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The purpose of this thesis was to characterize the megakaryocyte specific 

transcription factor MEIS1 and some of its target genes to elucidate their role 

in the differentiation of hematopoietic stem cells towards megakaryocytes and 

functional platelets. The need to increase our understanding of these 

processes is reflected in the fact that current attempts to produce platelets for 

transfusion purposes are still inefficient and costly.  

 

Transcription factors orchestrate megakaryocytic lineage determination 

 

Significant progress has been made in understanding the transcriptional 

networks that govern the differentiation of hematopoietic progenitor cells into 

terminally differentiated megakaryocytes, able to produce platelets. Crucial 

findings involved the discovery of the GATA1 – PU.1 antagonism causing a 

lineage fate decision in common myeloid progenitors (CMPs)1;2. A recent 

publication also shows that Friend of GATA1 (FOG1) not only acts as a 

cofactor for GATA1, but primes CMPs towards a MEP fate, which is finally 

determined by GATA13. Furthermore, in chapter 2, we show that the 

transcription factor MEIS1 also contributes to the lineage fate decision at the 

stage of the CMP4. The precise mechanism by which GATA1 and PU.1 exert 

their effects is still under debate. GATA1 induces a lineage bias towards a 

megakaryocyte-erythroid progenitor (MEP) fate. PU.1 on the other hand 

promotes a granulocyte-monocyte progenitor (GMP) fate1;2. While an indirect 

relationship between GATA1 and PU.1 has been assumed in which a decline 

in PU.1 accompanied by stable GATA1 expression promotes erythroid 

differentiation, both transcription factors are also capable to interact directly 

with each other and bind DNA. It is believed that in this case, the recruitment 

of cofactors such as CBP or pRB to the complex determine if target genes are 

expressed or repressed2.  

 

MEIS1 has been found expressed in hematopoietic stem and progenitor 

cells5-7. By over expressing MEIS1 in sorted fractions of hematopoietic stem 

and progenitor cells, we could show that it has a specific effect on lineage fate 

of CMPs, directing them towards a MEP fate4. These findings are in line with 

murine and zebrafish studies where Meis1 ablation resulted in a poorly 
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developed hematopoietic compartment, lack of megakaryocytes and 

erythrocytes, clearly underlining the importance of Meis1 in the development 

of these lineages8-10. 

  

The impact of MEIS1 and GATA1 on fate decisions became clear when these 

transcription factors were misexpressed in GMPs. We discovered that MEIS1 

expression alone was sufficient to redirect GMPs towards a MEP fate and the 

same finding was made by Iwasaki and colleagues for GATA14;11. FOG1, 

GATA1 and MEIS1 thereby prove to be potent transcriptional inducers of 

gene signatures associated with a MEP fate. Although both crucial for the 

same cell fate decisions, the relationship between MEIS1, FOG1 and GATA1 

in hematopoietic progenitor cells needs to be investigated in more detail. One 

study reports down regulation of gata1 in meis1-deficient zebrafish indicating 

that gata1 is under control of meis112. Another study also using zebrafish 

provides evidence that gata1 acts independent of meis110. Next to these 

conflicting results, nothing is known so far about the relationship between fog1 

and meis1. As results may vary depending on the model system used and 

whether primitive or definitive hematopoiesis is studied, more research is 

needed to elucidate functional interactions between GATA1, FOG1 and 

MEIS1 in lineage fate of human hematopoietic progenitor cells.   

 

First evidence for a cumulative relationship between gata1 and meis1 comes 

from a recent study conducted in zebrafish analyzing the targets of microRNA 

miR144. In this study, both gata1 and meis1 expression were decreased 

during primitive hematopoiesis upon miR144 over expression. Zebrafish 

presented with diminished blood cell counts and lower hemoglobin, consistent 

with earlier results obtained in Gata1-deficient mice and zebrafish. Injection of 

meis1 could rescue the phenotype to some extent, but only co-injection of 

both meis1 and gata1 together was able to rescue the phenotype 

completely13.  

