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Abstract

Chronic suppurative otitis media (CSOM) is a suppurative inflammatory dis-
ease involving the mucosa and periosteum of the middle ear and may extend
into the bony structures. It is characterized primarily by intermittent otorrhea,
tympanic membrane perforation, and hearing loss. With advances in modern
medical research, investigations of CSOM have increasingly extended to the
genetic level, revealing that its onset is not solely attributable to infection by
pathogenic microorganisms but is also a consequence of dysregulated immune
responses. Nuclear factor erythroid 2-related factor 2 (Nrf2) participates in the
regulation of oxidative injury mainly by modulating the expression of antiox-
idant genes. Transforming growth factor-p1 (TGF-fl1), by contrast, is a mul-
tifunctional cytokine that regulates inflammatory responses, immune func-
tion, as well as cellular growth and differentiation. To further clarify the anti-
inflammatory role of Nrf2 and its influence on the course of CSOM, and to
elucidate the dose-dependent effects of TGF-f1 on disease outcomes and on
inflammatory and immunomodulatory processes, this review summarizes the
basic profiles of Nrf2 and TGF-p1 and discusses their roles and underlying
mechanisms in CSOM, thereby providing theoretical evidence and potential
new perspectives for the future prevention and treatment of this disease.
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1. Introduction

Chronic suppurative otitis media (CSOM) is a chronic purulent inflammatory
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condition involving the mucosa, periosteum, or even the bony structures of the
middle ear, and is mainly characterized by persistent otorrhea lasting more than
two weeks, tympanic membrane perforation, and hearing loss. In severe cases, in-
flammation may extend beyond the mucosal epithelium to invade bone tissue,
leading to absorptive osteitis and bone destruction, and may further result in deep
cervical infections or otogenic intracranial and extracranial complications [1] [2].
CSOM is primarily caused by the following factors: (1) acute otitis media that is
not treated promptly or is improperly managed, progressing into a chronic con-
dition; (2) chronic diseases of the nasal cavity or nasopharynx that predispose
patients to recurrent middle ear infections; and (3) reduced systemic immunity,
strong bacterial virulence, or infections with drug-resistant strains, which may
cause acute suppurative otitis media to develop into a chronic state [1]. However,
numerous studies have shown that the pathogenesis of CSOM is closely related to
the actions of various inflammatory mediators through different signaling path-
ways, suggesting that reducing the production of inflammatory cytokines may
serve as an entry point for treatment. Nuclear factor erythroid 2-related factor 2
(Nrf2) primarily regulates oxidative injury by modulating antioxidant genes, and
additionally participates in the progression of LPS-induced otitis media by coor-
dinating inflammatory cells such as macrophages [3]-[5]. Transforming growth
factor-p1 (TGF-p1) is a multifunctional cytokine involved in the regulation of in-
flammatory responses, immune function, cell growth, and differentiation; by mod-
ulating systemic immune responses, TGF-f1 influences the development of otitis
media. Moreover, as a profibrotic factor, it may play a key role in the adhesion and
fibrosis of the middle ear mucosa [6] [7]. This review summarizes studies on the
roles of TGF-pf1 and Nrf2 in the pathogenesis of CSOM, aiming to provide new
insights for the prevention and treatment of this disease.

2. Global Epidemiological Status

Chronic suppurative otitis media (CSOM) is a major global health concern. Ac-
cording to preliminary estimates from the World Health Organization (WHO),
approximately 65 million to 330 million people worldwide are currently affected
by CSOM, with an estimated global burden of around 300 million individuals. The
overall global incidence is approximately 4.8 per 1000 population, and about 31
million new cases occur each year [2]. However, most affected individuals reside
in developing countries, particularly in economically disadvantaged regions, where
the prevalence can reach 4% - 6% or even higher. These areas often show clustered
outbreaks of the disease, primarily due to dense population distribution, poor hy-
giene conditions, limited medical resources, and low socioeconomic status. Be-
cause of variations in environmental factors, dietary patterns, and lifestyle habits
among different regions, the prevalence of CSOM also varies globally. In devel-
oped countries and high-income populations such as North America and Western
Europe, the prevalence of CSOM is typically below 1% (mostly between 0.5% and
1%), and the distribution of cases is more dispersed [8]-[11]. This further supports
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the notion that CSOM is essentially a poverty-related disease, with its global dis-
tribution map closely overlapping the global poverty map.

Based on population distribution characteristics, CSOM is most commonly ob-
served in children, particularly those under five years of age. Because the eusta-
chian tube in children is shorter, more horizontal, and functionally immature, and
because their immune system is relatively underdeveloped, they are more suscep-
tible to infections. Inadequately treated or recurrent episodes of acute otitis media
triggered by infections may subsequently progress to chronic otitis media. Some
studies have also indicated that the highest incidence occurs in individuals aged
51 - 60 years [9]. For most patients, hearing loss is the most significant factor af-
fecting daily life and is the primary reason for seeking medical attention. In adults,
hearing impairment may influence occupational performance, daily activities, and
even mental health, whereas in children, it can affect language development, cog-

nitive learning, psychological well-being, and academic performance [2] [12] [13].

