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Abstract
Pannexin (Panx) is a gene family encoding gap junction proteins in vertebrates. So far, three isoforms (Panx1, 2 and
3) have been identified. All of three Panx isoforms express in the cochlea with distinct expression patterns. Panx1
expresses in the cochlea extensively, including the spiral limbus, the organ of Corti, and the cochlear lateral wall,
whereas Panx2 and Panx3 restrict to the basal cells of the stria vascularis in the lateral wall and the cochlear bony
structure, respectively. However, there is no pannexin expression in auditory sensory hair cells. Recent studies
demonstrated that like connexin gap junction gene, Panx1 deficiency causes hearing loss. Panx1 channels
dominate ATP release in the cochlea. Deletion of Panx1 abolishes ATP release in the cochlea and reduces
endocochlear potential (EP), auditory receptor current/potential, and active cochlear amplification. Panx1 deficiency
in the cochlea also activates caspase-3 cell apoptotic pathway leading to cell degeneration. These new findings
suggest that pannexins have a critical role in the cochlea in regard to hearing. However, detailed information about
pannexin function in the cochlea and Panx mutation induced hearing loss still remain largely undetermined.
Further studies are required.
Keywords: Pannexin, ATP release, Endocochlear potential, Active cochlear amplification, Cell degeneration,
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Background
Gap junction is an intercellular channel and exists in
both vertebrates and invertebrates. However, the gap
junctional proteins in vertebrates and invertebrates are
encoded by different genes. In vertebrates, gap junctional
proteins are encoded by a connexin gene family, whereas
in invertebrates they are encoded by an unrelated
innexin gene family. About 15 years ago, by application
of genoinformatics, an innexin homologue, termed pannexin, was found in the human genome [1–3]. Later,
Panx expression in rodents, zebrafish, and an invertebrate chordate was also identified [3].

Panx1 gene is located on human chromosome
11q14.3 in a 700 kb interval between the genes
CRSP6 and MRE11, Panx2 on human chromosome
22q13.31–q13.33, and Panx3 on human chromosome
11q24.2 in a 150 kb interval between the telomeric
border of the cluster of olfactory gene family 8 and
TBRG1. In the mouse, Panx1, 2, and 3 genes are located on chromosome 9, 15, and 9, respectively [3].
Phylogenetic analysis demonstrates that pannexin is
highly conserved in Nematoda, Mollusca, Arthropoda
and mammals [1, 3], implying that pannexins may
have important functions.

Pannexin genomics and expression

Pannexin channels and functions

So far, three pannexin isoforms (Panx1, 2, and 3) have
been cloned from the human and mouse genomes [2, 3].

Despite the lack of similar sequences with connexins,
pannexin proteins share large similarities at the structural and functional levels. Pannexin proteins also possess four transmembrane domains, two extracellular
loops, one intracellular loop, and intracellular N- and
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C-termini [3]. The profile of pannexin channel permeability is similar to that of connexin channels, permeable to ions and small molecules up to 1 kDa [4].
However, despite general parallels with connexin
channels, the properties and pharmacology of pannexin channels are distinct [5, 6]. First, it is becoming
apparent that unlike connexins to form integrated gap
junction channels, pannexins mainly function as plasma
membrane channels ('hemichannels') on the cell surface
to provide an intracellular-extracellular conduit [7–10].
Second, Panx1 channels demonstrate larger currents
with increasing depolarization, faster kinetics of pore
opening, larger unitary conductance (~500 pS, compared to a maximum ~ 300 pS in Cx43 hemichannels),
very weak voltage gating, and multiple substates in
single-channel recordings [2, 11, 12]. Third, both
homomeric and heteromeric (Panx1/Panx2) channels
show significantly higher sensitivity to carbenoxolone
and probenecid [13, 14]. Finally, in contrast to the connexin channels, which are highly sensitive to Ca++ and
can be closed by the physiological levels of extracellular
Ca++ (1–2 mM), pannexin channels are insensitive to
Ca++ and can open and function at the physiological
extracellular levels of Ca++ [11]. These specific properties of the channel activity imply that pannexin channels can play an important role in a wider range of
physiological function and pathological processes. So
far, pannexins have been found to play important functions in the ATP release, Ca++ wave propagation, vasodilation, ischemic cell death, inflammatory response,
and release of synaptic neurotransmitters [15–17]. This
review mainly focuses on the expression and function
of pannexins in the inner ear and in hearing.
Pannexin expression in the cochlea

