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Abstract

The prevalence of noise-induced hearing loss (NIHL) has been growing since the onset of the
21st century. The molecular pathology of NIHL is not yet well-known; previous research points
to dysregulation of calcium homeostasis in the inner ear being an important cause. In this study,
we focus on the role of calcium and its influx via the Cav3.2 ion channel in cochlear function
and response to noise exposure.

Voltage-gated calcium channels (VGCCs) have an a-subunit with ten possible isoforms. In
this study, we focus on the Cav3.2 isoform, encoded by the CACNA1H gene, prominently
expressed in the cochlea and auditory brainstem. Earlier studies show that Cav3.2 knockout
(KO) mice at five months show elevated auditory thresholds compared to wild type (WT) mice;
therefore, this gene may also be essential for the normal hearing process. However, considering
the advanced age of the mice in those studies, absence of this channel may merely accelerate
age-related hearing loss; therefore, younger knockouts must be tested.

The current study examines effects of noise exposure on CACNA1H KO and heterozygous
(HET) mice at six weeks of age. This was done through a combination of auditory brainstem
response (ABR) studies on WT, KO and HET mice, in baseline conditions, 24 hours after noise
exposure, and at 7-day and 14-day intervals after noise exposure. At baseline, KO mice had
elevated auditory thresholds, lower wave | amplitudes and higher wave | latencies, meaning
their hearing is impaired by loss of Cav3.2. Meanwhile, after noise exposure, the differences
were not as pronounced, but hearing was significantly worsened from the baseline in both WT
and KO mice. The cochleae were dissected and immunostained before imaging with confocal
microscopy and counting inner hair cells and associated synapses. No significant differences
were seen between the synapse or cell densities of WT and KO mice (HET mice were not
morphologically examined).

The current conclusions of the study are that absence of both copies of the CACNALH gene
impairs hearing and affects the extent to which noise exposure damages it, making KO mice
more susceptible to hearing impairment. However, the damage is usually lessened in
heterozygous mice.

Introduction

Prevalence and pathologies of excessive noise exposure

In recent years, the levels of ambient noise in the world have been increasing. The average
level of noise a person is exposed to on a daily basis in the modern day is also far higher than
in previous centuries®. A survey conducted across the years 2003-04 estimated the prevalence
of speech-frequency hearing loss in adults aged 20-69 as approximately 16.1%, and in age
groups 20-29 as 8.5% and steadily growing? Various factors may increase the risk of
developing hearing loss. For example, men are 5.5-fold more likely to experience hearing
impairment than women. Additionally, smoking, cardiovascular risks and noise exposure also
increase the likelihood of hearing loss?.

Many studies since Kryter et al (1966)% have proven that prolonged exposure to noise results
in temporary as well as permanent damage to hearing. The most obvious indicator of this is a
shift in auditory threshold, i.e., the minimum sound level of a pure tone that an average human
is able to hear when no other sound is present. Prolonged noise exposure leads to first a
temporary and then a permanent shift in the auditory threshold of the exposed individual®.



Apart from permanent auditory threshold shifts, another pathology of noise exposure visible in
post-mortem tissue is synaptopathy, or the loss of synapses between inner hair cells (IHCs) and
auditory nerve fibres. Synaptopathy disrupts connections between the cochlea and the central
auditory system, and it is known to impair speech perception in environments with high levels
of background noise, as well as increase the likelihood of tinnitus and hyperacusis®. It is also
known that excessive noise exposure can lead to the death of outer hair cells (OHCs)®, most
severe in the 9 mm to 13 mm region of the cochlear duct’.

Noise exposure is also associated with various pathologies of OHCs, IHCs and spiral ganglion
neurons (SGNs). One of these pathologies is cochlear inflammation. Damage to OHCs due to
noise exposure leads to activation of damage-induced molecular patterns (DAMPS), whose
receptors are present on cochlear cells; binding of DAMPSs to their receptors leads to the release
of pro-inflammatory cytokines and chemokines®. However, the molecular mechanisms of
noise-induced hearing loss have not yet been fully resolved.

