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Alpha granules are the most abundant of the platelet secretory granules, and are packaged 

with over 300 proteins including von Willebrand Factor, platelet factor 4, thrombospondin, 

and fibrinogen (Blair P, et al., 2009). Release of alpha granule contents is essential for all 

platelet functions including hemostasis, inflammation, immunity, wound healing, and 

angiogenesis (Blair P, et al., 2009). Alpha granules are packaged in multivesicular bodies in 

the megakaryocyte, their cargo consisting of both endocytosed and biosynthesized proteins, 

and are then trafficked individually along proplatelets to their final destination in the platelet 

bud (Heijnen HF, et al., 1998). Alpha granule packaging appears to be a highly regulated 

process, but the exact mechanism of alpha granule biogenesis is not completely understood.

Much of what is known about alpha granule biogenesis comes from studying genetic 

disorders in which alpha granules are absent or abnormal. Fibrinogen endocytosis and 

trafficking into platelet alpha granules was first described by tracking infused fibrinogen in a 

patient with congenital afibrinogenemia (Harrison P, et al., 1989). Additionally, patients with 

ARC (Arthrogryposis, Renal dysfunction and Cholestasis) syndrome have platelets that are 

completely void of alpha granules. The genes associated with ARC syndrome, VPS33b and 

VPS16b, localize to the trans-Golgi network, multivesicular bodies, and alpha granules (Lo 

B, et al., 2005, Urban D, et al., 2012). VBS16b and VPS33b are thus thought to be 

associated with granule biogenesis and trafficking of biosynthesized alpha granule proteins. 

Finally, Gray Platelet Syndrome (GPS), a rare autosomal recessive bleeding disorder, is 

characterized by improperly formed alpha granules, macrothrombocytopenia, and 

myelofibrosis (Nurden AT, et al., 2007). The alpha granules in GPS patients are also called 

‘ghost granules’ due to their empty vacuole appearance in platelets -- these granules contain 

membrane proteins such as P- selectin but lack both endocytosed and biosynthesized alpha 

granule proteins (Maynard DM, et al., 2010). The genetic etiology of GPS was described in 

2011 to be deleterious mutations in the gene NBEAL2 (Albers CA, et al., 2011, Gunay-

Aygun M, et al., 2011, Kahr WH, et al., 2011). The NBEAL2 (neurobeachin-like protein 2) 

protein is a member of a family of proteins that contain a BEACH (Beige and Chediak 

Higashi) domain, a highly conserved domain associated with vesicular trafficking, 

membrane dynamics, and receptor signaling (Wang X, et al., 2000). The GPS phenotype is 
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consistent with defects in other members of the BEACH domain protein family, such as 

LYST, which causes Chediak Higashi Syndrome, a syndrome characterized by melanosome, 

lysosome, and platelet dense granule defects (Karim MA, et al., 1997). Apart from what can 

be inferred from homology with other proteins, very little is known about the molecular 

contribution of NBEAL2 to alpha granule biogenesis and platelet production. Nbeal2 
knockout mice have impaired megakaryocyte maturation and ploidy as well as increased 

extracellular secretion of VWF when compared to wild-type (WT) mice (Kahr WH, et al., 

2013). This knockout mouse also exhibits impaired platelet function resulting in decreased 

arterial thrombosis, protection from inflammatory cerebral ischemia, and impaired wound 

healing (Kahr WH, et al., 2013, Deppermann C, et al., 2013). Although the mouse model of 

GPS has been well- characterized, highlighting the multifactorial roles of platelet alpha 

granules, the function of the NBEAL2 protein in the process of alpha granule biogenesis 

remains elusive.