3. Pathological Changes and Microbiological Studies of
Chronic Suppurative Otitis Media

The pathological changes of chronic suppurative otitis media (CSOM) are char-
acterized by a gradual transition from acute inflammation to chronic, irreversible
damage. The hallmark of the disease is the coexistence of persistent inflammatory
injury and repair in the middle ear mucosa and bony structures, ultimately leading
to tissue remodeling and functional impairment. Early morphological changes
usually begin in the lamina propria of the middle ear mucosa, manifesting as in-
creased capillary permeability, tissue edema, and extensive recruitment and infil-
tration of neutrophils. As the disease progresses to the late acute or subacute
stages, significant epithelial proliferation occurs, characterized by an increased
number of ciliated and epithelial cells, as well as hypersecretion of mucus, which
exacerbates inflammatory exudation and pathological changes within the middle
ear cavity. In the chronic phase, the predominant infiltrating cells shift from neu-
trophils to monocytes and macrophages, which promote tissue destruction, colla-
gen deposition, and fibrosis through sustained secretion of various cytokines and
proteases. Granulation tissue also forms extensively within the middle ear cavity,
invading bony structures such as the ossicles. As the granulation tissue gradually
matures and undergoes hyaline degeneration, vascular distribution decreases, ul-
timately resulting in permanent fibrosis and adhesions, severely impairing middle
ear transmission function and cavity patency. In addition, CSOM may be accom-
panied by complications such as cholesteatoma, cholesterol granuloma, or tym-
panosclerosis, all of which can further aggravate irreversible structural damage in
the middle ear, potentially leading to permanent hearing loss and related intracra-
nial or extracranial complications [14].

However, the pathogenesis of CSOM involves the interplay of multiple factors,
which together contribute to the persistence of middle-ear infection and inflam-

mation [15]. CSOM is largely a sequela of acute otitis media that is not treated in
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a timely manner or is treated inadequately. The microbial communities associated
with CSOM mainly include aerobic bacteria, anaerobic bacteria, and fungi; more-
over, the composition of these communities varies with patients’ age, geographic
region, ethnicity, and the presence or absence of middle-ear cholesteatoma. Bac-
teria remain the most common pathogens in CSOM [9] [15]. Drug-susceptibility
testing based on ear swab specimens has shown that the detection rate of Gram-
positive bacilli is higher than that of Gram-negative bacilli [16]. Regarding specific
pathogens, Xu ef al [11] reported Staphylococcus aureus as the predominant
causative organism, followed by Pseudomonas aeruginosa. Other studies have in-
dicated that Streptococcus pneumoniae is another common and important path-
ogen responsible for acute otitis media [8], which may also progress to CSOM;
fungal infections are also frequently identified in certain cases. On the basis of
detailed microbiological profiling of otitis media pathogens, the rational selection
of antimicrobial agents has become a key step in clinical diagnosis and treatment.
Microbiological characteristics—such as pathogen distribution, antimicrobial re-
sistance patterns, and biofilm-forming capacity—directly influence the choice of
antibiotic regimens and the evaluation of therapeutic efficacy. Shen Zhisen [17]
reported that topical antibiotic ear drops, with or without anti-inflammatory com-
ponents, have long been used for cleansing and treatment in CSOM, and systemic
antibiotics may also be administered. Antibiotic selection can be guided by ear
swab culture results. Gram-positive bacilli such as S. aureus exhibit substantial
resistance to penicillin, whereas quinolones (ciprofloxacin, ofloxacin, and levofloxa-
cin) are among the most commonly used agents for CSOM; nevertheless, some
studies have shown meropenem to be the most susceptible antibiotic [18] suggest
that meropenem is the most sensitive agent. Rational use of antibiotics in the treat-
ment of CSOM can shorten the disease course, reduce the incidence of complica-

tions, and decrease the development of bacterial resistance [19].

4. Role of Nrf2 in Chronic Suppurative Otitis Media

Chronic suppurative otitis media (CSOM) is considered a multifactorial disease,
with bacterial infection being one of the primary causes. The middle ear mucosa
serves as the first line of defense against bacterial invasion, primarily function-
ing as a protective barrier. As infection progresses, it further activates mucosal
immune responses, promoting leukocyte infiltration, epithelial cell prolifera-
tion, and middle ear effusion [20]. CSOM often develops as a transition from
acute otitis media, although the underlying mechanisms remain unclear. Nuclear
erythroid 2-related factor 2 (Nrf2) is an amino acid-based transcription factor
that also plays a role in oxidative stress. By interacting with antioxidant elements,
Nrf2 exerts certain anti-inflammatory effects [3] [21]. In the context of otitis
media, Nrf2 participates in pathological regulation through multiple mecha-
nisms, thereby providing protective effects. These include direct modulation of
inflammation and oxidative stress, as well as influencing the overall progression

of the disease.
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4.1. Involvement in Inflammatory Responses