Role of calcium in noise-induced hearing l0ss

Noise exposure-induced cell death also leads to the generation of free radicals or reactive
oxygen species (ROS) in the cochlea® and increased calcium levels in the endolymph and hair
cells!®, Several routes for Ca?* influx into the cytoplasm have been documented (Fig. 1).
Suggested causes for the increase in calcium concentration in OHCs include an entry from
extracellular compartments through L-type Ca?* and P2X2 ATP-gated channels. Further, a
positive feedback loop appears to be created with the entry of calcium from extracellular
compartments, enhancing the release of Ca?* from intracellular compartments further. This
influx of calcium leads to an overload of calcium ions and toxicity inside OHCs™.
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Fig. 1: Regulation of intracellular calcium compartmentalization®®

While calcium appears to play a role in noise-induced hearing loss, it is not yet well-defined.
It is known that exposure to loud sound leads to excitotoxicity in SGNs, with the noise
triggering excessive release of glutamate from IHCs*2. A specific class of glutamate receptors,
i.e., Ca?*-permeable a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptors (CP-
AMPARS) appears to be majorly responsible for this excitotoxic trauma; thus, activation of
CP-AMPARSs through calcium influx is one of the mechanisms responsible for noise-induced



synaptopathy®2. It was previously shown that overstimulation through sound could lead to both
an excessive influx of calcium'® and activation of certain mitochondria-mediated cell death
pathways in OHCs. It was also known that the release of glutamate further leads to an entry
of calcium from extracellular compartments into outer hair cells'®. Thus, the role of calcium in
triggering mitochondria-mediated death pathways was studied, and it was found that
calcineurin activates Bcl-2-associated death promoter (BAD), which translocates to the
mitochondria in degenerating cells®,

Voltage-gated calcium channels in the inner ear

It thus follows that controlling the release of calcium upon noise exposure might aid in resisting
or mitigating its effects on hearing loss. Therefore, research attention becomes focused on
voltage-gated calcium channels (VGCCs) in the inner ear, their localization and function.
VGCCs or Cav channels are macromolecular complexes comprising several subunit proteins.
The central and pore-forming subunit is known as the a-subunit and may have one of ten
different isoforms. Other structures that contribute to this complex include B-subunits (with
one of four possible isoforms) and one of four possible 0.5 subunits®. Eight of the known o-
subunits of these channels have been found to be expressed in the inner ear. Some a-subunits
(Cavl.2, Cav2.3, Cav3.1) were also immunolocalised to Schwann cells'’.

The Cavl.3 isoform of the a-subunit is the most abundantly expressed in the inner ear,
especially by inner hair cells. This subunit is encoded by the CACNAL1D gene. Expression of
this gene is observed to be about three-fold greater at the RNA level and two-fold greater at
the protein level in OHCs as compared to IHCs'8. Knockout mice for this gene show almost
complete deafness while heterozygous mice show significantly elevated auditory thresholds;
thus, it can be concluded that this VGCC is essential for functional hearing'®. Additionally,
histopathological studies of knockout mice showed that inner and outer hair cells underwent
degeneration and there was a complete absence of L-type currents evoked in the inner ear,
leading to congenital deafness?®®. A functional Cav1.3 channel subunit in the inner ear is
required for both the growth and development of hair cells, efficient glutamate release during
synaptic transmission, and generation of Ca?*-evoked action potential?t. The Cav2.3 channel
has also been known to be expressed in the developing and adult mouse organ of Corti,
specifically in the basal poles of the outer hair cell membranes in adult mice??.

The Cav3 family of calcium channels (encoded by the CACNALG, CACNA1H and CACNAL1I
genes), also known as the T-type calcium channels, are normally responsible for the regulation
of neuronal excitability?>. Genetic tracing has found that Cav3.2 is predominantly expressed in
the dentate gyrus of the hippocampus, as well as in many mechanoreceptor and nociceptor
endings?*. Due to their highly conserved amino acid sequences, as well as a lack of availability
of channel blockers specific to each subunit, it has been difficult to resolve specific roles of
each of the individual channel family members.

There is evidence for the presence of these channels in the outer hair cells of rats. PCR
experiments established the expression of Cav3.1 channels, but not Cav3.2 or 3.3, in the mature
rat cochlea. Through immunohistochemistry and hybridisation experiments, it was found that
Cav3.1 is expressed in both the inner and outer hair cells at the mRNA level, but only in outer
hair cells at the protein level®*. Cav3.2 is known to be the most prominently expressed subgroup
of auditory calcium channels in the cochlea and auditory brainstem?. Little is known about
expression of the Cav3.3 channels in the sensorineural structures of the inner ear.

As the Cavl.3 channel has been established to be the indispensable VGCC for functional
hearing, it may not be useful to conduct further studies on these knockout mice. Instead, it may



be beneficial to study the role of the other Cav channels in hearing further, and in this particular
study we focus on Cav3 channels specifically.

