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Abstract
microRNAs (miRNAs) are regulators of differentiation and development of inner ear cells.
Mutations in miRNAs lead to deafness in humans and mice. Among inner ear pathologies,
inflammation may lead to structural and neuronal defects and eventually to hearing loss and
vestibular dysfunction. While the genetic factors of these pathways have not been defined,
autoimmunity participates in these processes. We report that inflammatory stimuli in the inner
ear induce activation of the innate immune system via miR-224 and pentraxin 3 (Ptx3). miR-224
is a transcriptional target of NF-κB, a key mediator of innate immunity. Ptx3 is a regulator of the
immune response. It is released in response to inflammation and regulated by NF-κB. miR-224
diminishes the innate immune response by downregulating Ptx3 expression, while Ptx3
stimulates the innate immune response. We show that miR-224 and Ptx3 are expressed in the
inner ear and we demonstrate that miR-224 targets Ptx3. As a model of the innate immune
response, we injected lipopolysaccharide (LPS) into the scala tympani of mouse inner ears. This
resulted in changes in the levels of miR-224 and Ptx3, in addition to activation of the
complement system, as measured by immune cell infiltration and activated C3. This suggests
that while miR-224 regulates Ptx3 under normal conditions, upon inflammation, both are
recruited to offer a front line of defense in acting as responders to inflammation in the inner ear.
An understanding of the molecular components of the inflammatory pathway may help develop
therapeutics for reducing inflammation associated with inner ear injury.

3

INTRODUCTION
The roles of miRNAs in the auditory and vestibular systems have been of particular interest since
hundreds of miRNAs are expressed in the inner ear and mutations in the seed regions of specific
miRNAs lead to hearing and balance dysfunction (1-3). miRNAs are ~23 nucleotide long noncoding RNA molecules that regulate gene expression by binding to the 3'UTR of its mRNA
target. This post-transcriptional regulation results in translational repression or, and most
commonly, mRNA destabilization (4).
The mammalian ear contains outer, middle and inner ears, each with a specialized role for
collecting and converting sounds to enable hearing and for sensing movement and linear
acceleration. Within the inner ear, the cochlea and vestibular end organs are responsible for
hearing and balance, respectively. Among ear pathologies, inflammation, a response of the innate
immune system, may lead to structural, neuronal and vestibular defects (5). In the middle ear,
chronic otitis media can, if left untreated, lead to inflammation of the inner ear and sensorineural
hearing loss (6). In the inner ear, vestibular neuritis and labyrinthitis can result from infections
and lead to both hearing loss and vertigo. For example, hearing loss that occurs in patients with
bacterial meningitis results in loss of hair cells or damage to the auditory nerve (7). Several
forms of immune-mediated hearing loss are associated with inflammation of the inner ear (5).
While the genetic factors that play a role in these forms of hearing loss are not yet elucidated,
miRNAs may be involved in regulating gene expression and influence the outcome of
inflammation in the ear.
To identify regulatory networks mediating inner ear inflammation, we searched for
miRNAs previously identified in a microarray screen derived from cochlear and vestibular
sensory epithelium (SE) (8) that might be involved in inflammation. We focused on potential
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miRNA-target interactions. We identified miR-224 as a regulator of Pentraxin 3 (Ptx3) by
demonstrating that Ptx3 specifically binds miR-224 and overexpression of miR-224 decreases
Ptx3 levels. miR-224 has been implicated previously in cancer, including pancreatic ductal
adenocarcinomas (9), colorectal cancer (10) and prostate cancer (11), and linked to tumor
invasion and metastasis (12). In particular, it was found to be the most up-regulated miRNA in
hepatocellular carcinoma (HCC) (13). The miR-224 promoter has a binding site for the nuclear
factor κB (NF-κB), a key transcription factor in the immune response, which activates miR-224
transcription in hepatocellular carcinoma (HCC) cells (14). Moreover, miR-224 up-regulation is
associated with activation of the lipopolysaccharide (LPS) and NF-κB-dependent LT and
TNF inflammatory pathways. The pentraxin superfamily of conserved proteins are components
of the humoral arm of innate immunity, consisting of both, a short arm that includes pentraxin C
reactive protein (CRP) and serum amyloid P component (SAP), together with a long arm that
includes pentraxin 3 (Ptx3) (15). The Ptx3 promoter contains an NF-κB binding site and NF-κB
is involved in Ptx3 regulation (16). Ptx3 expression is rapidly induced upon response to proinflammatory cytokines in various cell types, including epithelial cells and fibroblasts. (15). Our
study reveals that in the inner ear, Ptx3 is a target of miR-224 and both are mediators of
inflammation. As the first miRNA regulatory pathway elucidated for inflammation in the inner
ear, this pair is implicated in the inflammatory response of the inner ear as a defense against
disease.