 

Given the strong impact of GATA1 and MEIS1 on erythroid and 

megakaryocytic lineage fate, these transcription factors could be of putative 

use to improve megakaryocytic and platelet yield in in vitro culture systems. 
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We demonstrate that MEIS1 expression is regulated in time: high in HSC, low 

in hematopoietic progenitors, and increasing in expression again during 

megakaryopoiesis14.  

This highly regulated expression pattern further underlines the importance of 

MEIS for megakaryopoiesis. We have conducted expression profiling both in 

CD34+ cells overexpressing MEIS14 and in the megakaryoblastic cell line 

DAMI after MEIS1 knockdown. Genes following MEIS1 expression from these 

arrays were compared with genome-wide association studies analyzing single 

nucleotide polymorphisms associated with platelet count or mean platelet 

volume15;16. We found several putative MEIS1 target genes associated with 

these traits. Among these MEIS1 targets were the RNA-binding protein 

Ataxin2 (ATXN2) and the actin-binding protein Tropomyosin 1 (TPM1). We 

show in chapter 3 and chapter 4 that both targets fulfill crucial roles in 

megakaryopoiesis as well as in the generation of functional platelets. This 

highlights the importance of MEIS1 and its target genes in megakaryopoiesis 

and makes MEIS1 specifically useful for improving platelet yield in in vitro 

platelet generation systems.  

 

Exploiting transcription factors for the generation of platelet transfusion 

products in vitro 

 

A consistent challenge with in vitro megakaryopoiesis lies in the insufficient 

amount of mature megakaryocytes generated from input cells. 

We and others have shown that cord blood and apheresis derived CD34+ 

cells are mainly comprised of CMP and GMP cells and less than 5% stem 

cells and MEP4;17;18. While the stem cell, CMP and MEP fraction all hold the 

potential to contribute to megakaryopoiesis, the GMP fraction, which can 

represent up to 50% of all CD34+ cells4, is committed towards a different 

lineage and lost for platelet production using classical culture methods. 

Megakaryocyte cultures based on CD34+ cells would therefore clearly benefit 

from a more efficient lineage commitment towards a megakaryocytic fate. 

Targeted expression of MEIS1 and GATA1 in CD34+ cultures could therefore 

be beneficial in directing the majority of cells towards a MEP fate and limiting 

other lineage choices. Subsequent differentiation of the MEP cells into 



 161 

megakaryocytes would then lead to higher platelet yields and more efficient 

culture systems. A similar approach has been used recently by Riddell and 

colleagues. They were able to reprogram murine CMPs and even committed 

lymphoid cells towards a HSC fate using the transcription factors Run1t1, Hlf, 

Lmo2, Prdm5, Pbx1, and Zfp37. Interestingly, they show that addition of 

Meis1 and Mycn improve reprogramming efficiency19. These results show that 

Meis1 is a potent regulator of cell fate and a useful target for expression 

systems leading to the generation of megakaryocytes and platelets. 

 

Exploiting forced expression of specific proteins to alter lineage fate is also 

used in the generation of induced pluripotent stem cells (iPS). IPS cells are of 

specific interest for the field as they offer the possibility to generate 

megakaryocytes and platelets, subsequently, from very limited source 

material and putatively any cell. After the initial paper from Takahashi using a 

4-factor based reprogramming method including Oct3/4, Sox2, Klf4 and c-

myc20, advances to the system have been made trying to encompass the 

transforming ability of c-myc. To minimize the advent of genetic instability 

caused by c-myc expression, reprogramming protocols have been developed 

in which c-myc is either substituted by myc-family members with lower 

transforming capacity or using transient expression systems21;22.  

However, several studies have now shown that c-myc expression is 

particularly beneficial when attempting to differentiate iPS cells into 

megakaryocytes22;23. C-myc is particularly is specifically needed during early 

stages of differentiation, increasing the megakaryocytic cell pool. Prolonged 

expression or over expression of c-myc on the other hand decreased 

megakaryocyte maturity, underlining the importance of developing controlled 

expression systems23;24.  

