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Abstract

Objective: This study therefore evaluated the expression of interleukin (IL)-17, IL-22, IL-23, and IL-26 mRNAs in patients with OM with effusion (OME), chronic OM (COM), and cholesteatomatous OM (CholeOM) and the relationships between their expression and the absence of bacteria and hearing loss. 

Methods: 87 Patients diagnosed with OME, COM, and CholeOM from 2013 to 2016 were enrolled. Effusion fluid, granulation tissue, and cholesteatoma samples were obtained during surgery. Levels of IL-17, IL-22, IL-23, and IL-26 mRNAs were assessed by real-time PCR and compared the results according to types of OM, result of bacterial culture, and type of hearing loss.

Results: IL-17, IL-22, IL-23, and IL-26 mRNAs were expressed in all three groups of patients with OM, with all being significantly higher in patients with OME than in patients with COM and CholeOM (p < 0.05), but not differing significantly in the latter two groups. The increased levels of all four mRNAs in patients with OME were independent of the presence or absence of bacteria and of the type of hearing loss (p < 0.05).

Conclusion: IL-17, IL-22, IL-23, and IL-26 are involved in the pathophysiology of OM and are significantly higher in patients with OME than in patients with COM and CholeOM.
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Introduction

Otitis media (OM) is a common disease among children in both developing and developed countries [1]. About 80% of children under age 3 years experience OM at least once and about 40% of children under age 7 years experience more than six episodes of OM [2]. OM in children is caused by complex interactions among multiple factors, including Eustachian tube dysfunction, allergy, bacterial and viral infections, dysfunction of cilia within the middle ear and mucous membrane of the Eustachian tube, exposure to smoke, esophageal reflux, and placement in daycare facilities [3,4]. Host immune responses to viral and bacterial infections were reported to be closely associated with complete recovery from OM, as well as with the persistence and recurrence of this disease [1,4].

Chronic OM (COM) is also caused by multiple factors, but the mechanisms by which an acute infection within the middle ear and mastoid cavity becomes chronic have not been determined. Osteoclasia, which is common in patients with cholesteatomatous OM (CholeOM), is regarded as being due to the pressure created by the cholesteatoma itself. Enzymes secreted by granulation tissue that develops during immune responses, including collagenase, acid phosphatase, and acid protease, as well as cytokines secreted by inflammatory cells, have been reported to influence the occurrence of osteoclasia [5,6]. Innate and adaptive immune responses within the middle ear cavity of patients with various types of OM have therefore been evaluated, including assessments of cytokine secretion [7-9].

Although many studies have focused on the roles of cytokines in patients with otitis media with effusion (OME), COM, and CholeOM, cytokine expression in these three groups has, to our knowledge, not been compared. Moreover, little is known about the roles of interleukin (IL)-17, -22, -23, and -26 in OM. This study therefore evaluated the expression levels of those four cytokines in groups of patients with OME, COM, and CholeOM, and their association between the presence or absence of bacteria and with various types of hearing.

Materials and Methods

Subjects study design

Samples were obtained from 87 patients with OM, including 39 with chronic OME, 24 with COM, and 24 with CholeOM, who visited the Department of Otorhinolaryngology-Head and Neck Surgery at single university hospital between July 2013 and June 2017 to undergo ventilation tube insertion and/or tympanomastoidectomy. OME was diagnosed by the presence on otoscopic examination of an amber-colored tympanic membrane and by the presence on impedance audiometry of a B- or C-type tympanogram. Surgery was performed on patients who received medical treatment for 1¬-2 weeks but showed no improvement after a 2-3 month follow-up period, on patients who showed progressive retraction of the eardrum, and on patients who experienced progressive hearing loss, as shown by an increase in pure tone threshold. COM was diagnosed by the presence of symptoms, such as hearing loss, tinnitus, otalgia and/or perforation of the tympanic membrane; by the presence of otorrhea on physical examination; by soft tissue density in the middle ear or mastoid on computed tomography (CT) of the temporal bone; or by the presence of granulation tissue and/or chronic inflammation on biopsy. CholeOM was diagnosed by the presence of symptoms, including hearing loss, tinnitus, otalgia, dizziness, facial palsy, or perforation of the tympanic membrane; by the presence of otorrhea or attic destruction on physical examination; by soft tissue density in the middle ear or mastoid on temporal bone CT, or by the presence of cholesteatoma on biopsy. Patients suspected of having acute OM, head and neck anomalies, systemic diseases, or congenital or acquired immuno deficiencies were excluded.


