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Abstract: Dendritic cells (DCs) are regarded as highly effective antigen-presenting cells (APCs) and play a crucial role in 
immunomodulation. A growing body of research focuses on extracellular purines and their purinergic receptors in DCs. In this 
review, we provide an overview of the expression and function of purinergic receptors (P1 and P2) in DCs. To date, four P1 receptors 
(A1, A2A, A2B, A3), five P2X receptors (P2X1, P2X4, P2X5, P2X6, P2X7) and eight P2Y receptors (P2Y1, P2Y2, P2Y4, P2Y6, 
P2Y11, P2Y12, P2Y13, P2Y14) have been reported to be expressed in DCs, with expression levels varying according to DC 
developmental stages (immature vs mature) and subsets. Functionally, P1 receptors are preferentially activated by adenosine(ADO) 
generated via ectonucleotidases, promoting the release of cytokines such as IL-10 and IL-23, and enhancing the activation, migration, 
and antigen presentation of DCs. In contrast, extracellular ATP-activated P2 receptors increase the secretion of pro-inflammatory 
cytokines including TNF-α, IL-1β, IL-18, and IL-12, while simultaneously inhibiting DC migration and antigen presentation 
efficiency. Therefore, only under the conditions that immune cells express the relevant receptors and ectonucleotidases dynamically 
regulate the ATP/ADO ratio can a mutually restrictive Yin-Yang relationship between P1 and P2 receptors be established, thereby 
safeguarding systemic immune homeostasis.
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Introduction
Dendritic cells (DCs) play a critical role in the immune system, serving as a bridge that connects innate and adaptive immunity.1 

They can induce either effective immune response or promote immune tolerance under different pathological conditions. DC 
immunotherapy has emerged as a safe and promising therapeutic approach for cancer, as demonstrated in early clinical trials.2 

Based on phenotypic and functional criteria, DCs in both humans and rodents can be divided into three major subsets: type 1 
conventional dendritic cells (cDC1), type 2 conventional dendritic cells (cDC2), and plasmacytoid dendritic cells (pDCs).3 These 
subsets play distinct roles in immune responses. cDC1 is primarily responsible for antigen cross-presentation, whereby it presents 
intracellular antigens via MHC class I molecules to CD8+ T cells, thereby initiating anti-tumor immune responses, the subset 
exhibits strong pro-inflammatory properties and can enhance cellular immune reactions through the production of cytokines such 
as IL-12.4 In contrast, cDC2 primarily presents antigens to CD4+ T cells via MHC class II molecules, directing their 
differentiation into helper T cell subsets such as Th1, Th2, or Th17.5 Depending on microenvironmental signals, cDC2 may 
either promote inflammatory responses or contribute to the establishment of immune tolerance. On the other hand, pDCs are key 
producers of type I interferons (IFNs) and play crucial roles in antiviral immune responses as well as the regulation of antitumor 
immunity.6 Additionally, under inflammatory conditions in vivo, Ccr2+ monocytes originating from the bone marrow are 
recruited and differentiate into monocyte-derived dendritic cells (moDCs); this process can be triggered by exogenous stimuli 
such as the recall antigen (mBSA),7 LPS,8 or pathogen infections,9 thereby rapidly providing a population of DCs endowed with 
both phagocytic and antigen-presenting functions at the inflammatory site. To mediate innate and adaptive immunity, DCs 
undergo immature and mature stages.10 DCs in resting state are referred to as immature DCs (iDCs), while those in an activated 
state are called mature DCs (mDCs). Immature DCs are primarily found in peripheral tissues and feature short dendritic 
projections on their surface.10 They possess a high capacity for endocytosis but express low levels of co-stimulatory molecules 
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and chemokine receptors.11 Under conditions of weak co-stimulatory signals or an adenosine-rich microenvironment, immature 
DCs continuously present self-antigens and secrete suppressive factors such as IL-10 and TGF-β, thereby exerting a tolerogenic 
function that drives naïve CD4+ T cells to differentiate into regulatory T cells and actively maintains peripheral immune 
tolerance.12,13 When an organism is attacked by pathogens, iDCs capture the antigens and subsequently begin to migrate and 
undergo a series of changes that lead to their transformation into mDCs.14 Mature DCs are primarily located in lymph nodes and 
exhibit long dendritic projections.15 They are characterized by the up regulation of major histocompatibility complex (MHC) 
class I and II, co-stimulatory molecules and inflammatory cytokines16–19, which contribute to initiating the adaptive immune 
response by binding to the T cell receptor (TCR) to active T cell.11 Notably, DCs detect and respond to pathogens through pattern 
recognition receptors (PRRs).20 The engagement of different pattern recognition receptors (PRRs) on dendritic cells (DCs) 
induces the secretion of distinct patterns of cytokines and inflammatory mediators. This not only promotes their own activation 
and maturation but also modulates the immune microenvironment through both cell-cell contacts and soluble factors. 
Consequently, PRR-stimulated DCs guide the differentiation of CD4+ T cells into various helper T cell subsets and regulate 
the activation and cytotoxic functions of CD8+ T cells, thereby orchestrating both the type and magnitude of the adaptive immune 
response.21–23 Overall, the diverse functionalities and adaptability of DCs underscore their essential role in orchestrating immune 
responses and maintaining homeostasis within the immune system.

