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ABSTRACT 
 

 

Inherited thrombocytopenias (IT) are a group of rare diseases characterized by a low platelet count (less than 

150.000 / mL) and high degree of heterogeneity at both clinical and genetic point of view. 

To date, mutations in at least 40 different genes have been identified, however about 50% of patients still remain 

without molecular diagnosis, due to the complexity of the diagnostic framework and because many patients are 

probably affected by forms of IT not characterized yet. 

The spread in the last decade of next generation sequencing techniques (Next Generation Sequencing, NGS) 

allow us to simultaneously analyse many candidate genes and identify thousands of variants in a single analysis. 

However, understanding the effects of these variants remains a major problem in disorders such as 

thrombocytopenia, which are mainly autosomal dominant diseases caused by private mutations, often missense. 

In fact, while for "deleterious" mutations, such as large deletions, nonsense or frameshift the relationship between 

the variant and their pathogenicity is often immediate due to the important structural and functional consequences 

on the protein, determining the pathogenic role of a missense variant is a complex process that requires targeted 

functional studies. 

My PhD work, carried out at the Medical Genetics laboratory of Professor Anna Savoia at Burlo 

Garofolo hospital in Trieste, fits into this context and consists in the pathogenicity analysis, through 

functional assays, of the variants identified in three transcription factor genes (MECOM, GFI1B and 

RUNX1), whose mutations are responsible for MECOM-associated syndrome, platelet - type bleeding 

disorder - 17 (BDPLT17) and FPD/AML thrombocytopenia, respectively. 

In particular, during the screening of mutations performed in our cohort of patients with a NGS approach, we 

identified one missense variant in MECOM (c.1901C>T, p.P634L), five missense and a splicing one in GFI1B 

(c.568C>T, p.R190W; c.569G>A, p.R190Q; c.550C>T, p.R184C; c.548G>A, p.R183Q; c.521C>A, p.T174N, 

c.238+7C>T) and a splicing variant in RUNX1 (c.614-2A>G).  

Since MECOM and GFI1B are transcription factors, we studied the missense variants identified in these genes 

using a luciferase reporter assay. In particular, for the missense variant of MECOM we took advantage of an 

article published some years ago in which MECOM variants were studied through an indirect reporter assay 

based on a commercial vector, pAP1luc ([1]). In this way we observed that the variant loses the repression activity 

in HEK cell line, and acts as a stronger repressor in DAMI cells, suggesting a pathogenetic role for this variant 

in both cases, even if the cellular context is important. 

The GFI1B variants were investigated by gene reporter assay using two direct promoter targets of the 

transcription factor, GFI and CD34, cloned upstream of the luciferase gene. Preliminary results show evidence 
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for loss of repression activity of the variants when compared to the wild type form of the gene, suggesting that 

all of them could be responsible or could contribute to the disease phenotype.  

Regarding the case of c.614-2A>G variant of RUNX1, the bioinformatic tools predicted a strong impact, with the 

skipping of exon 7. In order to confirm the results of the in silico analysis, we evaluated the presence of the 

skipping with RT-PCR which revealed the presence of the skipped form in both patient and control, suggesting 

that this alternative splicing is a physiological event. When we quantified the two forms, we observed a significant 

imbalance between them, with about four times higher skipped form in the patient than in the control. Real Time 

PCR, whose result resemble the RT-PCR situation, confirmed this data. In order to understand if the imbalance 

observed could have any pathological effect, we evaluated the expression levels of genes known to be regulated 

by RUNX1, involved in megakaryopoiesis or malignancies development. 

This analysis led us to hypothesize that the c.614A>G variant is likely not to be pathogenetic for platelet 

production. However, its increased activity on some oncogenic target could suggest that this form of the gene 

could have a role in the development of haematological malignancies, making the characterization of the variant 

useful for the clinical follow up of the patient. 

In conclusion, my PhD work indicates that functional assays are essential, in combination with genetic analysis, 

to discriminate between pathogenic and non-pathogenic variants. This aspect is very important especially in case 

of diseases characterized by a wide spectrum of variants that are predicted to be of uncertain significance, as ITs. 

The functional characterization of variant, in fact, allow us to provide patients correct molecular diagnoses, which 

is fundamental for an appropriate therapeutic approach and a properly follow-up of patients, especially when 

they are carriers of a mutation that increase the risk of developing further, even more serious, diseases. 
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INTRODUCTION 
 
 

1.1 Megakaryopoiesis and platelet biogenesis 

 

 

Megakaryopoiesis is a complex process that occurs within the bone marrow and begins with 

hematopoietic stem cells (HSC), leading to the formation of all the blood cells. 

During the differentiation of HSC, they give rise to cells that are progressively more committed, 

beginning with common myeloid progenitor (CMP) and megakaryocyte-erythroid progenitor (MEP). 

MEPs are also precursors, and they can give rise to two types of lineages: megakaryocytic and 

erythroid. The differentiation of the megakaryocytes is regulated by several factors, like 

thrombopoietin (THPO), RUNX1, c-Mpl.  

As the megakaryocytes mature, they migrate from what is called osteoblastic niche to the vascular 

niche, always internal to the bone marrow, but proximal to the blood vessels. Moreover, they lose 

progressively the ability to proliferate and become polyploid through a process defined endomitosis, 

which is a genetic replication without cellular division because the M phase is not completed. This 

process leads to cells that are bigger (from about 30 µm to 150 µm) and with multilobulated and 

polyploid nucleus. It has been hypothesized that the polyploidization is necessary for the large amount 

of protein and membrane required for the following platelet production. 

Once the megakaryocytes have reached this stage, their cytoplasm matures with the formation of 

specific platelet granules (alpha granules and dense granules). Upon reaching maturity, 

megakaryocytes develop long cytoplasmic arms, the proplatelets, which extend into the sinusoids of 

the blood vessels. Here, the proplatelets continue to mature and, in the distal zone, swellings are 

formed and are released into the bloodstream as preplatelets, which will give rise to the final platelets. 

From a megakaryocyte about 1000-3000 platelets can be obtained. 

Platelets are discoidal cells of size between 1 and 3 µm and they don’t have a nucleus. 

Under normal conditions, their concentration in the bloodstream is approximately 150 – 400 x 109/L; 

about two-thirds of the platelet is in the blood circulation, while the remaining part is in the spleen. 

Their turnover is around 8 to 10 days. 

They are fundamental for important processes such as neoangiogenesis, hemostasis, repairing of 

subendothelium of vessels. Among other functions, we can remember the regulation of cell 

homeostasis, inflammation and innate immunity. 
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The megakaryopoyesis process is finely regulated, therefore even a single mutation in one of the 

multiple regulatory genes of the process can lead to the development of anomalies that can be included 

into the category of diseases defined as hereditary thrombocytopenia. ([1], [2],[3],[4], [5],[6]) 

 

 

 

Figure 1. Megakarypoiesis. 

Schematic representation of megakarypoiesis and platelet release. The different stages of platelet biogenesis are 

highlighted here, from the hematopoietic stem cell to the release of platelets in the bloodstream. Some of the known genes 

are also highlighted. Mutations in these genes are related to thrombocytopenia. ([3]) 

 

 

1.2 Inherited thrombocytopenia 

 

 

Inherited thrombocytopenias (ITs) are a class of rare diseases (affecting about 2.7:100.000 

individuals, ([7]) principally characterized by a reduced platelet count (platelet count minor than 

150.000/ml), and often by abnormal platelet function, that can lead to impaired hemostasis.  

ITs derive from mutations in genes involved in megakaryocyte differentiation and/or in platelet 

production and removal. 

The most frequent clinical signs, typically visible already in children, are episodes of mild muco-

cutaneous bleeding such as ecchymosis, purpura, gum bleeding and epistaxis. 

Cases can be divided into more or less severe depending on the clinical manifestations. In the mild 

forms, patients show bleeding only after some type of trauma, during childbirth or during surgery. 
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Instead, in the rarer but also more serious forms, there is a significant tendency to bleed, with cases 

of spontaneous gastrointestinal, genitourinary or even intracranial haemorrhages. 

Usually in the patients there are no other pathologies other than the thrombocytopenia, however, there 

are some particular forms, defined syndromic, which are associated with other congenital defects 

such as, for example, bone marrow aplasia, skeletal defects, immunodeficiency. Some forms can also 

lead to haematological malignancies. 

As reported, ITs cover a wide spectrum of clinical manifestations, thus making the diagnosis more 

difficult. However, this heterogeneity is found both from a clinical and a genetic point of view, so the 

identification of the underlying causative genes of IT is challenging. 

In the clinical practice, IT has been diagnosed with diagnostic tests such as platelet count, mean 

platelet volume, the test for platelet function and the analysis of clinical manifestations. However, the 

use of Next-Generation Sequencing (NGS) techniques can be a useful method for discovering the 

genetic cause of these diseases. In fact, at present, mutations in more than 40 different genes are 

known to cause many forms of inherited thrombocytopenia, but about 50% of the patients still remain 

without a molecular diagnosis, partly because of the difficulty of the diagnostic framework and partly 

because many patients are probably affected by forms of thrombocytopenia not characterized yet. 

([8]) 

Historically, IT has been classified based on the characteristics of the patients’ platelets and the 

presence of other clinical manifestations. More recently, another type of classification based on 

clinical features has been proposed, and this is more useful from a diagnostic and prognostic point of 

view. ([7]) 

So, based on clinical features, ITs can be divided in three classes, which will be described below. 

 

 

1.2.1 Forms with only thrombocytopenia 

 

In this class there are the forms that manifest only thrombocytopenia. They principally present 

enlarged platelets, which may have impaired functionality, and a wide range of bleeding severity.  

