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GENOTYPE AND PHENOTYPE CORRELATION OF DYSTROPHIC
EPIDERMOLYSIS BULLOSA
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Abstract Dystrophic epidermolysis bullosa (DEB) is a heritable mechanobullous skin disease derived from
mutations in the type VII collagen gene (COL7A]). DEB cases are divided into dominant dystrophic EB (DDEB)
and recessive dystrophic EB (RDEB). Most of the DDEB cases are induced by glycine substitution (GS) mutation
because of its dominant negative effect, although there are silent GS which are not pathogenic without combination
of other mutation in COL7Al. To know the relations between clinical features and COL7A] mutations, we examined
COL7A] gene mutation in two Japanese families with DEB. one is dominantly inherited and another is sporadic.
We identified three mutations; 8068de117ins2 in case L G2395D/152de1G in case 2. Case 1 is DDEB, which does not result
from GS but from insertion/deletion mutation. In case 2, GS does not result in DDEB but causes recessive DEB (RDEB)
with the combination of premature termination codon (PTC) in non-collagenous amino-terminal region (NC-l). This
study demonstrates novel COL7A] mutations for DEB and furthers our understanding of genotype-phenotype correlation
displayed in DEB patients.
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Introduction

M. Mayama, et at.

RDEB.

Dystrophic epidermolysis bullosa (DEB)

is clinically characterized by mucocutaneous

blistering in response to minor trauma, followed

by scarring and nail dystrophy, in which patients

exhibit tissue separation beneath the lamina

densa close to dermal anchoring fibrils. Tissue

separation occurs in both autosomal dominant

(DDEB) or recessive (RDEB) diseases, each form

having a different specific clinical presentation
and severityl)

Typically, DDEB is less severe than RDEB,

and blister formation decreases with age.

RDEB has wide range of clinical severities. In

the Hallopeau-Siemens type (RDEB-HS), the

most severe form of RDEB, extracutaneous

involvement such as strictures of the esophagus,

erosion of the anus, and digital fusions resulting

from repeated blister formation accompany

severe blistering. The other end of the clinical

spectrum of RDEB shows only localized skin

involvement.

On electron microscopic examination of DEB

patients' skin, anchoring fibrils, attachment

structures between the lamina densa and

dermis, are absent or diminished2l
• Because

type VII collagen is the major component

of anchoring fibrils, the corresponding gene,

COL7A], was proposed as the candidate for DEB.

In 1994, COL7A] was cloned3
.

4J
, and elucidation

of its genomic structure has led to identification

of multiple, specific mutations in COL7A] in

many DEB cases. To date, almost two hundred

pathogenic mutations within the collagenous and

noncollagenous domains of type VII collagen

gene have been identified in different forms of

DEB5
-
S

), but the detailed genotype-phenotype

correlations have not been elucidated yet.

To understand precise genotype-phenotype

correlation in DEB patients, the present study

examined COL7A] mutations in two Japanese

families, one with DDEB and the other with

Methods

Clinical features

Case 1: The proband (Fig. lA-a) is a 46-year

old male. Since he was 10 years old, he has

periodically developed blisters with itching on

his lower legs, elbows, and knees. On recent

examination, there were ulcers and scarring

on bilateral lower legs and some of his nails

are deformed (Fig. lB-a, b, C). The mother,

elder sister, and elder brother of this patient

were affected but to a lesser extent, indicating

a dominant pattern of inheritance (Fig. lA-a).

Electron microscopy of uninvolved skin from his

forearm revealed splits just beneath the basal

lamina, and anchoring fibrils were diminished in

number (Fig. lB-d). The patient was diagnosed

as having DDEB.

