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S u m m a r y  Epidermolytic hyperkeratosis (EHK), or bullous congeni- 
tal ichthyosiform erythroderma, is characterized by generalized eryth- 
roderma, ichthyosiform skin and blistering, and is caused by an aberra- 
tion of the keratin intermediate filaments° In this study, we examined 
keratin K10 and 1 gene mutations in a Japanese EHK patient who had 
severe ichthyosiform erythroderma at birth and developed subsequent 
blistering. The patient had a G to A transition at codon 156 of the keratin 
K10 gene, which resulted in an arginine (Arg)--~histidine (His) substitu- 
tion in the helix initiation peptide of the highly-conserved IA domain in 
keratin K10. This .is the first mutation report of a Japanese patient with 
EHK, although the position and mode of the mutation identified here did 
not differ from those in reported Western cases. 
Key Words epidermolytic hyperkeratosis, keratin, K10, gene muta- 
tion 

INTRODUCTION 

Epidermolytic hyperkeratosis (EHK), or bullous congenital ichthyosiform 
erythroderma, is a rare autosomal dominant genetic skin disease (MIM #i 13800) 
(McKusick, 1994) and is characterized by generalized erythroderma, ichthyosiform 
skin and blistering. The prevalence of the disease is approximately 1 : 300,000. In 
Japan, 22 patients in 12 families, and 73 sporadic cases have been reported in the 
medical literature (Naruse et al., 1992). Ultrastructural observations have revealed 
the presence of  clumps of  keratin filaments in the suprabasal cells of patients with 
EHK (Ant0n-Lamprecht, 1983). Therefore, disruption of keratin has been assumed 
to be a primary genetic defect in the pathogenesis of this disease. The results of a 
keratinocyte transfection study indicated that the helix initiation and termination 
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peptide portions in the helical rod domain play important roles in the composi- 
tion of  the keratin network (Coulombe et aL, 1990). Transgenic mice expressing 
a mutant keratin 10 gene had the EH K  phenotype (Fuchs et  al., 1992). Further- 
more, abnormal keratin K10 and K1 network formation has been observed 
electron-microscopically and immunohistochemically in patients with E H K  (Ishi- 
da-Yamamoto et al., 1992). All of  the above observations indicate strongly that, 
essentially, keratin aberration is responsible for the EHK phenotype. Indeed, 
several different types of  keratin gene mutation have been reported in E H K  
patients so far (McLean and Lane, 1995). In this paper, we describe a keratin K10 
gene mutation (Arg156His) in a Japanese patient with EHK. The mutat ion 
position was in the highly conserved N-terminus of the rod domain in the keratin 
K10. This is the first mutat ion report of a Japanese patient with EHK. 

PATIENT AND METHODS 

Patient .  The patient, a girl, was first seen at our clinic at the age of  5 years. 
She had burn-li.ke erythema with scales over the whole body at birth. Thereafter 
she developed blistering, although the frequency of the blistering decreased 
remarkably with age. Physical examination revealed extensive erythroderma, ich- 
thyosiform skin with scales and hyperkeratosis, particularly on her nape, elbow, 
knee and abdomen (Fig. t). Flaccid bullas were seen on her left knee and right 
dorsal foot (Fig. 2). She had. no palmoplantar keratoderma. Her parents are from 
Akita prefecture in Japan. Her paternal grandmother and maternal grandmother 
are cousins and paternal grandmother and maternal grandfather are another 
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Fig. 1. Clinical picture. Erythroderma and ichthyosiform lesion on the patient's 
abdomen. 
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Fig. 2. Clinical picture. Blistering on the dorsal region of the patient's foot. 