Here we can find for example the Bernard-Soulier syndrome (both in the biallelic and monoallelic 

form), the Gray platelet syndrome, ACTN1-related thrombocytopenia, CYCS-related 

thrombocytopenia, GFI1B-related thrombocytopenia.  

In most of the cases, we have the presence of giant or large platelets. In the first two and in the last 

case, we have also platelet dysfunction. The bleeding tendency varies between absent to severe.  
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As regards to the identified genetic defect, in the case of the Gray platelet syndrome and GFI1b-

related thrombocytopenia, the main pathogenetic defect is in megakaryocyte maturation, while for 

the other three forms the defect is principally in the platelet release. 

In particular, in the case of GFI1B-related thrombocytopenia, the defect lies at the level of GFI1B 

transcription factor that is involved in the homeostasis of hematopoietic stem cells and in 

megakarypoiesis and erythropoiesis. ([7]) 

 

 

 

Table 1. IT forms with only thrombocytopenia. 

Here we reported some of the ITs that present only the thrombocytopenia as clinical manifestation. In the table there is 

the name of the disease, the gene/genes involved, the inheritance type, the platelet size, the bleeding type, if there are any 

additional clinical features, and finally at which level of megakaryopoiesis there is the defect. ([7]) 

 

 

1.2.2 Forms with additional clinically relevant congenital defects or syndromic forms  

 

In this class, we have all the forms that, in addition to the thrombocytopenia, induce other syndromic 

phenotypes. Among these phenotypes, we can remember skeletal defects, malformation of the central 

nervous and the cardiovascular system, immunodeficiency and cognitive impairment. 

For example, in this class we can identify the Wiskott-Aldrich syndrome, with a severe bleeding 

tendency, a slightly reduced platelet size, an increased risk of developing malignancies and 

autoimmunity and the possible presence of severe immunodeficiency. ([7], [8]) 

GATA1-related thrombocytopenia is characterized by the presence of defects at the level of the 

GATA1 gene, a transcription factor that regulates many key genes of the megakaryopoiesis. In this 

case, there is a correlation between genotype and phenotype. In fact, depending on the protein region 
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affected by the mutation, we could have the DAT (= dyserythropoietic anaemia with 

thrombocytopenia), with mutation in the binding site for the cofactor and a more severe 

symptomatology, or XLTT (= X - linked thrombocytopenia with thalassaemia), in which the protein 

is unable to bind DNA and there is a milder thrombocytopenia. 

In two cases, there are skeletal defects and malformations in different organs like central nervous 

system, gastrointestinal apparatus, kidney and cardiac apparatus. ([7]) 

The TAR present the bilateral absence of radium as the main characteristic. On the other side, the 

platelet count improves in the first year of life and patients frequently does not develop other 

cytopenias. It is caused by a SNP and a deletion of RBM8A gene and this probably affect the 

differentiation of megakariocytes, damaging the downstream signal of MPL.  

The other one is Paris – Trousseau thrombocytopenia, caused by a partial deletion of chromosome 

11, a region that encodes for FLI1, a transcription factor that transactivates several genes that are 

associated with the development of megakaryocytes and so promotes platelet biogenesis. In this case, 

in addition to the skeletal problems, there is a delay in growth and cognitive issues, but the 

thrombocytopenia may resolve during years. ([7]) 

 

 

 

Table 2. IT forms with additional clinically relevant congenital defects or syndromic forms 

Here we reported some of the ITs that are related to other defects. In the table there is the name of the disease, the 

gene/genes involved, the inheritance type, the platelet size, the bleeding type, the additional clinical features normally 

identified, and finally at which level of megakaryopoiesis there is the defect. ([7]) 
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1.2.3 Forms with increased risk of acquiring additional illnesses or predisposing forms 

 

In this class there are the thrombocytopenias that have an increased risk of developing haematological 

malignancies or other important clinical problems. This is obviously a more dangerous problem for 

patient’s life than the thrombocytopenia itself. 

MYH9-related disease is the most prevalent form of IT. The defect is at the level of platelet release, 

and in most of the cases, the macrotrombocytopenia is the only clinical feature, however, there are 

many cases in which there is a development of renal disease, progressive hearing loss and cataracts. 

Being the most common form of IT, the studies carried out so far have made it possible to carry out 

a genotype-phenotype correlation, in order to predict the progress of the disease in most of the cases 

and so to apply the best diagnostic therapies for the patient. ([9, pag. 200]) 

All the other types of IT reported here present problems in megakaryocyte differentiation. 

CAMT is the best characterized form of IT and is due to mutations in MPL, which encodes for the 

thrombopoietin (THPO) receptor, a key interaction to have immature megakaryocytes from 

hematopoietic stem cells. The mutations identified are principally nonsense and they form a 

premature stop codon, that leads to the production of a non functional protein. CAMT is serious from 

birth, it often develops into bone marrow aplasia and can lead to patient death within a few years. 

([10]) 

The RUSAT form is characterized by bilateral radio-ulnar synostosis, but there could be also other 

type of malformations. In this case, we have less megakaryocytes in the bone marrow, and this could 

progress in the bone marrow aplasia. ([11]) This form could be caused by a mutation in HOXA11 or 

a biallelic mutation in MECOM.  

The last three forms reported in table 2 have an increased risk of developing haematological 

malignancies. 

Mutations in RUNX1 gene give raise to the FPD/AML form of IT. RUNX1 encodes for a transcription 

factor that regulates the expression of many genes of hematopoiesis. Its mutations affect the 

megakaryocyte maturation, the capacity of self-renewal and the clonogenic potential of the 

progenitors. About half of the patients acquire AML (acute myeloid leukemia) or myelodysplastic 

syndromes. ([12], [7]) 
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Table 3. IT forms with increased risk of acquiring additional illnesses or predisposing forms 

ITs that are reported to have an increased risk of developing principally haematological malignancies. In the table there 

is the name of the disease, the gene/genes involved, the inheritance type, the dimension of the platelets, the bleeding type, 

the additional clinical features that are related to these forms and finally at which level of megakaryopoiesis there is the 

defect. ([7]) 

 

 

1.3 Next Generation Sequencing 

 

 

DNA sequencing is the determination of the order of the different nucleotides that constitute the 

nucleic acid.  

Since 1970, when the first DNA sequence was obtained, the methods for analysing the DNA have 

developed rapidly, allowing the analysis of genomes of entire organisms, starting from that of a 

bacteriophage in 1977 up to the human one in 2001. 

Sequencing has evolved over the years, allowing the development of different techniques. This 

granted a great progress in research and provided a method that has become more and more reliable 

and reproducible, two very important factors in research. 

Sanger sequencing is the oldest method, which is still in use. It is based on the chain termination 

method, developed in 1977 and then soon automated. It was the most used method for over 30 years 

and has also provided the first draft of the human genome. Now it is used principally for sequencing 
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of small fragments of nucleic acid and, during the years, it has been replaced with high throughput 

methods, that permit the analysis on large-scale. 

High throughput methods have been developed to meet the even more frequent request of analysing 

complete genomes on several samples at the same time in order to decrease the time and the cost for 

the analysis, so they are a resource both in research and in molecular diagnostic. They are very useful 

for example in high heterogeneous diseases like ITs, because they can screen several genes and 

patients in one analysis. 

There are several techniques that can be used for different applications, for example, they can be 

applied to exome sequencing, genome sequencing, transcriptome analysis (RNA-seq), DNA-protein 

interactions (CHIP), and epigenomic studies. 

They can also be divided in “short-read” and third-generation “long-read” sequencing methods. The 

first class includes techniques that use massive parallel sequencing of fragments of DNA that are 

separated and amplified. Third generation sequencing reads the sequence at the single molecule level. 

As we have said before, NGS is very useful in molecular diagnosis of heterogeneous diseases like 

ITs, in fact it storically played an important role in the identification of genes responsible of ITs. It is 

still used to identify causative variants in ITs genes and sometimes other NGS techniques are applied 

for the identification of new possible causative genes. ([13]; [14]; [15]; [16]) 

In our laboratory, it is currently used the Ion Torrent technique, a “short-read” sequencing method 

with semiconductor-based detection system. It is based on the detection the variation of pH due to 

hydrogen ion release that occurs whenever is introduced a complementary base to the template. 

This variation activates a hypersensitive ion sensor, which indicates that the reaction has occurred.  

We use this technique for the sequencing of genetic material deriving from patients thanks to the help 

of a target sequencing panel of 28 genes that are known for causing thrombocytopenia. 

With Ion Torrent we are able to analyse up to eight patients simultaneously in the same chip, thus 

reducing the time and the costs needed for the analysis. 
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n° Gene Read depth (%) n° Gene Read depth (%) 

1 RBM8A 100 15 GP1BA 97.21 

2 MPL 99.92 16 TUBB1 100 

3 ABCG5 100 17 RUNX1 98.85 

4 ABCG8 99.93 18 MYH9 99.29 

5 NBEAL2 99.56 19 GP1BB 99.59 

6 GP9 100 20 WAS 98.92 

7 CYCS 100 21 GATA1 98.13 

8 HOXA11 100 22 FLNA 99.93 

9 ANKRD26 89.10 23 ETV6  100 

10 FLI1 100 24 THPO 100 

11 VWF 97.45 25 GFI1B  100 

12 ACTN1 100 26 SLFN14  99.9 

13 ITGB3 95.79 27 FYB  100 

14 ITGA2B 98.04 28 SRC  98.9 

 

Table 4. Genes present in our Ion Torrent panel. 

