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Gap junctions play a critical role in hearing. Connexin gap junction gene mutations can induce a high
incidence of hearing loss. Pannexin (Panx) gene also encodes gap junction proteins in vertebrates. Panx1
is a predominant pannexin isoform and has extensive expression in the cochlea. Here, we report that
deletion of Panx1 in the cochlea could produce a progressive hearing loss. The auditory brainstem

KeyWOTFiS-' response (ABR) recording showed that hearing loss was moderate to severe and severe at high-
ggrf‘e:;z] frequencies. Distortion product otoacoustic emission (DPOAE), which reflects the activity of active
n

cochlear mechanics that can amply acoustic stimulation to enhance hearing sensitivity and frequency
selectivity, was also reduced. We further found that Panx1 deficiency could activate Caspase-3 cell
apoptotic pathway in the cochlea to cause hair cells and other types of cells degeneration. These data
indicate that like connexins Panx1 deficiency can also induce hearing loss. These data also suggest that
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pannexins play important rather than redundant roles in the cochlea and hearing.

Published by Elsevier Inc.

1. Introduction

As a gene family to encode gap junctional proteins in verte-
brates, Pannexin (Panx1) was identified 10 years ago [1,2]. So far,
three pannexin isoforms (Panx1, 2, and 3) have been cloned from
the human and mouse genomes [2]. Despite the lack of similar
sequences with connexins, pannexin proteins share large similar-
ities at the structural and functional levels [3]. They have been
found to play important and critical roles in many physiological and
pathological processes, such as ATP release [4,5], Ca>* homeostasis
[6,7], release of synaptic neurotransmitters [8], mediation of cell
apoptosis [9,10], and immunological response [11]. However, pan-
nexin functions in vivo still remain largely undetermined.

It has been well-demonstrated that gap junctions play a critical
role in hearing. Connexin (Cx) gene mutations can induce a high
incidence of hearing loss [12,13]. Cx26 and Cx30 have extensive
expression in the cochlea [14—16]. Deletion of Cx26 in the cochlea
can induce hearing loss [17—22]. Like connexins, pannexins are also
extensively expressed in the inner ear [23]. In particular, high
expression of Panx1 was found in the cochlear spiral limbus (SLM),
supporting cells in the organ of Corti (OC), and fibrocytes in the
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cochlear lateral wall [23]. In this study, we used Panx1 deficient
mice to examine the function of Panx1 in the cochlea and hearing.
We found that deletion of Panx1 in the cochlea can induce hearing
loss. This study provides important information about the pannexin
function in hearing.

2. Materials and methods

2.1. Creation of Panx1 knockout mice
Panx 1™ 1aKOMP)Wsi pockout first mice were purchased from
KOMP (Knock Out Mouse Project) and crossed with Pax2-Cre
transgenic mouse line (the Mutation Mouse Regional Center,
Chapel Hill, NC) to generate Panx1 conditional knockout (KO) in the
cochlea. The mouse genotyping was identified by PCR amplification
with the following primers: Panx1-Mut1a: 5'-CAC TGC ATT CTA GTT
GTG GTT TGT CC-3/, Panx1-Mut2 (gene specific primer): 5'-CTG GCT
CTC ATA ATT CTT GCC CTG-3, Panx1-WF (wildtype-F): 5/-CTG TAT
CAC ACA ACC ACT TCA GAG AAG G-3/, and Panx1-WR (wildtype-R):
5-GAG CTG ACC CCT TTC CAT TCA ATA G-3/, which generated a
579 bp wild-type (WT) band and a 421 bp mutation deletion band.
The WT littermates served as controls in the experiment. The
experimental procedures were approved by the University of
Kentucky's Animal Care & Use Committee and conducted according
to the standards of the NIH Guidelines for the Care and Use of
Laboratory Animals.
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2.2. Auditory brainstem response and distortion product
otoacoustic emission measurements

Auditory brainstem response (ABR) and distortion product
otoacoustic emission (DPOAE) were measured by a Tucker—Davis'
ABR & DPOAE workstation (Tucker—Davis Tech. Alachua, FL)
[19—22]. ABR was measured by clicks and series tone bursts
(4—40 kHz, 80—10 dB SPL, 5 dB step). The ABR threshold was
determined by the lowest level at which an ABR can be recognized.
If mice had severe hearing loss, the ABR test at the intensity range
of 110—70 dB SPL was added. DPOAE was measured by two-tone
stimulation. A cubic distortion product of 2f;j—f, was recorded
with fo = (fi x )2 = 4, 8,16, 20 kHz and fo/f; = 1.22 [12,22]. The
WT littermates were used as control.