Fig. 3. Histological features of the skin specimen. Hyperkeratosis and prominent 
vacuolar degeneration of the epidermis. 

cousins. Her parents and two siblings were not affected. Histological examination 
of a skin specimen showed a prominent vacuolar degeneration in the granular 
layer of  the epidermis, indicating so-called "granular degeneration" (Fig. 3). 
Electron microscopy demonstrated aggregation of tonofilaments and gross kerato- 
hyaline granules in the granular layer. Based upon these clinical and histological 
grounds, she was diagnosed as a sporadic case of EHK. 
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Mutat ion  identification. To detect keratin gene mutations in the patient, we 
used a genomic polymerase chain reaction (PCR) to amplify the keratin KI0  and 
K1 genes. To simplify the analysis, we focused initially on the regions encoding 
the N- and C-termini of  the rod domains in keratin K10 and K1. Several sets of  
primers were designed in order to cover these regions. The PCR was performed in 
a 100-,ul reaction volume by adding 100 pmol of  each primer, ----500 ng template 
DNA and 2.5 U Taq polymerase (Takara, Japan). The PCR conditions consisted 
of  30 cycles, comprising denaturation at 94°C for 1 rain, annealing at 58°C for 1 
min and extension at 72°C for 2 rain. The mutation detection enhancement (MDE) 
method was used to screen for mutation fragments (Keen et al., 1991). Briefly, each 
PCR product was denatured and annealed, electrophoresed using a polyacryl- 
amide gel (MDE gel, AT Biochem, Rockland, Maine, USA), stained with eth- 
idium bromide, and photographed. The oligonucleotide primers used for amplify- 
ing the genes encoding the N terminus of  the KI0 rod domain were 5 ' -TGGAGC-  
T G G T G G T G G C T T T G - 3 "  (exon 1-sense) and 5 ' - T C A C A G T C T T G G T G C C C T -  
GCT-Y (exon 2-antisense). The PCR product  was treated with exonuclease I and 
shrimp alkaline phosphatase to remove residual PCR primers and deoxynucleotide 
triphosphates, respectively, and sequenced directly using T7 DNA polymerase 
(Sequenase, Biochemical Corp., Cleveland, Ohio, USA), according to the manu- 
facturer's protocol° 

RESULTS 

The MDE method revealed a heteroduplex DNA in the gel only containing 
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Nucleotide sequencing of genomic DNA demonstrating a point mutation in 
one of the keratin K10 alleles of the Japanese EHK patient. Sequencing was 
carried out directly on the starting PCR-amplified DNA of a fragment contain- 
ing heteroduplex DNA. The arrows indicate the position of sequence hetero- 
geneity indicating a G-*A transition at codon 156 in one allele. 
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Confirmation of the point mutation. After digestion of the PCR product with 
AciI, the fragments were resolved by electrophoresis on 2% agarose gel. 
Consequently, one undigested fragment of 352 bp and two digested fragments 
of 260 and 92 bp were produced from the patient's DNA, whereas only two 
digested fragments were obtained from the DNA of her unaffected parents. 1, 
Uncut; 2, patient; 3, father; 4, mother. 

the heterozygous gene encoding the N-terminus of the keratin K10 rod domain 
(data not shown). The patient 's parents, who were unaffected, showed no heterodu- 
plex DNA.  The starting PCR product containing heteroduplex D N A  was subject- 
ed directly to D N A  sequencing, which revealed a G-+A transition at the second 
posit ion of  codon 156. The amino acid was deduced to have changed from 
arginine to histidine (Fig. 4). The mutation led to loss of  AciI  endonuclease 
restriction site and was confirmed by the digestion of the PCR product  with AciI. 
The digest resulted in replacement of  the 352 bp band by two fragments with 
predicted sizes of  260 and 92 bp in her unaffected parents, whereas the patient 
D N A  was heterozygous for undigested 352 and digested 260/92 bp bands (Fig. 5). 
Furthermore,  to confirm that the mutation was not a common polymorphism,  we 
examined D N A  samples from 40 healthy, unrelated Japanese individuals. The 
same mutat ion was not found among any of the 80 alleles examined. 

