European Journal of Histochemistry 2025; volume 69:4189 \"ﬁ'—'mss

Expression of S100p during mouse cochlear development
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In the present study, the expression of S100p was examined in the mouse cochlea from embryonic day 17 (E17)
to postnatal day 32 (P32) using immunofluorescence, aiming to explore its possible role in auditory system. At
E17, S100f expression was not detected, except in the external cochlear wall. Starting at E18.5, S100f3 staining
appeared in the organ of Corti and the stria vascularis. In the E18.5 and P1 organ of Corti, S100p3 was confined
to the developing pillar cells. By P6, cytoplasmic staining of S100f was evident in the inner and outer pillar
cells, forming the tunnel of Corti. Additionally, S100( expression extended medially into the three rows of
Deiter’s cells, with labeling of their phalangeal processes. At P8, S100p continued to be expressed in the heads,
bodies, and feet of the two pillar cells, as well as in the soma and phalangeal processes of the three rows of
Deiter’s cells. In the lateral wall of the P8 cochlea, S100 was expressed not only in the stria vascularis but also
in the spiral ligament. Between P10 and P12, S100f expression was maintained in the Deiter’s cells and pillar
cells of the organ of Corti, as well as in the lateral wall, and spiral limbus. From P14 onwards, S100f expression
ceased in the stria vascularis, though it persisted in the spiral ligament and spiral limbus into adulthood. Within
the P14 and P21 organ of Corti, SI00p remained in the Deiter’s and pillar cells. S100f3 immunostaining was
not observed in the phalangeal processes of Deiter’s cells but was specifically present in the Deiter’s cell cups
at P21. In the adult cochlea (P28 and P32), S100p expression declined in both Deiter’s and pillar cells. The
dynamic spatiotemporal changes in S1003 expression during cochlear ontogeny suggest its role in cochlear
development and hearing function.

ABSTRACT

Key words: S10083; immunofluorescence; expression; mouse; cochlea; development.

Correspondence: Lizhong Su, Otolaryngology& Head and Neck Center, Cancer Center, Department of
Otolaryngology, Zhejiang Provincial People’s Hospital (Affiliated People’s Hospital, Hangzhou Medical College),
Hangzhou, China. E-mail:13588745381@163.com

Contributions: WL, study concept and carrying out, manuscript drafting; YZ, CL, LZ, contribution in data analysis
and in editing and revising the manuscript. All authors read and approved the final manuscript.

Conflict of interest: the authors declared no potential conflicts of interest with respect to the research, authorship, and
publication of this article.

Ethical approval: all animal studies, including the euthanasia procedure, were conducted in compliance with the reg-
ulations and guidelines of Southeast University’s institutional animal care, adhering to the standards set by the
Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) and the Institutional Animal
Care and Use Committee (IACUC) guidelines (approval No. 20200402025).

Availability of data and material: the data used to support the findings of this study are available from the correspon-
ding author upon reasonable request.

Funding: this work was supported by the National Natural Science Foundation of China (No. 82000987) and the
Natural Science Foundation of Jiangsu Province (No. BK20200394).