During the onset of otitis media, the middle ear mucosa activates inflammatory
pathways such as NF-«B, leading to the release of large amounts of proinflamma-
tory cytokines including TNF-q, IL-6, and IL-14 which cause mucosal conges-
tion, edema, and increased secretions. Upon activation, Nrf2 can interact directly
with key molecules in the NF-xB pathway or activate the Nrf2/HO-1 signaling
pathway. Studies have shown that [3] within the Nrf2/HO-1 pathway, upregula-
tion of HO-1 expression significantly inhibits NF-«B activity, reducing the pro-
duction and release of inflammatory cytokines. This alleviates mucosal swelling,
inflammatory cell infiltration, and fibrous tissue proliferation, thereby thinning
the mucosa and relieving symptoms such as redness and pain, preventing further
exacerbation of inflammation that could lead to suppuration or tympanic mem-
brane perforation. Additionally, Nrf2 exerts indirect anti-inflammatory effects by
regulating the TLR4 signaling pathway. Research has indicated [22] that in
chronic suppurative otitis media (CSOM), Nrf2 expression is negatively corre-
lated with TLR4 levels; high Nrf2 expression downregulates TLR4, whereas silenc-
ing Nrf2 upregulates TLR4, thereby inhibiting the secretion of proinflammatory
factors and reducing the chronic inflammatory burden. This mechanism is par-
ticularly critical in the transition from acute otitis media to CSOM, preventing
prolonged inflammation.

However, when inflammation persists, sustained activation of Nrf2 may exert
pathological, pro-disease effects. Studies have suggested [23] that Nrf2 activation
can be exploited by bacteria (e.g., Pseudomonas aeruginosa). Specifically, bacteria
may use host-derived antioxidant molecules (such as glutathione) as nutrients and
leverage the activated Nrf2 signaling pathway in host cells to promote biofilm
maturation and virulence, thereby enhancing biofilm-forming capacity and re-
sistance to host immune clearance. This, in turn, facilitates chronic bacterial col-
onization and persistent infection, ultimately exacerbating the chronic progres-

sion of the disease.

4.2. Attenuation of Oxidative Stress Damage and Enhancement of
Middle Ear Mucosal Defense

In the pathological progression of CSOM, excessive accumulation of reactive ox-
ygen species (ROS) is a key factor exacerbating tissue damage. Upon pathogen
invasion of the middle ear, recruited neutrophils and macrophages produce large
amounts of ROS through pathways such as NADPH oxidase during phagocytosis.
Simultaneously, epithelial cells stimulated by inflammatory factors experience mi-
tochondrial dysfunction, further increasing ROS generation. When ROS levels ex-
ceed the endogenous clearance capacity, cellular lipids, proteins, and DNA are
damaged, delaying mucosal repair.

Cells activate the antioxidant defense system via the Nrf2 signaling pathway.
Studies have shown [24] that the Keapl protein contains multiple cysteine resi-

dues that can serve as sensors during redox reactions and, under physiological con-
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ditions, continuously mediate the ubiquitination and degradation of Nrf2. When
reactive oxygen species (ROS) oxidize or covalently modify these residues on Keapl,
Keapl undergoes a conformational change that disrupts its binding to Nrf2, al-
lowing Nrf2 to escape degradation, translocate into the nucleus, and initiate tran-
scription of antioxidant genes. Superoxide dismutase converts superoxide anions
into hydrogen peroxide, whereas glutathione peroxidase uses glutathione to re-
duce hydrogen peroxide to water. Together, these enzymes synergistically elim-
inate excess ROS and protect the structural integrity of cells. Moreover, the Nrf2
pathway exerts multifaceted protective effects: it enhances mucosal barrier func-
tion by upregulating tight junction protein expression, thereby inhibiting patho-
gen adhesion; it regulates mucin synthesis and promotes antimicrobial peptide
production, assisting in the clearance of pathogens and inflammatory secretions.
Collectively, these mechanisms mitigate oxidative stress damage, control infection
progression, facilitate resolution of inflammation, and play a critical role in main-

taining middle ear mucosal homeostasis [3] [4].

4.3. Regulation of Macrophage Polarization to Prevent the
Transition from Acute to Chronic Otitis Media

Macrophages, as key inflammatory cells, are generally classified into pro-inflam-
matory (M1) and anti-inflammatory (M2) phenotypes. They participate in both
innate and adaptive immune responses during infection, and their activation state
or phenotype depends on signals received from the tissue microenvironment [4]
[25] M1 macrophages are typically associated with the initiation and maintenance
of inflammation and are activated by pro-inflammatory cytokines and microbial
products such as lipopolysaccharide (LPS). Through their pro-inflammatory and
chemotactic effects, M1 macrophages help eliminate infections. In contrast, M2
macrophages are mainly associated with the resolution of inflammation or
chronic infection. They are activated by anti-inflammatory cytokines, growth fac-
tors, and apoptotic cells, and their anti-inflammatory and pro-repair activities
contribute to appropriate tissue healing and remodeling [25] [26].

