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Background: Proteins found in middle ear effusion play crucial roles in the physiological and pathological processes of otitis media
with effusion (OME), influencing the etiology and clinical characteristics of this disease. The qualitative and quantitative composition
of these proteins depending on the underlying pathogenesis of middle ear effusion. Understanding their physiological and pathological
functions is of great importance.

Methods: We collected samples from 19 volunteers diagnosed with OME. After offline separation using high-pH reversed-phase
liquid chromatography (RPLC), the pooled sample was subjected to LC-MS/MS analysis to obtain a comprehensive profile of the
OME proteome. Functional analysis was performed using Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG),
and Ingenuity Pathway Analysis (IPA) annotations. Data-independent acquisition (DIA) technology was utilized to analyze samples
and fix whether the OME proteome could replicate the pathophysiological features associated with this disease. We conducted
a differential proteomic analysis between patients with simple OME and patients who had received radiotherapy. The radiotherapy-
reduced group was further divided into two subgroups: nasopharyngeal carcinoma (NPC) and other types of carcinoma. Parallel
reaction monitoring (PRM) technology was used for validation of 36 differentially expressed proteins (DEPs).

Results: A number of 732 proteins were identified in the OME proteome database. Among them, 527 proteins were quantified using
peak intensity-based semi-quantification (iBAQ), covering a wide dynamic range of approximately 8 orders of magnitude. Based on
the functional analysis, we proposed a hypothetical mechanism of OME.

Conclusion: This study managed to put up an inclusive analysis of the OME proteome, establishing the first human OME proteome
database. We focused on differential proteomic analysis among different groups to gain a more comprehensive concept of the OME
proteome and search for meaningful biomarkers.
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Introduction

Otitis media with effusion (OME), also known as secretory otitis media (SOM), is a prevalent cause of hearing loss worldwide,
particularly among children.' The disease affects approximately 0.6% of adults and 20% of 2-year-old children.' Middle ear
effusion commonly leads to conductive hearing loss. It can also have implications for language acquisition and learning,
particularly in children.® In this study, we focus on simple secretory otitis media and radiotherapy-reduced secretory otitis
media, where the most common primary disease associated with the latter is nasopharyngeal carcinoma (NPC). However, the
underlying pathophysiology of OME, especially at the gene and protein levels, remains incompletely understood.

OME was defined as an infection-free disease in the past.* However, recent studies have challenged this definition by
demonstrating bacterial colonization in the middle ear charge or mucosa of patients with OME. These findings have
raised questions regarding the existing theories of the disease’s etiology. Over the past decade, several studies have
investigated the pathophysiology of OME. For instance, Stabenau et al used RNA-Seq to identify differential gene
expression in middle ear effusion, revealing implications for infectivity-related susceptibility and clinical management.’
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Mahmood F. Bhutta’s study showed that upregulation of hypoxia signaling and the RANK-RANKL pathway were
important in the pathophysiology of OME through genome-wide transcript analysis.® However, there has been no
proteomic study of middle ear effusion thus far. Previous studies have not provided analyses of the OME effusion
proteome database or disease differential analyses.*® With advancements in proteomic techniques, a more inclusive
analysis is needed to realize the function of middle ear effusion. Moreover, previous studies have indicated that the
pathogenesis of OME is associated with immune response, coagulation activities, and inflammatory disorders.” Further
studies are obligatory to determine whether the function of disease differential proteins can reveal pathophysiological
modifications in different groups.

Initially, we selected serum as the control group and performed GO and KEGG analyses to identify the specific
characteristics of OME effusion. Subsequently, we conducted IPA analysis of proteins in the medium and low abundance
groups of middle ear effusion to explore the differences in functional and canonical pathways between the two groups.
Furthermore, we conducted a differential proteomic analysis between patients with simple OME and those who under-
went radiotherapy, aiming to explain the distinct pathologies observed in these groups. Within the radiotherapy-reduced
group, we further divided patients into two subgroups (NPC vs other carcinoma types). By analyzing the functions and
pathways of the differential proteins, we hope to provide insights into the different pathologies observed. This study aims
to enhance our understanding of the OME effusion proteome and expedite the application of otitis media research in
clinic.

In the present study, we aimed to establish a comprehensive profile of OME effusion proteome and provide a detailed
proteomic functional annotation. We also focus on differential proteomic analysis in order to have a better perspective of
OME and its meaningful biomarker discovery. We believe our study could benefit the understanding of OME effusion
proteome and accelerate the application of otitis media to clinical research.

Materials and Methods
Ethical Approval

Prior to enrolling participants in our study, a verbal clarification was provided to all volunteers, and each participant gave
their informed consent by signing a consent form. The consent formula and experiment protocol were reviewed and
officially approved by the Ethics Committee for Human and Animal Research at Peking Union Medical College (No. JS-
3370). The study policies abide by the Declaration of Helsinki.

