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Gene expression analysis  
reveals immune and metabolic candidate  
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Abstract: Objectives: Chronic otitis media (COM) is a common disease and causes significant hearing impairment in 
many adults. Our study aimed to investigate the immune response in COM adult patients through RNA sequencing. 
Methods: In this study, we enrolled four adult COM patients and five healthy controls (HCs) to analyze and compare 
the mRNA signatures in their peripheral blood mononuclear cells (PBMCs). Gene Ontology functional enrichment 
and Kyoto Encyclopedia of Genes and Genomes pathway analyses were performed on the differentially expressed 
genes between the COM patients and the HCs. Furthermore, the immune cell proportions of the two groups were es-
timated by CIBERSORT. The GSE125532, GSE27990, and GSE23140 gene expression profiles were also retrieved 
and analyzed for comparison with our results. Results: Many immune pathways and genes were upregulated in 
the COM patients, including the IL-17 pathway and NLRP3. Monocytes and macrophages increased (P=0.005 and 
P=0.033, respectively), and the CD8+ T cells decreased (P=0.033) in the COM patients compared to the HCs. The 
COM patients’ signatures also reflected a hypoxic state. Conclusions: Our findings emphasized the roles of several 
immune pathways and a hypoxic state in interpreting host responses during COM, and may enable the development 
of novel therapeutic tools for the disease.

Keywords: Chronic otitis media, differentially expressed genes, functional enrichment analysis, immune cell pro-
portions, hypoxia

Introduction

Chronic otitis media (COM) is one of the leading 
causes of acquired hearing loss, particularly in 
developing countries [1]. Prevalence surveys 
showed that up to 330 million people suffer 
from it globally, 60% of whom had significant 
hearing impairment [1-3]. COM can have a sig-
nificant adverse effect on the quality of life and 
cause life-threatening complications and mor-
tality if left untreated [3].

COM is a disease characterized by chronic 
inflammation in the middle ear and mastoid 
cavity, with persistent or recurrent ear dis-
charge through tympanic membrane perfora-
tion or the ventilation tube [4]. It usually results 

from improperly attended acute otitis media 
during childhood, and is also a sequela of secre-
tory otitis media in some cases [5]. Individuals 
with COM could have middle ear effusion (MEE), 
that results in extracranial and intracranial 
complications persisting for years [5]. However, 
the pathogenesis of COM is still little under-
stood. Thus, we aimed to investigate the im- 
mune response in adult COM patients through 
RNA sequencing (RNA-seq).

Materials and methods

Subjects

The samples were collected from adults diag-
nosed with COM at Huashan Hospital, Shanghai, 
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China. A total of four COM patients and five 
healthy controls (HCs) were included in the 
study. Three of the COM patients had a history 
of MEE for more than a year, and one had mas-
toid cholesteatoma. The HCs were recruited 
from age- and sex-matched healthy volunteers. 
All COM patients and HCs enrolled had no his-
tory of any current infectious or chronic disease 
and immunodeficiency, nor had received ste-
roids or other immunomodulatory agents. The 
demographic and clinical data of the COM 
patients were collected.

Sample collection and RNA isolation

Peripheral blood mononuclear cells (PBMCs) 
were isolated from peripheral venous blood by 
Ficoll density gradient centrifugation (Cedar- 
lane, Burlington, Canada). Then, total RNA was 
extracted from the PBMCs using Trizol reagent 
(Ambion, Carlsbad, CA, USA). RNA purity and 
concentration were evaluated using a NanoDrop 
and Agilent 2100 Bioanalyzer (Thermo Fisher 
Scientific, MA, USA).

