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Abstract
Chronic otitis media is the major reason for middle ear surgery. Epidemiological studies have 
revealed high heritability of persistent or recurrent middle ear inflammation. The genetic basis 
of chronic otitis media is complex, but a number of methods can be used to interrogate this 
complexity. The most promising method is the identification of genetic mutant mouse models, 
which may highlight genes to test for association with human disease, and enable pathobiology 
to be explored. Such an approach has suggested that the gene FBXO11 is associated with 
susceptibility to otitis media in man, and has also suggested that hypoxia signaling is an 
important component of the chronically inflamed middle ear. We discuss future research 
strategies in this field.
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The Genetics of 
Chronic Otitis Media

Introduction
Chronic otitis media (OM), and its 
consequences, are the leading reason for 
otological surgery. The prototypical and 
most prevalent form of persistent middle ear 
inflammation is chronic otitis media with 
effusion (COME), or “glue ear”, which 
affects around 6-7% of infants, and may 
lead to hearing loss. In the UK COME 
is responsible for over 25,000 grommet 
insertions per annum. Chronic inflammation 
also predisposes to tympanic membrane 
retraction, ossicular erosion, tympanosclerosis, 
or cholesteatoma (Table 1), contributing to a 
further 5,000 tympanoplasty procedures in the 
UK each year. In the developing world chronic 
suppurative otitis media (CSOM) is a greater 
burden, estimated to affect 65-330 million 
individuals worldwide, with the annual loss of 
2.16 million disability-adjusted life-years.1

The aetiology of chronic middle ear 
inflammation remains elusive. Middle ear 
suppuration has been recorded at least since 
the time of Hippocrates, but even up until the 
early 20th century, causation was still poorly 
understood, and therapies, of dubious value, 
were based around the instillation of a variety 
of concoctions into the ear (Figure 1).2 Over 

150 years ago Adam Politzer advanced the 
theory that Eustachian tube dysfunction is 
the primary cause of otitis media, and this 
idea still prevails in contemporary literature, 
despite little convincing evidence to support 
it. However, as early as 1938 Schlanser 
surmised that heritability was “the greatest 
single factor in the causation’ of chronic OM, 
and epidemiological studies over the last few 
years have confirmed these suspicions. 

Mahmood F. Bhutta1, 2, 3

FRCS DPhil

Martin J. Burton1, 3, 4

MA DM FRCS

1  Nuffield Department 
of Surgical Sciences 
(University of Oxford), 
John Radcliffe Hospital, 
Oxford

2  MRC Harwell, Oxfordshire
3  Department of 

Otorhinolaryngology, John 
Radcliffe Hospital,  
Oxford 

4  The UK Cochrane Centre, 
Summertown Pavilion, 
Oxford

Correspondence:
Mahmood F. Bhutta 
Nuffield Department 
of Surgical Sciences 
(University of Oxford), 
John Radcliffe Hospital, 
Oxford OX3 9DU
Email: m.bhutta@ 
doctors.org.uk

Pathology Symptoms

Mucoid effusion 
(COME)

Hearing loss

Suppurative effusion 
(CSOM)

Hearing loss, otorrhoea

Tympanosclerosis Hearing loss

Tympanic membrane 
retraction

Hearing loss, otorrhoea

Ossicular erosion Hearing loss

Inner ear damage Hearing loss, dizziness

Cholesteatoma Hearing loss, otorrhoea, 
facial palsy, meningitis, 
death

Table 1: Consequences of chronic middle ear 
inflammation.
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Heritability of middle ear inflammation
Heritability refers to the proportion of risk of disease in 
populations (not individuals) that can be attributed to 
inherited (genetic) factors. In a landmark prospective study 
of 175 sets of twins and triplets, Casselbrant et al studied the 
time spent with middle ear effusion, comparing siblings reared 
together to those reared apart. They estimated heritability to 
be 72%,3 which implies that genetics plays a very important 
role in determining persistence of “glue ear”. Similarly, a 
retrospective questionnaire study of heritability for recurrent 
acute otitis media (rAOM) in twins by Rovers et al estimated 
heritability at 49%.4 Both of these heritability values apply 
to the population in which they were measured, in this case 
a predominantly white population of infants in a developed 
world environment. Estimates of heritability for other forms 
of chronic OM is difficult because of low prevalence, but 
reports of familial clustering suggest genetic predisposition to 
CSOM5 and to cholesteatoma.6, 7 There are also observational 
data suggesting intrinsic susceptibility to tympanic membrane 
retraction.8 

Since the early 1970s otologists have recognized that 
some people are “otitis prone”,9 that is they are susceptible 
to recurrent or persistent middle ear inflammation. These 
recent epidemiological studies indicate that the otitis 
prone condition occurs largely as a consequence of genetic 
polymorphism. 