 

To date, expression systems based on non-integrating RNA-virus prove a 

promising alternative to retroviral vectors when generating iPS cells22;23. 

Furthermore, electroporation of plasmid vectors has been shown to 

successfully reprogram both fibroblasts and cord blood cells circumventing 

stable integration and the risk of genetic instability25. These controlled and 

transient expression systems could also be used to express MEIS1 and / or 
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GATA1 during early hematopoietic differentiation states. Transient expression 

of these two transcription factors could positively influence accumulation of 

MEP-biased cells and inhibit granulocytic fate. MEP-biased cells can then be 

further differentiated towards megakaryocytes.  

 

Understanding lineage commitment and fate bias induced by transcription 

factors is crucial to improve in vitro megakaryopoiesis, but induction of gene 

expression does not always equal protein synthesis. Although platelets could 

be generated from CD34+ cells and iPS cells, functional assays revealed less 

efficient aggregation in response to specific agonists. These findings 

correlated with the cytoplasmic differentiation state of the generated 

megakaryocytes and altered expression of platelet surface receptors such as 

GPIb23;26. These findings suggest that cytoplasmic maturation during 

megakaryopoiesis defines platelet generation and reactivity. 

 

Cytoplasmic maturation of megakaryocytes and consequences for 

platelet function 

It is assumed that mRNA translation plays a critical role during 

megakaryopoiesis27 However, evidence supporting this hypothesis remains 

scarce. Megakaryocytes are large, polyploid cells and thus far it is believed 

that the increase in cytoplasmic features and nuclear material that accompany 

endomitosis facilitate a faster and more efficient protein accumulation. 

Accumulated proteins are then packaged into functional granules and stored 

in developing platelets27. 

 

Protein accumulation is depending on the rate of de novo synthesis compared 

to the frequency of decay mediated by lysososmes and the proteasome. 

Recently, efforts have been made to unravel the contribution of these 

processes to protein homeostasis in megakaryocytes and platelet generation.  

 

In chapter 3, we show that disturbed protein homeostasis during 

megakaryopoiesis directly impacts on platelet reactivity. The RNA-binding 

protein ATXN2 is most abundant in immature megakaryocytes, but negligible 

during terminal megakaryocytic differentiation. At this stage, immature 
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megakaryocytes, also termed stage II megakaryocytes or megakaryoblasts, 

are in early stages of polyploidy and exhibit small granules in their cytoplasm, 

most likely precursors of future alpha granules28. When ATXN2 was silenced 

lentivirally, de novo protein synthesis decreased and total cellular protein 

content was reduced. These dramatic intracellular defects were reflected in 

functional aggregation defects detected in platelets of Atxn2-deficient mice, 

but were independent of megakaryocyte differentiation or lineage 

determination. Our results show that proper translational regulation during 

early megakaryopoiesis is crucial to ensure the generation of functional 

platelets.  

 

A recent publication showed that ATXN2 stabilizes specific target mRNAs by 

binding to AU-rich elements. This stabilization leads to an increase in the 

abundance of protein translated from those target mRNAs29. Yokoshi and 

colleagues performed gene ontology studies and found that ATXN2 targets 

were associated with posttranscriptional processes such as polyadenylation, 

3’ end processing and RNA splicing29. When we analyzed how the 

composition of translated versus untranslated mRNA was altered following 

ATXN2 knockdown, we also found that ATXN2 silencing had a specifically 

strong impact on translated mRNAs. Furthermore, gene ontology revealed 

that in ATXN2 knockdown megakaryocytes, the translation of transcripts 

associated with mRNA transport and de novo protein synthesis were affected 

most which is in line with the findings from Yokoshi and colleagues29. It is 

therefore possible that ATXN2 is most abundant in immature megakaryocytes 

to stabilize mRNAs coding for proteins associated with translation and mRNA 

turnover processes. By ensuring accumulation of these proteins, sufficient 

protein synthesis for alpha granule biogenesis is ensured.   

