD41 expression. Platelets of the proband III-2 showed a clear aberrant expression of the CD34 antigen compared to healthy control (HC). Scale
bars correspond to 5 mm.
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could be responsible for thrombocytopenia. In fact, considering that p37 has a pivotal role in megakaryopoiesis and
platelet production and that p32 is essential for erythroid
lineage, distortion of the p32/p37 ratio is likely to dysregulate hemopoiesis. On the contrary, the role of p39 and p34,
which represent approximately 3% and 10%, respectively
of the total GFI1B mRNA in both specimens of control
samples, has not yet been defined.7
We further investigated the role of p37 and p32 in terms
of cellular localization and ability to control the transcription of targeted genes. In overexpressed conditions, most of
the two isoforms are in the nucleus at comparable level,
though their transcriptional effect is opposite. Whereas p37
represses the activity of the luciferase that is under the control of GFI1B target promoters, such as MEIS1, GFI1, and
GFI1B itself, p32 increased its activity, reversing the transcriptional repression.
The same effect of c.648+5G>A on alternative splicing
has previously been reported for c.648+1_648+8del
GTGGGCAC, another mutation of GFI1B that was
found in members of one family affected with MYH9related disease.10 As in our family, in individuals carrying
the GFI1B but not the MYH9 variant, the expression level
of p32 was markedly increased, being in at least equal
amounts to p37. However, these individuals were not
thrombocytopenic (mean value of 228x109/L).
Another GFI1B variant, associated with skipping of exon
9 and significant reduction of the p37 expression level, is
the synonymous substitution c.576C>T(p.Phe192=) in
exon 9, which is reported as rs150813342 with a MAF of
0.0041.28 Indeed, in individuals heterozygous for c.576C>T
the platelet count is reduced with an average of 25–
30x109/L in comparison with controls.
Finally, unbalance between p32 and p37 was identified
in
association
with
another
mutation
(c.551insG/p.Ser185Leufs*3).29 In patients homozygous
for this mutation, while the expression level of p37 was
significantly decreased, likely due to degradation by nonsense-mediated decay, the expression of p32 was the

same level as healthy controls. Therefore, in these
patients the active form of GFI1B is mainly p32. Of note,
whereas individuals homozygous for c.551insG had a
severe phenotype, heterozygous individulas were clinically unaffected. Of note, in these patients, as well as in
our affected individuals, erythropoiesis was not defective, except for mild anisocytosis, suggesting that red cell
production is rather independent of the p32/p37 ratio.29
Taken together all these observations suggested that the
expressivity is extremely variable even when the variants
exert the same effect. Indeed, bleeding and platelet count
vary significantly, from individuals without defects
(c.648+1_648+8delGTGGGCAC) or slight reduction of
platelet count (c.576C>T) to those with an intermediate
phenotype characterized by mild thrombocytopenia with
mild bleeding tendency as in our family (c.648+5G>A) or
with severe disease when the c.551insG mutation is
homozygous.29 Of note, abnormalities in megakaryocyte
maturation were observed in isogenic cell clones homozygous for rs150813342 and in hematopoietic stem cell progenitors in which GFI1B p37 was selectively silenced,28 suggesting that both expressivity and penetrance of the platelet
phenotype might depend - at least in the cases enlisted
above - on a specific threshold of the p32/p37 ratio, a value
that cannot be estimated from the literature or our own
data.
One feature that is likely to be pathognomonic of the
GFI1B-associated bleeding disorder is the abnormal expression of CD34 on the platelet surface.10 Indeed, platelets of
affected individual III-2, as well as those mentioned above
with an altered p32/p37 ratio, express the CD34 antigen.
Strong expression has also been reported in association
with the Cys168Phe, Arg184Pro, and His181Tyr mutations,
all affecting ZNF 1, or H294fsX307, Gln287* and G272fsX2
removing ZNF 5 and 6.3,10–12
Changes in proportion between p37 and p32 significantly
increasing p32 levels has been reported in acute and chronic
leukemia, which could be interpreted as a triggering event
for carcinogenesis.26 This hypothesis is supported by the

Figure 5. Quantitative polymerase chain reaction of GFI1B transcriptional target genes. The GFI, BCL2L1, TGFbR3, MYC, GATA1, and GATA3 mRNA expression levels
were significantly increased in patients (II-2 and III-1) compared to controls (two unrelated healthy individuals [HC]) (fold change from 1.5 to >3). No significant difference was observed for GATA2. Error bars represent the standard deviation of three independent experiments. Statistical analysis was performed using t-test.

266

haematologica | 2022; 107(1)

Novel GFI1B variant dysregulates oncogenic factors

significant upregulation of GFI1, BCL2L1, TGFBR3, MYC,
GATA1, and GATA3 in cells from the patients' peripheral
blood. These genes are also differentially expressed in HEK
cells overexpressing p32 or p37, confirming that p32 controls their transcription. Considering that these oncogenes
are involved in hematopoietic differentiation and are dysregulated in various types of cancer, including hematological malignancies,27 it would be interesting to establish
whether the GFI1B-associated bleeding disorder could be
part of the nosological entity called “Inherited thrombocytopenia-associated genes with predisposition to neoplasms”.30
Increasing the detected number of individuals with
GFI1B mutations and creating a registry of individuals with
GFI1B variants, including a comprehensive medical and
family history and regular follow-up, would be of fundamental importance in defining whether there is any
increased risk of developing such hematological malignancies. Therefore, an effort should be made to identify
patients with this rare form of thrombocytopenia by evaluating the CD34 expression on platelets, a useful assay in
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