Genetic architecture of common disease
Although there are several kinds of genetic polymorphism, 
the most prevalent, and the ones believed to be largely 
responsible for propensity to common diseases, are single  
nucleotide polymorphisms (SNPs). These are point variations 
in the nucleotide bases of DNA - adenine, guanine, thymine, 
and cytosine - that together form the code of DNA. SNPs are 
found on average once every thousand bases, and can occur 
in regions of DNA that code for protein (called exons) or 
regions that do not code for protein (called introns). The vast 
majority of functional DNA polymorphisms occur in exons, 
but not all, and recently we have come to recognise that non-
coding DNA can play an important role in regulation of gene 
expression, and consequently susceptibility to disease.

As is predicted for all common diseases, the genetic 
architecture underlying susceptibility to otitis media will 
be complex, factoring many genes in interplay, and with 
environmental modifiers. Any single gene that contributes to 
disease susceptibility will likely carry only a small relative risk 
of disease. This is particularly true for rAOM where there has 
been a long evolution of the arms race between pathogen and 
host, creating a complex plethora of immune recognition and 
signaling molecules. By contrast chronic inflammation may 
invoke relatively few pathways, although this is not known 
for sure. In general chronic inflammation serves to continue 
to fight any potential pathogen, but can become maladaptive. 

In the middle ear it may be that the chronic mucoid effusion 
of glue ear has evolved as a mechanism to prevent attempted 
bacterial ingress into the tympanic cavity, and this would 
explain why OME often (but not always) follows a history of 
AOM. If this is true, then such a response may be beneficial 
in the short to medium term, but in the long-term persistent 
middle ear inflammation is maladaptive and can cause 
irreparable tissue damage.

The promise of genetics
In spite of the inherent complexities, an interrogation of 
the genetic architecture of chronic otitis media promises 
much. Only half of children presenting to a clinician with 
middle ear effusion will still have that effusion three months 
later.10 Current models that factor patient demographics, 
environmental variables, or patient history to predict outcomes 
are too inaccurate to be clinically useful.11 Rapid advances are 
occurring in genetic sequencing technology, and the costs of 
this technology are plummeting. It is not unrealistic to suggest 
that in the foreseeable future we will be able to rapidly glean 
large amounts of genotypic information on our patients, and 
at the bedside. We will also be able to enter genetic variants, 
and many permutations of these variants into predictive 
models, enabled by advances in computer processing. This 
could be linked to individualised prognostic indicators and, 
potentially, personalised targeted molecular therapy. 

In the near future then, there will be few impediments to 
our capacity to glean genetic information about our patients. 
However, our understanding of how genetic polymorphisms 
relate to disease susceptibility will hamper the application of 
that information. This is where our research efforts need to 
be directed.

Human association studies
The response to this challenge is underway. Several studies 
have analysed polymorphisms in candidate genes that could 
convey susceptibility to OM. These are summarized in Table 2.  
For the most part, candidate genes have been selected by 
extrapolation of pathways demonstrated to be active in human 
or animal models of OM, or by extrapolation of findings from 
other respiratory infectious disease.

Unfortunately there are several problems with most of 
the studies reported so far. They have been small, making 
their findings liable to false-discovery, but also meaning they 
are under-powered to detect polymorphisms conferring low 
or moderate risk of disease. Reported significance levels 
from these studies have in general been low, and often have 
not been subject to Bonferroni adjustment. Replication of 
findings has either not occurred, or where it has occurred, 
has contradicted previous findings. Almost all the studies have 
focused on susceptibility to rAOM rather than chronic disease 
(although of course these phenotypes can be inter-related), 
and phenotype definition has not always been stringent.
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Table 2: Current published candidate association studies for single nucleotide polymorphisms (SNPs) associated with risk of otitis media.  Note 
that most studies are small, have poor phenotype definition, show nominal p values, and have not been replicated.   However, the SNP coded 
rs12712997 at FBXO11 has been replicated (Ca = Cases; Co = Controls; OR = Odds Ratio; RSV = Respiratory Syncytial Virus, RV = Rhinovirus).

