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Age-related hearing loss and noise-induced hearing loss are major
causes of human morbidity. Here we used genetics and functional
studies to show that a shared cause of these disordersmay be loss of
function of the ATP-gated P2X2 receptor (ligand-gated ion channel,
purinergic receptor 2) that is expressed in sensory and supporting
cells of the cochlea. Genomic analysis of dominantly inherited, pro-
gressive sensorineural hearing loss DFNA41 in a six-generation kin-
dred revealed a rare heterozygous allele, P2RX2 c.178G > T (p.V60L),
at chr12:133,196,029, which cosegregated with fully penetrant hear-
ing loss in the index family, and also appeared in a second family
with the same phenotype. Themutationwas absent frommore than
7,000 controls. P2RX2 p.V60L abolishes two hallmark features of
P2X2 receptors: ATP-evoked inward current response and ATP-stim-
ulated macropore permeability, measured as loss of ATP-activated
FM1-43 fluorescence labeling. Coexpression of mutant and WT
P2X2 receptor subunits significantly reduced ATP-activated mem-
brane permeability. P2RX2-null mice developed severe progressive
hearing loss, and their early exposure to continuousmoderatenoise
led to high-frequency hearing loss as youngadults. Similarly, among
family members heterozygous for P2RX2 p.V60L, noise exposure
exacerbated high-frequency hearing loss in young adulthood. Our
results suggest that P2X2 function is required for life-long normal
hearing and for protection from exposure to noise.
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Hearing loss is a socially and economically important cause of
human morbidity, affecting 538 million people worldwide,

including 36 million people in the United States (1, 2). Hearing
loss is often related to inherited genetic lesions, with 60 of the
critical genes identified and more than 100 others mapped
(http://hereditaryhearingloss.org). The identification of genes
for inherited forms of hearing loss that progress with age is par-
ticularly important for understanding age-related hearing loss, or
presbycusis, which affects more than 40% of people over age 65 y
(3). Age-related hearing loss is influenced both by genetics and by
environmental factors, including exposure to noise in the work-
place, in the environment, or recreationally (4–7). Noise-induced
hearing loss is also influenced by genetic factors (8, 9), although
causal genes have not heretofore been identified. An important
focus of current hearing research is on the biological mechanisms
underlying age-related and noise-induced hearing loss.
Here we report the identification of a mutation in the P2RX2

gene as the cause of dominantly inherited, progressive hearing
loss in two families. P2RX2 encodes the P2X2 receptor, which

assembles as a trimer to form a channel gated by extracellular
ATP. P2X2 receptors mediate a variety of cellular responses, in-
cluding excitatory postsynaptic responses in sensory neurons (10,
11). In the inner ear, P2X2 receptors are thought to regulate
sound transduction and auditory neurotransmission (12–14),
outer hair cell electromotility (15, 16), inner ear gap junctions
(17), and K+ recycling (17, 18). We explored the effect of the
inherited mutation in P2RX2 on function of the P2X2 receptors
and the consequences of loss of function of these ATP-gated
channels on progressive and noise-induced hearing loss.

Results
Discovery of P2RX2 as Responsible for Progressive Hearing Loss
DFNA41. DFNA41 is an autosomal dominant, progressive, senso-
rineural hearing loss defined in a six-generation kindred living in
Sichuan, China (19). Audiologic evaluation of family members
revealed bilateral and symmetrical sensorineural hearing loss, with
age at onset ranging from 12 y to 20 y, generally accompanied by
high-frequency tinnitus. Hearing loss was progressive and ulti-
mately involved all frequencies. The gene responsible for hearing
loss in the family was localized by linkage analysis to the region
betweenD12S1609 and 12qter (19), but Sanger sequencing of eight
genes in this interval did not identify the responsible gene (20).
The DFNA41 linkage interval corresponds to the 4.80-MB ge-

