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Abstract

Introduction: Chronic suppurative otitis media (CSOM) with cholesteatoma is decribed by keratin epithelial invasion 
in the middle ear and osteolysis in both of the ear bones and the temporal bone. Some inflammatory factors involved in 
bone resorption stimulation are Tumor Necrosis Factor Alpha (TNF-a) and Interleukin-6 (IL-6). The aim of this study 
is to determine the expression of TNF-a and IL-6 in CSOM patients with cholesteatoma.
Materials and Methods: The design of this study is cross-sectional comparative analytic in 16 responders or CSOM 
patients with cholesteatoma and 16 samples of normal ear skin. The gene expressions of samples were examined 
through Real-Time Polymerase Chain Reaction (RT-PCR) method and were analyzed with statistics software (p<0.05).
Results: The expression of TNF-a and IL-6 in CSOM patients with cholesteatoma were higher than their expression 
in normal ear skin. The expression of TNF-a was 0.1835±0.322 ng/ul in CSOM patients, while it is 0.005±0.006 ng/
ul in normal ear skin (p=0.043). In addition, the expression of IL-6 was 2.127±2.320 ng/ul in CSOM patients and 
0.005±0.006 ng/ul in normal ear skin (p=0.010).
Conclusion: The expression of TNF-a and IL-6 in CSOM patients with cholesteatoma are significantly different from 
patients with normal ear skin.
Keywords: Chronic suppurative otitis media, cholesteatoma, interleukin-6, real-time polymerase chain reaction, tumor 
necrosis factor-alpha

Öz

Giriş: Kolesteatomlu Kronik süpüratif otitis media (KSOM), orta kulakta keratin epitel invazyonu ve kulak kemikleri 
ile birlikte temporal kemikte erime (osteoliz) ile tanımlanmış bir hastalıktır. Tümör Nekroz Edici Faktör-alfa (TNF-a) 
ve İnterlökin -6 (IL-6) kemik rezorpsiyonundan sorumlu enflamatuvar faktörler olarak tanımlanmıştır. Bu çalışmanın 
amacı TNF-a ve IL-6 ifadesinin kolestetomlu KSOM’daki rolünü araştırmaktır.
Gereç ve Yöntemler: Çalışma, 16 yanıtlı ya da kolesteatomlu hastanın normal kulak cildinden alınan örnekler ile 
çapraz karşılaştırmalı olarak irdelenmesidir.
Bulgular: Kolesteatomlu KSOM hastalarında TNF-a ve IL-6 ifadeleri, sağlıklı kulak cildi ile karşılaştırıldığında daha 
yüksek olarak bulundu. KSOM hastalarında TNF-a ifadesi 0.1835±0.322 iken normal ciltte bu ifade 0.005±0.006 
(p=0.043) olarak saptandı. IL-6 ifadesi ise, hastalarda 2.127±2.320 iken normal kulak cildinde bu 0.005±0.006 olarak 
bulundu (p=0.01).
Sonuç: Kolesteatomlu KSOM hastalarında TNF-a ve IL-6 düzeyleri normal cilde göre daha yüksektir.
Anahtar kelimeler: Kronik süpüratif otitis media, kolesteatom, interlökin-6, gerçek zamanlı-polimeraz zincir 
reaksiyonu, tümör nekroz edici faktör-alfa
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Introduction

Chronic suppurative otitis media (CSOM) is middle ear infection, which is characterized 
by fluid secretion through tympanic membrane perforation for more than 2 months 
either intermittent or persistent.[1–3] The number of patients CSOM in the worldwide 
is estimated to be 65–330 million cases, mainly found in developing countries.[4–9] 
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The main causes are the low level of hygiene, nutritional 
problems, upper respiratory tract disease, and air 
pollution.[10,11] The prevalence of CSOM in Southeast 
Asia is 5.2%, whereas in 3.9% of the Indonesian 
population in general.[12–15] Between January 2015 and 
September 2016 there were 228 CSOM patients found 
in Dr. M. Djamil General Hospital, where 43 of them 
suffered from cholesteatoma.