Role of Cav3 channels in hearing

Auditory brainstem response tests (ABRs) performed on five-month-old Cav3.2 wildtype
(WT), knockout (KO) and heterozygous (HET) mice showed that KO mice exhibited elevated
auditory thresholds at five months of age. In addition, there were significant variances in
amplitudes and latencies of the first wave in the ABR response, indicating that the Cav3.2
channel may play a more important role in hearing than was earlier thought. In WT and HET
mice, the auditory threshold for click-based audio responses was closer to 40 dB, while in
knockout mice it was around 65 dB. Amplitudes of wave I in the knockout mice was lower,
while the latency was higher?®. However, it is important to note that these mice are slightly
older and the lack of the CACNALH gene may also have accelerated age-related hearing loss.
Hence, it is not yet clear whether expression of this gene is essential to hearing at a younger
age, or how it alters susceptibility to noise-induced hearing loss.

Current hypothesis and proposed experiment

In this work, we hypothesized that Cav3.2 KO mice would show protection from noise-induced
hearing loss because they lack a route of Ca?* influx to trigger excitotoxic damage. In the
current study, the effects of noise exposure on hearing in Cav3.2 KO mice have been studied,
as well as the auditory phenotype of KO and HET mice at younger ages (approx. 6-8 weeks)
pre- and post-noise exposure. The aim of this study is to assess whether the lack of Cav3.2
channel, whether total (as in KO mice) or partial (as in HET mice), provides protection against
noise-induced hearing loss. Therefore, the hearing of WT, KO and HET mice is expected to be
very similar prior to noise exposure, and after, KO and HET mice are expected to have better
hearing than WT mice.

Materials and Methods

Animals: CaV3.2 heterozygous (HET) mice were obtained from Prof. Dr. Pernille B. L. Hansen
(University of Southern Denmark) and were bred on a C57BL/6 background. Upon crossing
CaV3.2 HET mice with each other, CaV3.2 knockout (KO) mice (n=11) were obtained and
crossed to maintain KO breeding lines. CaV3.2 KO mice were compared to wild-type (WT)
mice (n=6) of the same strain obtained from the UMCG CDP. HET mice (n=6) were also later
bred from KO and WT mice.

Assessments of cochlear function: Auditory brainstem response (ABR) measurements were
used to quantitatively assess cochlear function in response to both clicks and pure tones (8, 16,
24 and 32 kHz) using procedures described in more detail below (Fig. 2)*'. ABR was first
described by Jewett and Williston in 197128, It measures the capacity of a test subject to
generate an evoked auditory potential when either a ‘click’ sound or a tone pip is transmitted
to their ears in open field conditions (i.e., the speaker that transmits the noise is placed 10cm
from the ears of the test subject). The elicited waveform is measured through electrodes wired
to the scalp. The auditory threshold is the lowest volume at which a waveform is detectable.
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Fig. 2: A. A diagram of a typical setup for ABR measurements of mice in an open field setup?®,
with electrodes attached to the mouse’s earlobes and forehead. The mouse is sedated while
placed in the soundproof chamber, and as it is unconscious, it is placed on a heating pad to
retain body heat. Sounds are played through the speaker and the waveform generated by the
auditory brainstem is visualized through a script run through SmartEP software. B. A typical
waveform of an ABR, along with waves I-V of the auditory response.

ABR measurements were performed on WT, KO and HET mice at different time points
beginning from the age of six weeks in baseline conditions. Mice were sedated using a mixture
of ketamine (75 mg/kg) and xylazine (100 mg/kg). When they were fully unconscious, they
were placed inside a soundproof chamber, electrodes were subdermally attached by the
earlobes and at the back of the head, and they were exposed to pure tones (8, 16, 24 and 32
kHz) and clicks at increasing decibel levels (0 dB to 90 dB in 5-dB increments).

A baseline ABR reading was taken to determine their auditory thresholds, as well as amplitudes
and latencies of wave | of the auditory response. One week after this measurement was taken,
the mice were exposed to a consistent level of noise (70 dB) for two hours inside the soundproof
chamber. After this, the mice were allowed to recover for a week, and then ABR was performed
again to record the permanent threshold shift 7 days after noise exposure (PTS 7d). This process



was repeated again after a week to record the permanent threshold shift 14 days after noise
exposure (PTS 14d).

The waveforms were visualized and observed by means of the SmartEP software, version 2.70,
developed by Intelligent Hearing Systems (IHS). This software also allows for measurement
of amplitudes and latencies of wave | of the waveform.