nomic region chr12:129,051,849–133,851,895 (hg19) and includes
at least 34 genes. To identify the gene responsible for hearing loss
in the family, we captured and sequenced all 427 coding exons,
noncoding exons, and documented regulatory regions in the linked
interval from genomic DNA of three affected family members.
Using a pipeline for variant discovery from massively parallel
sequences (21), we identified all variants in the targeted region. In
the 4.80-MB region, the three affected individuals shared 216
variants, of which 206 were common polymorphisms also present in
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multiple other family members and unrelated persons. The 10 rare
variants included 5 intronic variants, 3 intergenic variants, 1 syn-
onymous coding sequence change, and 1 nonsynonymous change.
Only the nonsynonymous change altered a conserved nucleotide
site: chr12:133,196,029 G > T (hg19), corresponding to P2RX2
c.178G > T (p.V60L NM_174873). This variant was confirmed
by Sanger sequencing (Fig. 1A). The residue is conserved as
valine in all sequenced vertebrates, from zebrafish to mammals
(Fig. 1B). The mutation has been predicted to affect protein
function (22).
In the family defining DFNA41, P2RX2 c.178G > T (p.V60L)

cosegregated perfectly with hearing loss, with an LODscore of 13.3,
corresponding to odds of 1013:1 in favor of linkage (Fig. 1C). Pen-
etrance of the phenotype among heterozygous mutation carriers
was 100%. Sequencing of the entire P2RX2 coding sequence in 65
other families with autosomal dominant nonsyndromic sensori-
neural hearing loss yielded one other family, also Chinese, carrying
P2RX2 c.178G > T (Fig. 1D). This family lives in a different region

of China than theDFNA41 family. The two families were not aware
of any relationship between them. All affected individuals in the
second family had bilateral moderate to severe progressive senso-
rineural hearing loss with onset in the second decade, similar to
affected members of the original DFNA41 family. A computed
tomography scan of one affected family member revealed normal
temporal bones. Middle ear status was normal, and clinical exami-
nations revealed no other abnormalities. The mutation was absent
from 7,000 controls, including 4,300 persons of European ancestry,
2,200 persons ofAfrican-American ancestry (evs.gs.washington.edu/
EVS/), and 500 persons of Chinese ancestry. Thus, the P2RX2
c.178G > T allele has an estimated frequency of <0.001 in the
Chinese population and of <0.0001 in a mixed-ancestry population.
Among the DFNA41 family members heterozygous for P2RX2

p.V60L, hearing loss progressed with age. Hearing loss was first
detected in the second decade of life and was severe (60–70 dB)
by age 20 y, with little further progression thereafter (Fig. 1E).
Some family members exhibited elevated thresholds at one or

Fig. 1. Identification of P2RX2 as the gene responsible for DFNA41. (A) P2RX2 sequence from a family member with hearing loss. (B) Evolutionary con-
servation of the region of the P2X2 receptor protein including the variant site. (C) DFNA41 family with genotypes at P2RX2 c.178G > T (p.V60L). Filled symbols
represent persons with progressive sensorineural hearing loss. Genomic capture and sequencing were carried out for individuals IV:12, IV:20, and V:04. (D) A
second family with the DFNA41 phenotype, also carrying P2RX2 c.178G > T (p.V60L). (E) Progression of DFNA41 hearing loss with age. Among mutation
carriers, average hearing thresholds (PTA250–8,000 Hz) declined until the fourth decade then remained approximately stable. (F) Noise exposure and high-
frequency hearing loss. Mutation carriers who reported a history of occupational noise exposure as young adults (n = 12; green symbols) had significantly
poorer hearing in the 2,000–8,000 Hz range compared with mutation carriers who reported no history of noise exposure (n = 9; blue symbols). ***P = 0.001.
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more frequencies as early as age 6–10 y, suggesting that this loss
may begin at an even earlier age. Members of the DFNA41 family
had significantly varied exposure to noise as young adults. The
family lives in a rural area of Sichuan province with traditional
agriculture and little noise exposure, but many young adults work
in industrial areas, where they were exposed to continuous noise
in construction trades. All participating family members were
interviewed for their history of noise exposure after age 12 y.
Mutation carriers reporting daily exposure in construction trades
(and age of exposure between age 12 and 25 y) were subjects
IV:15 (16–21 y), IV:17 (15–18 y), V:4 (14–21 y), V:8 (15–19 y),
V:15 (14–21 y), V:17 (15–20 y), V:20 (14–16 y), and V:23 (16–17 y).
Subjects III:9, IV:9, and V:1 reported similar exposure but did not
provide age of exposure. Subject IV:21 reported frequent expo-
sure to explosions in a fireworks factory beginning at age 20 y.
Mutation carriers III:11, IV:2, IV:12, IV:13, IV:20, V:2, V:5, V:13,
and V:25 reported no exposure to noise. Among DFNA41 family
members heterozygous for P2RX2 p.V60L, those exposed to noise
as young adults had significantly poorer hearing at high frequen-
cies compared with those not exposed (P = 0.001) (Fig. 1F).
P2RX2 p.V60 is known to be critical to the function of the

P2X2 receptor by forming a disulfide bond with P2RX2 p.I339
(NP_174873), creating the gate that opens the channel on stim-
ulation by ATP. Experimental substitution of cysteine at resi-
dues 60 and 339 results in a channel that is unresponsive to
ATP (23). We explored the consequences of the naturally
occurring substitution of leucine at P2RX2 p.V60.

