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Introduction
The theory of purine neurotransmission was first proposed 

by Burn stock in the year 1972. In this theory, Burn stock argued 
that the purine nucleotide/ATP utilized by the purine nerve is a 
neurotransmitter [1]. A few years later, some scholars named the 
ATP receptor as a purinergic receptor. Purine receptors are divided 
into P1 and P2, and P2 receptors are further divided into ligand-
gated ion channel receptors (P2X) and G protein-coupled receptors 
(P2Y). The P2Y6 receptor (P2Y6R), one of the eight sub-types 
belongs to the G protein-coupled receptor family (P2Y), has recently 
gained attention because it is widely distributed and its roles in 
various physiological processes [2,3]. Moreover, it has also been 
implicated in the occurrence and development of many diseases. 
This article reviews recent advances in the distribution, properties, 
and diseases associated with P2Y6R, providing a theoretical basis 
for studies related to P2Y6R.

Properties and Signal Transduction of P2Y6R
P2Y6R is widely distributed in various tissues and organs. 

The endogenous ligands of the P2Y6R are extracellular nucleotide 
molecules, which mainly include Adenosine triphosphate (ATP), 
adenosine diphosphate (ADP), uridine triphosphate (UTP), as well as 
uridine diphosphate (UDP) and its derivatives. Under physiological  

 
conditions, the concentration of extracellular nucleotide molecules 
is usually significantly lower than the intracellular concentration. 
Under pathological conditions, such as hypoxia, inflammation, 
and injury, cells can communicate via autocrine or paracrine 
mechanisms and release intracellular nucleotides, thus leading 
to the extracellular activation of the P2Y6R, which produces a 
biological effect. In recent years, lots of literature has reported 
that the P2Y6 signaling pathways were revealed via the technology 
of laser confocal, patch clamp technique, RT-PCR and knockout 
etc. technology of molecular biology. P2Y6 receptors coupling 
with Gq/11 can activate signaling pathways of the following: (1) 
Activation of phospholipase C (PLCβ), intracellular increase of 
inositol triphosphate and diacylglycerol, endoplasmic reticulum 
Ca2+ release and enhanced PKC phosphorylation [4]. (2) Promote 
the trans-activation of epidermal growth factor receptor (EGFR) 
and the phosphorylation of erK1/2 and participate in DNA repair 
after cell injury [5]. (3) Promote the phosphorylation of C-Jun 
N-terminal kinase and myosin and facilitate the phosphorylation of 
P38MAPK acts on NF-κB to enhance its function [6,7]. (4) Promote 
the activation of meK1/2-ERK1/2 2-MAPK-API signaling pathway 
[8]. In addition, when P2Y6R coupled with G 12/13, the small 
G protein RhoA and its effect or molecule ROCK can be activated 
[9]. Protein Interacting with Cα kinase 1 (PICK1), can promote the 
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expression of P2Y6 receptors in cell membranes [10]. UDP and UTP 
are major endogenous ligands and agonist of P2Y6 receptors, while 
the former is approximately 100 times more efficient than the latter. 
ADP, ATP, and their 2-methylthio derivatives are virtually inactive 
[11,12]. MRS2964, MRS2957 PSB0474 and INS48823 are powerful 
P2Y6 receptor agonists developed in recent years [4-14]. MRS2578, 
MRS2567, and MRS2575 are currently the most commonly used 
antagonists of P2Y6R [13-15].

The Role of P2Y6R in Cardiovascular System
Promote the occurrence of vascular inflammatory 
lesions

P2Y6R is thought to promote the development of cardiovascular 
diseases by promoting vascular inflammation, enhancing vascular 
tone, and by promoting smooth muscle cell contraction and 
proliferation. The P2Y6R plays crucial roles in various functions 
of circulating blood cells, as well as in the cells that make up the 
wall of blood vessels [16,17]. Excessive activation of the P2Y6R 
can cause severe physiological dysfunction and disease. Under 
the stimulation of TNF-A or LPS, the expression of P2Y6 receptor 
on vascular endothelial cells is selectively up-regulated. P2Y6 
receptors activate the NF-κB pathway to induce the expression of 
interleukin-8 (IL-8) and vascular cell adhesion molecule-1(CAM-1), 
promoting the occurrence of vascular inflammatory response [18]. 
A previous study has reported that the P2Y6R potentiates the pro-
inflammatory responses of macrophages, plays a pro-atherogenic 
role and accelerates the formation of aneurysm in vascular disease 
[19], while a deficiency of P2Y6 can limit atherosclerosis and plaque 
inflammation in mice [19,20].

Mediated VSMC proliferation and contraction 
Previous study revealed that P2X1, P2Y2 and P2Y6 are the 

most expressed purine receptors in vascular smooth muscle cells 
(VSMC), which may be involved in mediating the contraction and 
proliferation of smooth muscle cell [21]. Research of Bobbert 
et al. demonstrated that the cascade stimulation of Ras-Raf-
MEK-ERK1/2 caused by activated P2Y6R, contribute to VSMC 
proliferation [22]. Govindan [23] has carried on the further study 
which confirmed P2Y6R is one of receptors to promoting VSMC 
proliferation and contraction. Moreover, nucleotides released by 
paracrine as a result of P2Y6-like receptor mediation has been 
shown to induce renal vasoconstriction in mice [24]. In cigarette 
smoke exposure (CSE) WT mice, the activity of neuronal UDP on the 
P2Y6R reduces contraction of left descending artery and increases 
the contraction of basilar artery (BA) [25]. Sub-chronic smoking 
induces vascular changes in WT mice through activity of P2Y6R 
and the induction slight variations in the endothelin-1 receptor. 
Notably, the contractility to UDP also altered in the cerebral and 
cardiac vascular system in CSE mice [25]. 

Promote myocardial fibrosis
Stimulation of cardiomyocyte P2Y6R can promote the 

development of myocardial fibrosis [26]. It has been revealed 

that the purinergic receptor P2Y6 promotes Ang II-induced 
hypertension [27-29]. Pressure (such as hypertension) stimulate 
cardiomyocytes, UDP, ATP and other nucleotide released to the 
extracellular via Pnx channels, stimulate P2Y6R in cardiomyocytes, 
regulates the expression of fibrosis factors (such as CTGF and 
TGF-β) through activated Rho pathway by coupled with G12/13 
protein, thereby promoting the expression of downstream Type 1 
collagen, and promoting the production of myocardial fibrosis [26]. 
The release of nucleotides coupled to specific autocrine/paracrine 
activation of the P2Y6 uracil nucleotide receptor could impair 
tissue perfusion in cardiovascular diseases [9].