Immunofluorescence: Immunofluorescence was performed in the isolated sensory epithelium
of the cochlea, the organ of Corti (i.e., the strip of epithelial hair cells in the inner ear that
produces nerve impulses in response to sound vibrations) to quantify the IHC and OHC density
and synaptic contacts between the IHCs and SGN. A description of these techniques can be
found in more detail in other literature®.

After the final ABR readings at the PTS 14d time point were taken, the mice were anaesthetized
using isoflurane before being sacrificed by decapitation. Their cochleae were isolated from the
temporal bones and immersed in phosphate buffer saline (PBS) solution. Following this, they
were immersed in a fixate solution containing 4% paraformaldehyde (PFA) for 1 to 3 hours to
fix the tissue. Complete organs of Corti were then isolated from the cochlea and treated with a
blocking buffer (PBS with 5% normal goat or donkey serum and 0.2% Triton X-100) for 1 to
3 hours at room temperature. They were then incubated overnight in the primary antibody
diluted with blocking buffer and rinsed three times in PBS with 0.2% Triton X-100 (PBT) for
20 minutes each time. After rinsing, the turns were incubated in the secondary antibody diluted
in blocking buffer for 2 hours at room temperature before once again being rinsed three times
in PBT and then once in PBS. They were then mounted on glass slides in Vectashield mounting
medium (Vector Labs). All incubations and rinses were performed on a rocking table3!,

Various antibodies were used for immunofluorescent staining and to identify the sub-cellular
localization of these channels. For immunofluorescent staining, the antibodies used included:
mouse anti-CPBT2 (C-terminal binding protein 2), rabbit anti-prestin (a motor protein highly
expressed in the OHCs), and mouse anti-GluA2 (a glutamate receptor subunit that regulates
calcium permeability and trafficking of Ca®*). The antibody used to identify localisation of
Cav3.2 is the rabbit anti-CaV3.2 (CACNA1H; #ACC-025%, The secondary antibodies used for
staining IHCs and presynaptic terminals were Alexa Fluor 488 (green fluorescence), while the
OHCs are stained with Alexa Fluor 647 and appear red.

Low-magnification micrographs of the immunostained organs of Corti were taken using
fluorescence microscopy. The Leica 4000b fluorescence microscope was used to take full
images of each part of the cochlea that had been isolated. If full images of a particular section
were not possible, partial images were stitched together using the Hugin software. Following
this, Fiji Is Just ImageJ (FIJI) a modified version of the ImageJ-Win64 software (specifically
the MosaicJ and Measure Line plugins, along with the previously determined frequency map
of the mouse cochlea) was used to draw a tonotopic map of the frequency regions of the cochlea
as an overlay to this image, which were then used when more detailed images were being
captured.

After the maps were completed, the frequency regions of 8, 16, 24 and 32 kHz of each viable
sample were imaged using the Leica sp8 confocal microscope. High magnification confocal
micrographs were collected with a 63x% oil immersion lens under the control of the LAS X



software. Z-stacks of the entire inner hair cell (IHC) synaptic pole from the 8, 16 and 32 kHz
region were collected at a scan speed of 200 Hz and zoom of 1. The step size (optical section
thickness) was determined by stepping at half the distance of the theoretical z-axis resolution
(the Nyquist sampling frequency). Images were acquired in a 1024 x 1024 raster
(x=y=184.52 um x 184.52 um) at sub-saturating laser intensities for each channel. Images
are presented as z-projections through the collected optical stack. All quantitative image
analysis were performed on the raw image stacks, without deconvolution, filtering, or gamma
correction. If both organs of Corti of the mice were viable, images of both were taken. The
sample that had as many frequency regions intact as possible was preferred in every case. Post-
imaging, the number of inner hair cells and inner hair cell synapses at each frequency region
were counted, and the numbers in wild type, knockout and heterozygous mice were compared.

Counting of inner hair cells and synapses was done on 3D reconstructions of the Z-stacks of
the confocal image stacks using the Imaris 6.4 image analysis software. Here, the number of
synapses per inner hair cell was calculated, as well as the density of synapses (i.e., the number
of synapses per unit length — in this case, per micrometer).

Analysis: The absolute auditory threshold, the threshold shift that occurred between the
baseline and each time point, the wave | amplitude at each volume increment and the wave |
latency at each volume increment were analyzed and compared between KO, HET, and WT
mice, using Microsoft Excel. Thresholds were determined using a custom-made R script.

Statistical analysis: comparisons between thresholds in WT, KO and HET mice done using
Sidak’s multiple comparison test on a mixed-effects model.