 

Next to de novo protein synthesis, protein degradation is another factor that 

needs to be regulated to match protein demand within a cell. We found that 

ATXN2 knockdown increased the translation of mRNAs coding for two 

proteins of the ubiquitination pathway. One of these proteins was a ubiquitin 

ligase E3 (UBEC3). This is of specific interest in combination with the 

aggregation defect observed in Atxn2 deficient platelets upon integrin-
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mediated stimulation. Another ubiquitin ligase has been described to be 

activated by integrin signaling30 thus increased concentrations of UBEC3 lead 

to increased protein degradation in activated platelets which might ultimately 

cause reduced aggregation.  

 

The importance of the proteasome in megakaryopoiesis and platelets in 

particular has been described by others as well.  A recent publication showed 

that the proteasome is needed for proplatelet formation31. Mice deficient for a 

proteasome subunit (Psmc1) presented with thrombocytopenia and bleeding 

and died shortly after birth. These results could be directly related to the 

thrombocytopenia detected in multiple myeloma patients treated with 

proteasome inhibitors such as bortezomib. Weyrich and colleagues also 

hypothesized that next to severely decreased platelet counts in their 

transgenic mouse, platelet function may also be impaired, due to altered 

protein composition in the absence of a functional proteasome.  

  

Clinical results supporting our observations came from a study investigating 

patients with a mutation in the ANKRD26 gene encoding an ankyrin repeat 

domain protein. Physiologically, ANKRD26 expression decreases during 

megakaryopoiesis by binding of the transcription factors RUNX1 and FLI1. In 

patients with mutated ANKRD26, however, RUNX1 and FLI1 can no longer 

bind to the ANKRD26 locus and the protein is expressed throughout 

megakaryopoiesis32. Continuous expression leads to defects in proplatelet 

formation and patients suffer from thrombocytopenia and bleeding tendencies. 

Recent observations found that the defect stems from increased MAPK 

signaling, evidenced by increased proplatelet formation upon MAPK 

inhibition32. Furthermore, their megakaryocytes and platelets exhibit an 

accumulation of polyubiquitinated and proteasome proteins indicative of 

deregulated protein decay33. Serum thrombopoietin concentration was 

elevated and the bone marrow megakaryopoiesis was defective, displaying 

increased amounts of immature megakaryocytes34. Although the mechanism 

behind these alterations is currently unknown, a connection between correct 

megakaryopoiesis, platelet generation and the proteasome is likely.  
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Cytoskeletal rearrangements during megakaryopoiesis 

 

Next to protein homeostasis, the events leading to the onset of both 

endomitosis and proplatelet generation need to be investigated in more detail. 

So far, the contribution of myosin IIB, RhoA and Rock to endomitosis have 

been described35. 

  

In chapter 4, we analyze the contribution of the actin-binding protein TPM1 to 

megakaryopoiesis. A strong indication that TPM1 plays an important role in 

platelet biogenesis came from a GWAS study in healthy volunteers where two 

single nucleotide polymorphisms in TPM1 where found to be associated with 

platelet count and mean platelet volume, respectively15;16. Furthermore, we 

detected TPM1 as a putative target of the megakaryocyte specific 

transcription factor MEIS1 in an earlier study4. ChIP-Seq analysis indeed 

revealed MEIS1 binding sites in both the promoter region and intragenic of 

TPM1 demonstrating that TPM1 is under control of MEIS1. In chapter 4, we 

also show that TPM1 expression increases during megakaryopoiesis. TPM1 

has been described as a rate-limiting factor for other actin binding proteins 

like cofilin36 or Arp2/337, indicating that increased TPM1 in late stages of 

megakaryopoiesis prevents F-actin turnover. While TPM1 limits access of 

certain proteins to F-actin, the protein does not inhibit myosin from binding38 

which still allows contractile force39. Interestingly, Lordier and colleagues have 

shown that the onset of endomitosis coincides with a decrease in myosin IIB 

(MYH10)35. This decrease was shown to be due to the transcription factor 

RUNX1, which bound to the MYH10 locus and silenced MYH10 expression35. 

