Sestrin-2 Protein Deficiency Exacerbates Noise Induced Hearing Loss
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RESULTS

ABSTRACT
Noise exposure is the most common cause of hearing loss. It
affects approximately 26 million people in the United States,
especially those in the manufactory and military industry [4].
Within the set of cochlear pathologies that occur as a result of
noise exposure, the presence of oxidative stress in the
cochlear sensory cells and an increased level of reactive
oxygen species play a significant role in noise induced hair
cell death [2].
Cells and tissues are endowed with antioxidant defenses to
fight against these harmful external stimuli. Sestrins are a
family of highly conserved stress responsive proteins that can
protect cells from oxidative stress [1, 3]. Sestrin-2, important for
metabolic homeostasis, is a stress inducible protein that has
been found in heart tissue and plays a vital role in preventing
cardiovascular diseases by reducing oxidative stress [5]. We
hypothesize that Sestrin-2 protein deficiency will cause an
increased level of oxidative stress in the cochlea post noise
exposure, which will exacerbate hearing loss. Initial Western
blot results identified the Sestrin-2 protein in the cochlea, but
its role has yet to be studied. This project will explore the
novel protein in the auditory system, which may play an
important role in hearing protection by suppressing oxidative
stress.
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Figure 1: The average ABR threshold in WT and KO mice before and after noise exposure. (A) An increase in hearing threshold after 3 hours
of 110 dB white noise exposure in C57 WT mice. (B) An increase in hearing threshold after 3 hours of 110 dB White noise exposure in
Sestrin-2 KO mice. (C) The difference in ABR threshold is significantly greater in the Sestrin-2 KO mice in 4 kHz, 8 kHz, 16 kHz and 48 kHz.
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SPECIFIC AIMS
Aim 1: To investigate the expression and location of the
Sestrin-2 protein in the auditory system
Aim 2: To determine the degree of hearing loss caused by
Sestrin-2 protein deficiency and role of Sestrin-2 protein in
hearing protection

METHODS
SUBJECTS: C57BL/6J wild type (WT) mice and Sestrin-2
knock out (KO) mice from The Jackson Laboratory

Figure 2: Sestrin-2 protein expression in cochlea of C57 WT mouse (3 months). Positive staining was detected on the macrophages on the
basilar membrane of cochlea. The sample was incubated with Sestrin-2 polyclonal antibody over night, then stained with Goat Anti- Rabbit
IgG H&L. (A) Apical turn of cochlea: no positive staining was detected. (B) Basal turn of cochlea: positive staining was detected on the
macrophages on the basilar membrane. (C) Basal turn of cochlea taken with a confocal microscope: dilation of the structures on a cellular
level. Sestrin-2 expression on the macrophages is clearly shown.
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NOISE EXPOSURE: Bilateral white noise exposure of 110 dB
for 3 hours
HEARING EVALUATION: Auditory brainstem responses were
performed under Ketamine/Xylazine anesthesia at 4, 8, 16,
32 and 48 kHz pre and 1 week post noise exposure
WESTERN BLOTTING: To quantify Sestrin-2 protein in the
cochlea
IMMUNOCYTOCHEMISTRY: To determine the location of
Sestrin-2 protein expression on the basilar membrane
HAIR CELL COUNT: To quantify hair cells on the basilar
membrane pre and post noise exposure

• The expression of Sestrin-2 protein has been found in the
cochlea of the C57 WT mice via Western blotting. Using
immunocytochemistry, we detected Sestrin-2 protein
expression on the macrophages on the basilar membrane
of the basal turn but not in the apical turn. We hypothesize
that the increase in Sestrin-2 protein on the basal turn
may be associated with aging related hearing loss.
• Both WT and KO mice showed an increase in hearing
threshold after noise exposure in auditory brainstem
response, however the threshold shift was larger in the
KO mice, implying that Sestrin-2 protein may play a role in
hearing protection. Outer hair cell count has been
performed and results showed significant hair cell death
post noise exposure.
• The role of Sestrin-2 protein in hearing protection will be
further investigated. It is expected that post noise
exposure, Sestrin-2 KO mice will have drastic increase in
their hearing threshold compared to the C57 WT mice due
to the lack of protection effect of the Sestrin-2 protein.
Western blotting will used to quantify protein expression
pre and post noise exposure and immunocytochemistry
will be used to localized Sestrin-2 protein in the cochlea.
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Figure 3: Expression of Sestrin-2 protein via Western
blotting. (A) Sestrin-2 protein is clearly expressed in the
cochlea of C57 WT mice. Sestrin-2 has a molecular
weight of 63 kD. GAPDH was used as a loading control
to normalize the levels of protein. Western blot results
show a greater concentration of Sestrin-2 protein in the
cocheae compared to the heart. (B) No bands were
shown for the KO mice.

Figure 4: Distribution of outer hair cell damage in
C57 WT mice pre (blue) and post (black) noise
exposure. C57 WT mice between 6-8 months
were noise exposed with narrow band noise of
120 dB for 1 hour. Animals were sacrificed and
the cochleae was dissected for hair cell count 2
weeks after noise exposure. (Unpublished data
from Dr. Bo Hua Hu’s lab)
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