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Eustachian tube dysfunction (ETD) induced by Eustachian tube (ET) inflammation is an important cause to
middle ear effusion and hearing impairment. Here, we found that aquaporin 9 (AQP9) was an important
regulator of ET inflammation. AQP9 was upregulated during ET inflammation, while AQP9 deficiency alleviated

Eilﬂ:n:;l:ta]g:hari de LPS-induced ET inflammation by upregulating protein phosphatase 2A (PP2A) expression to suppress nuclear
NIE)-K[; i factor kappa-B (NF-kB) activation through P65 phosphorylation. In addition, pharmacological inhibition of AQP9
PP2A by phloretin similarly alleviated ET inflammation. These findings provide a new target for the treatment of ET

inflammation to improve ETD.

1. Introduction

The Eustachian tube (ET), as a physiological channel connecting the
middle ear and nasopharynx, plays crucial roles in pressure regulation,
pathogen defense, and middle ear clearance [1]. Eustachian tube
dysfunction (ETD) refers to the inability of the ET to open or close
normally, resulting in an imbalance between the middle ear and the
external pressure, causing a series of ear symptoms as self-hearing
enhancement, ear fullness, and hearing loss, which seriously affects
the quality of life [2]. ETD affects up to 40 % of children [3] and 5 %
adults [4], is a major contributor for persistent Otitis media [5]. Path-
ogenic stimulation can trigger mucosal edema and hypersecretion,
potentially leading to ET dysfunction [6]. This may result in middle ear
effusion, hearing loss, and other complications that severely affect pa-
tients’ quality of life [1,2]. Despite its clinical significance, the molec-
ular mechanisms of ET inflammation remain poorly understood, and
current treatments are limited. Thus, elucidating these pathogenic pro-
cesses could provide insights into middle ear effusion pathogenesis and
reveal the new therapeutic targets for ET inflammation and otitis media
effusion (OME).

There are a variety of channel proteins with important functions in
ET, including Aquaporin 9 (AQP9). AQP9 is an important membrane
channel protein that mediates transmembrane movement of water,
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glycerol, hydrogen peroxide (H20), urea, ammonia, lactic acid, arse-
nite, and selenite. The multifunctional transport capability enables
AQP9 to participate in diverse pathological processes including
inflammation, tumorigenesis, and immune regulation [7,8]. Studies
have found that AQP9 expresses in leukocytes modulating systemic in-
flammatory through regulating cell migration and phagocytosis. Its
expression is upregulated in leukocytes, dendritic cells, neutrophils, and
macrophages following lipopolysaccharide (LPS) stimulation [9], while
Aqp9 knockout significantly attenuates inflammatory responses [10],
indicating its important role in inflammation progression. Phloretin is a
non-specific inhibitor of aquaporins, and studies have found that
phloretin can inhibit the expression of AQP9 [11]. Although early
studies have detected AQP9 expression in ET [12], the role of AQP9 in
ET inflammation has not been elucidated.

To our interest, AQP9 can promote the transmembrane movement of
H,0; [8], which has a regulatory effect on key proteins in inflammatory
signaling pathways, such as protein phosphatase 2A (PP2A) [13]. PP2A
is a ubiquitously expressed serine/threonine phosphatase with multiple
important roles in cell signaling pathways. It participates in the in-
flammatory process of sepsis, chronic obstructive pulmonary disease
and other diseases by regulating the phosphorylation of key proteins in
inflammatory pathways such as nuclear factor kappa-B (NF-kB) and
mitogen-activated protein kinase (MAPK) [14]. During inflammation,
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various signaling molecules can inhibit PP2A, leading to enhanced nu-
clear localization and phosphorylation of NF-kB, activation of p38
MAPK, and increased phosphorylation of tristetraprolin (TTP). These
changes collectively promote the expression of multiple inflammatory
mediators and contribute to tissue damage [15,16]. In contrast, reac-
tivation of PP2A helps to suppress the progression of inflammation.
Therefore, the AQP9, which has a role in mediating the transmembrane
movement of HyOy, may have an important role in PP2A-related in-
flammatory signaling and warrants further investigation.