Clinical Materials

The OME effusion samples were collected from 19 patients during outpatient surgery. A total of 19 middle ear charge
samples were obtained using a sterile procedure. It’s important to note that all patients had not received any form of
treatment prior to sample collection. We allocated the samples into two groups: group one consisted of 12 samples from
patients with simple OME, while group two consisted of 7 samples from patients with radiotherapy-reduced OME. Each
sample was approximately 0.2—1.0 mL in volume and was aspirated from the middle ear of patients using a lumbar
puncture needle (#7) under strict aseptic conditions. Following collection, the effusion samples were immediately
transported and stored at —80°C for subsequent analysis.

Protein Extraction and Digestion

The OME samples were subjected to precipitation overnight at 4°C. The protein samples were subjected to digestion
using the method published by Gravett et al. A total of 200 pg of protein samples was utilized for the digestion process.
Initially, the samples were reduced and carbamidomethylated, 20mM DTT and 50mM IAM were used, respectively. Each
protein sample was then supplemented with 4 pg of trypsin in 25 mM NH4HCO3 and incubated at 37°C for a whole
night. These peptides were then subjected to desalting using a C18 SPE column (Waters Oasis) and subsequently
lyophilized to prepare them for further experiments.
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Offline HPLC

All the peptides obtained from the digestion were separated using a RPLC column. The eluting gradient involved using
buffer B1, which contained 90% acetonitrile (ACN) with a pH of 10. The rate of flow was 1 mL per min.

LC/MS/MS

The MS analysis in both DDA-MS (Data-Dependent Acquisition MS) and DIA-MS (Data-Independent Acquisition MS)
modes was performed using the Orbitrap Fusion Lumos tribrid mass spectrometer (Thermo Scientific, Bremen,
Germany) together with the EASY-nLC 1000 system. 30 fractions obtained from RPLC separation were subjected to
DDA mode analysis. We then set related parameters as follows: the cycle time was 3s; full scan was demanded the range
of from m/z 400 to 1500 at 5,5000 resolution; we then put up auto gain control, also known as AGC, at the level of 1¢6,
meanwhile, the maximum level of injection time was 50 ms. For each individual sample, DIA mode analysis was
conducted. A total of 38 isolation windows was developed in DIA method. The isolation windows ensured equal
distribution of precursor ion numbers. The DIA scan setting: a resolution of 35,000 with 32% collision energy on HCD
mode. All of the related MS data file and resources could be obtained at iProX (Integrated Proteome resources) with open

accCess.

PRM Mass Spectrometry

The Parallel Reaction Monitoring analysis was conducted by the TripleTOF 5600 mass spectrometer. Separation was
achieved using an RPC18 self-packing capillary LC column. The elution gradient employed was from 5% to 30% buffer
B1 over a 60-minute period, with 0.35 mL/min flow rate.

Data Analysis

Spectronaut Pulsar and Skyline software were used to analyze the DIA data and PRM data with a default setting, which
was applied in our previous study (Proteomic Study of Aqueous Humor and Its Application in the Treatment of
Neovascular Glaucoma).®

Abundance Ranking

In our study, we use a specific algorithm to perform the abundance ranking of proteins we obtained from the former
experiments. This algorithm is called intensity-based absolute quantification (iBAQ), following the procedure described
by Schwanhausser et al. We then use Progenesis LC-MS software (V2.6, Non-linear Dynamics, United Kingdom) to
process protein intensities which based on the method published by Hauck et al in 2010.

Each protein’s iBAQ value was provided by the division of the sum of peptide intensities. The sum value was
calculated according to the theoretical protein peptides we managed to find out. In details, we referred to the approach
published by Liu et al in 2017. They used silico protein digestion and considered tryptic peptides ranged from six to
thirty aa as a whole. To obtain relative iBAQ values, we firstly divided absolute iBAQ values according to the sum of all
the absolute iBAQ values we got, thereby normalizing these intensities. Estimated protein abundance was thereby
computed by multiplying these relative iBAQ values according to molecular weight of corresponding protein.

Bioinformatics Analysis

In order to assign gene symbols to the differentially expressed proteins (DEPs), the investigators used the Panther
database. The Panther database is a comprehensive resource that provides gene symbol annotations based on protein
sequences. Gene Ontology (GO) was performed for the DEPs aiming to classify these proteins. This classification
provides valuable information about the roles and functions of the proteins in various biological contexts. To analyze
protein-protein interactions, the DEPs were uploaded to the STRING database, which is a widely used resource for
studying protein interactions and functional associations. A minimum interaction score of 0.4 was set to ensure the
reliability of the predicted interactions. The biomolecular interaction networks obtained from the STRING database were

Infection and Drug Resistance 2023:16 hetps: 5925

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

visualized and analyzed using the software Cytoscape and its plugins. Cytoscape is a popular tool for network
visualization and analysis, and it provides various plugins that enhance its functionality.

For further analysis of the DEPs, the investigators utilized Ingenuity Pathway Analysis (IPA) software. The SwissProt
accession proteins numbers were uploaded to IPA, which is a powerful tool for exploring biological pathways, diseases,
and functional annotations. The results were ranked based on the P-value, indicating the significance of the associations
between the DEPs and the identified pathways or functions.