P2RX2 Localizes to Plasma Membranes of Hair Cells. Explant cultures
of neonatal rat organ of Corti and of vestibular tissues were
transfected with GFP-tagged WT P2RX2 or with GFP-tagged
P2RX2 p.V60L. Within 9 h after transfection, WT and mutant
P2X2 receptors localized identically to the apical membranes of

hair cells of the organ of Corti, including the stereociliary bun-
dles (Fig. 2). GFP fluorescence was demonstrated in cell bodies,
indicating that P2X2 receptors are synthesized and compart-
mentalized in the endoplasmic reticulum and Golgi complex.
This distribution is consistent with the localization of P2RX2 to
the endolymphatic surface of the sensory hair cells and other
epithelial cells of the cochlear partition.

P2RX2 p.V60L Abolishes Response of P2X2 to ATP. Patch clamp re-
cording showed that stimulation with ATP (36 μM–1 mM)
evoked a large inward current in HEK293 cells transfected with
WT P2RX2, whereas cells transfected with P2RX2 p.V60L
demonstrated no response to 1 mM ATP (n = 15; Fig. 3A). At
a holding potential of −80 mV, the average 1 mM ATP-evoked
current in cells expressing WT P2RX2 was 2.17 ± 0.46 nA (n =
16). Inward rectification of the ATP-gated current was evident in
cells transfected with WT P2RX2, but not in cells transfected
with P2RX2 p.V60L (Fig. 3B).

P2RX2 p.V60L Abolishes ATP-Stimulated Permeability of P2X2 Receptors.
When stimulated by extracellular ATP, P2X2-type ATP-gated ion
channels form large pores that allow passage of cationic dyes
(24–26). To determine whether ion channel permeability was
altered by P2RX2 p.V60L, we transfected MDCK-II cells with
GFP-tagged WT P2RX2, GFP-tagged P2RX2 p.V60L, or both
forms simultaneously, then tested for permeability to the cat-
ionic dye FM1-43 in the presence or absence of ATP (Fig. 4).
When cells expressing homomeric WT P2X2 receptors were
stimulated with 300 μMATP for 1 min in the presence of FM1-43,
their internal membranes, including microvilli, were stained by
FM1-43 (Fig. 4A, Left). When cells expressing homomeric mutant
P2X2 receptors were similarly stimulated with ATP, no FM1-43
fluorescence signal was detected (Fig. 4A, Center). DFNA41 family
members heterozygous for P2RX2 p.V60L express both WT and
mutant P2X2 subunits. In MDCK-II cells expressing heteromeric
channels composed of bothWT and mutant P2X2 subunits, FM1-43
uptake in the presence of ATP was reduced by ∼60% compared
with cells expressing onlyWT P2X2 channels (Fig. 4 A, Right and B).

Fig. 2. Localization of P2X2 receptors in hair cells. Both WT and mutant P2X2

receptors preferentially target the plasma membranes of auditory hair cells.
Fluorescence confocal optical sections of the organ of Corti of rat inner ear tissue
culture are shown, with GFP-tagged P2RX2WT andmutant constructs stained in
green and actin counterstained in red. Images are of the hair cell apical surface
and 7–8 μmdeep through the basolateral pole of the cell body. (Scale bar: 5 μm.)