RESULTS
microRNAs previously found to be differentially expressed in auditory and vestibular epithelia
(8) were submitted to the publicly available bioinformatic target prediction programs
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TargetScan, miRanda and Diana, in order to identify miRNA-targets in inner ear disease
pathways. The computational analysis provided a list of 60 putative targets of miR-224 that
overlapped between the three prediction programs (Table S1). Immune response-related targets
were further defined by the PANTHER Classification System (Table S2), and included Ptx3,
known to play a key role in the innate immune system and inflammatory response in other
systems (15). Both the mouse and human Ptx3 3'UTR possess a putative binding site bearing a
high sequence complementarity to the miR-224 seed region, exhibiting high conservation among
mammals (Fig. 1A).
To determine whether miR-224 directly regulates Ptx3 mRNA, the 3’UTR of Ptx3 was
cloned into the pGL3 luciferase reporter vector, downstream to the luciferase reporter gene. This
construct, together with a miRVEC-224 expression vector and a renilla vector, were transfected
into mammalian HEK293T cells. As seen in Fig. 1, overexpression of miR-224 inhibited
luciferase expression from the reporter plasmid (Fig. 1B). Mutations introduced into the putative
miR-224 binding site of the 3’UTR of Ptx3 abolished the repression, indicating specificity of the
binding sites. Another candidate target identified by TargetScan, miRanda and Diana, Eya4,
which is associated with human deafness (17), was also tested. The 3'UTR was cloned into the
pGL3 luciferase reporter vector, but in this case, the overexpression of miR-224 did not show
significant differences in luciferase activity between the wild type and the mutant vectors (Fig.
1B). In order to test whether miR-224 affects the level of endogenous Ptx3 protein, NIH3T3 cells
were transfected with the miRVEC-224 expression vector. Overexpression of miR-224 led to a
21.6% reduction in Ptx3 levels compared to cells transfected with an empty vector (Fig. 1C).
In order to determine which developmental stage and cell type of the inner ear are
influenced by miR-224 and Ptx3 mRNA regulation, we determined the expression levels of both
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factors using quantitative real-time (qRT) PCR, in situ hybridization and immunohistochemistry.
In situ hybridization of miR-224 on whole mount preparations of mouse inner ears using
mirCURY TM LNA probes revealed expression in mouse sensory epithelia of the cochlea and
vestibule, with higher expression in the cochlea (Fig. 2A). In the cochlea, miR-224 was localized
specifically to the hair cells and surrounding supporting cells. Expression was also seen in the
spiral limbus, a thickened mass of periosteal connective tissue of the osseous spiral lamina and in
the region of the habenula perforate, where the nerve fibers reach or leave the organ of Corti. In
the saccule, signal was detected specifically in the hair and supporting cell layer of the SE, while
the underlying mesenchymal cells were devoid of signal. To further analyze expression during
different developmental stages, miR-224 levels were assessed from fetal to neonatal stages of
SE. In the cochlea, miR-224 was expressed at embryonic day (E)16, post-natal day (P)0 and P8,
with a reduction at P8 relative to E16 and P0 (Fig. 2B). In the vestibular organs, expression did
not change significantly over time (Fig. 2B). However, comparing the expression in the cochlea
versus the vestibule at P0, revealed a 33 fold higher miR-224 expression in the cochlea
(p<0.005) (Fig. 2B).
Temporal expression of Ptx3 mRNA was evaluated by qRT-PCR in the cochlear SE. Ptx3