The protective effect of P2Y6R on cardiovascular system
A previous study demonstrated that mouse P2Y6R is a 

regulator of cardiac development and cardiomyocyte function [30]. 
The extracellular pyrimidines UTP and UDP may be important 
inotropic factors in the development of cardiac disease [31]. Clouet 
and his team found that loss of P2Y6 was related to a large cardia 
phenotype and enlargement of diseased cardiac hypertrophy. The 
proliferation and size of cardiomyocytes in newborn without P2Y6 
increase, leading to increased cardiac growth after birth. Loss 
of P2Y6R enhances pathological cardiac hypertrophy following 
isoproterenol injection. They also identified the inhibitory effect 
of UDP on isoproterenol-induced cardiomyocyte proliferation and 
hypertrophy in vitro. Thus, P2Y6R could be used as a therapeutic 
target to regulate cardiac hypertrophy [30]. However, further 
research is required to elucidate the mechanism. Therefore, the 
effect of P2Y6R on cardiovascular diseases has not been fully 
revealed, and the benefits or risks of this receptor for the process of 
cardiovascular diseases and treatment cannot be easily concluded 
in a word.

P2Y6R Involved in the Occurrence and Development 
of Neurological Diseases

The purinergic receptor P2Y6 is extensively expressed and 
distributed in nervous system, including sympathetic ganglia, 
superior cervical ganglia, dorsal root ganglia, and sciatic nerve 
[32]. Also, it was revealed that P2Y6R are expressed in anterior 
horn motor neurons, spinal dorsal horn microglia, hippocampal 
pyramidal neurons and dorsal root ganglion sensory neurons 
[33-35]. In the CNS, P2Y6R are expressed in the cerebral cortex, 
cerebellum, hippocampus, substantia nigra, striatum, and spinal 
cord [32]. This part aims to discuss the various functions of P2Y6R 
in some nervous system disease.

P2Y6R and Alzheimer’s disease
Alzheimer’s disease (AD) refers to a common advancing, 

incurable neurodegenerative disease. It is related to chronic 
activation of innate immunity within the nervous system [36]. 
Whether P2Y6R is connected with the pathological mechanism 
of AD is still under debate. The pathologically features of AD are 
the occurrence of β-amyloid plaques, amyloid vascular lesions 
and neurofibrillary tangles [37], accompanied by inflammation, 

http://dx.doi.org/10.32474/OSMOAJ.2021.05.000212


Citation: Yu Ren, Zhong Zhu, Hua Luo*. The Role of P2y6 Receptor in Disease Occurrence and Progression. Orthop & Spo Med Op Acc J 
5(3)- 2021. OSMOAJ.MS.ID.000212. DOI: 10.32474/OSMOAJ.2021.05.000212

                                                                                                                                                      Volume 5 - Issue 3   Copyrights @ Hua Luo, et al.Orthop & Spo Med Op Acc J

536

neuromal nutrition, pathological gliosis as well as nerve loss [27-
33]. UDP released by degraded or damaged neurons, can activate 
P2Y6R, enhance chemotaxis, and then promote its phagocytosis 
[38]. Activation of P2Y6 enhanced the interstice in amyloid 
plaques, maintained synaptic plasticity and reversed the memory 
dependence on the hippocampus in the AD mouse model, indicating 
that P2Y6R regulated microglial phagocytosis is conducive to the 
reduction of burden and improved cognitive deficits [39]. P2Y6R 
in microglia has been shown to control the phagocytosis of nerve 
debris, thereby minimizing neuroinflammation in AD brain, 
although the same pathway may promote the phagocytosis of 
living neurons, leading to neurodegeneration [40]. And the P2Y6 
agonist UDP can enhance the activation of microglia cells and the 
phagocytosis of neurons, thus leading to the death of neurons. 
Moreover, MRS2578, a P2Y6R antagonist, weakens this effect [41-
44]. These findings confirm that changes in P2Y6R function may be 
associated with the development of Alzheimer’s disease. 

P2Y6R and Parkinson’s disease 
Parkinson’s disease (PD), also known as tremor paralysis, 

is one of the commonest chronic advancing neurodegenerative 
disorder in the elderly, and it is featured with advancing loss of 
dopamine neurons in the substantia nigra and a reduction of 
dopamine level in striatum [45,46]. A previous study has indicated 
that inflammation may be a potential pathogenic mechanism of PD 
[47]. Yang et al. reported that the expression of P2Y6R together 
with inflammatory cytokinesis peripheral blood monocytes of PD 
patients was higher than that of healthy people and patients with 
multiple system atrophy (MSA), suggesting that P2Y6R may be a 
potential clinical biomarker of PD [44-48]. Furthermore, oxidative 
stress and neurodegeneration have been proposed to participate 
in the pathogenesis of PD. Qian, et al. [49] found that 1-methyl-4-
phenylpyridinium (MPP(+)) increased the concentration of UDP/
P2Y6RinSH-SY5Y cells, while inhibiting the pharmacological 
activity of P2Y6R or knockdown P2Y6R could inhibit the reactive 
oxygen species (ROS) level (induced by MPP(+)), thus playing a 
protective role, and knockdown P2Y6R also can reverse the loss of 
cellular vitality [50]. Similarly, apyrase and MRS2578, one of the 
most commonly used antagonists of P2Y6R, also weaken the role 
of MPP (+), while UDP amplify the role of MPP (+), indicating that 
P2Y6R may play a major role in PD pathogenesis. Evidence showed 
that MRS2578inhibited the death of dopaminergic neurons of rat 
nigral SH-SY5Y cells damaged by 6-hydroxydopamine (6-OHDA), 
both in vitro and in vivo. It is proved that antagonism of P2Y6R can 
lead to neuroprotective effects respectively [51]. However, the exact 
role of P2Y6R in PD has yet not to be confirmed, and it might as well 
be a result of neuronal damage or loss, inflammation, or oxidative 
stress, even a combination of these.

P2y6r In the Repair of Radiation-Induced Injury
Radiation therapy is one of the most effective methods to treat 

malignant tumor [52]. However, while helpful for the treatment of 
tumors may cause irreversible damage to healthy tissues [53]. A 

study reported that P2Y6R has a high expression in the human lung 
cancer A549 cells, knockout P2Y6R with MRS2578, the survival 
rate of tumor cell exposed to radiation decreased obviously, which 
confirmed that the activated P2Y6R accelerate the repair of DNA 
damage in tumor cell exposed to rays through ERK1/2 pathway 
[54]. Studies have shown that radiation could trigger microglial 
phagocytosis no matter in vitro and in vivo [7]. Moreover, UDP/
P2Y6R is involved in the pathogenesis of radioactive brain injury, by 
triggering the activation of microglia phagocytosis, indicating that 
the P2Y6R plays a critical role in regulating microglial phagocytosis 
in radioactive brain injury, which may be a potential therapeutic 
strategy to relieve radioactive brain injury [5].