[European Journal of Histochemistry 2025; 69:4189] OPEN 8 ACCESS



- press

~N

Introduction

Several members of the EF-hand calcium-binding protein fam-
ily, including calbindin-D28K, calretinin, parvalbumin, and S100
proteins,'* have been widely expressed in the cochlea, providing
important clues about their roles in cochlear organogenesis and
function. Recently, the importance of S100 proteins in hearing was
highlighted, with changes in their expression in the mouse cochlea
implicated in congenital hearing loss in Waardenburg syndrome
due to Pax3 loss.® Among the EF-hand calcium-binding protein,
the low-molecular-weight S100 proteins, which consist of twenty
members, represent the largest subgroup.® S100 proteins form
dimers, primarily consisting of S100a and S100f8 subunits.” In
comparison to the numerous members of the S100a subfamily, the
S100pB subfamily mainly includes S1008. S100p, a soluble calci-
um-binding protein of 21 kDa, is the most active member of the
S100 protein family and the most abundant in the central nerve
system,® where it is primarily released by glial cells.!® Deregulated
expression of S100P has been implicated in neurodegeneration,
inflammation, and brain damage.!'"'* Additionally, S100f has been
used as a diagnostic and prognostic marker in clinical settings
based on its concentration in serum or cerebrospinal fluid.!'®!s
However, the exact physiological functions of S100 proteins in the
cochlea and normal hearing remain unclear. Age-dependent
expression of S100B has been reported in the brains of mice.!
Previous immunohistochemical studies have demonstrated the dis-
tribution of S100 immunostaining in the cochleas of several
species, including guinea pigs, mice, rats, and humans, though
some inconsistencies in the findings exist. For example, in rats,
S100 immunolabeling was reported in the inner sulcus cells and
inner phalangeal cells."” While S100 is widely expressed in the
supporting cells of the mouse and guinea pig organ of Corti,'$!? it
has not been reported as a key marker protein in spiral ligament
fibrocytes.?’ In the human embryonic cochlea, S100 expression
was restricted to the spiral ligament, Reissner’s membrane, and
spiral limbus.?! Strain differences and variations in staining tech-
niques may explain this variability. Although S100a and S1003
share a high degree of sequence and structural similarity, their dif-
ferential localization in various tissues indicates functional dis-
crepancies.’? To date, only one study has reported the spatiotempo-
ral expression of S100a in the cochlea during postnatal develop-
ment.”> However, the cellular distribution of S100p in both the
adult and developing cochlea remains limited. Therefore, our pre-
sent study aimed to examine the dynamic expression patterns of
S100B across various developmental stages. We report that S1008
is preferentially distributed in the supporting cells of the organ of
Corti and the lateral wall of the mouse cochlea, with its expression
developmentally regulated, closely following cochlear maturation.

Immunofluorescence

Pregnant BALB/c mice (gestational days 17-18.5) and postna-
tal mice (P1-P32) were anesthetized by intraperitoneal injection of
10% chloral hydrate (0.2 mL/100 g) Postnatal mice were intracar-
dially perfused with saline followed by 4% paraformaldehyde in
0.1 M phosphate buffer (pH 7.4). Detailed methods for
immunofluorescent staining were described in our previous
study.?*? Briefly, after perilymphatic perfusion with the fixative,
the cochlea was postfixed in the same solution for 35 min at room
temperature. Cochlea from mice older than P5 were decalcified in
10% EDTA (pH 7.4). Following decalcification, the cochleas were
immersed in a sucrose gradient (15% for 3 h and 30% overnight).
Cochlear tissues were then embedded in optimum cutting temper-
ature compound at 4°C for 2.5 h, rapidly frozen at -20°C, and cry-
oembedded specimens were sectioned into serial sections (8 pum)
using a cryostat and mounted on glass slides.

Cochlear cryosections were treated with 10% donkey serum
and 0.3% Triton X-100 in PBS for 45 min at room temperature to
enhance cell membrane permeability to antibodies. The sections
were then incubated with primary antibodies, diluted in 0.01M
PBS overnight or longer at 4°C. The primary antibodies used were
as follows: rabbit anti-S1003 antibodies (1:500, #90393; Cell
Signaling Technology, Danvers, MA, USA), Sox2 Monoclonal
Antibody (Btjce; Invitrogen, Waltham, MA, USA), Alexa Fluor™
488 (1:100, #53-9811-82; Invitrogen), biotinylated isolectin B4
antibody (1:250, Vector Laboratories, Newark, CA, USA). In dou-
ble-stained experiments, coralite594-conjugated phalloidin (1:250,
#PF00003; Proteintech, Wuhan, China) was applied to detect F-
actin in the hair cells of the organ of Corti. After rinsing three times
for 15 min in 0.01 M PBS, the slides were incubated for 1 h at
37°C with the following secondary antibodies: donkey anti-rabbit
IgG conjugated with Alexa fluor 488 or 555 (1:250; Yeasen
Biotechnology, Shanghai, China), Streptavidin conjugated with
Alexa fluor 594 (1:250; Yeasen Biotechnology). Control sections
were incubated with 0.01 M PBS, without primary antibodies.
Additionally, rabbit (DA1E) monoclonal antibody IgG XP Isotype
control (#3900, Cell Signaling Technology) was used as a negative
control, in place of the S100B antibody. The sections were then
washed with PBS, and fluorescence was preserved by sealing the
specimens with an antifade mounting medium containing 4',6-
diamidino-2- phenylindole (Biyuntian, Biotechnology, Shanghai,
China). Cryostat sections were examined using a Zeiss (LSM900)
laser scanning confocal microscope with 10x (NA= 0.45), 20x
(NA =0.8), 40x (NA = 0.95) and 63x oil (NA = 1.4) objectives at
1024 x 1024 pixels. Zen3.0 acquisition software was used.
Immunostaining presented in figures is representative of three
individual experiments. Images were cropped and resized using
Adobe Photoshop CC 2019.