Chronic suppurative otitis media with cholesteatoma 
is characterized by epithelial invasion of keratin in the 
middle ear, and osteolysis in hearing and temporal bones.
[16,17] The prevalence of cholesteatoma is estimated to 
occur in 3 out of 100,000 CSOM cases in children, and 
9 out of 100,000 in adults.[7,18–20] This disease tends to be 
dominant in male patients compared to women (1.4:1).
[8] Some inflammation factors involved in bone resorption 
are interleukin (IL) IL-1 IL-1, IL-6, IL-8, Tumor necrosis 
factor alpha (TNF-a), neurotransmitter, prostaglandin, 
interferon-a, parathyroid hormone-related protein, and 
receptor activator for nuclear factor-kB (RANKL).[16,20–22]

TNF-a is a multipotent cytokine that has a variety of 
biological effects. TNF-a stimulates bone resorption by 
inducing proliferation and differentiation of osteoclast 
progenitors and indirectly activating osteoclasts.[23] 

Vitalle[23] quotes Amar et al. who found an increased 
TNF-a level in cholesteatoma. Kuczkowski[16] with 
western blot analysis on cholesteatoma, granulation tissue, 
and normal ear skin, found high amounts of TNF-a, IL-1 
and IL-6 in cholesteatoma compared to granulation tissue 
and normal ear skin.

IL-6 is a cytokine that plays a role in a variety of cellular 
roles including inflammatory reactions, immune 
responses and cell proliferation. IL-6 is very important 
in the pathogenesis of cholesteatoma such as epithelial 
hyperproliferation and bone destruction, although the 
mechanism of IL-6 as a pathogenesis of cholesteatoma 
is still not clear.[23] Kuczkowski’s study[16] showed that 
IL-6 in cholesteatoma is 3.5 times higher than normal 
ear skin. Marenda SA et al., quoted by Liu[24], found 
100% IL-6 expression in the cholesteatoma epithelium, 
and 25% in the outer ear skin. Nason et al., quoted by 
Liu[24], conducted a study by inhibiting IL-6 to prevent 
osteoclastogenesis that causes bone destruction. While in 
Liu’s own study there was no association between IL-6 
and degree of bone destruction in cholesteatoma.

Material and Methods

This analytical study is based on the cross-sectional 
comparative approach by Biomedical Laboratory of 
Medical Faculty, Andalas University, West Sumatra, 
Indonesia. There were 16 CSOM patients with 
cholesteatoma with normal ear skin that are treated 
with tympanomastoidectomy in Dr. M. Djamil Padang 
General Hospital. The procedure was conducted on the 
same patients. The patients had timpanomastoidectomy; 
besides we removed the cholesteatoma, and we also 
removed some of the ear skin. This study had been 
approved by ethical commitee, and patients had been 
signed the inform consent papers.

Inclusion criteria of the samples referred to cholesteatoma 
skin tissue collection procedure of Anatomical Pathology 
Laboratory of Dr. M. Djamil Padang General Hospital. 
The samples may have been rejected if they were not 
equipped with complete medical record status, as 
congenital cholesteatoma is also unacceptable as a sample. 
In addition, the expression of TNF-a and IL-6 were 
analyzed using real-time PCR by comparative CT method 
(ΔΔCt).

RNA extraction is taken from the cholesteatoma and the 
ear skin. RNA isolation using TRIzol® reagent. Initial 
stages were precipitated RNA from sample size (106 cells 
or <10 mg tissue), plus 5-10 μg RNase-free glycogen as 
carrier for aqueous phase. For homogenization 0.5 mL of 
100% isopropanolol is added to the aqueous phase per 1 
mL of TRIzol® reagent, incubating at room temperature 
for 10 min. Centrifuged at 12,000 × g for 10 minutes 
at 4°C, and this is followed by RNA washing. RNA 
washing is done by removing the supernatant from the 
tube, leaving only RNA pellets. Pellets are washed with 1 
mL of 75% ethanol per 1 mL of TRIzol® reagent used in 
initial homogenization. The sample is rotated, and then 
centrifuged at 7500 × g for 5 minutes at 4°C, the washing 
liquid removed. RNA pellets are vacuum dried for 5–10 
minutes (do not dry the pellet with a vacuum centrifuge).

Making cDNA using the iScript TM cDN Synthesis Kit: 
iScript is the optimum modification of Moloney murine 
leukemia virus (MMLV) reverse transcriptase for the 
synthesis of extensive and dynamic RNA inputs. As a 
control for the formation of cDNA, GAPDH was used.