expression increased with age in the cochlea; at P0, expression was 4-fold higher than at E16 and
at P8 expression was 13-fold higher than at E16 (Fig. 3A). To define the protein expression
pattern of Ptx3 in the inner ear, an antibody against Ptx3, previously used in corpus luteum (18)
and parietal peritoneum (19), was applied on cochlear and vestibular tissues. Expression of Ptx3
was detected in protein extracted from cochlea and vestibule separated from dissected inner ears
(Fig. 3B). In sections of P0 mouse inner ears, Ptx3 was found in the organ of Corti and stria
vascularis (Fig. 3C). The antibody stained the boundaries between hair and supporting cells, as
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well as hair cell stereocilia (Fig. 3D). In whole mount preparations, a view of the supporting cell
layer, indicated by P27kip1 staining in the supporting cells, shows that Ptx3 appears strongest in
the lateral membrane of the supporting cells, and in particular, in the pillar cells (Fig. 3E).
The innate immune response is known to regulate miRNA levels (20). Since Ptx3 is
involved in the inflammatory response and in recruitment of the complement system (Bottazzi et
al, 2010), we aimed to induce inflammation in the inner ear in order to examine the involvement
of miR-224 and Ptx3 in this process. LPS was injected directly into the scala tympani of adult
mice in one ear, with the contralateral ear serving as a control. The control was untreated, since a
mock injection and drilling into the bulla would lead to inflammation in the control ear as well.
Inner ears were harvested 24 or 72 hours following injection, followed by RNA extraction. We
assessed the expression by quantitative RT-PCR (qRT-PCR) of miR-224, as well as miR-146
(21) and miR-155 (20), two miRNAs known to be up-regulated as a consequence of exposure to
inflammatory mediators (Fig. 4A). Twenty-four hours after LPS treatment, miR-224 levels were
2.5 fold (p<0.05) higher in the LPS-treated ears, as compared to the non-treated ears. miR-146
and miR-155 were increased by 1.7-fold (p<0.05) and by 4-fold (p<0.005), respectively.
Seventy-two hours after LPS injection, miR-224 expression levels increased by 3-fold (p<0.05)
(Fig. 4B). To confirm that there was no bias in the up regulation of the miRNAs examined, miR96, a hair-cell specific miRNA, showed no significant difference between the LPS-treated and
the non-treated ears (Fig. 4A). Levels of Ptx3 mRNA, evaluated by qRT-PCR, increased by 10fold in the LPS-treated vs. the control ears (p<0.005) (Fig. 4B).
In order to further evaluate the changes in Ptx3 protein during inflammation, LPS-treated
and non-treated ears were embedded in paraffin blocks and sectioned. No morphological changes
were observed by immunohistochemistry in these sections. Infiltration of immune cells into the
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scala tympani was observed in the LPS-treated ears (Fig. 4C). Ptx3 staining was observed in the
sensory epithelia, mostly in the pillar cells, and in the stria vascularis (Fig. 4D). Stronger staining
was seen in the LPS-treated ears, specifically in the sensory epithelia, stria vascularis and the
spiral ganglia, thus ruling out the possibility that the increased Ptx3 levels are due to the
infiltration of Ptx3 positive immune cells upon LPS stimulation. Although there is 10-fold
increase in Ptx3 mRNA (Fig. 4B), there does not appear to be as great of an increase in Ptx3
protein, consistent with the increase in miR-224 expression and its role in repressing Ptx3 protein
expression. As expected, C3 deposition, indicative of activation of the complement system, was
stronger in the LPS-treated ears (Fig. 4D), thereby indicating that the dosage of LPS used in the
study was sufficient to induce robust inflammation.

