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P2Y6 receptor and immunoinflammation
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Abstract:  The immunocytes microglia in the central nervous system (CNS) were reported to play a crucial role in
neurodegeneration. As a member of P2 receptors family, purinoceptor P2Y6 has attracted much attention recently. Previous
studies showed that purinoceptor P2Y6 mainly contributed to microglia activation and their later phagocytosis in CNS, while
in immune system, it participated in the secretion of interleukin (IL)-8 from monocytes and macrocytes. So there raises a
question: whether purinoceptor P2Y6 also takes part in neuroinflammation? Thus, this review mainly concerns about the
properties and roles of purinoceptor P2Y6, including (1) structure of purinoceptor P2Y6; (2) distribution and properties of
purinoceptor P2Y6; (3) relationships between purinoceptor P2Y6 and microglia; (4) relationships between purinoceptor P2Y6
and immunoinflammation. It’s proposed that purinoceptor P2Y6 may play a role in neuroinflammation in CNS, although further
research is still required.
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1    Introduction

Extracellular nucleotides are ubiquitous molecules that
initiate and regulate a myriad of physiological effects via
membrane-bound purinoceptors. Nucleotide receptors are
normally divided into two categories: P1 receptors that bind
to adenosine in a concentration-dependent way and have
diverse biological functions through G-protein linked sec-
ond-messenger systems, and P2 purinoceptors that are fur-
ther divided into two families: ionotropic receptors (P2X) fam-
ily and metabotropic receptors (P2Y) family. P2X receptors (7
types: P2X1–P2X7) contain intrinsic pores that are opened
following ATP binding[1]. P2Y receptors (8 types: P2Y1, 2, 4,
6, 11, 12, 13 and 14) are activated by nucleotides and linked to

intracellular second-messenger systems through heteromeric
G-proteins. Nucleotides are released or leaked from non-ex-
citable cells as well as neurons under physiological or patho-
physiological conditions[2]. Under normal conditions, some
P2Y receptors, including P2Y2, P2Y4 and P2Y6 receptors,
participate actively in regulating the secretions of Cl-, Na+

and K+ and in maintaining the Ca2+ concentration[3]. However,
under inflammatory conditions, activations of P2Y receptors
can stimulate cell proliferation and play a role in immune cell
recruitment, proliferation and differentiation, thus enhance the
expressions and secretions of cytokines and proinflammatory
molecules, and increase the expressions of cell adhesion
molecules and promote the cell migration[4-7]. To learn more
about P2Y receptors, we choose purinoceptor P2Y6 as an
example and discuss recent research development on P2Y6.

2    Structure of purinoceptor P2Y6

Like other receptors of the P2Y family, purinoceptor P2Y6
has seven transmembrane domains (Fig.1). The N-terminal
region contains a single potential asparagine-linked glycosylation
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site, and the third intracellular loop and cytoplasmic C-termi-
nal have two recognition sites (Ser-235 and Thr-320) for phos-
phorylation by protein kinase C[8,9,13]. The human P2Y6 re-
ceptor gene is localized in chromosome 11q13.3-13.5[10]. cDNA
cloning of P2Y6 receptor is identified in three cDNA isoforms,
among which two isoforms have identical contiguous open
reading frames (ORFs) but differ in their 5’ untranslated
regions (5’ UTRs), originating probably from alternative
splicing, and the third isoform represents a pseudogene[11].

3    Distribution and properties of purinoceptor P2Y6

P2Y6 receptor is widely distributed in various tissues,
including placenta, spleen, thymus, small intestine, blood,
heart, blood vessels and brain[13,14]. On the cellular level, P2Y6
receptor is expressed in many kinds of cells, including intes-
tinal epithelial cells, T cells (affected T cells), monocytes,
microglia, vascular endothelia cells, cardiomyocytes, smooth
muscle cells[15,16] and neurons in the guinea pig enteric ner-
vous system[17]. Its mRNA expression has also been detected
in motor neurons[18] and spinal sensory neurons. Diphospho-
nucleotides such as UDP and UTP are ligands of P2Y6
receptor, and they are ordered according to the disparity in
potency as follows: UDP > TDP > IDP > GDP > ADP >> CDP
[19]. As a ligand of  P2Y6 receptor, UDP is approximately 100-
fold more potent than UTP[14,20], whereas ADP, ATP and their
2-methylthio derivatives are almost inactive. The specific an-

tagonist for P2 receptors is MRS2578. Other three non-spe-
cific antagonists were ordered according to their activities as
in the follows: reactive blue> pyridoxal-phosphate-6-
azophenyl-2', 4'- disulphonicacid (PPADS) > suramin.