RNA-Seq and analysis

mRNA was purified and enriched by Oligo(dT)-
attached magnetic beads. The RNA-seq librar-
ies were performed by the Beijing Genomics 
Institute (BGI) in Shenzhen, China. The mRNA 
was fragmented into 200-bp short fragments 
and reverse transcribed to cDNA with random 
hexamer primers. The final library was ampli-
fied with phi29 to make DNA nanoballs (DNBs), 
which have more than 300 copies of one mol-
ecule. DNBs were loaded into the patterned 
nanoarray, and single-end 50-base reads were 
generated on the BGIseq500 platform (BGI-
Shenzhen, China).

The raw read counts for gene expression were 
quantified using SOAPnuke v1.5.2 [6] based on 
the adapter contamination and the average 
base read quality to obtain high-quality clean 
reads. The low-quality reads, including the 
adaptor sequences, those with >20% bases 
with a quality score of <10, and those with >5% 
ambiguous bases (N bases), were removed 
from the sequencing data using the trimmo-
matic v0.36 [7]. The clean data were then 
aligned against GCF_000001405.37_GRCh38.
p11 (NCBI) using HISAT2 v2.0.4 [8] and Bow- 
tie2 v2.2.5 [9]. The RSEM v1.2.12 software 
was used to estimate the read counts and the 

FPKM (fragments per kilobase of transcript per 
million fragments mapped) values at the gene 
level [10]. The significance and fold change of 
differentially expressed genes (DEGs) between 
COM and HCs were estimated using the 
DESeq2 [11] method. Genes with false discov-
ery rate (FDR) <0.05 and log2 |fold change| 
>1.5 were considered as significant DEGs.

Gene clustering and pathway analysis

Expression data of DEGs were visualized using 
the R package heatmap. To further compare 
gene expression levels between the two groups, 
volcano plots were generated using the R pack-
age ggplot2. The Gene ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
analyses for DEGs were performed using the 
package clusterProfiler [12] with P-value <0.05 
set as the threshold value. The plots and  
cowplot R packages were used for data 
visualization.

The CIBERSORT [13] online tool was used to 
estimate the abundances of immune cell types, 
based on gene FPKM values. The cell abun-
dances of the two groups were then compared 
using unpaired Student’s t-test. The statisti- 
cal tests were performed using GraphPad 
Prism (version 8.0.2) for Windows (GraphPad 
Software, San Diego, CA, USA) and statistical 
significance was set at P<0.05.

GSE125532, GSE27990 [14], and GSE23140 
[15] datasets were downloaded from the GEO 
database (http://www.ncbi.nlm.nih.gov/geo/) 
and were analyzed as described above.

Results

Transcriptome responses in adults with COM

The clinical and demographic characteristics of 
the COM patients are provided in Table 1. Out 
of 19339 genes assessed, 1183 (6.1%) were 
differentially expressed by at least 1.5 for log2 
|fold change|, whether up- or downregulated, 
between the COM patients and the HCs 
(FDR<0.05). The expression data of these 
genes were used to perform K-means cluster-
ing, which revealed that the COM patients had 
unique expression profiles compared to HCs 
(Figure 1A). Of these DEGs, 1076 transcripts 
(91.0% overall) were upregulated in the COM 
patients, while only 107 (9.0%) were downregu-
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lated (Figure 1B). The top 20 up- and downregu-
lated DEGs are listed in Table 2.

Pathways significantly enriched in patients 
with COM

GO and KEGG analyses were done for pathway 
classification of the DEGs between the COM 
patients and HCs. For the upregulated DEGs, 
the top three enriched biologic processes were 
response to the molecule, regulation of hema-
topoiesis, and response to lipopolysaccharide 
(Figure 2A). The top three terms in cellular com-
ponents were specific granule, protein-DNA 
complex, and nucleosome (Figure 2B). No 
molecular function terms were enriched with 

the upregulated DEGs. On the other hand, the 
GO terms enriched by the downregulated DEGs 
were predominantly associated with cellular 
respiration and energy metabolism. These 
pathways are critical for necessary cellular 
activities and survival, and include oxygen 
transport, gas transport, oxygen carrier activity, 
and oxygen binding (Figure 2C-E). The top ten 
enriched GO terms of up- and downregulat- 
ed DEGs are shown in Tables 3 and 4, 
respectively.