Here are listed the 28 genes that are present in the target sequencing panel used in our laboratory for the analysis of 

hereditary thrombocytopenia. Next to each gene, is also indicated the associated read depth, which represents the number 

of times a nucleotide is read in a given position in the sequence under analysis, thus providing data on the accuracy of the 

reading. 

 

 

As we have said before, other NGS techniques are applied for the identification of new causative ITs 

genes. For example, Whole Exome Sequencing (WES) is a technique that is used to implement our 

data. WES sequences only the exome (which is about 1% of the genome), so it sequences all the 

protein-coding regions expressed in a genome with the aim of identifying the variants that alter the 

protein sequence (and therefore have a greater chance of being causative of disease, allowing also a 

significant savings because the whole genome is not sequenced). It is a two-step technique: first of 

all the DNA that encodes for proteins is selected and a library is prepared, then the sequences are 

analysed using high throughput methods. 

Analysing only part of the genome, WES is an increasingly used technique, because is less expensive 

and less time consuming. For these reasons, it is used more and more both in diagnostics and research 

for different applications such as genetic diseases, population genetics, the study of cancer, the 

identification of new genes. This last point is very useful in our case because some forms of IT are 
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probably caused by alterations in genes not yet characterized, and this technique can allow us to 

identify some unknown coding genes. 

Therefore, using NGS techniques the research for mutations in a patient is nowadays less problematic, 

instead it still remains complicated identifying the role of a given variant at a pathogenetic level. 

For this reason, during my PhD, I have evaluated the pathogenicity of some variant identified in 

transcription factor genes of megakaryopoiesis: MECOM, GFI1B and RUNX1. 

 

 

1.4 MECOM 

 

 

MECOM (or EVI-1, ecotropic virus integration site 1) is a gene located on chromosome 3, in the 

position 3q26.2. It encodes for 16 exons, of which 10 are protein - coding and we can find the presence 

of many different transcripts. There are two transcription start sites, and the main transcripts produced 

encode for two proteins: EVI1 and MDS-EVI1 ([17]) 

EVI1 generates three protein isoforms thanks to alternative splicing: the most studied one of 145 kDa 

and 1051 amino acids (NM_001105078.3); one of 123 kDa and the last one of 103 kDa. The first 

isoform is the one commonly found in human leukemia and the most studied. All the isoforms contain 

C2H2 Zinc Finger motifs, in particular the first one has 10 Zinc Finger domains, seven in the N-

terminal domain (named ZF1) and three in the C-terminal domain (ZF2), which are important for 

DNA binding.  

In the central part of the gene there are regulatory domain not well characterized: 

 NLD, Nuclear Localization Domain 

 RD, Repression Domain. 

([18]) 

MDS-EVI1 is a 160 kDa protein with an additional N-terminal respect to EVI1, that encodes for the 

so called PR domain with histone methyltransferase activity ([19]). 
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Figure 2. EVI1 and MDS1/EVI1 protein domains.  

In black we can see the Zinc-finger domains; RD is the repression domain; ac, acidic domain; PR is the PR domain  

([20]) 

 

 

MECOM protein is found in the nucleus, where it can fulfil its function of transcription factor. It is 

involved in many pathways like cell cycle, HSC-self renewal (with the interaction of AP-1) ([21]) 

and it is well known for its oncogenic effect when is overexpressed. In Myelodysplastic Syndrome 

(MDS), Chronic Myelogenous Leukemia (CML) and about 10% of Acute Myeloid Leukemia (AML) 

there is the overexpression of EVI1 caused by chromosomal aberration as inversion or translocation, 

or the formation of a fusion protein with RUNX1 or ETV6, for example ([22])  

Even if the physiological role of this protein is not so clear, in vitro experiments showed that EVI1 is 

involved in megakaryopoiesis, helping the differentiation of hematopoietic cells to megakaryocytes, 

cooperating with other transcription factor like RUNX1 ([23]). 

In a recent article germline missense mutations in MECOM were described for the first time and they 

were associated with a form of IT called RUSAT2 (Radio-Ulnar Synostosis with Amegakaryocytic 

Thrombocytopenia 2, OMIM 616738). ([24]) 

However, in the last years, with the increase of patients reported in literature, it has been proposed to 

name in a different way the IT caused by MECOM, because patients do not always show radio-ulnar 

synostosis. Moreover, other new clinical features have emerged, like clinodactyly, cardiac and renal 

malformations, B-cell deficiency and presenile hearing loss ([25]). 
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1.5 GFI1β 

 

 

GFI1B (Growth Factor Independent 1 β transcriptional repressor) is a gene located on chromosome 

9, position 9q34.13. There are two isoforms deriving from alternative splicing, but at present there 

are not described functional differences between them. 

Here we refer to the GFI1B-202 form that encodes for a protein of 330 amino acids. 

It encodes for a zinc finger proto – oncogenic protein, which is a transcription factor useful for 

megakaryocyte development and differentiation. GFI1B is highly expressed in bone marrow and fetal 

liver, fact that contributes to the idea that it is important in megakaryocyte development. 

It complexes with many other regulator of transcription as GATA-1 for the regulation of genes 

involved in megakaryopoiesis, and has also a role in heterochromatin formation with the recruitment 

of histone deacetylase. 

The most important domains are: 

 The SNAG domain (position 1-20), a conserved domain which is necessary for the proper 

protein localization in the nucleus and for the interaction with some other co repressor;  

 The intermediate region with six Zinc finger and a domain that interacts with ARIH2 (position 

91-330), a ubiquitin-protein ligase for the ubiquitination of target proteins; 

 The GATA1 interaction domain (position 164-330). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The two GFI1B isoforms. 

GFI1B-V1 is translated from a longer mRNA, while the V2 form lacks exon 9 (aa 171-216 missing). 

SD: SNAG domain. ID: Intermediary domain. Znf 1-6: C2H2 zinc-finger. ([26]) 
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Zinc finger structures are important for the DNA binding (znf 3-5), and mutations that hits these 

structures gave a different phenotype, depending on whether they hit the DNA binding or the non 

DNA binding Znf (mild phenotype). ([27]) 

In the literature, we can find some functional studies of a few identified mutations that show that 

mutated GFI1B loss its repression role and also act in a dominant – negative manner when co-

expressed with a wild type form. Finally, mutations in animal model sum up the situations in the 

patients, with problems in megakaryocyte development and platelet production. 

It has been shown that its silencing in leukemic cells increase apoptosis, and it is translocated near 

ABL1 t(9;22) in some chronic myeloid leukaemia. 

Mutations cause platelet - type bleeding disorder - 17 (BDPLT17) (OMIM 187900), an autosomal 

dominant disease, characterized by variable severity, onset in childhood, increased bleeding due to 

platelet dysfunction principally after surgery; possibility of gastrointestinal hemoragies, epistaxis, 

petechiae. Microscopy studies shows that megakaryocytes and also platelets appear abnormal, these 

last with reduction of α-granules and a grey aspect (so this is a type of “grey platelet syndrome”). 

([28], [29])  

Other more recent researches show that the only thing that is common to all patients with mutations 

in this gene is the increased expression of CD34 on platelets, thus demonstrating that GFI1B directly 

regulates (represses) the CD34 promoter. ([30]). 

 

 

1.6 RUNX1 

 

 

RUNX1 (Runt-related transcription factor 1) or AML1 (Acute myeloid leukaemia 1 protein) is a 

transcription factor and it is encoded by a gene located on chromosome 21 (21q22.12).  

It belongs to the RUNT-related transcription factor family. It regulates the expression of several 

genes, including hematopoietic ones and it contributes to hematopoietic cell growth and 

differentiation. The binding to the thrombopoietin (THPO) receptor and the c-Mpl promoter, and then 

the recruiting of transcription activators or repressors can fulfil its role. RUNX modulate the 

transcription of its target genes through the recognition of a consensus binding sequence. 

RUNX1 is also known as acute myeloid leukemia 1 protein because it was discovered in a patient 

with AML. In fact, translocation that involves this gene, like the t(8;21), are associated with some 

type of leukemia. ([31], [32], [33], [34], [35]) 
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RUNX1 can be transcribed starting from two alternative promoters: 

 Distal promoter P1 

 Proximal promoter P2 

As a result, three isoforms of this gene are transcribed:  

 RUNX1a, of 250 aminoacids 

 RUNX 1b, of 453 aminoacids, N-terminal equal to the 1a form 

 RUNX 1c, of 480 aminoacids, different N-terminal, same C-terminal as the 1b form 

All the three isoforms have a RHD domain (RUNT homology domain), while only two have also the 

TAD (transactivation) domain. The first one has a DNA binding ability, and so permits the function 

of transcription factor. The second one is necessary for protein-protein interaction. ([36], [37], [38], 

[39], [40])  

During megakaryocyte differentiation the most relevant form is 1c, which is also the specific form of 

haematopoiesis, while RUNX 1a and 1b are expressed ubiquitously at high levels in early 

haematopoietic development. ([41], [42], [43], [44]) 

 

 

 

 

Figure 4. RUNX1 gene and its three transcripts. 

RUNX1 gene in schematized the first row, with the division in exons, and then there are the three possible transcripts: 

RUNX1a, 1b, 1c. All three isoforms have the RHD domain (RUNT homology domain) for the DNA binding, while only 

the last two have the TAD domain (transactivation) for the transactivation and the protein-protein interaction. ([45]) 
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RUNX1 can bind the DNA on its own, but the affinity increases when it creates a heterodimer with 

CBFβ (Core binding factor β), heterodimer which is called CBF (Core binding factor). 