Fig. 3. P2RX2 p.V60L-transfected HEK293 cells lack ATP-gated inward cur-
rents. (A) An ATP-evoked inward current is visible in an HEK293 cell trans-
fected with the WT P2RX2 plasmid. The cell was clamped at −80 mV under
the whole-cell configuration. The horizontal line represents ATP perfusion.
In contrast, no current was detectable in a cell transfected with P2RX2
p.V60L. (B) An example of the inward rectifying ATP-gated current across
the applied voltage range (−150 to +70 mV) in an HEK293 cell transfected
with WT P2RX2. In contrast, a cell transfected with the P2RX2 p.V60L plas-
mid lacked this ATP-activated membrane conductance. The current–voltage
(I-V) relationship was determined as the average current over the last 20 ms
at the various voltage steps during the steady-state phase of the ATP-gated
inward current.
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Age-Related Hearing Loss in Mice Lacking the P2X2 Receptor. The
P2RX2-null mouse was developed to evaluate the role of the P2X2
receptor in mediating sensory effects of ATP (27). In the absence
of exposure to noise, auditory thresholds of WT and P2RX2-null
mice are the same until at least age 19–23 wk (Figs. S1–S3). We
assessed the potential contribution of P2X2 receptor signaling to
protection from age-related hearing loss (presybycusis) by ana-
lyzing 17-mo-old mice raised in a quiet environment (Fig. 5A).
Age-related hearing loss was more severe in P2RX2-null mice
compared with WT mice across the frequency range tested (4- to
32-kHz tone pips, P < 0.001; clicks, P = 0.03), with the greatest
difference at 8 kHz (P = 0.003). This broad hearing loss is con-
sistent with sensorineural deafness, including the impact on the
inner hair cell–type I spiral ganglion nexus. These P2RX2-null
mice had significantly higher cubic DPOAE thresholds than the
WTmice (P = 0.008) above 8 kHz (Fig. S2), reflecting differential
loss of outer hair cell function in the mid-basal region of the co-
chlea over the WT controls. At higher frequencies (28–32 kHz),
thresholds for both WT and mutant mice were ∼70 dB, our upper
limit for reliable determination of cubic DPOAE thresholds.
These results suggest that loss of P2X2 receptors aggravates the
progressive hearing loss of the DFNA41 human subjects.
Histological analysis of cochlear tissue from 17-mo-old mice

raised in quiet indicated substantial deterioration of the organ of
Corti in the P2RX2-null mice, particularly in the high-frequency–
encoding basal region. Loss of hair cells and supporting cells was
evident as a flattening of epithelial lining on the basilar membrane
(Fig. 5 and Fig. S4). Associated with loss of sensory epithelium
was a profound loss of spiral ganglion neurons within Rosenthal’s
canal (Fig. S2). Hair cells were retained in the more apical

cochlear regions, whereas spiral ganglion density appeared dif-
fuse in P2RX2-null mice compared with WT mice.

Noise-Induced Hearing Loss in Mice Lacking the P2X2 Receptor.As 11-
to 15-wk-old young adults, both P2X2-null and WT mice raised in
a quiet environment with minimal exposure to sound had normal
hearing for mice of this age (28, 29). Exposure to moderate back-
ground noise led to significant hearing loss in both P2RX2-null and
WT mice. Animals of both genotypes raised in a moderately noisy
environment had an average 30-dB higher ABR threshold at 8–16
kHz comparedwith animals raised in a quiet environment (Fig. 5B).
In contrast, P2RX2-null and WT mice differed significantly in

terms of the effect of noise on hearing at higher frequencies (Fig.
5B). At 20–36 kHz, P2RX2-null mice raised in a noisy environ-
ment had an average 13-dB higher ABR threshold than WT mice
raised in a noisy environment and mice of either genotype raised
in a quiet environment (P < 0.001). These results suggest that
loss of P2X2 renders mice more susceptible to high-frequency
hearing loss induced by moderate noise levels, as observed in the
DFNA41 human subjects (Fig. 1F).

Discussion
P2RX2 p.V60L cosegregates with dominantly inherited progressive
hearing loss in two families and profoundly affects the ATP-evoked
inward current response of P2X2 receptors and the permeability of
ATP-gated ion channels assembled as trimers from P2X2 subunits.
Our data suggest that mutant and WT P2X2 receptor subunits as-
semble together, hindering conductance in the heteromeric chan-
nel. Both WT and mutant P2X2 receptors localize to the plasma
membranes of hair cells and supporting cells, excluding mis-
localization of the heteromeric channel as the cause of hearing loss