As shown in the gene interaction network based 
on enriched GO terms (Figure 2F and 2G), the 
main pathways enriched by upregulated DEGs 
were cellular response to biotic stimulus, 

Table 1. Clinical and demographic characteristics of the COM patients

COM patient no. Age 
(years) Gender Diagnosis Complication Blood routine

CRP (mg/L)
ESR (mm/h)
PCT (ng/ml)

1 61 Male Chronic suppurative otitis 
media in the right ear

Bilateral sensorineural hearing 
loss; Right mastoiditis; Right 
facial nerve palsy

WCC: 9.87 * 109/L; N: 
93.3%; HGB: 159 g/L; 
PLT: 308 * 109/L

<3.03;
8;

0.02

2 64 Male Chronic suppurative otitis 
media in the right ear

NA WCC: 3.83 * 109/L; N: 
61.6%; HGB: 135 g/L; 
PLT: 297 * 109/L

<3.03;
33;

0.05

3 26 Female Chronic otitis media in the 
left ear

Left mastoid cholesteatoma; 
Cerebellar abscess

WCC: 25.79 * 109/L; 
N: 88%; HGB: 151 
g/L; PLT: 433 * 109/L

146;
38;

0.43

4 52 Female Chronic suppurative otitis 
media in the left and right 
ear

Suppurated meningitis WCC: 8.66 * 109/L; N: 
82.2%; HGB: 128 g/L; 
PLT: 285 * 109/L

<3.03;
2;

0.03

Figure 1. Heatmap and volcano plot of DEGs in PBMC between the COM patients and HCs. A. Heatmap of the 1076 
upregulated DEGs and 107 downregulated DEGs. B. Upregulated (red dots) and downregulated (blue dots) DEGs 
and normally expressed genes (gray dots) showed in the volcano plot.
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Table 2. Top 20 upregulated and downregulated DEGs
Gene symbol Log2FoldChange P value adj.P.val Gene description
Upregulated
    HIST1H1D 6.252028648 2.41E-05 0.003656431 Histone H1.3
    ID1 6.227290692 3.51E-08 0.000174923 DNA-binding protein inhibitor ID-1
    HIST1H1E 5.935040861 0.000152324 0.00511242 Histone H1.4
    SLC12A1 5.790734808 0.000721145 0.009056062 Solute carrier family 12 member 1
    HIST2H2AB 5.534473563 0.000235769 0.005835844 Histone H2A type 2-B
    NR4A3 5.479935189 9.44E-07 0.002419085 Nuclear receptor subfamily 4 group A member 3
    HIST1H1B 5.14821594 2.17E-06 0.002811706 Histone H1.5
    IER3 5.105063681 4.84E-05 0.003915135 Immediate early response 3
    FOSB 5.094659181 2.34E-05 0.003656431 FosB Proto-Oncogene, AP-1 transcription factor submit
    JUN 4.71864414 1.13E-06 0.002419085 Jun Proto-Oncogene, AP-1 transcription factor subunit
    LOC105376875 4.555533216 0.000174326 0.005301115 NA
    FOSL1 4.442650148 4.73E-06 0.003337417 FOS Like 1, AP-1 Transcription Factor Subunit
    PHLDA2 4.315972771 1.42E-06 0.002664335 Pleckstrin Homology Like Domain Family A Member 2
    MINDY4B 4.25958578 0.001230787 0.012378962 NA
    LOC107985678 4.259096659 1.89E-05 0.003575597 NA
    NFKBIA 4.156564575 9.61E-05 0.004818302 NF-Kappa-B Inhibitor Alpha
    ADAMTS2 4.156502522 0.001138192 0.01185095 A Disintegrin-Like And Metalloprotease (Reprolysin 