RUNX1 mutations are associated with the development of an IT, the FPD/AML one, which is 

classified as a predisposing form because it has an increased risk of developing haematological 

malignancies like AML or ALL. 
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AIM OF THE THESIS 
 

 

The diagnosis of hereditary thrombocytopenia is a very complex process because of the high degree 

of heterogeneity from a clinical and genetic point of view. 

To date, mutations in at least 30 different genes have been identified, but about 50% of patients still 

remain without a molecular diagnosis. This is due to the complexity of the diagnostic framework and 

because many patients are probably affected by ITs forms not characterized yet. 

For these reasons, our laboratory is involved in a project aimed at analysing patients with hereditary 

thrombocytopenia through “Next-Generation Sequencing” (NGS) techniques, in order to identify the 

mutations and genes responsible for the disease. This is done thanks to collaborations with many 

clinical centres, in particular with the Medical Genetics Unit of the Sant'Orsola-Malpighi Polyclinic 

in Bologna and General Medicine 3, IRCCS San Matteo of Pavia.  

NGS allows us to identify numerous variants, but understanding their effect remains a problem in 

disorders such as ITs, because they are caused mainly by missense and private mutations. 

Determining whether an amino acid substitution has a pathogenetic role is complex, much more 

complex than in the case of "deleterious" mutations (like nonsense or frameshift), where the 

variant/pathogenicity relationship is often immediate due to the important structural consequences on 

the protein composition. The process requires specific functional studies that need to be set up for 

any gene or protein hit by a mutation. In addition to missense variant, understanding the consequence 

is fundamental also for potential splicing variants, whose effect has to be determined using other 

specific analysis. 

My thesis project is inserted into this context and its purpose is to develop gene-specific functional 

assays aimed at clarifying the effect of the variants identified with NGS in patients with inherited 

thrombocytopenia. 

In particular, in my thesis I tried to assess the pathogenicity of some variants identified in MECOM, 

GFI1β and RUNX1 genes. 
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MATERIALS AND METHODS 
 

 

3.1 CELL CULTURES AND TRANSFECTION TECHNIQUES 

 

 

3.1.1 Cell cultures 

 

The following cell lines have been used in this thesis: 

 HEK293T, human cells derived from embryonic kidney, they are growth in DMEM medium 

(Dulbecco’s modified Eagle’s medium) supplied with 10% of FBS (foetal bovine serum) and 

1% of penicillin (100 U/ml) and streptomycin (100 μg/ml); 

 DAMI, a megakaryocytic cell line that grow in suspension in RPMI medium supplied with 

10% of FBS (foetal bovine serum) and 1% of penicillin (100 U/ml) and streptomycin (100 

μg/ml). 

 Lymphoblastic cell line obtained from RUNX1 patient cell and from an healthy control, cells 

that grow in suspension in RPMI medium supplied with 10% of FBS (foetal bovine serum) 

and 1% of penicillin (100 U/ml) and streptomycin (100 μg/ml). 

 

All cell lines were maintained in culture in humidified incubators at the temperature of 37°C with 5% 

of CO2. 

 

 

3.1.2 Cell transfection with liposomes 

 

For the experiments described in this thesis, DNA lipofection was carried out with Lipofectamine 

3000 reagent (Invitrogen), following manufacturer’s instructions.  

In particular, were used the quantities of DNA and lipofectamine suggested by the protocol provided 

by the manufacturer, depending on the surface of cells to be transfected. 
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CELL SURFACE DNA OPTIMEM LIPOFECTAMINE P3000 

6 cm plate 3 µg 125 µl 5 µl 5 µl 

 

Table 5. Indication of the quantity of reagent used for the transfection. 

 

A DNA-P3000 solution is prepared in Optimem reduced serum medium (Invitrogen) and separately 

the Lipofectamine is diluted in Optimem. 

Subsequently, the two solutions are mixed and incubated for 15 minutes to allow the formation of the 

complexes, which are subsequently added to the medium of the cultured cells. 

 

 

3.1.3 Cell transfection with CaCl2 

 

CaCl2 technique cell transfection is based on the formation of DNA precipitates that adhere to the 

plasma membrane and then were endocytosed by the cells. 

In the table are reported the quantity of reagents used for different volumes. 

 

CELL VOLUME DNA CaCl2 2x HBS 

24 wells 1 ug 5 ul 50 ul 

6 wells 3 ug 10 ul 90 ul 

 

Table 6. Indication of the reagent used for the transfection 

 

The desired amount of DNA is mixed with a 2.5 M solution of CaCl2 and this solution is transferred 

drop by drop in an equal volume of 2x HBS solution (280 mM NaCl, 1.5 mM Na2PO4, 50 mM 

HEPES, pH = 7.05-7.12), in order to form microprecipitates of DNA and calcium-phosphate. The 

mix is incubated for at least 20 minutes at room temperature and then the solution with the formed 

precipitates is added on the cells with a spiral movement under sterile conditions.  

After 24 or 48 hours of incubation, the cells are washed with PBS and collected for further analysis 

or lysed with the Passive Lysis Buffer for luciferase assay. 
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3.2 NUCLEIC ACID MANIPULATION TECHNIQUES 

 

 

3.2.1 Plasmid DNA extraction from bacteria 

 

For the extraction of plasmid DNA from bacterial cultures, we have used two industrial kits, one for 

the extraction of DNA from a great volume of suspension bacterial culture (QIAGEN plasmid plus 

MIDI kit), and one for the extraction from a smaller volume of bacterial culture (QUIAGEN prep 

spin MINI prep kit). For both of them, we have followed the instruction given with the kit. 

To evaluate the yield of the extraction, absorbance reading is carried out using the Nanodrop, which 

allows us to obtain the concentration in ng/µl of the extracted DNA and an index of its purity thanks 

to the ratios here described: 

 260nm/280nm, provides an indication of the protein purity, this because proteins absorb light 

principally at a wavelength of 280 nm. The value is considered good when it is >1.8; 

 260nm/230nm, indicates the contamination from organic solvents and alcohols. The value is 

good when it is >2. 

 

 

3.2.2 DNA genomic extraction from cell culture 

 

To perform the extraction of genomic DNA from the cell line, the QIAamp DNA Mini Kit was used 

and the protocol provided by the manufacturer was followed. 

In the end, the DNA is eluted with water and is ready for subsequent applications. 

 

 

3.2.3 RNA extraction from cell cultures 

 

The cells, after wash in PBS, are collected and a cell pellet is obtained after centrifugation at 2000 g 

for 4 minutes. The supernatant is removed and then the RNA extraction kit (High Pure RNA Isolation 

Kit, Roche) was used following the protocol provided by the company. RNA is finally eluted in water. 
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3.2.4 Polymerase chain reaction (PCR) 

 

The polymerase chain reaction allows the amplification of DNA thanks to the use of a DNA 

polymerase capable of operating at high temperatures. 

Kapa Biosystem Taq Ready mix (Roche) was used to perform PCR reaction, following the 

instructions supplied by the kit. 

The primers used and their annealing temperatures are here reported. 

 

 

 

 

 

 

 

 

 

 

 

Table 7.  Primers used for PCR reaction, with the corresponding sequence and the melting temperature. 

 

 
3.2.5 RT - PCR 

 

The RT-PCR is a different type of PCR. It consists in the synthesis of a double-stranded DNA, called 

cDNA, starting from RNA. 

In our case, we wanted to obtain a DNA starting from an mRNA, so we have used the "GoScript 

Reverse Transcription System” (Promega), following the protocol provided. 

In the end the cDNA is obtained, and it must be stored in ice or at -20°C until use. 

 

 

 

 

GENE PRIMER 5’-3’ SEQUENCE Tm 

 

 

 

RUNX1 

1F GCACTCTGGTCACTGTGATG  

 

 

 

60°  

1R TGGCACGTCCAGGTGAAATG 

2F GAACCTCGAAATACAAGGCAG 

2R GGTGCCGTTGAGAGTCGAC 

3F ATCGCTTTCAAGGTGGTGG 

3R CACTTCGACCGACAAACCT 

ACTB Actin F CACCAACTGGGACGACAT 

Actin R ACAGCCTGGATAGCAACG 
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3.2.6 Real Time PCR 

 

Real-time PCR is a technique that permits to amplify and quantify the DNA at the same time. 

Before the amplification, there is the necessity to perform a retrotranscription to obtain the cDNA 

molecule. 

In our laboratory, we use the SYBR® Green I dye (Roche).  

We evaluated the expression of RUNX1 with different primers, in order to obtain the total 

concentration of the wild type gene and of the skipped form, both in a healthy control and in the 

patient. 

The primers used are listed below. 

 

GENE PRIMER 5’-3’ SEQUENCE 

 

RUNX1 

2F GAACCTCGAAATACAAGGCAG 

2R GGTGCCGTTGAGAGTCGAC 

3F ATCGCTTTCAAGGTGGTGG 

3R CACTTCGACCGACAAACCT 

ACTB Actin F CACCAACTGGGACGACAT 

Actin R ACAGCCTGGATAGCAACG 

MYH9 26F GCTCAGGTCAAAACGTGAGC 

26R GTTTGCTTTCACCCGCTTCG 

MYH10 2/3F GCTTCAAGATCGTGAGGACC 

6R CCAGAATTGGATTTGCTTGC 

CSF1 3/4F CAGTTGAAAGATCCAGTGTG 

4/5R GTTCGGACGCAGGCCTTG 

CSF2 1F GAGACACTGCTGCTGAGATG 

3/4R GTTTCCGGGGTTGGAGGGC 

SPI1 4/5F GAGACAGGCAGCAAGAAGAAG 

5R CCATCTTCTGGTAGGTCATC 

 

Table 8 .  Primers used for Real Time - PCR reaction, with the corresponding sequence. 
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3.2.7 Agarose gel electrophoresis 

 

Agarose gel electrophoresis is a technique that allows the separation of nucleic acids thanks to the 

application of an electricity. Since the agarose gel has a porous matrix it acts as a sieve, which 

separates the molecules according to their molecular weight.  