Locus Polymorphism Population Phenotype
Sample 

Size
Reported Results Reference

FBXO11

rs2134056 N. American Signs of or treatment for OM 142 families
p=0.02, not replicated in 

separate cohort2121

Segade et al. 

2006

rs12712997
Australian Signs of or treatment for OM

Ca=253; 

Co=866
p=6.9x10-6

Rye et al. 2010

Australian

≥3 AOM by age 3 and 

ventilation tube insertion 

recommended

434 families

p=9.0x10-3

rs330787
p=0.053; not replicated in two 

other cohorts

SMAD2 rs1792658
p=0.038; not replicated in 

separate cohort

SMAD4 rs10502913
p=0.048; not replicated in 

separate cohort

TGF-β1 not stated N. American OM episode following RSV
Ca=73; 

Co=31

p<0.05, possibly not replicated 

in separate cohort

Patel et al. 

2006

CD14 159 C/T Dutch
2-3 AOM/yr vs ≥4 AOM/yr 

and aged 1-2 yr

Ca=22; 

Co=12
p=0.004

Wiertsema  

et al. 2006

IFNγ 874 T/T or T/A N. American OM following RSV infection
Ca=20; 

Co=57
p=0.04

Gentile et al. 

2003

IL1α 889 C/T Finnish

≥6 AOM/yr or ≥10 AOM/

lifetime, and without history 

of allergy

Ca=17; 

Co=400
p=0.03

Joki-Erkkila  

et al. 2002

MBL2

G5-42 Belgian ≥3 OM/year
Ca=17; 

Co=172

OR=2.9 not replicated in 

separate cohort

Nuytinck et al. 

2006

non YA/YA 

haplotype
Dutch ≥2 AOM/yr and aged 1-2

Ca=81; 

Co=32
p=0.027

Wiertsema  

et al. 2006

SP-A1
6A4/1A5 

haplotype

N. American
OM in first year of life & 

asthma

Ca=258; 

Co=97

OR=0.34, decreased 

susceptibility

Pettigrew et al. 

2006

Finnish

AOM requiring 

adenoidectomy and/or 

ventilation tubes

Ca=147; 

Co=278
p=0.03, increased susceptibility

Rämet et al. 

2001

TNF α

238 G/G
Dutch 2-3 AOM/yr vs ≥4 AOM/yr

Ca=120; 

Co=222

OR=2.13, p=0.03 Emonts et al. 

2007376 G/G OR=3.1; p=0.05

308 G/G

N. American

AOM before age 6 months, 

≥3 AOM/6 mo or ≥4 AOM/

yr

Ca=192; 

Co=192

OR=1.6; p=0.05; not replicated 

in two other cohorts Patel et al. 

2006

IL6 174 C/C

OR=1.57; p=0.03, increased 

susceptibility

N. American
≥3 AOM/6 mo, ≥4 AOM/yr 

or ≥6 AOM by age 6

Ca=72; 

Co=169

p<0.01; decreased 

susceptibility

Revai et al. 

2009

Dutch ≥2 AOM/yr
Ca=347; 

Co=460

OR>1.45; p=0.02; decreased 

susceptibility

Emonts et al. 

2007

N. American

AOM episode following 

rhinovirus

Ca=42; 

Co=125

OR=0.47; p<0.01, increased 

susceptibility

Alper et al. 

2009

IL10

High producer 

genotype

AOM episode following 

rhinovirus

Ca = 34; Co 

= 123
OR=1.6; p=0.05

AOM episode following RSV
Ca=8; 

Co=35

OR= 2.9; p=0.05; not 

replicated in separate cohort

rs3021094
N. American Signs of or treatment for OM 142 families

p=0.040 Sale et al. 

2008MUC5 rs2735733 p=0.019
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Locus Polymorphism Population Phenotype
Sample 

Size
Reported Results Reference

MUC5AC long form N. American
≥3 AOM/6 mo or OME ≥3 

mo duration

≥3 

AOM=20; 

OME=20; 

Co=40

OME vs ≥3 AOM; p=0.025
Ubell et al. 

