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Abstract Intense ATP signaling through P2X7 purinergic
receptors can lead to excitotoxicity, a feature which initiates
neuronal demise in experimental paradigms relevant to
ischemia and to traumatic injury. In addition, recent data
provide evidence that oligodendrocytes also express P2X7
receptors that are activated under experimental pathological
conditions involving white matter demise. Thus, this
receptor subtype is a promising target for the development
of new drugs to prevent white matter damage in acute and
chronic diseases.
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Introduction

Oligodendrocytes are the major component of white matter,
which, in the human brain, accounts for up to about 50% of
the total central nervous system (CNS) [1]. Damage to this
cell population compromises brain function in many
neurological diseases including stroke, trauma, and demy-
elinating disorders [2]. Drug candidates that selectively
protect neurons in experimental studies did not succeed in
clinical trials [3], a feature which may be due, at least in
part, to the failure of these drugs to protect white matter
cellular elements including oligodendrocytes and axons
from injury.

Oligodendrocytes express most neurotransmitter recep-
tors known to be present in neurons [for recent reviews,
see, 2, 4–6]. In particular, cells of the oligodendrocyte
lineage are endowed with functional ionotropic glutamate
receptors of all kinds, in a region- and temporal-specific
manner throughout development, thus providing a signaling
substrate that underlies complex functions not elucidated
yet. In turn, oligodendrocytes are vulnerable to increased
levels of glutamate [7–9], an excitatory neurotransmitter
that may reach toxic extracellular concentrations after
intense activity or after injury [for reviews, see 2, 10].

Glutamate damages oligodendrocytes, like neurons, by
excitotoxicity as a consequence of prolonged activation of
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA), kainate, and N-methyl-D-aspartate (NMDA) recep-
tors [2, 10]. In both cell types, glutamate receptor-mediated
toxicity depends entirely on calcium overload of the
cytoplasm and can be initiated by disruption of glutamate
homeostasis [2, 11].

Like glutamate, ATP is co-released with other trans-
mitters and thus contributes to neuronal excitability by
activating ionotropic (P2X) and metabotropic (P2Y) recep-
tors [12–16]. ATP-gated P2X channels have marked
calcium permeability, equivalent to NMDA receptors, and
are formed by P2X1–P2X7 subunits [14, 17]. P2X
receptors are expressed in CNS neurons whereby they
participate in fast synaptic transmission and modulation
[18]. In addition, P2X7 receptors mediate immunomodula-
tory responses [19, 20] and signaling cascades leading to
neurodegeneration after ischemia [21]. Recently, it has also
been shown that spinal cord injury is associated with
prolonged P2X7 receptor activation, which results in
neuronal excitotoxicity [22].

In this short review, I will discuss evidence showing
that ATP excitotoxicity can also contribute to oligoden-
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drocyte damage and to the progression of acute and
chronic neurodegeneration.

P2X7 Receptors in the CNS

P2X receptors have two hydrophobic, putative membrane
spanning segments outlining the channel-pore, which in
most P2X channels is cation-selective and—like members
of the nicotinic and ionotropic glutamate receptors—
discriminate poorly among different cations [23].

P2X7 receptors are atypical P2X receptors. Although
they can form functional heteromers [24] as other P2X
receptors do, they require ATP concentrations an order of
magnitude higher for activation than do other P2X family
members. Furthermore, P2X7 receptors have a long
intracellular C-terminal sequence that is involved in
forming a membrane pore that is permeable to molecules
as large as 900 Da during prolonged agonist activity [25].

P2X7 receptors are undoubtedly expressed in neurons
whereby modulate synaptic function and influence neuronal
survival [26]. However, the identification and localization
of these receptors has been controversial because of limited
pharmacological and immunochemical tools. As a conse-
quence, a number of inconsistent data have been reported
[26]. In spite of that, consensus criteria were recently
proposed to characterize unequivocally the presence of
P2X7 receptors in the CNS. These criteria include the
known affinity of various agonists (ATP and 2′-3′-O-(4-
benzoylbenzoyl)-ATP) and antagonists (periodate-oxidized
ATP, Brilliant Blue-G; pyridoxal-5′-phosphate-6-azo-
phenyl-2′,5′-disulfonic acid) to human and non-human
recombinant P2X7 receptors as well as the use of available
knock out mice to assess the presence of P2X7 [26].