Results

Clinical Results

Among the 19 enrolled patients, 8 were females and 11 were males, resulting in a gender distribution of approximately
42.1% females and 57.9% males. The average age of the patients was 47.10 years, with a range of 27 to 68 years.
Regarding the affected side of the disease, 10 patients had OME on the left ear, while the remaining 9 patients had it on
the right ear. The degree of hearing loss among the patients varied from mild to moderate and severe. Specifically, 6
patients suffered from mild hearing loss, 6 patients were of moderate-severe hearing loss and the remaining patients had
moderate hearing loss (Table 1).

OME Proteome Analysis Workflow
We aimed to establish a comprehensive description of OME proteome using 19 samples obtained from patients with otitis
media with effusion. All OME samples were pooled into a single sample, which was then subjected to digestion and

Table | Clinical Information of 19 Patients with Otitis Media with Effusion

Num | Gender | Age | Diagnosis Side® | PTA Group
| F 63 Simple secretory otitis media L Moderate-severe | Conductive | |
2 F 56 Simple secretory otitis media R Moderate-severe | Mixed |
3 M 31 Simple secretory otitis media L Mild Conductive | |
4 F 52 Simple secretory otitis media L Mild Conductive | |
5 M 27 Simple secretory otitis media R Moderate-severe | Mixed |
6 M 25 Simple secretory otitis media L Mild Conductive | |
7 F 33 Simple secretory otitis media R Mild Conductive | |
8 M 87 Simple secretory otitis media R Moderate Conductive | |
9 F 29 Simple secretory otitis media L Moderate Conductive | |
10 F 46 Simple secretory otitis media L Mild Conductive | |
I M 63 Simple secretory otitis media L Moderate-severe | Conductive | |
12 M 28 Simple secretory otitis media R Mild Conductive | |
13 M 41 Radiotherapy-reduced secretory otitis media (Nasopharyngeal | L Moderate Mixed 2
carcinoma)
14 M 64 Radiotherapy-reduced secretory otitis media (Carcinoma of L Moderate Conductive | 2
gingiva)
15 F 30 Radiotherapy-reduced secretory otitis media (Nasopharyngeal | R Moderate Conductive | 2
carcinoma)
16 M 51 Radiotherapy-reduced secretory otitis media (Nasopharyngeal | R Moderate-severe | Mixed 2
carcinoma)
17 M 68 Radiotherapy-reduced secretory otitis media (Nasopharyngeal | R Moderate-severe | Conductive | 2
carcinoma)
18 F 57 Radiotherapy-reduced secretory otitis media (Nasopharyngeal | R Moderate Conductive | 2
carcinoma)
19 M 64 Radiotherapy-reduced secretory otitis media (Carcinoma of L Moderate Conductive | 2
gingiva)
Note: *Side: L, left; R, right.
Abbreviation: PTA, pure tone audiometry.
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evaluated using 2D-RP-RP LC-MS/MS. To reduce interference from high-abundance proteins. Since there was no
previous OME proteome analysis available, we used serum as a control group for comparative analysis. GO annotation
and IPA analysis were performed for functional analysis, providing insights into the biological functions and pathways
associated with OME (Figure 1).

To further investigate the etiology of OME, the 19 samples were allocated into two experimental groups: simple OME
group (12 samples) and radiotherapy-reduced group (7 samples). Within the radiotherapy-reduced group, we further
subdivided the samples based on the primary tumor pathological diagnosis, distinguishing between nasopharyngeal
carcinoma (NPC) and other types of tumors. This subgrouping aimed to identify differential proteins among different
tumor types associated with OME. DIA technique was used for protein quantification. PRM technology was used for
validation thereafter. A subset of 17 samples was subjected to PRM analysis, allowing for targeted and accurate
quantification of the selected proteins of interest. In order to ensure the stability and reliability of the experiment results,
we also carried out quality control (QC) on the samples we collected (Figure 2).

Overall, our study provides insights into the OME proteome, its functional annotations, and the identification of
differential proteins associated with different tumor types and radiotherapy response.

Database Establishment of the OME Proteome
After we analyzed gathered samples using 2D-LC/MS/MS, a total of 4337 peptides were eventually identified,
corresponding to 732 proteins, among them 392 proteins were put up with the standard of unique peptides no less
than 2. We provide quantitative proteomic analysis through iBAQ algorithm. The total range of relative abundance
covered 8 magnitude orders (Figure 3). The comparison between serum and OME effusion revealed significant
differences in molecular function and cellular component (Figure 4). In terms of molecular function, proteins involved
in molecular function regulation and protease regulation activity were upregulated in OME effusion compared to serum.
On the other hand, transporter activity was more prominent in the serum group. These findings suggest differences in the
functional activities of proteins between OME effusion and serum.