2010

TLR4

299 G

Dutch 2-3 AOM/yr vs ≥4 AOM/yr
Ca=120; 

Co=222
OR=0.5; p=0.04

Emonts et al. 

2007

Turkish
Tympanosclerosis in those 

with chronic OM

Ca=50; 

Co=50
p<0.05

Alpay et al. 
2010

rs2770146 N. American Signs of or treatment for OM 142 families p=0.026
Sale et al.. 
2008

HLA-A

HLA-A2

Swedish ≥6 AOM/yr
Ca=45; 
Co=22

p<0.01, not replicated in 

COME Kalm et al. 
1991

HLA-A3
p<0.05, not replicated in 

COME

PAI-1 rs1799889 Dutch controls vs ≥4 AOM
Ca=226; 

Co=463
OR=1.87; p=0.02

Emonts et al. 

2007

IGH@
G2m(23) 

allotype
Swedish ≥6 AOM/yr

Ca=20; 

Co=47
p=0.05

Prellner et al. 

1985

Discovering candidate genes
What is required are larger, better-powered studies, and better 
candidate genes to test for association with chronic OM. 
There are potentially several ways to interrogate and discover 
candidate genes that may play a role in OM susceptibility.

One technique is linkage analysis, utilising families with 
multiple affected individuals. Using tags for DNA, a chromosomal 
region can be identified that is inherited in all, or most of the 
affected individuals, but not in the unaffected individuals, and 
this may suggest a region with a gene causing disease. However, 
although this method is successful for single gene disorders, it 
often leads to false positive results in the analysis of complex 
multifactorial diseases. Where such studies have been undertaken 
for otitis media, the results have not been verified.

Another method is to look at protein or messenger 
RNA levels of cytokines, chemokines, or arachidonic acid 
metabolites in the inflamed middle ear, in an attempt to 
characterise key regulatory pathways. However such analyses 
reveal upregulation of several thousand genes in the inflamed 
middle ear mucosa,12 and thus evidence the difficulty in post-
hoc analysis of the inflamed microenvironment. It seems 
impossible to ascertain the genes that originally orchestrated 
the inflammation from those that subsequently joined in.

There are known ethnic variations in the incidence of otitis 
media.13 OM is particularly prevalent in indigenous groups 
such as the Aboriginal Australian, the Maori, the Inuit, and 
the Native American. Although it has been suggested that 
increased susceptibility in these groups is due to varying 
craniofacial morphology, the evidence to support this theory 
is weak, and the truth more likely lies in complex interactions 
in host-pathogen co-evolution, and the effects upon that of 
population geographic segregation. Potentially an analysis 
of genetic differences in these indigenous groups could be 
illuminating, but at present this approach cannot be adopted 
because too little is known about the nature of inter-ethnic 

genetic differences, and which of these could play a role in 
immunity and inflammation.

One further method is to look at OM in association with 
certain genetic syndromes. OM is more common in a number 
of syndromes, including primary immunodeficiency, Down 
syndrome, Turner syndrome, cleft palate, craniosynostosis 
(e.g. Apert, Crouzon of Pfeiffer syndrome), and primary 
ciliary dyskinesia. With advances in genetic mapping, the 
gene mutations underlying these syndromes are known. 
Less severe mutations at these genes could also underlie 
susceptibility to OM in non-syndromic disease, but it is also 
possible that middle ear inflammation in these syndromes 
employs somewhat unique pathobiological mechanisms that 
do not readily translate to non-syndromic disease. Increased 
susceptibility to rAOM in immunodeficiency most strongly 
correlates to defects in B lymphocyte maturation. Mechanisms 
in craniofacial malformation may relate to mechanical factors 
in Eustachian tube obstruction, but could also relate to the 
immunodeficiency that sometimes accompanies craniofacial 
malformation (the embryology of the immune system is 
closely linked to that of the pharynx). The genetic basis of 
OM in chromosomal disorders is not well understood, but 
it is likely that loss or gain of copies of genes causes critical 
disruption to levels of messenger RNA.

