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Hematopoietic stem cells (HSCs) regularly produce various blood cells throughout life via their self-renewal, proliferation,

and differentiation abilities. Most HSCs remain quiescent in the bone marrow (BM) and respond in a timely manner to

either physiological or pathological cues, but the underlying mechanisms remain to be further elucidated. In the past few

years, accumulating evidence has highlighted an intermediate role of inflammasome activation in hematopoietic

maintenance, post-hematopoietic transplantation complications, and senescence. As a cytosolic protein complex, the

inflammasome participates in immune responses by generating a caspase cascade and inducing cytokine secretion. This

process is generally triggered by signals from purinergic receptors that integrate extracellular stimuli such as the

metabolic factor ATP via P2 receptors. Furthermore, targeted modulation/inhibition of specific inflammasomes may help to

maintain/restore adequate hematopoietic homeostasis.
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1. Introduction

Hematopoiesis is a dynamic and continuous process involving the production of numerous immature and mature blood

cells, which mostly relies on the self-renewal, proliferation, and differentiation abilities of HSCs . The maintenance of

HSCs is extracellularly regulated by the BM niche, which is mainly composed of hematopoietic cells, stromal cells,

adipocytes, blood vessels, and nerves . Determination and trafficking of HSCs can be stimulated by a variety of

juxtacrine interactions (cell–cell or cell–matrix) or paracrine interactions (via cytokines, chemokines, or growth factors)

associated with the HSC niche . Most HSCs are quiescent in the BM under physiological conditions, and a small

proportion of them occasionally divides to maintain self-renewal abilities and keep balance of the stem cell pool. Notably,

under stress or pathological conditions such as hemorrhage or radiation exposure, HSCs are activated and enter the cell

cycle in response to external challenges. However, how HSCs integrate external stimuli and respond appropriately

requires further elaboration. New technologies, especially emerging single-cell analysis and cell fate tracing techniques,

are continuously impacting the traditional understanding of the hierarchical model of hematopoiesis . Multiple models of

HSC development have been proposed to provide a greater understanding of hematopoiesis . The consensus is

that a complex network exists to orchestrate the hematopoietic process, meanwhile several proinflammatory signals have

been demonstrated to be critical regulators of HSC development in the past few years. In this context, a deep

understanding of how external cues such as infection, tissue damage, and physical stimuli impact HSC fate would be of

great biological significance.

Ever since the term inflammasome was originally put forward in 2002, many studies have indicated that the

inflammasome is an intracellular protein complex. The inflammasome is generally formed by a pattern recognition

receptor (PRR), apoptosis-associated speck-like protein (ASC) and the inflammatory cysteine protease caspase-1 .

These supramolecular structures can be assembled in immune cell cytoplasm, resulting in systemic immune responses

and inflammation. As requisite mediators of the innate immune response, inflammasomes serve as multiprotein scaffolds

with two main functions: inflammatory reactions and systematic cell death . Activation of inflammasomes

promotes the maturation of the accumulating proinflammatory cytokines interleukin-1β (IL-1β) and interleukin-18 (IL-18)

through caspase-1 cleavage. IL-1β can also stimulate the release of other cytokines for example IL-1α, tumor necrosis

factor (TNF)-α and IL-6 impacting the function of immune cells . A cascade of downstream events originating from

MyD88 recruitment by IL-1R or IL-18R will result in the activation of important signaling proteins and transcription factors,

such as NF-κB, regulating inflammation . Inflammasome activation also induces gasdermin D (GSDMD) cleavage by

caspase-1, GSDMD as a key pyroptotic substrate of inflammatory caspases, the N-terminal of GSDMD fragment

oligomerizes and inserts into the plasma membrane which induces pyroptosis . Pyroptosis can be defined as a

lytic form of programed cell death in response to external stimuli or host-derived danger signals, and it distinct from

apoptosis by releasing inflammatory compounds into the extracellular space after cell swelling and membrane rupture .
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Inflammation is a protective immune response that maintains homeostasis and involves various pathological processes,

such as pathogen infection and tissue/organ damage. Several kinds of immune cells originating from HSCs constitute the

foundation of the inflammatory response, and these cells are continuously replenished during infection to a certain extent

. Thus, understanding how HSCs respond to pathological alterations during inflammation is a meaningful research

focus. Recent studies have also indicated that inflammasome activation during the inflammatory response plays an

essential role in balancing multiple stages of hematopoietic homeostasis . Both up- and down-

regulation of inflammasome proteins can lead to a general inclination in homeostasis, suggesting that inflammasome

activation may be required to carefully preserve hematopoiesis .