Regarding cellular component, chronic inflammatory response was higher in OME effusion compared to serum.
However, no substantial differences were found between these two groups according to protein-containing complexes or

synapse-related processes. This suggests that OME effusion is similar in composition to serum but exhibits distinct
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Figure | Workflow for OME proteome analysis; *Two experimental groups: simple OME group (12 samples) and radiotherapy-reduced group (7 samples); **Two further
subdivided subgroups: nasopharyngeal carcinoma (NPC) group (5 samples) and other types of tumors group (2 samples).
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Figure 2 Correlation of QC samples. Reproducibility of proteins of DIA-MS analysis. Each dot refers to one protein. Dots in yellow refer to high correlations (r value tends to I)
while dots in blue refer to low correlations (r value tends to 0). Red dots represent proteins with mid-level correlations whose r-values close to 0.5.
Abbreviation: QC, quality control; r, Pearson correlation coefficient.
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Figure 3 Protein abundance rank. Quantitative protein abundance range in OME samples with an iBAQ algorithm (left y-axis) and cumulative protein abundances of the
OME proteome (right y-axis).
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Figure 4 Venn diagram of protein identification in OME patients’ middle ear charge and serum from healthy volunteers.

cellular components and molecular functions, particularly related to immune responses and inflammatory processes,
highlighting the characteristics of disease occurrence and development.

We adopted PANTHER classification system to performed GO analysis aiming to revealed enrichment in cellular
processes and immune responses in the cellular component category (Figure 5). The major molecular functions of OME
proteins were related to binding as well as immunoglobulin receptor regulation. In terms of biological processes, OME
proteins primarily participated in cell and extracellular region processes.
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Figure 5 GO analysis of the OME proteome compared with the serum proteome ((A) GO-biological process, (B) GO-cellular component and (C) GO-molecular function).
Abbreviation: GO, Gene Ontology.
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The IPA pathway analysis identified several pathways associated with OME, including cell death and survival
(necrosis and apoptosis), immunological diseases (hypersensitive reactions, allergies, psoriasis, and systemic autoim-
mune syndrome), and inflammatory responses (chronic inflammatory disorders, inflammation of organs, classical
complement pathway, complement activation, and degranulation of cells). Proteins took part in immune cell adhesion,
binding of blood cells, activation of cells, and binding of leukocytes, were also identified. These findings suggest the
involvement of immune and inflammatory processes in the mechanism of OME (Figure 6).

In order to provide quantitative proteomic analysis, the iBAQ algorithm was employed, quantifying 527 proteins in
the OME proteome. The total range of relative abundance covered 8 magnitude orders. The ranked analysis of these
proteins based on abundance revealed different categories: high-abundance proteins (>95%), medium-abundance proteins
(95-99%), and low-abundance proteins (<1%). The canonical pathway analysis of medium and high-abundance proteins
revealed their involvement in inflammatory/immune-related pathways (eg, acute phase response signaling and comple-
ment system signaling), as well as coagulation-related pathways. In contrast, low-abundance proteins were associated
with protein synthesis-related pathways (proteolysis, cleavage of protein in fragments, hydrolysis of protein, and
metabolism of cellular protein), as well as inflammatory/immune-related pathways (allergy, hypersensitive reaction,
chronic inflammatory disorder, inflammation of organs, classical complement pathway, complement activation, and
degranulation of cells).

Table 2 of the study shows that the top 8 abundant proteins made up for about 76% of all the OME proteins. Half of
them belonged to the immunoglobulin family. Notably, one of the most abundant proteins in OME was Albumin (ALB),
with the accession number P02768.

ALB is known to be the most plentiful protein in human blood. ALB plays a crucial part in regulating blood serum
colloid osmotic pressure. It also serves as a carrier for hormones, fatty acids, metabolites, and exogenous drugs. The
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Figure 6 IPA analysis of proteins in mid and low abundance group. (A) The diseases or functions annotation; (B) The major canonical pathways. The color of the bar in MID
and LOW column indicates the level of significance.
Abbreviations: IPA, ingenuity pathway analysis; MID, middle abundance group; LOW, low abundance group.
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Table 2 The 8 Top Abundant Proteins in Normal AF Proteome

Accession Gene Name Abundance iBAQ Value® Relative iBAQ Protein Proportion
P02768 Albumin (ALB) I.17E+11 2.78E+09 2.90E-01 5.64E-01
PO 1834 Immunoglobulin kappa constant 2.18E+10 4.35E+09 4.54E-01 1.50E-01
PO1859 Immunoglobulin heavy constant gamma 2 I.0OIE+I0 7.77E+08 8.10E-02 8.16E-02
P02787 Transferrin 9.48E+09 2.11E+08 2.19E-02 4.75E-02
PO 1009 Serpin family A member | 3.35E+09 1.39E+08 1.45E-02 1.91E-02
P01876 Immunoglobulin heavy constant alpha | 2.43E+09 1.43E+08 1.49E-02 1.58E-02
P00738 Haptoglobin (HP) 2.31E+09 9.6 E+07 1.00E-02 1.27E-02
PO1861 Immunoglobulin heavy constant gamma 4 1.30E+09 9.25E+07 9.64E-03 9.73E-03

Note: *iBAQ value was obtained by protein intensities divided by the number of theoretically observable peptides of the protein.

abundance of albumin in the middle ear charge supports the theory that middle ear effusion is essentially an exudate
originating from serum. This finding provides additional support for the use of serum as a control group in this study.

