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                                                            An adequate supply of circulating platelets is essential to maintain vascular integrity and to facilitate thrombus formation at sites of vascular injury. The normal platelet count in humans ranges from 150×10/L to 400×10/L. Given that platelets have a circulating lifespan of around 10 days, and that about one third of platelets are sequestered in the spleen at any time, approximately 100×10 of these small anucleate cells must be released from mature megakaryocytes into the circulation each day in order to maintain a normal platelet count. A constant balance is, therefore, required between thrombopoiesis, and platelet consumption and senescence. Thrombopoietin is the primary humoral regulator of megakaryocyte differentiation and platelet number under steady state conditions.1 It is synthesized in the liver and kidney and mediates its effects through its receptor c-Mpl which is present on megakaryocyte and platelet membranes.1 Levels of thrombopoietin are controlled via binding to, and internalization into, cells expressing the receptor. When platelets and megakaryocytes are decreased in number, less thrombopoietin is removed from plasma, and the thrombopoietin level rises, while when platelet numbers increase, more thrombopoietin is cleared from the plasma and the thrombopoietin level falls again.2 In addition to the thrombopoietin (THPO) and c-Mpl (MPL) genes, a large number of genes encoding membrane glycoproteins, cytoskeletal components and proteins involved in transcription, cell cycle regulation and signaling have been demonstrated to participate in the differentiation of pluripotent stem cells to mature platelet-shedding megakaryocytes.3
Defined as a platelet count less than 150×10/L, thrombocytopenia is usually an acquired disorder. Causes include increased platelet consumption, splenomegaly, drugs or infection-mediated bone marrow suppression, and bone marrow failure. Increasingly, however, inherited forms of thrombocytopenia, caused by mutations in genes encoding proteins involved in the differentiation of megakaryocytes and platelet production, which can result in autosomal dominant, autosomal recessive, and X-linked recessive forms of inherited thrombocytopenia, are being recognized.3
Thrombocytosis, defined as a platelet count exceeding the upper limit of the normal range (>400×10/L), is associated with an increased risk of thrombosis.4 Primary thrombocytosis can be either inherited or acquired and is caused by alterations targeting hematopoietic cells (e.g. MPL, THPO or JAK2 mutations) while secondary thrombocytosis is due to external factors such as chronic inflammation or cancer.4
While much has been done to elucidate the molecular mechanisms controlling megakaryocyte differentiation and platelet production and to identify defects in the genes encoding the relevant proteins in patients with inherited thrombocytopenia, the factors that determine platelet count in the normal population are less well characterized. In a study published in this issue of the journal, Biino et al. addressed this issue by carrying out a cross-sectional investigation of platelet counts among 12,517 inhabitants of ten villages in the Ogliastra region of Eastern Sardinia.5 This sparsely populated, mountainous province in Sardinia is unusual in that it has one of the most genetically homogeneous populations in Europe. The population has remained small and isolated throughout its history. Despite this, sub-populations in the region show a strong demarcation in their genetic pools, possibly due to different founders, to the extent that the small populations have divergent genetic histories even where they inhabit neighboring villages.6 In their study, Biino et al. found that platelet count was higher in women, and that the prevalence of thrombocytopenia was higher among men (4.8%) than among women (3.2%). Interestingly, the distribution of platelet counts varied markedly between villages and the prevalence of thrombocytopenia ranged from 1.5% to 6.8% in the different villages studied. The thrombocytopenia was, in general, mild and asymptomatic and was not associated with other cytopenias or conditions known to be associated with thrombocytopenia. Furthermore, it showed a negative correlation with a mild form of thrombocytosis which ranged in prevalence from 0.9% to 4.5% between villages. Platelet counts were shown to decrease progressively with age, with the consequence that thrombocytopenia was more common among the elderly, while thrombocytosis was more frequent among younger people. Biino et al. concluded that the predispositions to platelet counts above or below the normal range are inherited traits.5
There is considerable evidence that the platelet count is largely determined by genetic factors. Monozygotic twins show a higher level of concordance in platelet count than dizygotic twins.7 Also, differences in platelet count have been described in populations of different ethnic origin that share the same environment.8 Longitudinal studies demonstrate considerable stability of steady state platelet counts. For example, in their analysis of serial platelet counts from 3,789 subjects, Buckley et al. showed that the repeatability of the platelet count was 0.871 in males and 0.849 in females, indicating that heritability of platelet count is high,9 and while Biino et al. found that the heritability of platelet count was 54% in their study, figures of up to 87% have been reported in previous studies.5,9
So what genetic factors are responsible for determining platelet count? Despite the evidence that thrombopoietin and c-Mpl are essential for platelet production, there is little evidence for their genes having effects on the variation in platelet count in the normal population. In a genome-wide association study performed to identify quantitative trait loci for platelet count in inbred mouse strains, genotyping of mice with platelet counts at the extremes of the distribution led to the identification of two quantitative trait loci on chromosomes 1 and 11, neither of which appeared to be associated with known genes that regulate platelet production.10 More interesting, perhaps, was the absence of quantitative trait loci in the region of the Thpo or Mpl genes, or those genes encoding interleukin-11, nuclear factor erythroid-derived 2 (Nf-e2), Gata-1 or Fog-1 all of which are important in platelet production.10
[image: ]

