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Introduction

Wet earwax is a dominant Mendelian trait associated with the
GA/GG genotype of SNP rs17822931 in the ABCC11 gene.
It is also often associated with the axillary odour (bromhidro-
sis). To investigate their possible relationship we genotyped
rs17822931 in a Chinese family affected with axillary odour.
Direct sequencing and RFLP analysis of ABCC11 reveal that
all the available eight family members with wet earwax and
bromhidrosis harbour the same genotype (AG) in rs17822931
without any pathogenic mutations in ABCC11 exons. We
confirmed the relationship between allele A, wet earwax and
axillary odour in a Chinese family for the first time.

Earwax (cerumen, a secretory product of ceruminous
glands) is a dimorphic Mendelian trait of wet and dry types
(Matsunaga 1992). An association study in 33 different pop-
ulations around the world proved that the wet earwax pheno-
type is dominant over the dry one. The SNP rs17822931 in
the ABCC11 gene determines the earwax type; the AA geno-
type corresponds to dry earwax and GA or GG to the wet
type. This is the first example of a DNA polymorphism deter-
mining an easily detectable phenotype (Yoshiura et al. 2006).

Bromhidrosis is a clinical disorder characterized by exces-
sive or abnormal foul axillary odour due to the interaction of
apocrine glands with microorganisms (Hurley 1992). Pres-
ence of axillary odours is a common phenomenon in postpu-
bertal individuals among black and white populations, but in
Asian populations the condition interferes with the lives of
affected individuals and people around (Leyden et al. 1981).

Wet earwax is often associated with axillary odour as
the two characters sometimes appear in combination in
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populations. Both conditions have a common origin of
involvement of secretory glands, which suggest that wet ear-
wax may be genetically related to axillary odour (Bang et al.
1996; Shugyo et al. 1988).

Here we report findings from a Chinese family where
all members have wet earwax phenotype in addition to
bromhidrosis. We performed genetic analysis of the ABCC11
gene in this family in an effort to explore the relationship of
the two phenotypes.

Materials and methods

Family

The family consists of 17 members of four generations
including nine affected individuals with both wet earwax
and bromhidrosis (figure 1a). Bromhidrosis, which varies in
severity among different family members, was the main rea-
son for genetic counselling. None of the eight unaffected
members has wet earwax or bromhidrosis.

Methods

We performed PCR amplification with a 378-bp product
including rs17822931 and directly sequenced the products
in family member III-5. RFLP analysis was performed with
the same PCR products of all the 14 available samples.
The existence of allele A generates a 311-bp product fol-
lowing BseMII digestion. Mutation screening of 30 exons
in the ABCC11 gene (GenBank accession no. NM_032583)
was also performed by PCR amplification and subse-
quent direct sequencing using DNA samples of III-5 using
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Figure 1. (a) Pedigree of the family with wet earwax and bromhidrosis. Blood samples
of family members II-4 and II-5 are not available. Genotype of rs17822931 for each
member available are also noted. (b) Sequencing chromatogram of SNP rs17822931 in
III-5. Arrow indicates genotype AG of rs17822931 in III-5. (c) RFLP analysis of exon
5 in ABCC11 in the family members. AG and AA genotypes of rs17822931 give two
bands and one band respectively in 1.5% agarose gel electrophoresis.

standard conditions. Information on the primers is available
on request.

Results

The genotype of rs17822931 in the proband was confirmed
to be AG by direct sequencing (figure 1b). RFLP analysis
revealed that all of the available eight family members with
both wet earwax and bromhidrosis harbour the same geno-
type (AG) in rs17822931 (figure 1c). The other, unaffected
members have genotype AA.

Screening of 30 exons in the ABCC11 gene in III-5 did
not reveal any pathogenic mutations except for a synony-
mous mutation of c.964A>G (Gly300) in exon 7 which was
reported before (Yoshiura et al. 2006).

Discussion and conclusion

This is the first report of a Chinese family with both wet ear-
wax and bromhidrosis. Genotyping of rs17822931 confirmed
the relationship between allele A and wet earwax as a domi-
nant phenotype which is consistent with the result of a previ-
ous population association study (Yoshiura et al. 2006). The
correlation between bromhidrosis and wet earwax has been
noticed in populations and their coexistence in the members
of this family further proved this, but the genetic relation-
ship of these two phenotypes remained unclear. In this study
all the members in the family with wet earwax were also
affected with bromhidrosis and harbour the genotype AG

in rs17822931. This raised the possibility that bromhidrosis
as a phenotype or pathogenic condition may be the second
condition associated with the genotype of rs17822931.

The ceruminous gland secreting wet earwax is an apoc-
rine gland, as are axillary and breast glands (Petrakis et al.
1990). Mammary gland colostrum secretion, which is ano-
ther apocrine-gland-related secretion, has also been shown to
be associated with human earwax type (Miura et al. 2007).
Histological study of axillary skin has found that axillary
odour is also related to the excessive secretion of large-sized
apocrine glands (Bang et al. 1996). Combined with our find-
ings in this family, there is a possibility that wet earwax and
bromhidrosis are strongly correlated or determined by the
same genetic factor.

Large-scale population association studies may be neces-
sary to confirm bromhidrosis as the second genetic trait deter-
mined by SNP rs17822931. This is worthy of serious atten-
tion, especially in Asian countries, such as Japan and China
where it is considered to be a pathogenic condition owing to
its rarity and usually requires medical attention. As in this
Chinese case axillary odour is an unpleasant and distressing
problem for affected persons as evidenced by the fact that
some of them seek prenatal diagnosis to prevent transmission
to the next generation.
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