TNF-a Forward primer: 5’-GGC TGA TTA GAG AGA 
GGT CC-3’, Reverse primer 5’-CAC TGA AAG CAT 
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GAT CCG GG-3’. IL-6 Forward primer 5’-GGT ACA 
TCC TCG ACG GCA TCT-3’, Reverse primer 5’-GTG 
CCT CTT TGC TGC TTT CAC-3’. The study data 
were processed with SPSS program using T test to see 
the difference of TNF-a and interleukin-6 expression 
between cholesteatoma with normal ear skin.

Results

All CSOM patients with cholesteatoma complained of ear 
discharge and hearing loss (100%). The other symptoms 
are reported dizziness (12.5%), asymmetric face (6.25%), 
retroauricular swelling (43.75%), severe headache 
(12.5%), seizures (6.25%) and consciousness loss (6.25%) 
(Table 1). Based on the comparative analysis method, 
the expression of IL-6 in cholesteatoma of patients with 
SOCM was 2.127±2.320, but it is 0.507±1.530 (p=0.010) 
in the normal ear (Table 2). Furthermore, the expression 
of TNF-a in cholesteatoma patients with CSOM was 

0.1835±0.322, while it was 0.005±0.006 in the normal 
ear (p=0.043) (Table 3).

Discussion

The number of female responders was slightly higher than 
male responders, which were 9 (56.25%) and 7 (43.75%) 
respectively. The comparison of responders was similar to 
Mustafa et al. (2014) stated that the number of female 
cholesteatoma patients was 85 (58.6%), or slightly higher 
than male patients consisted of 60 men (41.4%).[25] 

Similar results were also observed by Sinha et al. (2004) 
shows the incidence of CSOM was insignificantly higher 
in a female with a number of 26 women (56.5%) than in 
male with a number of 20 men (43.5%).[26] In addition, it 
has been reported that the incidence of CSOM was mostly 
found in the ages between 21 and 30 among 64 patients 
who were diagnosed (40%).[11] However, the tendency 
of each country may be different due to the variation of 
malnutrition cases, hygiene, and economic growth of the 
countries.

The most frequent symptoms found in the responders are 
ear discharge and hearing loss (100%). Sinha et al. (2004) 
also described that 46 CSOM patients (100%) reported 
that they suffered from watery ears which is the effect of 
fluid discharge, and they also suffered from hearing loss.
[26] In accordance, Benson and Mwarni (2012) reported 
that the most common symptoms of CSOM with 
cholesteatoma were odorless fluid secretions and hearing 
problems.[27] Yousuf et al. (2011) added that 100% of 
CSOM patients experienced the same.[28]

Based on clinical examination, it is found that 6 responders 
(37.5%) experienced fistula retroauricula, 5 (31.25%) had 
granulation tissue, and 3 (18.75%) had cholesteatoma. 
These findings are similar to Asroel et al. (2013) who found 
fistula retroauricula in 28 people (23.53%), granulation 
tissue in 29 (24.37%), and cholesteatoma in 3 (2.52%).[29]

The expression of TNF-a in patients with cholesteatoma 
was 0.1835±0.322, whereas it was 0.005±0.006 in 
patients with normal ear skin. In other words, TNF-a 
expression increased in patients with cholesteatoma. 
Western Blot Analysis’ results show an increase of TNF-a 
expression in cholesteatoma epithel by 3.8 times of 
normal ear [27] as found in biomolecular studies performed 
by Maniu et al. (2014).[30] Vitale et al. (2007), through 
immunohistochemical analysis, found an increase of 

Table 1. General characteristics (n=16)

Characteristics F %

Gender
Male
Female

7
9

43.75
56.25

Symptoms
Ear discharge
Hearing Loss
Dizziness
Asymmetric face
Retroauricular Swelling
Severe headache
Seizures
Consciousness loss