Mouse models
Another and potentially very powerful way to identify 
candidate genes is through the use of animal models. The 
mouse has become the preferred model for genetic disease, 
and this is true also for otitis media.14 The mouse has several 
advantages. Determination of the mouse genome sequence 
indicates that 99% of mouse genes have equivalent genes 
(homologues) in humans. The mouse has similar development, 
biochemistry and physiology to the human. The mouse is easy 
to breed, with a short generation time. Finally there is a large 
repertoire of techniques available to manipulate the mouse 
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Table 3: Current mouse models of acute and chronic OM. KO = knock-out, SNP = single nucleotide polymorphism.

Pathway Locus Chr Model type
Background 

Strain
General Phenotype OM Phenotype Reference

Acute (induced) otitis media

C
om

plem
ent

Bf 17 KO C57BL/6 Mild immune defects
Delayed clearance 

of acute infection

Tong et al., 

2010

Bf/C2 17 Double KO C57BL/6 Immune defects
Delayed clearance 
of acute infection

Tong et al., 

2010

C1qa 4 KO C57BL/6
Autoimmune disease, increased 

mortality, glomerulonephritis
Delayed clearance 
of acute infection

Tong et al., 

2010

genome. There are or also disadvantages to using the mouse. 
The immune function in man and mouse differ, reflecting 
evolutionary divergence consequent to species sociobiology 
and host-pathogen co-evolution. In addition the laboratory 
mouse is inbred (genetically identical) and often kept in a 
regulated environment. This is necessary to allow the effects 
of a mutation to be isolated and genetically mapped, but this is 
a poor mimic for the interplay of diverse factors that underlie 
complex disease in humans. Nevertheless, the mouse is still a 
powerful tool to dissect the genetic basis of disease traits. Two 
broad approaches are employed to generate mouse models of 
disease: the genotype-driven approach and the phenotype-
driven approach. 

The genotype-driven approach employs genetic 
engineering to target a gene in the mouse, usually with a 
view to rendering it non-functional, the so-called “knock-
out” approach. The advantage of this method is that a gene 
of interest can be precisely targeted, and sometimes can be 
targeted to stop functioning only at specific time-points or 
only in specific tissues (the “conditional knock-out”). There 
are also disadvantages of this method. The gene underlying 
disease must have a known or hypothesised function in the 
disease process in order to understand which gene to target. 
Critics also argue that gene knock-out is a poor mimic of 
common heritable diseases, which more often are due to 
polymorphisms that more subtly alter gene function rather 
than obliterate it.

The phenotype-driven approach employs an alternate 
philosophy. Here male mice are exposed to DNA mutagens, 
usually a chemical called N-ethyl-N-nitrosourea (ENU), 
which causes widespread DNA damage, including to sperm. 
The progeny of these mice will carry multiple random point 
mutations in their DNA, which somewhat mimic SNPs. 
These mice can then be screened for a variety of diseases 
by systematic assessment through a battery of tests. These 
tests can include screens for hearing loss15 which may 
identify mice with sensorineural or conductive hearing 
loss, including that due to chronic otitis media. Once a 
deaf mouse is identified, the cause of the hearing loss is 
confirmed (e.g. by histology) and this line is bred further. 
Offspring with altered auditory thresholds are maintained 
in the breeding colony, until eventually the mice that remain 
have only a single gene mutation that is the cause of the 
deafness (all the other mutations these mice were carrying 
have been outbred). Using well-established techniques for 
mapping DNA, the mutation can then be identified. Hence 

this method can generate a model of otitis media due to 
a point mutation in a single gene, without requiring any 
prior knowledge or assumptions of which genes may be 
involved. For this reason the phenotype-driven approach 
has proven to be a very powerful way to identify novel 
molecular mechanisms of disease, whether in otitis media 
or in other contexts.

Mouse models of otitis media
Many mouse models of otitis media have been reported 
(reviewed elsewhere14), and these are summarized in table 
3. The majority of these models have been established 
through the gene-driven knock-out approach, and here 
many of the models display multiple extra-aural anomalies 
in addition to OM, and so seem to be poor mimics of non-
syndromic chronic middle ear inflammation. In contrast 
the phenotype driven approach has produced two notable 
non-syndromic models. The Jeff mouse has a single point 
mutation in the gene Fbxo11,16 and the Junbo mouse has a 
single point mutation in the gene Evi1.17 Heterozygotes of 
both of these mouse models develop spontaneous chronic 
otitis media within a few weeks of birth, and without an 
obvious pathogen required for onset. There is a variable 
cellular infiltrate in the tympanic cavity, and no perforation 
of the tympanic membrane (Figure 2). Neither mouse model 
displays significant extra-aural inflammation or immune 
dysfunction, suggesting that these are good models for non-
syndromic chronic otitis media, and implicating the genes 
FBXO11 and EVI1 as candidates for potential association 
with human disease susceptibility.

