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Abstract

Background: Sirtuins are recognized as critical regulators of various physiological processes, 
including aging, metabolic homeostasis, oxidative stress, and inflammatory responses. This 
study aimed to investigate whether sirtuin expression is associated with the pathogenesis 
and clinical manifestations of chronic otitis media (COM). Methods: Middle ear inflam-
matory tissues were obtained from 27 patients who underwent COM surgery. The mRNA 
expression levels of SIRT1–7 were measured using quantitative real-time polymerase chain 
reaction (qRT-PCR). The expression patterns of SIRT1–7 were comparatively analyzed 
according to bacterial culture results, the presence of otorrhea, and the type of hearing 
loss (conductive or sensorineural). Results: The study included 10 males and 17 females, 
with a mean age of 60.52 ± 9.79 years. Otorrhea was present in 51.9% of patients, whereas 
the bacterial culture-positive rate was 29.6%. Conductive hearing loss was more prevalent 
than sensorineural hearing loss. SIRT1–7 mRNA expression was detected in all inflamed 
COM tissues. Among the seven members, SIRT3 exhibited the highest expression level, 
followed in descending order by SIRT6, SIRT4, SIRT7, SIRT1, SIRT5, and SIRT2. Notably, 
the expression levels of SIRT1–4 were significantly higher in the culture-negative group 
compared to the culture-positive group (p < 0.05). However, no significant differences 
in SIRT1–7 mRNA expression were observed according to the presence of otorrhea or the 
type of hearing loss (p > 0.05). Conclusion: All seven sirtuin members (SIRT1–7) were 
expressed in inflamed COM mucosa, suggesting that the sirtuin family may be transcrip-
tionally active in the inflamed middle ear microenvironment. Specifically, SIRT1–4 mRNA 
expression differed significantly according to bacterial culture status, suggesting a potential 
association between SIRT1–4 mRNA expression and local inflammatory processes in COM.
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1. Introduction
Chronic otitis media (COM) is a prevalent inflammatory disease characterized by 

irreversible pathological changes within the Eustachian tube, tympanic cavity, and mastoid 
air cells. Clinically, it is one of the most frequent conditions encountered in otorhinolaryn-
gology outpatient settings, primarily presenting with persistent otorrhea and hearing im-
pairment. The pathogenesis of COM is highly multifactorial, driven by a complex interplay 
of anatomical and functional dysfunctions of the Eustachian tube, genetic predisposition, 
and environmental factors. Furthermore, persistent microbial infections—particularly by 
pathogenic bacteria—play a critical role in exacerbating chronic mucosal inflammation and 
recurrent otorrhea [1,2].

In chronic suppurative otitis media, host defense against microbial invasion is medi-
ated by an early innate immune response and a subsequent adaptive immune response. 
The primary defense mechanism, innate immunity, activates within 12 h of infection and 
consists of physical barriers—driven by the mucociliary blanket, ciliated cells, and secretory 
cells (mucociliary clearance)—as well as biological defenses involving the secretion of 
antimicrobial enzymes. Subsequently, the adaptive immune system acts as a secondary 
defense mechanism, typically activating within 1 to 5 days post-infection. The entire Eu-
stachian tube and the adjacent middle ear mucosa orchestrate both these secretory and 
mucociliary defense systems; thus, impairment in any of these components significantly 
elevates the risk of developing otitis media. Ultimately, the onset of COM is fundamentally 
determined by the intricate balance between invading pathogens and the host’s immune 
defense mechanisms. Therefore, a comprehensive understanding of both normal mucosal 
defense mechanisms and pathogen infectivity is essential to elucidate the core pathogenesis 
of the disease [3,4].