This study investigated the role of AQP9 in LPS-induced ET inflam-
mation using Agp9 knockout mice. LPS stimulation upregulated AQP9
expression in ET. AQP9 promoted the accumulation of HyO; in ET,
inhibited PP2A, relieved the inhibition of PP2A on NF-kB phosphory-
lation and promoted its nuclear localization, and then activated various
inflammatory factors expression. Whereas Agp9 knockout attenuated
inflammation through PP2A/NF-kB pathway. Furthermore, pharmaco-
logical inhibition of AQP9 with Phloretin similarly suppressed LPS-
induced ET inflammation, demonstrating therapeutic potential for ET-
related inflammatory disorders and otitis media effusion (OME).

2. Methods
2.1. Animals

This study was conducted using C57BL/6 J mice (8 weeks old, about
20 g, male mice). All experimental procedures were approved by the
Institutional Animal Care and Use Committee of Peking University
Health Science Center (Approval No. DLASBD0161). Animal care com-
plied with Chinese National Laboratory Animal Welfare Guidelines.
Agp9~/~ mice (C57BL/6 background) generated via CRISPR/Cas9
technology were obtained from Peking University [17,18]. Wild-type
(WT) C57BL/6 mice were acquired from the Peking University Health
Science Center’s Laboratory Animal Science Department. All mice were
maintained under controlled environmental conditions (12-h light/dark
cycle) with free access to food and water.

2.2. Intratympanic injection (IT)

To establish the ET inflammation model, mice were divided into two
groups (6 in each group), and intratympanic injection (IT) [19,20] of
LPS (Sigma, #L2630, Shanghai, China, IT, 2.5 mg/kg , 5 mg/mL) or
10 pL saline was performed for 48 h (Supplementary Fig. 1A).

To clarify the role of PP2A in AQP9-regulated ET inflammation, Mice
were divided into two groups respectively (6 mice in each group),
received injections of either PP2A inhibitor Okadaic acid (OA) (Cayman,
#10011490, Beijing, China. IT, 10 pM) or 10 pL equivalent vehicle so-
lution of Ethanol for 30 min (Supplementary Fig. 1B and Supplementary
Fig. 4).

Exogenous H20; supplementation was used to explore the mecha-
nism of AQP9 in ET inflammation. WT and Agp9~/~ mice were divided
into two groups respectively (6 mice in each group) after the estab-
lishment of ET inflammation model, received injections of either PP2A
inhibitor Okadaic acid (OA) (IT, 10 pM) or equivalent vehicle solution
(10 pL) of Ethanol HoO5 (30 pM) and 10 pL control reagent were injected
into the tympanic chamber for 30 min (Supplementary Fig. 1C).

To assess phloretin activity in anti-inflammation through AQP9 in
ET, C57BL/6 mice were randomly grouped to three groups (6 in each
group). The Control group receives methanol and intratympanic saline;
LPS model group receives methanol and intratympanic LPS; Phloretin
treatment group receives phloretin and intratympanic LPS. Either
phloretin (Rhawn, #R013640, Beijing, China, 10 mg/kg) or equivalent
vehicle solution (20 pL) of Methanol was received every Monday and
Thursday intraperitoneal (i.p.) injections for 6 weeks (Supplementary
Fig. 1D).
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2.3. Hematoxylin & Eosin (H&E) staining

To observe the morphology of ET, ET was stored in 4 % PFA over-
night, then was embedded in paraffin after decalcification for a month.
And the paraffin sections (5 pm) were dewaxed and rehydrated in
Gradient alcohol for the following H&E staining. H&E staining proced-
ure was performed according to the manufacturer’s instructions
(Solarbio, #G1120, Beijing, China)