Table 1.Single nucleotide polymorphisms contributing to a common haplotype located at 12q24 and associated with platelet count.
The first quantitative trait locus influencing platelet count in humans was identified by Soranzo et al. who performed a genome-wide association study for mean platelet volume, also a highly heritable trait, which is inversely correlated with platelet count, in the healthy population.11 They identified a single nucleotide polymorphism, rs342293, on chromosome 7q22.3 which was significantly associated with mean platelet volume and platelet count in healthy subjects, though the effect on platelet count was entirely explained by its association with volume. The single nucleotide polymorphism occurred in an intergenic region that did not contain any genes, suggesting that regulation of mean platelet volume and platelet count are probably mediated through cis- or trans-regulatory effects. Interestingly, all six genes in a 1 Mb interval centered on the single nucleotide polymorphism were expressed in megakaryocytes and the platelet transcript levels of one of these, PIK3CG, varied according to genotype for rs342293, while those of a second gene, PRKAR2B, showed a non-significant correlation with genotype.11 Both PIK3CG and PRKAR2B are credible candidates for contributing to mean platelet volume and platelet count. PIK3CG encodes the β-chain of PI3/PI4-kinase which is responsible for the synthesis of phos-phatidylinositol-3,4,5-trisphosphate (PIP3), which is essential for the initiation of megakaryopoiesis and pro-platelet formation.12 PRKAR2B encodes the β-chain of cAMP-dependent protein kinase, which has an antagonistic effect on megakaryopoiesis and proplatelet formation by reducing the release of intracellular calcium through the phosphorylation of ITPR3, the receptor for PIP3.13
More recently, Soranzo et al. detected 12 loci which were reproducibly associated with mean platelet volume in 13,943 samples from six European population-based studies.14 Four of these had been found to be associated with mean platelet volume in earlier studies by the group. Nine of the 12 loci were also associated with platelet count, the mean platelet volume-raising alleles being linked with a decrease in platelet count, though in all nine cases the single nucleotide polymorphisms were found to exert their effects on platelet count through the mean platelet volume. Three further loci which independently influenced platelet count were detected in the same study. An association signal at 6p21.3 (rs210135) centered on the BAK1 gene which encodes a pro-apoptotic protein that regulates steady state platelet lifespan.15 It was suggested that a locus at 9p24.1–p24.3 (rs385893) may regulate the expression of the proximal JAK2 gene which is a key regulator of megakaryocyte maturation.4,14 Two further single nucleotide polymorphisms, rs11065987 and rs11066301, map to a 1.6 Mb region located at 12q24, which contains 15 genes. Further investigation of the region identified ten single nucleotide polymorphisms, which formed a common haplotype spanning the length of the associated interval, all of which displayed significant association with platelet count (Table 1). These include a non-synonymous single nucleotide polymorphism, rs3184504, in the gene SH2B3, which encodes Lnk, an adaptor protein that mediates growth and maturation of megakaryocytes through its role in regulating cross-talk between integrin and cytokine signaling pathways.16 Interestingly, this single nucleotide polymorphism was also associated with risk of coronary artery disease.14 In addition, seven intronic single nucleotide polymorphisms within four genes (ATXN2, NAA25, C12orf51 and PTPN11), one intergenic single nucleotide polymorphism and one single nucleotide polymorphism in the 3′ region of the TRAFD1 gene contributed to the 12q24 haplotype (Table 1).
In addition to genetic factors, there is evidence that gender, age and seasonal factors play a role in determining platelet count. Gender-dependent differences in the distribution of normal platelet counts have been reported in several studies, with higher counts being observed in females than in males, as was observed by Biino et al.5,17 The inter- and intra-individual components of the variance in platelet count are similar in males and females, suggesting that the gender-dependent differences are most likely due to differences in hormone profiles. Megakaryocytes and platelets express steroid hormone receptors.18 Differences in hormonal profiles between subjects might, therefore, be expected to result in different platelet phenotypes. Of interest is the finding that estrogen stimulates differentiation of CD34 cells and modulates expression of estrogen receptors α and β in vitro.19 Furthermore, estradiol has been demonstrated to trigger proplatelet formation in megakaryocytes. Indeed, one of the targets in megakaryocytes for NF-E2, a transcription factor that is essential for proplatelet formation, is the gene for 3β-hydroxysteroid dehydrogenase which is essential for the formation of estradiol.20
An explanation for the age-dependent decline in platelet count observed by Biino et al. and others is still awaited.5 It has been suggested that it may be due to reduced hematopoietic stem cell reserve in aging individuals.8 It is also possible that the age-dependent decline in platelet number reflects epigenetic changes in the megakaryocyte genome, such as hypomethylation of genes that determine platelet count or changes in histone acetylation, which lead to differences in gene expression as we get older. The seasonal factors that in one longitudinal study accounted for 2% of the overall variance in platelet count, and caused a peak in platelet count during autumn and winter months, also remain to be clarified, though it is possible that this reflects the increased prevalence of viral infections during the winter months, since infection has been established to increase platelet count.9 Thus, while considerable progress has been made in identifying the genes that determine platelet count in humans, several challenges remain, not least of which will be to determine the impact of epigenetic programming on platelet count. The value of populations such as those of the province of Ogliastra in facilitating greater understanding of this area cannot be overestimated.
Footnotes
	