Two studies have adopted this mouse-to-man approach to 
look for association of human OM susceptibility with SNPs in 
the genes FBXO11 and EVI1. One is a study of 142 families 
from Minnesota with symptoms or signs of OM,18 and the 
other is of 434 families from Western Australia with rAOM.19 
Both of these studies have suggested that SNPs at FBXO11 
confer susceptibility to OM, but there is no evidence to 
support EVI1 as conferring susceptibility. Interim results from 
my UK study (as yet unpublished), involving 500 families, 
also suggest association of COME with polymorphism at 
FBXO11. Taken together, these studies strongly implicate 
FBXO11 as one gene playing an important role in human 
susceptibility to OM. The findings also evidence the potential 
power of mouse models for understanding complex human 
genetic disease.



Copyright © 2013 Rila Publications Ltd. The Otorhinolaryngologist 2013; 6(3):150–159156

The Genetics of Chronic Otitis Media

M
iscellaneous

Cyld 8 KO C57BL/6

lymphoid hyperplasia, increased 

susceptibility to induced colitis and 

colonic adenocarcinoma

Enhanced 

inflammation

Lim et al., 

2007

Il-10 1 KO
C57BL/ 

6.129P2

Reduced size, anaemia, chronic 

enterocolitis

Reduced mucins in 

acute infection

Tsuchiya  

et al., 2008

Pycard 

(Asc)
7 KO C57BL/6 Immune defects

Delayed clearance 

of acute infection

Wasserman 

et al., 2011

Nlrp3 

(Nalp3)
11

KO C57BL/6 Immune defects
Delayed clearance 

of acute infection
Ryan et al., 
2011

Nod1 6

Nod2 8

Rip2 13

EYA

Eya1** 1 KO
129/SvJ, 
C57BL/6 or 
Balb/C

Ossicular and inner ear defects, 
renal anomalies

Spontaneous 
chronic in 
heterozygote

Xu et al, 
1999

Eya4 10 KO CBA/J Sensorineural hearing loss
Spontaneous 
chronic in 
heterozygote

Depreux et 
al, 2008

TGF-β
Fbxo11 17 SNP C3H/HeN Mild sensorineural hearing loss

Spontaneous 
chronic in 
heterozygote

Hardisty  
et al., 2003; 
2006

Evi1 
(Mecom)

3 SNP C3H/HeN Extra digits
Spontaneous 
chronic in 
heterozygote

Parkinson 
et al.,  
2006 

NF-κB
IκBαΔN 9 Knock-in C57BL/6

Defective epithelial appendages, 
lymph node formation, and 
macrophage function

Spontaneous 
chronic

Schmidt-
Ullrich  
et al., 2001

Chronic otitis media

Toll-like R
eceptors

MyD88 9 KO C57BL/6 Immune defects
Delayed clearance 
of acute infection

Hernandez 

et al., 2008

Tlr2 3 KO C57BL/6 Immune defects
Delayed clearance 

of acute infection

Leichtle  

et al., 2009

Tlr4 4 SNP or KO C57BL/6 Immune defects
Delayed clearance 
of acute infection

Hirano  

et al., 2007; 

Macarthur 

et al., 2006

Tlr9 9 KO C57BL/6 Immune defects
Delayed clearance 

of acute infection

Leichtle  

et al., 2011

Ticam1 

(Trif)
17 KO C57BL/6 Immune defects

Delayed clearance 

of acute infection

Leichtle  

et al., 2009

TNF

lpr 19 SNP MRL/MpJ Autoimmune disease
Delayed clearance 

of acute infection
Rivkin  
et al., 2005

TNFA 17 KO
C57BL/6; 
129S6

Immune defects

Spontaneous 
mild mucosal 
hyperplasia.  
Delayed clearance 
of acute infection

Leichtle  
et al., 2010; 
Ebmeyer  
et al., 2011
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M
iscellaneous

Dbh 2 KO
C57BL/6; 

129/SvCPJ

altered metabolism, 
thermoregulation, and  
cardiovascular tone, deficits in 
motor function and learning 