2.4. Western blotting (WB)

To detect the protein expression level, ET tissues were stored at
—80 °C after harvesting. The ET was lysed in RIPA lysis buffer (Apply-
gen, #C1053-100, Beijing, China) with Protease inhibitor (Applygen,
#P1265, Beijing, China) and Phosphatase inhibitors (Cwbio,
#CW2383S, Jiangsu, China). The supernatant was collected after pro-
tein centrifugation. The protein concentration was determined by the
BCA kit (Applygen, #P1511, Beijing, China), and then the protein
denaturation was performed with the protein loading buffer (Applygen,
#P1040, Beijing, China). Equal quantities of protein were transferred to
Nitrocellulose (NC) membrane after separated by 10 % SDS-PAGE
electrophoresis, and then the NC membrane was sealed with 5 % skim
milk and incubated with primary antibody at 4 °C overnight. AQP9
(1:1000, #sc-74409, Santa Cruz Biotechnology, USA), IL-1f (1:1000,
#CSB-PA003023, Cusabio, China), COX2 (1:1000, CST, USA), P65
(1:1000, #6956T, CST, USA), p-P65 (1:1000, #YP0191, CST, USA),
B-actin (1:1000, #3700, CST, USA). Secondary antibodies: Goat Anti-
Rabbit IgG (H&L)-HRP Conjugated (1: 2000, # BE0101-100, Easybio,
China), and Goat Anti-Mouse I1gG (H&L)-HRP Conjugated (1:2000, #
BE0102-100, Easybio, China) were used in this study. Protein expression
was detected by enhanced chemiluminescence (Biodragon, #BF06053-
50, Beijing, China) according to the manufacturer’s suggests.

2.5. Real-time quantitative PCR (RT-qPCR)

To detect the gene transcription level, a FastPure Cell/Tissue Total
RNA Isolation Kit (Vazyme, #RC101, Nanjing, China) was used for total
RNA extraction from ET tissue. After measuring the RNA concentration
by Nanodrop (Thermo, American), Extracted RNA (1000 ng) from each
sample was used for complementary DNA (cDNA) synthesis with Hifair®
III 1st Strand cDNA Synthesis SuperMix for qPCR (gDNA digester plus)
(Yeasen, #11141ES60, Shanghai, China) following the manufacturer’s
instructions. cDNAs were amplified and quantified by Taq Pro Universal
SYBR qPCR Master Mix (Vazyme, #Q712-02, Nanjing, China) on a Qs1
system following the manufacturer’s advices. Data were normalized to
the internal reference gene GAPDH and calculated as 27 [(9Ct of gene)—(3Ct of
GAPDE] The primer sequences were listed in the Supplementary Table 1.

2.6. Immunohistochemistry (IHC) staining

To detect the location and level of protein expression in ET, the 5 pm
paraffin sections were hydrated with gradient ethanol, repaired with
citric acid at 98 °C for 20 min, naturally restored to room temperature.
Then the sections were washed with PBS containing 5 % goat serum and
0.5 % Triton X-100 after de-enzyme with 3 % Hy05. Next, the sections
were incubated with primary antibody overnight. After the second
antibody was incubated using Universal two-step Test Kit (Mouse/
Rabbit Enhanced Polymer test system) (ZSGB-BIO, #PV900, China), the
DAB kit (ZSGB-BIO, #ZLI-9081, China) was applied according to the
manufacturer’s suggestion. Gradient alcohol dehydration and neutral
resin sealing were performed after hematoxylin re-staining. The images
were observation under microscope. AQP9 (1:50, #sc-74409, Santa Cruz
Biotechnology, USA), P65 (1:200, #6956T, CST, USA), p-P65 (1:200,
#YP0191, CST, USA).
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Fig. 1. The expression of AQP9 increased in LPS-induced ET inflammation. A, ET morphology. H&E staining showing mucosal hyperplasia, inflammatory infiltration
(asterisks), and increased goblet cells (arrows) in LPS-treated ET. B-F, Inflammatory factor levels. qPCR and WB showed that IL-1p, and COX2 were increased in the
LPS group. G-J, AQP9 levels. gPCR, WB and IHC showed that AQP9 was elevated in the LPS group.
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Fig. 2. Aqp9~/~ attenuated LPS-induced ET inflammation and Hy0, accumulation. A. AQP9 expression in ET. IHC did not detect AQP9 in Agp9~"~ mice. B. AQP9
levels. WB did not detect AQP9 band in Agp9~/~ mice. C-H. Inflammatory factor levels. qPCR and WB showed that Agp9 knockout reversed LPS-induced up-
regulation of IL-1p and COX2. I. H,0, content detection. Agp9~/~ reversed the HyO, accumulation in the ET induced by LPS.