In mammals, seven members of the sirtuin family (SIRT1–7) have been identified. 
They are broadly recognized as critical regulators in diverse physiological and pathological 
processes, including cellular metabolism, aging, oxidative stress, mitochondrial homeostasis, 
apoptosis, and tumor dynamics. Most notably, mammalian sirtuins play a pivotal role in 
modulating inflammatory responses and immune regulation [5,6]. Furthermore, recent 
studies have highlighted that sirtuins are deeply involved in host–pathogen interactions 
during microbial infections, suggesting their crucial defensive role against pathogenic 
invasion [7]. Given these multifaceted roles, it is highly plausible that the expression of 
SIRT1–7 is closely associated with the pathogenesis and clinical manifestations of COM, 
a persistent inflammatory condition. However, to the best of our knowledge, the mRNA 
expression profiles of the sirtuin family in COM have not yet been elucidated. Therefore, 
the present study aimed to investigate the expression levels of SIRT1–7 mRNA in inflamed 
middle ear tissues of patients with COM, and to evaluate their potential associations with 
clinical parameters, including bacterial infection, otorrhea, and hearing loss.

2. Subjects and Methods
2.1. Subjects

This study included 27 patients who visited the Otorhinolaryngology-Head and Neck 
Surgery clinic at a single tertiary referral hospital. COM was defined as the presence 
of persistent symptoms—such as hearing loss, tympanic membrane perforation, otorrhea, 
tinnitus, or otalgia—lasting for more than 3 months, accompanied by middle ear and mastoid 
lesions confirmed via temporal bone computed tomography (TBCT). The presence of 
otorrhea was evaluated using otoscopy and endoscopy preoperatively. All patients received 
prophylactic antibiotic treatment (oral amoxicillin/clavulanate 875 mg/125 mg, twice a day) 
for one week before surgery to minimize acute inflammation. The presence and severity 
of hearing impairment were assessed using pure-tone audiometry (PTA). Furthermore, 
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the definitive diagnosis of COM was confirmed histologically by the presence of chronic 
inflammation and granulation tissue in the inflamed middle ear biopsy specimens obtained 
during surgery. The sampling location primarily included the tympanic cavity and mastoid 
antrum, and while the exact tissue volume varied depending on the individual disease 
extent, representative inflamed mucosal tissues were carefully collected from all patients.

Patients suspected of having acute otitis media, otitis media with effusion, cholesteatoma-
tous otitis media, tuberculous otitis media, craniofacial anomalies, systemic diseases, or 
congenital/acquired immunodeficiency were excluded from the study. Medical records 
were retrospectively reviewed to extract demographic and clinical data, including age, sex, 
date of onset, affected ear, bacterial culture results, underlying comorbidities, PTA results, 
and history of revision surgery. Written informed consent was obtained from all patients or 
their legal guardians after a thorough explanation of the study’s purpose. This study was 
approved by the Institutional Review Board of Kyung Hee University Medical Center (IRB 
2023-05-016, approved on 15 May 2023), and written informed consent was obtained from 
all subjects.

2.2. Bacterial Culture
Microbiological evaluations were conducted strictly for patients exhibiting visible otor-

rhea. After thoroughly cleaning the external auditory canal to prevent cross-contamination, 
discharge specimens were aseptically collected intraoperatively using sterile cotton swabs 
(Xomed Trace Products, Jacksonville, FL, USA) under microscopic or endoscopic guidance. 
This intraoperative collection was performed to minimize contamination by other external 
microorganisms. The swabs were then immediately placed into Stuart transport medium. 
Subsequently, the specimens were inoculated onto solid blood agar and into liquid thio-
glycollate medium (Hangang, Kun-po, Gyeonggi-do, Republic of Korea) and incubated 
at 35 °C for 24 h. Colony-forming bacteria were then identified using Gram staining and 
standard biochemical tests.

2.3. Evaluation of Level of Hearing Loss
PTA was performed at the time of diagnosis to measure air conduction (AC) and bone 

conduction (BC) hearing thresholds. The mean hearing thresholds were calculated by 
averaging the thresholds at 500, 1000, and 2000 Hz, with a double weight applied to the 
1000 Hz frequency. Patients were categorized according to the type of hearing impairment: 
sensorineural hearing loss (SNHL) was defined as a BC threshold ≥ 30 dB with an air-bone 
gap (ABG) < 10 dB, whereas conductive hearing loss (CHL) was defined as an ABG ≥ 10 dB 
with a BC threshold < 25 dB. Patients with mixed hearing loss (BC threshold ≥ 25 dB and 
ABG ≥ 10 dB) were classified into the SNHL group [8].