An increasing number of studies are focusing on purinergic signaling and DCs. The key com ponents of the purinergic 
signaling include purine substances and their corresponding purinergic receptors.24 Purine substances, such as ATP, ADP and 
AMP, and ADO, serve as important cellular messengers within the purinergic pathway;25 Extracellular ATP (eATP) and ADO 
levels are precisely regulated by the ectonucleotidases CD39 (which hydrolyzes ATP/ADP to AMP) and CD73 (which 
hydrolyzes AMP to ADO), forming the key “CD39/CD73–ATP–ADO” metabolic axis that modulates immune responses 
through distinct purinergic receptors.26 Purinergic receptors can be categorized into two major classes, P1 (adenosine 
receptors) and P2 (adenine nucleotide receptors). Currently, four subtypes of P1 receptors are recognized: A1, A2A, A2B, 
and A3 receptors.27 P2 receptors are further divided into two classes: P2X and P2Y. P2X receptors are ligand-gated ion 
channels and consist of seven subtypes (P2X1-7), while P2Y receptors are G protein-coupled receptors with eight isoforms 
(P2Y1, P2Y2, P2Y4, P2Y6, P2Y11, P2Y12, P2Y13, and P2Y14).28 In DCs, high concentrations of eATP engages P2 receptors, 
driving DC maturation and the secretion of pro-inflammatory cytokines.29 Conversely, the sequential hydrolysis of eATP by 
CD39 and CD73 generates adenosine, which activates P1 receptors and thereby suppresses immune responses, promotes 
a tolerogenic phenotype, and facilitates the differentiation of regulatory T cells.30 Purinergic signaling coordinates many 
aspects of cellular behavior,31 including proliferation, differentiation, migration, apoptosis, and various physiological pro
cesses. Furthermore, Purinergic signaling can mediate pathological dysregulation, leading to disease such as neurodegenera
tive disorders, immune diseases, inflammation, and cancer.31 Multiple lines of evidence suggest that purinergic receptors are 
potential targets for disease treatment, and specific purine agonists and antagonists show promising therapeutic potential.32

Accumulating research indicates that purinergic receptors may play a significant role in DCs concerning antigen 
presentation, cytokine release, and other functions. To gain a comprehensive understanding of this field, we made this 
review on purinergic receptors in DCs focusing on two main aspects: the expression of purinergic receptors on DCs, and 
the impact of purinergic receptors on various aspects of dendritic cell function.

Expression of Purinergic Receptors in DCs
It has been reported that DCs and purinergic signaling are widely present in the bodies of mammals. Notably both purine 
substances and their receptors are abundantly expressed in DCs.