4    P2Y6 receptor and microglia

 Expressing many types of P2 purinoceptors, microglia
are known as resident macrophages in the central nervous
system (CNS). ATP and other nucleotides work as warning
molecules especially through activating microglia under
pathophysiological conditions. Microglia may play a key role
in chemotaxis, phagocytosis and neuroinflammation through
nucleotide-evoked activations of P2X4, P2Y12 and P2Y6
receptors. Microglia are well known as sensors of most of
the brain-damaging events and are very crucial in the
progress of many neurodegenerative diseases, such as
Parkinson disease (PD), amyotrophic lateral sclerosis (ALS)
and Alzheimer’s disease (AD). Microglia will be activated as
a response to injury, resulting in their interactions with im-
mune cells. Then activated microglia migrate to the sites of
injury, releasing proinflammatory mediators and finally en-
gulfing the damaged cells and cell debris, the process of
which is known as phagocytosis. Koizumi and his colleagues
reported that it was the P2Y6 receptor that mediated the ph-
agocytosis of microglia, and they also proposed that UTP
released from damaged cells might trigger phagocytosis

Figure. 1  The P2Y receptors family belong to G-protein-coupled receptors (adapted from Fields RD, Nat Rev Neurosci 2006)[12].



163Gui-Dong LIU, et al.    P2Y6 receptor and immunoinflammation

through P2Y6 receptor[21]. In other words, the investigations
in the role of P2Y6 receptor in mediating microglia phagocy-
tosis could help develop therapeutic agents to interfere with
microglia activation in diseases.

5    P2Y6 receptor and immunoinflammation

 The presence of P2Y6 transcripts in human spleen, thy-
mus and blood leukocytes suggests a possible role of  P2Y6
receptor in the immune system. As a selective P2Y6 agonist,
UDP can stimulate the release of interleukin (IL)-8 from hu-
man THP-1 monocytes and intestinal epithelial cells, whereas
other nucleotides are relatively inactive[22,23]. Other inflam-
matory stimuli, such as tumor necrosis factor (TNF-α), inter-
feron (IFN)-γ and LPS can also stimulate IL-8 release from
monocytes, intestinal epithelial cells and monocyte-derived
dendritic cells via P2Y6 receptor through an ERK1/2-depen-
dent way[22-25]. Extracellular nucleotides can also regulate re-
lease of chemokine (C-C motif) ligand 20 (CCL20) from hu-
man primary airway epithelial cells, monocytes and mono-
cyte-derived dendritic cells through P2Y6 receptor[25]. These
findings indicate a novel role of P2Y6 receptor in innate im-
mune defenses. P2Y6 knockout mice are viable and their
growth or fertility is indistinguishable from that of the wild-
type mice. However, P2Y6 knockout macrophages fail to show
enhanced release of either interleukin (IL)-6 or macrophage-
inflammatory protein 2 (MIP-2) in response to LPS stimulation,
while they exhibit enhanced release of  TNF-α. What’s more,
the endothelial dependent relaxation of the aorta by UDP,
and the contractile effect of UDP on the aorta observed in
the block of endothelial nitric-oxide synthase, were also ab-
sent in P2Y6-null mice[26].

6    Conclusion

From these observations, we conclude that P2Y6 recep-
tor plays an important role in immunoinflammation in periph-
eral system, mainly by modulating the production and secre-
tion of IL-8 in monocytes and macrophages. We also pro-
pose that P2Y6 receptor may be involved in neuroinflammation
in neurodegenerative diseases. The role of P2Y6 receptor in
CNS especially in microglia-associated processes still needs
further investigation. Uracil nucleotide-sensitive P2Y recep-

tor subtypes may become future targets for treatment of
neurodegenerative diseases, vascular diseases and inflam-
matory diseases.
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P2Y6 受体与免疫炎症

刘桂冬，丁健青，肖勤，陈生弟

上海交通大学医学院附属瑞金医院神经科，上海交通大学医学院神经病学研究所，上海 200025

摘要：小胶质细胞是中枢神经系统中的一种免疫活性细胞，在神经退行性疾病的发生发展中起着重要作用，近年

已经引起基础研究者的高度重视。嘌呤能受体P2Y6是P2受体家族中的一员，近年来也引起了科学界的关注。有

研究表明，P2Y6受体在中枢神经系统中介导小胶质细胞的活化及其吞噬作用，在免疫系统中参与单核巨噬细胞分

泌释放细胞因子IL-8。在中枢神经系统中P2Y6受体是否也参与了炎症因子的产生呢？本文就以下四个方面对P2Y6受
体做一综述:(1)P2Y6受体的结构；(2)P2Y6受体的分布及特性；(3)P2Y6受体与小胶质细胞的关系；(4)P2Y6受体与免

疫炎症的关系。推测 P2Y6 受体可能在中枢神经系统的免疫炎症反应中起重要作用，仍需进一步的研究去证实。

关键词：P2Y6 受体；小胶质细胞；炎症；免疫；神经退行性疾病



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