In neurons, P2X7 receptors constitute a large source of
transmitter-activated Ca2+ influx [14, 27]. Because of that,
presynaptic P2X7 receptors play a role in neurotransmitter
release. In particular, these receptors mediate glutamate
release in spinal cord [28] and stimulate both GABA and
glutamate outflow in hippocampus [29]. In addition to
presynaptic effects, recent evidence indicates that P2X7
receptors have postsynaptic effects mediating postsynaptic
AMPA receptor insertion in the rat hypothalamic para-
ventricular nucleus [30].

In turn, P2X7 receptors are also expressed in glial cells
including Müller cells, astrocytes, microglia, and Schwann
cells [14, 28] and contribute to the pathophysiology of
these cells [31]. For instance, opening of the P2X7 pore in
astrocytes can contribute to glutamate release, which is
driven by the huge transmembrane gradient (millimolar
versus micromolar concentrations, intra- and extracellular,
respectively) and the inside negative membrane potential
[32]. In addition, P2X7 receptor activation promotes the

amplification of calcium signal transmission within the
astrocytic network after exposure to low divalent cation
solution [33]. Finally, microglial cells are also endowed
with P2X7 [34], which can mediate the release of endo-
cannabinoids and thus regulate inflammation [35].

P2X7 Receptors in Oligodendrocytes

There is evidence showing that oligodendrocytes and their
progenitors express P2X7 receptors in vitro [36–39]. Thus,
ATP at high concentrations activated P2X receptor
responses in optic nerve glia including oligodendrocytes
that did not desensitize or saturate and was dependent on
extracellular calcium [37]. In addition, benzoyl–benzoyl
ATP (BzATP) also evokes an elevation in the cytosolic
concentration of calcium, and the dye YO-PRO-1, which
passes through pore-forming P2X7 receptors, is taken up by
astrocytes, oligodendrocytes, and microglia [37]. Overall,
these are characteristic properties of the P2X7 subtype,
although they could be confounded by the presence in
oligodendroglial cells of P2X2 and P2X4 receptors [40]
that are also pore-forming in the presence of sustained high
ATP concentrations [14].

Purinergic receptors have also been shown to participate
in oligodendrocyte development [38, 41]. Thus, oligoden-
drocyte progenitors express different types of P2Y and P2X
receptors, including P2X7, that induce calcium raises,
stimulate their migration, inhibit the mitogenic response to
platelet-derived growth factor PDGF and promote oligo-
dendrocyte differentiation [38, 41]. However, the pharma-
cological profile of most of these ATP-induced effects
corresponds to P2Y1 receptors, which play an important
regulatory role in oligodendrocyte progenitors [38, 41].

Adding to and consistent with those previous results, we
observed that differentiated oligodendrocytes have a robust
expression of P2X receptors whose electrophysiological,
pharmacological, and molecular properties in vitro and in
vivo mostly correspond to that of the P2X7 subtype [Table 1;
40]. Thus, the EC50 of the receptors response to ATP in
oligodendrocytes is within the millimolar range and
decreases by an order of magnitude in the absence of
cations; receptor activation by ATP is blocked by Brilliant
Blue-G (BBG) at submicromolar concentrations; and the
immunochemical profile using two different antibodies to
P2X7 indicate that this receptor type is expressed in vitro
and in situ in oligodendrocytes and myelin in the optic
nerve as well as in the spinal cord. As these antibodies can
also stain neurons in P2X7 knock out mice [42], oligoden-
drocytes from these mice were also studied and showed
much smaller responses to ATP, and absence of P2X7 as
shown by immunoblotting and by immunostaining in
cultures and optic nerve (see supplementary Fig. 1 in
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[40]). Overall, these results indicate that matured oligoden-
drocytes have P2X7 receptors.