Case 2: The proband, a l-month-old boy, was

the first child of healthy, non consanguineous

parents (Fig. lA-b). There was no family

history of related skin disease or similar genetic

disorders. At birth, a large skin defect over the

right leg and left foot, small erosions on the face

and fingers, and hypogrowth of ~ight fourth

toe were observed (Fig. lB-e,f). Transmission

electron microscopy showed blistering just

beneath the basal lamina (Fig. lB-g). From the

clinical and microscopic features of this patient,

a DEB variant that is relatively severe, but less

severe than RDEB-HS. was suspected. These

phenotypic manifestations are consistent with a

diagnosis of RDEB, although diagnosis of mode

of inheritance could not be decided at this point.

Mutation detection

Genomic DNA was used as a template for

amplification of genomic sequences of COL7A].

We synthesized 67 pairs of oligonucleotide

primers, which spanned all 118 exons of the

gene 3,4), on the basis of the intronic sequences.

The PCR products were screened by heteroduplex
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Fig. 1 The family pedigrees. clinical features. and electron microscopic features of patients.
A: The pedigree of two families. The proband is indicated with an arrow.

Affected individuals are indicated by solid symbols. The family of Case 1 (a)
comprises several affected individuals. The parents of Case 2 (b) are clinically
unaffected. B: Dorsal right hand (a). bilateral lower legs (b). and dorsal left foot (c)

. of Case 1. Right leg (e) and left hand (f) of Case 2. Electron-microscopic features of
epidermal-dermal border in clinically unaffected skin of Case I (d). and Case 2 (g).

analysis utilizing conformation-sensitive gel

electrophoresis (CSGE). PCR products with

altered mobility (heteroduplexes) detected were

then directly sequenced. When the mutation led

to gain or loss of a restriction enzyme site, the

PCR product was subjected to digestion with

the appropriate restriction enzyme to verify the

mutation (PCR-restriction enzyme fragment

length polymorphism (PCR-RFLP).

Results

Examination of DNA from the proband and

the mother of Case 1 revealed a heteroduplex

band when the PCR product spanning exons

109 and 110 of eOUAl was examined (Fig. 2A).

Sequencing of the PCR product demonstrating

the heteroduplex revealed a 17-bp deletion

(AGCCAGGCCCCAAGGGT) and 2-bp insertion

(GA) (Fig. 2B). This mutation. 8068de1l7ins2.

deletes a restriction enzyme site for Fnu4HI.

and digestion with this enzyme demonstrated

that both the proband and his mother were

heterozygous for this mutation (Fig. 2C).

For Case 2, heteroduplex analysis of exon

94 revealed heteroduplex bands in the patient

and his father (Fig. 3A). Sequencing of the

PCR product disclosed a G-to-A transition at

nucleotide position 7184. which was designated

G2395D (Fig. 3B). This mutation eliminates a

restriction enzyme site for BglI, and digestion

with this enzyme demonstrated that both the

proband and his father were heterozygous

for the G2395D mutation (Fig. 3C). Further

heteroduplex analysis of Case 2 revealed

heteroduplex bands in exon 2 from the patient

and his mother (Fig. 3D). Sequencing of the PCR

product disclosed a deletion of G at nucleotide

position 152, introducing premature termination

codon (PTC) at N-terminal region of the molecule

(Fig. 3E). This mutation, 152delG. deletes a

restriction enzyme site for EaeI. and digestion

with this enzyme demonstrated that both the

proband and his mother were heterozygous for

this mutation (Fig. 3F). In light of the clinical

features and these findings. we diagnosed

RDEB in this patient, although we need further
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CSGE(exon109/110)

TTTGACGGGCAGCCAGGCCCCAAGGGTGACCAGGGC

~GA~GGC

MUTANT

8068 del 17 ins 2

c.

+435bp
+360bp

Fnu4H I digestion

Fig.2 Identification and verification of insertion/deletion mutation 8068del17ins2 in the COUAl
gene of Case 1.