2.7. Detection of hydrogen peroxide(H202) content

analysis of variance (ANOVA), followed by multiple-comparison

To detect the content of HyO9, ET tissue was weighed and placed in
acetone solution and homogenized on ice. After centrifugation (8000g
for 10 min at 4 °C), the supernatant was collected on ice. The assay tube,
standard tube and blank tube solutions were configured according to the
instructions of the hydrogen peroxide (HO,) content detection kit
(Solarbio, #BC3595, Beijing, China). After 5 min at room temperature,
200 pL of each solution was taken into a 96-well plate to measure the
absorbance value at 415 nm. The H,O- content was calculated based on
ET tissue mass.

2.8. Data analysis

Statistical analysis was performed by GraphPad Prism 8 software
(GraphPad Software, USA). Each experiment was repeated for three
times. Data was presented as the mean + standard deviation (SD) and
were analyzed with the two-tailed Student t-test or one/two-way

correction. P value of <0.05 was represented statistically significant.
3. Results

3.1. The expression of AQP9 increased in ET inflammation induced by
LPS

We first performed intratympanic injection of LPS to induce ET
inflammation. Histological analysis revealed ET mucosal swelling with
inflammatory cell infiltration, heightened secretory cell activity, and
mucus gland proliferation at 48 h post-injection (Fig. 1A). Concurrent
upregulation of IL-1p and COX2 confirmed successful inflammation
modeling (Fig. 1B-F). IL-1p and COX2 protein levels increased by 193 %
and 124 %, respectively.

To clarify the expression of AQP9 in LPS-induced ET inflammation,
RT-qPCR, western blot and immunohistochemical staining was con-
ducted. Comparative analysis demonstrated significant AQP9
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Fig. 3. Agp9 knockout inhibited LPS-induced activation of NK-kB signaling pathway and reversed down-regulation of PP2A-A. A-B, NF-kB signaling pathway
detection in WT mice. Phospho-P65 and COX2/IL-1§ were up-regulated in the LPS group. C-F, NF-kB detection in both WT and Agp9~/~ mice. LPS-induced phospho-
P65 elevation that was reversed in Agp9~/~ mice. No changes were detected in total P65 levels. G-L, PP2A protein levels. LPS decreased PP2A-A in WT mice. PP2A-A
level was up-regulated after Agp9 knockout. No changes were observed in PP2A-B/C subunits.

upregulation in LPS group (Fig. 1G-I), AQP9 was increased by 574 %.
Immunohistochemical staining showed that AQP9 was obviously
expressed in the LPS group and mainly located in submucosa of ET,
closing to the tympanic cavity (Fig. 1J).

3.2. Aqp9~/~ reversed LPS-induced ET inflammation and H,0,
accumulation

To investigate the role of AQP9 in ET inflammation, we used Agp9 ™’/
~ mice, which were successfully constructed early by our group [17,18],
to observe its effect on ET inflammation. As is demonstrated, Agp9 was
successfully knocked out (Fig. 2B). Immunohistochemistry staining
showed that LPS did not cause AQP9 expression in ET of Agp9 ™/~ mice
(Fig. 2A).

Comparison of inflammatory factors in ET between WT mice and
Agp9~/~mice following LPS stimulation revealed that AQP9 deficiency
reversed the LPS-induced upregulation of COX2 and IL-1p (Fig. 2C-H).

This suggests that Agp9 knockout has an anti-inflammatory effect in ET
infection. Additionally, LPS-induced Hy0O5 accumulation in ET was
abolished in Agp9~/~ mice (Fig. 2I).

3.3. Aqp9~/~ reversed LPS-induced ET inflammation by upregulating
PP2A/NF-xB pathway

To clarify the mechanism of AQP9 in promoting ET inflammation
induced by LPS, we analyzed phosphorylation of P65, a classical NF-xB
pathway signal molecule. Phosphorylated P65 elevated significantly in
LPS group (Fig. 3A-B), indicating that NF-kB pathway was activated. WT
and qu9’/ ~ mice then received intratympanic saline (IT-NS) or LPS (IT-
LPS) to determine the anti-inflammatory mechanism of AQP9 defi-
ciency. We found that AQP9 deficiency inhibited P65 phosphorylation
(Fig. 3C-F). These results suggested that AQP9 might promote LPS-
induced ET inflammation by activating NF-xB pathway.