2. Relationship Between Inflammasomes and Hematopoiesis

The inflammasome assembles in response to danger signals, and inflammasome activation leads to inflammatory

responses. There are two main types of signaling pathways involved in inflammasome activation: the canonical signaling

pathway and the noncanonical signaling pathway. Numerous studies have suggested that the canonical signaling

pathway, which was the first pathway discovered, plays a pivotal role in inflammatory responses and the pathogenesis of

various inflammatory diseases . There have only been a limited number of studies investigating the role of the

noncanonical pathway in inflammatory responses, which mainly include murine caspase-11 activation and human

caspase-4 and caspase-5 activation . The canonical inflammasome pathway includes a group of nucleotide-binding

oligomerization domain (NOD)-like receptors (NLRs) that is mainly composed of NLRP1, NLRP2, NLRP3, NLRP4,

NLRP6, NLRP12, and absent in melanoma 2 (AIM2) . Classically, canonical inflammasome activation is initiated by two

kinds of signals and regulated at both the transcriptional and posttranslational levels. “Signal 1” is the priming signal and is

associated with activation of the TLR/NF-κB pathway or mitochondrial-derived reactive oxygen species (ROS) that

activate the TLR4/MyD88 signaling pathway. “Signal 2” can be induced by various stimuli, including pathogen-associated

molecular patterns (PAMPs), damage-associated molecular patterns (DAMPs), adenosine triphosphate (ATP), and uric

acid crystals .

The hematopoietic system is classically divided into two major branches during the early stage of hematopoiesis: the

myeloid lineage and lymphoid lineage; one prominent function of the myeloid lineage is to establish innate immunity 

. Myeloid lineage cells in the circulation mainly include various innate immune cells, such as monocytes, neutrophils,

eosinophils, basophils, and dendritic cells (DCs). These cells provide general defense against external pathogens and

facilitate adaptive immune responses when they encounter various stimuli. Among lymphoid lineage cells, B cells and T

cells participate in adaptive immunity . Rapid adaptation of the hematopoietic stem/progenitor cell (HSPC) response

to severe bacterial infection leads to peripheral blood (PB) neutrophilia and is defined as emergency granulopoiesis .

Such responses meet the increasing demand for the generation of immune cells, thus contributing to the chronicity of

inflammatory diseases . The significant role of inflammasomes in mediating the myeloid lineage and lymphoid

lineage has been proven, especially in chronic metabolic diseases. Furthermore, the adaptation of HSPCs to inflammation

has also been proven to be a critical event during the host response to infection, microenvironmental stress, or sterile

inflammation .

2.1. Inflammasomes and HSPC Maintenance

BM has hematopoietic functions throughout life and mainly maintains a stable HSC pool. Accumulating evidence has

suggested that the inflammasome is involved in different stages of hematopoiesis, and several kinds of inflammasome

components have been demonstrated to impact HSPC maintenance .

Masters and colleagues first reported the pathophysiological effect of NLRP1 inflammasome activation on HSPCs . The

researchers noted that activation of the NLRP1α inflammasome in murine HSPCs induces a deadly systemic

inflammatory disease that was driven by caspase-1 and IL-1β, independent of ASC and enhanced by IL-18 . Activation

of the NLRP1α inflammasome also triggers pyroptosis in HSPCs, resulting in leukopenia and BM hypoplasia, even in the

absence of IL-1β-driven inflammation . NLRP1α-deficient mice exhibit enhanced recovery from chemotherapy or viral

infection, suggesting that the deletion of NLRP1α effectively increases the resistance of HSPCs to hematopoietic stresses

. This finding provides a potential intervention strategy for treating infection-induced cytopenias through which the

competence of HSPCs under hematopoietic stress can be protected by removing or pharmacologically inhibiting NLRP1

inflammasome activation (Figure 1) . Later, Hu et al. identified AIM2, another type of inflammasome that mediates

HSPC death after whole-body irradiation in mice. The AIM2 inflammasome recruits ASC through its pyrin domain and

forms an inflammasome to activate the canonical pathway in a cell-autonomous manner. AIM2-deficient mice are

exempted from irradiation-induced hematopoietic failure, as AIM2 acts as a double-stranded DNA sensor that mediates
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the molecular mechanism of hematopoietic cell death in response to radiation-induced DNA damage (Figure 1). It has

also been proposed that inhibiting AIM2 inflammasome activation (e.g., via MCC950, also known as CRID3) is a strategy

to treat patients exposed to ionizing radiation due to events such as nuclear reactor leaks or radiotherapy .