For the preparation of a agarose gel 1%, 1g of agarose is melted in 100 ml of TBE 1X (9 mM of Tris-

borate, 1mM di EDTA at pH 8).  

Before pouring the mixture in the appropriate mould, 2 µl of Midori Green Advance (Nippon 

Genetics) are added. It is used for detecting nucleic acids in agarose gels with a very high sensitivity 

when excited with UV lights and it is non-carcinogenic and less mutagenic than ethidium bromide. 

The samples are loaded into the wells after adding Loading Buffer 2X (deriving from Loading Buffer 

6X (Sigma-Aldrich) which is diluted with distilled water) and in presence of a DNA ladder (1kb DNA 

ladder, Nippon Genetics). 

The run is performed at room temperature with a constant voltage of 100V. 

Finally, the DNA fragments are visualized thanks to a UV lamp. 

 

 

3.2.8 Site specific mutagenesis 

 

Site specific mutagenesis allows to substitute a nucleotide in a specific position of interest in order to 

obtain a construct with the variant under analysis. 

To do this, we have to perform a PCR with specific primers that carry the base to modify and a high-

fidelity polymerase (Phusion). 
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In the table below are listed the primers used. 

 

GENE MUTATION PRIMER 5’-3’ SEQUENCE 

 

 

 

 

GFI1B 

R190W GFI1B_R190W_SNEW ACAGGCGAAGGGCCAGGTCCCACTATG 

GFI1B_R190W_ANEW CATAGTGGGACCTGGCCCTTCGCCTGT 

R183Q GFI1B_R183Q_ANEW TCGAAGTGCATGTGCAACGCTCCCATAGTG 

GFI1B_R183Q_SNEW CCACTATGGGAGCGTTGCACATGCACTTCG 

R190Q GFI1B R190Q_S ACAGGCGAAGGGCTGGGTCCCACTATG 

GFI1B R190Q_A CATAGTGGGACCCAGCCCTTCGCCTGT 

T174N GFI1B_T174N_R GAGCCCGTGAGGGTTGGAGAAGACCTTGTTG 

GFI1B_T174N_F CAACAAGGTCTTCTCCAACCCTCACGGGCTC 

 

 

MECOM 

P634L  MECOM_ P634L_F GCATGCAAGACCCACTCTTTTCTTTATGGACCCTA 

MECOM_ P634L_R TAGGGTCCATAAAGAAAAGAGTGGGTCTTGCATGC 

R750W MECOM_R750W_F TTCTCAAGTGCCATGTTAGGTTTGCAGACCTTGGAA 

MECOM_R750W_R TTCCAAGGTCTGCAAACCTAACATGGCACTTGAGAA 

 

Table 9 .  Primers used for site directed mutagenesis with the corresponding sequence. 

 

 

3.2.9 Transformation in competent cells 

 

The vectors created by mutagenesis are then transformed into competent bacteria that allow their 

amplification. 

The bacteria used for the vector replication are E. coli (TOP10 cells, Thermofisher) which are made 

chemically competent by permeabilizing the bacterial membrane with the use of divalent cations such 

as Ca2 + and Mg2 +. Once the DNA entered the cells, 250 μl of SOC medium (SOB with added glucose 

10 mM) are added to the solution and the bacteria are incubated for 1h at 37 ° C with shaking, in 

order to allow a first growth of bacteria. 

The bacteria are finally plated on solid medium of Luria Bertani (LB-Agar: bacto triptone 10 g / l, 

yeast extract 5 g / l, NaCl 10 g / la pH 7.8), supplied with the antibiotic of which the vector carries 

the resistance (Ampicillin 50 μg / ml, in the case of the vectors used in this thesis). 

Finally, they the plates are incubated at 37 ° C for 16-20 hours. 
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3.3 Protein analysis techniques 

 

 

3.3.1 Preparation of protein lysate 

 

Cells were harvested and then centrifugated at 300g for 4 minutes, subsequently the supernatant was 

discarded. The pellet was resuspended in PBS 1X and then centrifugated again at 300g for 4 minutes. 

The supernatant was discarded again. The pellet was resuspended in a solution of cold Lysis buffer 

(MPER, BioRad) added with 10% of protease inhibitor (Sigma) and then incubated on ice for 10 

minutes. Cell lysate was centrifugated at 14000g for 15 minutes at 4°C. In this case the supernatant 

was collected because it contains the proteins.  

At this point, 4X Laemmly buffer was added in the tube and the sample was boiled at 95°C for 5 

minutes to induce proteins’ denaturation. 

 

 

3.3.2 SDS-PAGE (denaturing polyacrylamide gel electrophoresis) 

 

Protein extract was loaded in a polyacrylamide gel and the proteins migrated under an electric field. 

It allows to separate the proteins accordingly to their apparent molecular weight, while SDS maintains 

a denaturing condition, to prevent the re-folding. In this thesis we performed SDS-PAGE using a 

7,5% mini-PROTEAN-TGX precast-Gel (Protean). 

 

 

3.3.3 Western blotting and protein recognition 

 

Once the proteins are separated in gel, they were transferred to a nitrocellulose membrane, using a 

Trans-Blot Turbo Transfer System (Biorad). 

Nitrocellulose membrane was then washed two times for 5 minutes with TBST 1X (Tris Buffer Saline 

with 0,1% Tween20) and then it was blocked with a milk solution containing PBS 1X, 0,1% Tween20 

and 5% dried non-fat milk for 1 hour to avoid the unspecific binding of the antibodies. 

After blocking, the membrane was incubated for 1 hour with the primary antibody. We used the 

mouse monoclonal antibody Anti-Flag (M2 Millipore) to recognize the exogenous MECOM 

transfected in cells, the goat polyclonal antibody RUNX1 (sc-8563, Santa Cruz) and the mouse 
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monoclonal antibody Anti-Hsp90 (Santa Cruz) to recognize the housekeeping protein Hsp90, used as 

control. 

After the incubation with the primary antibody, the membrane was washed and then incubated with 

the correct horseradish peroxidase (HRPO)-conjugated secondary antibody (anti mouse or anti goat, 

Santa Cruz), that recognize the Fc portion of the primary antibody, bound on the protein of interest. 

Membrane was then washed and finally incubated with HRPO substrate (Clarity or Clarity Max, 

Biorad). The signal was analysed with ChemiDoc Imaging System (BioRad). 

 

 

3.4 Luciferase assay 

 

 

For this assay the commercial kit Dual Luciferase Reporter Assay System (Promega) was used, 

following manufacturer’s instructions.  

In our case, we were interested in evaluating the differential expression of luciferase according to the 

use of wild type or mutated GFI1B or MECOM. The target promoters used are, for GFI1B, CD43 and 

GFI promoter, while for MECOM there is pAP-1, a commercial vector with AP-1 binding site. 

A second vector is also co-transfected with another reporter (pRL renilla luciferase, Promega), which 

is used as a control and provides an internal normalization of the transfection efficiency: it is therefore 

possible to minimize the experimental variability (given by different cell viability, different 

transfection efficiency, etc.) by normalizing the reporter's activity with that of the control vector. A 

vector without the gene of interest was used to remove the background noise due to the baseline 

activation of the promoters. 

The assay uses the activity of the two luciferases and analyse them consecutively thanks to a Glomax.  

The transfected cells were lysed 48 hour post transfection.  

After lysis, 4 μl of the sample are assayed for luciferase activity with the Dual Luciferase reporter 

assay system kit (Promega) according to the manufacturer’s instructions. The lysate is combined with 

20 μl of P.pyralis luciferase substrate and then with 20 μl of another reagent capable of terminating 

the first reaction and supplying the substrate for R.reniformis luciferase, then the second reading is 

carried out. All the transfections were performed in triplicate. 

The results were then calculated as a ratio of firefly to renilla (LucF/LucR) and normalized with the 

wild type vector. 
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3.5 In-silico analysis 

 

 

Gene sequence were obtained from Ensembl (https://www.ensembl.org/index.html). 

SNPs were analysed with dbSNP database from NCBI (https://www.ncbi.nlm.nih.gov/SNP) and 

GnomAD (http://gnomad.broadinstitute.org/). 

The pathologies were searched also in OMIM (https://omim.org/). 