Results and Discussion

ABR data: auditory thresholds, amplitudes and latencies

The absolute auditory thresholds of WT, KO and HET mice showed some interesting variations
from the predicted results. For instance, the baseline thresholds of all mice at the age of six
weeks were expected to be fairly similar; as the lack of Cav3.2 channel was not expected to
cause any defects in hearing at this age (Fig. 3A). However, in baseline conditions, the KO
mice already had significantly higher auditory thresholds than either WT or HET mice in
almost all conditions, excluding the 8 kHz condition where WT mice appear to have
significantly lower thresholds than HET and KO mice.

After noise exposure, the hearing of KO mice continues to be majorly worse than WT or HET
mice. In PTS 7d conditions (one week after noise exposure) KO auditory thresholds continue
to be significantly higher in all conditions except 32 kHz tones, where there is no significant
difference between KO, WT and HET thresholds (Fig. 3B). This worsening of hearing
continues on into the PTS 14d conditions (two weeks after noise exposure), where there is no
significant difference between thresholds of all three groups in any conditions (Fig. 3C).

The auditory thresholds of HET mice were measured in order to provide further clarity on this
issue and to determine whether partial lack of the Cav3.2 channel provided protection against
noise-induced hearing loss. The baseline thresholds for HET mice tended to be similar to WT
mice, thus partial lack of the channel appears not to negatively affect hearing; however, post-
noise exposure, thresholds of the two groups continue to be similar. This also suggests that
partial lack of the Cav3.2 channel does not provide any significant protection against noise-
induced hearing loss.
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Fig. 3: Average auditory thresholds of Cav3.2 KO, HET, and WT mice taken at different
time-points: A) baseline (before exposure to noise), B) 7 days post-threshold shift (PTS) (a
week after exposure to noise) and C) 14 days PTS (two weeks after exposure to noise).

Amplitudes were examined in addition to absolute auditory thresholds in order to properly
interpret the ABR data. The amplitude is directly correlated to the number of neurons firing in
response to the sound stimulus. In baseline conditions, HET mice almost consistently have
higher wave | amplitudes than either WT or KO mice, except in the case of 32 kHz, where WT
mice have the highest amplitudes. However, KO mice consistently have the lowest amplitudes
among the three groups of mice.

In one-week post-noising conditions, the KO amplitudes mostly continued to be lower than the
WT or HET amplitudes. However, at lower sound intensities (up to about 40 kHz), amplitudes
of all groups of mice were very close in value and any divergence in values occurred at higher
sound intensities. Additionally, the WT and HET amplitudes show no noticeable trend of one
being higher or lower than the other, and for click sounds (which register across frequency
regions), these two average amplitudes are very close in value across all sound intensities.

In two-week post-noising conditions, the WT amplitudes appear to be higher than HET and
KO amplitudes in almost all conditions, although the differences between the amplitudes of all
three groups are much smaller in these conditions. However, KO amplitudes continue to be
lower than those of WT and HET mice.
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Fig. 4: Amplitudes of wave | of ABR responses of six-week-old mice in baseline conditions
(prior to noise exposure) for various frequencies of pure tones. A: At 8 kHz, B: at 16 kHz, C:
at 24 kHz, D: at 32 kHz, E: for click noises.
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Fig. 4. Amplitudes of wave | of ABR responses of six-week-old mice in PTS 7d conditions

(one week post noise exposure) for various frequencies of pure tones. A: At 8 kHz, B: at 16
kHz, C: at 24 kHz, D: at 32 kHz, E: for click noises.
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Fig. 5: Amplitudes of wave | of ABR responses of six-week-old mice in PTS 14d conditions
(two weeks post noise exposure) for various frequencies of pure tones. A: At 8 kHz, B: at 16
kHz, C: at 24 kHz, D: at 32 kHz, E: for click noises.



In baseline conditions, the KO mice appeared to have larger latencies than WT or HET mice
at lower sound intensities; at higher sound intensities the latencies of all groups appeared to be
very similar. Meanwhile in post-noising conditions, there appeared to be no recognizable trend,
as all the average latencies were very close in value between groups. (Statistical analysis was
not performed for amplitudes and latencies of sound waves; however at 90 db, which is the
highest sound intensity, all the latencies were extremely close in value in all conditions.)
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Fig. 6: Latencies of wave | of ABR responses of six-week-old mice in baseline conditions for
various frequencies of pure tones. A: At 8 kHz, B: at 16 kHz, C: at 24 kHz, D: at 32 kHz, E:

for click noises.
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Fig. 7: Latencies of wave | of ABR responses of six-week-old mice in PTS 7d conditions for
various frequencies of pure tones. A: At 8 kHz, B: at 16 kHz, C: at 24 kHz, D: at 32 kHz, E:
for click noises.
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Fig. 8: Latencies of wave | of ABR responses of six-week-old mice in PTS 14d conditions for
various frequencies of pure tones. A: At 8 kHz, B: at 16 kHz, C: at 24 kHz, D: at 32 kHz, E:
for click noises.