Unfortunately, these findings do not provide hints
regarding the physiological functions mediated by P2X7
receptors in mature oligodendrocytes. It is possible that
their strategic location in the myelin sheath [40] is relevant
to myelin formation and preservation as well as to sensing
electrical activity in the axons they insulate.

Relevance of P2X7 Receptor Signaling
in Oligodendrocytes to Disease

Glutamate receptor-mediated excitotoxicity in neurons and
oligodendrocytes is caused by calcium overload of the
cytoplasm as a consequence of membrane depolarization
and calcium influx [2, 11]. In like manner, P2X receptors in
oligodendrocytes are highly permeable to calcium and
prolonged activation of these receptors is lethal to differ-
entiated oligodendrocytes in culture and to mature oligo-

dendrocytes in isolated optic nerves in vitro and in vivo
(Fig. 1, [40]). The pharmacological profile of this toxicity
corresponds to that of P2X7 receptors (Table 1). Thus, cell
death is maximal at concentrations of ATP close to the
millimolar range, and it is prevented in the absence of
calcium or by low concentrations of the P2X7 antagonist
BBG. However, P2X2 and P2X4 receptors, which are also
present in oligodendrocytes, may contribute as well to some
of the observed ATP toxicity in these cells.

Consistent with those findings, excitotoxicity-based
neuronal degeneration triggered by P2X7 receptors has
been described after ischemia [21] and subsequent to spinal
cord injury [22]. In the latter, the release of ATP around the
damaged area results in cell death of nearby neurons and
oligodendrocytes via activation of P2X7 receptors [22]. In
addition, these data add to recent studies documenting that
P2X7 receptors are involved in neurodegenerative process-
es by regulating intracellular calcium concentration, inter-
leukin-1β processing and release, as well as caspase
activation under pathological conditions such as inflamma-
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Fig. 1 P2X receptor activation triggers oligodendrocyte death in vitro.
a and b Toxicity of ATP and BzATP in optic nerve oligodendrocytes
in culture, as measured 24 h later with calcein. Oligodendrocyte
death is observed after exposure to ATP and BzATP at concen-
trations above 10 μM and 1 μM, respectively (P<0.05 for these

concentrations or higher). This toxicity is prevented by co-application
of the broad spectrum P2X antagonist PPADS, by P2X7 receptor
antagonist BBG, and by Ca2+ removal from the culture medium (P<
0.05 for each comparison between agonist and the various conditions).
Modified from [40]

Table 1 Oligodendrocytes express P2X receptors with similar properties to those of recombinant P2X7 receptors

Recombinant P2X7 receptors (refs. [26, 27]) Oligodendrocyte P2X7 receptors (ref. 40)

Agonists
ATP EC50=0.3–1.8 mM EC50=8.8 mM
BzATP 10- to 30-fold more potent than ATP EC50=0.5 mM
No divalent cations Increased affinity Increased affinity

Antagonists
PPADS > 50 μM 100 μM
oATP 100–300 μM (irreversible) 1 mM (irreversible)
BBG 10–100 nM IC50=17 nM
Calcium permeability high (Pf %=4.6) n.d.
Molecular weight 75 kDa 75 kDa
Location n.a. Soma, processes and myelin
Function n.a. n.d.
Pathophysiology Excitotoxicity Excitotoxicity and demyelination after EAE

BBG Brilliant Blue-G, BzATP 20-30-O-(4-benzoylbenzoyl)-ATP, EAE experimental autoimmune encephalomyelitis, oATP periodate-oxidized
ATP, PPADS pyridoxal-50-phosphate-6-azophenyl-20,50-disulfonic acid, n.a. not applicable, n.d. not determined yet, Pf% fractional calcium
currents

Mol Neurobiol (2008) 38:123–128 125125



tion, mechanical injury, ischemia-reperfusion injury and
stress [21, 43–45].