Fig. 4. P2RX2 p.V60L abolishes ATP-induced permeability
of P2X2 receptors. Confocal optical sections showing stain-
ing of FM1-43 dye (red) on the apical surface and 4–5 μm
deep through the cell body of polarized MDCK-II cells
expressing GFP-tagged P2X2 constructs (green) in the
presence of ATP. (A) (Left) Cells expressing WT P2X2 were
permeable to FM1-43, with staining present in both apical
and basal cell regions. (Center) Cells expressing only mutant
P2RX2 p.V60L showed no FM1-43 staining. (Right) Cells
expressing both WT and P2RX2 p.V60L showed significantly
reduced FM1-43 staining compared with WT. (Scale bar:
5 μm.) (B) FM1-43 uptake was assayed by fluorescence in-
tensity and normalized to that of cells expressing only WT
P2RX2. One hundred cells were measured for each condi-
tion. FM1-43 permeability in cells expressing both WT and
P2RX2 p.V60L simultaneously was reduced by ∼60% com-
pared with cells expressing only WT P2RX2. **P < 0.001.
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in DFNA41 subjects. Rather, we suggest that improper docking or
defective gating within or between subunits is the more likely
mechanism for impaired function of the heteromeric channels.
Extracellular ATP is a purine signaling molecule that influen-

ces the developing and mature cochlea via both ionotropic P2X
receptors and metabotropic P2Y receptors (13, 30–32). P2X2
receptors are expressed in epithelial cells lining the cochlear
partition, including the sensory hair cells and supporting cells of
the organ of Corti and the afferent spiral ganglion neurons (12,
33). In the organ of Corti, sustained noise exposure causes up-
regulation of P2RX2 transcripts and P2X2 protein (34, 35), most
likely mediated by release of ATP into the cochlear partition (36).
During periods of sustained noise exposure, ATP released into
the endolymphatic compartment (the scala media) activates P2X2
receptors, producing a cation shunt across the cochlear partition
and reducing the driving force for both inner and outer hair cell-
mediated sound transduction (12, 32, 37). Old mice (18 mo) have
blunted regulation of cochlear partition resistance mediated by
P2X2 receptor-type conductance (35). This might have contrib-
uted to the development of hearing loss in the older WT mice in
the present study, but genetic deletion of the P2X2 receptor
resulted in significantly more pronounced hearing loss with age.
Exacerbation of hearing loss after noise exposure of both

P2RX2 p.V60L heterozygous human subjects and P2RX2-null
mice provides a link between P2X2 receptor signaling in the
cochlea and protection from noise and progressive hearing loss.
The phenotype of the families segregating P2RX2 p.V60L is
progressive sensorineural hearing loss, generally with onset in
the second decade. Among P2RX2 heterozygotes with significant
noise exposure, initial hearing loss involves both low and high
frequencies, whereas among P2RX2 heterozygotes with no his-
tory of noise exposure, high frequencies (>2,000 Hz) are affected
only some years later. The P2RX2-null mouse models the effect

of the human mutation. Similar to their human counterparts,
P2RX2-null mice continuously exposed to moderate noise de-
veloped hearing loss both at the frequency of the noise exposure
and at higher frequencies. It is reasonable to conclude that sig-
naling via the cochlear P2X2 receptor/ATP-gated ion channel
pathway confers protection from noise-induced hearing loss.
Taken together, our findings suggest that in persons with loss of

function of P2X2 receptors, levels of noise exposure that are
nominally safe for other individuals may cause significant noise-
induced hearing loss and accelerated presbycusis. In many coun-
tries, 85 dBA is the legislated safe working level for noise exposure
in an 8-h workday (e.g., www.safeworkaustralia.gov.au). This nomi-
nally safe daily noise exposure is based on a dose regimen in which
the safe daily broadband exposure doubles as sound intensity halves
with every 3 dB. Thus, the 75-dB bandpass noise (one octave) to
which mice were exposed in this study may reflect common human
environmental exposures (29). Our results thus suggest that P2X2
receptors contribute significantly to the ability of the cochlea to
sustain function within the normal physiological range of back-
ground noise. In the absence of this signaling pathway, the cochlea
is far more susceptible to noise-related and age-related hearing loss.
Genetic dissection of additional molecular mechanisms of

hearing impairment can provide valuable insights into the molec-
ular triggers for sensorineural degeneration. Therapeutic strategies
targeting the mutant P2X2 receptor also might provide a platform
for treating the progression of hearing loss in DFNA41 individuals.
More generally, a focus on loss of function of P2X2 receptors could
represent a promising direction for possible intervention in noise-
induced hearing loss in the wider population.