The Differential Proteomic Analysis of OME with Different Etiology
In this study, a total of 549 proteins were found proceeding by DIA method among OME samples, which were thereafter
divided into two groups according to different etiologies: the simple OME group and the radiotherapy-reduced OME
group. A clear distinction between these two groups was observed in the PLS-DA score plot, indicating significant
differences (P = 1.69145e-07). Out of the 549 proteins, 120 proteins were defined as differentially expressed proteins
(DEPs). Among these DEPs, 119 were upregulated and 1 was downregulated (Figure 7). According to GO annotation.
The DEPs were mainly located in extracellular region and were basically involved in the cellular-related processes and
maintenance processes. Their molecular functions were enriched in binding activities, coagulation processes, and cell-to-
cell signaling. These findings suggest that the DEPs play important roles in intercellular communication and coagulation.
Furthermore, the IPA analysis identified 10 significantly involved pathways (Figure 8). It was observed that pathways
including complement system, LXR/RXR activation and cell maturation were significantly suppressed in OME samples.
These results provide insights into the molecular alterations and functional changes associated with different etiologies of
OME. The downregulation of specific pathways related to complement activation, coagulation, and cell maturation
suggests potential dysregulation in immune response, coagulation processes, and tissue maturation in OME.

The Differential Proteomic Analysis of Radiotherapy-Reduced OME with Different

Kinds of Tumor

In the study, the radiotherapy-reduced OME group was further divided into two subgroups based on the primary tumor
type: NPC (nasopharyngeal carcinoma) and other kinds of carcinoma (Table 3). An OPLS-DA score plot was used to
visualize the differences between these subgroups, revealing significant distinctions (P = 1.59621e-07).

A number of 37 differentially expressed proteins (DEPs) were found in these subgroups, with a fold change no less
than 2.0 as well as the p-value of 0.05. Among these DEPs, 14 were upregulated, while 23 were downregulated
(Figure 9).

Our functional analysis of these DEPs indicated enrichment in pathways such as LXR/RXR activation, acute phase
response signaling, coagulation system, and complement activation (Figure 10). These findings align with the canonical
pathways observed in the DEPs of the other two groups. However, it was also noted that these DEPs were primarily
associated with cancer, organismal injuries, and abnormalities, including serous adenocarcinoma, benign solid tumors,
low-grade acinar-cell carcinoma, and glandular intraepithelial neoplasm. Furthermore, they were involved in cellular
functions and maintenance, such as chemotaxis and invasion of tumor cell lines. This functional analysis of DEPs in the
NPC and other carcinoma subgroups differed from that of the DEPs in the first two groups.
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Figure 7 Analysis of DEPs between simple OME and group and radiotherapy-reduced OME group. (A) Volcano plot. Sig.Down[ ], the number of significantly downregulated
protein is |; Sig.Up[119], the number of significantly upregulated protein is | 19; Unsig.[31 1], the number of proteins with no significant changing trend is 31 |. Red dots refer
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2(green) represents for radiotherapy-reduced OME group.

Abbreviations: PLS-DA, partial least squares-discriminant analysis; PCA, principal component analysis; DEPs, differentially expressed proteins.

These findings provide a deeper understanding of the etiology of different types of OME. The distinct functional
characteristics observed in the DEPs of the NPC and other carcinoma subgroups suggest potential differences in

underlying mechanisms and pathogenic processes associated with these specific tumor types.

PRM Validation
The PRM (Parallel Reaction Monitoring) validation was conducted on 17 randomly selected samples from the original
samples. PRM variation was assessed by computing the coefficient of variation (CV) of peptide abundance in three
quality control (QC) replicates, resulting in a high correlation coefficient of R2=0.975. Through PRM analysis, a total of
36 peptides corresponding to 19 proteins were validated, and all of them were found to be upregulated. In the comparison
between the first two groups (simple OME group vs radiotherapy-reduced OME group), 14 upregulated proteins were
validated. In the comparison between the latter two groups (NPC group vs Other tumors group), 3 upregulated proteins
and 1 downregulated protein were validated. These results were consistent with the findings from the experimental
groups.

Among the validated proteins, several specific peptides were identified, including 3 peptides from the G4m marker, 3
peptides from the complement C1q B chain, 2 peptides from HISTIH2BJ, and 2 peptides from immunoglobulin lambda.
Additionally, peptides from key proteins such as IGKC, defensin alpha 3, and vitamin D binding protein were also
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pathways. The color of the bar in p-value and -logP column indicates the level of significance.
Abbreviation: IPA, ingenuity pathway analysis.

validated, showing a similar trend among peptides from the same protein (Figure 11). The functional and pathway
analysis of the validated differentially expressed proteins (DEPs) indicated significant involvement in thrombosis,
apoptosis, immune response of cells, and inflammation of the body cavity. These findings align with the main pathways
identified in the analysis of the entire set of DEPs, further supporting their correlation with the pathological changes
observed in secretory otitis media.