We, as well as Lordier and colleagues, found that endomitosis is 

accompanied by altered F-actin distribution. While dividing cells show a clear 

accumulation of F-actin at the cleavage furrow and an almost absent signal 

for F-actin at the cell cortex, endomitotic megakaryocytes fail to accumulate F-

actin at the cleavage furrow but present with increased cortical F-actin 

instead39. Upon knockdown of TPM1 in CD34+ cells, we detected that already 

in early stages of megakaryocytic lineage commitment after four days of 

culture, F-actin was mislocalized at the cell cortex. However, F-actin 

accumulation at the cleavage furrow could still be detected. In line with these 
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observation it has been shown that silencing of the actin-polymerizing protein 

mDia2 leads to binucleate cells and contractile forces at abnormal sites in the 

cell40, resembling the phenotype we describe in chapter 4. Furthermore, F-

actin was decreased at the contractile ring of the cells40. Combined, these 

results suggest that the onset of endomitosis may be dependent on both F-

actin and myosin. While myosin decreases and thus contractile forces 

become limited, F-actin is bound by TPM1 thereby limiting reorganization of 

actin away from the cell cortex and towards the contractile ring. 

 

Actin-binding proteins are activated by Rho GTPases. The Rho GTPase 

RhoA and its effectors have been studied in both human and murine 

megakaryopoiesis. RhoA is activated by the guanine exchange factor GEF-H1 

which is downregulated during megakaryopoiesis41 indicating less activation 

of RhoA in mature megakaryocytes. These results are in agreement with 

findings from Chang and colleagues, who describe that RhoA is less 

expressed in mature megakaryocytes42. They and others furthermore show 

that expression of a dominant negative form of RhoA or inhibition of RhoA 

increased proplatelet formation42;43.It was also shown that inhibition of the 

RhoA effector Rock increased proplatelet formation. In chapter 4, we show 

that in primary human megkaryocytes, TPM1 knockdown led to premature 

proplatelet formation. TPM1 knockdown in the megakaryocytic cell line DAMI 

however was accompanied by increased Rock expression which in turn 

suggests elevated rather than less RhoA activity. While these findings may be 

contradictory at first sight, they have been described by others as well. Suzuki 

and colleagues used a conditional knockout approach to deplete RhoA 

specifically in murine megakaryocytes. They detected 

macrothrombocytopenia and faster platelet clearance from the peripheral 

blood, but no effect on proplatelet formation44. These conflicting results could 

be due to a variety of factors. First, approaches to investigate RhoA and Rock 

were significantly different. Chang expressed dominant negative RhoA in 

human megakaryocytic cells, Avanzi employed inhibitors, Suzuki perfomed 

experiments on murine megakaryocytes depleted for RhoA and we analyzed 

a megakaryoblastic cell line. Depending on the approach, RhoA is transiently 

inhibited, outcompeted or depleted which could result in different outcomes. 
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Furthermore, both murine and human cells were used which may lead to 

different outcomes as human and murine systems are not always 

comparable.  