Ethical Considerations

The purpose of the study was explained to all patients and/or their parents or guardians, with all providing written informed consent for use of patient samples. The study protocol was approved by the local institutional review board.

Samples

Prior to surgery on patients with exudative OM, the external auditory canal was washed with potadine solution, a radial incision was made in the anterior inferior quad¬rant of the tympanic membrane, and a tympanostomy tube was inserted. Middle ear effusion fluid (MEEF) was aseptically aspirated using a collector (Xomed Trace Products, Jacksonville, FL, USA) while avoiding bleeding. Granulation tissue was obtained from patients with COM and cholesteatoma was obtained from patients with CholeOM during tympanomastoidectomy. Samples were transferred to Eppendorf tubes and stored at -80 °C.

 RNA extraction and real-time PCR procedures


Table 1:  Primers for real-time PCR.
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RT-PCR: reverse transcriptase-polymerase chain reaction, F: forward; R: reverse; bp: base pairs, IL: interleukin.

 

Total RNA was extracted from patient samples using TRIzol reagent, according to the manufacturer’s protocol (Invitrogen, Carlsbad, CA, USA). RNA was isolated from skin samples using RNeasy Mini kits (Qiagen, QIAcube, Hilden, Germany). First-strand cDNA was synthesized from 1g of total RNA using a reverse transcription system with random hexamers (Promega, Madison, WI, USA) according to the manufacturer’s protocol. Real-time PCR was performed on a StepOnePlus real- time PCR system. Each 20µl reaction mixture contained 1µl of cDNA, 10µl of Power SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA), 2µl of specific primers (Table 1), and 7µl of PCR-grade water. The amplification protocol consisted of an initial denaturation at 95 °C for 10min, followed by 40 cycles of denaturation at 95 °C for 15s and annealing and extension at 60 °C for 1min. The crossing points of the target genes with β-actin were calculated using the formula 2–(target gene–β-actin), and relative amounts were quantified.


Bacterial culture

Effusion fluid samples from patients with OME and otorrhea samples from patients with COM and Chole OM were obtained using sterile cotton swabs (Xomed Trace Products, Jacksonville, FL, USA), which were immersed in Stuart transport medium. These samples were inoculated into solid blood agar and liquid thioglycollate medium (Hangang, Kun-po, Korea), and the cultures were incubated for 24 h at 35 °C. Bacteria that formed colonies were identified by Gram staining and biochemical testing.

Statistical analysis

All data were analyzed statistically using SPSS 20.0 statistical software (SPSS Inc., Chicago, IL, USA). Differences between groups were determined using the Mann-Whitney U-test or the Kruskal-Wallis test, followed by post hoc comparisons (Tukey honest significant difference test and Bonferroni-adjusted Mann-Whitney test). Statistical significance was set at p<0.05.

Results

The 87 patients enrolled in this study included 51 males and 36 females. Bacteria were detected in samples from 38.5% of patients with OME, 70.8% of patients with COM, and 79.2% of patients with CholeOM. Of these three groups, 15.4%, 29.2%, and 45.8%, respectively, underwent revision surgery of the patients in the OME, COM, and CholeOM groups, 100%, 58.3%, and 54.2%, respectively, had conductive type hearing loss and 0%, 41.7%, and 45.8%, respectively, had sensorineural type hearing loss (Table 2).


Table 2:  Demographic and clinical characteristics of patients with otitis media.
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OME: otitis media with infusion; COM: chronic otitis media; CholeOM: cholesteatomatous otitis media.