Discussion

We established a comprehensive profile of the human middle ear effusion proteome, with a number of 732 proteins was
identified. Our data serves as a valuable baseline for understanding the proteomic composition of otitis media with
effusion (OME). By conducting differential analysis of the OME proteome in different groups, we were able to validate
two sets of differentially expressed proteins (DEPs). These DEPs may play crucial roles in the pathological process of
OME. The identification and validation of these DEPs provide valuable insights into the molecular mechanisms and
potential biomarkers associated with OME. We believe our findings could lead to a more comprehensive perspective of
OME at proteomic level and enhances our knowledge of biomarker discovery in this condition. The findings of our

Table 3 Clinical Information of 7 Patients in Radiotherapy-Reduced OME Group

Num | Gender | Age | Diagnosis Side | PTA Group
| M 41 Radiotherapy-reduced secretory otitis media (Nasopharyngeal carcinoma) | L Moderate |
2 M 64 Radiotherapy-reduced secretory otitis media (Carcinoma of gingiva) L Moderate 2
3 F 30 Radiotherapy-reduced secretory otitis media (Nasopharyngeal carcinoma) | R Moderate |
4 M 51 Radiotherapy-reduced secretory otitis media (Nasopharyngeal carcinoma) | R Moderate-severe | |
5 M 68 Radiotherapy-reduced secretory otitis media (Nasopharyngeal carcinoma) | R Moderate-severe | |
6 F 57 Radiotherapy-reduced secretory otitis media (Nasopharyngeal carcinoma) | R Moderate |
7 M 64 Radiotherapy-reduced secretory otitis media (Carcinoma of gingiva) L Moderate 2
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Figure 9 Analysis of DEPs of patients radiotherapy-reduced OME group. (A) Heatmap for DEPs. Group I(red) represents for nasopharyngeal carcinoma group, group
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research have the potential to impact the diagnosis and treatment of this disease by uncovering key proteins involved in
the disease process.

The Clinical Etiology of Otitis Media with Effusion

The formation of middle ear charge and the source of proteins in OME have been subjects of discussion in the field.'
This specific disease is typically characterized by the presence of yellow clear liquid or jelly-like mucus in the middle
ear. It is considered non-purulent, and bacterial culture results are usually negative.” As a result, OME is often classified
as a non-infectious condition according to consensus guidelines such as the International Consensus of the World
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Federation of Otorhinolaryngology (2017, Paris), which defines OME as middle ear effusion without signs of ear
infection.

However, some researchers believe that bacterial infection and the associated inflammatory response have an impact on the
onset of OME.'° Previous experiments have explored the connection between infection and radiotherapy-reduced OME as
well.”'° It is proposed that after radiotherapy, tumor cell necrosis and damage to normal mucosal tissue in the nasopharynx can
lead to the formation of adherent necrotic scabs.'' These scabs can persist and promote bacterial growth and infection,
particularly in individuals with compromised immunity. Patients may experience a foul smell in the nasal cavity, and examination
may reveal necrotic pus and scabs in the nasopharynx.'? Reflex sinusitis following radiotherapy can also contribute to bacterial
colonization in the nasopharynx, leading to obstruction and accumulation of middle ear effusion due to eustachian tube swelling
and adhesion."® Furthermore, some studies have highlighted the potential involvement of allergic processes in OME.'*
Biochemical and immunological diagnostic methods, such as the detection of immune factors and immune cells in vivo, have
been applied in the clinical diagnosis of OME. Tumor necrosis factor-alpha (TNF-a), various kinds of interleukin and other
immune factors have been studied.'>'® Additionally, CD4+ T cells and CD8+ T cells have been investigated as immune cell
markers in OME."”

These various lines of research contribute to our understanding of the multifactorial nature of OME, involving factors
such as bacterial infection, inflammatory responses, radiotherapy-related changes, and allergic processes. Further
exploration of biochemical and immunological markers may help in the diagnosis and management of OME.

Comparison of OME and Serum Proteome

Our study findings regarding the abundance of albumin and other proteins in OME and serum support the hypothesis that
middle ear effusion is essentially derived from serum. The presence of albumin, which is known for its role in
transporting various substances to cells, suggests that the proteins found in OME are similar to those present in
serum. This also justifies the use of serum as a control group in our trial. Furthermore, the high abundance of
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immunoglobulin kappa constant, immunoglobulin heavy constant gamma 2, transferrin, serpin family A member 1,
immunoglobulin heavy constant alpha 1, and haptoglobin in OME indicates their involvement in the middle ear effusion.