Regulate Microglia Cell Function
Microglia cells are the major immune and phagocytic cells of the 

central nervous system (CNS) and are involved in the monitoring 
and response of the central system microenvironment. Stimulate 
the microglia P2Y6 by physical markedly enhance the phagocytosis 
of damage neurons [9], inhibition of UDP/P2Y6 signaling pathways 
can prevent the phagocytosis of microglia cells in vivo and in 
vitro, effectively prevent neuron loss and death [10]. ATP and 
other nucleotides activate microglia through the up-regulation 
of P2Y6Rafter nerve injury and are involved in the occurrence of 
neuropathic pain [13,14]. Researchers have found that the use of 
the P2Y6R antagonist could suppress microglial polarization and 
IL-6 production, conducing to the decrease of neuropathic pain (NP) 
in chronic contractive injury (CCI)rats [55]. Kobayashi et al. found 
that the expression of P2Y6R in spinal microglia cells without nerve 
injury was significantly increased, which lasted for at least a couple 
of weeks after injury [56,57]. P2Y6 exists in spinal cord microglia, 
also exists in the spinal cord, the receptors in spinal cord injury rats 
are up-regulated, P2Y6R in spinal cord is involved in maintenance 
of neuropathic pain [32]. Therefore, P2Y6R inhibition may become 
a potential target of NP therapy in the future. However, some 
scholars have found that systemic and intrathecal administration of 
MRS2578 could not affect the neuropathic pain behavior caused by 
injury, which means that P2Y6R plays a minor role in neuropathic 
pain induced by nerve injury [58]. In summary, it is difficult to 
identify whether P2Y6R plays a role in the pathological process of 
neuropathic pain. In addition, P2Y6R is principally involved in the 
activation and phagocytosis of microglia activation [59]. It has been 
reported that P2Y6R-mediated microglial phagocytosis contributed 
to debris clearance and functional recovery after ischemic stroke 
[60]. The results show that microglial phagocytosis mediated by 
P2Y6R plays a protective role in the acute stage of ischemic stroke 
and may be a therapeutic target for ischemic stroke. 

P2Y6 in Respiratory System
The role of P2Y6R in respiratory system is controversial. 

Some scholars believe that P2Y6 can play an active therapeutic 
role in respiratory diseases, and they found that GC021109 (pro-
drug of P2Y6R) could inhibit the changes in lung function, reduce 
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inflammation and smooth muscle mass [61]. Besides, Schreiber 
and Kunzelmann reported that activation of the epithelial P2Y6R 
of the airway cavity could promote the secretion and transport 
of electrolytes [62]. P2Y6R signaling can prevent inappropriate 
allergic type 2 immune reactions when respiratory allergens are 
exposed. Targeted P2Y6 signal transduction may be a potential 
additional therapeutic strategy for the treatment of allergies [63]. 
The P2Y6R may be a novel therapeutic target for inhibiting excessive 
host response mediated by white blood cells in inflammatory 
lung diseases [64]. To sum up, they believed that the activation 
of P2Y6R could provide an effective strategy for the treatment of 
respiratory illness. On the contrary, some researchers reported that 
during airway inflammation, activation of the P2Y6R induces the 
production of pro-inflammatory factors, such as IL-6 and IL-8, in 
human bronchial epithelium and mouse macrophages in the process 
of airway inflammatory, thus promoting the occurrence of airway 
inflammation disease [65]. In airway epithelial cells, P2Y6 induces 
the expression of the C-C Motif Chemokine Ligand 20 (CCL20), 
promote the occurrence and maintenance of airway inflammation, 
and this effect can be significantly blocked by P38 inhibitors. 
Therefore, P2Y6 receptor is believed to induce the expression of 
CCL20 by activating the mitogen-activated protein kinase (MAPK) /
P38 pathway [66] [13]. In the process of airway inflammation, the 
activation of P2Y6 induces the production of at least two kinds of 
pro-inflammatory factor (IL - 6 and IL - 8). This process is a Ca2+ 
dependent, the secretion of the inflammatory factors and the 
formation of the inflammatory network plays an important role in 
maintaining airway inflammatory disease [62]. The release of the 
cytokine IL-4, mast cell invasion, and airway remodeling phenotype 
were more severe in asthmatic mice treated with UDP. They held 
that P2Y6 and UDP were over-expressed in lung tissue of asthmatic 
mice induced by ovalbumin, and P2Y6 promotes inflammation and 
remodeling of allergic airways by enhancing the role of mast cells 
by activating the AKT signaling pathway [67]. Blocking P2Y6 can 
relieve inflammation without affecting the antibacterial properties 
of human neutrophilic peptide (HNP) [64]. Therefore, it is still 
under debate that whether the activation of P2Y6R provides an 
effective therapeutic or deleterious response in respiratory illness. 

Regulating Bladder Function
Stimulate P2Y6 receptor in bladder smooth muscle can 

regulate its contraction through PLC/IP3 signal pathways [68]. 
In anesthetized mice, bladder epithelial cells activate P2Y6R by 
releasing of ATP, promotethe frequencies of bladder emptying [69]. 
Bladder epithelium activated P2Y6R to increase the frequencies of 
bladder contraction by pannexin-1 release ATP. Firouzmand et al. 
revealed that compared with wild-type mice, mice without P2Y6 
urinate more frequently and have a smaller bladder volume, and 
in vivo bladder contractile analysis, the bladder contractile time of 
P2Y6 deficient mice was significantly shortened, but there was no 
difference in peak contractile pressure [70]. In vitro experiments 
showed that P2Y6 didn’t involve in the contraction and relaxation 
of bladder muscle strips, nor does it participate in the release 

of ATP by mechanical stimulation of primary cultured urinary 
epithelial cells [71]. The P2Y6R in the central nervous system 
is involved in the inhibition of bladder incoming signals or the 
sensitivity of pons micturition centre, and P2Y6R in the detrusor 
may be involved in the process of promoting and maintaining 
bladder contractility. Relaxation of purine bladder signals may lead 
to persistent detrusor hyperactivity in patients with bladder outlet 
obstruction. Activation of uridine diphosphate sensitive P2Y6R 
indirectly increases the frequency of urinates in rats by releasing 
adenosine triphosphate from the urinary cortex [72]. In patients 
with benign prostatic hypertrophy (BPH), activation of P2Y6R 
amplifies the release of adenosine triphosphate in the sub-bladder 
mucosa, although UDP sensitive P2Y6R is highly expressed in 
epithelial cells and in the urothelium subcutaneous myofibroblasts 
[73]. Exogenous neural circuits are required for P2Y6R-mediated 
effects in the urinary tract epithelium, and the agonist of 
P2Y6R increased ATP level in the drainage by 3 times [69]. The 
activation of P2Y6R indirectly increases the urination frequency 
by releasing ATP through the urotheliumon sub-urothelial nerve 
afferents. Bladder dysfunction characterized by abnormal bladder 
smooth muscle (BSM) contractions is a key process in bladder 
hyperactivity, urge incontinence. P2Y6 activation can increase 
ATP-mediated BSM contractile by 45% [68]. Interference with 
purinergic signals in vivo results in changes in P2Y6 activity and 
bladder contractility. Therefore, P2Y6R may play an important role 
in dysuria characterized by abnormal bladder movement.