In acute otitis media (AOM), macrophages are typically activated toward the
M1 phenotype, which promotes the recruitment of other immune cells to the site
of infection by producing pro-inflammatory chemokines and cytokines, thereby
facilitating pathogen clearance. In contrast, during chronic otitis media, macro-
phages may shift toward the M2 phenotype. In the short term, M2 macrophages
secrete anti-inflammatory growth factors and cytokines to promote tissue repair;
however, if the infection is not eliminated over a prolonged period, M2 macro-
phages may contribute to persistent inflammation and tissue damage [27]. Evi-
dence suggests that macrophages do not exist as a single fixed phenotype during
inflammation; instead, they can transition along a spectrum of phenotypic states
[25] [28]. During the repair phase of AOM, an effective switch from the M1 to the
M2 phenotype is a critical step for resolving inflammation and initiating tissue
regeneration. As a central regulator of oxidative stress, Nrf2 plays a pivotal regu-

latory role in this process. Nrf2 is activated in response to elevated reactive oxygen
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species (ROS) levels and subsequently induces the expression of downstream an-
tioxidant genes (e.g., HO-1), thereby promoting the clearance of excessive ROS.
Meanwhile, Nrf2 restrains the hyperactivation of pro-inflammatory signaling
pathways (such as NF-«B), driving macrophage polarization from the pro-inflam-
matory M1 phenotype toward the reparative M2 phenotype. Conversely, reduced
Nrf2 expression in macrophages impairs M2 polarization, resulting in sustained
predominance of pro-inflammatory M1 macrophages, increased neutrophil re-
cruitment, persistently elevated pro-inflammatory mediators (including IL-1/
and IL-6), and heightened oxidative stress, ultimately leading to unresolved AOM
or progression to chronic otitis media (COM). Therefore, therapeutic strategies
aimed at enhancing Nrf2 signaling may represent a promising direction for mod-

ulating macrophage function and improving the clinical outcome of otitis media.

5. Role of TGF-£1 in Chronic Suppurative Otitis Media

Transforming growth factor-Bl (TGF-fl1), as a multifunctional cytokine, regu-
lates inflammatory responses, immune function, cell growth, and differentiation.
In otitis media, TGF-f1 primarily promotes the occurrence, progression, and se-
verity of the disease by modulating systemic immune responses [6], encompassing
inflammation initiation, tissue repair, and disease outcome. Moreover, because
the effects of TGF-f1 depend on precise signaling pathway regulation, this char-
acteristic offers new avenues for targeted pharmacological interventions in otitis

media.

5.1. Regulation of Middle Ear Inflammatory Responses

In bacterial infection-induced otitis media, the expression of TGF-p1 is closely
associated with the inflammatory process. In the early stages of infection, middle
ear epithelial cells and macrophages are activated and release TGF-f1, which, on
one hand, inhibits NF-xB pathway activity, reducing excessive release of pro-in-
flammatory cytokines such as IL-18and TNF-q, thereby preventing exacerbation
of mucosal congestion and edema; on the other hand, it limits the excessive re-
cruitment of neutrophils and T cells into the middle ear cavity, reducing second-
ary inflammatory damage to the mucosa and providing conditions for subsequent
repair.

Studies have shown [29] that in a chronic otitis media model using Tgif knock-
out mice, the TGF-f1 signaling pathway is suppressed, while levels of inflamma-
tory mediators such as IL-1f4and TNF-a in middle-ear effusion are elevated. This
finding suggests that the negative regulation of pro-inflammatory cytokines by
TGF-pl is crucial for maintaining the stability of the middle-ear microenviron-
ment. In a rat experiment conducted by Wang Lizhu et al [6], serum TGF-gl1
levels in the pneumococcus-induced otitis media model group were significantly
higher than those in the normal control group, implying that TGF- 51 may exac-
erbate inflammatory infiltration of the middle-ear mucosa by acting in concert
with the release of pro-inflammatory factors. Mechanistically, TGF-f1 can aggra-
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vate inflammatory injury by modulating immune responses and promoting epi-
thelial-mesenchymal transition (EMT) in middle-ear mucosal epithelial cells. As
a key signal transducer, STAT3 participates in abnormal tissue proliferation and
differentiation and can also activate the NF-«B pathway to enhance the release of
inflammatory mediators, thereby further worsening the disease. TGF-fl may
function as an upstream initiating factor that activates STAT3 via phosphoryla-
tion, subsequently promoting NF-«B nuclear translocation and inducing the tran-
scription of pro-inflammatory cytokines. This process may constitute a “TGF-f1-
STAT3/NF-xB-inflammatory cytokine” signaling cascade, ultimately amplifying
the inflammatory response.

However, the anti-inflammatory effect of TGF-f1 is dose-dependent [30]. In
the early stages of disease, insufficient TGF-f1 expression can lead to prolonged
otitis media and increase the risk of suppurative otitis media, while low concen-
trations of TGF-f1 help stabilize the immune system and exert anti-inflammatory
effects. As the disease progresses and TGF-p1 continues to be activated, its con-
centration in the body gradually rises, potentially suppressing immune clearance
and indirectly promoting further bacterial colonization, thereby facilitating the

progression from acute to chronic disease.