 

In our case, increased Rock expression is a consequence of TPM1 

knockdown which allows for yet another option. If TPM1 limits access of other 

binding proteins to F-actin, it would be possible that TPM1 knockdown allows 

for more binding of these proteins. Furthermore, increased binding 

opportunities could result in more demand of specific actin-binding proteins 

and their activators which could even increase their expression. One of the 

proteins limited by TPM1 is the actin-severing protein cofilin36. Cofilin is also 

an effector of Rock and thus RhoA. The effect of cofilin and actin 

depolymerizing factor Adf has been investigated before. Mice deficient for 

both cofilin and Adf displayed less proplatelet formation per megakaryocyte, 

shorter proplatelets and less budding along the forming proplatelets45. It was 

also found that F-actin accumulation was disturbed. While cofilin depletion led 

to less proplatelet formation, in our case an increase in binding possibilities for 

cofilin could be the result of increased Rock expression. While this increase 

would at first sight also result in less F-actin and therefore contradict our 

findings, other actin-binding proteins like the formin mDia may also increase 

upon TPM1 knockdown due to feedback loops in response for increased 

binding opportunity. In this case, TPM1 knockdown would induce disordered 

F-actin dynamics which results in aberrant proplatelet formation as seen in 

chapter 4. 

 

Improving the safety of donor-derived platelet transfusion products 

 

Until the intricate events regulating megkaryocyte differentiation and platelet 

generation are sufficiently understood and can be exploited for in vitro platelet 

production systems, efforts are made to increase the quality and safety of 

donor-derived platelet transfusion products. Platelet transfusions are 

administered to patients suffering from severely decreased platelet counts, a 

state referred to as thrombocytopenia. Thrombocytopenia can be caused by 

either reduced platelet production, increased platelet consumption or loss and 
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is found in various disorders such as leukemia, immunethrombocytopenia, 

HIV, aplastic anemia or after chemotherapy.  

 

Currently, platelet transfusion products are derived from blood donations. 

However, a decline in donor numbers has been recorded in the United States 

over the past years46-48. At the same time, Sanquin Blood Supply detected a 

decline in the use of red blood cell units for transfusion purposes while the 

amount of platelet transfusion products remained constant 

(http://www.sanquin.nl/repository/documenten/nl/productdienst/161844/Bloedkatern_februari_

2014.pdf). This decline is linked to changes in blood transfusion guidelines, 

improved surgical procedures and improved medical treatments. While 

shortages in donations may therefore not prove a challenge for blood supply 

in the Netherlands, other factors specifically related to platelet transfusion 

products do.  

 

 

Another point to be considered with platelet transfusion units lies in the limited 

storage time of a maximum of seven days combined with storage at room 

temperature which increases the risk of bacterial growth.  

While bacterial testing of blood donations is feasible, it also requires time and 

results may at times be available only after a transfusion unit has been given 

to the patient49;50. In the Netherlands, the BacT/Alert system is used to detect 

both aerobic and anaerobic contamination. However, platelet concentrates 

are released for use in patients before screening is completely finished, due to 

long growing phases for some bacteria. Thereby, the chance of transfusing a 

contaminated product is still a risk50. Screening for parasites and virus is also 

more difficult due to so-called window periods51-53 during which a donor is 

already infected but might have negative screening tests and may therefore 

give blood. Blood donation centers reacted with the establishment of donor 

deferral procedures54. Deferral time is based on the asymptomatic phase of a 

specific pathogen and whether the donor has been a visitor to the infected 

region or a former resident. Deferral time can range from six months for 

malaria to one year for leishmania54. 
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An alternative approach to increase the safety of platelet transfusion products 

is presented by pathogen reduction treatments (PRT). By using PRT, any 

bacterial or protozoan inoculum that could be present in a platelet transfusion 

product is inactivated. Several systems from various suppliers are currently 

available, most are based on UV-light55, and some in combination with an 

intercalating agent56;57. The efficacy of pathogen reduction treatments against 

bacterial inoculum has been shown58;59. Studies also reported a reduced risk 

of alloimmunization after radiation60;61.  

 

These treatments might also affect the quality of the platelet transfusion 

product62-67. Furthermore, we show in chapter 5 that Mirasol PRT consisting 

of adding riboflavin followed by UV light irradiation caused defects in 

spreading and degranulation upon platelet activation, closely correlated with 

storage time after PRT 64;67-70. Patient studies are currently conducted to 

investigate if a decline in platelet quality due to pathogen reduction treatment 

is reflected in increased bleeding or faster demand for follow-up transfusions 

[PREPARES]. If indeed more transfusions per patient are needed to correct 

for higher platelet turnover due to hyper-reactivity and continuous 

degranulation, the efficacy of pathogen reduction has to be re-evaluated. 