DISCUSSION
We suggest that miR-224, along with NF-κB transcriptional regulation, is part of the
inflammation pathway in the inner ear and that miR-224 and Ptx3 form a feedback loop to
protect the inner ear against the damage induced by inflammation. Our findings demonstrate that
miR-224 targets Ptx3 and provides partial inhibition of its expression. Under normal conditions,
miR-224 may help control the levels of Ptx3, along with NF-κB transcriptional regulation.
miRNAs are considered to function in coordination with transcriptional regulation to further
define development and cellular identity, providing robustness (22).
Our data also demonstrated that LPS-induced inflammation in the inner ear led to an
increase in both miR-224 and Ptx3. This is in line with the fact that upon exposure to
inflammation, cells release Ptx3 upon stimulation with proinflammatory cytokines (IL-1, TNF)
or with microbial components (such as LPS) (15). Furthermore, inflammatory stimuli have an
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influence on gene expression via the NF-κB family of transcription factors, key players in the
immune response (23). One of the multiple connections between the innate immune response and
the tight regulation that is required is via the NF-κB binding site in the promoter of Ptx3.
Our study proposes new players in the inner ear inflammatory response. Ptx3, a key
regulator of the immune response in other systems, is presented here as a functional protein in
the inner ear immune response as well. Its role in the inner ear may be similar to other systems
where it acts in the recruitment of the complement system and initiates the immune cascade (24).
We show here that Ptx3 is expressed in both cell types of the sensory epithelia, the hair cells and
supporting cells. Hair cells are highly specialized sensory cells, while supporting cells are nonsensory cells that reside between hair cells with a wide range of functions, including a role in
regeneration (25). Our data provides evidence that miR-224 plays a role in the regulation of Ptx3
expression by directly targeting its 3’-UTR and thus, mir-224 is a participant in the cell’s
inflammatory response.
Both miR-224 and Ptx3 have a co-localized expression pattern in the organ of Corti, as
demonstrated by qRT-PCR analysis, but while miR-224 decreases with age, Ptx3 increases with
age. In particular, demonstrated by immunohistochemistry, both miR-224 and Ptx3 are expressed
in hair and supporting cells. Yet, Ptx3 localization is restricted to the periphery of the
cell, possibly due to its function to be secreted upon induction of inflammation. As Ptx3 recruits
immune system factors, both Ptx3 and miR-224 are required to be present in the same cells at the
same time point.
The fact that both Ptx3 and miR-224 promoters have a binding site for NF-κB (14, 16) is
intriguing, since it implies they are co-expressed. To understand how NF-κB is both responsible
for the transcription of Ptx3 and down regulates it through the induction of miR-224, we should
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look into the role of miRNA molecules. miRNAs tend to operate by fine tuning their mRNA
targets (4). Therefore, a powerful protein that acts upstream of the cascade of the complement
immune response such as Ptx3, has to be subjected to close regulation, hereby offered by miR224. We propose a functional mechanism of the inner ear inflammatory response, orchestrated
by NF-κB, Ptx3 and miR-224. NF-κB is induced by IL-1β and TNFα upon inflammation, and
then up regulates expression of Ptx3 and miR-224. In this manner, NF-κB activates the
complement immune cascade and regulates it by fine-tuning Ptx3. As a result, miR-224 and Ptx3
both act in a regulatory loop in the NF-κB pathway. It is expected there are other players here as
well. TargetScan predicted many potential targets for miR-224, and other miRNAs that
complement the Ptx3 3'UTR, implicating these two in a larger and more complex system.
We described a similar direction of change for miR-224 and Ptx3 in the LPS-treated ears.
Since both miR-224 and Ptx3 are induced by the transcription factor NF-κB, their expression
may be induced simultaneously during inflammation, due to the expression of NF-κB in this
course of action. Our model involves a short scale, acute inflammatory response. There may be
changes in the miR-224 and Ptx3 expression levels or in the directions of change during the
progression of the immune response, since there are more factors other than NF-κB that regulate
expression of both miR-224 and Ptx3. Although inner ear inflammation caused by chronic otitis
media also involves NF-κB, we speculate that the intensity of these immune factors might
change (26). This scenario might be different in autoimmune inner ear inflammation, which is
non-LPS mediated (27).
A previous study showed that miR-224 directly targets Smad4 (28). In the inner ear, Smad4
has an important role during development. Chondrocyte-specific Smad4 knockout mice had
abnormalities in cochlear structure, hair cell development, vestibular organ structure and
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exhibited sensorineural hearing loss (29). Smad4 is a major mediator in the TGFβ antiinflammatory signaling pathway (30). Upon TGFβ induction, Smad4 (Co-Smad), creates a
complex with other Smad family proteins, and acts in recruitment of transcription factors that
induce anti-inflammatory TGFβ target genes (31). These finding suggest that miR-224, by downregulating Smad4, might be involved in the anti-inflammatory pathway of the inner ear.
In conclusion, we found that miR-224 has a key presence in the inner ear. We propose a
miR-224 - Ptx3 regulatory axis that ablates inflammation and blunts the cytokine storm, thereby
protecting the inner ear from damage. This regulatory mechanism is biologically relevant as hair
cells are mitotically quiescent and given the importance of the hearing phenotype, we speculate
that complex regulatory systems have evolved to protect the inner ear from damage during an
individual’s lifetime. This finding sheds light on the role of miRNAs in the complex regulation
of the inflammatory pathway in the inner ear. Given the influence of inflammation in inner ear
disease, a better understanding of the molecular factors controlling inner ear inflammation may
lead to optimal care and treatment. miR-224 activation in the inner ear could therefore improve
therapeutic treatments aimed at reducing inflammation, by further influencing Ptx3.