16
16
2
1
7
2
1
1

100.00
100.00
12.50
6.25

43.75
12.50
6.25
6.20

Indications
Fistula retroauricula
Granulation tissues
Cholesteatoma

6
5
3

37.50
31.25
18.75

Table 2. Expression of TNF-a in normal cholesteatoma and ear 
skin

Groups TNF-a Expression (Mean ± SD) P

Cholesteatoma 0.1835±0.322 0.043

Normal ear skin 0.005±0.006

Table 3. The IL-6 in cholesteatoma and normal ear skin

Groups Expression IL-6 (Mean ± SD P

Cholesteatoma 2.127±2.320 0.01

Normal ear skin 0.507±1.530
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TNF-a expression in cholesteatoma affecting bone 
destruction. Vitale et al. (2007) mentioned that in the 
previous study, the similar result is observed in congenital 
cholesteatoma through PCR, ELISA (Enzyme Linked 
Immuno Sorbent Assay), and immunohistochemical 
examinations. There was an increase of TNF-a expression 
in CSOM patients with cholesteatoma.[23]

The expression of IL-6 in cholesteatoma was 
2.127±2.320, which is 4 times higher than in normal ear 
0.507±1.530. The expression of IL-6 is higher because 
osteoclastogenetic cytokines such as TNF-a and IL-1 
are produced by macrophages during inflammation, and 
play their role in the pathogenesis of bone resorption 
by cholesteatoma. IL-1 stimulates fibroblasts and 
macrophages to induce collagen and prostaglandins 
(PGE2) that cause bone destruction. Macrophages also 
produce TNF-a and IL-1 as the body’s response to 
antigens from bacteria.[21]

Western Blot Analysis found an increase of IL-6 in 
cholesteatoma by 3.5 times compared to the normal ear.
[27] Immunohistochemical research conducted by Liu et al. 
(2014) found IL-6 expression by 72% in cholesteatoma 
that is significantly higher than its expression in the normal 
ear by 20%.[24] In a immunohistochemical examination, it 
is reported that the expression of IL-6 in the cholesteatoma 
epithelium was 100%, while in the normal ear it was 
25%. The elevated levels of IL-6 in cholesteatoma ear have 
been examined through both immunohistochemical and 
ELISA analysis.[28,29]

Cytokine examination of cholesteatoma patients obtained 
the low IL-6 expression through immunohistochemical, 
ELISA, and Western Blot Analysis.[29] Endotoxin is a part 
of the bacterial wall that plays a role in the inflammation 
of the middle ear.[22] Besides, lipopolysaccharide (LPS) 
as the part of the bacterial membrane will also trigger 
inflammation. The bacteria elements and cholesteatoma 
debris will potentially provide a growth medium for 
bacteria.[4,5,17] Taking antibiotics during the infection 
process can inhibit induction of macrophages by endotoxin 
that leads to the down-regulation of proinflammatory 
cytokines, such as IL-6.[29]

There was a limitation in this study regarding antibiotic 
usage, such as: the type of antibiotics that were taken by 
responders were not the same. Furthermore, the usage 
periods may vary to each patient. However, each patient 
is treated equally before the operative action by the 

administration of antibiotic-containing ear drops, such as 
ofloxacin. Patients were administered with first-line oral 
antibiotics from ampicillin group or erythromycin (if the 
patient is allergic to penicillin) before the resistance test 
results are obtained. If the patient is suspected or proven 
to be resistant, the second-line antibiotics or cultures 
and sensitivity tests, such as amoxicillin-clavulanic acid, 
ciprofloxacin, levofloxacin, cefixime, clindamycin, and 
cefadroxil are prescribed. In addition, other biomolecular 
studies suggest that anti-inflammatory administration 
significantly reduces the expression of IL-6.[22,29]

Based on the results of several previous studies, there 
are differences in the expression of TNF-a and IL-
6; although most of them show an increase in gene 
expression of both precursors in all outcomes. This may be 
due to the difference examination methods that have been 
done by each researcher. In this study, the examination 
was done through real-time polymerase chain reaction 
(RT-PCR) as a thorough examination of every cell part 
of mutation or genetic evolution. This method detects 
each reaction process during the reaction in details. The 
process of amplification, mutation, and deletion of genes 
can be detected up to the levels of DNA transcription 
(deoxyribonucleic acid) and RNA (ribonucleic acid).[31]

Conclusion

The expression of TNF-a was 0.1835±0.322 in CSOM 
patients, while it was 0.005±0.006 in the normal ear 
(p=0.043). In addition, the expression of IL-6 was 
2.127±2.320 in CSOM patients and 0.005±0.006 in 
the normal ear (p=0.010). In the other words, it can 
be concluded expressions of TNF-a and IL-6 were 
significantly higher in CSOM patients than normal.