2.3. Cochlear section preparation and immunofluorescent staining

As reported previously [23], the cochlea was fixed with 4%
paraformaldehyde, decalcified, frozen, and cut by a cryostat. The
tissue sections were directly mounted onto glass slides for staining
and storage. The cochlear section was incubated in a blocking
solution (10% goat serum and 1% BSA in the PBS) with 0.1% Triton X-
100 for 30 min at room temperature. Then, the section was incu-
bated with chicken anti-human Panx1 antibody (1:500; #4515, a
gift from Dr. Gerhard Dahl at the University of Miami Medical
School), monoclonal mouse anti-caspase-3 (1:100—200; #53295,
AnaSpec Inc. CA), or polyclonal goat anti-prestin (1:100; sc-22496,
Santa Cruz Biotech Inc. CA) in the blocking solution at 4 °C over-
night, following reaction with corresponding Alexa Fluor 488- or
568 secondary antibodies (1:500, Molecular Probes) for 2 h at room
temperature (23 °C). In some cases, the sections were further
stained by 1% 4, 6-diamidino-2-phenylindole (DAPI, D1306; Mo-
lecular Probes) for ~15—20 min following the 2nd antibody incu-
bation to visualize cell nuclei. After washout, the sections were
mounted and observed under a microscope.

2.4. Data processing and statistical analysis

Statistical analyses were performed by use of SPSS v18.0 (SPSS
Inc. Chicago, IL). Data were expressed as mean =+ s.e.m. other than
indicated in text. Data were plotted by SigmaPlot software (SPSS
Inc., Chicago, IL).

3. Results and discussion
3.1. Deletion of Panx1 in the cochlea

As shown in our previous study [23], Panx1 had strong labeling
in the organ of Corti (OC), the spiral limbus (SLM), and the cochlear
lateral wall (Fig. 1A). In Panx1 KO mice, Panx1 expression in the
SLM was completely deleted (Fig. 1B). Most of Panx1 expression in
the cochlea and the cochlear lateral wall were also deleted. Only
small, scattered Panx1 labeling was visible. The labeling was also
light (Fig. 1B). In addition, the cochlea appeared normal develop-
ment (Fig. 1B).

3.2. Hearing loss in Panx1 KO mice

Fig. 2 shows that Panx1 KO mice had a progressive hearing loss.
ABR recording shows that the ABR thresholds in Panx1 KO mice
were progressively increased (Fig. 2B). At postnatal day 80 (P80),
the thresholds were increased to above 80 dB SPL at 24 kHz. In
comparison with WT littermates, the increase in the ABR threshold
in Panx1 KO mice was greater than 40 dB SPL. The hearing loss also
appeared severe at high frequency range (Fig. 2C). The ABR

Panx1 KO

Fig. 1. Panx1 deletion in the cochlea. A: Immunofluorescent staining for Panx1 in the
WT mouse cochlea. The intense labeling for Panx1 is visible in the cochlear lateral wall,
the organ of Corti (OC), and the spiral limbus (SLM). The image was assembled by two
pictures. B: Panx1 deletion in the Panx1 KO mouse cochlea. Most of Panx1 expression
was deleted. Only light, scattered Panx1 labeling is visible at the cochlear supporting
cells and the cochlear lateral wall. Scale bars: 25 pm.

thresholds in Panx1 KO mice at 8, 16, 24, 32, and 40 kHz were
56.9 +9.21, 51.3 + 9.42, 80.3 + 10.9, 91.3 + 4.03, and 90.5 + 4.58 dB
SPL, respectively, at P80 (Fig. 2C). In comparison with WT littermate
control, the increases in ABR threshold in Panx1 KO mice were
significant (P < 0.001, one-way ANOVA with a Bonferroni correc-
tion) and larger at high-frequencies.