MATERIALS AND METHODS
Target prediction
MicroRNA targets were predicted using the overlap of three bioinformatics programs:
TargetScanMouse, Release 5.2 (http://www.targetscan.org/mmu_50/), miRanda
(http://www.microrna.org/microrna/home.do) and Diana (http://diana.imis.athena-innovation.gr)
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In order to search for immune response-related targets, predicted targets were submitted to the
PANTHER (Protein ANalysis THrough Evolutionary Relationships) Classification System
(http://www.pantherdb.org/), and immune response-related targets were further considered.

Animal handling and dissections
Procedures involving animals met the guidelines defined by the National Institutes of Health
Guide for the Care and Use of Laboratory Animals and were approved by the Animal Care and
Use Committees of Tel Aviv University (M-12-046) and the University of Michigan Institutional
Committee on the Care and Use of Animals (UCUCA). Cochlear and vestibular sensory epithelia
were dissected from P0 wild type C57Bl/6J mice and collected separately. The vestibular
epithelia consisted of the saccule, utricle and the lateral and anterior cristae. Both the cochlear
and vestibular sensory epithelia were dissected with their underlying mesenchyme and attached
neurons.

miRNA overexpression and protein analysis
NIH3T3 cells, grown under Blasticidin selection, were transfected with the miR-224 miR-VEC
expressing vector, or an empty miR-VEC vector, which served as a control. Proteins were
extracted from harvested cells using NP40 with a phosphatase inhibitor and quantified using the
Quick Start™ Bradford Protein Assay (BioRad). Lysates were separated by 8% SDS
polyacrylamide gel, and transferred to PVDF membrane by electrophoresis. Western blots were
analyzed using the rabbit anti-Ptx3 human antibody (Abcam) and mouse anti-HSC70 antibody
(Santa Cruz Biotechnology) as a loading control. Ptx3 relative quantities were calculated using
Image J software (32).
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Luciferase assays
A portion of the 3’UTR of each target was cloned into the pGL3 vector, downstream to the
firefly luciferase gene (Promega). To produce the Ptx3 luciferase construct, a segment of 140 bp
upstream to the first miR-224 binding site and 65 bp downstream to the second binding site of
the 3'-UTR was cloned. To produce the Eya4 luciferase construct, a segment of 300 bp upstream
to the miR-224 first binding site and 350 bp downstream to the second binding site of the 3'-UTR
was cloned. For Ptx3 and Eya4, both of the predicted sites were cloned. The first 3 nucleotides of
both miR-224 binding sites in the 3’UTR of each target were mutated using the QuikChange®
Site-Directed Mutagenesis Kit (Stratagene). The miR-224 expression vector was created by
cloning the pre-miR-224 region into miR-VEC (gift from Reuven Agami). HEK293T cells were
transfected with the wild type or mutant 3’UTR, or empty vector, for each of the targets, together
with the miR-224 expression vector and Renilla expressing vector. Lysates were collected after
48 hrs after transfection and renilla and firefly luciferase activities were measured with the DualLuciferase Reporter System (Promega). The relative firefly luciferase/Renilla activity ratios were
calculated for each sample and normalized. Three biological repeats were performed.

In situ hybridization
C57BL/6 P0 mice inner ears were dissected and fixed in 4% paraformaldehyde (PFA). Whole
mount in situ hybridization was performed on whole mount inner ears using miRCURY LNA™
microRNA Detection Probes following the manufacturer’s protocol (Exiqon). Digoxygenin
(DIG)-labeled probes were incubated with the samples at 20-22°C below the melting temperature
of the probe. Probes were detected with an alkaline phosphatase-conjugated anti-DIG antibody
(Roche). Color reaction was developed by adding NTB/BCIP (Sigma). The ears were cryo-
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sectioned and mounted. Images were taken using the Zeiss Axiovert200M microscope. Three
independent ISH experiments were performed; N=3 inner ears for each.