Materials and Methods

Animals

All animal studies, including the euthanasia procedure, were
conducted in compliance with the regulations and guidelines of
Southeast University’s institutional animal care, adhering to the
standards set by the Association for Assessment and Accreditation
of Laboratory Animal Care (AAALAC) and the Institutional
Animal Care and Use Committee (IACUC) guidelines (approval
No. 20200402025).
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Results

Expression patterns of S100p in the mouse cochlea
during the late embryonic stages of development
by immunofluorescence

The expression patterns of S100p were analyzed in the mouse
cochlea from E17 to adulthood using immunofluorescence staining
and confocal microscopy. At E17 (the earliest age examined), dou-
ble-labeling with S100B and the supporting cell marker Sox2,
which labeled parts of the greater epithelial ridge, inner hair cells
(IHCs), three rows of outer hair cells (OHCs), and Deiters’ cells
located above the basement membrane during the late embryonic
stages,’® showed no immunoreactivity for S100p in the Sox2-
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marked auditory epithelium. S1008 immunoreactivity was
observed only in the external cochlear wall (Figure 1 A-C).
Beginning at E18.5, similar to previously reported S100 expres-
sion patterns,® S100f staining first appeared in the auditory epithe-
lium. S100B expression occurred in both the apical and basal
regions of the developing pillar cells. S100p-immunolabeled pillar
cells separated Sox2-marked IHCs from OHCs. Expression of

S100B was also present in the marginal and intermediate cells of
the stria vascularis (Figure 1 D-I). No immunofluorescence label-
ing of S100B was detected in any parts of the E18.5 cochlea in neg-
ative controls omitting the primary antibody. Also, no antibody
binding was observed in negative controls stained with normal rab-
bit IgG (Supplementary Figure S1).
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Figure 1. S100p immunolabeling in the mouse cochlea at E17 and E18.5. A-C) In the mouse cochlea at E17, S100B immunoreactivity
was only observed in the external cochlear wall (arrowheads), with no labeling detected in other cochlear tissues. Double-labeling with
S100B and Sox2 revealed that no S100p immunoreactivity was present in the Sox2-immunoreactive auditory epithelium. D-I) In the mid-
dle turn of the mouse cochlea at E18.5, S100f immunoreactivity was predominantly detected in the apical region of the developing pillar
cells. S100B-labeled pillar cells were located between the Sox2-labeled IHCs and the first row of OHCs. The base of the pillar cells was
also labeled with S100B. Additionally, the stria vascularis showed immunoreactivity for S-100p. IHC, inner hair cell; OHC, outer hair cell;
SV, stria vascularis; GER, greater epithelial ridge; pc, pillar cells; DC, Deiters’ cells; hp, head plate; SB, the spiral limbus.
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Expression patterns of S100f in the mouse cochlea
during postnatal development by immunofluores-
cence