It is interesting to note that activation of P2X7 receptors
in the optic nerve in vivo causes lesions reminiscent of
those found in multiple sclerosis in that they have severe
loss of oligodendroglia, intense microgliosis, demyelin-
ation, and axonal damage [40]. These features indicate that
excess of extracellular ATP as a consequence of ongoing
tissue damage in multiple sclerosis may in turn aggravate
the progression of the disease. Indeed, treatment with P2X7
antagonists after the onset of experimental autoimmune
encephalomyelitis (EAE), a well-established model of
multiple sclerosis, ameliorates the course of the motor
symptoms, reduces tissue damage, attenuates demyelination
and restores normal conduction velocity in axons of the
corticospinal tract [40]. Overall, these findings are consis-
tent with the idea that sustained activation of P2X7
receptors can be deleterious to the CNS in pathological
conditions including stroke and spinal cord injury [21, 22].
However, it should be noticed that EAE symptoms are
exacerbated in P2X7-null mice [46], as a consequence of a
disruption of the endocannabinoid neuroprotection system
[47]. This apparent contradiction could be caused by
adaptive changes in the immune response of P2X7 knock
mice during the course of EAE and/or to altered repair
mechanisms in CNS injury in these mice.

Overall, these findings suggest that blockade of P2X7
receptors can alleviate the symptoms of multiple sclerosis
and delay its progression. However, the relevance of these
findings to the etiology of multiple sclerosis is not known.
On an intriguing note, P2X7 expression is increased in
oligodendrocytes of non-lesioned, apparently normal, axo-
nal tracts in postmortem tissue from patients with multiple
sclerosis [40]. Enhanced levels of P2X7 in oligodendroglia
may render this cell population vulnerable to ATP excito-
toxicity and thus contribute to the onset and/or progression
of multiple sclerosis (Fig. 2). Moreover, inter-individual
variability in regions regulating the expression of the gene
encoding P2X7 receptors may add to the genetic back-
ground predisposing to multiple sclerosis. Alternatively,
genetic polymorphisms resulting in P2X7 receptor gain of
function [48] may also elevate the sensitivity of oligoden-
drocytes to excitotoxicity.

Concluding Remarks

The new findings have identified oligodendrocyte P2X7
receptors as a new intermediary of axon to myelin
signaling. The location of these receptors in oligodendro-
cytes and myelin sheaths renders these sites particularly
vulnerable to excitotoxic insults in spinal cord traumatic
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Fig. 2 P2X7 receptors and oligodendrocyte excitotoxicity in multiple
sclerosis. The identification of oligodendrocyte P2X7 receptors adds
additional complexity to the mosaic of neurotransmitter-mediated
interactions among glial cells and axons in white matter tracts.
Astrocytes and oligodendrocytes and their myelin sheaths express
glutamate receptors and transporters as well as P2X7 receptors. In
normal conditions, glutamate is taken up by glutamate transporters,
which prevent overactivation of glutamate receptors in oligodendro-
cyte progenitors (OPC), oligodendrocytes, and myelin, and cell
damage by excitotoxicity. In multiple sclerosis, increased extracellular
levels of glutamate as a result of oxidative stress, which impairs

glutamate uptake (illustrated with an X on the glutamate transporter),
can lead to excitotoxic damage of oligodendrocytes and myelin
(illustrated in pink) and the release of ATP from destroyed cells. In
turn, the increased expression of P2X7 receptors observed in
oligodendrocytes in multiple sclerosis augments the vulnerability of
these cells to ATP. In conjunction, enhanced signaling by both
glutamate and ATP in oligodendrocytes may contribute to the
progression of tissue damage in multiple sclerosis. EAAT, glutamate
transporter; GluR, receptor; OPC, oligodendrocyte progenitor cell.
Microglia have been omitted for simplicity. Scheme is based on data
from [2, 5, 49, 50]
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injury, ischemia-reperfusion damage, and multiple sclerosis.
P2X7 receptor-mediated tissue damage may well occur in
other disease conditions including cerebral palsy and
chronic neurodegenerative diseases. A deeper knowledge
of the functions mediated by these receptors and their
pathophysiological significance will undoubtedly provide
new therapeutic tools to treat acute and chronic damage to
white matter.