The levels of expression of IL-17, IL-22, IL-23, and IL-26 mRNAs were all higher in patients with OME than in patients with COM and CholeOM (p<0.05), although there were no significant differences between patients with COM and patients with CholeOM (p>0.05) (Figure 1). Similarly, a comparison of bacteria-positive samples from the three groups showed that the levels of expression of IL-17, IL-22, IL-23, and IL-26 mRNAs were all significantly higher in the OME group than in the COM and CholeOM groups (p < 0.05) with no significant differences between the COM and CholeOM groups (p > 0.05) (Figure 2). Moreover, comparisons of the levels of IL-17, IL-22, IL-23, and IL-26 mRNAs in patients with conductive hearing loss (Figure 3) and with sensorineural hearing loss (Figure 4) showed that, in both subsets, the levels of expression of these four mRNAs were significantly higher in patients with OME than in patients with COM and CholeOM (p < 0.05), with no difference between the latter two groups (p > 0.05).
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Figure 1:  Relative levels of expression of interleukin (IL)-17, IL-22, IL-23, and IL-2 6 mRNAs in groups of patients with otitis media with effusion (OME), chronic otitis media (COM) and cholesteatomatous otitis media (CholeOM).
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Figure 2:  Relative levels of expression of interleukin (IL)-17, IL-22, IL-23, and IL-26 mRNAs in groups of patients with otitis media with effusion (OME), chronic otitis media (COM) and cholesteatomatous otitis media (CholeOM) positive for the presence of bacteria.
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Figure 3:  Relative levels of expression of interleukin (IL)-17, IL-22, IL-23, and IL-26 mRNAs in groups of patients with otitis media with effusion (OME), chronic otitis media (COM) and cholesteatomatous otitis media (CholeOM) and conductive hearing loss.
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Figure 4:  Relative levels of expression of interleukin (IL)-17, IL-22, IL-23, and IL-26 mRNAs in groups of patients with chronic otitis media (COM) and cholesteatomatous otitis media (CholeOM) and sensorineural hearing loss.

 

Discussion

Among the primary causes of OM are bacterial and viral infections. Host defenses against pathogens are initially triggered by the innate immune system, followed by the adaptive immune system during later stages of infection. Cytokines are responsible for cell-to-cell signaling during immune responses. Among the 200 cytokines identified to date are 35 types of interleukins, 48 types of chemokines, two groups of interferons, colony stimulating factors, growth factors, and tumor necrosis factor (TNF). However, few studies have analyzed the roles of these cytokines or their association with other immune cells in the prevention or treatment of OM [10,11].

The present study analyzed the levels of expression of mRNAs encoding four types of cytokines, IL-17, IL-22, IL-23, and IL-26. Previously, IL-17 was found to play a role in immune mechanisms against pneumococcal OM and was elevated in the middle ear effusion fluid of pediatric patients with OME [12,13]. In addition, IL-17 has been shown to be associated with bone damage, playing a significant role in the pathogenesis of rheumatoid arthritis, which is characterized by chronic inflammation in the synovial tissues of multiple joints [14]. In addition to being expressed in patients with exudative OM, IL-17 is believed to induce bone destruction in patients with CholeOM by activating various cytokines and enzymes. Although this finding suggests that the level of IL-17 expression is elevated in CholeOM patients with severe osteoclasia, we found that the levels of IL-17 mRNA did not differ significantly between our OME and COM groups.

IL-22 is highly expressed by Th17 cells and is closely associated with chronic inflammation. Depending on the characteristics of inflammatory responses, the inflammatory and protective effects of IL-22 within tissues are bi-functional [15,16]. For example, IL-22 was found to be involved in the defenses against pneumococcal OM and its expression is elevated in MEEF of pediatric patients with OME [13]. Prior to the present study, however, the expression of IL-22 was not investigated in patients with COM and CholeOM. We found that IL-22 mRNA was expressed in patients with OME, COM and CholeOM, suggesting that IL-22 has particular immunological roles in the pathogenesis of these conditions.

IL-23, which is expressed chiefly by macrophages and dendritic cells (DCs), plays major roles in autoimmunity, chronic bowel inflammation, joint disease, and inflammatory joint disease such as ankylosing spondylitis [17,18]. IL-26 is produced when primary T cells, NK cells, and T cell clones are stimulated by specific antigens or mitogenic lectins. Activated Th17 cells express IL-26, along with IL-17 and IL-22, and the level of expression of IL-26 mRNA has been reported to be increased in inflamed colonic tissue from patients with inflammatory bowel disease [19,20]. However, the associations of IL-23 and IL-26 with OM remain unknown.

The results of this study, showing that IL-17, IL-22, IL-23 and IL-26 mRNAs were expressed in patients with OME, COM and CholeOM, suggest that these cytokines are involved in the pathophysiology of these three types of OM. The higher levels of these mRNAs in patients with OME than in patients with COM and CholeOM may be due in part to OME being a more acute type inflammation. In addition, inflammation and immune responses may be more active in the effusion fluid of patients with OME than in tissues from patients with COM and CholeOM.