Most data on purinergic receptor expression have been derived from studies on human DCs. Panther et al found that 
A1, A2A, and A3 receptors were expressed in iDCs derived from peripheral blood, whereas A2B receptors was not 
detected.33 After these iDCs were induced into mDCs by LPS, the mRNA expression of A1 and A3 decreased, while the 
expression of A2A obviously increased.33 Fossetta and his et.al also observed high expression of the A3 receptor in 
human iDCs, alongside high expression of the A2A receptor in LPS-activated mDCs.34 Schnurr35 showed that immature 
pDCs expressed A1 receptors not A2b or A3 receptors; Additionally, some donors exhibited low levels of A2A mRNA 
expression, while others had none detected. Neither A2b nor A3 receptors were found in mature pDCs.35 This pattern 
differed from immature moDCs, which expressed mRNA for A1, A2A and A3 receptors.33,34 In human moDCs, three 
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P2X subtypes (P2X1, P2X4, and P2X7) and four P2Y subtypes (P2Y1, P2Y2, P2Y11), have been detected, with 
particularly high levels of the P2X7 receptor.36 Berchtold et al identified four P2X subtypes (P2X1, P2X4, P2X5, and 
P2X7) and six P2Y subtypes (P2Y1, P2Y2, P2Y4, P2Y6, P2Y10, P2Y11) in moDCs under both mature and immature 
states, as determined by RT-PCR.37 Shin38 found that immature pDCs express several P2Y receptor subtypes, namely 
P2Y4, P2Y6, P2Y12, P2Y13 and P2Y14, with the highest expression level observed for P2Y14. However, pDCs do not 
express receptors with high affinity for ATP, such as P2Y2 and P2Y11. Upon maturation, the mRNA expression of P2Y12, 
P2Y13, and P2Y14 decreases, while P2Y4 and P2Y6 remain unaffected.38

The expression of purinergic receptors in mouse DCs appears to differ from that in human DCs. In vitro cultured 
BMDCs of mice have detectable levels of A2A, A2B, and A3 receptors; however, A1 receptor have not consistently been 
found.39 Previous reports indicated that A1 receptors could be detected in resting cultured mouse BMDCs.40 In cultured 
mouse XS-106 (a Langerhans cell line), functional A2A and A3 receptors were inferred to be expressed in DCs through 
the use of selective agonists of A1, A2A, and A3.41 Subsequently, Professor Granstein42 and his team discovered that the 
XS-106 cell line also expresses P2 receptors. Through RT-PCR, they revealed the presence of mRNA for P2X1, P2X7, 
P2Y1, P2Y2, P2Y4 and P2Y11 in this cell line. Hayato et al found that P2rx4 and P2rx7 were expressed in mouse 
BMDCs, and co-expression of these two receptors was observed.43 Co-expression of P2rx4 and P2rx7 was also noted in 
rat liver DCs.44 Specifically, RT-PCR detection revealed that among the seven P2X receptor subtypes (P2X1 to P2X7), 
DCs in the liver of rat two days after birth express only the P2rx4, P2rx6 and P2rx7. The study also utilized 
immunofluorescence to observe changes in receptors during development, revealing a significant increase in the 
expression level of P2X6 receptor, while the expression level of P2X4 and P2X7 remained stable This indicates the 
specificity and dynamics of P2X receptor expression in DCs at different developmental stages.

To date, many purinergic receptors (both P1 and P2) have been reported to be widely expressed in DCs across different 
mammalian species, including humans, mice and rats (Table 1). However, there is limited research on the expression of 

Table 1 Expression of Purinergic Receptors in Dendritic Cells

Purinergic Receptors on DCs DC Types DC Station DC Source Species Refs

P1 A1+, A2A+, A2B+, A3+ MoDCs Immature Blood Human [27,28]

A1+, A2A+, A2B−, A3− pDCs Immature Blood Human [29]

A1+, A2A+, A2B+, A3+ BMDCs Immature Bone marrow Mouse [45]

A1−, A2A+, A2B−, A3+ MoDCs Mature Blood Human [27,28]

A1+, A2A+, A2B−, A3− pDCs Mature Blood Human [29]

A1−, A2A+, A2B+, A3+ BMDCs — Bone marrow Mouse [46]

A1−, A2A+, A3+ Langerhans cell — Skin Mouse [33]

A1−, A2A+, A2B−, A3+ CD8a+ DCs — Spleen Mouse [46]

A1−, A2A+, A2B+, A3+ CD8a− DCs — Spleen Mouse [46]

P2 P2X1+, P2X4+, P2X5+, P2X7+, P2Y1
+, P2Y2

+, P2Y4
+, P2Y6

+, P2Y11
+ MoDCs Immature Blood Human [30,31]

P2Y2
−, P2Y4

+, P2Y6
+, P2Y11

−, P2Y12
+, P2Y13

+, P2Y14
+ pDCs Immature Blood Human [32]

P2X1+, P2X4+, P2X5+, P2X7+, P2Y1
+, P2Y2

+, P2Y4
+, P2Y6

+, P2Y11
+ MoDCs Mature Blood Human [30,31]