Materials and Methods
Human Subjects. This study was approved by the Institutional Review Boards
of the University of Miami (protocol 2001-0415), University of Washington

Fig. 5. Age-related and noise-induced hearing loss
in P2RX2-null and WT mice. (A) After 17 mo resi-
dence in the quiet chamber, P2RX2-null mice (n =
12; KOq) had poorer hearing than WT mice (n = 8;
WTq) across all frequencies. *P < 0.05; **P < 0.01;
***P < 0.001. (B) As 11- to 15-wk-old young adults,
WT and P2RX2-null mice born and raised in the
quiet chamber did not differ in hearing acuity (P =
1.0). With continuous exposure to 75-dB SPL mod-
erate noise at 8–16 kHz (green bar), both WT mice
(WTn) and P2RX2-null mice (KOn) exhibited sub-
stantial and similar hearing loss, evident with a click
stimulus as well (P = 0.001, noise-exposed vs. un-
exposed animals). However, only P2RX2-null mice
exhibited additional significant hearing loss at fre-
quencies above the noise band. *P < 0.05; ***P <
0.001. (C ) Confocal fluorescence images of cryo-
sections of the cochlear base from 17-mo-old WT
mice (WTq) and P2RX2-null mice (KOq) raised in
a quiet environment. Spiral ganglion neurons and
their central and peripheral processes were immu-
nolabeled for neurofilament 200K (green). Cell nu-
clei were labeled with DAPI (blue). o/C, organ of
Corti; sp, spiral prominence; sl, spiral limbus; sg,
spiral ganglion; IHC, inner hair cells; OHC, outer hair
cells. In the P2X2-null mice, loss of hair cells and
supporting cells led to flattening of the sensory
epithelium (arrow).
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(protocol 33468), and PLA General Hospital, Beijing. Informed consent was
obtained from each adult subject and from a parent of each subject under
age 18 y. Clinical histories, interviews, physical examinations, and audiometric
evaluations were carried out as described previously (19). In particular, each
subject was asked to provide a detailed occupational and residence history
before age 25 and information on exposure to noise during each year of this
period, the job context of the noise exposure, and whether exposure was
chronic or occasional.

Gene Discovery. A total of 3,636 cRNA 120-mer overlapping probes were
designed to capture the 4.80-MB DFNA41 linkage interval. Sequencing was
performedonaHiSeq2000genomeanalyzer (Illumina) toamedian readdepth
of 350×, with 99.2% of the targeted regions covered by ≥10 reads. Variants
were classified as missense, nonsense, frameshift, or splice-site alleles, vali-
dated by Sanger sequencing, and tested for cosegregation with hearing loss
in the family. All experimental procedures are described in more detail in SI
Materials and Methods.

Rat Inner Ear Tissue Cultures and P2RX2 Transfection. Organ of Corti and
vestibular sensory organs were dissected from postnatal day 2 (P2) rats in ac-
cordance with National Institutes of Health guidelines (protocol 1215-08) and
maintained for 2 d in culture, then transfected with GFP-P2RX2 WT or P2RX2
p.V60L using a Helios Gene Gun system (BioRad), as described previously (14).

Patch-Clamp Analysis of ATP-Evoked Current. HEK293 cells were transfected
with WT or mutant P2RX2 plasmid. Whole-cell recording was performed
using an Axopatch 200B patch clamp amplifier (Molecular Devices) (15, 16,
18), and data were analyzed with jClamp.

Measurement of FM1-43 Permeability Through P2X2 Receptor Channels. MDCK-II
cells were cultured as described previously (38) and transfectedwith GFP-P2RX2
WT or P2RX2 p.V60L. Transfected cells were incubated with media including

FM1-43 FX (Invitrogen), then fixed, permeabilized, and counterstained with
Alexa Fluor 647 phalloidin. GFP and FM1-43 were excited by a 488-nm laser
and detected by separate emission filters.

Animals, Hearing Assessment, and Immunolabeling. All experiments were
approved by the Animal Care and Ethics Committee of the University of New
South Wales. P2RX2-null and background strain C57BL/6J WT mice were
born and raised either in a quiet environmental chamber or in an environ-
mental chamber with a continuous noise level of 75 dB SPL, 8–16 kHz.
Assessments of hearing function were performed using established proto-
cols (39). Mid-modiolar cochlear cyrosections from the quiet-chamber 17-mo
old P2RX2-null and WT mice were examined by immunofluorescence con-
focal microscopy as described previously (40).
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