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Abstract: TGF-beta has been described as a surely understood controller of hematopoiesis through point by point 

investigations of hematopoietic begetters in vitro. A moderately late itemized audit depicts how TGF-beta manages 

multiplication and separation of hematopoietic forerunners in vitro, frequently as a negative controller of 

expansion. In this survey, we will examine how different Smad flagging pathways (TGF-beta, bone morphogenetic 

protein (BMP), activin) direct hematopoiesis, Smad flagging takes an interest in the determination or generation of 

hematopoietic stem cells (HSCs) amid improvement and keeps on managing the fate of HSCs and their progeny 

after their generation during development and postnatally.  We have conducted a literature review in all studies 

that are with concern with this topic, to be able to summarize the main point in Smad signaling pathways in 

hematopoietic stem cells. 
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1.   INTRODUCTION 

TGF-beta has been characterized as a well-known regulator of hematopoiesis through detailed studies of hematopoietic 

progenitors in vitro. A relatively recent detailed review describes how TGF-beta regulates proliferation and differentiation 

of hematopoietic precursors in vitro, often as a negative regulator of proliferation (Fortunel et al., 2000). Smads, 

transforming growth factor-beta super family member signals are conveyed through cell-surface serine/threonine kinase 

receptors to the intracellular middle people known as Smads. Actuation of Smads causes their translocation from the 

cytoplasm to the core where they capacity to control gene expression. In this audit we will concentrate on proteins that 

balance Smad action, including SARA, for Smad Anchor for Receptor Activation, which works amid the start of flagging 

and on parts of the ubiquitin-proteasome pathway, for example, Smurf1, which can adversely manage Smad flagging. 

While experienced platelets are created at a rate of more than one million cells for each second in the grown-up human 

(Ogawa M et al, 1993), the vast majority of the hematopoietic stem cells (HSCs) from which they are determined cycle 

occasionally and essentially live in the G0 period of the cell cycle under homeostatic conditions (Rossi DJ, et al. 2007). 

These two actualities display an intriguing problem: how does the living being accomplish a parity whereby a satisfactory 

pool of HSCs is kept up for the life of the life form, while in the meantime HSCs reliably take care of the life form's 

tremendous demand for persistent recharging of full grown platelets, a large portion of which are fleeting. The 

significance of this parity is underscored by the various cases where deviant HSC improvement causes serious sickness 

e.g. at the point when HSC separation into submitted begetters is not joined by the run of the mill loss of self-restoration 

limit, or HSC inferred ancestors neglect to completely separate into full grown platelets (Reya T, et al, 2001 ), and might 

enter a preleukemic movement (Weissman I et al, 2005 ). These interesting components of mammalian hematopoiesis 

have energized broad examination of the system in the course of the most recent a very long while. In this audit, we 

concentrate on the laid out problem, and talk about what is as of now known of the administrative occasions that represent 

the capacity of HSCs to generate numerous billions of adult platelets while in the meantime keeping up a satisfactory pool 

of HSCs for the whole existence of the species.  

Furthermore, one vital thing to clearify is the "stem cell" idea which was initially proposed by Till and McCulloch taking 

after their spearheading investigations of the blood system regeneration in vivo. Ten days in the wake of transplanting 

constraining number of syngenic bone marrow (BM) cells into beneficiary mice, they watched cellular provinces that 

framed in the spleens of beneficiary mice. Examination of these states uncovered that a little sub-populace of the 

contributor BM cells had two noteworthy properties: (1) the ability to generate multiple types of myeloerythroid cells, and 

(2) the ability to self-replicate. These findings introduced the two defining criteria of stem cells i.e. multi-potency and 

self-renewal. Hematopoietic Stem Cells (HSCs) are the only cells within the hematopoietic system that possess the 
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potential for both multi-potency and self-renewal. In the case of HSC, multi-potency is the ability to differentiate into all 

functional blood cells, while self-renewal is the ability to give rise to identical daughter HSCs without differentiation 

(Ogawa M et al, 1993). 

2.   OBJECTIVES 

The main propose of this review paper is to evaluate and the outcomes of different studies about this the roles Smad 

signaling in regulating hematopoietic stem cells. And to introduce the different pathways that contribute with the Samd 

family,  

3.   METHODOLOGY 

This study is a review of literature, we have performed a comprehensive search that was undertaken by searching through 

the US National Library of Medicine (Pubmed), The following criteria had to be met for the publication to be selected 

topic and all these studies which were discussing the SMAD signaling in hematopoietic was included most important 

studies that were conducted up to December 2015, our search terms were as following, Samd signaling, hematopoietic 

stem cells, TGF-β pathway. 

Then we finally analysis the data and results of each included study to come out with the main and useful summarized 

results about the SMAD signaling in hematopoietic stem cells. 