RNA preparation and qRT-PCR
Whole inner ear or SE of the cochlea and vestibule were dissected, frozen in liquid nitrogen and
stored at -80°C. Total RNA containing small RNA was extracted by either the RNeasy Plus Mini
Kit (Qiagen) for whole inner ear or RNeasy Micro Kit (Qiagen) for SE. cDNA was prepared
with the Taqman® Reverse Transcription Kit (Applied Biosystems). miRNA and mRNA
expression was evaluated using the TaqMan® microRNA Assays and TaqMan® Gene
Expression Assay (Applied Biosystems) in the StepOneTM Real-Time PCR System (Applied
Biosystems). miRNA expression was normalized to U6b and mRNA expression was normalized
to TBP. Three biological repeats were performed, in triplicate (N=3 ears).

Immunohistochemistry
Whole mount and section immunohistochemistry was prepared as previously described (33).
Primary antibodies and dilutions were used as follows: rabbit-anti-Ptx3 (Abcam) antibody 1:50
for whole mount, 1:200 for sections, goat-anti-active C3 (34). The DRAQ5 nuclear marker was
used to label nuclei (Abcam).

LPS in vivo injections
P30 mice were anesthetized using ketamine (120mg/kg) and xylazine (7mg/kg) IP. The inner ear
of the left ear was exposed by an incision behind the pinna and the muscles covering the ear were
cut to expose the bulla and avoid damage to the facial nerve. The bulla was then opened by first
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piercing using a 26-gauge needle and then expanded using forceps, allowing for easy access to
the round window. A small polyethylene tube was connected on one side to a fine polyimide
tube and on the other to a 30-gauge 10µl Hamilton syringe filled with sterile water and placed in
a micropump, the tube was filled with 2µl of LPS (1mg/ml). The tube was positioned in the
window and advanced towards the ST in order to make sure the round window membrane was
broken and the LPS was injected directly into the ST and did not leak out (1µl per min). The tube
was left in place for an extra 2 min and then covered with a small piece of muscle from adjacent
tissue. The wound was closed using 5-0 suture. After the procedure, mice were treated with
ketoprofen (5mg/kg) to control the pain and were left under a heating lamp until full recovery
from the anesthesia. The mice were sacrificed 24hrs or 72hrs later, treated and control inner ears
were extracted and either processed for RNA extraction or for paraffin sections using 4% PFA
and 5% EDTA overnight, then washed and placed in EDTA for 1 day.

Statistics
Student’s 2-tailed t test P values of less than 0.05 were considered to be statistically significant
and those of less than 0.005 were considered to be highly statistically significant. The data in the
figures are presented by mean ± SEM.
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Figure 1. Ptx3 is a target of miR-224. (A) Alignment of miR-224 and mouse Ptx3 binding site in
the Ptx3 mRNA 3’UTR. The mutant 3’UTR of Ptx3 for the luciferase activity assay is indicated.
(B) HEK-293T cells were co-transfected with the luciferase-expressing vector containing either
the wild-type (WT) or mutant (MUT) 3’UTR of Ptx3 or Eya4 and miR-224. For Ptx3, the
relative luciferase activity was lower in the WT as compared to the mutant and an empty vector
containing no 3’UTR (no UTR), which served as a control. For Eya4, the relative luciferase
activity was similar in the WT and the mutant, indicating it is not a target of miR-224. P<0.05.
(C) miR-224 was overexpressed in NIH3T3 cells by transfection with mirVEC-224. Left: A
representative Western blot demonstrates that Ptx3 was reduced upon miR-224 overexpression
relative to transfected cells transfected with an empty vector (control), as measured using the
Image J software. HSC70 was used as a loading control. Right: Relative Ptx3 expression was
measured using the Image J software and following averaging of three independent experiments.