In this issue of ATVB, Kahr and colleagues dissect the molecular mechanism of this obscure 

protein, significantly furthering the field of alpha granule biogenesis. Lo et al use the Nbeal2 
knockout mouse to show that the resulting defect in alpha granule biogenesis does not occur 

in early endocytosis of alpha granule proteins, namely fibrinogen, but rather in the retention 

of these proteins at later stages. Specifically, this paper elegantly describes the trafficking of 

fibrinogen in both WT and Nbeal2 knockout megakaryocytes, showing that fibrinogen co- 

localizes with RAB5-associated early endosomes in both WT and knockout megakaryocytes 

at early stages of endocytosis. However, while WT megakaryocytes traffic fibrinogen from 

early endosomes to RAB7-associated late endosomes, and finally to P-selectin positive alpha 

granules, Nbeal2 knockout megakaryocytes fail to retain fibrinogen into RAB7 or P-selectin 

structures. Interestingly, Nbeal2 knockout megakaryocytes instead traffic fibrinogen to 

RAB11- associated recycling endosomes at later time points. Labeled fibrinogen was also 

shown to be more rapidly released into the media of Nbeal2 knockout megakaryocytes in 

vitro. Similarly, von Willebrand factor significantly associates with RAB11 in Nbeal2 
knockout megakaryocytes, indicating that this altered trafficking process involves both 

biosynthesized and endocytosed alpha granule proteins. These data show that Nbeal2 is 

responsible for retention of proteins in alpha granules, and that its absence does not disrupt 

early endocytosis, but results in trafficking of alpha granule proteins to recycling endosomes 

and secretion into the extracellular space. Furthermore, this paper probes the question of the 

normal function of NBEAL2 by examining localization with other proteins. Using a novel 

antibody, Lo et al showed co-localization of NBEAL2 with P-selectin by 

immunofluorescence, electron microscopy, and co- immunoprecipitation in primary human 

megakaryocytes. The authors posit that this interaction with P-selectin stabilizes alpha 

granules and prevents cargo loss to recycling RAB11 endosomes. Thus, the phenotype of 

Nbeal2 knockout is likely due to loss of this interaction with P-selectin and aberrant 

secretion of alpha granule proteins through the recycling endosome and exocytosis 

pathways, or as Lo et al adeptly stated: “In essence, loss of NBEAL2 turns MKs from 

packaging cells into secreting cells.”

This work has progressed the study of alpha granule biogenesis by demonstrating that alpha 

granule packaging involves a balance of protein trafficking to alpha granules and retention of 

proteins to prevent release into secretory pathways. Here, NBEAL2 is shown to be 
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responsible for retention of proteins into the alpha granules, potentially through its 

association with P- selectin, and loss of NBEAL2 results in trafficking to recycling and 

secretory endosomes. Additionally, this work contributes to the knowledge of the GPS 

phenotype. The hallmark of this rare disease is a lack of alpha granules; however, patients 

and mice lacking NBEAL2 have macrothrombocytopenia, bone marrow fibrosis, and 

extramedullary hematopoiesis (Nurden AT, et al., 2007). Excessive secretion of alpha 

granule proteins from megakaryocytes lacking Nbeal2 suggests that the alpha granule 

proteins, many of which are inflammatory cytokines, are secreted into the bone marrow 

space in vivo, causing inflammation and the potential for fibrosis. Furthermore, factors 

contained in platelet alpha granules, such as platelet factor 4 and CCL5, have been 

previously shown to alter the potential for megakaryocyte proplatelet formation (Lambert 

MP, et al., 2007, Machlus KR, et al., 2016). One hypothesis for the thrombocytopenia seen 

in GPS is an auto-inhibitory mechanism of aberrantly secreted alpha granule proteins acting 

on the megakaryocyte itself. This work demonstrates that alpha granule proteins are indeed 

secreted through a RAB11-mediated mechanism in the absence of Nbeal2. Future directions 

in this field would include determining whether excess secretion of alpha granule proteins is 

inhibitory to proplatelet formation, or whether NBEAL2 and/or proper alpha granule 

biogenesis are essential for complete platelet production.

Platelets and their alpha granules contain factors involved in inflammatory and antimicrobial 

responses, angiogenesis, as well as cancer progression. Thus, understanding the function of 

a gene such as NBEAL2 can contribute to our knowledge of not only rare bleeding diseases 

such as GPS, but of thrombopoiesis and alpha granule biogenesis at large. Further 

investigation of alpha granule packaging may lead to discovering ways to selectively load 

proteins into alpha granules for creation of ‘designer platelets.’ Lo et al provide a significant 

first step in understanding this process through their work in GPS and NBEAL2.
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Figure 1. 
Current model for alpha-granule biogenesis and roles of alpha-granule packaging proteins 

VPS16B, VPS33B, and NBEAL2. Professional illustration by Kristin Johnson
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