Type) With Thrombospondin Type 1 Motif 2
    SNAI1 4.156238712 3.50E-05 0.003815902 Snail Family Transcriptional Repressor 1
    AREG 4.119979414 0.000468867 0.007511613 Amphiregulin
    C4orf47 4.117414056 3.54E-05 0.003815902 Chromosome 4 Open Reading Frame 47
Downregulated
    HBA2 -6.395749772 0.001548036 0.014330585 Hemoglobin Subunit Alpha 2
    HBB -6.204116376 0.002317303 0.018470559 Hemoglobin Subunit Beta
    HBA1 -6.102545011 0.002265 0.018140603 Hemoglobin Subunit Alpha 1
    HBG2 -5.759256519 0.000486763 0.007644862 Hemoglobin Subunit Gamma 2
    HBM -4.846516929 0.00565453 0.032769128 Hemoglobin Subunit Mu
    ALAS2 -4.723757191 0.009552469 0.0467987 5’-Aminolevulinate Synthase 2
    NEDD8-MDP1 -4.597716621 9.70E-05 0.004818302 NEDD8-MDP1 Readthrough
    HBG1 -4.249049174 0.003036941 0.021876788 Hemoglobin Subunit Gamma 1
    AHSP -4.244347264 0.006338473 0.035317613 Alpha Hemoglobin Stabilizing Protein
    HBD -4.186873344 0.006707026 0.036673334 Hemoglobin Subunit Delta
    HBZ -4.111712262 0.006690925 0.03663367 Hemoglobin Subunit Zeta
    EPB42 -4.09994924 0.004409725 0.027781638 Erythrocyte Membrane Protein Band 4.2
    MYOM2 -4.054531909 0.001631104 0.014766764 Myomesin 2
    SELENBP1 -3.839757799 0.010361638 0.049422038 Selenium Binding Protein 1
    VWCE -3.829684576 0.003529286 0.024128796 Von Willebrand Factor C And EGF Domains
    PLVAP -3.812947776 5.71E-06 0.003419133 Plasmalemma Vesicle Associated Protein
    KLC3 -3.72968654 1.08E-05 0.003575597 Kinesin Light Chain 3
    CX3CR1 -3.689442748 0.002776437 0.020707763 C-X3-C Motif Chemokine Receptor 1
    TCL1A -3.610056147 0.001745886 0.015327959 T Cell Leukemia/Lymphoma 1A
    KLF1 -3.520515514 0.002253333 0.018100767 Kruppel Like Factor 1

response to molecule of bacterial origin, 
response to lipopolysaccharide, regulation of 
MAP kinase activity, and p38 MAPK cascade. 
The upregulated genes were predominately 
associated with the immune response, espe-
cially the innate immune response. The upregu-

lated expression of MPO, ELANE, LCN2, and 
CXCL2 suggest neutrophils are activated in 
COM patients. IL-10 and ARG1 are biomarkers 
of alternatively activated macrophages, and 
the latter indicates an anti-inflammatory 
response of macrophages. The upregulation of 
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Figure 2. Functional enrichment analysis of DEGs in COM patients. A, B. Biological process and cellular component GO terms enriched in upregulated DEGs. C-E. 
Biological process, molecular function, and cellular component GO terms enriched in downregulated DEGs. F, G. Gene-concept networks based on enriched GO 
terms. H. KEGG enrichment analysis.
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NLRP3 suggests that the inflammasome could 
also be involved in the pathophysiology of COM. 
The genes in the downregulated network all 
come from the hemoglobin submit family, sug-
gesting a hypoxic state in the COM patients 
compared with HCs.

A total of nine signaling pathways were enriched 
in the KEGG pathway analysis, seven of which 
were associated with the upregulated DEGs 
and two with the downregulated DEGs (Figure 
2H). The IL-17 signaling pathway was enriched 
and upregulated, with the following genes 
involved: FOSB, JUN, FOSL, NFKBIA, CXCL2, 
TNFAIP3, LCN2, FOS, JUND, TNF, CEBPB, IFNG, 
MAPK6, IL6, MAPK12 and TRAF6.

