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Role of astrocytes in the repair of auditory synapses in the cochlear nucleus after
noise damage
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[Abstract] Objective-To investigate the pathological and physiological changes underlying noise-induced cochlear nucleus
damage and the regulating function of astrocytes on the damage, using a combination of morphological analysis, and molecular
biology techniques. Methods - Forty-eight male C57BL/6J mice were randomly divided into two groups and exposed to 110 dB SPL
(sound pressure level) broadband noise for 2 hours. Auditory brainstem response (ABR) tests were performed on the mice on days 1,
7, 14, 30, and 90 after the noise exposure. Immunofluorescence staining of cochlear nuclear tissue was conducted to observe
cochlear nuclear neurons and auditory synapses, as well as astrocyte activation levels. In addition, the damage to the cochlear
nuclear neurons and synapses caused by noise was verified through Western blotting. Results* A significant decrease in cochlear
nuclear Bushy cells after noise exposure was observed. The Western blotting results showed that there was severe loss of nerve
fibers in cochlear nuclear neurons, indicating that noise caused significant damage to cochlear nucleus neurons. Moreover, a
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significant loss of auditory synapses labeled with vesicular glutamate transporter 1 (Vglutl) was observed, which was the severest

on day 14 after noise exposure and slowly recovered on day 90. Interestingly, astrocytes in the cochlear nucleus displayed obvious

clustering and activation after noise exposure. By staining with glial fibrillary acidic protein (GFAP), most astrocytes were

distributed around the cochlear nucleus, granule cell area, and auditory nerve root before noise exposure, and they had a small size.

However, on day 14 after noise exposure, a large number of activated astrocytes aggregated in the ventral cochlear nucleus, and they

all showed a pattern of growth around the synapses. Conclusion*Noise exposure leads to significant damage in the cochlear

nucleus, and it is possible that astrocytes are involved in its damage and repair processes. These findings will provide a crucial

foundation for further understanding the mechanisms of sound signal analysis, integration, and neural plasticity in the cochlear

nucleus.
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Note: Comparison of mouse auditory brainstem response (ABR) thresholds

after noise exposure. “P=0.000, compared with the Pre (control) group.
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Fig 1 Establishment of a noise-induced hearing loss mouse

model
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Note: A. Western blotting and grayscale analysis of cochlear nucleus in mice after noise exposure, showing significant downregulation of neurofilament-
associated proteins, indicating neuronal degeneration. B. Immunofluorescence staining (MafB) of bushy cells in mice after noise exposure and corresponding
statistical analysis. “P=0.000, *P=0.004, ®P=0.001, “P=0.016, ®P=0.013, ©P=0.005, compared with the DO (control) group.
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Fig 2 Noise exposure leads to degeneration and loss of cochlear nucleus neurons
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Note: A. Immunofluorescence staining (Vglutl) of cochlear nucleus auditory nerve synapses after noise exposure. B. Immunofluorescence staining (x63) of
cochlear nucleus auditory nerve synapses after noise exposure, showing auditory nerve synapses (Vglutl), la-type auditory nerve (Calretinin), and cell nuclei
(DAPI). C. Statistical analysis of the proportion of [a-type auditory nerve synapses after noise exposure. ©P=0.000, *P=0.023, ©P=0.024, compared with the
DO (control) group.
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Fig3 Noise exposure leads to the loss of auditory synapses in the cochlear nucleus bushy cells
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Note: A. Immunofluorescence staining (GFAP) of cochlear nucleus astrocytes after noise exposure. B. Immunofluorescence staining (x63) of cochlear nucleus
auditory nerve synapses and astrocytes after noise exposure, showing auditory nerve synapses (Vglutl), astrocytes (GFAP), and cell nuclei (DAPI). C. Western
blotting results of cochlear nucleus after noise exposure. “P=0.001, ®P=0.130, ©P=0.929, “P=0.019, ®P=0.048, compared with the DO (control) group.
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Fig 4 Noise exposure leads to the activation of cochlear nucleus astrocytes
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AR, b/ 1 c WRINHG kAR [FFE,
ARG S IR P TR S R A A A T M s R R
BEAY MRS B EE I /N BUHE IR A% Calb2 PR 2 il 5 2k 3
B ST, BVE R RS T HA I R B 2k
AR T o/ o £F 4 A 46 40 S0 B A= 45 s

EIEH et & R g A EE IR,
PR IUE SR MR BT B LA B 5 ik ) RE R 475 45
o B 5 4N i 5 g Mk BBk AR ol B YL BRIB IR
J5T A 55 5 M i J= A5 R B B IR =07 2 kb, dE g
53 TSP LA M Hevin (X FK Sparcll) & F1RAE UE 24 Ay
P fih 20 2% 5 T BeAh, B R AN A T
WA RG KRB MR R h A EZEM . DA
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Xt HEIR A% & B BORF ST 2 R B, R R A0 M A
g MR & W, HrhHifi 55 14 B (postnatal
day 14, P14) WE LN (P14EF, /NREIETF
I, SR BLOCEE T ) o BRI IS5 4N 3 R 65 7E
ARSI A 5 W i 28795 15 BRI A% i 28 ST AR I I B 28 fi
U

0 29 B E B A% 458493 I S22 2 M Joit 240 B 1) A S AT
FEAXFE Z o ARG R I, WS B R T RP I 5T 4 i
B T H A% endbulb 58 fil 2544 R L, 10 & 42 19 LB
U2 I 240 M 5% T S S VR T A 2243 4355 (proliferation)
W SEAUN HJE WAL (reactivation) , X J& —MEFIE
FEMRITE I ] o BLAh, — T I 6 o A it A S 2
MR gE Y R B, B I A0 M AR 4 T K Rl 4R
ALFIA2 S, Jorfr, AL RIS RIB R CHERN, &
SRR I R G RAE ; I A2 B S Rk
FEHFAIRIEN , S5 b2 58 il n] 4 LA R ph 287032
o ARWFFTHE T Western blotting SEIGIESE, IR
200 1 53 A 1) IS i £ 11 Sparcl 1 7 M P 2 87 1 HL g
KWL I, 4R A S R R S AR Y TR I I
AT REV)E A2 B, RIATRE S 5 EE A% 58 fil i) T 98
SRR (A, L2 AL T 40 AL
Z 55 foh FE Y H RIS AN, SRR 45 A RNA-
Seq. ATAC-seq FFH AL Il B /3 FHE 8, NiRYT
Mg s SHC A 2SR ) W 5 A 2 R e 0 DA B TR e 58
fih P2 T R A5 29 SE A
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