Like connexins, pannexins have ubiquitous expression.
In the mammalian cochlea, we found that all three
pannexin isoforms have expressions [18]. Panx1 expresses at the cochlear supporting cells, the spiral
limbus, and the cochlear lateral wall. Panx2 only expresses at the basal cell layer in the stria vascularis in
the cochlear lateral wall, and Panx3 expression is restricted to the cochlear bony structure (Fig. 1). However, like connexins, the auditory sensory hair cells
have no pannexin expression (Fig. 1, also see [18]).
These distinct expression patterns strongly suggest
that pannexins have important functions in the inner
ear and in hearing.
Pannexin deficiency induced hearing loss

It has been well-known that connexin mutations can
cause hearing loss [19]. Our recent studies showed that
Panx1 deficiency also induces hearing loss [20, 21]. We
found that the Panx1 deficient mice have hearing loss;
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the hearing loss appeared progressive, moderate to severe, and severe at high-frequency range (Fig. 2, also see
[20, 21]). Although pannexin mutation induced hearing
loss has not been identified yet, our findings strongly
suggest that pannexin mutations also can induce hearing
loss in humans.
Pannexin function in the cochlea
Panx1 channels dominate ATP release in the cochlea

A major function of Panx1 channels is to release ATP
[17]. ATP is an important energy source in cells and also
acts as an important cell signaling molecule in the extracellular space, when it is released to the outside of cells.
As mentioned above, pannexin channels possess relatively large pore size and are permeable to ATP. Due to
Panx1 channels can work at normal physiological levels
of Ca++, Panx1 channels in many organs and tissues act
as a major conduit for ATP release under physiological
conditions [22–25].
In the cochlea, ATP physiologically exists in the
endolymph and perilymph [26]. We previously found
that gap junctional hemichannels are responsible for
ATP release in the cochlea [27]. However, it was
unclear at that time which hemichannels were responsible for ATP release. Recently, we found that
deletion of Panx1 abolished ATP release in the cochlea, whereas deletion of Cx26 and Cx30, which are
predominant connexin isoforms in the cochlea [28,
29], had little effect on ATP release under physiological conditions (Fig. 3, also see [21]). Moreover, it
has been found that a gap junction channel antagonist carbenoxolone (CBX) could eliminate ATP release
in the cochlea at the physiological level of extracellular Ca++ (2 mM) (Fig. 3, also see [21]). These new
data demonstrate that ATP in the cochlea is mainly
released via Panx1 channels under physiological
conditions.
These new findings, however, are inconsistent with a
previous report that Paxn1 “knockout” had no effect on
ATP release in the cochlea [30]. In that study, ATP release was recorded by use of ATP sensory electrodes,
which sensitivity is only at the micromolar levels and is
too low to measure fmole to submicromolar levels of
ATP in the cochlea [21, 26, 27]. Moreover, their used
“Panx1 KO” mice were created by Cre-loxP technique.
There is no information available for which Cre mouse
line was used. Also, there were no experiments to check
Panx1 expression in the cochlea. So, whether Panx1 was
really deleted or not in the cochlea in that Panx1 ‘KO’
mouse remains unclear. In our experiments [21], we
used a bioluminescent-based method to measure ATP
release, which is the most sensitive and reliable method
for measuring ATP release. We also used immunofluorescent staining and confirmed that Panx1 was deleted in
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Fig. 1 Immunofluorescent labeling for Panx1, 2, and 3 in the cochlea. a-b: Immunofluorescent staining for Panx1. Outer hair cells (OHCs) are
visualized by prestin staining (red) in (panel b). c-d: Immunofluorescent staining for Panx2. e-f: Immunofluorescent staining for Panx3. HC: Hensen
cell; MO: modiolus; OC: organ of Corti; RM: Reissner’s membrane; SG: spiral ganglion; SLM: spiral limbus; SP: spiral prominence; SPL: spiral
ligament; SV: stria vascularis. Scale bar: 50 μm in (a, c), 100 μm in E, 10 μm in (b, d and f). Modified from [18]

the cochlea [20, 21]. Finally, we found that Cx26 and
Cx30 deletion had little effect on ATP release in the
cochlea under physiological conditions (Fig. 3, also see
[21]). Thus, these new experiments and data provide
strong evidence that Panx1 channels in the cochlea are responsible for ATP release under physiological conditions.