In physiological conditions, inhibitor of NF-kB alpha (IkB-a) covered
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nuclear localization site of P65. When stimulated by LPS, IkB-a was
phosphorylated, which promoted the degradation by proteasomal, and
enabling P65 nuclear translocation [21,22]. PP2A could bind to IkB-a to
inhibit its phosphorylation, thereby suppressing NF-kB activation [16].
To further clarify the function of AQP9 in ET inflammation, PP2A was
examined in WT and Agp9~/~ mice. It was found that PP2A regulatory
subunits (PP2A-A) were downregulated after LPS stimulation in WT
mice. While after Agp9 knockout the expression of PP2A-A were upre-
gulated (Fig. 3G-H), suggesting that increased AQP9 expression had an
inhibitory effect on PP2A-A. There were no significant changes on PP2A
structural subunits (PP2A-B) and catalytic subunits (PP2A-C) both in WT
and Aqp9—/— mice (Fig. 3I-L). These results suggest that AQP9 may
promote the activation of NF-kB signaling pathway by regulating PP2A-
A.

3.4. PP2A inhibition reversed NF-xB activation and exogenous H20»
failed to reverse LPS-induced ET inflammation in Aqp9-deficient mice

To further investigate the regulatory role of AQP9 through PP2A, we
used PP2A inhibitor Okadaic acid (OA) to further investigate the regu-
latory role of AQP9. OA significantly suppressed the expression of PP2A-
A subunit in Agp9~/~ mice (Fig. 4A-C, Supplementary Fig. 2) and
reversed COX2, IL-1f (Fig. 4D-F) and phospho-P65 levels (Fig. 4G-J),
supporting a mechanistic link between AQP9 and PP2A in controlling ET
inflammation. However, OA did not affect H,O- levels of ET in WT or
Agp9~/~ mice (Fig. 4K). This indicates that PP2A does not exert

upstream regulatory control over Hz0: levels. Instead, AQP9 appears to
regulate intracellular H20: levels (Fig. 2I), which in turn influence PP2A
activity and downstream inflammation.

As mentioned above, AQP9 deficiency reduced HyO, accumulation
in ET inflammation. Therefore, we further explored the role of AQP9 in
regulating HoO, transmembrane movement by exogenous supplemen-
tation of HyOs. To assess the role of HyO2 in AQP9-dependent inflam-
mation, exogenous Hy03 (30 pM, 10 pL) or saline was administered to
LPS-pretreated mice. Exogenous H:0: failed to elevate COX2, IL-1p
(Fig. 5A-C) and phospho-P65 levels (Fig. 5D-G) in both WT and Aqp9 "~
mice, possibly because LPS had already induced maximal intracellular
H20: accumulation, and AQP9 deficiency abolishes AQP9-mediated
H20, transmembrane transport, leaving diffusion as the predominant
H50, transport mechanism.

3.5. Phloretin ameliorated LPS-induced ET inflammation via AQP9
suppression

Phloretin has been shown the function of inhibiting aquaporins [11].
We found that phloretin significantly attenuated LPS-induced AQP9
expression (Fig. 6A, E-F), concurrently reducing HyO, accumulation
(Fig. 6P) and suppressing NF-kB activation (Fig. 6L-O). Phloretin upre-
gulated PP2A-A transcription (Fig. 6B, G-H), and downregulated IL-1§
and COX2 expression (Fig. 6C-D, I-K). These findings suggested that
phloretin can alleviate ET inflammatory through AQP9 related PP2A/
NF-xB signaling pathways.
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Based on the results, we believed that AQP9 promotes LPS-induced
ET inflammation through PP2A/NF-kB pathway (Fig. 7). AQP9 pro-
motes HoOy accumulation in ET during LPS stimulation. The accumu-
lation of HyO3 relieves the inhibitory effect of PP2A on NF-kB signaling
pathway and promotes the phosphorylation of P65 into the nucleus.
Then, the expression of inflammatory factors IL-1f and COX2 is upre-
gulated, promoting ET inflammation. However, after Agp9 knockout,
H»0; could not be accumulated in ET, resulting in a sustained high level
of PP2A, which inhibits the phosphorylation of P65 into the nucleus. It
reduces the activation of NF-kB signaling pathway induced by LPS, and
reduces ET inflammation finally. Administration of the PP2A inhibitor
OA reversed the inhibitory effect of Aqgp9 knockdown. Phloretin could
also ameliorate LPS-induced ET inflammation by inhibiting AQP9.