In P1 mice, S100p immunostaining was maintained in the stria
vascularis in the apical and middle turns, while no S100 labeling
was observed in the Sox2-marked auditory epithelium in the apical

apical turn

middlle turn
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turn (Figure 2 A,B). Phalloidin, a marker for F-actin, labeled the
surface of the greater epithelial ridge and the cuticular plates of the
IHCs and OHCs at this stage.?” Co-staining of S100p with phal-
loidin and Sox2 demonstrated that S100B-immunoreactive inner
and outer pillar cells were interposed between the IHCs and OHCs.
S100B was clearly expressed in the developing inner and outer pil-
lar cells, particularly in the foot plates of the pillar cells sitting atop
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Figure 2. S100p immunolabeling in the mouse cochlea at P1. A) A low-magnification view of cross-sections of the P1 mouse cochlea
labeled with S1008 (red) and Sox2 (green) at P1. S100p immunoreactivity was not detected in the organ of Corti in the apical turn at P1.
B,C) In the middle turn of the P1 cochlea, the stria vascularis and pillar cells of the organ of Corti were S100B-labeled. D,E) Co-staining
S100B with phalloidin (red) and Sox2 (green) revealed that S100B-labeled inner and outer pillar cells were positioned at the boundary
between the phalloidin-marked IHCs and OHCs. S100B-positive cells were predominantly observed in the head and foot plates of the pillar
cells. F) S100p expression was also detected in the spiral limbus. G-I) Double-labeling with S100B (green) and IB4 (red) demonstrated
that S100B-positive cells in the stria vascularis were in close proximity to IB4-marked intrastrial capillaries. IHC, inner hair cell; OHC,
outer hair cell; SV, stria vascularis; GER, greater epithelial ridge; ip, inner pillar cells; op, outer pillar cells; DC, Deiters’ cells; hp, head

plate; fp, footplate; SB, the spiral limbus.
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Figure 3. S1003 immunolabeling in the mouse cochlea at P6. A-B) At the middle turn of the P6 cochlea, S100f staining was present
throughout the cell bodies of both inner and outer pillar cells, which were separated to form the tunnels of Corti. The apices of the S1008-
expressing pillar cells projected laterally (arrowhead) to contact the OHCs. Labelling for SI00f was observed in the three rows of Deiters’
cells, with S100B-expressing Deiters’ cells positioned at the base of each OHC, extending a long phalangeal process (arrows) between the
base and the apex of the OHCs. C) S100p labeling was also seen in the spiral limbus. D) Double-labeling of S1008 with phalloidin showed
that S100B-labeled Deiters’ cell phalangeal processes extending between rows of OHCs. E,F) S100p expression was localized to strial
marginal cells facing the scale media, S100f colocalized with phalloidin in the basal cells of the stria vascularis. G-I) strial intermediate
cells that located around the 1B4-labeled strial capillaries were immunopositive for S100p. J-L) In both the apical and basal turns of the
P6 cochlea, S100p was also expressed in the outer and inner pillar cells and the three rows of Deiters’ cells. IHC, inner hair cell; OHC,
outer hair cell; SV, stria vascularis; GER, greater epithelial ridge; ip, inner pillar cells; op, outer pillar cells; DC, Deiters’ cells; hp, head
plate; fp, footplate; SB, the spiral limbus; mc, the marginal cells; ic, the intermediate cells; bc, the basal cells; o/C, organ of Corti.
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the basilar membrane, whereas it remained unexpressed in Deiters’ labeled by isolectin B4 (IB4), a specific vascular endothelial mark-
cells (Figure 2 C-E). Additionally, S100p began to be detected in er, were not positive for S1008 (Figure 2 G-I).28 At P6, the bodies
the spiral limbus (Figure 2F). S1008 showed a cytoplasmic distri- of the labeled inner and outer pillar cells moved apart, forming the
bution in the stria vascularis, capillaries of the stria vascularis future triangular, fluid-filled space known as the tunnel of Corti.?