2.4. RNA Extraction and Quantitative Real-Time PCR (RT-qPCR)
Total RNA was extracted from the patient tissue samples using TRIzol reagent (Invitro-

gen, Carlsbad, CA, USA) according to the manufacturer’s protocol. Prior to cDNA synthesis, 
the concentration and purity of the extracted RNA were assessed using a NanoDrop spec-
trophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Samples with an A260/280 
absorbance ratio between 1.8 and 2.0 were considered to have acceptable RNA purity. cDNA 
was synthesized from 1 μg of total RNA using oligo(dT)18 primers with the TOPscript™ 
RT DryMIX (RT200, Enzynomics, Daejeon, Republic of Korea). The primer sequences 
used in this study are listed in Table 1. Quantitative real-time PCR was performed on a 
StepOnePlus Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) utilizing 
the SensiFAST SYBR Hi-ROX Kit (Bioline, London, UK). The PCR was conducted with 2 μL 
of cDNA in a 20 μL reaction mixture containing 10 μL of SensiFAST SYBR Hi-ROX Mix, 
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2 μL of primers (1 μL each of forward and reverse), and 6 μL of PCR-grade water. The 
thermal cycling conditions consisted of an initial polymerase activation at 95 °C for 2 min, 
followed by 40 cycles of denaturation at 95 °C for 5 s and a combined annealing/extension 
step at 60 °C for 20 s. The relative mRNA expression of each target gene was normalized to 
that of β-actin using the 2−ΔCt  method, where ΔCt = Ct(target gene) − Ct(β-actin) [9]. The 
mRNA expression levels of SIRT1–7 were analyzed according to bacterial culture positivity, 
otorrhea status, and the type of hearing loss (conductive vs. sensorineural).

Table 1. Primer sequences for real-time RT-PCR.

Gene Sequences Length (Base Pairs)

SIRT1 F: 5′-AGGCCACGGATAGGTCCATA-3′

R: 5′-GTGGAGGTATTGTTTCCGGC-3′ 103

SIRT2 F: 5′-CTCTCACCCTCTGGAGACCC-3′

R: 5′-GCAGGAAGTCCATGTCTGCT-3′ 107

SIRT3 F: 5′-GGCGGCAGGGACGATTATTA-3′

R: 5′-TGCCTCCACTTCCAACAACA-3′ 83

SIRT4 F: 5′-CCGTAGAGCTGTGAGAGAATGA-3′

R: 5′-ACCCAATGGAGGCTTTCGAG-3′ 109

SIRT5 F: 5′-CGGGGCCCAAGTAAATGGA-3′

R: 5′-GTCTCCACGGCTGCTTTCTA-3′ 138

SIRT6 F: 5′-TCCCCGACTTCAGGGGTC-3′

R: 5′-AAGGTGGTGTCGAACTTGGG-3′ 76

SIRT7 F: 5′-ACTTGGTCGTCTACACAGGC-3′

R: 5′-CTCAGGTCGGCAGCACTAAC-3′ 121

𝛽-actin F: 5′-ACAGAGCCTCGCCTTTGC-3′

R: 5′-GATATCATCATCCATGGTGAGCTGG-3′ 70

Abbreviations: SIRT, sirtuin; F, forward; R, reverse; 𝛽-actin, beta-actin.