P2Y4
+, P2Y6

+, P2Y12
+, P2Y13

+, P2Y14
+ pDCs Mature Blood Human [32]

P2X1+, P2X7+, P2Y1
+, P2Y2

+, P2Y4
+, P2Y11

+ Langerhans cell — Skin Mouse [34]

P2X4+, P2X7+ BMDCs — Bone marrow Mouse [35]

P2X4+, P2X6+, P2X7+ DCs — Liver Rat [36]

Notes: “+” indicates that the receptor is expressed in dendritic cells, “−” indicates absence of expression, and “—” signifies that the cited reference did not specify the 
maturation status of the dendritic cells (mature or immature).
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purinergic receptors in rat DCs. Furthermore, the expression of purinergic receptors varies among DCs from different species 
and, notably, even within the same species. The expression of purinergic signaling differs in DCs from various sources 
(peripheral blood, bone marrow, skin, lymph, etc.) and in different state (mature vs immature). It also important to noted that 
most of the expression data for purinergic receptors have been obtained from in vitro cultured DCs. With continuous 
advancements in molecular detection technologies, the application of single-cell sequencing, two-photon microscopy, and 
other techniques may enable more accurate, real-time, and in vivo expression data of purinergic receptors in DCs.

Function of Purinergic Receptors in DCs
Function of P1 Receptors in DCs
P1 receptors, also known as adenosine receptors, can be selectively activated by adenosine and includes four isoforms, 
A1, A2A, A2B, and A3.47 It has been reported that P1 receptors play important roles in various type of DCs.

By analyzing human peripheral moDCs, researchers found that A1 and A3 receptors predom inantly induce chemotaxis, 
calcium transients, and actin polymerization in iDCs; In contrast, in mDCs, the A2A receptor enhances intracellular cAMP levels 
and inhibits IL-12 production.33 PDCs are specialized DCs primarily responsible for producing type I interferons (IFNs), such as 
IFN-α, which play a crucial role in antiviral immunity. In human pDCs, A1 receptors are involved in the migration of immature 
pDCs, while mature pDCs downregulate A1 receptors and upregulate A2A expression, leading to a reduction in the production of 
IL-6, IL-12, and IFN-α.35 MMP-9 plays a significant role in regulating the migration of DCs,48,49 and the A2B receptor indirectly 
affects the migratory capacity of DCs by modulating MMP-9 production. Specifically, under hypoxia conditions, A2B receptor 
expression on DCs is significantly increased, inhibiting MMP-9 production in moDCs through the cAMP/PKA signalling 
pathway, thereby slowing down DCs migration.50 In the hypoxic environment, ADO can inhibit IL-12 and TNF-α production 
by binding to the A2B receptor, thereby impairing Th1 cell differentiation. Moreover, the use of the A2B receptor antagonist 
MRS1754 can reverse this inhibitory effect.51 Additionally, hypoxic conditions can predispose DCs to exhibit a Th2-type 
stimulated phenotype.52 In studies on mouse DCs, ADO acts on the A1 receptor to inhibit vesicular cross-presentation of 
MHC-I molecules.40 Unlike human DCs, in mouse moDCs and pDCs, the A1 receptor mainly facilitates cell migration, whereas 
the migratory properties of mouse DCs are mediated by the A2A receptor.53 The A2A receptor also affects the antigen presenting 
capacity of DCs, which is enhanced when using a novel small-molecule A2AR antagonist AZD4635.54 The A2B receptor 
primarily influences the expression of co-stimulatory molecules and cytokine production on the surface of DCs. For example, it 
inhibits the expression of MHC-II, CD86 and CD40, thereby impairing DC activation and maturation, and reduces TNF-α, IL-12 
production.55,56 In BMDCs, A2A and A2B receptors can target the PKA and Epac pathways to increase IL-10 secretion.57 

Additionally, ADO impacts the ability of DCs to polarize T cells.58 Jeffrey59 and his et.al, through specific adenosine receptor 
knockout mice in their research, found that the A2B receptor promotes Th17 cell differentiation by stimulating DCs to secrete 
IL-6. Following this, researchers employed pharmacological approaches to explore the influence of the A2B receptor on the 
interaction between DCs and T cells. The study findings indicate that Th17 cells differentiation was significantly enhanced when 
BMDCs were treated with an A2B receptor agonist.60