5.2. Involvement in Bidirectional Tissue Repair and Disease
Outcome

TGF-pl, as a “core regulatory factor” in middle ear mucosal repair, exhibits a bi-
directional nature of precise versus excessive repair [31] [32] which is crucial for
disease outcome and structural remodeling in otitis media. During the recovery
phase of inflammation, activated TGF-f1 exerts chemotactic effects, recruiting
various anti-inflammatory cells to the injury site and promoting tissue repair. Ad-
ditionally, by activating the Smad2/3 signaling pathway, TGF-pl1 performs two
key functions to further facilitate repair [32]: first, it promotes migration and pro-
liferation of middle ear epithelial cells, accelerating coverage of epithelial defects
and restoring the physical barrier function of the mucosa; second, it induces dif-
ferentiation of submucosal fibroblasts into myofibroblasts, driving the production
of extracellular matrix components such as type I and III collagen and fibronectin,
thereby filling tissue defects and enhancing structural stability of the mucosa.
TGF-p1 also promotes angiogenesis, providing nutrients and oxygen to support
tissue repair. Clinical studies [6] [29] [33] have shown that TGF- £l levels in mid-
dle ear effusions of acute otitis media patients are positively correlated with the
rate of mucosal repair; adequate expression can shorten the disease course and
reduce the risk of tympanic membrane perforation.

However, as the disease progresses and TGF-Sl expression continues to in-
crease, the repair process becomes dysregulated, and TGF- 81 may shift toward a
“detrimental role” [34]. This primarily involves three aspects: persistent activation
of myofibroblasts, excessive extracellular matrix deposition, and inhibition of cell
regeneration with promotion of apoptosis. Studies [33] [35] in models of induced

tympanic sclerosis have shown that sustained elevation of TGF- Sl overactivates
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fibroblasts, leading to abnormal extracellular matrix accumulation, mucosal thick-
ening, and disorganized collagen fibers, thereby promoting the development of
tympanic sclerosis. This bidirectional effect is also reflected in tissue morphology;
for example [29], in chronic otitis media models using Tgif knockout mice, mu-
cosal thickness was significantly increased, directly associated with dysregulated
repair due to suppression of TGF-p1 signaling.

Therefore, as a key factor in tissue repair, TGF-f1 drives beneficial repair in the
early stage, but as its expression continues to rise, otitis media gradually pro-
gresses from acute to chronic, and tissue repair shifts toward pathological fibrosis,

ultimately resulting in tympanic sclerosis.

5.3. Dual Value of Signaling Pathways and Therapeutic Targets

The functional effects of TGF-p1 depend on precise regulation of its signaling
pathways, and dysregulation of these pathways is considered a critical pathologi-
cal event in the development of otitis media, providing potential targets for clini-
cal intervention [6] [34] [35]. At the signaling level, TGF-f1 primarily modulates
gene transcription through activation of the Smad pathway, such as phosphoryla-
tion of Smad2/3. Proteins including Tgif, Fbxol1, and Evil participate in regulat-
ing this pathway through different mechanisms. Studies have shown [29] that the
Tgif gene can recruit histone deacetylases (HDACs) to suppress Smad?2 activity or
inhibit Smad2 phosphorylation by interacting with cPML protein. Fbxol1 regu-
lates the overall activity of the pathway by modulating phosphorylated Smad2 lev-
els. Research using Tgif knockout animal models further confirmed that when
TGF-p1/Smad signaling is suppressed, expression levels of pSmad2 and p21 are
significantly reduced, directly inducing middle ear inflammation; conversely, re-
storing the balance of this pathway helps improve the corresponding pathological
manifestations.

Based on these mechanisms, modulation of the TGF-f1 signaling network has
become an important direction in drug development. Experimental studies have
demonstrated [33] that angiotensin-converting enzyme inhibitor captopril com-
bined with angiotensin receptor antagonist losartan can effectively suppress ex-
cessive TGF-p1 expression. In guinea pig models, this combination significantly
reduced the incidence of tympanic sclerosis induced by Streptococcus pneu-
moniae infection, mitigated mucosal thickening and calcium deposition in the
middle ear, and improved auditory brainstem response thresholds. The mecha-
nism primarily involves regulation of the renin-angiotensin system, indirectly in-
hibiting abnormal TGF-p1 signaling, thereby blocking the pathological cascade
from middle ear inflammation to tissue fibrosis and calcification. These findings
experimentally support the feasibility and scientific value of targeting TGF-f1 for

clinical intervention [36] [37].

6. Summary and Prospects

As chronic suppurative otitis media (CSOM) continues to impact human health
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globally, its associated symptoms—such as hearing loss, otorrhea, and tinnitus—
not only severely disrupt patients’ daily work and life but also impose long-term
burdens on public health systems. This reality has driven ongoing investigations
into its pathogenic mechanisms. The progression of CSOM is regulated by multi-
ple inflammatory factors and signaling pathways; however, the complexity of
these mechanisms provides a diversified theoretical basis for innovative therapeu-
tic strategies.