Ensuring of endocochlear potential and auditory receptor
current/potential generation in the cochlea

Positive endocochlear potential (EP, +100 ~ 110 mV)
in the cochlea is indispensable for hearing and is a
driving force that compels K+ ions in the endolymph
through the transduction channels at stereocilia of
hair cells to produce auditory receptor current and

potential, thereby initiating hearing. Positive EP is
generated in the cochlear lateral wall. ATP is required
for EP generation [31]. We found that deletion of
Panx1 in the cochlear lateral wall reduced ATP release and EP generation, thereby reducing auditory
receptor potential and causing hearing loss [21].
However, the detailed mechanisms for Panx1 channel
ATP release and EP generation still remain unclear
and require further studies in future.

The role of Panx1 in active cochlear amplification

We also found that deletion of Panx1 expression in the
cochlea could reduce active cochlear amplification [20].
Distortion product otoacoustic emission (DPOAE) was

Fig. 2 Panx1 deletion induced hearing loss. a: Hearing loss as measured by ABR thresholds, which are significantly increased in Panx1 KO mice.
The increase is large at high-frequency range. b: Hearing loss is progressive. **P < 0.001, two-way ANOVA with a Bonferroni correction. Modified
from [20, 21]
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Fig. 3 Panx1 channels dominate ATP release in the cochlea. Deletion of Panx1 and application of 0.1 mM carbenoxolone (CBX) but not
deletion of Cx26 and Cx30, which are predominant connexin isoforms in the cochlea, eliminate ATP release in the cochlea. ATP release
was measured in the normal extracellular solution which contains 2 mM Ca++. **P < 0.001, one-way ANOVA with a Bonferroni correction.
Modified from [21]

reduced. Consistent with hearing loss, the reduction was severe at high frequencies [20, 21]. DPOAE in mammals is
mainly produced by outer hair cell electromotility based active cochlear amplification. However, as mentioned above
(Fig. 1b, also see [18]), outer hair cells have no any pannexin expression. Currently, the detailed mechanisms for
how Panx1 deficiency can affect outer hair cell electromotility and reduce active cochlear amplification remain unclear. It could be a consequence from EP and auditory
receptor current/potential reduction due to Panx1 knockout reduced ATP release (Fig. 3 and Fig. 7 in [21]).
Other downstream effects of ATP release reduction due to
Panx1 deficiency in the cochlea

Extracellular ATP is an important extracellular cell signaling molecule and can activate purinergic P2 receptors
to play broad roles in many physiological functions and
pathological processes [32, 33]. In the cochlea, ATP can
elevate intracellular Ca++ concentration in hair cells
modifying sound transduction and neurotransmission
[34], mediate hearing sensitivity and extent the dynamic
range of hearing [35–37], and synchronize auditory
nerve activity during development [38, 39]. In addition,
ATP can also activate purinergic P2X receptors to mediate stimulation of parasensory cation absorption in the
cochlea [40]. We also found that ATP can activate P2X
receptors to mediate outer hair cell electromotility [27,
41], gap junctional coupling [42], K+-sinking [43], and
EP generation [21]. Recently, it has been found that mutations of P2X2 purinergic receptors induce autosomal
dominant nonsyndromic hearing loss DFNA41 [44, 45]
and increase susceptibility to noise stress [44], indicating
that Panx1-ATP-P2X receptor-mediated purinergic cell
signaling has a critical role in hearing. Thus, Panx1

deficiency leading to ATP release reduction may have
more broad effects on the cochlear function and
hearing.
The role of Panx1 in cell degeneration in the cochlea

One important function of pannexin channels is to
participate in cell apoptotic process. It has been reported that the activation of Caspase-3 cell apoptotic
pathway can permanently open Panx1 channels leading to cell apoptosis and death [46–50]. Recently, we
found that Panx1 deletion also activates Caspase-3
apoptotic pathway in the cochlea leading to cell degeneration [20]. The activity of caspase-3 was detectable in both hair cells and cochlear supporting cells
in Panx1 knockout (KO) mice. However, hair cells
have neither connexin nor pannexin expression [18,
29]. How Panx1 deletion causes hair cell degeneration
currently remains unknown.