2.5. Statistical Analysis
Statistical analyses were performed using IBM SPSS (version 20.0) Statistics for Win-

dows, version 20.0 (IBM Corp., Armonk, NY, USA). Continuous variables are presented 
as the median with interquartile range (IQR) for skewed expression data, or as the 
mean ± standard deviation (SD) for normally distributed demographic data. Categor-
ical variables are presented as frequencies and percentages. The normality of continuous 
variables was assessed before comparative analyses. For comparisons between two inde-
pendent groups, Student’s t-test was used for normally distributed variables, whereas the 
Mann–Whitney U test was used for non-normally distributed variables. Differences in 
target-gene mRNA expression according to bacterial culture status and the presence or 
absence of otorrhea were assessed using the two-sided Mann–Whitney U test. Comparisons 
of mRNA expression among patients with conductive hearing loss, sensorineural hearing 
loss, and normal hearing were performed using the Kruskal–Wallis test. All statistical tests 
were two-sided, and a p-value < 0.05 was considered statistically significant.

3. Results
3.1. Demographics and Results of Bacterial Culture (Table 2)

A total of 27 patients with COM were enrolled. The mean age was 60.52 ± 9.79 years, 
comprising 10 male (37.0%) and 17 female (63.0%) patients. Otorrhea was present at the 
time of examination in 14 patients (51.9%), and 3 patients (11.1%) had a history of revision 
surgery. The mean pure-tone thresholds were 46.74 ± 25.78 dB for air conduction and 
30.57 ± 19.52 dB for bone conduction. With respect to the type of hearing impairment, 
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12 patients (44.4%) had conductive hearing loss, 7 (25.9%) had sensorineural hearing loss, 
and 8 (29.6%) had normal hearing. Bacterial cultures of ear discharge were positive in 8 of 
the 27 patients (29.6%). Pseudomonas aeruginosa was the most frequently isolated organ-
ism, followed by methicillin-resistant Staphylococcus aureus (MRSA), coagulase-negative 
Staphylococcus, Staphylococcus aureus, and Achromobacter xylosoxidans.

Table 2. Demographic and clinical characteristics of patients with chronic otitis media.

Clinical Characteristics Overall (n = 27)

Age (mean ± SD), years 60.52 ± 9.79
Sex (male: female), n (%) 10:17 (37.0:63.0)
Culture-positive, n (%) 8 (29.6)
Otorrhea-positive, n (%) 14 (51.9)
Revision surgery, n (%) 3 (11.1)
Audiologic configuration
PTA (AC) (mean ± SD), dB 46.74 ± 25.78
PTA (BC) (mean ± SD), dB 30.57 ± 19.52
Hearing loss type
Conductive hearing loss, n (%) 12 (44.4)
Sensorineural hearing loss, n (%) 7 (25.9)
Normal hearing, n (%) 8 (29.6)

Values are presented as mean ± SD or n (%). All audiometric values were obtained from the affected 
(operated) ear except for the contralateral hearing level. Hearing loss type was determined in the 
affected ear; patients with mixed hearing loss were included in the sensorineural hearing loss group. 
PTA, pure tone audiometry; AC, air conduction; BC, bone conduction.

3.2. Expression of SIRT1–7 mRNA and Its Association with Bacterial Infection
Expression of SIRT1–7 mRNA was detected in all inflamed COM tissue samples 

(Figure 1). Among the seven markers, SIRT3 exhibited the highest expression level, fol-
lowed in descending order by SIRT6, SIRT4, SIRT7, SIRT1, SIRT5, and SIRT2. Furthermore, 
when the mRNA expression levels were compared according to the bacterial culture results, 
the expression levels of SIRT1–4 were significantly higher in the culture-negative group 
than in the culture-positive group (p < 0.05) (Table 3).

Figure 1. Relative mRNA expression levels of SIRT1–7 in inflamed middle ear tissues of patients with 
chronic otitis media. The relative mRNA expression of SIRT1 through SIRT7 was measured using 
quantitative real-time PCR and normalized to the expression of the housekeeping gene 𝛽-actin using
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the 2−ΔCt  method. Data are presented as the median with interquartile range (IQR, 25th–75th percentiles) 
and individual patient values (scatter dot plots) for all enrolled patients with COM (n = 27). SIRT3
exhibited the highest expression level among the sirtuin family members in the inflamed tissues.