DISCUSSION 

Keratins are the major  structural proteins of  the epidermis in the skin. These 
proteins assemble as coiled-coil heterodimers consisting of a specific acidic (type 
I) and basic (type II) keratin. Dimers undergo further polymerizat ion to form 
keratin intermediate filaments by an assembly process. Keratins are expressed as 
pairs in a tissue-specific manner. In the basal cells of  the epidermis of  the skin, 
synthesis of  keratin K14 (type I) and K5 (type II) predominates,  whereas in the 

Vol. 42, No. I, 1997 



222 K. NOMURA et aL 

suprabasal layers of  the epidermis, keratins K10 (type I) and K1 (type II) constitute 
the majority of  the cellular protein. Keratin has a central rod domain that contains 
four largely a-helical  segments, helix 1A, 1B, 2A and 2B. The rod is flanked by 
nonhelical head and tail segments that are variable in size and sequence. The 
helices contain heptad repeats of  hydrophobic  residues, producing a hydrophobic  
seal on the helical surface, thus enabling the coiled-coil heterodimerization of  
parallel aligned molecules of K14 and K5, or K10 and K1 (Steinert and Freedberg, 
1991; Cheng et  al., 1992). 

In this study, we have described a G to A transition at codon 156 which 
resulted in an amino acid change from Arg to His, in a Japanese EHK patient 
suffering from severe erythrodermic and ichthyosiform skin lesions. This mutat ion 
is pathogenic and not polymorphic.  We did not observe it in a similar analysis of  
40 unrelated Japanese individuals. In the type I keratin family, the amino acid 
sequence of  codons, MQNLNDR,  is almost invariant among type I keratins (Fig. 
6). In addition, the amino acid position which mutated here is strictly occupied by 
an Arg. Therefore, substitution of  this particular Arg by His at the seventh 
position of the h eptad repeat may have a deleterious effect on this highly conserved 
region of  the keratin KI0  molecule. Furthermore, a study on the transfection of  
mutant Arg156His in keratin KI0  into keratinocytes revealed disrupted keratin 
filament assembly (Syder et  aL, 1994). Therefore, disruption of  this highly con- 
served sequence is likely to have a deleterious effect on the protein structure. To 
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acid sequence in the IA region of type I keratin. 
Keratin has a central rod domain that contains four largely a-helical rod 
domains (box). Note that the sequence MQNLNDR is highly conserved among 
type I keratin helix-initiating peptide (HIP). Particularly, the arginine is a 
strictly conserved hydrophobic amino acid residue of the heptad repeat in the 
keratin K10 HIP. HTP, helix-terminating peptide. 
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date ,  ten different  types o f  K10 and  six KI  kera t in  muta t ions  have been repor ted  

in E H K  ( M c L e a n  and  Lane,  1995). A l l  o f  these mu ta t ions  have c lus tered  in the 

h e l i x - i n i t i a t i n g  or  t e rmina t i ng  reg ion  in the d o m a i n  structure o f  kera t in  K I 0  or  

K1. In a d d i t i o n ,  the  same Arg  res idue (Arg156) o f  kera t in  K10 was mu ta t ed  in 

m a n y  r epo r t ed  E H K  muta t i ons  ( C o m p t o n ,  1994), i nc lud ing  our  own case, ind ica t -  

ing that  the  Arg  res idue  is s t ruc tu ra l ly  i m p o r t a n t  for f i lament  assembly.  Thus,  the 

m u t a t i o n  w o u l d  per tu rb  kera t in  ne twork  fo rma t ion  in the sup rabasa l  cells and  

lead  to sk in  t h i cken ing  and  b l i s te r  fo rmat ion .  F ina l l y ,  the p o s i t i o n  and  m o d e o f  

the  m u t a t i o n  ident i f ied  here d id  no t  differ  from those  o f  o ther  r epor ted  A m e r i c a n  

cases (Cheng  et aL, 1992; Ro thnage l  et al., 1992). 
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