Function of P2 Receptors in DCs
P2 receptors are expressed on the surface of various immune cells and are primarily activated by extracellular ATP and ADP. In 
physiological conditions, a large amount of ATP is stored intracellularly as an energetic source, while the eATP concentration is 
typically maintained in the the nanomolar range (1–100nM). However, when cells encounter pathogen-associated molecular 
patterns (PAMPs) released by pathogens, eATP levels may rise to the micromolar range, which is sufficient to activate immune 
responses and trigger various immune reactions, including cytokine release.61 In this context, eATP is regarded as a “danger 
signal”62 involved in the activation of the immune system. ATP exerts a series of effects on DCs by activating different P2 
receptors, promoting antigen uptake, enhancing their chemotaxis, regulating cytokine release, and inducing cell death. In mouse 
BMDCs and spleen-derived DCs, researchers used FITC-dextran as a fluorescent antigen to explore the effects of P2 receptors on 
DCs. They found that activation of the P2ry12 receptor by ADP stimulated endocytosis and antigen presentation in iDCs.63 In 
another study,64 BMDCs from P2ry12-deficient mice showed a significant increase in IL-23 production compared to wild-type 
(WT) BMDCs. This increase in IL-23 promotes the differentiation of more native CD4+T cells into Th17 cells. Therefore, it can 

https://doi.org/10.2147/JIR.S549102                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 13426

Wang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



be concluded that genetic deletion of the P2ry12 affects the cytokine profile of BMDCs, disrupting the balance of T helper (Th) 
subsets and exacerbating experimental autoimmune encephalomyelitis (EAE). This imbalance ultimately exacerbates EAE. 
Conversely, DCs isolated from P2Y13-deficient mice did not exhibit significant functional differences compared to those from 
WT mice.63 Once DCs capture antigens, they increase the expression of cell surface co-stimulatory molecules and MHC 
molecules, allowing them to migrate to lymph nodes or sites of inflammation in preparation for an immune response. It was found 
that when immature moDCs were exposed to a low concentration (100 nM) of eATP, activation of the P2Y receptor triggered 
intracellular calcium mobilization, actin polymerization, and chemotaxis, collectively promoting the migration of DCs towards 
inflammatory areas.65 Similarly, extracellular UDP can also induce calcium transients, actin polymerization, and chemotaxis in 
iDCs by activating P2Y6 receptor, thereby facilitating their movement.66 Additionally, acute accumulation of ATP in the airways 
of mice after allergen provocation leads to DC recruitment and induces persistent airway inflammation.67 However, the specific 
P2 receptor mediating DC migration has not been clearly identified in some studies. Subsequent research demonstrated that ATP- 
induced DC migration requires the involvement of the P2Y2.68,69 Experiments using P2Y2 receptor-deficient mice exhibited 
a significant reduction in DC migration and a decrease in allergic airway inflammation.68 In addition to mediating the recruitment 
of DCs, P2Y2 can also induce the release of pro-inflammatory cytokines from DCs, exacerbating airway inflammation.70 Beyond 
directly regulating DCs migration, activation of P2 receptors on DCs can affect their mobility by modulating chemokine release. 
P2RY1 and P2RY11 inhibit the release of C-C motif chemokine ligand 2 (CCL2) and CCL3 from DCs,71 while P2Y11 and P2Y6 

receptors promote the release of CCL20 from DCs.72 P2RY6 may also increase the release of C-X-C motif ligand 8 (CXCL8, also 
known as IL-8).66 These chemokines are capable of recruiting DCs and other immune cells to sites of inflammation.73 The P2X7 
receptor is also involved in the regulation of DC migration. Specifically, ATP facilitates the rapid migration of DCs through 
Pannexin 1(Panx1) channels and P2rx7, aiding their homing to lymph nodes.74 In this process, functional Panx1 channels are 
essential for the in vivo migration of DCs, with P2X7 receptors acting as the main purinergic receptors involved in Panx1- 
dependent signaling. Furthermore, in DCs, the ATP/P2X7 axis may induce the expression and release of high mobility protein 1 
(HMGB1), which promotes both DCs and macrophage migration and contributes to DCs maturation.75

During the migration of DCs, nucleotides finely regulate the immune response by mediating DC maturation and cytokine 
release. Specifically, ATP binding to the P2X receptors enhances the expression of surface markers CD83 and CD86 on DCs, 
thereby facilitating the maturation.76 In vitro experiments with human moDCs have shown that ATP increases intracellular 
cAMP levels through the activation of P2Y receptors, potentially including P2RY11,