GO and KEGG analysis of existing GEO datas-
ets of patients with COM

We downloaded the GSE125532 dataset from 
the NCBI GEO DataSets that had whole blood 
and middle ear excretion transcriptome infor-
mation of 11 pediatric COM patients with 
mucoid or serous excretion. The transcriptomes 

close to ours, with the neutrophil activation 
pathway upregulated and T cell activation path-
way downregulated in the excretion samples. In 
molecular function, the oxygen carrier activity 
pathway was enriched and downregulated. 
Both KEGG analyses showed upregulation of 
the PPAR and the Toll-like receptor signaling 
pathways (Figure 4). On the contrary, the 
Natural killer-mediated cytotoxicity, T cell re- 
ceptor signaling pathway, Th1 and Th2 cell dif-
ferentiation, Th17 cell differentiation, and 
NF-kappa B signaling pathway were downregu-
lated in both KEGG results (Figure 4).

Abundances of immune cell types were differ-
ent in patients with COM, acute otitis media, 
and controls (HCs)

We estimated the proportions of 22 types of 
the immune cells in our PBMC samples by ana-
lyzing our gene expression dataset with the 
online tool CIBERSORT. The result showed that 
the levels of monocytes and macrophages were 
predicted to be significantly higher (P=0.005 
and P=0.033, respectively) and CD8+ T cells 

Table 3. Top 10 enriched GO terms of upregulated DEGs
ID Term P-value
GO:0002237 response to molecule of bacterial origin 3.305613e-10
GO:0032496 response to lipopolysaccharide 1.045679e-09
GO:0071216 cellular response to biotic stimulus 1.694886e-08
GO:0038066 p38MAPK cascade 5.355668e-08
GO:0043405 regulation of MAP kinase activity 8.129895e-08
GO:1900744 regulation of p38MAPK cascade 8.531626e-08
GO:0071222 cellular response to lipopolysaccharide 1.138968e-07
GO:1903706 regulation of hemopoiesis 2.274575e-07
GO:0071219 cellular response to molecule of bacterial origin 2.374900e-07
GO:0051851 modification by a host of symbiont morphology or physiology 1.439005e-06

Table 4. Top 10 enriched GO terms of downregulated DEGs
ID Term P-value
GO:0015671 oxygen transport 7.463613e-18
GO:0015669 gas transport 1.354904e-16
GO:0042744 hydrogen peroxide catabolic process 3.897955e-14
GO:0017001 antibiotic catabolic process 1.127081e-11
GO:0042743 hydrogen peroxide metabolic process 1.127081e-11
GO:0051187 cofactor catabolic process 5.898414e-11
GO:0098869 cellular oxidant detoxification 2.179699e-09
GO:1990748 cellular detoxification 3.084910e-09
GO:0002262 myeloid cell homeostasis 3.540949e-09
GO:0030218 erythrocyte differentiation 5.059769e-09

of excretion could furthermore 
reveal the local inflammatory reac-
tion and metabolism characteris-
tics in the middle ear. We analyzed 
the DEGs of the whole blood com-
pared with the mucoid (Figures 3, 
and 4) or serous (Supplementary 
Figures 1, and 2) excretion. The dif-
ferences were similar regardless of 
the nature of the discharge.

The top ten enriched GO terms in 
three aspects are shown in Figure 
3. The results of the GO enrich-
ment in the biologic process were 
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were lower (P=0.033) in the COM patients than 
in the HCs (Figure 5A). The differences of 
monocytes and CD8+ T cells were further vali-
dated in clinic samples, and the result of  
monocytes was consistent with CIBERSORT 
(Supplementary Figure 5).

