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Hematopoietic stem cells (HSCs) reside in a specialized microenvironment in a peculiar anatomic location which

regulates the maintenance of stem cells and controls its functions. The zebrafish model is widely used to study the

hematopoietic system, and has helped in the identification of various hematopoietic regulators.
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1. Introduction

Stem cell niches comprise a specialized microenvironment that promotes stem cell maintenance and regulates its

function. Hematopoietic stem cells (HSCs) niches are perivascular in the spleen and bone marrow, and certain

endothelial cells and stromal cells secrete factors which promote the maintenance and regulation of HSC niches .

Recent progress in the field helped to identify the cellular composition of hematopoietic stem and progenitor cells

(HSPC), exploring the complex molecular networks that regulate the HSPC . HSCs produce a variety of

hematopoietic lineage cells in a specific microenvironment in bone marrow (BM) called “niche”. Multiple cells in BM

contribute to HSC niche activity, and, among these, stromal cells are closely associated with vasculature . The

contribution of osteoblasts in HSC maintenance is still debatable, although the role of bone-derived molecules

(e.g., osteopontin) or the role of bone turnover on HSC localization and function was demonstrated . Studies

have reported that the deletion of niche factors (CXCL12) or stem cell factors (SCF) from mature osteoblasts and

osteoblastic progenitor cells does not lead to a reduction of HSCs in bone marrow (BM) . Chimeric antigen

receptor (CAR) cells express a high amount of CXCL12 and SCF, and are mainly distributed around sinusoids, and

in the form of a homogenous tangled network in BM. CAR cell depletion using CXCL12 diphtheria toin receptor

(DTR) results in a reduction of HSCs in BM . Conditional deletion of CXCL12 from lepR-Cre marked cells

mobilizes HSCs from BM to the spleen and peripheral blood, and LepR+ stromal cells around sinusoids have been

shown to regulate the mobilization of HSCs pool . Nes-GFP+ cells have also been identified as niche player in

BM. Stromal cells within the population of Nes-GFP+ are an important source of niche factors critical for the

maintenance of HSC . Perivascular cells also express increased levels of major niche factors associated with

HSCs . When HSPCs arrive in a perivascular niche, then a group of endothelial cells (ECs) remodel and

surround a single HSPC attached to a single mesenchymal stromal cell. These mesenchymal stromal cells anchor

HSPCs and orient their divisions. A compound called lycorine promotes HSPC and niche interaction during

development, which expands the pool of stem cells into adulthood . ECs are part of the niche components. The
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blockade of angiogenic activity of ECs by neutralizing vascular endothelial cadherin (VE-cadherin) and vascular

endothelial growth factor receptor-2 (VEGFR-2) impairs supportive function of ECs to HSCs . HSC quiescence

is also regulated by ECs via surface molecule E-selectin expression . Conditional deletion of CXCL12 and SCF

from ECs can decrease number of HSC in BM, and suggests a role of ECs in the maintenance of HSCs by

producing these niche factors . However, the heterogeneity of EC populations is unresolved. ECs with an

increased expression of CD31 (CD31hi) and endomucin (Emcnhi), referred to as type H endothelium, are found in

end-terminal arterioles connecting to sinusoids that express Kitl encoding SCF at higher levels than sinusoidal type

L ECs . However, the specific contribution of EC subset still requires further analyses with selective genetic

deletion of SCF. Vascular permeability difference shows a differential role of ECs between sinusoids and arterioles

influencing HSC niche. Due to the reduced permeability of arterial vessels which keep HSCs in low reactive oxygen

species (ROS), HSCs are manifested in a quiescent state. On the contrary, more leaky sinusoids expose HSCs to

blood plasma and promote a high level of ROS in HSCs, increasing the ability of differentiation and migration .

The whole mechanism of hematopoietic maintenance and quiescence, and factors governing its regulation at

different anatomic locations of hematopoietic niches, are shown in Figure 1.

Figure 1. Role of different signaling factors responsible for hematopoietic niche maintenance and quiescence. A

brief description of how normal HSPCs compete for microenvironmental space and resources. Niche cells,

cytokines, signals, ECM, and oxygen gradient govern HSC activity. HSCs vary by subniche. Endosteal niches

maintain LT-HSCs, while sinusoidal niches aid in hematopoietic development and regeneration. NG2+ arte-riolar

pericytes block HSCs from shutting arterioles. LepR-expressing perisinusoidal cells produce SCF and CXCL12,

required for HSC maintenance or mobilization. Different niches and subniches serve hematopoiesis.
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Non-myelinated Schwann cells wrapping the sympathetic nerves maintain HSC quiescence by activating TGFβ.

Sympathetic signals induced by granulocyte colony-forming factor (G-CSF) also play a role in HSC mobilization

from niche cells . Macrophages are also considered as an important element of niche-modulating cells in BM,

and the deletion of macrophages have shown HSPC mobilization into blood with a reduction of niche factor

encoding genes . Macrophages in BM participate in the regulation of HSC through the BM microenvironment .