For the pathogenity prediction of the variants identified, we have used different prediction tools: 

 PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/) 

 SIFT (http://sift.jcvi.org/) 

 Mutation taster (http://www.mutationtaster.org/) 

 Mutation assessor (http://mutationassessor.org/r3/) 

 Intervar (http://wintervar.wglab.org/)  

 NNsplice (https://www.fruitfly.org/seq_tools/splice.html)  

 NetGene2 (http://www.cbs.dtu.dk/services/NetGene2/)  

 

 

http://gnomad.broadinstitute.org/
http://www.mutationtaster.org/
http://mutationassessor.org/r3/
http://wintervar.wglab.org/
http://www.cbs.dtu.dk/services/NetGene2/
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RESULTS AND DISCUSSION 
 

 

4.1 Preliminary results 

 
 
Since many years, our laboratory has been involved in the screening of a large cohort of patients with 

a suspected of inherited thrombocytopenia using Next Generation Sequencing techniques in order to 

identify mutations responsible for the disease. The analysis is performed using a target sequencing 

panel (28 IT genes). In the last three years we have analysed about 150 patients. With ITs we are able 

to identify many variants, about 100 variants for every patients, that were firstly filtered for MAF 

value (<1%), than the remaining variants are evaluated for the type of transmission, the clinical 

phenotype of the patient (when available), the position of the variant in the genomic structure and its 

value for the in silico analysis. In this way we remain with a few variants of unknown significance 

that need further analysis, so it is necessary to investigate their potential effect using gene – specific 

functional studies. In particular, my PhD project is focused on the analysis of the pathogenicity of the 

variants identified in three transcription factor genes: MECOM, GFI1B and RUNX1, responsible for 

MECOM-associated syndrome, platelet - type bleeding disorder - 17 (BDPLT17) and FPD/AML 

thrombocytopenia, respectively. 
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Table 10. Variants in MECOM, GFI1B and RUNX1 identified in patients with suspected inherited 

thrombocytopenia.  

For every variant, the table reports the family in which the variant was found, the ID number, if it is enlisted in the SNP 

database, the minor frequency allele (MAF) if present in GnomAD or 1000Genome. Their potential effect has been 

predicted using bioinformatic tools, such as SIFT, PolyPhen2, Mutation taster, Mutation assessor, CADD and Intervar 

for the missense variants, and NNSplice and NetGene2 for the intronic variants. In the «Classification» column is 

reported our classification of the variants, once we have evaluated the data obtained by all the bioinformatic tools. 

For the RUNX1 splicing mutation, the two prediction tools do not recognize the canonical acceptor splice site. 

(f) = presence of functional analysis, Nr = not reported, D = deleterious; PD = probably damaging; DC = disease 

causing, T = tolerated; VUS = variant of uncertain significance. 
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Figure 5. Pedigrees of families carrying mutations of MECOM and RUNX1. 

Symbol “+“ represent the wild type alleles. Question mark indicates that phenotype and/or genotype are unknown.  

A. Family with heterozygous novel missense variant (c.1901C>T, p.P634L) of MECOM. 

B. Conservation of the missense variant of MECOM (p.P634L) in different orthologs of the gene, showing that proline 

at position 634, as well as the flanking amino acids, is highly conserved.  

C. Pedigree of family with heterozygous splicing variant (c.614-2A>G) of RUNX1 with the chromatogram of the 

proband (D). 
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Figure 6. Identification of mutations in GFI1B.  

A. Pedigrees of five families with heterozygous missense mutations of GFI1B gene shown in electropherograms. 

Symbol “+“represent the wild type alleles. Question mark indicates that phenotype and/or genotype are unknown.  

B. Conservation of position 174, 183, 184, 190 in different orthologs of GFI1B. The amino acids involved in the change 

are highly conserved, except for the threonine 174 represented by a serine in D.rerio. 

C. Schematic representation of the GFI1β protein showing the functional domains defined by amino acid positions. The 

variants reported in this study are indicated. They mostly affect the first zinc finger domain 1 (ZNF1) (T174N, R183Q, 

R184C), or the link between ZNF1 and ZNF2 (R190Q, R190W).  

SD = SNAG domain, ID = Intermediary domain, Znf 1-6 = C2H2 zinc-finger 
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4.2 MECOM  

 

 

The proband under analysis had very low platelet count (20-30*106/ml), low levels of 

megakaryocytes and other significant clinical features, which led the clinicians to suspect a diagnosis 

of CAMT. To confirm the hypothesis, we performed Sanger sequencing of MPL, the gene known as 

responsible for the disease. Since the analysis did not detect any variant, the screening was extended 

to a panel of genes involved in IT. This allowed us to identify two variants of GP1BA (NM_000173.5; 

c. 275G>C, c. 1271 C>T), which however could not explain the clinical phenotype in the proband. 

Indeed, mutations of this gene are responsible for Bernard - Soulier syndrome (BSS), a form of 

inherited thrombocytopenia that arises from defects of GPIb-IX-V complex (composed by four 

subunits: α, β, IX, V), a platelet receptor for the von Willebrand factor, an important coagulation 

factor. 

Therefore, in collaboration with the University of Padova and Fondazione Città della Speranza 

(Padova), a larger NGS panel including more than 500 genes responsible for haematological diseases 

was used for molecular genetic testing of the patient. The analysis identified a novel variant, c.1901 

C>T (p.P634L) of MECOM (NM_001105078.3), a gene encoding for a transcription factor whose 

physiological role is not so clear. Some evidence suggest that it plays an important role in HSCs self-

renewal, acting on AP-1 activity, a transcription factor that controls several cellular processes 

including differentiation and proliferation and that is regulated by MECOM by its binding to fos 

promoter. ([21])  

The nucleotide substitution was confirmed by Sanger sequencing and segregation analysis did not 

detect the variant in the parents, suggesting that c.1901 C>T is a de novo mutational event. (figure 

9A)  

As previously mentioned, mutations of MECOM were associated with a form of IT, the MECOM-

associated syndrome, characterized by amegakaryocytic thrombocytopenia and other clinical 

features. Since the clinical phenotype of the proband is consistent with the pathology just mentioned, 

MECOM was regarded as the potential disease - causing gene. Moreover, the amino acid involved in 

the change is highly conserved (figure 9B). 

However, the effect of missense variants on protein function is not easy to evaluate, as it is for 

nonsense or frameshift mutations, which are usually regarded as pathogenic variant. Therefore, to 

better define the role of c.1901 C>T, we first took advantage of bioinformatic tools (table 10). 

Considering that the variant is not present in 1000Genomes or GnomAD databases and that it is 
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classified as damaging in most of the bioinformatic tools, we classified c.1901 C>T as a likely 

pathogenic variant. 

In order to better unravel the functional impact of the variant, we set up in vitro functional assay based 

on a reporter gene. First of all, starting from the pcDNA3.1 plasmid expressing the wild type cDNA 

of MECOM (Flag-tagged), which was kindly donated by Niihori ([24]), we generated a vector 

expressing the mutant c.1901 C>T form of the gene. The two constructs, as well as one expressing a 

known MECOM mutation (c.2248 C>T, p.R750W [24]) were transfected in HEK cell line and their 

expression was confirmed by Western blot analysis (figure 7A). 

The scientific literature about MECOM is very limited, and its role in ITs in not well characterized 

yet. This makes the design of a functional assay challenging. Therefore, we took advantage of a study 

published by Niihori [24], where the pathogenicity of some missense variants of MECOM, including 

the c.2248C>T (R750W), was demonstrated with an indirect luciferase assay. This is based on pAP1-

luc, a commercial vector in which the luciferase gene is cloned downstream seven tandem repeats of 

TRE-like motif (TGACTAA), which is the consensus AP-1 binding site, one gene regulated by 

MECOM via fos promoter binding. ([24], [21]) 

Cotransfecting the different forms of MECOM with pAP1-luc and the pRL Renilla plasmid (used to 

normalize transfection rate) in HEK cell line, we observed a decrease in luciferase activity in cells 

expressing the wild type form of MECOM, confirming its repression activity on AP-1.  

On the contrary, repression was also observed when the cells where transfected with the mutant forms 

of MECOM, though at significant different extent than the wild type cDNA. 

In particular, the p.P634L mutant form has a lower inhibitory effect than the p.R750W mutation. 

(figure 7B) 

These data indicate that MECOM, when mutated, decreases its repressive activity, which is in contrast 

with the results published by Niihori group. Indeed, he reported that in NIH3T3 cells the three 

missense variants tested (p.R750W, p.H751R, p.T756A) repress the luciferase activity more than the 

wild type form. ([24]) 

To investigate the possible causes of this discrepancy, we hypothesised that the difference could be 

due to the use of different cellular lines. To confirm the hypothesis, we performed the experiments 

also in DAMI cells, a megakaryocytic cell line that represents a better model for functional assay of 

genes and proteins playing a role in platelet production. In this cellular model, we recapitulated the 

data published by Niihori [24]. In fact, we observed stronger inhibitory effect of mutations in 

comparison to the wild type form of MECOM.  

In particular, P634L variant represses the luciferase activity more than R750W (figure 7C), 

confirming that P634L is a pathogenetic variant of MECOM with a gain of function effect. 
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Figure 7. Functional studies of the P634L variant of MECOM 

A. Western blot analysis of the wild type and two mutant forms, P634L and R750W (used as control) of MECOM-

FLAG protein overexpressed in HEK cell line, showing the expression and stability of the mutant forms. 

B. Luciferase reporter gene assay in HEK or in DAMI cells (C), transfected with the wild type or mutant form of 

MECOM, the pRL Renilla plasmid and the pAP-1 commercial vector (Addgene). Luciferase activity is measured as the 

ratio between Firefly luciferase and the Renilla one. Data are normalized to luciferase activity measured in cells 

transfected with wild type form of MECOM.  

T test: *: p<0,05; **: p<0,005; *** p<0,001. 

 

 

It is important to point out that the variant identified in our proband is the fourth variant of MECOM 

for which the pathogenetic effect is demonstrated with functional assay. It is also the first missense 

variant identified in the regulatory domain of MECOM, while most of the others reported in literature 

are clustered to the 8th or 9th Zinc-finger domains.  

Since the first description of MECOM mutations, at first associated with an IT form characterized by 

radio-ulnar synostosis with amegakaryocytic thrombocytopenia named RUSAT2 ([24]), the 
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increasing number of cases reported in literature (at least 14 different missense mutations in 35 

families), revealed a wider spectrum of clinical features belonging to MECOM mutations carriers.  