4. Discussion

ET is the unique physiological channel between middle ear and
nasopharynx, the maintenance of ET function is critical. A variety of
inflammatory factors such as respiratory infections, allergic rhinitis and
chronic rhinitis [23-25] can cause ETD, but the mechanism of ETD is
still unclear. Here, we identify AQP9 as an important regulator of LPS-
induced ET inflammation, where its upregulation inhibits PP2A/NF-«xB
signaling to drive IL-1B/COX2 production and amplify inflammatory
responses.

We found that AQP9 up-regulated on LPS-induced ET inflammation.
AQP9 is a transmembrane aquaglyceroporin channel, and is upregulated
in various inflammatory diseases. In patients with systemic inflamma-
tory response syndrome (SIRS), AQP9 expression is increased in poly-
morphonuclear leukocytes (PMNLs), which induces morphological
changes of leukocytes and chemotactic movement to inflammatory sites
[26]. We found that AQP9 was distributed in ET submucosal macro-
phages (Supplementary Fig. 3) and was elevated in ET inflammation
model induced by LPS (Fig. 1J). Researchers have also reported that
AQP9 can promote macrophage chemotactic movement by increasing
macrophage water flux, regulating local hydrostatic pressure and
macrophage polarization [27,28]. In addition, researchers have also
found that AQP9 can regulate metabolism or oxidative stress through
H,02 or glycerol transport, affecting inflammatory process or tissue

regeneration [18,29,30]. Agp9 knockout has also been reported to play
an important anti-inflammatory role. Previous studies have shown that
AQP9 deficiency improves survival in endotoxin shock models [10] and
attenuates NLRP3-mediated intestinal inflammation via suppression of
the p38 MAPK pathway [31], which is consistent with our finding that
Aqp9 knockout inhibits inflammation in ET. Post-translational modifi-
cations of proteins, such as phosphorylation, glycosylation and ubig-
uitination, affect their localization and function. We found that AQP9
had a molecular weight of about 35 kDa in WT mice and was not found
in Agp9 knockout mice (Fig. 2B), suggesting that there might be multiple
post-translational modifications of AQP9 in ET.

We also found that AQP9 promoted H,0, accumulation and ET
inflammation. HoO5 is an important intracellular signaling molecule
that plays an important role in maintaining redox homeostasis [32]. The
stimulation of inflammation can promote NOX (NADPH oxidase) as-
sembly to catalyze extracellular HoO5 generation. Many aquaporins
could transport HyO5 [33,34]. We found that Agp9 knockout reversed
the LPS induced H205 accumulation in ET (Fig. 2I). This indicated that
even though other transport channels may exist in ET, they were not
sufficient to compensate for the inhibition of HyO5 transmembrane
movement by AQP9 deficiency. It suggests that the transmembrane
movement of HyOy regulated by AQP9 plays an important role in ET
inflammation.

We found that AQP9 promoted ET inflammation by inhibiting PP2A/
NF-kB pathway. PP2A protein was decreased after LPS stimulation in
WT mice, phosphorylated P65 of NF-kB pathway were increased (Fig. 3).
PP2A is a holoenzyme composed of three subunits: a structure subunit
(PP2A-A), a regulatory subunit (PP2A-B), and a catalytic subunit (PP2A-
C). PP2A-A and PP2A-C dimers can bind to different regulatory subunits
to form different PP2A heterotrimer [16]. PP2A binds to IKK complex
and IkB-a, where it dephosphorylates key residues required for their
activation and proteolytic processing, thereby suppressing NF-xB
signaling [33]. By regulating the protein phosphorylation modification
of kinases and phosphatases in the NF-kB and MAPK signaling pathways,
it regulates various diseases such as cancer, neurodegenerative diseases
and chronic inflammatory diseases and participates in the process of
disease [29]. We found that AQP9 promotes H,O5 accumulation in ET,
and that HoO3 could act as an intracellular signaling molecule to inhibit
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Fig. 6. Phloretin inhibited AQP9 expression and alleviated LPS-induced ET inflammation. A, Agp9 levels. Phloretin downregulated Agp9 expression. B-D, mRNA
level of inflammatory factors. Phloretin upregulated Ppp2rla and reduced II-1$/Cox2 mRNA levels. E-F. AQP9 levels. Phloretin reduced AQP9. G-K Inflammatory
factor levels. Phloretin increased PP2A-A and decreased COX2/IL-1p levels. L-O, Effect of Phloretin on NF-kB activation. Phloretin inhibited phospho-P65 levels. P,

H,0, quantification. Phloretin suppressed LPS-induced H,O» accumulation.