However, pathogen reduction treatment may increase the safety of platelet 

transfusion products to the point that deferral time is redundant.   

 

While in a world of global travel the use of PRT definitely improves transfusion 

safety, the method of how PRT is applied to platelet transfusion products 

could be adjusted. To minimize damage to the platelets over storage time 

after PRT, it should be carried out shortly before use of the platelet unit to 

ensure transfusion of platelets with good quality. A possible risk of this 

method could lie in the chance that during storage and before irradiation, 

residual bacteria were able to multiply, further increasing contamination. 

However, studies in which platelet transfusion units were spiked with high and 

low titers of both virus and several strains of bacteria reported that PRT 

eliminated bacteria in all cases58;71. These results prove the efficiency of PRT 

in pathogen reduction. 
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Platelet transfusion products also bear the risk of alloimmunization and 

platelet refractoriness. Immunization can occur through residual leukocytes 

(HLA) in the transfusion product or through antigens on the platelet surface 

(HLA and HPA)72;73. Immunization can result in graft versus host reactions 

and platelet refractoriness60;74. Adding leukocyte filters and irradiation to the 

process of  preparing platelet transfusion products have greatly diminished 

leukocyte-based immunization75, but a residual risk remains based on 

antigens presented on the platelet surface. A recent study has addressed this 

issue by silencing HLA on platelets using RNA interference on 

megakaryocytes76. HLA-deficient megakaryocytes were not lysed in the 

presence of HLA antibodies and produced regular amounts of platelets when 

transplanted into a murine recipient.  

 

A putative risk factor of genetically modified platelets lies in their transforming 

capacity, specifically in iPS derived platelets. Current initiatives to produce 

platelets in vivo make use of iPS cells and thereby use gene expression 

vectors which carry the potential of inducing genomic instability. Although 

platelets do not contain DNA, RNA is present77. Studies showed that RNA can 

be transferred from activated platelets into endothelial cells78;79. Furthermore, 

the transferred RNA is functional in the recipient cells79. It is possible that 

during proplatelet generation RNA from inducing vectors may enter the 

platelet and could thus be transferred into endothelial cells upon platelet 

activation. Irradiation of iPS-derived platelets would provide a simple step in 

ensuring that these expression vectors and putative residual mRNA is 

inactivated and thereby improve transfusion safety from in vitro generated 

platelets. 

 

Concluding remarks 

The in vitro generation of platelets for transfusion purposes is an intriguing 

opportunity and would enable an unlimited supply. However, current culture 

systems are inefficient and costly80;81. To improve the yield of in vitro 

megakaryocyte cultures, we need to increase our knowledge about the key 

factors that drive megakaryocytic differentiation and platelet generation. A 

recent PubMed search revealed a total of 213,707 scientific articles on the 
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term “platelet”, compared to 10,428 articles on “megakaryocyte” showing that 

results related to megakaryocytes add up to only 5% of publications on 

platelet biology. Furthermore, while in red blood cell biology the importance of 

posttranscriptional modifications to the generation of functional erythrocytes 

has been long acknowledged, little is known about protein homeostasis in 

megakaryocytes.  

For an efficient production of platelets in vitro, we must first increase our 

understanding of megakaryopoiesis and subsequently improve current culture 

methods. Still, promising advances have been made by using specific platelet 

bioreactor systems to improve platelet yield and by implementing iPS cell 

approaches for megakaryopoiesis22;23;82;83. Furthermore, the safety of iPS cell 

generated platelets can be improved using already existing and improving 

pathogen reduction systems. In conclusion, current data suggests that in vitro 

platelet generation can be achieved, if we expand our understanding of 

megakaryopoiesis. 
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