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Abstract

Background and Objective: Humans have two types of earwax, classified as wet or dry, which are determined
by a single nucleotide polymorphism (SNP) (rs17822931, 538G>A; Gly180Arg) in the ATP-binding cassette
transporter C11 (ABCC11) gene. The 538G/G and G/A, and the A/A genotypes, are responsible for the wet and the
dry type of earwax, respectively. The authors recently reported that the wet type of earwax was more often observed
in patients with bilateral middle ear cholesteatoma than in those with unilateral middle ear cholesteatoma. Although
the research population in the previous study was not large, the results, nevertheless, suggest a plausible
association between the wet type of earwax and the risk for bilateral middle ear cholesteatoma. In this context, the
authors hypothesized that ABCC11 538G>A, a human earwax determinant, could also be related to the risk for
bilateral middle ear cholesteatoma. In the present study, we examined the genotypes of ABCC11 538G>A in patients
with cholesteatoma and compared genetic variations between cases with bilateral and unilateral cholesteatoma.

Methods: Blood samples from 31 patients with middle ear cholesteatoma were collected. After extraction of DNA
from whole blood, the genomic region containing ABCC11 538G>A was specifically amplified using polymerase
chain reaction (PCR). The genotypes at ABCC11 538G>A in each patient were then determined using a sequencing
method. Experiments to determine the genotype of each patient in whom the ABCC11 gene was amplified by PCR,
and DNA sequencing, were performed in a masked manner.

Results: Earwax types in patients with cholesteatoma were in accordance with the genotypes of ABCC11
538G>A without exceptions. In the bilateral cholesteatoma group, the number of patients with wet earwax tended to
be greater than those in the unilateral cholesteatoma group.

Conclusion: Wet earwax might tend to cause bilateral rather than unilateral cholesteatoma in the Japanese
population.

Keywords: ABCC11 gene; Earwax; Ethnic difference; Middle ear
cholesteatoma

Introduction
The risk for disease is generally affected by environmental and

genetic factors. With regard to the development of middle ear
cholesteatoma, a malignant disease of the ear, many researchers have
focused on the middle ear environment. However, there have been few
studies investigating the association between ear cholesteatoma and
the environment in the external auditory canal. Moreover, intrinsic
risk factors for middle ear cholesteatoma remain to be elucidated.
Recently, based on an epidemiological association between the
frequency of middle cholesteatoma and the wet type of earwax in
humans, we hypothesized a possible link between the incidence of
middle ear cholesteatoma and a single nucleotide polymorphism

(SNP) (rs17822931, 538G>A; Gly180Arg) in the human ABCC11 gene,
a determinant of the human earwax type [1].

Genetic studies have demonstrated that the ABCC11 538G/G and
G/A genotypes result in the wet type of earwax, while the 538A/A
genotype is associated with the dry type of earwax [2,3]. Biochemical
analyses revealed that the 538A allele results in a non-functional
ABCC11 protein known as the Arg180 variant [3,4]. Interestingly, in
Western populations, the allele frequency of ABCC11 538G is higher
than that in Asian populations [1,2]. Consistent with the geographical
distribution of this earwax-determinant allele, the incidence of middle
ear cholesteatoma is reportedly higher in Europeans than in East
Asians, including Japanese [5-9]. Considering these previous findings,
it is important to address whether ABCC11 538G is related to the risk
for cholesteatoma.

In this context, we investigated the genotypes of ABCC11 538G>A
in patients with middle ear cholesteatoma. Our findings might
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contribute to developing new diagnostic and therapeutic strategies for
the prevention of cholesteatoma.

Materials and Methods

Patients
The present study was approved by the Juntendo University

Committee for Ethics (Tokyo, Japan) concerned with the human
genome. All cases involved acquired cholesteatoma. Under oral and
written informed consent, blood samples were collected from 31
patients. Some of these subjects were studied in terms of the
relationship between earwax type and cholesteatoma risk in our
previous study [10], whereas, for the first time in the present study, all
patients were examined for the genotypes of ABCC11 538G>A.

Genotyping
All blood samples were collected in standard 2Na-EDTA-coated

blood collection tubes. The samples were subjected to proteinase K
digestion; genomic DNA was then isolated using phenol/chloroform
extraction and, subsequently, by ethanol precipitation. Before
sequencing, part of the ABCC11 gene, including the 538G>A allele,
was amplified from the genomic DNA by polymerase chain reaction
(PCR) with the following primer set: forward 5′-
aacaaagctcctggctagcaag-3′, and reverse 5′-ccataaggtctacacctgagggtc-3′.
The amplicons were then subjected to genotyping of ABCC11 538G>A
using a sequencing method reported in our previous study with minor
modifications [3]. In brief, after ExoSAP-IT treatment of the
amplifications, samples were prepared using a specific primer (5′-
tcctggctagcaagaactaggatg-3′ or 5′-attccatggggaaaccaagtc-3′) and BigDye
Terminator3.1 (Applied Biosystems Inc., Foster City, CA, USA)
according to the manufacturer’s instructions. The sequence
information obtained by the Autosequencer Model 3100 (Applied
Biosystems Inc.) were aligned with an AutoAssembler (Applied
Biosystems Inc.) and visualized using Sequencher 4.7 Demo (Hitachi
Software Engineering Co., Ltd., Tokyo, Japan). Experiments to
determine the genotype of each patient in whom the ABCC11 gene
was amplified by PCR, and DNA sequencing, were performed in a
masked manner.

