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Megakaryocytes (MKs), a kind of functional hematopoietic stem cell, form platelets to maintain platelet balance

through cell differentiation and maturation. The incidence of blood diseases such as thrombocytopenia has

increased, but these diseases cannot be fundamentally solved.
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1. Introduction

Platelets are well known for their powerful roles in vascular injury, inflammation and wound healing . However,

megakaryocytes, the precursor cells of platelets, have not been well known until recent decades. Megakaryocytes,

a type of hematopoietic cell, undergo a series of complex processes to generate platelets, such as growth,

development and maturation. At the same time, megakaryocytes possess certain cellular capabilities of immunity

and inflammation . In recent years, various experiments have mutually confirmed that megakaryocytes play an

important role in the process of self-renewal and differentiation of HSC into multifunctional lineages . In

addition, as a type of intercellular communication cells, megakaryocytes also maintain the function of niches in the

bone marrow . Therefore, megakaryocytes play a very important role in the hematopoietic system.

Megakaryocytes release an average of 1 × 10  platelets into the blood each day. Megakaryocyte differentiation

and maturation and platelet production are complex processes regulated by strict factors. This process is a hot

topic in the field of hematopoiesis. In most clinical cases, thrombocytopenia is defined as a platelet count less than

100 × 10 /L, with clinical manifestations of splenomegaly, purpura, skin and mucous membrane hemorrhage,

visceral hemorrhage, intracranial hemorrhage and even death . Thrombocytopenia is a secondary complication

of many diseases, such as myelodysplastic syndrome , leukemia , dengue fever , and parasitic infections .

In addition, myelosuppression caused by chemoradiotherapy also presents with a decreased platelet count . To

treat thrombocytopenia, platelet infusion, cytokines and TPO receptor agonists are commonly used in clinic .

However, platelet supply is scarce, the cost is high, the storage time of platelet is short, and it is easily

contaminated by bacteria. Bloodborne infections may exist in the transfusion process, and homologous immune-

related complications may also be caused. Cytokines stimulate platelet production by increasing the number of

hematopoietic stem cells and blood cells. However, cytokines have many adverse reactions, including arrhythmia

and acute pulmonary edema . Thrombopoietin receptor agonists currently include first-generation recombinant

human thrombopoietin (RhTPO) and second-generation agents (TPO-RAs), such as romiplostim and eltrombopag.

Although they promote megakaryocyte differentiation and platelet production in vivo and increase the number of
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peripheral blood platelets, RhTPO may cross-react with endogenous TPO of patients to neutralize autoantibodies,

which may result in immunogenic reactions, while romiplostim is the only TPO-RA that binds with endogenous TPO

at the same site without resulting in an immunogenic reaction. However, there is a risk of thrombosis and up to

10% discontinue reaction. Both them require regular treatment and frequent monitoring. . In recent years,

ideas of platelet generation in vitro have been proposed, and many laboratories have successfully differentiated

megakaryocytes into platelets in vitro. However, the large-scale production of platelets is still a challenging task in

vitro .

Although the above treatment agents have significant efficacy, they have many adverse reactions and are limited in

clinical application.

2. The Process of Megakaryocyte Differentiation

Megakaryocyte differentiation is a complex process in which hematopoietic stem cells differentiate into

megakaryocytes, undergo terminal differentiation, and finally form proplatelets. In the classical process of

hematopoietic stem cell self-renewal and directional differentiation, long-term hematopoietic stem cells differentiate

into multiple multifunctional progenitor cells, then multiple multifunctional progenitor cells differentiate into myeloid

progenitors and lymphoid progenitors, myeloid progenitors differentiate into megakaryocyte-erythroid progenitors

and granulocyte-macrophage progenitors, and eventually differentiate into megakaryocyte progenitors and

erythroid precursors . Megakaryocyte progenitors eventually differentiate into megakaryocytes. After terminal

differentiation and maturation, megakaryocytes eventually form proplatelets .

However, several recent studies have found that in addition to the ability to self-renew, long-term hematopoietic

stem cells (LT-HSCs) can differentiate into short-term hematopoietic stem cells (ST-HSCs), which can differentiate

into multiple multifunctional progenitors . They are mainly divided into MPP1, MPP2, MPP3 and MPP4 (Figure

1). MPP1 is classified as a short-term HSC. MPP3 is largely granulocyte/macrophage-biased. MPP4 differentiates

into common lymphoid progenitor cells (CLPs), which differentiate into T cells and B cells. MPP2  cells are

progenitor cells that tend to differentiate into common myeloid progenitors (CMPs). CMPs can differentiate into

granulocyte-macrophage progenitors (GMPs) and megakaryocyte-erythroid progenitors (MEPs). MEPs differentiate

into erythroid progenitors (EryPs) and megakaryocytic progenitors (MkPs). At the same time, MPP2 cells could skip

the process from HSCs to CMPs and MEPs and directly differentiate into megakaryocytes. Another study reported

that approximately 60% of hematopoietic stem cells are VWF+ cells in the bone marrow. In the hematopoietic

microenvironment, because megakaryocytes generate platelets, they exist in vascular sinuses, and VWF + HSC

have the same transcription factors and cytokines. Megakaryocytes are thought to be predisposed to induce VWF

+ HSC to differentiate into megakaryocytes and generate platelets . Therefore, researchers hypothesize that

VWF+ cells have a specific tendency to differentiate into myeloid lineage cells under certain conditions. These two

pathways can improve the efficiency of megakaryocytes differentiation in the hematopoietic lineage and provide an

effective method for rapid platelet production in the hematopoietic system. After that, megakaryocytes will undergo

multiple mitoses to undergo polyploid terminal differentiation and maturation, in which the largest polyploid nucleus
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reaches 128 N. Once megakaryocytes mature, they extend proplatelets into the vascular sinuses through the

energy provided by the cytoskeleton and then release platelets through shear forces .