PP2A. In this study, HoO2 accumulation in ET inhibited the expression of
PP2A scaffold subunit. Its inhibitory effect on NF-xB signaling pathway
is reduced, promoting ET inflammation.

We found that AQP9 expression was increased in ET inflammation
induced by LPS intratympanic injection, and Agp9 knockout could
significantly inhibit LPS-induced ET inflammation. Therefore, exploring
effective methods to inhibit AQP9 expression has potential clinical

value. AQPs inhibitors include metal-related inhibitors, quaternary
ammonium salts, and small molecule inhibitor. HTS13286 affects the
water and solute permeability of AQP9, resulting in decreased glycerol-
dependent glucose production. However, the amount of HTS13286
required to inhibit glycerol gluconeogenesis is high, which is not suit-
able for the experiments in vivo [34]. RG100204 inhibited AQP9
expression in taurocholate-induced acute pancreatitis and acute
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Fig. 7. AQP9 promotes LPS-induced ET inflammation via the PP2A/NF-kB pathway. A. Wild-type mechanism: LPS stimulation increases AQP9-mediated H202
transport, leading to intracellular H202 accumulation. Elevated H=0: inhibits PP2A-A activity, thereby relieving its suppression of P65 phosphorylation and activating
NF-kB—driven inflammatory responses. B. Agp9 knockout phenotype: Loss of AQP9 reduces H202 accumulation, restores PP2A-A activity, enhances its inhibition of
P65 phosphorylation, and consequently blocks NF-kB activation and downstream inflammation.

pancreatitis induced by cauropsin and LPS. It reduced cell apoptosis, NF-
kB signaling, and NLRP3 expression in the lungs of acute pancreatitis
animals. At the same time, it significantly increased the Nuclear factor
erythroid 2-related factor 2 (Nrf2)-dependent anti-oxidative stress
response [35]. Hawthorn soluble dietary fiber can express a variety of
aquaporins, promote intestinal peristalsis, and relieve constipation in
mice [36]. Inhibition of AQP9 by phloretin reduced proinflammatory
cytokine production and lung injury in sepsis [11]. Compared with
AQP9 specific inhibition of HTS13286 and RG100204, phloretin is not a
specific AQP9 inhibitor, but it has been applied in clinical practice,
which is conductive to clinical translation. In this study, phloretin can
effectively inhibit LPS-induced expression of AQP9 and reduce the
expression of inflammatory factors in ET, suggesting its clinical trans-
formation potential.

In this study, an acute ET inflammation model was constructed by
LPS injection for 48 h and did not address the role of AQP9 in chronic
inflammation. AQP9 can activate dendritic cells and macrophages in
chronic inflammatory diseases such as psoriasis, and Crohn’s disease
[31,37]. Therefore, exploring the role of AQP9 in the chronic ET
inflammation may help the treatment of chronic otitis media. In addi-
tion, phloretin was intraperitoneally injected twice a week for 6
consecutive weeks, and phloretin was not a specific inhibitor of AQP9.
Optimizing phloretin reagent or using AQP9 specific inhibitors is
conducive to promoting the clinical transformation of AQP9 targeted
therapy for ET inflammation in the future. In addition, this study limited
in animal models, and further studies are needed to validate these
findings in human models.

5. Conclusion

In summary, LPS promotes the expression of AQP9 in ET, leading to
H20; accumulation (Fig. 7). The elevated HyO5 inhibited the PP2A-A
and reduced its inhibitory effect on P65 phosphorylation and nuclear
translocation, and subsequently activated NF-kB signaling pathway,
which accelerates the ET inflammation. Agp9 knockout or treatment
with phloretin significantly attenuates LPS-induced ET inflammation.
Therefore, AQP9 might be a novel therapeutic target for the ET
inflammation.
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