Pathway analysis in our study indicated that the common proteins in OME are basically associated with immune
process and inflammatory-related procedures, such as hypersensitive reactions, allergies, psoriasis, systemic autoimmune
syndrome, chronic inflammatory disorders, inflammation of organs, and the classical complement pathway. These
pathways collectively account for 35% of the quantitative protein abundance. This suggests that immune and inflam-
matory processes play a significant role in OME.

In terms of gene ontology (GO) analysis, proteins in OME were found to be located in the extracellular region and
supramolecular complexes. They were involved in immune response, blood coagulation, regulation of fibrinolysis, and
chronic inflammation at the cellular component level. In molecular function, proteins in the middle ear charge were
notably enriched in protease regulator activity compared to serum. This finding indicates that although middle ear
effusion originates from ‘serum, it may have specific functions related to coagulation, immune response, and inflamma-
tion, which are crucial aspects of the development and progression of secretory otitis media.

Overall, these observations provide valuable insights into the proteomic characteristics of OME and shed light on the
roles of various proteins and pathways in the pathogenesis of secretory otitis media.
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DEPs Functional Analysis Between Simple OME and Radiotherapy-Reduced OME
Simple OME is the most common type of secretory otitis media, particularly among young population.'® It is
characterized by middle ear effusion without a clear underlying cause, such as congenital eustachian tube malformation
or previous surgery or radiotherapy involving the eustachian tube.'® Simple OME can lead to hearing loss, especially in
the 10 years following radiotherapy for nasopharyngeal carcinoma, significantly impacting patients’ quality of life.*°
Prolonged middle ear effusion can result in irreversible damage, including tympanic atrophy, tympanic sclerosis, and
auditory bone necrosis.>?! On the other hand, radiotherapy-reduced OME is a common complication in individuals who
have undergone radiotherapy aiming to treat malignant lesions in head and neck area.” Conventional two-dimensional
radiotherapy (2DRT) can lead to various ear-related issues and malfunction of Eustachian tube is just one of them.?* Post-
radiation OME is a prevalent otologic adverse effect observed among patients with NPC treated with radiotherapy.’*

Although the basic etiology of both types of secretory otitis media involves neg-pressure in patient’s tympanic cavity
resulting in the exudation of capillary blood serum and the formation of middle ear effusion, the course and character-
istics of the diseases differ.” Hence, our study aimed to explore the differences between the two types of secretory ofitis
media at the protein level. From the division of samples into the simple OME group (N=12) and the radiotherapy-reduced
OME group (N=7), we managed to find significant differences between these two experimental groups according to
OPLS-DA score plot (P = 1.69145e-07) and heatmap analysis. Through further analysis using a volcano plot, we
identified 120 differentially expressed proteins (DEPs) with the defined fold change over 2.0 together with a p-value of
0.05, including 119 upregulated DEPs and 1 downregulated DEP.

The gene ontology (GO) annotation analysis revealed that the DEPs were mainly located in the extracellular region
and participated in cellular processes and maintenance processes. Their functions were enriched in binding, coagulation
processes, and cell-to-cell signaling. Additionally, Ingenuity Pathway Analysis (IPA) indicated significant involvement of
10 pathways. Notably, the complement system, coagulation system, LXR/RXR activation, and cell maturation pathways
were significantly suppressed in radiotherapy-reduced OME compared to simple OME. These findings suggest that
proteins in radiotherapy-reduced OME are more likely to be involved in inflammatory responses and protein synthesis,
highlighting the potential influence of radiotherapy on the molecular processes of OME.

Previous studies have suggested a relationship between OME and infection, particularly bacterial infection.”® PCR technol-
ogy has allowed detecting various microorganism in the middle ear charge, with the bacterial spectrum being consistent with that
of the adenoid.** Common detected pathogenic bacteria include Haemophilus influenzae, Streptococcus pneumoniae, and, in
some cases, Staphylococcus aureus.” The high prevalence of Staphylococcus aureus in adult middle ear effusion suggests that
bacteria, including Staphylococcus aureus, may be a likely cause of OME, especially in cases of simple secretory otitis media.>
Regarding the protein synthesis-related pathways, the findings may be associated with the hypermetabolic nature of tumors.’
Malignant tumors exhibit biological characteristics that lead to metabolic disturbances, including increased protein synthesis.*®
Our research also identified differential proteins related to cell metabolism, supporting the notion of altered protein metabolism in
OME, particularly in radiotherapy-reduced OME.

Overall, our study provides valuable insights into the differences between simple OME and radiotherapy-reduced
OME at the protein level, highlighting the potential role of inflammation, infection, and altered protein synthesis in the
pathogenesis of these conditions.

DEPs Functional Analysis Between Different Tumors in Radiotherapy-Reduced OME
In our subgroup, our team further put the patients into two categories: NPC group (N=5) and other types of head and
neck carcinoma group (N=2), both of which included cases of carcinoma of the gingiva. The analysis of differentially
expressed proteins (DEPs) using the same approach revealed significant differences between these two groups based on
the OPLS-DA score plot (P = 1.59621e-07). A total of 37 DEPs were identified. Among them, 14 proteins were
upregulated while 23 of them were downregulated.