Ethics Committee Approval: This study had been approved by ethical commitee, and patients 

had been signed the inform consent papers.

Informed Consent: Written informed consent was obtained from the patients’ parents.

Peer-review: Externally peer-reviewed.

Conflict of Interest: The authors declared no conflicts of interest with respect to the authorship 

and/or publication of this article.

Financial Disclosure: The authors declared that this study has received no financial support

Author Contributions: YE: main of researcher, study conception and design, clinical investigator, 

surgeon; JM: participating investigators, collecting patients and samples, surgeon; RR: acquisition 

of data, collecting patients and samples, surgeon; HA: biomedical researcher; DI: collecting data, 

proof reading; DS: collecting literature review, collecting data, collecting patients, analysis and 

interpretation of data. All authors mentioned above were approved this final manuscript.

Acknowledgement: The author would like to thank Andalas University for facilitated this research.



Edward et al.  n  TNF-α and IL-6 expression in CSOM patients 5

References
 1. Djaafar ZA, Helmi, Restuti RD. Kelainan telinga tengah. In: 

Soepardi EA, Iskander N, Bashiruddin J, Restuti RD, editors. 
Buku Ajar Ilmu Kesehatan Telinga Hidung Tenggorok Kepala dan 
Leher. Jakarta: FKUI; 2012. p.57–69.

 2. William H, Slattery I. Pathology and diseases of the middle ear. 
In: Gulya AJ, Minor LB, Poe DS, editors. Glasscock-Shambough 
Surgery of the Ear. Spain: BC Denker Inc; 2003. p.422–33.

 3. Sandeep S, Raghavendra KS, Prakash BG, Shetty TS. How safe is 
safe ear? a hospital-based study. Int J Sci 2014;2:31–4.

 4. Aduda DSO, Macharia IM, Mugwe P, Oburra H, Faragher B. 
Bacteriology of chronic suppurative otitis media (CSOM) in 
children in Garissa district, Kenya: a point prevalence study. Int J 
Ped Otolaryngol 2013;2013:1–5.

 5. Meyer TA, Chester L, Strunk CL, Lambert PR. Cholesteatoma. 
In: Bailey BJ, Johnson JT, Newlands SD, editors. Head and Neck 
Surgery- Otorhinolaryngology. Philadelphia: Lippincott Williams 
and Wilkins; 2014. p.2434–45.

 6. Dornelles C, Costa SS, Meurer L, Schweiger C. Some 
considerations about acquired adult and pediatric cholesteatoma. 
Braz J Otolaryngol 2005;71:536–46. https://doi.org/10.1016/
s1808-8694(15)31212-x

 7. Olszewska E, Wagner M, Bernal-Sprekelsen M, Ebmeyer J, Dazert 
S, Hildmann H, Sudhoff H. Etiopathogenesis of cholesteatoma. 
Eur Arch Otorhinolaryngol 2004;261:6–24. https://doi.
org/10.1007/s00405-003-0623-x

 8. Vital V. Pediatric cholesteatoma: personal experience and review 
of the literature. Otolaryngol Head Neck Surg 2011;45:5–14.

 9. Edfeldt L. Middle ear cholesteatoma. Surgical Treatment, Follow-
up and Hearing Restoration. Digital comprehensive summaries of 
Uppsala Dissertations from the Faculty of Medicine 2013;905:11–
8.

 10. Data G, Baisakhiya N, Mendiratta V. Unsafe CSOM still a 
challenge in rural areas. Otolaryngol 2014;4:1–3.

 11. Baig MM, Ajmal M, Saeed I, Fatima S. Prevalence of cholesteatoma 
and its complications in patients with chronic suppurative otitis 
media. JRMC 2011;15:16–7.

 12. Uddin W, Hussain A, Khan A, Ahmad F, Samiullah. Prevalence 
and comparison of chronic suppurative otitis media in government 
and private schools. Ann Pak Ins Med Sci 2009;5:141–4.

 13. Helmi. Otitis media supuratif kronis. In: otitis media supuratif 
kronis. Jakarta: Balai penerbit FKUI; 2005. p.55–68.