P2Y6R and Insulin Secretion 
The P2Y6R accelerates the metabolism of glucose in peripheral 

tissues, and its agonists, including UDP, stimulate secretion of 
glucose-dependent insulin and protect pancreatic islet cells from 
apoptosis [74,75]. As an agonist, UDP has recently been shown 
to regulate agouti-related protein (AgRP) neurons. Besides, 
obesity-related hyperlipidemia and the onset of systemic insulin 
resistance are characterized by P2Y6 signaling in AgRP neurons 
[76,77]. Uptake of glucose by peripheral tissues such as skeletal 
muscles and adipocytes is an essential factor in maintaining 
glucose homeostasis. Activating P2Y6R by MRS2957 or UDP can 
stimulate the glucose uptake of primary adipose cells in wide-type 
mice, and MRS2578 antagonizes P2Y6R effect [75]. However, in 
adipocytes of P2Y6R knockout mice, P2Y6R agonist had no effect on 
glucose uptake, so did insulin. Extracellular UDP activates P2Y6R 
of pancreatic β-cells to release insulin and reduces cell apoptosis, 
which is beneficial to diabetes. Tsuchiya and his partners studied 
the function of P2Y6R in AMPK activation and insulin secretion of 
pancreatic β-cells in MIN6 mice, and they found that P2Y6R agonist 
could induce insulin secretion in the hyperglycaemic state [78]. 
Therefore, P2Y6R plays a crucial role in β-cell function, indicating 
that it may be a therapeutic target for diabetes.

Conclusion
Excessive activation of P2Y6R may cause serious physical 

dysfunction disease. P2Y6 involved in cardiovascular disease via 
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promoting vascular inflammation, improving vascular tension, 
facilitating the contraction of smooth muscle cells and proliferation. 
Therefore, research on regulation P2Y6 receptors may become 
a hotpot in the field of drug research for cardiovascular disease 
in the near future. P2Y6R expression or dysfunction can lead to 
damage neurons and glial cells, and CNS injury and the nervous 
system degenerative change can also lead to increased extracellular 
ATP release, and P2Y6R expression and function change further 
aggravate the CNS injury. And the role of P2Y6R in inflammation 
is twofold: the role of P2Y6R (activated) and other nucleotide ATP 
in against the invading pathogens or tumor is of vital importance 
to the correct inflammatory reaction, but P2Y6 in conditions such 
as asthma, chronic lung disease or enteritis etc. can cause the 
occurrence and the sustaining of chronic inflammation. At the 
same time, the activation of the P2Y6R stimulates the secretion 
of insulin, which means that its corresponding receptor agonists 
and antagonists could be potential anti-diabetic treatments. 
Therefore, studying the biological effects of P2Y6 receptors has 
crucial theoretical and application value. These studies above 
have sufficiently demonstrated that P2Y6R exist extensively in 
the nervous system and peripheral tissues and perform a variety 
of physiological functions: pain generation and modulation, 
nervous system development and regeneration, vasodilation, gland 
secretion regulation, neuronal and microglia function regulation, 
inflammatory response, memory function regulation, etc. 
Therefore, studying the biological effects of P2Y6R is of significant 
theoretical and practical value, particularly for treatment and 
prevention of cardiovascular, neurological, and respiratory etc. 
diseases. With the development of various new technologies, we 
human research for P2Y6 receptor signal transduction pathways 
have made great progress. All these researches suggested that P2Y6 
receptor occupied a significant position in the process of regulating 
the organism physiological function and P2Y6 were involved in the 
occurrence and development of the disease. With the physiological 
functions, pharmacological features, and clinical value of P2Y6R 
has been revealed, targeted to P2Y6Ras new drugs make a great 
significance for a variety of disease prevention and control. In a 
word, P2Y6R is a multifaceted receptor that participates in many 
physiological and pathological conditions. P2Y6R may have distinct 
and conflicting results in different diseases, just like a double-edged 
sword. The activation of P2Y6R may create both protective and 
deleterious responses. And its role depends largely on its activation 
level, the type of cell becoming investigated, and the nature and the 
course of the disease. Under what circumstances can its blade be 
used against diseases, or will it hurt us? This is still an unsolved 
problem. 

Declarations
Ethics approval and consent to participate: This manuscript is 

a review article and does not involve a research protocol requiring 
approval by the relevant institutional review board or ethics 
committee.

Consent for publication
Not applicable.

Availability of Data and Materials 
This article is based on previously conducted studies.

Competing Interests
The authors declare that they have no competing interests.

Authors’ Contributions
HL and ZZ conceived the review. YR conducted the literature 

search and drafted the manuscript; HL finalized the paper and 
provided suggestions to improve it.

Funding
Not applicable.

Acknowledgements

 Not applicable.

References
1.	 Bar I, Guns PJ, Metallo J (2008) Knockout mice reveal a role for P2Y6 

receptor in macrophages, endothelial cells, and vascular smooth muscle 
cells. Mol Pharmacol 74 (3): 777-784. 

2.	 Burnstock G  (2007 ) Purine and pyrimidine receptors. Cell Mol Life Sci 
64(12): 1471-1483.

3.	  Communi D, Gonzalez NS, Detheux M (2001) Identification of a novel 
human ADP receptor coupled to G(i). J Biol Chem 276(44): 41479-
41485. 

4.	 Abbracchio MP, Burnstock G, Boeynaems JM (2006) International Union 
of Pharmacology LVIII: update on the P2Y G protein-coupled nucleotide 
receptors: from molecular mechanisms and pathophysiology to therapy. 
Pharmacol Rev 58(3): 281-341. 

5.	 Tsukimoto M (2015) Purinergic Signaling Is a Novel Mechanism of the 
Cellular Response to Ionizing Radiation. Biol Pharm Bull 38(7): 951-959. 

6.	 Li R, Tan B, Yan Y, et al. (2014) Extracellular UDP and P2Y6 function as 
a danger signal to protect mice from vesicular stomatitis virus infection 
through an increase in IFN-β production. J Immunol 193(9): 4515-4526. 

7.	 Xu Y, Hu W, Liu Y (2016) P2Y6 Receptor-Mediated Microglial Phagocytosis 
in Radiation-Induced Brain Injury. Mol Neurobiol 53(6): 3552-3564. 

8.	 Zhang Z, Wang Z, Ren H (2011) P2Y (6) agonist uridine 5’-diphosphate 
promotes host defense against bacterial infection via monocyte 
chemoattractant protein-1-mediated monocytes/macrophages 
recruitment. J Immunol  186(9): 5376-5387. 

9.	 Kauffenstein G, Tamareille S, Prunier F (2016) Central Role of P2Y6 UDP 
Receptor in Arteriolar Myogenic Tone. Arteriosclerosis, Thrombosis, 
and Vascular Biology 36(8): 1598-1606. 

10.	Zhu J, Wang Z, Zhang N (2016) Protein Interacting C-Kinase 1 Modulates 
Surface Expression of P2Y6 Purinoreceptor, Actin Polymerization and 
Phagocytosis in Microglia. Neurochem Res 41(4): 795-803. 