Spontaneous 
chronic

Maison  
et al., 2010

E2f4 10 KO C57BL/6
Erythropoeitic defects, chronic 
rhinitis

Spontaneous 
chronic

Humbert  
et al., 2000

Fgfr1 8 SNP C3HeB/FeJ
Pinna and ossicle malformation, 
cochlear defects, shortened skull

Spontaneous 
chronic in 
heterozygote

Pau  
et al., 2005; 
Calvert  
et al., 2011

Isl1 13 SNP C3HeB/FeJ Ossicular fusion
Spontaneous 
chronic in 
heterozygote

Hilton et al., 
2011

Nf2 11 Conditional KO
FVB/N 
C57Bl/6

Schwannomas, osteosarcomas, 
other tumours, craniofacial defects

Spontaneous 
chronic

Giovannini 
et al., 2000

p73 4 KO
B57BL/6 or 
BALB/c

Lethal gastrointestinal and 
intracranial haemmorhage, 
neurological malformation

Spontaneous 
chronic

Yang et al., 
2000

Phex
X Spontaneous 

deletion
BALB/
cAnBomUrd

Craniofacial, cochlear, and bone 
defects, endolymphatic hydrops

Not well 
characterized

Megerian  
et al., 2008

Plg 17 KO
C57BL/6
DBA/1J

Widespread fibrin deposition in 
organs

Spontaneous 
chronic.
Fibrin deposition

Eriksson  
et al., 2006

Rpl38 11
Spontaneous 
deletion

TsJ/LeJ.
BlackSwiss

Shortened, kinked tail, reduced 
body weight, anaemia, skeletal 
anomalies

Spontaneous 
chronic in 
heterozygote, with 
crystal deposition

Noben-
Trauth and 
Latoche, 
2011

Sall4 2 KO
C57BL/ 
6JTyrC-Brd; 
129/SvEvBrd

Exencephaly, renal hypoplasia, 
anogenital defects

Not well 
characterized

Warren  
et al., 2007

Sh3pxd2b 11
Spontaneous 
deletion

B10.A-H2h4/ 
(4R)SgDvEg

Reduced growth, craniofacial and 
ocular defects, infertility

Not well 
characterized

Mao  
et al., 2009

Tbx1 16 Transgenic C57BL/6.129
Cardiovascular defects, 
craniofacial and pharyngeal arch 
anomalies

Spontaneous 
chronic

Moraes  
et al., 2004

MMU16
(Ts65Dn)

16 Partial trisomy
C57BL/ 
6EiC3Sn

Neurological deficits, craniofacial 
malformation

Spontaneous 
chronic

Han et al., 
2009

Ciliary 
Defects

Cby1 15 KO C57BL/6 Absence of motile cilia
Spontaneous 
chronic

Voronina  
et al., 2009

Dnahc5 15 Transgenic
C57BL/6; 
CBA/J

Immotile cilia, respiratory infection, 
left-right defect, hydrocephalus, 
early death

Spontaneous 
acute/chronic

Ibañez-
Tallon  
et al., 2002

Lysosom
al D

isorders

Gus 5
Spontaneous 
transposition

C3H/HeOuJ
Widespread lysosomal storage, 
dysostosis

Spontaneous 
chronic,
lysosomal granules

Vogler  
et al., 2001

Ids X KO unknown Widespread lysosomal storage
Spontaneous 
chronic,
lysosomal granules

Kim et al., 
2010

Idua 5 KO C57BL/6
Widespread lysosomal storage, 
dysostosis

Spontaneous 
chronic, lysosomal 
granules

Schachern 
et al., 2007

Naglu 11 KO C57BL/6
Widespread lysosomal storage, 
neurological defects

Spontaneous 
chronic,
lysosomal granules

Heldermon 
et al., 2007
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Figure 2: Axial section through the middle ear of the Junbo mouse model of chronic otitis media (H&E stain x20). There is a leucocyte rich 
effusion (e) in the tympanic cavity with thickening of the mucoperiosteum (m). 

Molecular mechanisms and therapy
The molecular pathways in which FBXO11 is involved are as 
yet unknown, and warrant further investigation. Returning to 
the Jeff mouse model enables such investigation. Experiments 
on the Jeff mutant mouse have demonstrated that FBXO11 
is a regulator of function in the TGF-β signaling pathway.20 
Previous human studies have shown TGF-β pathways are 
activated in COME, and that the level of TGF-β protein is 
proportional to the duration of effusion. And so these findings 
appear congruent.