Immunostaining results




Fig. 9: 8 kHz region of the organ of Corti of a) a WT mouse, b) a KO mouse.

Several WT and KO samples were examined after immunostaining to determine whether noise
exposure affects IHCs and synapses differently based on presence or absence of the Cav3.2
channel. The images of the frequency regions of 8, 16, 24 and 32 kHz of each viable sample
were examined, and the number of IHCs and their associated synapses were counted.
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Fig. 10: Average synapse counts per inner hair cell for different frequency regions in the inner
ear (8, 16, 24 and 32 kHz).

The average synapse counts per IHC were very similar in WT and KO mice, and in fact, the
synapse counts per inner hair cell were slightly higher in KO mice.

Discussion

Since we predicted that lack of Cav3.2 channel would provide some level of protection against
noise-induced hearing loss, these results were different from what was anticipated. Firstly,
considering there is already such a great disparity in the baseline thresholds of WT, KO and
HET mice, and considering KO mice already have very poor hearing in baseline conditions, it
is hard to say whether noise exposure affects these mice differently.

From all the above data, it is evident that the absence of the Cav3.2 channel does not appear to
offer protection against noise-induced hearing loss. ABR measurements showed that in both
HET and KO mice, the effects of noise exposure are more significant than in WT mice.
Moreover, even the baseline thresholds are not similar; even six-week-old KO mice prior to
noise exposure had significantly higher thresholds than WT and HET mice at all frequencies.

Thus, it is possible that the Cav3.2 calcium channel or the gene encoding for it (CACNA1H)
might have another function that is apparently essential to normal hearing. In Lundt et al’s 2019
study, it was already observed that Cav3.2 KO mice at the age of five months appeared to have
significantly higher auditory thresholds than WT mice®®. However, this might have been due
to the absence of the Cav3.2 channel accelerating age-related hearing loss because the
background strain of the mice used shows greater ARHL. Thus, for this particular study, the
mice used were about six weeks old — the age at which the auditory system is fully developed.
Despite this, the KO mice appeared to have significantly worse hearing, and therefore it can be
inferred that the Cav3.2 channel contributes in some way to normal auditory function. Judging
by the results of this study, as well as prior data such as from Lundt’s study, the Cav3.2 channel
might have a role in development of the auditory system from birth.

It was also observed from the cell count data that KO mice appear to have a similar number of
synapses per IHC to WT mice, not less as was expected. Thus, it seems apparent that KO mice



are not much more susceptible to synapse or inner hair cell damage caused by noise exposure
than WT mice. However, there are a few concerns inherent with this conclusion. Perhaps the
most important of these is that no baseline samples (prior to noise exposure) were
immunostained, observed or counted. Thus there is no way to observe the extent of damage
caused to the cells or synapses due to noise exposure. This oversight can be corrected in future
studies by studying cochlea of the mice before and after noise exposure and comparing hair
cell and synapse counts.

These results do not make it clear which of the sensorineural structures being affected causes
the auditory deficit. ABRs simply show the fact that hearing is damaged, but not which part of
the inner ear is damaged (i.e., IHCs, OHCs or SGNs). Thus, further studies need to be
conducted at a histological and molecular level to determine what is the exact nature of hearing
damage caused by absence of the Cav3.2 channel. Performing additional physiological tests
(such as distortion product otoacoustic emissions, or DPOAE tests) as well as locating the
channel to other inner ear cells (through procedures such as fluorescence in situ hybridization
or FISH) can shed some light on why knockouts have elevated thresholds and where the
channel is essential for hearing.

Another interesting finding that may be worth speculation is the observation that in baseline
conditions, HET mice seem to have lower auditory thresholds, as well as higher wave |
amplitudes, than WT mice. This may be due to some background characteristic of either the
WT strain or KO strain (such as a propensity for accelerated age-related hearing loss). For any
further speculation to be done, cochleae of the HET mice also need to be examined both prior
to and following noise exposure, as well as further ABR experiments on them.
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