Martina Daly, PhD is a Senior Lecturer in Molecular Medicine with the Haemostasis Research Group at the University of Sheffield, UK.
	
(Related Original Article on 
page 96)
	
Financial and other disclosures provided by the author using the ICMJE (www.icmje.org) Uniform Format for Disclosure of Competing Interests are available with the full text of this paper at www.haematologica.org.

References
	Kaushansky K. Determinants of platelet number and regulation of thrombopoiesis. Hematology Am Soc Hematol Educ Program. 2009:147-52. Google Scholar

	Nagata Y, Shozaki Y, Nagahisa H, Nagasawa T, Abe T, Todokoro K. Serum thrombopoietin level is not regulated by transcription but by the total counts of both megakaryocytes and platelets during thrombocytopenia and thrombocytosis. Thromb Haemost. 1997; 77 (5):808-14. PubMedGoogle Scholar

	Drachman JG. Inherited thrombocytopenia: when a low platelet count does not mean ITP. Blood. 2004; 103(2):390-8. PubMedhttps://doi.org/10.1182/blood-2003-05-1742Google Scholar

	Skoda RC. Thrombocytosis Hematology. Am Soc Hematol Educ Program. 2009:159-67. Google Scholar

	Biino G, Balduini C, Casula L, Cavallo P, Vaccargiu S, Parracciani D. Analysis of 12,517 inhabitants of a Sardinian geographic isolate reveals that predispositions to thrombocytopenia and thrombocytosis are inherted traits. Haematologica. 2011; 96(1):96-101. PubMedhttps://doi.org/10.3324/haematol.2010.029934Google Scholar

	Fraumene C, Petretto E, Angius A, Pirastu M. Striking differentiation of sub-populations within a genetically homogeneous isolate (Ogliastra) in Sardinia as revealed by mtDNA analysis. Hum Genet. 2003; 114(1):1-10. PubMedhttps://doi.org/10.1007/s00439-003-1008-3Google Scholar

	Whitfield JB, Martin NG. Genetic and environmental influences on the size and number of cells in the blood. Genet Epidemiol. 1985; 2(2):133-44. PubMedhttps://doi.org/10.1002/gepi.1370020204Google Scholar

	Segal JB, Moliterno AR. Platelet counts differ by sex, ethnicity, and age in the United States. Ann Epidemiol. 2006; 16(2):123-30. PubMedhttps://doi.org/10.1016/j.annepidem.2005.06.052Google Scholar