Work from MRC Harwell has also investigated the role of 
hypoxia in the chronically inflamed middle ear environment. 
Hypoxia is a common finding in chronic inflammation 
whereby inflammatory cells (such as leucocytes) become 
distanced from vasculature due to inflammatory oedema, 
hyperplasia and cellular infiltration. This is compounded 
by the significantly heightened consumption of oxygen by 
inflamed cells. Molecular signaling molecules in hypoxia such 
as vascular endothelial growth factor (VEGF) aim to restore 
tissue homeostasis through compensatory mechanisms, but 
with persistent activation such compounds can be counter-
productive and contribute to persisting inflammation.

The availability of the Jeff and Junbo genetically engineered 
mouse models of chronic otitis media has enabled investigation 
of mechanisms and potential therapy. We find that in both of 
these mouse models both the mucosal cells and the leucocytes 
in the middle ear are indeed markedly hypoxic, with partial 
pressures of cellular oxygen below 10mmHg (cf. 40mmHg 
in the non-inflamed middle ear space), and with significant 
upregulation in leucocytes of a plethora of hypoxia responsive 
genes.21 Interestingly, treatment of these mouse models 
with experimental VEGF receptor inhibitors (BAY 43-9006,  

SU-11248 or PTK787/ZK 222584) down-regulates middle 
ear inflammation and counteracts hearing loss. A cornerstone 
of the prevention of chronic middle ear inflammation is 
surgical ventilation of the middle ear, but the reasons why this 
is effective are not clear. We have proposed21 that correction 
of chronic cellular hypoxia signaling may be an important 
molecular mechanism.

What is also important is that this demonstrates the 
other valuable outcome from studying genetics. Through the 
creation of a mutant mouse model of disease, the molecular 
mechanisms resulting from that mutation can be explored to 
better understand disease mechanisms and explore potential 
new therapies. We are still some way off human trials of novel 
therapeutic compounds for chronic otitis media, and of course 
mechanisms that exist in mice may not translate to human 
disease, but without animal models these potential new ideas 
would be almost impossible to explore.

Future research
There is little doubt that a dissection of the genetic basis 
of chronic otitis media promises improved understanding 
of pathobiology. Similar principles apply to other ENT 
inflammatory disorders such as recurrent tonsillitis, chronic 
rhinosinusitis, or allergic rhinitis, where significant heritability 
has also been demonstrated. However, the promise of genetics 
to revolutionise our ability to understand disease is not yet with 
us, largely because the architecture of disease susceptibility is 
so much more complex than was anticipated, likely involving 
many genes and in complex regulatory networks. To enable 
further dissection of the genetic basis of otitis media we need 
more clues to guide us where to look for genes, and we need 
larger studies to enable us to look with more confidence.
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One important development in the immediate future will 
be the discovery of new models of disease. Recent funding 
has enabled full auditory brainstem testing to be added to 
screening protocols of 5,000 mice that will be generated in 
the ENU mutagenesis programme at MRC Harwell over the 
next few years. This will no doubt discover many more models 
of hearing loss, and some of these models will be of chronic 
OM.

Another future goal of the otitis media research community 
is to undertake a human Genome-Wide Association Studies 
(GWAS). GWAS studies employ high-throughput genetic 
sequencing that can test up to a million variants in each 
DNA sample, and so can scan the whole of DNA to test 
for any polymorphisms that may be associated with disease 
susceptibility. This method has proven very powerful at 
identifying genes conveying susceptibility to other common 
diseases such as hypertension, schizophrenia, or diabetes. But 

the method requires large sample sizes for adequate power. 
At present there are insufficient DNA resources to adequately 
undertake such an analysis for otitis media, but recently a 
consortium has been created to pool international DNA 
resources for otitis media (Otigen, www.otigen.org), which 
may help the cause.

At present we treat chronic middle inflammation usually 
in the later stages of disease, and with surgery for secondary 
or tertiary prevention of complications. If we can get a better 
handle on the genetics and pathobiology of chronic middle 
ear inflammation, there is hope that in the future we may be 
able to treat disease earlier, and with targeted and personalised 
molecular therapies.
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