 14. Arts HA, Adams ME. Intratemporal and intracranial complications 
of otitis media. In: Bailey BJ, Johnson JT, Newlands SD, editors. 
Head and Neck Surgery- Otorhinolaryngology. Philadelphia: 
Lippincott Williams and Wilkins; 2014. p.2399–408.

 15. Quinn FB, Ryan MW. Cholesteatoma. Grand Round Presentation, 
UTMB, Dept. of Otolaryngol. 2002. Available at: https://www.
utmb.edu/otoref/fbq/q-webhx-2002.pdf

 16. Kuczkowski J, Sakowicz-Burkiewicz M, Iżycka-Swieszewska EI. 
Expression of the receptor activator of nuclear factor-kB ligand and 
osteoprotegerin in chronic otitis media. American J Otolaryngol 
2010;31:404–9. https://doi.org/10.1016/j.amjoto.2009.06.004

 17. Frickmann H, Zautner AE. Cholesteatoma-a potential 
consequence of chronic middle ear inflammation. Otolaryngol J 
2012;02:1–8. https://doi.org/10.4172/2161-119x.s5-001

 18. Quinn MS, Quinn FB, Young D, Son E. Cholesteatoma. Grand 
round presentation, head and neck surgery UTMB health. Dept 
of Otolaryngol 2013;2013:1–5.

 19. Chang P, Kim S. Cholesteatoma-diagnosing the unsafe ear. Aust 
Fam Physician 2008;37:631–8.

 20. Nevoux J, Lenoir M, Roger G, Denoyelle F, Le Pointe 
HD, Garabedian EN. Childhood cholesteatoma. Eur Ann 
Otorhinolaryngol Head Neck Dis 2010;127:143–50. https://doi.
org/10.1016/j.anorl.2010.07.001

 21. Shaik Y, Anogianaki A, Katsanos GS, Castellani ML, Frydas S, 
Vecchiet J, et al. Role of cytokines in the pathogenesis of bone 
resorption. J Orth 2009;1:25–8.

 22. Maniu A, Haragabiu O, Schrepler MP, Catana A, Fanuta B, 
Mogoanta CA. Molecular biology of cholesteatoma. Rom J 
Morphol Embryol 2014;55:7–13.

 23. Vitale RF, Ribeiro FAQ. The role of Tumor Necrosis Factor- Alpha 
(TNF-a) in bone resorption present in middle ear cholesteatoma. 
Braz J Otorhinolaryngol 2007;73:117–21. https://doi.
org/10.1016/s1808-8694(15)31133-2

 24. Liu W, Xie S, Chen X, Rao X, Ren H, Hu B, et al. Activation 
of the IL-6/JAK/STAT3 signaling pathway in human middle ear 
cholesteatoma epithelium. Int J Clin Exp Pathol 2014;7:709–15.

 25. Mustafa A, Kuçi S, Behramaj A. Management of cholesteatoma 
complication: our experience 145 cases. Indian J Otol 2014;20:45–
7. https://doi.org/10.4103/0971-7749.131862

 26. Sinha AK, Kumar A, Ahmad E, Raushan, Kumar G. Bone 
Resorption in chronic otitis media. Int J Sci Stud 2014;2:82–5.

 27. Benson J, Mwarni L. Chronic suppurative otitis media, and 
cholesteatoma in Australia’s refugee population. Aust Fam 
Physician 2012;41:978–80.

 28. Yousuf M, Majumder KA, Kamal A, Shumon AM, Zaman 
Y. Clinical study on chronic otitis media suppurative with 
cholesteatoma. Bangladesh J Otorhinolaryngol 2011;17:42–7. 
https://doi.org/10.3329/bjo.v17i1.7627

 29. Asroel HA, Siregar DR, Aboet A. Profil of a patient with chronic 
suppurative otitis media. Jurnal Kesehatan Masyarakat Nasional 
2013;7:567–71. https://doi.org/10.21109/kesmas.v7i12.332

 30. Maniu A, Haragabiu O, Schrepler MP, Catana A, Fanuta B, 
Mogoanta CA, et al. Molecular biology of cholesteatoma. Rom J 
Morphol Embryol 2014;55:7–13.

 31. Bustin SA. Quantification of mRNA using real-time reverse 
transcription (RT-PCR): trends and problems. J Mol Endocrinol 
2014;29:23–9. https://doi.org/10.1677/jme.0.0290023