77 P2RX178 and P2RX3.78 This process 
promotes DC activation, as evidenced by the upregulation of CD83 and secretion of IL-12, further supporting DC maturation. 
Hypoxia decreases P2RY11 expression, leading to increased IL-12 secretion by DCs, and predisposing them to a pro- 
inflammatory phenotype, which may be involved in ischemia-reperfusion (I/R) injury following organ transplantation.79 

However, it has also been demonstrated that ATP mediates immunosuppression by activating the P2RY11, promoting the 
upregulation of two targets (thrombospondin-1 [TSP-1] and indoleamine 2,3-dioxygenase [IDO]) in DCs.80 Schnurr’s study 
indicated that P2RY11 activation on DCs reduces their migration rate and prolongs their contact time with antigens, thereby 
enhancing the ability to recognize, bind and uptake antigens.81 In contrast, P2Y6 receptors inhibit antigen uptake by DCs as well 
as their differentiation and maturation, Specifically, it has been observed that BMDCs from P2Y6-deficient mice show 
significantly increased expression of CD40 and CD86 upon in vitro stimulation with LPS, along with higher levels of IL-12 
and IL-23 detected in the supernatant fluid of P2ry6

−/− BMDCs. This indicates a promotion ofTh1 and Th17 differentiation and 
exacerbation of EAE.82 Immature moDCs treated with UDP can activate P2RY14, leading to a significant increase in CD86 
expression, which in turn promotes DC maturation and triggers an immune response.83 In another study, stimulation of the P2Y6 

receptor was found to increase IL-8 secretion in DCs.84 Additionally, research has shown that P2RY4 and P2RY6, and P2RY14, 
inhibit the release of IFN-α in pDCs.38 Moreover, the P2X7 receptor is a potent inflammatory and immunostimulatory receptor.85 

When expressed by DCs, P2X7 can induce DC maturation and pro-inflammatory cytokine release upon activation by ATP. 
Furthermore, previous studies have indicated that P2rx7 expression in murine is involved in antigen presentation processes.86 

More recent research utilizing GM-CSF-induced BMDCs further demonstrates that the P2rx7 acts as a key molecule in dendritic 
cell-mediated cross-dressing, facilitating the transfer of preformed peptide–MHC complexes and thereby enhancing CD8+ T cell 
immune responses.87 Moreover, within the context of MVA viral vector vaccines, the P2rx7 indirectly yet enhances the cross- 
presentation capacity of BMDCs toward vaccine antigens.88 These findings collectively highlight the P2X7 receptor as 
a promising strategic target for optimizing T cell immunity in viral vector-based vaccines. The ATP/P2X7 axis typically 
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functions to activate NLRP3 inflammatory vesicles in macrophages and monocytes. Upon activation of these inflammasomes, 
Caspase-1 is activated, which further processes the precursors interleukin (pro-IL)-1β and IL-18, ultimately promoting the release 
of these maturation cytokines.85 In vitro studies on BMDCs have found that treatment with P2X7R agonists results in increased 
secretion of IL-6 and IL-1β, as well as significantly elevated IL-17A production in CD4+ T cells, thereby inducing a more robust 
Th17 response.89 However, Yuan’s team later challenged the notion that the ATP-P2X7 axis induces TLR-mediated IL-1β 
production through the NLRP3 inflammasome in vivo. Using specific gene knockout mice, they discovered that intraperitoneal 
injection of LPS did not induce IL-1β production in the serum of NLRP3-deficient mice, while this was unaffected in P2rx7- 
deficient mice. Further in vitro experiments with BMDCs from these two types of mice yielded similar results. Ultimately, they 
concluded that IL-1β secretion by DCs is dependent on the NLRP3 inflammasome, but not on P2X7R.90 Additionally, the P2X7 
receptor on DCs is also involved in their apoptotic process. Prolonged exposure of cells to a high concentration of ATP leads to 
the formation of a large pore by the P2X7 receptor in the plasma membrane, allowing the passage of molecules up to 900 Da. The 
long-term effect of this process is cell death.81

In summary, the expression and activation of P2 receptors in DCs are essential for regulating immune response, 
significantly affecting the maturation, migration, cytokine release, and apoptotic processes of these cells. P2X7R, in particular, 
plays a regulatory role in each of these processes. The multifaceted nature of P2 receptors in DCs also highlights their potential 
application in the treatment of immune-related diseases. To optimize therapies targeting purinergic receptors and enhance 
therapeutic efficacy, it is essential to understand the mechanisms of P2 receptors function in DCs.