Figure 1. AIM2 is activated after the HIN200 domain senses cytoplasmic double-stranded DNA (dsDNA) caused by

ionizing irradiation and the pyrin domain recruits the adapter protein ASC, which induces HSPC death. 5-AED inhibited

radiation-induced AIM2 inflammasome activation by decreasing the interaction between AIM2 and ASC. Mitochondrial

stress initiates aberrant activation of the NLRP3, and SIRT2 activation inhibits the activation of the NLRP3 inflammasome

in HSCs, which suggests a method for reversing aging HSCs. NLRP1α inflammasome activation through chemotherapy

or viral infection induces HSPC pyroptosis, resulting in cytopenia, including leukopenia and BM hypoplasia, in the

absence of IL-1β-driven inflammation. NLRP3 inflammasome-mediated IL-1β signaling in macrophages drives HSPC

production in response to metabolic activity.

Moreover, activation of some lineage-specific transcription factors is imperative for mediating the response of HSPCs to

infection or sterile inflammation . Metabolic activity has been described as a critical factor regulating stem cell fate

decisions, proliferation, and differentiation. In a recently published paper, Frame et al. demonstrated that NLRP3

inflammasome-mediated IL-1β signaling within macrophages in response to metabolic alterations could be an enhancing

factor to drive HSPC production in a zebrafish model (Figure 1). The inflammasome serves as a metabolic sensor to

trigger IL-1β production and expand developing HSPCs, while up- or down-regulation of the NLRP3 inflammasome

accordantly changes the production of HSPCs inside zebrafish embryos or human HSPC cultures . Changes in

external conditions can also impact the adaptation of HSPCs. For example, BM cells and hematopoiesis can be severely

affected by high-dose radiotherapy . The process involves a series of cellular and molecular changes, such as the

depletion of hematopoietic cells, proinflammatory cytokine and chemokine release, activation and destruction of peripheral

immune cells, and DNA damage . Accumulating evidence has shown that inflammasome activation plays an

important role in mediating radiation-induced cell and tissue damage . Specifically, various recruited cells during

radiation-induced damage, especially macrophages, are activated to undergo pyroptosis through the NLRP3-caspase-1

axis. Knockout of NLRP3 protected mice from radiation-induced macrophage pyroptosis by suppressing caspase-1

activation . Moreover, given the abovementioned radiation-induced upregulation of the AIM2 inflammasome, the latest

research by Wu et al. suggested that 5-androstenediol (5-androstene-3β-17β-diol, 5-AED), a natural steroid hormone

produced by the adrenal cortex, could markedly attenuate irradiation-induced AIM2 inflammasome activation, promoting

the survival of mice. Subcutaneous administration of 5-AED enhances the recovery of the hematopoietic system and

decreases tissue damage by promoting NF-κB signaling and inhibiting inflammasome-mediated pyroptosis possibly by

disrupting the interaction between AIM2 and ASC (Figure 1) . A study by Li et al. illustrated that 2-Gy irradiation

increased the protein expression levels of NLRP3 in THP-1 cells and elevated ROS levels .

While these studies documented the role of inflammasome activation in inhibiting hematopoiesis, activation of another

inflammasome subtype also seems to have some positive effects on hematopoiesis. Linz et al. demonstrated that

NLRP12 profoundly impacts hematopoietic recovery by suppressing TNF signaling in vivo during emergency

hematopoiesis induced by the combination of radiation exposure and thermal injury. As a checkpoint of TNF signaling, the

NLRP12 inflammasome functionally limits TNF-induced HSPC apoptosis, and it has been proven that inflammation in the

absence of NLRP12 participation leads to HSPC apoptosis, as well as defective peripheral immune reconstitution. In
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addition, myelopoiesis and immune cell reconstitution are also accelerated by NLRP12 overexpression . Du et al.

illustrated that chronic DNA damage upregulates the NLRP12 inflammasome in HSPCs from Fanca  mice. In a newly

published paper, the researchers further investigated the essential role of NLRP12 in HSC maintenance and found that

persistent DNA damage-induced NLRP12 improves HSC function in both mouse and human models of DNA repair

deficiency (Fanca  mice). Functionally, knockdown of NLRP12 exacerbates the repopulation defect in Fanca  HSCs,

and overexpression of NLRP12 substantially improves the long-term repopulating function of Fanca  HSCs, suggesting

a potential genetic or pharmacological strategy to target the NLRP12 inflammasome to obtain therapeutic effects . In

fact, the lineage contribution of HSPCs in hematopoiesis is no less than that of HSCs, and HSPCs serve as active players

in the innate immune response to systemic stimuli, including DNA damage. We hypothesize that HSPCs exert a similar

function in Fanca  mice as HSCs.

Collectively, the abovementioned effects of different inflammasomes on the maintenance of hematopoiesis still need to be

further addressed regardless of physiology or pathology. Consistent with the existing research, we believe there is an

interactive transcription network through which signals converge and subsequently regulate inflammasome activity to

maintain steady-state hematopoiesis .