Conclusions
Like connexins, pannexins also have extensive expression in the cochlea [18]. Panx1 is a predominant isoform. Our recent studies showed that Panx1 deficiency
causes hearing loss, abolishes ATP release in the cochlea, and reduces EP and auditory receptor potential [20,
21]. Panx1 deficiency also activates caspase-3 cell apoptotic pathway in the cochlea leading to cell degeneration
[20]. However, pannexin function in the cochlea and in
hearing still remains largely undetermined. Connexin
mutations can induce a high incidence of hearing loss,
responsible for >50% of nonsyndromic deafness [19].
These new findings strongly suggest that Panx1 mutations may also be able to induce hearing loss in humans,
which requires further study in future.

Zhao BMC Cell Biology 2016, 17(Suppl 1):16

Competing interests
The author declares that he/she has no competing interests.
Authors’ contribution
HBZ designed and performed experiments and wrote paper.
Acknowledgements
This work was supported by NIH (R01) DC 05989.
Declarations
Publication costs for this article were funded by the corresponding author’s
institution. This article has been published as part of BMC Cell Biology Volume 17
Supplement 1, 2016: Proceedings of the International Gap Junction Conference
2015. The full contents of the supplement are available online at http://
bmccellbiol.biomedcentral.com/articles/supplements/volume-17-supplement-1.
Published: 24 May 2016
References
1. Panchin Y, Kelmanson I, Matz M, Lukyanov K, Usman N, Lukyanov S. A
ubiquitous family of putative gap junction molecules. Curr Biol.
2000;10:R473–474.
2. Bruzzone R, Hormuzdi SG, Barbe MT, Herb A, Monyer H. Pannexins, a family
of gap junction proteins expressed in brain. Proc Natl Acad Sci U S A.
2003;100:13644–9.
3. Baranova A, Ivanov D, Petrash N, Pestova A, Skoblov M, Kelmanson I, Shagin
D, Nazarenko S, Geraymovych E, Litvin O, Tiunova A, Born TL, Usman N,
Staroverov D, Lukyanov S, Panchin Y. The mammalian pannexin family is
homologous to the invertebrate innexin gap junction proteins. Genomics.
2004;83:706–16.
4. Penuela S, Gehi R, Laird DW. The biochemistry and function of pannexin
channels. Biochim Biophys Acta. 2013;1828:15–22.
5. Barbe MT, Monyer H, Bruzzone R. Cell-cell communication beyond
connexins: the pannexin channels. Physiology (Bethesda). 2006;21:103–14.
6. Chiu YH, Ravichandran KS, Bayliss DA. Intrinsic properties and regulation of
Pannexin 1 channel. Channels (Austin). 2014;8:103–9.
7. Locovei S, Bao L, Dahl G. Pannexin 1 in erythrocytes: function without a
gap. Proc Natl Acad Sci U S A. 2006;103:7655–9.
8. Boassa D, Ambrosi C, Qiu F, Dahl G, Gaietta G, Sosinsky G. Pannexin1
channels contain a glycosylation site that targets the hexamer to the
plasma membrane. J Biol Chem. 2007;282:31733–43.
9. Penuela S, Bhalla R, Gong XQ, Cowan KN, Celetti SJ, Cowan BJ, Bai D, Shao
Q, Laird DW. Pannexin 1 and pannexin 3 are glycoproteins that exhibit
many distinct characteristics from the connexin family of gap junction
proteins. J Cell Sci. 2007;120:3772–83.
10. Sosinsky GE, Boassa D, Dermietzel R, Duffy HS, Laird DW, MacVicar BA, Naus
CC, Penuela S, Scemes E, Spray DC, Thompson RJ, Zhao HB, Dahl G.
Pannexin channels are not gap junction hemichannels. Channels (Austin).
2011;5:193–7.
11. Bruzzone R, Barbe MT, Jakob NJ, Monyer H. Pharmacological properties of
homomeric and heteromeric pannexin hemichannels expressed in Xenopus
oocytes. J Neurochem. 2005;92:1033–43.
12. Wang J, Ambrosi C, Qiu F, Jackson DG, Sosinsky G, Dahl G. The membrane
protein Pannexin1 forms two open-channel conformations depending on
the mode of activation. Sci Signal. 2014;7:335. doi:10.1126/scisignal.2005431.
13. Silverman W, Locovei S, Dahl G. Probenecid, a gout remedy, inhibits
pannexin 1 channels. Am J Physiol Cell Physiol. 2008;295:C761–767.
14. Ma W, Hui H, Pelegrin P, Surprenant A. Pharmacological characterization of
pannexin-1 currents expressed in mammalian cells. J Pharmacol Exp Ther.
2009;328:409–18.
15. Shestopalov VI, Panchin Y. Pannexins and gap junction protein diversity. Cell
Mol Life Sci. 2008;65:376–94.
16. Penuela S, Harland L, Simek J, Laird DW. Pannexin channels and their links
to human disease. Biochem J. 2014;461:371–81.
17. Dahl G. ATP release through pannexon channels. Philos Trans R Soc Lond B
Biol Sci. 2015;370:1672. doi:10.1098/rstb.2014.0191.
18. Wang XH, Streeter M, Liu YP, Zhao HB. Identification and characterization of
pannexin expression in the mammalian cochlea. J Comp Neurol.
2009;512:336–46.

