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Sir,
Keratitis-ichthyosis-deafness syndrome (KID; MIM 
#148210) is a congenital ectodermal dysplasia charac-
terized by the association of hyperkeratotic skin lesions 
with vascularizing keratitis and sensorineural hearing 
loss. The sensorineural hearing loss in KID syndrome 
is generally prelingual and profound. We report here a 
patient with KID syndrome who had typical cutaneous 
and ocular symptoms, but who showed remarkably mild 
hearing impairment.

CASe RepoRT
The patient was a 55-year-old Japanese woman with no family 
history of skin disorders or auditory dysfunction. She had been 
treated by ophthalmologists for 17 years for decreased vision. 
Her ophthalmological examination showed thickened lids 
without trichiasis in the upper lids, superficial corneal stromal 
vascularization and keratoconjunctivitis. She had severe skin 
dryness, hyperkeratotic plaques on her extremities, reticulated 
leather-like hyperkeratosis on the palms and soles and sparse 
hair. At 54 years of age, she was diagnosed with KID syndrome 
from her ocular and skin involvement. Although she has no 
subjective hearing dysfunction, detailed auditory examinations 
including pure-tone audiometry revealed mild bilateral neuro-
sensory high-frequency hearing impairment. 

With informed consent, the patient’s peripheral blood samp-
les were obtained and genomic DNA was extracted from the 
peripheral blood leukocytes using an extraction kit (Qiagen, 
Hilden, Germany). Genomic DNA samples from 50 healthy 
Japanese individuals were used as controls. The entire coding 
region and exon/intron boundaries of GJB2 were amplified by 
pCR using the specific primers described previously (1). pCR 
products were purified using a QIAquick pCR purification kit 
(Qiagen) and were subject to direct sequencing using an ABI 
pRISM 3100 genetic analyser (ABI Advanced Biotechnologies, 
Columbia, MD, USA). All products were sequenced in the 
forward and reverse orientations.

Direct sequencing of genomic DNA revealed that the patient 
was heterozygous for a missense mutation c.148G>A, which 
results in an amino acid substitution from aspartic acid to aspa-
ragine (p.Asp50Asn). This mutation is known to be a recurrent 
mutation that is frequently associated with KID syndrome. In 
addition, we demonstrated that the patient was homozygous 
for a polymorphism, p.Val27Ile, and heterozygous for another 
polymorphism, p.Glu114Gly (2). We studied allele frequency 
of these 2 polymorphisms in 100 normal unrelated alleles (50 
Japanese individuals) and the allele frequencies of p.Val27Ile 
and p.Glu114Gly were 0.76 and 0.32, respectively. In order to 
clarify whether the missense mutation and 2 polymorphisms 
occur in a single allele, TA cloning of the patient’s GJB2 
was performed using the pCR product from the patient as a 
template for cDNA cloning, as described previously (3). The 
mutant allele with c.148G>A (p.Asp50Asn) subcloned in the 
pcDNA2.1 vector also had the 2 polymorphisms p.Val27Ile 
and p.Glu114Gly.

DISCUSSIoN

Dominant mutations in the connexin 26 gene, GJB2 
have been shown to cause KID syndrome (1). Connexins  
are integral membrane proteins forming aqueous gap 
junction channels that allow the diffusional exchange 
of ions and small metabolites between cells. In human 
skin, only the expression patterns of Cx26 and Cx43 
have been studied in detail to date. In ocular epithe-
lium and the epidermis, Cx43 and other connexins are 
expressed (4). In the skin, connexins form heteromeric 
structures and mutations in Cx26 act as trans-dominant 
inhibitors of gap junction channels (5), although wild-
type Cx43 and Cx26 do not form heteromeric channels 
(6). Cx26 and Cx30 form heteromeric connexons in the 
cochlea (7). There may be certain differences in the 
dominant-negative effects of Cx26 mutations on the 
function of gap junctions between the skin, the ocular 
epithelium and the inner ear.

The aspartic acid residue altered by the mutation 
p.Asp50Asn is located in extracellular loop1 (e1), a 
domain that seems to be involved in the interaction be-
tween connexons and in the control of the voltage gating 
of the channel. 

The majority of KID syndrome cases suffer from 
profound hearing loss, although several cases with mild 
hearing loss have been reported (8, 9). In the present case, 
the patient did not claim any significant hearing inconve-
nience until her fifties and her hearing impairment was 
only detected after thorough auditory examination after 
the diagnosis of KID syndrome had been made.

As far as we know, 37 patients with p.Asp50Asn 
have been reported in KID syndrome cases or cases 
with hystrix-like ichthyosis with deafness (HID; 
MIM#602540), a syndrome which has been shown to 
be identical to KID syndrome (8–12). only 3 patients 
with KID syndrome with the p.Asp50Asn mutation have 
shown mild to moderate hearing loss (10, 11). However, 
even in those 3 cases, their hearing loss was apparent 
from early childhood. No tandem polymorphism was 
described in those cases except for one case which had 
a polymorphism –31C>T in the non-coding region of 
GJB2 (12). 

The present patient was homozygous for one poly-
morphism, p.Val27Ile, and had another polymorphism, 
p.Glu114Gly, on the mutant allele. Both variants are 
known to be common among individuals of Asian po-
pulations and can be found in cis-configuration on the 
same GJB2 allele (13). The present study confirmed that 
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the 2 polymorphism are frequently seen in the Japanese 
population (14). The amino acid altered by the poly-
morphism p.Val27Ile was located in the transmembrane 
domain (Fig. 1A) and is highly conserved among the 
human connexins (Fig. 1B) and among Cx26 between 
diverse species (Fig. 1C). Thus, the amino acid Val27 
may be an important residue and this polymorphism 
may have a significant effect on the conformational 
structure and/or function of Cx26 peptide. The other 
polymorphism p.Glu114Gly is located in the intercel-
lular loop, not in the extracellular loops or transmem-
brane domains, although the altered amino acid is also 
conserved among species (Fig. 1C). 

In this context, we speculate that the homozygous 
polymorphism p.Val27Ile in the present case may af-
fect the conformational structure of mutant Cx26 and 
reduce the dominant-negative effect on the gap junction 
function in the inner ear.

p.Val27Ile in Cx26 was represented as a common 
polymorphism (14). However, there is a report of KID 
syndrome with heterozygous Cx30 (GJB6) mutation 
p.Val37Glu and homozygous Cx26 (GJB2) polymor-
phism p.Val27Ile (15). In that case, Cx26 with p.Val27Ile 
polymorphism might affect a gap junction function 
incorporated with p.Val37Glu mutation in Cx30, resul-
ting in congenital bilateral sensorineural hearing loss. 
The present case with a single mutation and 2 polymor-
phisms on one GJB2 allele, showed severe skin and 
ocular involvement, but mild hearing impairment. The 
genetic background in the different populations may be 
associated with unique clinical features of the present 
case, as previously suggested by Janecke et al. (10). 
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human connexin family. (C) Comparison of 
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p.Val.27, p.Asp.50 and p.Glu114 in connexin-
26 are highlighted in red, blue and green. Note, 
p.Val27, p.Asp50 and p.Glu114 are conserved 
among diverse species.
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