Conclusions
In this discussion, we explore the multifaceted role of purinergic receptors in DCs, highlight ing the complexity and 
significance of this signaling system in immune regulation. To date, four P1 receptors (A1, A2A, A2B, A3), five P2X 
receptors (P2X1, P2X4, P2X5, P2X6, P2X7), and eight P2Y receptors (P2Y1, P2Y2, P2Y4, P2Y6, P2Y11, P2Y12, P2Y13, 
P2Y14) have been reported to be expressed in DCs. These receptors are not only involved in the maturation and migration 
of DCs but also influence cytokine secretion, as well as the proliferation and differentiation of T cells as shown in 
(Table 2). Purinergic receptors potentially regulate a wide range of DC functions through various signaling pathways 
(Figure 1). P1 receptors primarily promote the release of inflammatory cytokines (such as IL-10 and IL-23), as well as 
the activation, migration, and antigen presentation of DCs. In contrast, P2 receptors are mainly involved in increasing the 
secretion of pro-inflammatory cytokines (like TNF-α, IL-1β, IL-18, and IL-12) while inhibiting the activation, migration, 
antigen presentation of DCs.

Table 2 Function of Purinergic Receptors in Dendritic Cells

Function Regulation Trend (↑/↓) Purinergic Receptors

Migration ↑ A1,27,29 A2A,43 A2B,40 A3,27 

P2X7,66,67 P2Y2,
60,61 P2Y6

58

Antigen presentation ↑ 
↓

A145 

P2Y12
55

Secretion of pro-inflammatory cytokines ↑ 
↓

P2X7,67,77,79 P2Y4,
62 P2Y11

69,70 

A2A,27,29,49 A2B,41,47,48 P2Y6,
32,74 P2Y14

32

Secretion of anti-inflammatory cytokines ↑ A2B,49 A3,47–49 P2Y12
56

Release of chemokines cytokines ↑ 
↓

P2Y6
58,64 

P2Y1,
63 P2Y11

63

Expression of co-stimulatory molecule ↑ A2B,48 P2Y14
75

Differentiation ↑ 
↓

A351,52 

P2Y12
56

Notes: “↑” indicates that the purinergic receptor enhances dendritic cell function, whereas “↓” indicates that its function is suppressed.
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However, there are still some gaps in our understanding of the effects of purinergic receptors on DCs. Although it is known 
that these receptors influence DC function in various ways, the specific molecular mechanisms, particularly the detailed 
processes of downstream signaling pathways, require further elucidation. Additionally, DCs of different types and maturation 
stages may respond differently to purinergic signaling, and the mechanisms and biological significance of these differences 
need further exploration. Therefore, future studies should investigate the regulatory mechanisms of purinergic receptors and 
their functional changes in various disease states, aiming to identify new targets for the treatment of immune-related diseases.
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Figure 1 Purinergic receptors in dendritic cell functions as opposing forces—Yin and Yang in immunomodulation. 
Notes: When tissues are damaged, levels of eATP increase significantly. The eATP is subsequently degraded into ADO by the exonucleases CD39 and CD73. The 
substantial increase of eATP and ADO activates their respective purinergic receptors (P1 and P2) In DCs. P1 receptors mainly promote the release of inflammatory factors 
(such as IL-10 and IL-23), as well as the activation, migration, and antigen presentation of DCs. In contrast, P2 receptors are mainly involved in enhancing the secretion of the 
pro-inflammatory factors (including TNF-α, IL-1β, IL-18, and IL-12) while inhibiting the activation, migration, antigen presentation of DCs. Therefore, P1 receptors and P2 
receptors serve as complementary force in immunomodulation, playing an essential role in maintaining the body’s immune homeostasis. ↑ indicates enhanced function or 
increased release of inflammatory mediators, ↓ indicates reduced functionality. 
Abbreviations: P1, P1 purinoceptors; P2, P2 purinoceptors; eATP, Extracellular Adenosine Triphosphate; ADP, Adenosine Diphosphate; AMP, Adenosine Monophosphate; 
ADO, Adenosine.
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