Furthermore, we also analyzed the GSE1255- 
32 dataset with CIBERSORT to validate our 
results. The mucoid secretion samples had 
higher levels of memory B cells and macropha- 
ges M0, M1, and M2 compared to the whole 
blood samples (P=0.015, P=0.002, P=0.015, 
and P=0.002, respectively) (Supplementary 
Figure 3). Likewise, the proportions of naïve B 
cells, CD8-positive T cells, CD4 naïve T cells, 
resting NK cells, and monocytes were lower 
(P=0.002, P=0.002, P=0.0004, P=0.0006 and 
P=0.021, respectively) (Figure 5B). The same 
results could be seen in the serous secretion 
samples compared with their paired whole 
blood samples (Supplementary Figure 4). 
Besides, there were fewer activated memory 
CD4 positive T cells and more neutrophils in 
whole blood samples compared with serous 
secretion samples (P=0.023 and P≤0.0001, 
respectively) (Figure 5C).

To show the differences in immune response 
for acute otitis media (AOM) and COM, gene 
expression in the datasets GSE23140 and 

GSE27990 were also analyzed. In both datas-
ets, there were four AOM children’s whole  
blood transcriptome data at two time points: 
before and after the onset of AOM. As the 
results of CIBERSORT showed, no significant 
difference in the proportions of immune cells 
was found in these children after they devel-
oped AOM.

Discussion

COM is a common disease, which is classified 
into the squamous or mucosal type and may be 
active or inactive. Its pathogenesis is multifac-
torial with both genetic and environmental fac-
tors involved, as well as the anatomic and func-
tional characteristics of the Eustachian tube. In 
this study, we enrolled four adult patients with 
COM to explore their transcriptome characteris-
tics and to identify host immune factors 
involved in the pathogenesis of COM.

In our results, the IL-17 signaling pathway and 
one of its downstream signaling activities, MAP 
kinase activity, were upregulated, suggesting 
IL-17 signaling might play a role in response to 
middle ear inflammation. However, pathways 
involved in the differentiation of IL-17A-
producing CD4+ cells such as Th17 cell differ-
entiation and NF-kappa B signaling pathway 
were downregulated in excretion samples of 

Figure 3. Functional enrichment analysis of DEGs in mucoid excretion samples of GSE125532. A-C. Biological pro-
cess, molecular function, and cellular component GO terms enriched in upregulated DEGs. D-F. Biological process, 
molecular function, and cellular component GO terms enriched in downregulated DEGs. G. Gene-concept networks 
based on enriched GO terms.

Figure 4. KEGG enrichment analysis of DEGs in mucoid excretion samples of GSE125532. A. Upregulated. B. Down-
regulated.
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GSE125532, contrary to ours. 
A dysregulated IL-17 signaling 
pathway can cause exces- 
sive pro-inflammatory cyto-
kine expression and chronic 
inflammation, particularly at 
mucosal sites [16, 17]. 
Previous studies have shown 
an elevated level of IL-17 in 
both serum and middle ear 
fluid of children with otitis 
media with effusion [18, 19]. 
It was also observed in IL-17A 
knockout mouse models that 
IL-17A could promote the pro-
duction of MPO by p38 MAPK 
signaling pathway, which is 
associated with middle ear 
tissue injury [20]. Further- 
more, IL-17 expression was 
shown to be increased in 
patients with chronic sinusitis, 
which usually co-occurred 
with COM [21]. These findings 
demonstrated the contribu-
tion of IL-17 signaling in the 
pathogenesis of COM.

Toll-like receptors (TLRs) and 
Nod-like receptors (NLRs) 
were both subsets of pattern-
recognition receptors (PRRs). 
The importance of TLRs in 
human middle ear inflamma-
tion had already been de- 
scribed in previous studies 
and likewise shown in our 
analysis (Figure 4). Intere- 
stingly, one of the NLRs, the 
nucleotide-binding oligomer-
ization domain-like receptor 
protein 3 (NLRP3), was also 
upregulated. The NLRP3 in- 
flammasome is a critical mol-
ecule mediating IL-1β and 
IL-18 responses. NLRP3 was 
observed to be induced by  
the transtympanic injection of 
lipopolysaccharide in mouse 
models [22] and was signifi-
cantly elevated in the middle 
ear tissue of COM patients 
[23].