Among these emerging features, a meaningful example was the description of patients carrying 

MECOM mutations without radio-ulnar synostosis ([25]). These evidences highlight the importance 

to characterize MECOM variants from a functional point of view, in order to increase the cohort of 

MECOM-associated syndrome patients with those who carry pathogenic mutations and consequently 

help to better define the clinical phenotype associated with this disease. 

For this reasons, based on the clinical phenotypes emerging from these new studies, we hypothesize 

that our gene could have a role in the MPL-THPO pathway, which, when disrupted, causes a form of 

IT known as CAMT (Congenital Amegakaryocytic Thrombocytopenia), characterized by a clinical 

phenotype that overlaps with the MECOM-associated syndrome. Our hypothesis is supported by 

some studies carried out on mice in which authors demonstrated that MECOM binds MPL promoter 

and regulates its expression. ([46]) This interaction could be fundamental in setting up a direct 

functional assay aimed at evaluating the pathogenesis of MECOM variants that are currently analysed 

only with an indirect type of assay. For this reason, we are now trying to clone MPL-promoter to 

verify if MECOM has a transcriptional effect on this key regulator of haematopoiesis 

 

 

4.3 GFI1Β 

 

 

Another gene I have analysed during my PhD work is GFI1B (NM_004188.5), in which we identified 

five heterozygous variants, four missense and one potential splicing alteration (table 10). The 

missense variants are mostly clustered in the first zinc finger motif. (figure 6C) 

One variant, the R190W (c.568C>T), was found in two apparently unrelated patients (family F5 and 

F6). In particular, proband of family F6, in addition to the R190W, which is transmitted by the father, 

who has also a mild thrombocytopenia with increased MPV (mean platelet volume), carries the 

R190Q (c.569G>A) substitution, transmitted by the mother. 

In the patient of family F2 two variants were identified, the T174N (c.521C>A) and a potential 

splicing variant (c.238+7C>T), but no segregation analysis was carried out to determine whether they 

are in cis or trans. Segregation analysis was carried out in family F3, where the variant R183Q 

(c.548G>A) is inherited by the father. (figure 6A) 

As reported in the table 10, the majority of the variants are likely to be damaging, as they are relatively 

rare in the population and highly conserved through evolution (figure 6B). Moreover, the majority of 
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the prediction tools identify these variants as deleterious and disease causing, leading us classify them 

as likely pathogenetic (table 10). The exception is R190Q, which was predicted to be likely benign 

by SIFT and Mutation assessor. However, as mentioned above, it is in trans with R190W, found also 

in F5, suggesting that R190Q, even if potentially hypomorphic, could exert an addictive effect in loss 

of function of the transcription factor.  

To assess the functional impact of the missense variants we identified, we developed a functional 

assay that, similarly to the one for the MECOM mutation, is based on luciferase activity. 

The pcDNA3.1 construct expressing the wild type cDNA of GFI1B (Myc-tagged) was used for site-

directed mutagenesis to generate four mutant forms of the transcription factor. 

The target promoters of GFI and CD34 were cloned upstream of the luciferase reporter gene. 

To evaluate if there is any difference in transactivating activity between the wild type and mutant 

forms of GFI1B, we transfected HEK cells with the constructs expressing GFI1B, the luciferase gene 

under the control of GFI or CD34 promoters as well as pRL Renilla plasmid. 

The data obtained with GFI and CD34 promoters show a significant decrease in luciferase activity 

when using the wild type GFI1B plasmid compared to the empty vector, confirming the repression 

activity of GFI1B, as previously reported by Rabbolini [30]. 

When we evaluated the effect of the mutant forms of GFI1B, we observed a loss of repression for all 

the variants, though at different extent, both on GFI (figure 8A) and CD34 promoter (figure 8B). 

Although other replicates must be performed, these data indicate that the variants identified are likely 

to be pathogenic. 
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Figure 8. Functional studies of four missense variants identified in GFI1B 

Wild type and mutant forms of GFI1B were cotransfected in HEK cells with a vector expressing the luciferase gene 

under the control of GFI (A) or CD34 (B) promoters. 

Luciferase activity was measured as a ratio between the luciferase and Renilla. Data were normalized to values obtained 

in cells transfected with wild type form of GFI1B and reported as mean values and standard deviations obtained from 

three (A) or two (B) independent experiments. 

 

 

Although in literature at least 59 individuals from 21 families were described with variants of GFI1B, 

functional studies aimed to define the pathogenicity of these variants were performed only in some 

cases ([47], [27], [48], [49]) 

Of note, functional data about R190W are controversial. van Oorschot and collegues classify this 

variant as benign, in contrast with our studies in which R190W exert the stronger loss of inhibition, 

because reported in a family together with a disease-causing mutation in WAS gene ([47]), despite 

patient’s platelets were weakly CD34 positive. Moreover, this variant was found also in a genome-

wide analysis for rare variants ([50]), and in two families of our cohort supporting its potentially 

pathogenetic role. 

The patient carrying T174N has also a potential splicing variant (c.238+7C>T). Although it is, 

classified as benign in ClinVar, the NNSPLICE software reveals a slightly decrease of mutant donor 

splice site score (0.84>0.78; Table 10), suggesting a possible role in alternative splicing. In order to 

clarify this aspect, it is important to determine whether the two variants are in cis or in trans and to 

study the effect of c.238+7C>T on RNA maturation.  

R184C is found only lately during my PhD, so functional analysis are under investigation at the 

moment. This variant is of particular interest because in the literature it is reported in the same position 
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another amino acid change (R184P) that cause a mild form of thrombocytopenia with increased CD34 

expression and normal platelet α-granules. ([30], [47]) 

The clinical data of affected individuals with mutations of GFI1B are being collected to determine 

whether there is any potential genotype-phenotype correlation, despite the limited cohort of patients. 

 

 

4.4 RUNX1: the splicing variant 

 

 

As for missense variants, even for alterations of the donor and acceptor splice sites, known as splicing 

variants, it is of fundamental interest to ascertain the effect on mRNA processing and consequently 

on protein function. This is the case of c.614-2A>G, a nucleotide substitution affecting the acceptor 

donor splice site in intron 6 of RUNX1 gene (NM_001754.4) identified in a patient (Family 7) with 

low platelet count (30.000/ml). Segregation analysis did not detect any carriers, suggesting that it 

could be inherited from the father whose biological sample was not available (figure 9C). 

RUNX1 is a transcription factor that regulates the expression of several genes, contributing to 

hematopoietic cell growth and differentiation. ([32]) Mutations of RUNX1, as well as ETV6 and 

ANKRD26, cause autosomal dominant forms of thrombocytopenia, characterized by an increased risk 

of developing haematological neoplasm. 

Even if this variant could be classified as deleterious because it affects the AG dinucleotide of the 

acceptor splice site, we performed an RT-PCR to characterize the potential alternative splicing. This 

analysis carried out with primers 1F/1R detected one product in the patient’s sample (351bp) and two 

products of 543 (wt) and 351 (e7del) bp in the control sample (figure 9B). Sanger sequencing 

confirmed that the higher band corresponds to RUNX1 with the correct removal of introns 6 and 7. 

The other was the result of in frame skipping of exon 7 (c.614-2A>G). The presence of the e7del 

band in the control sample led us to hypothesise that the skipping of exon 7 could be a physiological 

event. Komeno 2014 characterized this alternative form in mouse, reporting that this exon encodes 

for the inhibitory domain of RUNX1, whose lost results in a more stable protein, probably due to the 

loss of two lysins that makes the protein less susceptible of proteasome degradation. In human, the 

e7del form is found principally in malignant cells, for example in Namalwa cells, a Burkitt’s 

lymphoma cell line ([36]), or in bone marrow cells from ALL patients ([51]). Moreover, it has been 

detected not only in ovarian cancer cells, but also in wild type ones (T29 cell line, of cells deriving 

from normal ovary surface epithelium), suggesting that this form is also detectable in normal cells. 

([52]) 
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Considering that apparently only the e7del has been detected in the patient’s mRNA, significant 

alterations of the e7del/wt ratio could affect the activity of the transcription factor. In order to 

determine the relative amount of the two forms, we performed RT-PCR using primers that specifically 

recognize the different products. As shown in figure 9C, the amount of the 543 bp band is more 

represented (80%) in the control than in the patient’s sample (21%). On the contrary, the 351 band 

represents the most abundant product in the patient’s cells, where it is four times more expressed than 

in control.  

Since RT-PCR is not a quantitative technique, we confirmed the previous data by Real Time PCR. 

Using specific primers 3F/3R , which amplify all the isoforms of RUNX1 (RUNX1a, RUNX1b, and 

RUNX1c; see introduction, figure 4), we found that the e7del form is more expressed in the patient’s 

(26%) than in the control (8%) sample, confirming the significant imbalance between the skipping 

and retention of exon 7. 
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Figure 9. RNA analysis of RUNX1 patient with c.614-2A>G 

A. Schematic representation of canonical cDNA structure of the RUNX1 gene (NM_001754). The c.614-2A>G 

substitution affects the “ga” dinucleotide of the acceptor splice site of intron 6. The different primers used for RT-PCR 

and RealTime, as well as the length of their amplified products, are also indicated.  

B. RT-PCR using primers 1F and 1R performed on control (CTRL) and patient (P) RNA. In the control sample, the 

primers amplified two bands, one of 543 bp corresponding to the expected removal of intron 6 and 7 (WT), and another 

one of 351 bp (E7del) characterized by the skipping of exon 7. In the patient, only the product of 351 bp is apparently 

detectable. 