3.3. Reduction of DPOAE in Panx1 KO mice

DPOAE reflects in vivo activity of active cochlear mechanics,
which is required for hearing and can amplify acoustic stimulation
in the cochlea to increase hearing sensitivity and frequency selec-
tivity [24,25]. In Panx1 KO mice, DPOAE was significantly decreased
(Fig. 3). In comparison with WT littermates, the distortion product
of 2fi—f» at fo = 4, 8, 16 and 20 kHz was reduced by 2.53 + 1.14,
11.4 + 1.20, 16.5 + 3.73, and 17.7 + 3.05 dB SPL, respectively, at P50
(Fig. 3B). The reduction was significant at 8, 16, and
20 kHz (P < 0.001, one-way ANOVA with a Bonferroni correction)
and larger at higher frequencies. The reduction was also significant
and larger at higher stimulus levels (Fig. 3C,D). The DPOAEs at the
stimulus level of 40, 50, and 60 dB SPL were reduced by 10.3 + 1.13,
14.8 + 1.37, and 17.7 + 3.05 dB (P < 0.001, one-way ANOVA with a
Bonferroni correction), respectively.

3.4. Cell degeneration in Panx1 deficient mice

We also found that deletion of Panx1 could cause cell degen-
eration. Fig. 4 shows that there was positive reaction of the primary
executioner of cellular apoptosis Caspase-3 in the organ of Corti
and the cochlear lateral wall in Panx1 KO mice (Fig. 4C—E). How-
ever, there was no activity of Caspase-3 found in WT control mice at
the same age (Fig. 4A,B). In the whole-mounting preparation, the
positive responses of Caspase-3 activation were visible in hair cells
and cochlear supporting cells in the cochlear sensory epithelium in
Panx1 KO mice (Fig. 4F). Empty triangles in Fig. 4F indicate that
outer hair cells had positive labeling for Caspase-3 with collapsed
nuclei. Cell degeneration was also visible in the cochlear supporting
cells in Panx1 KO mice as indicated by arrows in Fig. 4F.
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Fig. 2. Hearing loss in Panx1 KO mice. A: ABR waveforms recorded from Panx1 KO and WT littermate mice at P80. Red numbers represent the threshold. B: Progressive hearing loss
in Panx1 KO mice. C: Hearing loss of Panx1 KO mice at P80. The hearing loss appears severe at high frequency range. Data are expressed as mean =+ s.d. **P < 0.001, one-way ANOVA
with a Bonferroni correction. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

In this study, we found that deletion of Panx1 in the cochlea can
induce hearing loss (Figs. 1 and 2). DPOAE were reduced (Fig. 3).
DEOAE reflects activity of active cochlear amplification which is
required for normal hearing. Reduction of active cochlear amplifi-
cation can induce hearing loss [24,25]. Indeed, we recently found that
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reduction of active cochlear amplification by Cx26 deficiency can lead
to progressive hearing loss; the hearing loss is also severe at high-
frequency range [21,22]. This is consistent with our current finding
that Panx1 deficiency induces progressive, moderate to severe
hearing loss; hearing loss is also severe at high-frequencies (Fig. 2).
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Fig. 3. DPOAE reduction in Panx1 KO mice. A: Spectrums of acoustic emission evoked in Panx1 KO and WT mice. Inset: A high-magnification plot of 2f;—f, peak. B: Reduction of
DPOAE in Panx1 KO mice in frequency response. The responses of DPOAEs in Panx1 KO mice were normalized to those recorded from WT mice. Mice were P50 old. C—D: Reduction
of 2f;—f, in Panx1 KO mice in 1/O plot. DPOAE was measured at P50. **P < 0.001 as determined by one-way ANOVA with a Bonferroni correction.
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Fig. 4. Cell degeneration in the cochlea of Panx1 KO mice. Mice were 4-month old. A—B: Negative staining in immunofluorescent staining for Caspase-3 in the WT mouse cochlea.
C—E: Positive-labeling for Caspase-3 in the cochlea in Panx1 KO mice. White arrows in panel E indicate positive-labeling of Caspase-3 in the cochlear lateral wall. F: Immuno-
fluorescent staining for Caspase-3 in the cochlear sensory epithelium with whole-mounting preparation. Cell nuclei were labeled by DAPI staining (blue) and outer hair cells were
visualized by prestin staining (red). Empty triangles indicate the degenerated outer hair cells with positive labeling for Caspase-3 and collapsed nuclei. White arrows indicate
positive labeling for Caspase-3 in cochlear supporting cells. Scale bars: A—D: 50 um, E—F: 25 um. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