Figure 2. miR-224 expression in the mouse inner ear sensory epithelia. (A) Schematic diagram
of the cochlea and vestibule sensory epithelium (left) and representative miR-224 in situ
hybridization (right) of P0 mouse inner ear. In the cochlea, miR-224 is expressed in the hair and
supporting cells, as well as in the spiral limbus and the region of the habenula perforate. In the
vestibule, expression is detected in the hair cells of the saccule. Scale bar: 20m. (B) qRT-PCR
analysis of miR-224 in the mouse cochlea sensory epithelia (left panel). miR-224 exhibited
higher expression at younger ages, at E16 and P0, and lower expression at P8 in cochlea sensory
epithelia. (*)P<0.05, whereas the levels were similar at these ages in the vestibule (middle
panel). At P0, cochlear expression was 33-fold higher in the cochlea than the vestibular SE
(**)P<0.005 (right panel). sv, scala vestibuli; sm, scala media; st, scala tympani; ihc, inner hair
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cells; ohc, outer hair cells; hc, hair cells; lim, spiral limbus; hp, habenula perforate.

Figure 3. Ptx3 expression in the mouse inner ear. (A) qRT-PCR showing the relative Ptx3
transcript expression in mouse cochlea sensory epithelium. Ptx3 exhibited increasing expression
with age. At P0, expression was 4-fold higher than at E16; at P8 expression was 13-fold higher
than at E16. n=5; (*) P<0.05. (**) P<0.005. (B) Ptx3 protein expression as measured by western
blot analysis. A representative blot comparing Ptx3 expression in cochlear and vestibular tissues.
HSC70 used as a loading control. (C) Immunohistochemistry of Ptx3 in P0 inner ear sections.
Ptx3 (red) was localized to the sensory epithelium in the organ of Corti and to the stria
vascularis. Hair cells stained by myosin VI (green) and nuclei stained by Draq5 (blue). Scale bar:
100µm. (D) Ptx3 (red) was found in the cellular outline of hair and supporting cells. Hairs cells
stained by myosin VI (green) and nuclei stained by Draq5 (blue). Scale bar: 7.5µm. (E) Ptx3
localization is most prominent surrounding the supporting pillar cells. Scale bar: 7.5µm. Ptx3
stained with an anti-Ptx3 antibody (red), supporting cells stained by p27kip1 (green), and actin
stained by phalloidin (blue). sv, stria vascularis; oC, organ of Corti; ihc, inner hair cells; ohc,
outer hair cells; hc, hair cells; sc, supporting cells; pc, pillar cells.

Figure 4. LPS-induced inflammation in the inner ear leads to changes in RNA expression and
activation of the immune system. (A) At 24 hours after LPS injection, miR-224 expression was
increased by 2.5-fold in the LPS-treated (N=4) as compared to non-treated (N=4) ears. (*)
P<0.05. miR-146 expression was increased by 1.7-fold in the LPS-treated (N=6) as compared to
non-treated (N=6) ears. (*) P<0.05. miR-155 expression was increased by 4-fold in the LPStreated (N=6) as compared to non-treated (N=6) ears. (**) P<0.005. There was no significant
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change in miR-96 expression between the LPS-treated (n=3) and non-treated (n=3) ears. (B) At
72 hours after LPS injection, miR-224 expression was increased by 3-fold in the LPS-treated
(N=5) as compared to non-treated (N=5) ears. (*) P<0.05. Ptx3 expression was increased by 10fold in the LPS-treated (N=3) as compared to non-treated (N=3) ears. (**) P<0.005. (C) Draq5stained nuclei in the LPS-treated and non-treated inner ear sections. No morphological changes
were observed. Cells were present in the scala tympani in the LPS-treated ears, indicating
immune cell infiltration. The inset represents the organ of Corti enlarged for optimal
visualization (far right images). Scale bar: 100µm. (D) At 24 hours after LPS injection, Ptx3
staining was observed in the sensory epithelia, mostly in pillar cells in the organ of Corti and in
the stria vascularis. Stronger staining was seen in the LPS-treated as compared to the non-treated
inner ears. Staining with a complement C3 antibody was stronger in the LPS-treated as compared
to the non-treated inner ears, indicating activation of the immune system. The inset represents the
organ of Corti enlarged for optimal visualization (far right images). oC, organ of Corti; sv, stria
vascularis. Scale bar: 7.5µm.
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