Acknowledgments Research in my laboratory is supported by
CIBERNED, Universidad del País Vasco, Gobierno Vasco, Ministerio
de Educación y Ciencia y Ministerio de Sanidad y Consumo. Support
by the European Leukodistrophy Association is also gratefully
acknowledge.

References

1. Zhang K, Sejnowski TJ (2000) A universal scaling law between
gray matter and white matter of cerebral cortex. Proc Natl Acad
Sci U S A 97:5621–5626

2. Matute C, Domercq M, Sánchez-Gómez MV (2006) Glutamate-
mediated glial injury: mechanisms and clinical importance. Glia
53:212–224

3. O’Collins VE, Macleod MR, Donnan GA, Horky LL, van der
Worp BH, Howells DW (2006) 1,026 experimental treatments in
acute stroke. Ann Neurol 59:467–477

4. Belachew S, Gallo V (2004) Synaptic and extrasynaptic neuro-
transmitter receptors in glial precursors’ quest for identity. Glia
48:185–196

5. Kettenmann H, Steinhauser C (2005) Receptors for neurotrans-
mitters and hormones. In: Kettenmann H, Ransom BR (eds)
Neuroglia. 2nd edn. Oxford University Press, USA, pp 131–145

6. Matute C (2006) Oligodendrocyte NMDA receptors: a novel
therapeutic target. Trends Mol Med 12:289–292

7. Matute C, Sánchez-Gómez MV, Martínez-Millán L, Miledi R
(1997) Glutamate receptor-mediated toxicity in optic nerve
oligodendrocytes. Proc Natl Acad Sci U S A 94:8830–8835

8. McDonald JW, Althomsons SP, Hyrc KL, Choi DW, Goldberg
MP (1998) Oligodendrocytes from forebrain are highly vulnerable
to AMPA/kainate receptor-mediated excitotoxicity. Nat Med 4:
291–297

9. Li S, Stys PK (2000) Mechanisms of ionotropic glutamate
receptor-mediated excitotoxicity in isolated spinal cord white
matter. J Neurosci 20:1190–1198

10. Káradóttir R, Attwell D (2007) Neurotransmitter receptors in
the life and death of oligodendrocytes. Neuroscience 145:
1426–1438

11. Choi DW (1992) Excitotoxic cell death. J Neurobiol 23:
1261–1276

12. Burnstock G (1972) Purinergic nerves. Pharmacol Rev 24:
509–581

13. Ralevic V, Burnstock G (1998) Receptors for purines and
pyrimidines. Pharmacol Rev 50:413–492

14. North RA (2002) Molecular physiology of P2X receptors. Physiol
Rev 82:1013–1067

15. Pankratov Y, Lalo U, Verkhratsky A, North RA (2007) Quantal
release of ATP in mouse cortex. J Gen Physiol 129:257–265

16. North RA, Verkhratsky A (2006) Purinergic transmission in the
central nervous system. Pflugers Arch 452:479–485

17. Torres G, Egan T, Voigt M (1999) Hetero-oligomeric assembly of
P2X receptor subunits: specificities exist with regard to possible
partners. J Biol Chem 274:6653–6659

18. Khah BS (2001) Molecular physiology of P2X receptors and ATP
signalling at synapses. Nat Rev Neurosci 2:165–174

19. Di Virgilio F, Sanz JM, Chiozzi P, Falzoni S (1999) The P2Z/
P2X7 receptor of microglial cells: a novel immunomodulatory
receptor. Prog Brain Res 120:355–368