Statistical tests
Statistical analysis were performed using the chi-squared test;

p<0.05 was considered to be statistically significant in the present
study.

Results
Among 31 patients who underwent ABCC11 genotyping, dry

earwax with the 538A/A and wet earwax with the 538G/A were found
in 45.2% (14/31 patients) and 54.8% (17/31 patients), respectively
(Figure 1). Wet earwax with the 538G/G was not found in the present
study (Table 1). The incidence of bilateral middle ear cholesteatoma
(including history of surgery for middle ear cholesteatoma) was
subsequently assessed. The incidence of bilateral middle ear
cholesteatoma was 41.4% (7/17 patients) in the wet-type group and
21.4% (3/14 patients) in the dry-type group. Although incidence was
higher in the former group, the difference was not statistically
significant.

Discussion
Some researchers have suggested that, as an extrinsic factor, one

cause of middle ear cholesteatoma could be a gas-exchange failure in
the middle ear cavity [11,12]. However, there have been few reports
addressing intrinsic factors in the origin of middle ear cholesteatoma.
According to previous studies describing the allele frequencies of
ABCC11 538G>A among different ethnic populations [1,2,13], most
Africans and Europeans (80-100%) have the wet type of earwax.

Figure 1: Representative images of earwax. Patients with the G/A
genotypes in Table 1 exhibited the wet type of earwax (left), and
patients with the A/A genotype exhibited the dry type (right).

Ear Wax Type Genotype of ABCC11 538>A Frequency

Dry A/A 14/31 45.2%

Wet G/A 17/31 54.8%

Bilateral Middle Ear
Cholesteatoma

Genotype of ABCC11 538>A Frequency

Dry A/A 3/14 21.4%

Wet G/A 7/17 41.1%

Table 1: One single nucleotide polymorphism (SNP), 538G>A
(Gly180Arg), in the ABCC11 gene determines earwax type.

Few populations of South-east Asian (0-30%), such as Japanese,
Chinese, and Korean, have the wet type of earwax. The incidence of
middle ear cholesteatoma was higher in Europeans, who exhibit a
higher frequency of wet earwax, than in the Japanese, who exhibit a
low frequency of wet earwax [1,13]. In our study, the frequency of wet
earwax in patients with middle ear cholesteatoma was 54.8% (17/31
patients), suggesting the possibility that the wet type of earwax was
higher in patients than in healthy subjects (<30%) [5,13,14]. Because
we could not examine the genotypes of ABCC11 in healthy subjects,
we compared our data with results from a previous study that
conducted in Japan, in which 15.9% (59/372) of healthy subjects
exhibited wet earwax [5]. The integrated analysis showed that the
middle ear cholesteatoma group exhibited a significantly higher
incidence of wet earwax (54.8%, 17/31 patients) than the healthy group
(15.9%, 59/372 subjects; p<0.001).

With regard to the incidence of cases with bilateral middle ear
cholesteatoma (including past history of surgery for middle ear
cholesteatoma), our study demonstrated that there were more
individuals with wet earwax (41.4%, 7/17 patients) than in the group
with dry earwax 21.4% (3/14 patients), However, we could not find a
statistically significant difference between the groups, probably due to
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the small number of patients (i.e., n=31) who underwent ABCC11
genotyping. We previously described the incidence of cases with
bilateral middle ear cholesteatoma according to phenotype and
reported that incidence in the group with wet earwax was significantly
higher than in the group with dry earwax (10). Under normal
physiological conditions, the external auditory canal benefits from
antimicrobial agents in ear wax [15,16]. Excessive pooling of earwax,
however, has may cause discomfort, including itchiness or a sense of
fullness in the ear, resulting in repetitive cleaning with chronic
irritation of the external auditory canal. As a result, excessive pooling
of wet earwax could lead to bilateral middle ear cholesteatoma.

Earwax, which contains lipids and proteins, is defined as a mixture
of secretions from the apocrine glands in the extra-auditory canal.
Since non-functional ABCC11 protein arises from the ABCC11 gene
with the 538A contrary to the case with the 538G allele, genetic-based
differences in those human phenotypes of earwax are likely due to the
presence of functional ABCC11 proteins [3,4]. According to a previous
study addressing the constituents of fatty acids (as a major component
of lipids) in wet and dry earwax samples, wet earwax could contain
some unknown fatty acids [17]. Due to differences in the components
and volume of lipids between dry and wet earwax, the lipids in wet
earwax arising from the apocrine glands expressing functional
ABCC11 protein might cause greater oxidative damage than that of
dry earwax.

Conclusion
Dara from the present study and other reports suggest that a SNP

ABCC11 538G>A, a human earwax type determinant, might influence
the physiological environment of the external auditory canal and result
in an increased incidence of middle ear cholesteatoma. Factors in the
external auditory canal responsible for middle ear cholesteatoma could
include wet earwax relating to the functional ABCC11. Further studies
with a larger number of subjects are needed to determine whether wet
earwax is a risk factor for bilateral cholesteatoma.
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