Figure 4. S100p immunolabeling in the mouse cochlea at P8. A,B) At P8, S100p staining was observed in the organ of Corti, spiral liga-
ment, stria vascularis, and spiral limbus in the apical and medial turns. C) Double-labeling with S1008 and Sox2 showed that S100f stain-
ing was uniformly distributed throughout the cytoplasm of the pillar cells, from the head plate toward the footplate. The phalangeal
processes (arrows) of Deiters’ cells developed into finger-like structures. D-F) The spiral ligament was largely immunoreactive for S1008,
including type I fibrocytes lateral to the stria vascularis, type Il fibrocytes under the spiral prominence, and type V fibrocytes above the
Resissner’s membrane lining the scala vestibuli. G) Fibrocytes in the spiral limbus were expressed by S1008. H,I) In the P8 basal turns,
S100fB immunoreactivity occurred in the Deiters’ cell cup region (arrows) which enveloped the base of the outer hair cel. IHC, inner hair
cell; OHC, outer hair cell; SV, stria vascularis; GER, greater epithelial ridge; ip, inner pillar cells; op, outer pillar cells; DC, Deiters’ cells;
hp, head plate; fp, footplate; SB, the spiral limbus; o/C, organ of Corti; SP, the spiral prominence; Roman numerals indicate fibrocyte
types.
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S1008 expression was observed throughout the cell bodies of pillar and basal cells, expressed S100f. Cytoplasmic S100p labeling was
cells, and noteworthy, S100p immunostaining was also present in detected in the three cellular layers of the stria vascularis. Co-stain-
the transcellular processes of the pillar cells and spiral limbus ing of S100B with phalloidin, a marker for the basal cells of the
(Figure 3 A-C). S100B-labeled Deiters’ cells were easily distin- stria vascularis, revealed co-expression in the basal cells (Figure 3
guished by their phalangeal processes lying below the cuticular E,F).3° Intermediate cells present in close vicinity with IB4-
plates of OHCs, labeled with phalloidin (Figure 3D). We also labelled intrastrial capillaries were also immunostained for S10083
found that the stria vascularis, including marginal, intermediate, (Figure 3 G-I). No obvious apical-basal gradient for S10083
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Figure 5. S1003 immunolabeling in the mouse cochlea at P10 and P12. A-C) At P10, double staining of S1008 and phalloidin revealed
that S100B-labeled Deiters’ cell phalangeal processes were clearly located below the phalloidin-stained cuticular plate of OHCs. S1003
expression was also observed in the Deiters’ cups (arrowheads), which held the OHCs at their base. Notably, the center of the head region
of pillar cells, rich in phalloidin-marked actin, was unlabeled for S100p. D-I) At P12, S100B-expressing cells were observed in the inner
and outer pillar cells, the soma and phalangeal processes of the Deiters’ cells, the spiral limbus, the stria vascularis, and the spiral ligament.
The Deiters’ cups (arrowheads) were also immunoreactive for S100p. IHC, inner hair cell; OHC, outer hair cell; SV, stria vascularis; SL,
the spiral ligament; GER, greater epithelial ridge; ip, inner pillar cells; op, outer pillar cells; DC, Deiters’ cells; hp, head plate; fp, footplate;

SB, the spiral limbus; SP, the spiral prominence.
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immunoreactivity was observed in the P6 organ of Corti (Figure 3
J-L). By P8, S100B expression was seen in the spiral ligament
fibrocytes, and its expression in the spiral ligament was consistent

_Article

cells and projecting laterally to contact the first row of OHCs.
S100B-labeled Deiters’ cells also showed cytoplasmic S100p
expression, with the phalangeal processes projecting from the

bases to the apex of the OHCs. In the spiral limbus, S100p labeling
was mainly found in the limbal fibrocytes beneath the interdental
cells (Figure 4 A-I). By P10, approximately at the onset of hearing,
S100B-positive inner and outer pillar cells further elongated. The
nuclei of the footplates of the two pillar cells moved apart, forming

with it being a marker for type I, II, and V fibroblasts. S1003
showed a similar pattern in the organ of Corti across the apical,
middle, and basal turns. S100f continued to be homogeneously
expressed in the inner and outer pillar cells. S100B-labeled the
head of inner pillar cells extending over the top of the outer pillar

‘{J
lp

S100B

Figure 6. S1008 immunolabeling in the mouse cochlea at P14 and P21. A-C) At P14, S100 expression in the stria vascularis disappeared
but was maintained in the spiral ligament. D-F) S100p staining in the phalangeal processes of Deiters’ cells was ambiguous, although the
bodies and cups (arrowheads) of the Deiters’ cells remained immunoreactive. G-I) At P21, phalloidin-marked actin labeling was prominent
in the pillar cell foot and head, as well as in the Deiters’ cups. Overlapping labeling of S100p and phalloidin was observed in Deiters’ cups
and the apex of pillar cells. IHC, inner hair cell; OHC, outer hair cell; SV, stria vascularis; SL, the spiral ligament; GER, greater epithelial
ridge; ip, inner pillar cells; op, outer pillar cells; DC, Deiters’ cells; hp, head plate; fp, footplate; SB, the spiral limbus; o/C, organ of Corti.