C. RT-PCR carried out with different primers. In addition to the couple 1F-1R, other two pairs are used: 2F and 2R (179 

bp), which specifically amplify E7del, and 3F and 3R (163 bp), recognizing a region of cDNA not involved in alternative 

splicing events. The actin gene (ACTB) was investigated as control for relative quantification the RUNX1 RNA. Under 

the RT-PCR, is reported the quantification of WT and E7del of RT-PCR products from 1F-1R primers amplification. The 

intensity of the bands was normalized onto that of ACTB, and then the percentage of WT (543bp) and E7del (351) was 
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calculated as the ratio between the form of interest and the total of RUNX1b and RUNX1c isoforms, obtained with 3F and 

3R primers . In the patient, E7del is about four times more expressed than in the control sample. 

D. With Real time PCR, using the primers 2F-2R (skipped) and 3F-3R (full length), as shown before, we evaluated the 

quantity of the products in the patient and in the healthy control. The skipping percentage reported in the graph is 

calculated as a proportion onto the respective amount of total RUNX1 for both the control and the patient, thus confirming 

the imbalance.  

 

 

In order to confirm the data obtained also in terms of RUNX1 protein level, a Western Blot analysis 

was performed in the patient and control cell line. As shown in Figure 10, hybridization with 

RUNX1 antibody allow us to detect different bands, which we hypothesise that corresponds to 

RUNX1c and 1b isoforms and to the e7del form of the protein, as calculated by molecular weight. 

Consistent with RNA analysis, the amount of e7del form expected in the control is four time less 

respect to the patient, so probably in this case the protein level is too weak to be detected, while in 

the patient the band shows up a little more. 

To confirm this data, we will silence specifically the expression of the different forms of RUNX1 and 

re analyse the cell lysates. In this way, we will confirm the identity of the different isoforms in gel. 

 

 

 

Figure 10. Western blot analysis of cell lysate.  

Protein extract from patient and control cell line was analysed by Western Blot analysis. We can detect three different 

bands that correspond to the two main RUNX1 isoforms and the skipped one, as calculated by the predicted molecular 

weight of the protein. With the arrow is highlighted the skipped form of the protein. 

 

 

To evaluate if the e7del/wt imbalance has any transactivation effect on the known targets of RUNX1, 

we tested the expression level of MYH9, MYH10, ANKRD26, CSF1, CSF2 and SPI1. In particular, 

MYH9, MYH10 and ANKRD26 are three direct targets of RUNX1 and their regulation is very 

important for platelet production as they are dysregulated in some platelet disorders. In particular, 
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MYH9 expression increases during megakaryocyte development, while MYH10 must be silenced for 

the ploidization of megakaryocytes during their maturation. ([53]; [55]; [55]). ANKRD26 is also 

silenced during the last steps of platelet production, and its inhibition is controlled by RUNX1, which 

binds to its 5’UTR. Interestingly, mutations of RUNX1 and in the 5’UTR of ANKRD26 are responsible 

for forms of inherited thrombocytopenia characterized by an increased risk of developing 

haematological neoplasms. ([56]). 

CSF1 (macrophage colony stimulating factor 1) plays an essential role in the regulation of 

proliferation and differentiation of hematopoietic precursor cells, and its expression is normally 

promoted by RUNX1 ([57], [58]). In mouse, it is reported that the simultaneous expression of the wt 

and e7del form of RUNX1 plays an addictive effect on CSF1 activation ([57]). CSF2 (Granulocyte-

Macrophage Colony-Stimulating Factor 2) is a protein that regulates the proliferation, differentiation 

and function of various hematopoietic lineages. It is found to be overexpressed in AML and its 

activation needs the interaction between RUNX1 and CBFB protein (core binding factor subunit β) 

in a complex with the recruitment of CPB protein, which favours gene transcription. ([59], [64] ) 

Finally, SPI1 is a proto oncogene, another important factor involved in differentiation of 

hematopoietic lineages, where it is indirectly regulated by RUNX1. Of note, its expression level is 

strongly decreased in the late stages of megakaryopoiesis, and its dysregulation is observed in some 

forms of leukaemia. ([60], [61], [62]) The repression effect of RUNX1 on SPI1 is controlled by the 

inhibitory domain encoded by exon 7 at least in mouse, as mentioned above ([57]). 

As detected by Real Time PCR, the expression levels of MYH9, CSF1 and SPI1 are significantly 

higher in patient’s sample than in the control one. In particular, for SPI1 we observed the greatest 

increase in gene expression, which is consistent with the loss of the inhibitory effect of e7del reported 

in mouse, the form, of note, that is prevalently expressed in our patient. MYH10, CSF2 and ANKRD26 

are instead downregulated (figure 11), suggesting that at least for these targets the further reduction 

of their expression cannot be explained by the loss the inhibitory domain described at least in mouse.  

As concern CSF2, which expression is normally promoted by RUNX1 we could hypothesise that the 

e7del form fails to interact with the cofactors necessary for this activation, because in this region there 

is the binding site for CBP proteins ([63]).  

The downregulation of MYH10 and ANKRD26, could instead be explained by the complexity of the 

mechanisms through which transcription factors control transcription, as they can act as both 

activators and repressors in different cellular contexts. However, focusing our attention on the genes 

involved in megakaryopoiesis, we can observe that overexpression of e7del increase the effect of the 

wild type form, increasing the expression level of MYH9 and down-regulating MYH10 and 

ANKRD26. 
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This leads us to hypothesize that the variant c.614-2A>G probably cannot affect platelet production 

by its own, but there could be something else that cause or contribute to the phenotype of the patient, 

and so the cause of thrombocytopenia is probably not yet identified. However, the loss of inhibition 

of some genes that play a role in oncogenesis (CSF1 and SPI1) may suggest a possible role of this 

isoform in an increased risk of developing haematological malignancies, also associated with RUNX1 

mutations. This hypothesis is supported also by imbalance between e7del and wild type form reported 

in ovarian cancer cell lines ([52]).  

Moreover, an increased ability of the RUNX1 e7del form of colony formation was reported in mouse, 

consistent with an oncogenic role of it. ([57]). However, further investigations will be carried out to 

determine the role of the e7del form of RUNX1in platelet production and carcinogenesis. 

Taken together, all these data led us think that this proband should be followed by the clinicians 

during the years, in order to evaluate the possible occurrence of haematological neoplasm. 

 

 

 

 

Figure 11. Expression level of genes controlled by RUNX1.  

Expression level of MYH9, MYH10, CSF1, CSF2, ANKRD26 and SPI1, genes known to be targets of the RUNX1 

transcription factor, as determined by Real Time PCR using RNA extracted from the lymphoblasts cell line derived from 

the patient. Mean values and standard deviations are obtained from three independent experiments. As control we have 

used the RNA extracted from the cells of an healthy control. T test: *: p<0,05; **: p<0,005; *** p<0,001. 
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CONCLUSIONS 
 

 

The diagnosis of Inherited Thrombocytopenias is a very complex process, because they are a group 

of rare diseases characterized by high degree of heterogeneity both by clinical and genetic point of 

view. In the last decade, the increasing use of Next Generation Sequencing (NGS) techniques allow 

to analyse simultaneously many genes and identify thousands of variants in a single analysis. 

However, understanding the role of these variants remains a major problem in disorders like IT, which 

are mainly autosomal dominant diseases caused by private, often missense, variants. 

My PhD project was inserted in this context and was aimed to evaluate the pathogenetic role of the 

variants identified with NGS in patients affected by ITs through appropriate functional assays. 

The work focused on three transcription factor genes associated with IT: MECOM, GFI1B and 

RUNX1. 

For two of them (MECOM and GFI1B) we have set up a luciferase reporter assay in order to evaluate 

the transactivation activity of the missense variants identified. 

In this case, the pathogenetic role is identified in the different activity of the variants respect to the 

wild type form.  

In particular, with MECOM gene we have done an indirect luciferase assay based on pAP1-luc 

commercial vector, demonstrating that the P634L variant exert a gain of function in the repression 

activity when compared to the wild type. 

For GFI1β, we tested four of the five missense variants identified onto two known target promoters. 

The analysis performed show a tendency of loss of repression of the forms with the missense variants, 

respect to the wild type. Although the data obtained were preliminary and other replicates must be 

performed, these data indicate that all the variants analysed are likely to be pathogenic. 

Another gene I have study during my PhD work is RUNX1, a transcription factor in which we 

identified a variant that is predicted to cause skipping of exon 7 (e7del). Unexpectedly, when we 

performed RT-PCR to confirm the predicted effect of mutation on RNA, we revealed the presence of 

the skipped form of the gene also in the healthy control, suggesting that exon skipping is an event 

that occurs in a physiological way. With the help of an in-depth study of the variant, we observed an 

imbalance between the expression levels of the wild type and the skipped form in the patient 

compared to the healthy control. Transcriptional analyses of RUNX1 target genes revealed that e7del 

form is not responsible for thrombocytopenia in our patient, but could be associated with an increased 

risk of developing haematological malignancies, as described for other RUNX1 mutations. 
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In conclusion, NGS approach to the mutational screening of patients provides us a wealth of data that 

requires further investigations to unravel their potential pathogenetic role. 

For this reason, the set-up of functional gene-specific assays is of fundamental importance to 

understand the role of the variants that do not have a functional validation, even if it is a labour-

intensive work that probably will remain at a basic research level. 

Understanding the role of them will provide a molecular diagnosis to patients and could be important, 

at clinical level, in terms of patient management and proper follow up, especially when they are 

affected by platelet disorders predisposing to other, even more serious diseases, including 

malignancies.  

 

.
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