11.	Communi D, Parmentier M, Boeynaems JM (1996) Cloning functional 
expression, and tissue distribution of the human P2Y6 receptor. Biochem 
Biophys Res Commun 222(2): 303-308. 

http://dx.doi.org/10.32474/OSMOAJ.2021.05.000212
https://pubmed.ncbi.nlm.nih.gov/18523137/
https://pubmed.ncbi.nlm.nih.gov/18523137/
https://pubmed.ncbi.nlm.nih.gov/18523137/
https://pubmed.ncbi.nlm.nih.gov/11546776/
https://pubmed.ncbi.nlm.nih.gov/11546776/
https://pubmed.ncbi.nlm.nih.gov/11546776/
https://pubmed.ncbi.nlm.nih.gov/16968944/
https://pubmed.ncbi.nlm.nih.gov/16968944/
https://pubmed.ncbi.nlm.nih.gov/16968944/
https://pubmed.ncbi.nlm.nih.gov/16968944/
https://pubmed.ncbi.nlm.nih.gov/26133701/
https://pubmed.ncbi.nlm.nih.gov/26133701/
https://pubmed.ncbi.nlm.nih.gov/25261483/
https://pubmed.ncbi.nlm.nih.gov/25261483/
https://pubmed.ncbi.nlm.nih.gov/25261483/
https://pubmed.ncbi.nlm.nih.gov/21444765/
https://pubmed.ncbi.nlm.nih.gov/21444765/
https://pubmed.ncbi.nlm.nih.gov/21444765/
https://pubmed.ncbi.nlm.nih.gov/21444765/
https://pubmed.ncbi.nlm.nih.gov/26566795/
https://pubmed.ncbi.nlm.nih.gov/26566795/
https://pubmed.ncbi.nlm.nih.gov/26566795/
https://pubmed.ncbi.nlm.nih.gov/8670200/
https://pubmed.ncbi.nlm.nih.gov/8670200/
https://pubmed.ncbi.nlm.nih.gov/8670200/


Citation: Yu Ren, Zhong Zhu, Hua Luo*. The Role of P2y6 Receptor in Disease Occurrence and Progression. Orthop & Spo Med Op Acc J 
5(3)- 2021. OSMOAJ.MS.ID.000212. DOI: 10.32474/OSMOAJ.2021.05.000212

                                                                                                                                                      Volume 5 - Issue 3   Copyrights @ Hua Luo, et al.Orthop & Spo Med Op Acc J

539

12.	Nicholas RA, Lazarowski ER, Watt WC (1996) Pharmacological and 
second messenger signalling selectivities of cloned P2Y receptors. J 
Auton Pharmacol 16 (6): 319-323.

13.	Maruoka H, Barrett MO, Ko H (2010) Pyrimidine ribonucleotides with 
enhanced selectivity as P2Y(6) receptor agonists: novel 4-alkyloxyimino, 
(S)-methanocarba, and 5’-triphosphate gamma-ester modifications. J 
Med Chem 53(11): 4488-4501. 

14.	Ginsburg-Shmuel T, Haas M, Schumann M (2010) 5-OMe-UDP is a potent 
and selective P2Y (6)-receptor agonist. J Med Chem 53(4): 1673-1685. 

15.	Liu GD, Ding JQ, Xiao Q (2009) P2Y6 receptor and immunoinflammation. 
Neurosci Bull 25(3): 161-164.

16.	 Hechler B, Gachet C (2015) Purinergic Receptors in Thrombosis and 
Inflammation. Arterioscler Thromb Vasc Biol 35(11): 2307-2315.

17.	 Hartley SA, Kato K, Salter KJ (1998) Functional evidence for a novel 
suramin-insensitive pyrimidine receptor in rat small pulmonary 
arteries. Circ Res 83(9): 940-946.

18.	 Riegel AK, Faigle M, Zug S (2011) Selective induction of endothelial 
P2Y6 nucleotide receptor promotes vascular inflammation. Blood 
117(8): 2548-2555.

19.	 Garcia RA, Yan M, Search D (2014) P2Y6 receptor potentiates pro-
inflammatory responses in macrophages and exhibits differential roles 
in atherosclerotic lesion development. PloS one 9(10): e111385.

20.	 Stachon P, Peikert A, Michel NA (2014) P2Y6 deficiency limits vascular 
inflammation and atherosclerosis in mice. Arterioscler Thromb Vasc 
Biol 34(10): 2237-2245.

21.	 Wang L, Karlsson L, Moses S (2002) P2 receptor expression profiles 
in human vascular smooth muscle and endothelial cells. J Cardiovasc 
Pharmacol 40(6): 841-853.

22.	 Bobbert P, Schlüter H, Schultheiss HP (2008) Diadenosine polyphosphates 
Ap3A and Ap4A, but not Ap5A or Ap6A, induce proliferation of vascular 
smooth muscle cells. Biochem Pharmacol 75(10): 1966-1973.

23.	 Govindan S, Taylor EJ Taylor CW (2010) Ca (2+) signalling by P2Y 
receptors in cultured rat aortic smooth muscle cells. Br J Pharmacol 
160(8): 1953-1962.

24.	 Vonend O, Stegbauer J, Sojka J (2005) Noradrenaline and extracellular 
nucleotide cotransmission involves activation of vasoconstrictive P2X 
(1,3)- and P2Y6-like receptors in mouse perfused kidney. Br J Pharmacol 
145(1): 66-74. 

25.	Haanes KA, Kruse LS, Wulf-Johansson H (2016) Contractile Changes in 
the Vasculature After Subchronic Smoking: A Comparison Between Wild 
Type and Surfactant Protein D Knock-Out Mice. Nicotine Tob Res 18(5): 
642-646.

26.	 Nishida M, Sato Y, Uemura A (2008) P2Y6 receptor-Galpha12/13 
signalling in cardiomyocytes triggers pressure overload-induced cardiac 
fibrosis. EMBO J 27(23): 3104-3115.

27.	 Wang S, Tang L, Zhou Q (2017) miR-185/P2Y6 Axis Inhibits Angiotensin 
II-Induced Human Aortic Vascular Smooth Muscle Cell Proliferation. 
DNA Cell Biol 36(5): 377-385.

28.	 Nishimura A, Sunggip C, Tozaki-Saitoh H, et al. Purinergic P2Y6 receptors 
heterodimerize with angiotensin AT1 receptors to promote angiotensin 
II-induced hypertension. Sci Signal  9(411): ra7.

29.	 Sunggip C, Nishimura A, Shimoda K (2017) Purinergic P2Y (6) receptors: 
A new therapeutic target of age-dependent hypertension. Pharmacol 
Res 120:51-59.

30.	 Clouet S, Di Pietrantonio L, Daskalopoulos EP (2016) Loss of Mouse 
P2Y6 Nucleotide Receptor Is Associated with Physiological Macrocardia 
and Amplified Pathological Cardiac Hypertrophy. J Biol Chem 291 (30): 
15841-15852.