The functional analysis of these DEPs showed enrichment in the LXR/RXR pathway, coagulation system and
complement-related bio-processes. What’s more, signal transfer in acute response phase was also discovered meaningful
in our study. These results were actually in accordance with those canonical pathways found in previous analysis of the
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other two groups. However, it was noted that these DEPs were mainly associated with cancer, organismal injury
(including serous adenocarcinoma, benign solid tumor, low-grade acinar-cell carcinoma, and glandular intraepithelial
neoplasm), and cellular function and maintenance (chemotaxis and invasion of tumor cell lines). This functional profile
differed from the DEPs observed in the first two groups, indicating unique molecular characteristics in the radiotherapy-
reduced OME subgroup, particularly in the context of different primary tumor types.

Interestingly, LXR/RXR pathway was found enriched in the DEPs of both the radiotherapy-reduced OME group and
the NPC subgroup suggests a potential relationship between OME and lipid metabolism. The LXR/RXR pathway,
associated with lipid metabolism, has been implicated in intracellular lipid accumulation.”” Excessive intracellular lipid
accumulation can lead to various pathological processes, including endoplasmic reticulum stress, apoptosis, inflammation
and also the stress of endoplasmic reticulum, collectively referred to as “lipotoxicity”.?**° This finding raises the
possibility that the occurrence and progression of OME may be related to alterations in lipid metabolism, warranting
further investigation in future studies. Our research has provided valuable insights into the molecular characteristics of
radiotherapy-reduced OME, specifically in the context of different primary tumor types. The identification of unique
DEPs and enrichment of specific pathways shed light on the potential involvement of lipid metabolism and its association
with lipotoxicity in OME. These findings contribute to the understanding of the underlying mechanisms and may guide
future investigations in this field.

Studies in recent years have indicated that inflammatory factors play an important role in middle ear’s response,
leading to the release of mediators such as leukokines and prostaglandins by the mucosa.”®*® These mediators increase
vascular permeability, resulting in tympanic mucosal edema, exudate formation, and the development of OME.*° Allergic
reactions are believed to be involved in this process, and certain factors have been identified in OME middle ear effusion
following radiotherapy for nasopharyngeal carcinoma, including endotoxin and cytokines including IL-1B, TNF-a and so
on.?® Furthermore, the presence of eosinophils in those tympanic effusion suggests a potential link between the middle
ear and allergic reactions.”’ The middle ear mucosa shares a similar allergic reaction mechanism with other mucosal
tissues, supporting the rationale for hormone therapy in managing OME. The concordance of our study’s findings with
these existing theories further strengthens the credibility of our research. Understanding the involvement of allergic
reactions in OME can have implications for the development of targeted therapies or interventions aimed at modulating
the inflammatory response and alleviating symptoms associated with OME. Further exploration of the specific mechan-
isms underlying allergic reactions in middle ear would probably provide valuable insights for development of new
treatment approaches in the future.

Treatment Options for Otitis Media with Effusion

The treatment options for secretory otitis media mainly include surgical treatment and conservative drug treatment.
Surgical treatment generally refers to tympanic membrane puncture or tympanostomy tube incision,*” while conservative
drug treatment generally uses antibiotics and adenoids. Although some guidelines have clearly pointed out that these two
types of drugs should not be prescribed to patients with OME,** some patients, especially children, who still receive
antibiotics and corticosteroids for treatment.>* The results of our study suggest that some middle ear effusion proteins are
related to inflammation, but the prominent portion is related to immunity, cell cycle, function and cell maintenance.
Therefore, we hold the opinion that antibiotics should not be used for secretory otitis media treatment in the first place,
which is consistent with the results of some previous study.> On the other hand, previous studies have reported that
injecting protease into the tympanic cavity cloud relieve symptoms.*> According to our study, the abundance and relative
concentration of middle ear effusion proteins are relatively high and some proteins are richer than those in human serum.
As a result, it is reasonable to increase the fluidity of effusion and drainage of the middle ear charge by injecting protease
to enzymatically digest proteins. Regarding the conclusion that children received antibiotic treatment with obvious effect,
we believe that the reason for this result may be that children usually have adenoid hypertrophy contributed to upper
respiratory tract infection, which affects the function of eustachian tube and leads to OME. Therefore, it is reasonable
that the use of antibiotics can effectively alleviate the primary disease and relieve symptoms secretory otitis media.
However, the specific indications and standards of medication still need further discussion and research.
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Conclusion

The OME proteome holds great potential as a base of biomarkers which could help us to identify the relevant
pathophysiological variations. We believe our study could present a foundational reference for studies related to OME
in the future by setting up a descriptive database of OME protein for the first time. We also focus on differential
proteomic analysis in different groups in order to have a better promising perspective of proteomic analysis of otitis
media with effusion and its meaningful biomarker discovery, which may provide data basis for diagnosis and clinical
intervention of otitis media with effusion in the future.
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