Figure 5. FPKM based CIBERSORT predicted blood cell abundance between 
COM patients and HCs, and between different sample types. Data are mean 
± SE. *P<0.05, **P<0.01, ***P<0.001.
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The neutrophil activation pathway was found to 
be upregulated in COM patients, especially in 
the excretion sample, with upregulated expres-
sion of MPO, ELANE, LCN2, and CXCL2. The 
activation of neutrophils in the middle ear may 
be related to the chronicity and recurrence of 
otitis media. As shown in previous studies, the 
neutrophil extracellular traps (NETs), together 
with persistent Nontypeable Haemophilus 
influenzae (NTHi) populations, were found to be 
within the biofilms in the middle ear chamber  
of COM patients [24-26]. Moreover, NTHi was 
able to survive within the NETs and resist killing 
of the host immune system, and NETs were 
thought to be responsible for the bacterial per-
sistence in the middle ear [27].

Cell-mediated immune responses to COM are 
poorly understood, and currently published 
studies contradictory. NTHi and Staphylo- 
coccus aureus are the most common patho-
gens of AOM and COM [28]. As shown in an 
NTHi infection OME mouse model, neutrophil 
and macrophage numbers were increased in 
both blood and spleen after infection [29]. 
Otitis-prone children had more circulating NK 
cells and CD8+ T cells than HCs, suggesting 
otitis-prone children did not have impaired cell-
mediated immunity [30]. Besides, the levels of 
peripheral blood CD4+ and CD8+ lymphocytes 
levels were showed to increase in children with 
OME [31].

The gene interaction network of downregulated 
DEGs revealed that pathways of oxygen trans-
port, hydrogen peroxide metabolic process, 
and hydrogen peroxide catabolic process were 
inhibited, suggesting hypoxia might play an 
essential role in COM. Earlier studies that had 
shown hypoxia in the middle ear cavity was 
associated with local inflammation and the pro-
duction of effusion. Besides, the therapeutic 
effect of inhibiting hypoxia by surgical ventila-
tion had previously been evaluated with opti-
mistic results achieved [32]. However, in addi-
tion to local hypoxia in the middle ear cavity, 
our results revealed COM patients were in a 
whole-body hypoxic state compared to HCs.

In conclusion, unbalanced innate immune 
response and hypoxia were likely to be of great 
significance in the pathogenesis of COM. 
However, questions remain, and further studies 
are needed to explore the specific roles of the 
different kinds of immune cells in COM patients 

and the potential relationship between hypoxia 
and COM.
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Supplementary Figure 1. Func-
tional enrichment analysis of 
DEGs in serous excretion sam-
ples of GSE125532. A-C. Bio-
logical process, molecular func-
tion, and cellular component GO 
terms enriched in upregulated 
DEGs. D-F. Biological process, 
molecular function, and cellular 
component GO terms enriched 
in downregulated DEGs. G. 
Gene-concept networks based 
on enriched GO terms.
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Supplementary Figure 2. KEGG enrichment analysis of DEGs in serous excretion samples of GSE125532. A. Upregu-
lated. B. Downregulated.

Supplementary Figure 3. FPKM based CIBERSORT predicted blood cell abundance between blood and mucoid 
excretion samples. Data are mean ± SE. *P<0.05, **P<0.01.
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Supplementary Figure 4. FPKM based CIBERSORT predicted blood cell abundance between blood and serous ex-
cretion samples. Data are mean ± SE. *P<0.05, **P<0.01, ***P<0.001.

Supplementary Figure 5. Proportions of monocytes and CD8+ T cells in PBMC of the COM patients and HCs based 
on the blood routine data and the flow cytometry results, respectively. Data are mean ± SE. *P<0.05, ns: P≥0.05.