2.2. Inflammasomes and HSPC Differentiation

Differentiation refers to the process by which progenitor cells develop the appearance of mature PB cells, and the

construction of a hierarchical system has gained much attention. Initial lineage priming of the differentiation process is

strictly managed by gene-expression modules regulated by lineage-specific transcription factors . Some studies

have shown that the inflammasome and its components also play a decisive role in HSPC differentiation .

Earlier studies have proven that caspase activation is closely related to the differentiation of several myeloid lineages; as

a critical transcription factor, GATA-1 controls erythroid differentiation and pro-platelet formation and maturation . GATA-

1 is preferentially localized in the nucleus through an elaborate balance achieved by the interaction between caspase-3

and chaperone HSP70 to prevent cleavage . Under conditions in there is an acute need for platelets, caspase-3 can be

activated in response to IL-1α, thus promoting the formation of platelets. IL-1β is usually secreted by monocytes in

response to lipopolysaccharide. through an inflammasome activation-dependent pathway. A recent report from the

Tyrkalska group supported this view, indicating that inflammasomes participate in erythroid/myeloid cell fate decisions and

that terminal erythroid differentiation in chronic inflammatory diseases eventually contributes to hematopoietic bias .

Pharmacological inhibition of the inflammasome ameliorated neutrophilic inflammation and anemia in zebrafish disease

models. GATA-1 is increased in inflammasome-deficient larvae and is responsible for facilitating erythropoiesis and

inhibiting myelopoiesis. Interestingly, inflammasome inhibition did not affect the granulocyte-monocyte myeloid

transcription factor PU.1 (SPI1) level, indicating that there are some indirect effects left to explore. These results show that

the inflammasome plays an essential role in the pathogenesis of neutrophilia and anemia during chronic inflammatory

diseases, suggesting a pharmacological target for therapeutic interventions .

Acute myeloid leukemia (AML) is characterized by the blockade of hematopoietic differentiation and cell death, and

interesting work from the Jost laboratory demonstrated that receptor-interacting protein kinase 3 (RIPK3) promotes the

differentiation of leukemia-initiating cells by activating the inflammasome. RIPK3 suppresses malignant myeloproliferation

by activating the inflammasome, thus promoting differentiation and cell death, and RIPK3 expression is often reduced in

primary de novo AML to prevent leukemia-initiating cells from dying .

2.3. Inflammasomes and Aging-Associated Hematopoiesis

Aging is an unavoidable consequence of life, and enhanced myelopoiesis is a hallmark of BM aging and impaired

lymphopoiesis, which are mainly caused by myeloid-biased HSPC proliferation and differentiation. This alteration in

hematopoiesis is sometimes referred to in the literature as inflamm-aging, which is the chronic, low-grade sterile

inflammation that is present in advanced age and manifests some relevant clinical symptoms.

The Dixit group first demonstrated the role of the NLRP3 inflammasome in promoting age-related thymic atrophy and

immune senescence. The researchers found that deletion of the inflammasome components NLRP3 and ASC significantly

increased the number of cortical thymic epithelial cells and T cell progenitors, which reduced aging-related thymic atrophy.

The deletion also accelerated T cell reconstitution and immune recovery in middle-aged animals, suggesting an NLRP3

inflammasome-dependent mechanism through thymic caspase-1 activation mediates this process . Recently,

another study showed that the NLRP3 inflammasome was aberrantly activated in HSCs during physiological aging. This

activation was mainly mediated by mitochondrial stress and SIRT2 inactivation, contributing to the functional decline in

aging HSCs. As a cytosolic NAD-dependent deacetylase, SIRT2 is required for HSC maintenance and regenerative

capacity during senescence by suppressing the activation of the NLRP3 inflammasome in HSCs .
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Luo et al. have demonstrated that SIRT2 regulates the functional deterioration of HSCs in aging models by repressing the

NLRP3 inflammasome activation, which SIRT2 activation, NLRP3 inflammasome inactivation or caspase-1 inactivation

improves the maintenance and regenerative capacity of aged HSCs . Functionally, overexpression of SIRT2 can

increase the maintenance and regenerative capacity of aged HSCs, which did not significantly influence young HSCs.

Thus, these results indicate a potential SIRT2-NLRP3-caspase-1 axis in which the function of senescent hematopoietic

and immune cells can be maintained or even rejuvenated. In contrast, in the previously described study, aging-related,

persistent DNA damage-induced NLRP12 expression improved HSC function in both mouse and human models of DNA

repair deficiency (Fanca  mice). The authors found that the depletion of NLRP12 in aged HSCs compromised their self-

renewal and hematopoietic recovery capacities, suggesting that pharmacological activation of NLRP12 may have

therapeutic value in enhancing the function of aged HSCs .
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