The higher levels of expression in patients with OME than in patients with COM and CholeOM were observed in samples both positive and negative on bacterial culture, as well as in patients with conductive hearing loss. These findings indicated that the higher levels of IL-17, IL-22, IL-23 and IL-26 mRNAs in patients with OME were unrelated to the presence or absence of bacteria or to the presence of conductive hearing loss. A similar comparison was not possible in patients with sensorineural hearing loss, as no patient with OME experienced this type of hearing loss. A comparison of patients with COM and CholeOM and sensorineural hearing loss found no significant differences in the levels of expression of IL-17, IL-22, IL-23 and IL-26 mRNAs. This lack of difference may be due to three possible reasons. First, COM and CholeOM are both chronic diseases. Second, the inflammation and immune responses of the four cytokines within inflammatory tissues in middle ear cavity may constitute similar defense mechanisms. Third, the four cytokines may have no relationship with conductive or sensorineural hearing loss, indirectly suggesting that cytokines have no effect on lesions in the ossicles, oval window, and round window.

This study had several limitations. First, the lack of a control group prevented comparisons of immune responses within the middle ear between patients with OM and normal controls. For ethical reasons, MEEF, rather than middle ear mucosa, was tested in patients with OME. Second, this study measured levels of expression of cytokine mRNAs rather than proteins. Results obtained by measuring cytokine concentrations may have differed, as some of these mRNAs may not be translated. Third, our use of conventional bacterial culture rather than PCR to enhance the sensitivity of detection may have affected the overall bacterial detection rate. Fourth, prior treatment with antibiotics of patients with early stage OM, otorrhea or inflammation may have affected the levels of expression of IL-17, IL-22, IL-23 and IL-26 mRNAs. Finally, as these patients had long-term OME, COM and CholeOM, complex interactions among innate and adaptive immunity and other inflammatory responses within the middle ear cavity had already occurred. These responses may have affected the expression of cytokine mRNAs.

Conclusion

IL-17, IL-22, IL-23, and IL-26 mRNAs are involved in the pathophysiology of OM. The levels of all four mRNAs are significantly higher in patients with OME than in patients with COM and CholeOM, although there were no significant differences between the latter two groups.
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OME (n=39)

COM (n=24)

CholeOM (n=24)

Sex (Male : Female)

27:12

15:9

9:15

Age, yrs (MeanzSD, range) 46225 (1~11) 548:16.1 (18~69) 5054163 (10~71)
Revision cases, number (%) 21(538) 7(29.2) 11(458)
Bacteriology, number (%)

No growth 24 (615) 7(29.2) 5(208)
Growth 15 (3855) 17 (708) 19(792)
Pseudomonas aeruginosa 1(26) 4(167) 5(208)
Coagulase-negative Staphylococcus 5(12.8) 1(83) 2(83)
Methicillin-resistant staphylococcus aureus 2(5.1) 8(33.3) 6(25.0)
Staphylococcus aureus 1(26) 1(42) 1(42)
Corynebacterium spp. 1(26) 1(42) 1(42)
Streptococcus pneumoniae 2 0 o
Streptococcus viridans 1(26) 0 0
Haemophilus influenza 1(26) 0 0
Acinetobacter baumannii 1(26) 1(83) o
Moraxella catarrhalis 1(26) 0 0
Streptococcus epidermidis 0 0 1(42)
Staphylococcus capitis o 1(42) 0
Serratia marcescens o 0 1(42)
Achromobacter xylosoxidans o 0 2(83)
Citrobacter freundii o 142) 0
Candida parapsilosis o 1(42) 0
Hearing type
Conductive hearing loss, number (%) 27(692) 14(58.3) 13(542)
Sensorineural hearing loss, number (%) 0 10(41.7) 11(45.8)
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Name Sequences Annealing temperature Product size (bp)
IL-17 F:5"“TGGGAAGACCTCATTGGTGT-3' 60 84
Ri5"-GGATTTCGTGGGATTGTGAT-3"
iL-22 F:5"-GCAGGCTTGACAAGTCCAACT-3" 60 70
R:5"-GCCTCCTTAGCCAGCATGAA-3
iL-23 F:5GGACAACAGTCAGTTCTGCTT-3" 60 115
R:5"-CACAGGGCTATCAGGGAGC-3"
IL-26 F:5TGTCAATTTCAAGAACAGCTTCTG-3" 60 150
- AGCTGATGAAGCACAGGAAA-3"
practin 5"-GCGAGAAGATGACCCAGATC-3" 60 77

5"-GGATAGCACAGCCTGGATAG-3"
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