31.	 Wihlborg AK, Balogh J, Wang L (2006) Positive inotropic effects by 
uridine triphosphate (UTP) and uridine diphosphate (UDP) via P2Y2 
and P2Y6 receptors on cardiomyocytes and release of UTP in man 
during myocardial infarction. Circ Res 98(7): 970-976.

32.	Moore DJ, Chambers JK, Wahlin JP (2001) Expression pattern of human 
P2Y receptor subtypes: a quantitative reverse transcription-polymerase 
chain reaction study. Biochim Biophys Acta 1521(1-3): 107-119.

33.	Kobayashi K, Yamanaka H, Noguchi K (2013) Expression of ATP receptors 
in the rat dorsal root ganglion and spinal cord. Anat Sci Int 88(1): 10-16.

34.	 Koizumi S, Shigemoto Mogami Y, Nasu Tada K (2007)  UDP acting 
at P2Y6 receptors is a mediator of microglial phagocytosis. Nature 
446(7139): 1091-1095.

35.	 Barragán Iglesias P, Mendoza Garcés L, Pineda Farias JB(2015) 
Participation of peripheral P2Y1, P2Y6 and P2Y11 receptors in formalin-
induced inflammatory pain in rats. Pharmacol Biochem Behav 128: 23-
32.

36.	 Wang MM, Miao D, Cao XP (2018) Innate immune activation in 
Alzheimer’s disease. Ann Transl Med 6(10):177.

37.	 Serrano Pozo A, Frosch MP, Masliah E (2011) Neuropathological 
alterations in Alzheimer disease. Cold Spring Harb Perspect Med 1(1): 
a006189.

38.	 Bernier LP, Ase AR, Boue-Grabot E (2013) Inhibition of P2X4 function by 
P2Y6 UDP receptors in microglia. Glia 61(12): 2038-2049.

39.	 Anwar S, Rivest S (2020) Alzheimer’s disease: microglia targets and 
their modulation to promote amyloid phagocytosis and mitigate 
neuroinflammation. Expert Opin Ther Targets 24(4): 331-344. 

40.	Woods LT, Ajit D, Camden JM (2016) Purinergic receptors as potential 
therapeutic targets in Alzheimer’s disease. Neuropharmacology 104: 
169-179.

41.	 Paulino Barragán-Iglesias1 JBP-F, Claudia Cervantes-Durán1, Mariana 
Bravo-Hernández1, Héctor Isaac Rocha-González2, Janet Murbartián1, 
et al. (2014) Role of spinal P2Y6 and P2Y11 receptors in neuropathic 
pain in rats: possible involvement of glial cells. Mol Pain 10: (29).

42.	Malin SA, Davis BM, Koerber HR (2008) Thermal nociception and TRPV1 
function are attenuated in mice lacking the nucleotide receptor P2Y2. 
Pain 138(3): 484-496.

43.	 Inoue K, Tsuda M Purinergic (2012) systems, neuropathic pain and the 
role of microglia. Experimental neurology 234(2): 293-301.

44.	 Yang X, Lou Y, Liu G (2017) Microglia P2Y6 receptor is related 
to Parkinson’s disease through neuroinflammatory process. J 
Neuroinflammation 14(1): 38. 

45.	Mhyre TR, Boyd JT, Hamill RW, et al. Parkinson’s disease. Sub-cellular 
biochemistry 2012 65: 389-455.

46.	 Maiti P, Manna J, Dunbar GL (2017) Current understanding of the 
molecular mechanisms in Parkinson’s disease: Targets for potential 
treatments. Transl Neurodegener 6: 28.

47.	 McGeer PL, McGeer EG (2004) Inflammation and neurodegeneration in 
Parkinson’s disease. Parkinsonism Relat Disord 10 Suppl 1: S3-7.

48.	 Placet M, Arguin G, Molle CM (2018) The G protein coupled P2Y (6) 
receptor promotes colorectal cancer tumorigenesis by inhibiting 
apoptosis. Biochim Biophys Acta Mol Basis Dis 1864 (5 Pt A): 1539-
1551.

49.	 Qian Y (2018) Purinergic receptor P2Y6 contributes to 1-methyl-4-
phenylpyridinium-induced oxidative stress and cell death in neuronal 
SH-SY5Y cells. CNS neuroscience & therapeutics 961(2): 253-264.

50.	 Inoue K (2007) UDP facilitates microglial phagocytosis through P2Y6 
receptors. Cell Adh Migr 1(3): 131-132. 

http://dx.doi.org/10.32474/OSMOAJ.2021.05.000212
https://pubmed.ncbi.nlm.nih.gov/9131407/
https://pubmed.ncbi.nlm.nih.gov/9131407/
https://pubmed.ncbi.nlm.nih.gov/9131407/
https://pubmed.ncbi.nlm.nih.gov/20446735/
https://pubmed.ncbi.nlm.nih.gov/20446735/
https://pubmed.ncbi.nlm.nih.gov/20446735/
https://pubmed.ncbi.nlm.nih.gov/20446735/
https://pubmed.ncbi.nlm.nih.gov/20095577/
https://pubmed.ncbi.nlm.nih.gov/20095577/
https://pubmed.ncbi.nlm.nih.gov/19448690/
https://pubmed.ncbi.nlm.nih.gov/19448690/
https://pubmed.ncbi.nlm.nih.gov/26359511/
https://pubmed.ncbi.nlm.nih.gov/26359511/
https://pubmed.ncbi.nlm.nih.gov/9797343/
https://pubmed.ncbi.nlm.nih.gov/9797343/
https://pubmed.ncbi.nlm.nih.gov/9797343/
https://pubmed.ncbi.nlm.nih.gov/25360548/
https://pubmed.ncbi.nlm.nih.gov/25360548/
https://pubmed.ncbi.nlm.nih.gov/25360548/
https://pubmed.ncbi.nlm.nih.gov/18394589/
https://pubmed.ncbi.nlm.nih.gov/18394589/
https://pubmed.ncbi.nlm.nih.gov/18394589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2913105/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2913105/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2913105/
https://pubmed.ncbi.nlm.nih.gov/15711586/
https://pubmed.ncbi.nlm.nih.gov/15711586/
https://pubmed.ncbi.nlm.nih.gov/15711586/
https://pubmed.ncbi.nlm.nih.gov/15711586/
https://pubmed.ncbi.nlm.nih.gov/26508395/
https://pubmed.ncbi.nlm.nih.gov/26508395/
https://pubmed.ncbi.nlm.nih.gov/26508395/
https://pubmed.ncbi.nlm.nih.gov/26508395/
https://pubmed.ncbi.nlm.nih.gov/28277742/
https://pubmed.ncbi.nlm.nih.gov/28277742/
https://pubmed.ncbi.nlm.nih.gov/28277742/
https://pubmed.ncbi.nlm.nih.gov/27231349/
https://pubmed.ncbi.nlm.nih.gov/27231349/
https://pubmed.ncbi.nlm.nih.gov/27231349/
https://pubmed.ncbi.nlm.nih.gov/27231349/
https://pubmed.ncbi.nlm.nih.gov/16543499/
https://pubmed.ncbi.nlm.nih.gov/16543499/
https://pubmed.ncbi.nlm.nih.gov/16543499/
https://pubmed.ncbi.nlm.nih.gov/16543499/
https://pubmed.ncbi.nlm.nih.gov/11690642/
https://pubmed.ncbi.nlm.nih.gov/11690642/
https://pubmed.ncbi.nlm.nih.gov/11690642/
https://pubmed.ncbi.nlm.nih.gov/25449358/
https://pubmed.ncbi.nlm.nih.gov/25449358/
https://pubmed.ncbi.nlm.nih.gov/25449358/
https://pubmed.ncbi.nlm.nih.gov/25449358/
https://pubmed.ncbi.nlm.nih.gov/26519903/
https://pubmed.ncbi.nlm.nih.gov/26519903/
https://pubmed.ncbi.nlm.nih.gov/26519903/
https://pubmed.ncbi.nlm.nih.gov/24886406/
https://pubmed.ncbi.nlm.nih.gov/24886406/
https://pubmed.ncbi.nlm.nih.gov/24886406/
https://pubmed.ncbi.nlm.nih.gov/24886406/
https://pubmed.ncbi.nlm.nih.gov/18343036/
https://pubmed.ncbi.nlm.nih.gov/18343036/
https://pubmed.ncbi.nlm.nih.gov/18343036/
https://pubmed.ncbi.nlm.nih.gov/28219441/
https://pubmed.ncbi.nlm.nih.gov/28219441/
https://pubmed.ncbi.nlm.nih.gov/28219441/
https://pubmed.ncbi.nlm.nih.gov/29090092/
https://pubmed.ncbi.nlm.nih.gov/29090092/
https://pubmed.ncbi.nlm.nih.gov/29090092/
https://pubmed.ncbi.nlm.nih.gov/15109580/
https://pubmed.ncbi.nlm.nih.gov/15109580/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2634013/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2634013/