Hematopoietic stem cells: 

HSCs are functionally defined by their capacity to intercede long haul (LT) repopulation after transplantation(Moore MA, 

et al. 1970).The strictest adaptation of this utilitarian definition requires that HSCs must be re-transplantable in serial 

beneficiaries, while holding both self-restoration and multilineage separation limit (Wilson An, et al. 2006) Figure1.  

In the mouse, HSCs can be found in the BM inside of an uncommon populace characterized by the nonattendance of 

ancestry particular markers and high expression levels of stem-cell antigen 1 (Sca1) and c-Kit. Therefore, this BM subset 

is known as Lin−Sca1+Kit+ ( Okada S, et al. 1992 ).As just a little division of the Lin−Sca1+Kit+ cells contain LT 

repopulating limit, extra markers have been acquainted with subdivide this heterogeneous populace. LT-HSCs containing 

LT repopulating movement are CD34−, fms-related tyrosine kinase 3 (Flt3)− CD48− and CD150+. Transient HSCs, 

which have just constrained repopulation limit, are CD34+ and Flt3−, and multipotent ancestors that have lost self-

restoration however hold multilineage separation potential are Flt3+ and CD34+(Adolfsson J, et al. 2001).In expansion to 

cell surface markers, HSCs can be distinguished by their capacity to efflux fluorescent colors, for example, Hoechst 

33342. This property characterizes a subset named side populace which is very improved for LT-HSCs.11 The essential 

standa HSCs seem to also apply to human HSCs. Nevertheless, due to the lack of efficient in vivo assays, the correct 

definition and isolation of human HSCs has been more difficult. In humans, HSCs are enriched in the Lin−CD34+CD38− 

cells, as assessed in the SCID-repopulating cell assay (Bhatia M, et al. 1997). However, different studies have revealed 

that expression of surface markers may change depending on the developmental stage and cell cycle state of these cells. 

 

figure1. Schematic overview of the hematopoietic developmental hierarchy 
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Smad signaling pathways that regulate hematopoiesis: 

The Smad proteins can be isolated into three unique gatherings relying upon their role in the signal transduction: the 

receptor-enacted Smads (R-Smads), the basic accomplice Smad (Smad4) and the inhibitory Smads (I-Smads) (Heldin et 

al., 1997). R-Smads get to be phosphorylated by actuated sort I receptors, whereby they oligomerize with Smad4 to shape 

a heterodimeric complex that is translocated into the core (Figure 2). R-Smad/Smad4 edifices have been appeared to 

communicate specifically with particular DNA successions and with interpretation elements, coactivators and 

corepressors to direct translation of target genes in a cell-sort particular and ligand measurement subordinate way (Heldin 

et al., 1997; Derynck and Zhang, 2003; ten Dijke and Hill, 2004). R-Smads and Smad4 tie to particular DNA 

arrangements with a 100-fold lower fondness than the connecting high-liking, DNA-tying translation elements, yet their 

DNA tying (aside from Smad2) is required for transcriptional enactment (Derynck and Zhang, 2003). The I-Smads go 

about as inhibitors of Smad-intervened signal transduction by communicating with the sort I receptor and restraining the 

phosphorylation of R-Smads (Nakao et al., 1997), by enlisting E3-ubiquitin ligases to debase initiated sort I receptors, or 

by direct dephosphorylation and ensuing inactivation of the sort I receptor (Shi and Massague, 2003; ten Dijke and Hill, 

2004). On the other hand, I-Smads might contend with Smad4 in tying R-Smads and thereby keep the development of the 

R-Smad/Smad4 complex (Hata et al., 1998).  

Figure.2 depicts the cozy relationship between the TGF-beta, activin and BMP signaling pathways. TGF-beta signals 

through particular sort I and sort II receptors known as TbetaRI (or ALK5) and TbetaRII, separately (Wang et al., 1991; 

Attisano et al., 1993; Ebner et al., 1993; Franzen et al., 1993). The initiated TGF-beta receptor complex phosphorylates 

the R-Smads Smad2 and Smad3, which additionally go about as go betweens of the activin signaling pathway (Heldin et 

al., 1997). Notwithstanding signaling by means of ALK5, it has been demonstrated that TGF-beta can signal through 

another sort I receptor (ALK1) in ECs, which phosphorylates an alternate arrangement of R-Smads: Smad1, Smad5 and 

Smad8 (Roelen et al., 1997; Lux et al., 1999; Oh et al., 2000). These Smads are the intracellular go betweens of the BMP 

signaling pathway. As appeared in Figure.2, the sort I receptors ALK1, ALK2 (ActRI), ALK3 (BMPRIA) and ALK6 

(BMPRIB) phosphorylate Smad1, Smad5 and Smad8, while ALK4 (ActRIB) and ALK5 (TGF-betaRI) phosphorylate 

Smad2 and Smad3 (Derynck and Zhang, 2003; Shi and Massague, 2003; ten Dijke and Hill, 2004). All R-Smads from 

both the activin and BMP bunches use Smad4 as an accomplice to shape a transcriptionally dynamic complex. The I-

Smad, Smad7 represses the action of all R-Smads, while Smad6 demonstrates a more particular restraint of the BMP 

Smads (Itoh et al., 1998).  