20. Di Virgilio F (2007) Liaisons dangereuses: P2X(7) and the
inflammasome. Trends Pharmacol Sci 28:465–472

21. Le Feuvre RA, Brough D, Touzani O, Rothwell NJ (2003) Role of
P2X7 receptors in ischemic and excitotoxic brain injury in vivo. J.
Cereb Blood Flow Metab 23:381–384

22. Wang X, Arcuino G, Takano T, Lin J, Peng WG, Wan P, Li P, Xu
Q, Liu QS, Goldman SA, Nedergaard M (2004) P2X7 receptor
inhibition improves recovery after spinal cord injury. Nat Med
10:821–827

23. Khakh BS, North RA (2006) P2X receptors as cell-surface ATP
sensors in health and disease. Nature 442:527–532

24. Guo C, Masin M, Qureshi OS, Murrell-Lagnado RD (2007)
Evidence for functional P2X4/P2X7 heteromeric receptors. Mol
Pharmacol 72(6):1402–1405

25. Surprenant A, Rassendren F, Kawashima E, North RA, Buell G
(1996) The cytolytic P2Z receptor for extracellular ATP identified
as a P2X receptor (P2X7). Science 272:735–738

26. Anderson CM, Nedergaard M (2006) Emerging challenges of
assigning P2X7 receptor function and immunoreactivity in
neurons. Trends Neurosci 29:257–262

27. Egan TM, Khakh BS (2004) Contribution of calcium ions to P2X
channel responses. J Neurosci 24:3413–3420

28. Deuchars SA, Atkinson L, Brooke RE, Musa H, Milligan CJ,
Batten TF, Buckley NJ, Parson SH, Deuchars J (2001) Neuronal
P2X7 receptors are targeted to presynaptic terminals in the
central and peripheral nervous systems. J Neurosci 21:7143–
7152

29. Sperlagh B, Köfalvi A, Deuchars J, Atkinson L, Milligan CJ,
Buckley NJ, Vizi ES (2002) Involvement of P2X7 receptors in the
regulation of neurotransmitter release in the rat hippocampus. J.
Neurochem 81:1196–1211

30. Gordon GR, Baimoukhametova DV, Hewitt SA, Rajapaksha WR,
Fisher TE, Bains JS (2005) Norepinephrine triggers release of
glial ATP to increase postsynaptic efficacy. Nat Neurosci 8:
1078–1086

31. Giaume C, Kirchhoff F, Matute C, Reichenbach A, Verkhratsky A
(2007) Glia: the fulcrum of brain diseases. Cell Death Differ
14:1324–1335

32. Duan S, Anderson CM, Keung EC, Chen Y, Chen Y, Swanson RA
(2003) P2X7 receptor-mediated release of excitatory amino acids
from astrocytes. J Neurosci 23:1320–1328

33. Suadicani SO, Brosnan CF, Scemes E (2006) P2X7 receptors
mediate ATP release and amplification of astrocytic intercellular
Ca2+ signaling. J Neurosci 26:1378–1385

34. Ferrari D, Chiozzi P, Falzoni S, Dal Susino M, Collo G, Buell G,
Di Virgilio F (1997) ATP-mediated cytotoxicity in microglial
cells. Neuropharmacology 36:1295–1301

35. Witting A, Walter L, Wacker J, Möller T, Stella N (2004) P2X7
receptors control 2-arachidonoylglycerol production by microglial
cells. Proc Natl Acad Sci U S A 101:3214–3219

36. Fields RD, Burnstock G (2006) Purinergic signalling in neuron-
glia interactions. Nat Rev Neurosci 7:423–436

37. James G, Butt AM (2002) P2Y and P2X purinoceptor mediated
Ca2+ signalling in glial cell pathology in the central nervous
system. Eur J Pharmacol 447:247–260

38. Agresti C, Meomartini ME, Amadio S, Ambrosini E, Serafini B,
Franchini L, Volonte C, Aloisi F, Visentin S (2005) Metabotropic
P2 receptor activation regulates oligodendrocyte progenitor
migration and development. Glia 50:132–144