Figure 1. The differentiation processes of megakaryocytes.

3. Molecular Mechanisms Affecting Megakaryocyte
Differentiation

3.1. The Role of Signaling Pathways in Megakaryocyte Differentiation

Megakaryocytes are regulated by transcription factors, adhesion factors, cytokines and chemokines in the

hematopoietic system. Among these mediators, thrombopoietin (TPO), the ligand for the c-MPL receptor, is the

most important for megakaryocyte generation and differentiation (Figure 2A). TPO is considered to be a key

regulator of megakaryocyte differentiation and can initiate a variety of signal transduction pathways, including

JAK2/STAT3/STAT5, MAPK/ERK and PI3K/AKT . ERK1/2 promotes the differentiation of HSCs into

megakaryocytes under continuous activation . PI3K/AKT has been implicated in the late differentiation of

megakaryocytes . As a downstream signaling pathway of JAK2, STAT3/STAT5 is also involved in

megakaryocyte maturation and platelet generation. Some researchers knocked out the c-MPL receptor in mice and

found that the mice still had a small number of platelets left in their blood that kept them alive. However, there is no

evidence that TPO is involved in the late differentiation of megakaryocytes and platelet formation.
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Figure 2. Molecular mechanism of megakaryocyte differentiation. (A) The role of signaling pathways in

megakaryocyte differentiation. There are at least five regulatory factors in megakaryocyte differentiation, the most

important of which is TPO, which mainly initiates three signaling pathways, namely, JAK2/STAT3/STAT5,

MAPK/ERK and PI3K/AKT. These intracellular factors related to pathway regulation can promote megakaryocyte

differentiation and the generation of platelets. In addition, increased mitochondrial permeability and ROS can also

promote megakaryocyte differentiation. (B) Transcription factors that play a role in each stage of MK differentiation

and platelet release.

Therefore, some scholars have made a reasonable guess that the differentiation and maturation of

megakaryocytes are regulated by a variety of other factors apart from TPO. Interleukins, such as IL-6, IL-11 and IL-

1α, can stimulate megakaryocyte differentiation and promote platelet formation. Vascular endothelial growth factor

(VEGF) is secreted by various hematopoietic and nonhematopoietic cells and has three homologous receptor

tyrosine kinases (VEGFR1/VEGFR2/VEGFR3) that play roles in different stages of megakaryocyte differentiation

. Insulin growth factor (IGF-1) can promote CD34+ cells to differentiate into megakaryocytes and promote

platelet formation . Tyrosyl-tRNA synthetase (YRS ) was shown to induce the differentiation of hematopoietic

stem cells in TPO-deficient signaling . Chemokine ligand 5 (CCL5, RANTES) has been shown to bind to CCR5,
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a receptor of megakaryocytes, to promote megakaryocyte differentiation and proplatelet generation . In addition,

human growth hormone (hGH) may exert a complementary and synergistic effect with c-MPL ligands on

thrombopoiesis . The discovery of these factors has gradually completed the process of megakaryocyte

differentiation in the hematopoietic system, which provides the possibility for the drug treatment of megakaryocyte-

related diseases.

3.2. The Role of Transcription Factors in Megakaryocyte Differentiation

Megakaryocyte differentiation depends largely on the expression of transcription factors in the nucleus. Various

transcription factors play an important role in each stage of HSC differentiation into megakaryocytes (Figure 2B),

such as GATA1, FOG1, FLI1, RUNX1, NFE2 and SCL2. GATA1 affects the differentiation of HSCs into

megakaryocyte-erythroid progenitors . GATA2 promotes MEP differentiation into megakaryocytes accompanied

by erythropoiesis. RUNX1, a master regulator of the hematopoietic system, inhibits the erythroid-specific

transcription factor KLF1, thereby changing the ratio of FIL1/KLF1 and promoting megakaryocyte differentiation.

RUNX1 may also promote hematopoietic lineage migration to megakaryocytes by downregulating the expression

of MYH10, a gene encoding non-muscle myosin heavy chains . Early growth factor (EGR1) can promote MEP

differentiation into megakaryocytes . Other transcription factors, such as FOG1, FLI1, ETV6 and GFI1B, can

promote megakaryocyte differentiation . VWF+ and NF-E2 also promote the differentiation and maturation of

megakaryocytes to generate proplatelets.

Transcription factors play an integral role in megakaryocyte differentiation and platelet release, ensuring a stable

number of circulating platelets under stable conditions. However, there are still a large number of transcription

factors involved in the complex regulatory process of megakaryocyte differentiation that have not been fully

explained.
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