It has been reported that the activation of Caspase-3 can activate
Panx1 channels to mediate cell apoptosis [9,10,26]. In the experi-
ments, we further found that Panx1 deficiency can activate
Caspase-3 apoptotic pathway inducing cell degeneration in the
cochlea (Fig. 4). However, as reported by previous publications
[15,23], hair cells have neither connexin nor pannexin expression.
How Panx1 deletion can cause hair cell degeneration in the cochlea
currently remains unclear. Recently, we found that deletion of
Panx1 could reduce ATP release and endocochlear potential (EP)
generation in the cochlea [27]. ATP is an important energy source
and also acts as an important cell signaling molecule, which can
activate purinergic receptors to play broad roles in many physio-
logical and pathological functions. It has been found that ATP is
required for K*-sinking in the cochlea [28]. Panx1 deletion reduced
ATP release in the cochlea, which can consequently reduce K*-
sinking leading to K" ions accumulated in the extracellular space
and eventually induce K*-toxicity and cell degeneration (Fig. 4). In
addition, Panx1 can form Ca®*-leak channels on the endoplasmic
reticulum (ER) membrane [G]. Panx1 deficiency may also result in
mitochondrial Ca** overload leading to cell death [6]. Taken
together, these data indicate that Panx1 plays a critical role in the
cochlea and hearing. Panx1 deficiency can activate Caspase-3 cell
apoptotic pathway to cause cell degeneration.

It has been well-known that connexin mutations can cause
hearing loss [12,13]. However, pannexin mutation-induced hearing
loss has not been identified yet. This requires further studies in
future. Our findings strongly suggest that pannexin deficiency may
also be able to induce hearing loss in humans. We found that Panx1
deficiency induced hearing loss is progressive, moderate to severe
and severe at high-frequencies (Fig. 2). These findings provide
important information about Panx1 deficiency induced hearing

loss and also important clues for searching for Panx1 mutation
induced hearing loss in humans.

Conflict of interest

There is no conflict of interest.

Acknowledgments

We are grateful to Dr. Gerhard Dahl at Miami University for
kindly providing anti-Panx1 antibody. This work was supported by
a grant (RO1) from the National Institute on Deafness and Other
Communication Disorders, DC 05989.

Transparency document

The Transparency Document associated with this article can be
found in the online version at http://dx.doi.org/10.1016/j.bbrc.2015.
05.049.

References

[1] R. Bruzzone, S.G. Hormuzdi, M.T. Barbe, A. Herb, H. Monyer, Pannexins, a
family of gap junction proteins expressed in brain, Proc. Natl. Acad. Sci. U. S. A.
100 (2003) 13644—13649.

[2] A. Baranova, D. Ivanov, N. Petrash, A. Pestova, M. Skoblov, I. Kelmanson,

D. Shagin, S. Nazarenko, E. Geraymovych, O. Litvin, A. Tiunova, T.L. Born,

N. Usman, D. Staroverov, S. Lukyanov, Y. Panchin, The mammalian pannexin

family is homologous to the invertebrate innexin gap junction proteins, Ge-

nomics 83 (2004) 706—716.

S. Penuela, R. Gehi, D.W. Laird, The biochemistry and function of pannexin

channels, Biochim. Biophys. Acta 1828 (2013) 15-22.

3


http://dx.doi.org/10.1016/j.bbrc.2015.05.049
http://dx.doi.org/10.1016/j.bbrc.2015.05.049
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref1
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref1
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref1
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref1
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref2
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref2
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref2
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref2
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref2
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref2
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref3
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref3
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref3

[4]

[5

(6]

[7]

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

H.-B. Zhao et al. / Biochemical and Biophysical Research Communications 463 (2015) 143—147

L. Bao, S. Locovei, G. Dahl, Pannexin membrane channels are mechanosensi-
tive conduits for ATP, FEBS Lett. 572 (2004) 65—68.

S. Locovei, L. Bao, G. Dahl, Pannexin 1 in erythrocytes: function without a gap,
Proc. Natl. Acad. Sci. U. S. A. 103 (2006) 7655—7659.