Table 3. Expression of mRNA encoding target genes according to a positive culture result.

Gene Culture-Negative 
(n = 19)

Culture-Positive 
(n = 8) p-Value

SIRT1 0.085 ± 0.157 0.003 ± 0.003 0.003
SIRT2 0.043 ± 0.055 0.005 ± 0.007 0.013
SIRT3 0.146 ± 0.182 0.014 ± 0.012 0.006
SIRT4 0.099 ± 0.209 0.005 ± 0.002 0.005
SIRT5 0.047 ± 0.095 0.010 ± 0.007 0.524
SIRT6 0.093 ± 0.115 0.056 ± 0.035 0.935
SIRT7 0.062 ± 0.071 0.083 ± 0.146 0.115

Values are presented as mean ± standard deviation. Statistical significance was determined using the 
Mann–Whitney U test. Bold text indicates statistically significant differences (p < 0.05).

3.3. Comparison of SIRT1–7 mRNA Expression According to Otorrhea and Type of Hearing Loss 
(Tables 4 and 5)

No significant differences in SIRT1–7 mRNA expression levels were observed according 
to the presence or absence of otorrhea (p > 0.05). Similarly, no significant differences in 
expression profiles were found among groups classified by hearing loss type, including 
conductive hearing loss (CHL), sensorineural hearing loss (SNHL), and normal hearing 
(p > 0.05).

Table 4. Expression of mRNA encoding target genes in the presence or absence of otorrhea.

Gene Otorrhea Absent 
(n = 13)

Otorrhea Present 
(n = 14) p-Value

SIRT1 0.063 ± 0.141 0.051 ± 0.129 0.198
SIRT2 0.038 ± 0.063 0.026 ± 0.033 0.482
SIRT3 0.095 ± 0.127 0.114 ± 0.192 0.456
SIRT4 0.106 ± 0.253 0.039 ± 0.068 0.316
SIRT5 0.059 ± 0.113 0.014 ± 0.017 0.610
SIRT6 0.067 ± 0.076 0.094 ± 0.116 0.487
SIRT7 0.071 ± 0.080 0.065 ± 0.115 0.182

Values are presented as mean ± standard deviation. Statistical significance was determined using the 
Mann–Whitney U test.

Table 5. Expression of mRNA encoding target genes in patients with conductive hearing loss, sen-
sorineural hearing loss, or normal hearing.

Gene CHL (n = 12) SNHL (n = 7) Normal (n = 8) p-Value

SIRT1 0.001 ± 0.001 0.014 ± 0.016 0.098 ± 0.204 0.193
SIRT2 0.001 ± 0.000 0.027 ± 0.035 0.050 ± 0.074 0.245
SIRT3 0.030 ± 0.007 0.086 ± 0.163 0.149 ± 0.217 0.892
SIRT4 0.011 ± 0.011 0.040 ± 0.088 0.014 ± 0.013 0.948
SIRT5 0.001 ± 0.001 0.012 ± 0.017 0.059 ± 0.136 0.082
SIRT6 0.009 ± 0.009 0.084 ± 0.056 0.127 ± 0.165 0.171
SIRT7 0.001 ± 0.001 0.116 ± 0.158 0.074 ± 0.103 0.075

Values are presented as mean ± standard deviation. Statistical significance was determined using the 
Kruskal–Wallis test. Abbreviations: CHL, conductive hearing loss; SNHL, sensorineural hearing loss.
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4. Discussion
COM is characterized by recurrent or persistent inflammation within the middle ear, 