Clinical management of CSOM is shifting from conventional conservative
pharmacotherapy and surgical intervention toward more precise treatment strat-
egies. Immunomodulatory therapy and gene therapy have emerged as frontier di-
rections for investigation. As suggested by the studies reviewed above, with the
progression of otitis media, Nrf2 may gradually shift from exerting protective ef-
fects to playing a pathological, disease-promoting role, whereas TGF-f1 may also
transition from facilitating tissue repair in the early stage to becoming a key target
that continuously activates pro-inflammatory signaling pathways. It is therefore
reasonable to hypothesize a potential positive association between these two fac-
tors. In the course of CSOM, whether blocking the expression of either factor
could slow disease progression and alleviate certain clinical manifestations repre-
sents an innovative direction for future clinical research. Moreover, CSOM-re-
lated factors (e.g., Nrf2 and TGF-p1) might serve as potential targets for earlier
detection of CSOM onset, and intervention at the level of their expression may
influence disease development. Nevertheless, translating these hypotheses into
widely applicable clinical practice remains challenging. First, CSOM involves nu-
merous candidate factors, and identifying specific, high-value targets is difficult.
Second, cost-effective methods for detecting the expression of such factors are re-
quired. Finally, strategies must be feasible for implementation and dissemination
in routine clinical settings, particularly in resource-limited regions. Therefore, de-
spite ongoing progress, substantial efforts are still needed to elucidate CSOM
pathogenesis and to develop effective, scalable therapeutic approaches.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

[1] Sun, H. and Zhang, L. (2018) Otorhinolaryngology Head and Neck Surgery. 9th Edi-
tion, People’s Medical Publishing House, 90-92.

[2] Bhutta, M.F., Leach, A.J. and Brennan-Jones, C.G. (2024) Chronic Suppurative Otitis
Media. The Lancet, 403, 2339-2348. https://doi.org/10.1016/s0140-6736(24)00259-9

[3] Yi, Q, Liu, M. and Dong, L. (2025) Effect of Geniposide on Hearing Impairment in
Rats with Acute Otitis Media by Modulating the Nrf2/HO-1 Signaling Pathway. Chi-
nese Journal of Otorhinolaryngology-Skull Base Surgery, 31, 24-29.

[4] Fan, W, Xu, H., Shen, C,, Fang, J. and Li, X. (2023) Nrf2 Orchestrates Transition
from Acute to Chronic Otitis Media through Inflammatory Macrophages. Frontiers
in Immunology, 14, Article ID: 1170388.

https://doi.org/10.3389/fimmu.2023.1170388

DOI: 10.4236/ijcm.2026.172003

37 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2026.172003
https://doi.org/10.1016/s0140-6736(24)00259-9
https://doi.org/10.3389/fimmu.2023.1170388

J. Yang, B. Qiang

(6]

(7]

(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Tuohuti, A. (2020) Expression and Pathogenic Mechanism of Nrf2 in Chronic Sup-
purative Otitis Media. Master’s Thesis, Xinjiang Medical University.

Wang, L., Yang, Y., Li, S., et al. (2026) The Effect of Total Flavonoids from Mulberry
Bark, a Monomer of Traditional Chinese Medicine, on the Regulation of Inflamma-
tory Response in Rats with Otitis Media through the TGF-f1/STAT3/NF-«B Signal-
ing Pathway. Chinese Archives of Traditional Chinese Medicine, 1-10.

Zhang, F., Yuan, K., Guo, B., et al (2011) Expression of Transforming Growth Fac-
tor-p1, Inter-Leukin-14, and Interleukin-6 in a Guinea Pig Model of Otitis Media
with Effusion. Medical Journal of Wuhan University, 32, 300-302, 337.

Khairkar, M., Deshmukh, P., Maity, H. and Deotale, V. (2023) Chronic Suppurative
Otitis Media: A Comprehensive Review of Epidemiology, Pathogenesis, Microbiol-
ogy, and Complications. Cureus, 15, €43729. https://doi.org/10.7759/cureus.43729

Liang, Q., Long, R., Ruan, B., e al. (2024) Research Progress on the Microbiology of
Chronic Suppurative Otitis Media. Chinese Journal of Otorhinolaryngology-Skull
Base Surgery, 30, 31-40.

WHO (2004) Chronic Suppurative Otitis Media: Burden of Illness and Management
Options.

Xu, J., Du, Q., Shu, Y., Ji, J. and Dai, C. (2020) Bacteriological Profile of Chronic
Suppurative Otitis Media and Antibiotic Susceptibility in a Tertiary Care Hospital in
Shanghai, China. Ear, Nose & Throat Journal, 100, NP391-NP396.

https://doi.org/10.1177/0145561320923823

Elemraid, M.A., Brabin, B.]J., Fraser, W.D., Harper, G., Faragher, B., Atef, Z., et al
(2010) Characteristics of Hearing Impairment in Yemeni Children with Chronic Sup-
purative Otitis Media: A Case-Control Study. International Journal of Pediatric Oto-
rhinolaryngology, 74, 283-286. https://doi.org/10.1016/].ijporl.2009.12.004

Olatoke, F., Ologe, F.E., Nwawolo, C.C. and Saka, M.]. (2008) The Prevalence of
Hearing Loss among Schoolchildren with Chronic Suppurative Otitis Media in Nige-
ria, and Its Effect on Academic Performance. Far, Nose & Throat Journal, 87, E19.