OPEN a ACCESS

[European Journal of Histochemistry 2025; 69:4189]




Article

the typical triangular structure of the tunnel of Corti. Additionally,
S100B was expressed not only in the phalangeal processes and
bodies of Deiters’ cells, but also in the Deiters’ cell cups, which
envelop the base of the OHCs (Figure 5 A-C).3! At the onset of
hearing (P12), S100B expression in the cochlea was similar to that
observed at P10. S100f continued to be expressed in the Deiters’
cells, pillar cells, spiral limbus, and cochlear lateral wall (Figure 5

S1oop

G-I). After the onset of hearing, as Deiters cell processes became
thinner,>> S100f staining in the phalangeal processes of Deiters’
cells became ambiguous. From P14 onwards, the stria vascularis
no longer expressed S100B (Figure 6 A-F). By P21, S100B
remained expressed in the somata and cups of Deiters’ cells, as
well as in the head, bodies, and feet of pillar cells (Figure 6 G-I).
The expression of S1008 was also maintained in the fibrocytes of
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Figure 7. S100B immunolabeling in the mouse cochlea at P28 and P32. A,B) At P28, S100p expression declined in both the pillar cells
and the Deiters’ cells. C)The spiral limbus was still positive for S1008. D-F) No S100f staining was observed in the phalloidin-marked
basal cells of the stria vascularis. S100B immunolabeling was seen throughout the spiral ligament. G-I) At P32, S100B expression was
only detected in the the spiral ligament and the spiral limbus, phalloidin-labeled pillar cells and Deiters’ cells in the organ of Corti barely
expressed S100B. IHC, inner hair cell; OHC, outer hair cell; SV, stria vascularis; SL, the spiral ligament; ip, inner pillar cells; op, outer

pillar cells; DC, Deiters’ cells; hp, head plate; fp, footplate; SB, the spiral limbus; o/C, organ of Corti.
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the late postnatal and adult spiral ligament and spiral limbus.
However, but by adult ages (P28 and P30), S100p expression was
selectively downregulated in the Deiters’ cells and pillar cells in
the organ of Corti (Figure 7 A-I).