leading to irreversible pathological alterations in both mucosal and bony structures of the 
tympanic cavity and mastoid. The predominant histopathological findings include the 
formation of granulation tissue, osseous changes, tympanosclerosis, cholesterol granuloma, 
cholesteatoma, and extensive fibrosis [2,10]. This irreversible progression is widely under-
stood as a continuum of disease driven by multifactorial etiologies, where unresolved inflam-
mation and persistent microbial insults profoundly exacerbate mucosal destruction [11,12]. 
Given that these devastating pathological changes are fundamentally mediated by uncon-
trolled chronic inflammatory cascades, elucidating the molecular mechanisms that govern 
cellular defense is of paramount importance. In this context, our present study evaluated 
the mRNA expression profiles of the sirtuin family (SIRT1–7)—key regulators of cellular 
homeostasis—in inflamed middle ear tissues of patients with COM. Our principal findings 
demonstrated that SIRT3 exhibited the highest expression levels and that the expression 
levels of SIRT1–4 were significantly upregulated in patients with culture-negative results, 
highlighting a potential interplay between sirtuin-mediated defense mechanisms and active 
microbial infections.

Given the diverse and irreversible histopathological changes observed in COM, 
sirtuins—which are involved in cellular metabolism, inflammatory responses, and ox-
idative stress—may be associated with its pathogenesis [5]. While all sirtuins share a 
conserved catalytic core, isoform-specific structural variations dictate their distinct subcel-
lular localizations and diverse biological functions [13–16]. Beyond their classical role in 
histone deacetylation, sirtuins modulate cellular proliferation, inflammatory signaling, and 
metabolic reprogramming under pathological conditions by targeting various non-histone 
proteins [17]. In the context of COM, these diverse regulatory mechanisms suggest that 
sirtuins may be associated with mucosal inflammatory responses and hyperproliferative 
changes, such as granulation tissue formation and cholesteatoma development.

In the present study, mRNA expression of all seven sirtuin members (SIRT1–7) was de-
tected in inflamed COM tissues, suggesting that the sirtuin family may be transcriptionally 
active in the mucosal microenvironment under chronic inflammatory conditions. Notably, 
SIRT3 exhibited the highest expression level, whereas SIRT2 expression was the lowest. 
SIRT3 is fundamentally recognized as the primary mitochondrial deacetylase, promoting mi-
tochondrial metabolic activity and mitigating oxidative stress by directly deacetylating key 
metabolic enzymes—such as acetyl-CoA synthetase 2 (ACS2) and long-chain acyl-coenzyme 
A dehydrogenase (LCAD)—as well as the essential antioxidant enzyme superoxide dismu-
tase 2 (SOD2) [18,19]. Given that the inflamed COM mucosa undergoes severe metabolic 
and oxidative stress, the predominant SIRT3 mRNA expression observed in this study 
may reflect a potential compensatory response by the host cells to restore mitochondrial 
homeostasis and counteract excessive reactive oxygen species (ROS) production during 
prolonged middle ear inflammation.

Conversely, SIRT2 exhibited the lowest expression levels among the sirtuin family in 
our COM cohort. SIRT2 is predominantly localized in the cytoplasm, where it deacetylates 
α-tubulin and interacts with HDAC6; however, during mitosis, it transiently functions 
in the nucleus to regulate the cell cycle by promoting chromatin condensation through 
the specific deacetylation of histone H4 at lysine 16 (H4K16) [20]. The relatively low 
expression of SIRT2 in inflamed COM tissues suggests that it may be more specifically 
involved in subsequent phases of tissue remodeling and cell cycle regulation, rather than 
driving the active inflammatory cascade. Nevertheless, the current study design precludes 
a definitive mechanistic explanation for this polarized expression pattern—namely, the 
predominant upregulation of SIRT3 and the marked downregulation of SIRT2. Therefore, 
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further longitudinal investigations are warranted to evaluate the expression dynamics of 
sirtuins across varying durations and severities of inflammation, and functional studies 
are required to verify whether these distinct mRNA transcript levels directly translate to 
corresponding protein expression profiles in the inflamed mucosa.