Wright, C.G. and Meyerhoff, W.L. (1994) Pathology of Otitis Media. Annals of Otol-
ogy, Rhinology & Laryngology, 103, 24-26.
https://doi.org/10.1177/00034894941030s507

Chirwa, M., Mulwafu, W., Aswani, J., Masinde, P., Mkakosya, R. and Soko, D. (1970)
Microbiology of Chronic Suppurative Otitis Media at Queen Elizabeth Central Hos-
pital, Blantyre, Malawi: A Cross-Sectional Descriptive Study. Malawi Medical Jour-
nal, 27, 120-124. https://doi.org/10.4314/mmj.v27i4.1

Xu, F., Kong, W, Peng, ]., Gu, H. and Zheng, H. (2020) Analysis of Main Pathogenic
Bacteria and Drug Sensitivity in Patients with Chronic Suppurative Otitis Media and
Middle Ear Cholesteatoma in China. Biotechnology Letters, 42, 1559-1566.
https://doi.org/10.1007/s10529-020-02880-7

Shen, Z. (2018) New Advances in the Treatment of Chronic Suppurative Otitis Me-
dia. Modern Practical Medicine, 30, 1121-1122.

Hiremath, B., Mudhol, R.S. and Vagrali, M.A. (2018) Bacteriological Profile and An-
timicrobial Susceptibility Pattern in Chronic Suppurative Otitis Media: A 1-Year

Cross-Sectional Study. Indian Journal of Otolaryngology and Head & Neck Surgery,
71, 1221-1226. https://doi.org/10.1007/s12070-018-1279-6

Liu, L., Zeng, Y., Zhang, C., et al (2025) Characteristics of Bacterial Infection and
Antibiotic Susceptibility Analysis in Chronic Suppurative Otitis Media with Cho-
lesteatoma. Clinical Medical Research and Practice, 10, 63-67.

DOI: 10.4236/ijcm.2026.172003

38 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2026.172003
https://doi.org/10.7759/cureus.43729
https://doi.org/10.1177/0145561320923823
https://doi.org/10.1016/j.ijporl.2009.12.004
https://doi.org/10.1177/00034894941030s507
https://doi.org/10.4314/mmj.v27i4.1
https://doi.org/10.1007/s10529-020-02880-7
https://doi.org/10.1007/s12070-018-1279-6

J. Yang, B. Qiang

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

MacArthur, C.J., Pillers, D.M.,, Pang, J., Degagne, ].M., Beth Kempton, J. and Trune,
D.R. (2008) Gram-Negative Pathogen Klebsiella Oxytoca Is Associated with Sponta-
neous Chronic Otitis Media in Toll-Like Receptor 4-Deficient C;H/Hd Mice. Acta
Oto- Laryngologica, 128, 132-138. https://doi.org/10.1080/00016480701387124

Fan, W., Xu, H,, Chen, F. and Li, X. (2024) The Expression of Nrf2 and TLRs in Ear
Effusion in Children with Different Types of Otitis Media and Their Relationship
with Inflammatory Factors. International Inmunopharmacology, 126, Article ID:
111152. https://doi.org/10.1016/j.intimp.2023.111152

Tuoheti, A., Gu, X., Cheng, X. and Zhang, H. (2020) Silencing Nrf2 Attenuates
Chronic Suppurative Otitis Media by Inhibiting Pro-Inflammatory Cytokine Secre-
tion through Up-Regulating TLR4. Innate Immunity, 27, 70-80.
https://doi.org/10.1177/1753425920933661

Romero-Duran, M.A,, Silva-Garcia, O., Perez-Aguilar, ].M. and Baizabal-Aguirre,
V.M. (2024) Mechanisms of Keapl/Nrf2 Modulation in Bacterial Infections: Impli-
cations in Persistence and Clearance. Frontiers in Immunology; 15, Article ID: 1508787.
https://doi.org/10.3389/fimmu.2024.1508787

Zhang, D.D,, Lo, S., Cross, ].V., Templeton, D.J. and Hannink, M. (2004) Keapl Is a
Redox-Regulated Substrate Adaptor Protein for a Cul3-Dependent Ubiquitin Ligase
Complex. Molecular and Cellular Biology, 24, 10941-10953.
https://doi.org/10.1128/mcb.24.24.10941-10953.2004

Edholm, E., Rhoo, K.H. and Robert, J. (2017) Evolutionary Aspects of Macrophages
Polarization. In: Kloc, M., Ed., Macrophages, Springer International Publishing, 3-
22. https://doi.org/10.1007/978-3-319-54090-0 1

Wiegertjes, G.F., Wentzel, A.S., Spaink, H.P., Elks, P.M. and Fink, I.R. (2016) Polari-
zation of Immune Responses in Fish: The “Macrophages First” Point of View. Mo-
lecular Immunology, 69, 146-156. https://doi.org/10.1016/j.molimm.2015.09.026
Kurabi, A., Pak, K., Ryan, A.F. and Wasserman, S.I. (2016) Innate Immunity: Orches-
trating Inflammation and Resolution of Otitis Media. Current Allergy and Asthma
Reports, 16, Article No. 6. https://doi.org/10.1007/s11882-015-0585-2

Dey, A., Allen, J. and Hankey-Giblin, P.A. (2015) Ontogeny and Polarization of Mac-
rophages in Inflammation: Blood Monocytes versus Tissue Macrophages. Frontiers
in Immunology, 5, Article No. 683. https://doi.org/10.3389/fimmu.2014.00683