F. Vanden-Abeele, G. Bidaux, D. Gordienko, B. Beck, Y.V. Panchin,
A.V. Baranova, D.V. Ivanov, R. Skryma, N. Prevarskaya, Functional implications
of calcium permeability of the channel formed by pannexin 1, J. Cell Biol. 174
(2006) 535—546.

M. Ishikawa, T. Iwamoto, T. Nakamura, A. Doyle, S. Fukumoto, Y. Yamada,
Pannexin 3 functions as an ER Ca®* channel, hemichannel, and gap
junction to promote osteoblast differentiation, J. Cell Biol. 193 (2011)
1257—-1274.

R. Iglesias, G. Dahl, F. Qiu, D.C. Spray, E. Scemes, Pannexin 1: the molecular
substrate of astrocyte “hemichannels”, J. Neurosci. 29 (2009) 7092—7097.
F.B. Chekeni, M.R. Elliott, ].K. Sandilos, S.F. Walk, ].M. Kinchen, E.R. Lazarowski,
AJ. Armstrong, S. Penuela, D.W. Laird, G.S. Salvesen, B.E. [sakson, D.A. Bayliss,
K.S. Ravichandran, Pannexin 1 channels mediate ‘find-me’ signal release and
membrane permeability during apoptosis, Nature 467 (2010) 863—867.

B.D. Gulbransen, M. Bashashati, S.A. Hirota, X. Gui, J.A. Roberts,
JAA. MacDonald, D.A. Muruve, D.M. McKay, P.L. Beck, G.M. Mawe,
RJ. Thompson, K.A. Sharkey, Activation of neuronal P2X7 receptor-pannexin-
1 mediates death of enteric neurons during colitis, Nat. Med. 18 (2012)
600—604.

Y. Qu, S. Misaghi, K. Newton, L.L. Gilmour, S. Louie, J.E. Cupp, G.R. Dubyak,
D. Hackos, V.M. Dixit, Pannexin-1 is required for ATP release during apoptosis
but not for inflammasome activation, J. Immunol. 186 (2011) 6553—6561.
J.C. Wingard, H.B. Zhao, Cellular and deafness mechanisms underlying con-
nexin mutation-induced hearing loss — a common hereditary deafness, Front.
Cell. Neurosci. 9 (2015) 202, http://dx.doi.org/10.3389/fncel.2015.00202.

FJ. Castillo, I. Castillo, The DFNB1 subtype of autosomal recessive non-
syndromic hearing impairment, Front. Biosci. 17 (2011) 3252—3274.

A. Forge, D. Becker, S. Casalotti, ]. Edwards, N. Marziano, G. Nevill, Gap junc-
tions in the inner ear: comparison of distribution patterns in different ver-
tebrates and assessment of connexin composition in mammals, J. Comp.
Neurol. 467 (2003) 207—231.

H.B. Zhao, N. Yu, Distinct and gradient distributions of connexin26 and con-
nexin30 in the cochlear sensory epithelium of guinea pigs, J. Comp. Neurol.
499 (2006) 506—518.

[16]

[17]

[18]

[19]

147

Y.P. Liu, H.B. Zhao, Cellular characterization of Connexin26 and Connnexin30
expression in the cochlear lateral wall, Cell Tissue Res. 333 (2008) 395—403.
M. Cohen-Salmon, T. Ott, V. Michel, J.P. Hardelin, I. Perfettini, M. Eybalin,
T. Wu, D.C. Marcus, P. Wangemann, K. Willecke, C. Petit, Targeted ablation of
connexin26 in the inner ear epithelial gap junction network causes hearing
impairment and cell death, Curr. Biol. 12 (2002) 1106—1111.

Y. Wang, Q. Chang, W. Tang, Y. Sun, B. Zhou, H. Li, X. Lin, Targeted connexin26
ablation arrests postnatal development of the organ of Corti, Biochem. Bio-
phys. Res. Commun. 385 (2009) 33—37.

C. Liang, Y. Zhu, L. Zong, G.J. Lu, H.B. Zhao, Cell degeneration is not a primary
causer for Connexin26 (GJB2) deficiency associated hearing loss, Neurosci.
Lett. 528 (2012) 36—41.