Page 125 of 150

19. Wingard JC, Zhao HB. Cellular and Deafness Mechanisms Underlying
Connexin Mutation-Induced Hearing Loss - A Common Hereditary Deafness.
Front Cell Neurosci. 2015;9:202. doi:10.3389/fncel.2015.00202.
20. Zhao HB, Zhu Y, Liang C, Chen J. Pannexin 1 deficiency can induce hearing
loss. Biochem Biophys Res Commun. 2015;463:143–7.
21. Chen J, Zhu Y, Liang C, Chen J, Zhao HB. Pannexin1 channels dominate ATP
release in the cochlea ensuring endocochlear potential and auditory receptor
potential generation and hearing. Sci Rep. 2015;5:10762. doi:10.1038/srep10762.
22. Bao L, Locovei S, Dahl G. Pannexin membrane channels are
mechanosensitive conduits for ATP. FEBS Lett. 2004;572:65–8.
23. Ransford GA, Fregien N, Qiu F, Dahl G, Conner GE, Salathe M. Pannexin 1
Contributes to ATP Release in Airway Epithelia. Am J Respir Cell Mol Biol.
2009;41:525–34.
24. Li S, Bjelobaba I, Yan Z, Kucka M, Tomic M, Stojilkovic SS. Expression and
roles of pannexins in ATP release in the pituitary gland. Endocrinology.
2011;152:2342–52.
25. Hanner F, Lam L, Nguyen MT, Yu A, Peti-Peterdi J. Intrarenal localization of
the plasma membrane ATP channel pannexin1. Am J Physiol Renal Physiol.
2012;303:F1454–1459.
26. Munoz DJ, Thorne PR, Housley GD, Billett TE. Adenosine 5’-triphosphate
(ATP) concentrations in the endolymph and perilymph of the guinea-pig
cochlea. Hear Res. 1995;90:119–25.
27. Zhao HB, Yu N, Fleming CR. Gap junctional hemichannel-mediated ATP
release and hearing controls in the inner ear. Proc Natl Acad Sci U S A.
2005;102:18724–9.
28. Forge A, Becker D, Casalotti S, Edwards J, Marziano N, Nevill G. Gap
junctions in the inner ear: comparison of distribution patterns in different
vertebrates and assessement of connexin composition in mammals. J Comp
Neurol. 2003;467:207–31.
29. Zhao HB, Yu N. Distinct and gradient distributions of connexin26 and
connexin30 in the cochlear sensory epithelium of guinea pigs. J Comp
Neurol. 2006;499:506–18.
30. Anselmi F, Hernandez VH, Crispino G, Seydel A, Ortolano S, Roper SD,
Kessaris N, Richardson W, Rickheit G, Filippov MA, Monyer H, Mammano F.
ATP release through connexin hemichannels and gap junction transfer of
second messengers propagate Ca2+ signals across the inner ear. Proc Natl
Acad Sci U S A. 2008;105:18770–5.
31. Chen J, Zhao HB. The role of an inward rectifying K+ channel (Kir4.1) in the
inner ear and hearing. Neuroscience. 2014;265:137–46.
32. North RA. Molecular physiology of P2X receptors. Physiol Rev. 2002;82:1013–67.
33. Surprenant A, North RA. Signaling at purinergic P2X receptors. Annu Rev
Physiol. 2009;71:333–59.
34. Housley GD, Bringmann A, Reichenbach A. Purinergic signaling in special
senses. Trends Neurosci. 2009;32:128–41.
35. Thorne PR, Muñoz DJ, Housley GD. Purinergic modulation of cochlear
partition resistance and its effect on the endocochlear potential in the
Guinea pig. J Assoc Res Otolaryngol. 2004;5:58–65.
36. Telang RS, Paramananthasivam V, Vlajkovic SM, Munoz DJ, Housley GD,
Thorne PR. Reduced P2x(2) receptor-mediated regulation of endocochlear
potential in the ageing mouse cochlea. Purinergic Signal. 2010;6:263–72.
37. Housley GD, Morton-Jones R, Vlajkovic SM, Telang RS, Paramananthasivam
V, Tadros SF, Wong AC, Froud KE, Cederholm JM, Sivakumaran Y,
Snguanwongchai P, Khakh BS, Cockayne DA, Thorne PR, Ryan AF. ATP-gated
ion channels mediate adaptation to elevated sound levels. Proc Natl Acad
Sci U S A. 2013;110:7494–9.
38. Tritsch NX, Yi E, Gale JE, Glowatzki E, Bergles DE. The origin of spontaneous
activity in the developing auditory system. Nature. 2007;450:50–5.
39. Tritsch NX, Bergles DE. Developmental regulation of spontaneous activity in
the Mammalian cochlea. J Neurosci. 2010;30:1539–50.
40. Lee JH, Chiba T, Marcus DC. P2X2 receptor mediates stimulation of
parasensory cation absorption by cochlear outer sulcus cells and vestibular
transitional cells. J Neurosci. 2001;21:9168–74.
41. Yu N, Zhao HB. ATP activates P2x receptors and requires extracellular Ca++
participation to modify outer hair cell nonlinear capacitance. Pflugers Arch.
2008;457:453–61.
42. Zhu Y, Zhao HB. ATP activates P2X receptors to mediate gap junctional
coupling in the cochlea. Biochem Biophys Res Commun. 2012;426:528–32.
43. Zhu Y, Zhao HB. ATP-mediated potassium recycling in the cochlear
supporting cells. Purinergic Signal. 2010;6:221–9.
44. Yan D, Zhu Y, Walsh T, Xie DH, Yuan HJ, Sirmaci A, Fujikawa T, Wong ACY, Loh
TL, Du LL, Grati M, Vlajkovic SM, Blanton S, Ryan AF, Chen ZY, Thorne PR,