	Buckley MF, James JW, Brown DE, Whyte GS, Dean MG, Chesterman CN, Donald JA. A novel approach to the assessment of variations in the human platelet count. Thromb Haemost. 2000; 83(3):480-4. PubMedGoogle Scholar

	Cheung CC, Martin ICA, Zenger KR, Donald JA, Thomson PC, Moran C. Quantitative trait loci for steady-state platelet count in mice. Mamm Genome. 2004; 15(10):784-97. PubMedhttps://doi.org/10.1007/s00335-004-2408-yGoogle Scholar

	Soranzo N, Rendon A, Gieger C, Jones CI, Watkins NA, Menzel S. A novel variant on chromosome 7q22.3 associated with mean platelet volume, counts and function. Blood. 2009; 113(16):3831-7. PubMedhttps://doi.org/10.1182/blood-2008-10-184234Google Scholar

	Hawkins PT, Stephens LR. PI3Kgamma is a key regulator of inflammatory responses and cardiovascular homeostasis. Science. 2007; 318(5847):64-6. PubMedhttps://doi.org/10.1126/science.1145420Google Scholar

	Wojcikiewicz RJ, Luo SG. Phosphorylation of inositol 1,4,5-trispho-sphate receptors by cAMP-dependent protein kinase. Type I, II, and III receptors are differentially susceptible to phosphorylation and are phosphorylated in intact cells. J Biol Chem. 1998; 273(10):5670-7. PubMedhttps://doi.org/10.1074/jbc.273.10.5670Google Scholar

	Soranzo N, Spector TD, Mangino M, Kühnel B, Rendon A, Teumer A. A genome-wide meta-analysis identified 22 loci associated with eight hematological parameters in the HaemGen consortium. Nat Genet. 2009; 41(11):1182-90. PubMedhttps://doi.org/10.1038/ng.467Google Scholar

	Mason KD, Carpinelli MR, Fletcher JI, Collinge JE, Hilton AA, Ellis S. Programmed anuclear cell death delimits platelet life span. Cell. 2007; 128(6):1173-86. PubMedhttps://doi.org/10.1016/j.cell.2007.01.037Google Scholar

	Takizawa H, Eto K, Yoshikawa A, Nakauchi H, Takatsu K, Takaki S. Growth and maturation of megakaryocytes is regulated by Lnk/Sh2b3 adaptor protein through crosstalk between cytokine- and integrin-mediated signals. Exp Hematol. 2008; 36(7):897-906. PubMedhttps://doi.org/10.1016/j.exphem.2008.02.004Google Scholar

	Butkiewicz AM, Kemona H, Dymicka-Piekarska V, Matowicka- Karna J, Radziwon P, Lipska A. Platelet count, mean platelet volume and thrombocytopoietic indices in healthy women and men. Thromb Res. 2006; 118(2):199-204. PubMedhttps://doi.org/10.1016/j.thromres.2005.06.021Google Scholar

	Khetawat G, Faraday N, Nealen ML, Vijayan KV, Bolton E, Noga SJ, Bray PF. Human megakaryocytes and platelets contain the estrogen receptor beta and androgen receptor (AR): testosterone regulates AR expression. Blood. 2000; 95 (7):2289-96. PubMedGoogle Scholar

	Bord S, Frith E, Ireland DC, Scott MA, Craig JIO, Compston JE. Estrogen stimulates differentiation of megakaryocytes and modulates their expression of estrogen receptors alpha and beta. J Cell Biochem. 2004; 92(2):249-57. PubMedhttps://doi.org/10.1002/jcb.20035Google Scholar

	Nagata Y, Yoshikawa J, Hashimoto A, Yamamoto M, Payne AH, Todokoro K. Proplatelet formation of megakaryocytes is triggered by autocrine-synthesized estradiol. Genes Dev. 2003; 17(23):2864-69. PubMedhttps://doi.org/10.1101/gad.1128003Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        01.coi_disclosure_Daly.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 96 No. 1 (2011): January, 2011 : Editorials
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2010.035287
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        21193429
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC3012758
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2011-01-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        1590

    

    
        PDF Downloads

        502

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Martina E. Daly. Determinants of platelet count in humans. Haematologica 2010;96(1):10-13; https://doi.org/10.3324/haematol.2010.035287.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