39. Yu Y, Ugawa S, Ueda T, Ishida Y, Inoue K, Kyaw Nyunt A,
Umemura A, Mase M, Yamada K, Shimada S (2008) Cellular

Mol Neurobiol (2008) 38:123–128 127127



localization of P2X7 receptor mRNA in the rat brain. Brain Res
1194:45–55

40. Matute C, Torre I, Pérez-Cerdá F, Perez-Samartín A, Alberdi E,
Etxebarria E, Arranz AM, Ravid R, Rodríguez-Antigüedad A,
Sánchez-Gómez M, Domercq M (2007) P2X7 receptor blockade
prevents ATP excitotoxicity in oligodendrocytes and ameliorates
experimental autoimmune encephalomyelitis. J Neurosci
27:9525–9533

41. Agresti C, Meomartini ME, Amadio S, Ambrosini E, Volonté
C, Aloisi F, Visentin S (2005) ATP regulates oligodendrocyte
progenitor migration, proliferation, and differentiation: in-
volvement of metabotropic P2 receptors. Brain Res Rev 48:
157–165

42. Sim JA, Young MT, Sung HY, North RA, Surprenant A (2004)
Reanalysis of P2X7 receptor expression in rodent brain. J
Neurosci 24:6307–6314

43. Cavaliere F, Amadio S, Sancesario G, Bernardi G, Volonte C
(2004) Synaptic P2X7 and oxygen/glucose deprivation in organo-
typic hippocampal cultures. J Cereb Blood Flow 24:392–398

44. Chessell IP, Hatcher JP, Bountra C, Michel AD, Hughes JP, Green
P, Egerton J, Murfin M, Richardson J, Peck WL, Grahames CB,
Casula MA, Yiangou Y, Birch R, Anand P, Buell GN (2005)

Disruption of the P2X7 purinoceptor gene abolishes chronic
inflammatory and neuropathic pain. Pain 114:386–396

45. Sperlágh B, Vizi ES, Wirkner K, Illes P (2006) P2X7 receptors in
the nervous system. Prog Neurobiol 78:327–346

46. Chen L, Brosnan CF (2006) Exacerbation of experimental autoim-
mune encephalomyelitis in P2X7R−/−mice: evidence for loss of
apoptotic activity in lymphocytes. J Immunol 176:3115–3126

47. Witting A, Chen L, Cudaback E, Straiker A, Walter L, Rickman
B, Möller T, Brosnan C, Stella N (2006) Experimental autoim-
mune encephalomyelitis disrupts endocannabinoid-mediated neu-
roprotection. Proc Natl Acad Sci U S A 103:6362–6367

48. Cabrini G, Falzoni S, Forchap SL, Pellegatti P, Balboni A, Agostini P,
Cuneo A, Castoldi G, Baricordi OR, Di Virgilio F (2005) A His-155
to Tyr polymorphism confers gain-of-function to the human P2X7
receptor of human leukemic lymphocytes. J Immunol 175:82–89

49. Domercq M, Etxebarria E, Pérez-Samartín A, Matute C (2005)
Excitotoxic oligodendrocyte death and axonal damage induced by
glutamate transporter inhibition. Glia 52:36–46

50. Matute C, Alberdi E, Domercq M, Pérez-Cerdá F, Pérez-Samartín
A, Sánchez-Gómez MV (2001) The link between excitotoxic
oligodendroglial death and demyelinating diseases. Trends Neuro-
sci 24:224–230

128 Mol Neurobiol (2008) 38:123–128


	P2X7 Receptors in Oligodendrocytes: A Novel Target for Neuroprotection
	Abstract
	Introduction
	P2X7 Receptors in the CNS
	P2X7 Receptors in Oligodendrocytes
	Relevance of P2X7 Receptor Signaling in Oligodendrocytes to Disease
	Concluding Remarks
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