Zhao BMC Cell Biology 2016, 17(Suppl 1):16

45.

46.

47.

48.

49.

50.

Page 126 of 150

Kachar B, Tekin M, Zhao HB, Housley GD, King MC, Liu XZ. Mutation of the
ATP-gated P2X2 receptor leads to progressive hearing loss and increased
susceptibility to noise. Proc Natl Acad Sci U S A. 2013;110:2228–33.
Faletra F, Girotto G, D’Adamo AP, Vozzi D, Morgan A, Gasparini P. A novel
P2RX2 mutation in an Italian family affected by autosomal dominant
nonsyndromic hearing loss. Gene. 2014;534:236–9.
Chekeni FB, Elliott MR, Sandilos JK, Walk SF, Kinchen JM, Lazarowski ER,
Armstrong AJ, Penuela S, Laird DW, Salvesen GS, Isakson BE, Bayliss DA,
Ravichandran KS. Pannexin 1 channels mediate ‘find-me’ signal release and
membrane permeability during apoptosis. Nature. 2010;467:863–7.
Gulbransen BD, Bashashati M, Hirota SA, Gui X, Roberts JA, MacDonald JA,
Muruve DA, McKay DM, Beck PL, Mawe GM, Thompson RJ, Sharkey KA.
Activation of neuronal P2X7 receptor-pannexin-1 mediates death of enteric
neurons during colitis. Nat Med. 2012;18:600–4.
Sandilos JK, Chiu YH, Chekeni FB, Armstrong AJ, Walk SF, Ravichandran KS,
Bayliss DA. Pannexin 1, an ATP release channel, is activated by caspase
cleavage of its pore-associated C-terminal autoinhibitory region. J Biol
Chem. 2012;287:11303–11.
Jackson DG, Wang J, Keane RW, Scemes E, Dahl G. ATP and potassium
ions: a deadly combination for astrocytes. Sci Rep. 2014;4:4576.
doi:10.1038/srep04576.
Poon IK, Chiu YH, Armstrong AJ, Kinchen JM, Juncadella IJ, Bayliss DA,
Ravichandran KS. Unexpected link between an antibiotic, pannexin channels
and apoptosis. Nature. 2014;507:329–34.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