Citation: Yu Ren, Zhong Zhu, Hua Luo*. The Role of P2y6 Receptor in Disease Occurrence and Progression. Orthop & Spo Med Op Acc J 
5(3)- 2021. OSMOAJ.MS.ID.000212. DOI: 10.32474/OSMOAJ.2021.05.000212

                                                                                                                                                      Volume 5 - Issue 3   Copyrights @ Hua Luo, et al.Orthop & Spo Med Op Acc J

540

51.	Oliveira-Giacomelli Á, C MA, de Souza HDN (2019) P2Y6 and P2X7 
Receptor Antagonism Exerts Neuroprotective/ Neuroregenerative 
Effects in an Animal Model of Parkinson’s Disease. Front Cell Neurosci 
13: 476. 

52.	Welsh LC, Dunlop AW, McGovern T (2014) Neurocognitive function 
after (chemo)-radiotherapy for head and neck cancer. Clin Oncol (R Coll 
Radiol) 26(12): 765-775.

53.	 Dietrich J, Monje M, Wefel J (2008) Clinical patterns and biological 
correlates of cognitive dysfunction associated with cancer therapy. 
Oncologist 13(12): 1285-1295.

54.	 Ide S, Nishimaki N, Tsukimoto M (2014) Purine receptor P2Y6 mediates 
cellular response to gamma-ray-induced DNA damage. J Toxicol Sci 
39(1): 15-23.

55.	Bian J, Zhang Y, Liu Y (2019) P2Y6 Receptor-Mediated Spinal Microglial 
Activation in Neuropathic Pain. 2019: 2612534. 

56.	Kobayashi K, Fukuoka T, Yamanaka H (2006) Neurons and glial cells 
differentially express P2Y receptor mRNAs in the rat dorsal root ganglion 
and spinal cord. J Comp Neurol 498(4): 443-454.

57.	 Kobayashi K, Yamanaka H, Yanamoto F (2012) Multiple P2Y subtypes in 
spinal microglia are involved in neuropathic pain after peripheral nerve 
injury. Glia 60(10): 1529-1539.

58.	 Syhr KM, Kallenborn-Gerhardt W, Lu R (2014) Lack of effect of a P2Y6 
receptor antagonist on neuropathic pain behavior in mice. Pharmacol 
Biochem Behav 124: 389-395.

59.	 Burnstock G, Knight GE (2004) Cellular distribution and functions of P2 
receptor subtypes in different systems. Int Rev Cytol 240: 31-304.

60.	 Wen RX, Shen H, Huang SX (2020) P2Y6 receptor inhibition aggravates 
ischemic brain injury by reducing microglial phagocytosis. CNS Neurosci 
Ther 26(4): 416-429.

61.	 Chetty A, Sharda A, Warburton R (2018) A purinergic P2Y6 receptor 
agonist prodrug modulates airway inflammation, remodeling, and 
hyperreactivity in a mouse model of asthma. J Asthma Allergy 11: 159-
171.

62.	 Schreiber R, Kunzelmann K (2005) Purinergic P2Y6 receptors induce 
Ca2+ and CFTR dependent Cl- secretion in mouse trachea. Cell Physiol 
Biochem 16(1-3): 99-108.

63.	 Nagai J, Balestrieri B, Fanning LB (2019) P2Y6 signaling in alveolar 
macrophages prevents leukotriene-dependent type 2 allergic lung 
inflammation. J Clin Invest 129(12): 5169-5186.

64.	 Zheng J, Huang Y, Islam D (2018) Dual effects of human neutrophil 
peptides in a mouse model of pneumonia and ventilator-induced lung 
injury. Respiratory research 19(1): 190. 

65.	Hao Y, Liang JF, Chow AW (2014) P2Y6 receptor-mediated 
proinflammatory signaling in human bronchial epithelia. PloS one 2014 
9(9): e106235.

66.	 Marcet B, Horckmans M, Libert F (2007) Extracellular nucleotides 
regulate CCL20 release from human primary airway epithelial cells, 
monocytes and monocyte-derived dendritic cells. J Cell Physiol 211(3): 
716-727. 

67.	Shi JP, Wang SY, Chen LL (2016) P2Y6 contributes to ovalbumin-induced 
allergic asthma by enhancing mast cell function in mice. Oncotarget 
7(38): 60906-60918.

68.	 Yu W, Sun X, Robson SC (2013) Extracellular UDP enhances P2X-
mediated bladder smooth muscle contractility via P2Y (6) activation 
of the phospholipase C/inositol trisphosphate pathway. FASEB J 27 (5): 
1895-1903.

69.	Carneiro I, Timóteo MA, Silva I (2014) Activation of P2Y6 receptors 
increases the voiding frequency in anaesthetized rats by releasing ATP 
from the bladder urothelium. Br J Pharmacol 171(14): 3404-3419.