Specificity of signaling: 

This meeting in the intercession of signals from TGF-beta superfamily individuals by utilizing the Smad pathway brings 

up the issue of how specificity in signaling for various relatives and distinctive isoforms can be accomplished. As said 

above, expression of frill proteins like betaglycan and endoglin can influence signaling specificity. Diverse blends of 

receptor particles in the tetrameric receptor buildings permit differential ligand tying and a differential signal reaction. For 

instance, activin receptor sort II consolidates with ALK4 to intercede activin signals, however when it joins with ALK3 or 

ALK6, it intervenes signals from BMP4 (Derynck and Zhang, 2003; Shi and Massague, 2003). Heteromeric 

collaborations of actuated Smads might likewise decide signaling specificity. Most TGF-beta reactions are interceded by 

Smad3 and Smad4, while activin reactions are intervened by Smad2 and Smad4 (Derynck and Zhang, 2003). Some TGF-

beta reactions require an attendant initiation of Smad2 and Smad3 together with Smad4 (Feng et al., 2000). The cellular 

setting is likewise essential in deciding the results of Smad signaling reactions since various cells express an assortment of 

interpretation variables and cofactors to figure out if a particular arrangement of genes can be influenced, enacted or 

curbed. For instance, Smad3 collaborates with Runx proteins to initiate interpretation in epithelial cells, though the same 

promoters in mesenchymal cells are stifled (Alliston et al., 2001; Derynck and Zhang, 2003).  

Length of time and power of the signal: 

Upon signal incitement, Smad buildings collect in the core where they stay for a considerable length of time (ten Dijke 

and Hill, 2004). The levels of the Smad edifices in the core decide the nature and the span of the signal. In the core, the R-

Smads are dephosphorylated and are disassociated from Smad4 and sent out from the core. On the off chance that the 

receptors are dynamic, Smad signaling proceeds, yet in the event that the receptors are idle, the dephosphorylated Smads 

gather after some time in the cytoplasm and signaling stops (Inman et al., 2002; Xu et al., 2002). Aside from 

nucleocytoplasmic carrying of Smads, the length of time and movement of Smad pathways can be directed by various 

receptor disguise courses. Clathrin-subordinate disguise of receptors into ahead of schedule endosomes advances Smad 
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signaling, though disguise by means of lipid flatboat caveolar compartments containing receptor bound to Smad7-

ubiquitin ligase edifices prompts corruption of receptors (Di Guglielmo et al., 2003; Shi and Massague, 2003; ten Dijke 

and Hill, 2004). Therefore, the disguise pathway has suggestions for receptor accessibility and length of time of the 

signal. 

 

figure.2: Overview of the Smad signaling pathways. 

TGF-β / Smad Signaling Pathway: 

Transforming growth factor-β (TGF-β) superfamily flagging assumes a basic part in the regulation of cell growth, 

separation, and advancement in an extensive variety of organic systems. In general, flagging is started with ligand-

prompted oligomerization of serine/threonine receptor kinases and phosphorylation of the cytoplasmic flagging particles 

Smad2 and Smad3 for the TGF-β/activin pathway, or Smad1/5/9 for the bone morphogenetic protein (BMP) pathway. 

Carboxy-terminal phosphorylation of Smads by initiated receptors results in their banding together with the basic flagging 

transducer Smad4, and translocation to the core. Enacted Smads manage partnering so as to differ natural impacts with 

interpretation components bringing about cell-state particular balance of translation. Inhibitory Smads, i.e. Smad6 and 

Smad7 alienate initiation of R-Smads. The expression of inhibitory Smads (I-Smads) 6 and 7 is incited by both 

activin/TGF-β and BMP motioning as a major aspect of a negative input circle. The strength of TGF-β family receptors 

and/or Smads are controlled by Smurf E3 ubiquitin ligases and USP4/11/15 deubiquitinases. TGF-β/activin and BMP 

pathways are adjusted by MAPK motioning at various levels. In addition, in specific settings, TGF-β flagging can 

likewise influence Smad-autonomous pathways, including Erk, SAPK/JNK, and p38 MAPK pathways. Rho GTPase 

(RhoA) actuates downstream target proteins, for example, mDia and ROCK, to incite reworking of the cytoskeletal 

components connected with cell spreading, cell growth regul, and cytokinesis. Cdc42/Rac regulates cell adhesion through 

downstream effector kinases PAK, PKC, and c-Abl following TGF-β activation.  
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