[20] ]. Chen, J. Chen, Y. Zhu, C. Liang, H.B. Zhao, Deafness induced by Connexin26

[21]

[22]

[23]

[24]
[25]

[26]

(GJB2) deficiency is not determined by endocochlear potential (EP) reduction
but is associated with cochlear developmental disorders, Biochem. Biophys.
Res. Commun. 448 (2014) 28—32.

Y. Zhu, C. Liang, J. Chen, L. Zong, G.D. Chen, H.B. Zhao, Active cochlear
amplification is dependent on supporting cell gap junctions, Nat. Commun. 4
(2013) 1786, http://dx.doi.org/10.1038/ncomms2806.

Y. Zhu, J. Chen, C. Liang, L. Zong, J. Chen, R.O. Jones, H.B. Zhao, Connexin26
(GJB2) deficiency reduces active cochlear amplification leading to late-onset
hearing loss, Neuroscience 284 (2015) 719—729.

X.H. Wang, M. Streeter, Y.P. Liu, H.B. Zhao, Identification and characterization
of pannexin expression in the mammalian cochlea, ]. Comp. Neurol. 512
(2009) 336—346.

P. Dallos, Cochlear amplification, outer hair cells and prestin, Curr. Opin.
Neurobiol. 18 (2008) 370—376.

A.J. Hudspeth, Making an effort to listen: mechanical amplification in the ear,
Neuron 59 (2008) 530—545.

D.G. Jackson, J. Wang, RW. Keane, E. Scemes, G. Dahl, ATP and potassium ions:
a deadly combination for astrocytes, Sci. Rep. 4 (2014) 4576, http://dx.doi.org/
10.1038/srep04576.

[27] ]. Chen, Y. Zhuy, C. Liang, ]. Chen, H.B. Zhao, Pannexin1 channels dominate ATP

[28]

release in the cochlea ensuring endocochlear potential and auditory receptor
potential generation and hearing, Sci. Rep. 5 (2015) 10762, http://dx.doi.org/
10.1038/srep10762.

Y. Zhu, H.B. Zhao, ATP-mediated potassium recycling in the cochlear sup-
porting cells, Purinergic Signal. 6 (2010) 221—-229.


http://refhub.elsevier.com/S0006-291X(15)00965-1/sref4
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref4
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref4
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref5
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref5
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref5
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref6
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref6
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref6
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref6
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref6
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref7
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref7
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref7
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref7
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref7
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref7
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref8
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref8
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref8
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref9
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref9
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref9
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref9
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref9
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref10
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref10
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref10
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref10
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref10
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref10
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref11
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref11
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref11
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref11
http://dx.doi.org/10.3389/fncel.2015.00202
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref13
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref13
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref13
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref14
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref14
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref14
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref14
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref14
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref15
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref15
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref15
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref15
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref16
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref16
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref16
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref17
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref17
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref17
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref17
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref17
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref18
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref18
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref18
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref18
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref19
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref19
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref19
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref19
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref20
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref20
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref20
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref20
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref20
http://dx.doi.org/10.1038/ncomms2806
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref22
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref22
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref22
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref22
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref23
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref23
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref23
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref23
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref24
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref24
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref24
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref25
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref25
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref25
http://dx.doi.org/10.1038/srep04576
http://dx.doi.org/10.1038/srep04576
http://dx.doi.org/10.1038/srep10762
http://dx.doi.org/10.1038/srep10762
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref28
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref28
http://refhub.elsevier.com/S0006-291X(15)00965-1/sref28

	Pannexin 1 deficiency can induce hearing loss
	1. Introduction
	2. Materials and methods
	2.1. Creation of Panx1 knockout mice
	2.2. Auditory brainstem response and distortion product otoacoustic emission measurements
	2.3. Cochlear section preparation and immunofluorescent staining
	2.4. Data processing and statistical analysis

	3. Results and discussion
	3.1. Deletion of Panx1 in the cochlea
	3.2. Hearing loss in Panx1 KO mice
	3.3. Reduction of DPOAE in Panx1 KO mice
	3.4. Cell degeneration in Panx1 deficient mice

	Conflict of interest
	Acknowledgments
	Transparency document
	References