70.	Firouzmand S, Ajori L, Towse J (2020) Investigating the associations 
of mucosal P2Y6 receptor expression and urinary ATP and ADP 
concentrations, with symptoms of overactive bladder. Neurourol Urodyn 
39(3): 926-934.

71.	 Kira S, Yoshiyama M (2017) P2Y (6)-deficiency increases micturition 
frequency and attenuates sustained contractility of the urinary bladder 
in mice. Scientific Reports 7(1): 771.

72.	 Silva I, Ferreirinha F, Magalhães-Cardoso MT (2015) Activation of 
P2Y6 Receptors Facilitates Nonneuronal Adenosine Triphosphate and 
Acetylcholine Release from Urothelium with the Lamina Propria of Men 
with Bladder Outlet Obstruction. J Urol 194(4): 1146-1154.

73.	 Timóteo MA, Carneiro I, Silva I (2014) ATP released via pannexin-1 
hemichannels mediates bladder overactivity triggered by urothelial 
P2Y6 receptors. Biochem Pharmacol 87(2): 371-379.

74.	 Balasubramanian R, Maruoka H, Jayasekara PS (2013) AMP-activated 
protein kinase as regulator of P2Y (6) receptor-induced insulin secretion 
in mouse pancreatic beta-cells. Biochem Pharmacol 85(7): 991-998.

75.	 Parandeh F, Abaraviciene SM, Amisten S (2008) Uridine diphosphate 
(UDP) stimulates insulin secretion by activation of P2Y6 receptors. 
Biochem Biophys Res Commun 370(3): 499-503.

76.	 Steculorum SM, Timper K, Engstrom Ruud L (2017) Inhibition of P2Y6 
Signaling in AgRP Neurons Reduces Food Intake and Improves Systemic 
Insulin Sensitivity in Obesity. Cell Rep 18(7): 1587-1597.

77.	 Steculorum SM, Paeger L, Bremser S (2015) Hypothalamic UDP 
Increases in Obesity and Promotes Feeding via P2Y6-Dependent 
Activation of AgRP Neurons. Cell 162(6): 1404-1417. 

78.	Tsuchiya S, Shigetomi E, Miyamoto T (2013) AMP-activated protein 
kinase as regulator of P2Y (6) receptor-induced insulin secretion in 
mouse pancreatic β-cells. Scientific reports 85(7): 991-998.

http://dx.doi.org/10.32474/OSMOAJ.2021.05.000212
https://pubmed.ncbi.nlm.nih.gov/24418705/
https://pubmed.ncbi.nlm.nih.gov/24418705/
https://pubmed.ncbi.nlm.nih.gov/24418705/
https://pubmed.ncbi.nlm.nih.gov/16874807/
https://pubmed.ncbi.nlm.nih.gov/16874807/
https://pubmed.ncbi.nlm.nih.gov/16874807/
https://pubmed.ncbi.nlm.nih.gov/15548415/
https://pubmed.ncbi.nlm.nih.gov/15548415/
https://pubmed.ncbi.nlm.nih.gov/32154670/
https://pubmed.ncbi.nlm.nih.gov/32154670/
https://pubmed.ncbi.nlm.nih.gov/32154670/
https://pubmed.ncbi.nlm.nih.gov/30122959/
https://pubmed.ncbi.nlm.nih.gov/30122959/
https://pubmed.ncbi.nlm.nih.gov/30122959/
https://pubmed.ncbi.nlm.nih.gov/30122959/
https://pubmed.ncbi.nlm.nih.gov/16121038/
https://pubmed.ncbi.nlm.nih.gov/16121038/
https://pubmed.ncbi.nlm.nih.gov/16121038/
https://pubmed.ncbi.nlm.nih.gov/31638598/
https://pubmed.ncbi.nlm.nih.gov/31638598/
https://pubmed.ncbi.nlm.nih.gov/31638598/
https://pubmed.ncbi.nlm.nih.gov/17295217/
https://pubmed.ncbi.nlm.nih.gov/17295217/
https://pubmed.ncbi.nlm.nih.gov/17295217/
https://pubmed.ncbi.nlm.nih.gov/17295217/
https://pubmed.ncbi.nlm.nih.gov/27590515/
https://pubmed.ncbi.nlm.nih.gov/27590515/
https://pubmed.ncbi.nlm.nih.gov/27590515/
https://pubmed.ncbi.nlm.nih.gov/23362118/
https://pubmed.ncbi.nlm.nih.gov/23362118/
https://pubmed.ncbi.nlm.nih.gov/23362118/
https://pubmed.ncbi.nlm.nih.gov/23362118/
https://pubmed.ncbi.nlm.nih.gov/24697602/
https://pubmed.ncbi.nlm.nih.gov/24697602/
https://pubmed.ncbi.nlm.nih.gov/24697602/
https://pubmed.ncbi.nlm.nih.gov/32049380/
https://pubmed.ncbi.nlm.nih.gov/32049380/
https://pubmed.ncbi.nlm.nih.gov/32049380/
https://pubmed.ncbi.nlm.nih.gov/32049380/
https://www.nature.com/articles/s41598-017-00824-2
https://www.nature.com/articles/s41598-017-00824-2
https://www.nature.com/articles/s41598-017-00824-2
https://pubmed.ncbi.nlm.nih.gov/26004864/
https://pubmed.ncbi.nlm.nih.gov/26004864/
https://pubmed.ncbi.nlm.nih.gov/26004864/
https://pubmed.ncbi.nlm.nih.gov/26004864/
https://pubmed.ncbi.nlm.nih.gov/23333427/
https://pubmed.ncbi.nlm.nih.gov/23333427/
https://pubmed.ncbi.nlm.nih.gov/23333427/
https://pubmed.ncbi.nlm.nih.gov/18387359/
https://pubmed.ncbi.nlm.nih.gov/18387359/
https://pubmed.ncbi.nlm.nih.gov/18387359/


Citation: Yu Ren, Zhong Zhu, Hua Luo*. The Role of P2y6 Receptor in Disease Occurrence and Progression. Orthop & Spo Med Op Acc J 
5(3)- 2021. OSMOAJ.MS.ID.000212. DOI: 10.32474/OSMOAJ.2021.05.000212

                                                                                                                                                      Volume 5 - Issue 3   Copyrights @ Hua Luo, et al.Orthop & Spo Med Op Acc J

541

This work is licensed under Creative
Commons Attribution 4.0 License

To Submit Your Article Click Here:       Submit Article

   Orthopedics and Sports Medicine
Open Access Journal

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

DOI: 10.32474/OSMOAJ.2021.05.000212

http://dx.doi.org/10.32474/OSMOAJ.2021.05.000212
https://lupinepublishers.com/submit-manuscript.php
https://lupinepublishers.com/orthopedics-sportsmedicine-journal/
http://dx.doi.org/10.32474/OSMOAJ.2021.05.000212

	The Role of P2y6 Receptor in Disease Occurrence and Progression
	Abstract
	Introduction