Tateossian, H., Morse, S., Parker, A., Mburu, P., Warr, N., Acevedo-Arozena, A., et
al. (2013) Otitis Media in the Tgif Knockout Mouse Implicates TGF# Signalling in
Chronic Middle Ear Inflammatory Disease. Human Molecular Genetics, 22, 2553-
2565. https://doi.org/10.1093/hmg/ddt103

Li, M.O. and Flavell, R.A. (2008) Contextual Regulation of Inflammation: A Duet by
Transforming Growth Factor-Band Interleukin-10. Zmmunity, 28, 468-476.
https://doi.org/10.1016/j.immuni.2008.03.003

Massagué, J. and Sheppard, D. (2023) TGF-f Signaling in Health and Disease. Cel,
186, 4007-4037. https://doi.org/10.1016/j.cell.2023.07.036

Frangogiannis, N.G. (2020) Transforming Growth Factor-#in Tissue Fibrosis. Jour-
nal of Experimental Medicine, 217, €20190103. https://doi.org/10.1084/jem.20190103
Yan, W, Li, J., Chai, R., Guo, W, Xu, L., Han, Y., et al (2014) Combining Use of
Captopril and Losartan Attenuates the Progress of Streptococcus Pneumoniae-In-
duced Tympanosclerosis through the Suppression of TGF-1 Expression. PLOS ONE,

9, €111620. https://doi.org/10.1371/journal.pone.0111620
Massagué, J. (2012) TGFp Signalling in Context. Nature Reviews Molecular Cell Bi-
ology; 13, 616-630. https://doi.org/10.1038/nrm3434

DOI: 10.4236/ijcm.2026.172003

39 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2026.172003
https://doi.org/10.1080/00016480701387124
https://doi.org/10.1016/j.intimp.2023.111152
https://doi.org/10.1177/1753425920933661
https://doi.org/10.3389/fimmu.2024.1508787
https://doi.org/10.1128/mcb.24.24.10941-10953.2004
https://doi.org/10.1007/978-3-319-54090-0_1
https://doi.org/10.1016/j.molimm.2015.09.026
https://doi.org/10.1007/s11882-015-0585-2
https://doi.org/10.3389/fimmu.2014.00683
https://doi.org/10.1093/hmg/ddt103
https://doi.org/10.1016/j.immuni.2008.03.003
https://doi.org/10.1016/j.cell.2023.07.036
https://doi.org/10.1084/jem.20190103
https://doi.org/10.1371/journal.pone.0111620
https://doi.org/10.1038/nrm3434

J. Yang, B. Qiang

(35]

(36]

(37]

Yamamoto-Fukuda, T., Pinto, F., Pitt, K. and Senoo, M. (2023) Inhibition of TGF-£
Signaling Enables Long-Term Proliferation of Mouse Primary Epithelial Stem/Pro-
genitor Cells of the Tympanic Membrane and the Middle Ear Mucosa. Scientific Re-
ports, 13, Article No. 4532. https://doi.org/10.1038/s41598-023-31246-y

Naim, R., Chang, R.C,, Alfano, S.S., Riedel, F., Bayerl, C., Sadick, H., et al (2005)
Targeting TGF-betal Increases Hepatocyte Growth Factor (HGF/SF) Levels in Exter-
nal Auditory Canal Cholesteatoma (EACC) Epithelial Cell Culture. Regulatory Pep-
tides, 130, 75-80. https://doi.org/10.1016/j.regpep.2005.03.008

Yang, F.,Hou, Z.F., Zhu, H.Y., Chen, X., Li, W., Cao, R., et al. (2021) Catalpol Protects
against Pulmonary Fibrosis through Inhibiting TGF-f1/Smad3 and Wnt/p-Catenin
Signaling Pathways. Frontiers in Pharmacology; 11, Article ID: 594139.

https://doi.org/10.3389/fphar.2020.594139

DOI: 10.4236/ijcm.2026.172003

40 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2026.172003
https://doi.org/10.1038/s41598-023-31246-y
https://doi.org/10.1016/j.regpep.2005.03.008
https://doi.org/10.3389/fphar.2020.594139

	Progress in Research on Nrf2 and TGF-β1 in Chronic Suppurative Otitis Media
	Abstract
	Keywords
	1. Introduction
	2. Global Epidemiological Status
	3. Pathological Changes and Microbiological Studies of Chronic Suppurative Otitis Media
	4. Role of Nrf2 in Chronic Suppurative Otitis Media
	4.1. Involvement in Inflammatory Responses
	4.2. Attenuation of Oxidative Stress Damage and Enhancement of Middle Ear Mucosal Defense
	4.3. Regulation of Macrophage Polarization to Prevent the Transition from Acute to Chronic Otitis Media

	5. Role of TGF-β1 in Chronic Suppurative Otitis Media
	5.1. Regulation of Middle Ear Inflammatory Responses
	5.2. Involvement in Bidirectional Tissue Repair and Disease Outcome
	5.3. Dual Value of Signaling Pathways and Therapeutic Targets

	6. Summary and Prospects
	Conflicts of Interest
	References