The vascular cell adhesion molecule-1 (VCAM-1) macrophage-like niche cell population in the inner surface of

venous plexus interacts with HSPCs in an integrin subunit alpha 4 (ITGA4)-dependent manner, and has its role in

HSPC retention within the microenvironment . Megakaryocytes (MKs), if selectively depleted, lead to a loss of

quiescence of HSCs, and injection of cxcl4 produced by MKs increases quiescence, which leads to HSC reduction

. The removal of MKs results in an increased number of HSC, and proliferation and reduction of TGF-β1 protein

and nuclear-localized phosphorylated SMAD2/3 in HSCs . MKs regulate HSC quiescence by producing

thrombopoietin (TPO), which is a crucial cytokine for HSC quiescence, and is mediated by membrane protein C-

type lectin-like receptor-2 (CLEC-2) signaling . The use of zebrafish to study the hematopoietic niche has

enabled discoveries of novel cell-to-cell interactions and important regulators of HSCs, and the mystery of niche

components may contribute to therapeutic efforts to direct differentiation of HSCs to improve stem cell transplants

and to sustain stem cells in culture .

2. Role of Epigenetic Factors Responsible for Hematopoietic
Niche in Zebrafish Models

The zebrafish model is widely used to study the hematopoietic system, and has helped in the identification of

various hematopoietic regulators. Recent studies on epigenetic regulation have enabled researchers to understand

normal and malignant hematopoiesis . Gene expression is controlled by chromatin conformation, and, if

deregulated, then malignancies may occur . The zebrafish serves as an excellent model to explore the

mechanisms underlying chromatin regulation, and to evaluate the effects of chromatin-modifying drugs. Moreover,

chromatin immunoprecipitation (chip) can be used in combination with sequencing to identify gene regulatory

elements, chromatin architecture, and DNA binding sites in zebrafish . Nuclear architecture protein cohesion and

CCCTC binding factor (CTCF) contribute to gene regulation and chromatin structure. Cohesion is important for

zygotic genome activation (ZGA). It is suggested that a subunit of cohesis Rad21, if depleted, causes a delay in

ZGA; on the contrary, the depletion of CTCF affects little. Rad21 depletion destroys nucleoli formation and RNA

polymerase II foci, leading to defective chromosome architecture . Single cell RNA sequencing (ScRNA-seq),

combined with ATAC-seq and immunophenotypic analysis, helps to integrate lineage differentiation with regulatory

element accessibility .

Recent studies have shown that epigenetic modifications maintain hematopoietic cell fate by DNA methylation .

Dynamic changes in DNA methylation have been observed during cellular differentiation and development. Tissue-

specific, differentially methylated regions (DMRs) overlap tissue-specific regulatory elements. The methylation

pattern of developmental-stage-specific DMRs revealed a much stronger correlation than promoter methylation .

Hence, the developmental enhancer and DNA methylation exhibit an important status during zebrafish early
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development. However, the direct significance of the DNA methylation state of enhancers is unclear for most of the

loci .

Studies have shown that epigenetic and epitranscriptomic factors are vital for reshaping gene expression patterns

of hemogenic endothelial cells, as they are involved in HSC production . Endothelial-to-hematopoietic transition

(EHT) is required to generate HSCs, and it is brought about by transcription factors and signaling pathways,

whereas Gata2 and Notch transcription factors are upstream regulators which are functionally followed by cMyb

and Runx1 transcription factors . These EHT genes represent DNA and RNA methylation, histone modifications,

and chromatin remodeling as epigenetic mechanisms controlling the production of HSCs . Moreover, epigenetic

modification enables the maintenance of stem cell differentiation and development . DNA methylation is an

epigenetic mark, and has its role in the development of HSCs by the induction of transcriptional silencing . Ge

et al. have shown that HSC formation from the endothelium by EHT requires the ten-eleven translocation (Tet)

family of cytosine dehydrogenases (tet1, tet2, Tet3), out of which, only Tet2 and Tet3 localize to the aorta gonad

mesonephros (AGM) region, where HSCs bud off into the circulatory system . DNA methyltransferase 1 (Dnmt1)

is important in regulating gene expression by maintaining DNA methylation patterns, and it also maintains the

HSPCs population in zebrafish .

Moreover, post-translational histone modifications in nucleosome give additional means in regulating chromatin

accessibility, and it is a common mechanism to manage endothelial cells’ identity in HSC development .

Commonly, histone modifications include methylation and acetylation of lysine (K) residues on the N-terminal of the

histone tail, and acetylation is carried out by histone acetyl transferases (HATs), which leads to the opening up of

transcriptionally active chromatin states. On the contrary, deacetylation is carried out by histone deacetylases

(HDACs), and it is responsible for gene inactivation through chromatin compaction. However, histone methylation

has more effects on gene regulation that usually depend on the position of the lysine residue to be methylated .

Polycomb repressive complex (PRC) 1 is the earliest known epigenetic regulator of HSC formation, and works as

an inhibitor for hemogenic EC specification . In the later stages of HSC development, an epigenetic machinery

CoREST repressive complex regulates EC identity .

Another type of epigenetic mechanism involved in HSC development regulation is chromatin remodeling. This

process involves multi-subunit complexes which recognize the genomic landscape by ATP utilization, change the

nucleosome position by sliding, and use eviction to change the nucleosome composition, followed by the

reassembly of histone variants, and the resulting nucleosome compaction or expansion restricts or promotes the

accessibility of transcription factors to regulatory regions . Chromodomain helicase DNA-binding (CHD) is

chromatin remodeling ATPase, and regulates HSC formation by the maturation of developing HSCs by increasing

transcriptional output at the pro-hematopoietic gene level . Overall, the role of epigenetic factors in

hematopoietic niche maintenance plays a pivotal role, but further exploration is needed on the transcriptomic level

and at post-transitional level to delineate the underlying mechanisms.
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