Historically, SIR2—the founding member of the sirtuin family—was initially identified 
during yeast mating-type studies and has been well-documented to mediate the silencing of 
telomeric and ribosomal DNA [21]. The closest mammalian ortholog to yeast SIR2 is SIRT1, 
which similarly functions as a master regulator of cellular stress and antibacterial defense. 
Aligning with this potential role, the present study demonstrated that the mRNA expression 
levels of SIRT1–4 were significantly higher in the culture-negative group compared to the 
culture-positive group. However, given the small sample size—particularly within the 
culture-positive subgroup (n = 8)—these findings should be interpreted cautiously as 
preliminary and hypothesis-generating. While this inverse relationship suggests a potential 
association between SIRT1–4 transcript levels and bacterial status in the middle ear cavity, 
the precise mechanisms underlying the lower expression of these sirtuins in culture-positive 
tissues remain unclear. Future prospective studies are necessary to determine whether 
this phenomenon is influenced by the stage of infection, specific pathogenic strains, or 
preoperative antibiotic therapy. Specifically, because all patients received prophylactic 
antibiotics for one week prior to surgery, this regimen may have eradicated antibiotic-
susceptible bacteria—partially explaining why the culture-positivity rate (29.6%) was lower 
than the prevalence of visible otorrhea (51.9%)—while simultaneously altering the local 
inflammatory microenvironment and mucosal SIRT1–4 transcript levels.

On the other hand, no significant differences in SIRT1–7 mRNA expression were 
observed according to the presence of otorrhea or the type of hearing loss. These findings 
indicate that the molecular expression profiles of sirtuins may not directly correlate with 
macroscopic clinical phenotypes or functional auditory impairments in COM. Given the 
absence of prior literature in this domain, further prospective investigations are required to 
elucidate the potential clinical implications of sirtuin expression in middle ear pathologies.

The present study has several limitations that should be acknowledged. First, the 
molecular analysis was restricted to the mRNA level within the inflamed tissues. Subsequent 
validations utilizing immunohistochemistry, western blot analysis, or proteomic approaches 
are imperative to confirm whether these transcriptomic changes correspond to actual protein 
expression and enzymatic activity. Second, due to strict ethical constraints, healthy middle 
ear mucosal tissues could not be obtained as controls. Consequently, the baseline expression 
of SIRT1–7 in the normal middle ear remains unknown, precluding a direct comparative 
analysis between healthy and inflamed states. Third, all patients received prophylactic 
antibiotics for one week prior to surgery to minimize acute inflammation. This preoperative 
intervention might have acted as a confounding factor by influencing both microbiological 
culture outcomes and baseline SIRT1–7 mRNA expression profiles. Fourth, although all 
seven sirtuin members were expressed at varying levels in the COM tissues, the complex 
intracellular interactions and functional crosstalk among the distinct SIRT1–7 isoforms 
could not be evaluated. Fifth, the study lacked a comprehensive subgroup analysis based 
on critical clinical variables, including the total duration of COM, disease severity, extent 
of bone destruction, presence of complications, and prior treatment history. Finally, the 
relatively small total sample size and limited subgroup sizes limit the statistical power 
and generalizability of the observed associations. Importantly, the small subgroup sizes 
precluded reliable multivariable adjustment for potential confounding factors, such as age, 
sex, or antibiotic exposure. Therefore, these results should be interpreted cautiously as 
preliminary and hypothesis-generating, and further studies with larger cohorts are needed 
to confirm these findings.
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5. Conclusions
The present study demonstrates that all seven sirtuin members (SIRT1–7) are expressed 

at the mRNA level in the inflamed mucosa of COM, suggesting that the sirtuin family may 
be transcriptionally active in the inflamed middle ear microenvironment. Notably, SIRT1–4 
mRNA expression was significantly higher in the culture-negative group, suggesting a 
potential association between SIRT1–4 mRNA expression and bacterial culture status in 
COM. These preliminary findings provide novel insights into the transcriptional profiles 
of sirtuins in COM and suggest that SIRT1–4 may be associated with local inflammatory 
processes in the middle ear. However, further studies incorporating protein-level and 
functional validation are needed to clarify the clinical and pathophysiological implications 
of these findings.
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