Discussion

In this study, we present the first comprehensive description of
the expression of S100p in the developing and mature mouse
cochlea. Dynamic changes in S100p expression were observed
during cochlear maturation, suggesting its involvement in cochlear
development. S1008, a cytoplasmic calcium-binding protein pri-
marily expressed by glia, acts as a neurotrophic factor that pro-
motes neurite maturation and outgrowth during the development of
the nervous system.’>* Supporting cells of the organ of Corti share
important similarities with glial cells and may perform functions
comparable to those of glial cells or astrocytes in the central ner-
vous system and retina.>>3¢ Vimentin and glial fibrillary acidic pro-
tein, two glial-derived marker, are commonly used as marker for
supporting cells of the organ of Corti.3”3% Our results showed that
S100B was uniformly distributed throughout the cytoplasm of the
pillar cells and Deiters’ cells, including the phalangeal processes of
all three Deiters’ cells, as well as the head, body, and feet of both
inner and outer pillar cells. This labeling pattern of S100p supports
its role as an excellent marker for supporting cells in the organ of
Corti. It has been proposed that key morphological events related
to cochlear function occur before P12, including the structural and
anatomical remodeling of Deiters’ cells and pillar cells.>** Prior to
and during the onset of hearing, the feet of the pillar cells separate,
leading to the formation and opening of the triangular fluid-filled
space known as the tunnel of Corti, which marks a milestone in the
maturation of the organ of Corti.**> During this period, Deiters’
cells also undergo dramatic changes in cell shape, one of the most
striking being the formation of cups in the Deiters’ cell bodies.** As
a docking site for the bottom of the OHCs, the cup of Deiters’ cell
has been suggested to be associated with wound healing.** The
results of this study demonstrated that S100f first appeared in the
developing pillar cells of the organ of Corti at later embryonic
stages, while Deiters’ cells began expressing S100p during the
early neonatal period. As the support cells further differentiate,
S100B expression in the two pillar cells and three Deiters’ cells
persisted after the onset of hearing, coinciding with the pre-open-
ing and full opening of the tunnel of Corti, as well as the formation
of the Deiters’ cell cups. Thus, S1008 expression may play a role
in the differentiation and maturation of supporting cells in the
organ of Corti, contributing to cochlear development. Moreover,
the phalangeal processes of Deiters’ cells and the head of pillar
cells, both expressing S100p, constituted part of the reticular lam-
ina. This lamina serves as a barrier separating the endolymph and
perilymph, and this fluid barrier is essential for cochlear function.*
Supporting cells in the cochlea are thought to maintain the home-
ostasis of the organ of Corti and contribute to the sound transduc-
tion of the hair cells.***’ In the adult mouse cochlea, our results
demonstrated age-related changes in S100p expression, with
downregulated expression observed in supporting cells. Changes
in the immunoreactivity of calcium-binding proteins have been
reported with aging, due to their capacity to buffer Ca?" and protect
against Ca?* overload,*** which becomes more prominent during
aging and degeneration. Additionally, abnormal expression of
S100B has been proposed to be linked to age-related diseases,
including Alzheimer’s disease.’®! Changes in S1008 protein
expression in the adult cochlea may conceivably be related to
aging and hearing loss.

Besides the organ of Corti, SI008 was also shown in this study

OPEN 8 ACCESS

to be expressed in the stria vascularis, spiral ligament, and spiral
limbus, marking a clear distinction from S100a, which has been
reported to be exclusively expressed in the intermediate cells of the
stria vascularis after the onset of hearing. This result aligns with
the idea that different S100 family members have a cell type-spe-
cific distribution in various tissues.’> The dynamics of S1003
expression in the stria vascularis and spiral ligament are particular-
ly noteworthy. The stria vascularis is known to be essential for gen-
erating of the endocochlear potential (EP) and secreting potassium
into the endolymph.>** EP is the driving force for hair cell
mechanotransduction, which plays a crucial role in hearing.>>¢
The developmental processes of EP in the mouse cochlea have
been documented, with EP onset occurring around P1 and increas-
ing abruptly from P9 to P16. By P17, EP reaches a mature level.57-%
Prior to the onset of EP, S100p expression was evident in the stria
vascularis and spiral limbus before birth. Before P12, coinciding
with the rapid rise in EP, S100f expression was maintained in the
stria vascularis. Thus S1008 may be involved in the development
of EP. Given that it is widely accepted that fibrocytes of the spiral
ligament and spiral limbus work together to maintain cochlear ion
homeostasis,® and considering that S100B-marked glia cells
function to maintain retinal and brain homeostasis, these results
further support the involvement of S100p in regulating this pro-
cess.f6 There is considerable evidence indicating that inflamma-
tion is a component of the mechanisms underlying age-related
hearing loss,*¢ much like its critical role in the pathogenesis of
aging-related diseases.®®’As an important mediator of inflamma-
tion,® the significance of S100f is underscored by its deregulated
expression in neurodegenerative and inflammatory disorders.®*7
The lateral wall of the cochlea, particularly the spiral ligament, is
a frequent site of inflammation,” and exhibited selective expres-
sion of S100f during adulthood. This finding further supports the
hypothesis of its potential involvement in presbycusis, warranting
further studies to clarify this possibility.

This paper revealed the developmentally-regulated expression
of S100p in the mouse cochlea, where it was specifically expressed
in the developing supporting cells of the organ of Corti, the stria
vascularis, the spiral limbus, and the spiral ligament. These results
suggest that S100p plays an important role in cochlear develop-
ment and the establishment of hearing functions.
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