A: Heteroduplex analysis of the PCR product spanning exons 109 and llO and flanking
intronic sequences of the COLlA 1 gene revealed heteroduplex bands in the clinically
affected proband (jane P) and mother (jane M). whereas the unaffected father (lane F)
and normal control (lane C) each showed a single band. B: DNA sequence of exons 109
and llO of the proband revealed deletion of AGCCAGGCCCCAAGGGT and insertion of
GA at nucleotide position 8068 (8068de1l7ins2 mutation: wild-type sequence is shown on
top). C: Verification of the mutation by digestion with Fnu4HI. All of the 450-bp PCR
product from the father and the normal control is cleaved into digestion products of 90
bp (not shown) and 360 bp. but the patient- and maternally derived 435-bp product (the
size reflects the deletion) remained uncut. indicating that the patient and his mother are
heterozygous for 8068de117ins2.

continuous observation of clinical course.

Each of these results was confirmed by CSGE

of samples from 50 normal controls.

Discussion

Like other collagen molecules. type VII

collagen is a homotrimer, comprising three

polypeptides. The central portion of the

molecule consists of a collagen segment with

Gly-X-Y repeat sequences, which folds into
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CSGE(exon94) CSGE(exon2)

CMP FD.M CF
A. p

B. E.

CTCCCTGGCCTGCCC

CTCCCTG;CCTGCCC

I...

ATTGGCCGCAGCAAT

ATTGGCCCAGCAATT
A AAT

MUTANT G2395D MUTANT 152deiG

c. F.

8g1 1 digestion

309bp
214bp

95bp

Eae 1 digestion

Fig. 3 Identification and verification of mutations in the COL 7Ai gene of Case 2.
A: Heteroduplex analysis reveals a shift in the patient- (Jane P) and paternally derived

(jane F) PCR products of exon 94 but not in corresponding samples from a normal
control (lane C) or the patient's mother (lane M). B: Direct DNA sequencing of the
exon 94 of the proband revealed a G-to-A transition at nucleotide position 7184, and the
mutation was designated G2395D. C: Verification of the mutation by digestion with
BglI indicated that all of the 309-bp PCR product from the normal control is cleaved
into 214-bp and 95-bp fragments. D: In contrast. the patient- and paternally derived
309-bp PCR product remained uncleaved. indicating that the patient and his father
are heterozygous for the G2395D mutation. Heteroduplex analysis of the PCR product
spanning exon 2 revealed heteroduplex bands in the proband and his mother. E: The
DNA sequence of exon 2 of the proband is unclear at nucleotide position 152 as compared
with the wild-type sequence (shown on top). and there is deletion of G at nucleotide
position 152. F: Verification of the mutation by digestion with EaeI. All the PCR product
of 375 bp from the normal control is cleaved into 150-bp and 225-bp digestion products.
In contrast, a portion of the 375-bp band from the patient and his mother remains,
indicating that they are heterozygous for the 152delG mutation.

a characteristic triple-helical conformation.

Glycine. the smallest amino acid. plays a key role

in this conformation. The central collagenous

domain is flanked by a large. ~145-kD non

collagenous amino-terminal globular region

(NC·l) and a smaller. ~20-kD carboxyl-terminal

globular portion (NC_2)34J.

In DDEB. pathogenic mutations basically

result from glycine substitutions (GS) within

triple-helical domain. which is analogized to have
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dominant negative effect on both type VII collagen

assembly and anchoring fibril formation9: In this

study, we first detected 8068de1l7ins2 mutation

in the COL7A] gene of Case 1. The 17 nucleotide

deletion with a GA two base insertion resulted

in a 15 nucleotide deletion within collagenous

domain which sustained a COL7A] open reading

frame. Consequently, the 15 nucleotide deletion

interfered with collagen triple helix (Gly-X-Y

repeat) and caused this DDEB phenotype in a

likely dominant negative fashion. As far as we

know, only six dominant mutations except for

glycine substitution mutations have been reported

in the literature. Out of them, three mutations,

4084-1G>ClO
: 6899A>Gll

: 8045A>G 12: were one

nucleotide substitutions and the others were gross

deletion mutations 6847de1279~ 6863de1l613J and

6081de12891. Furthermore, only one insertion/

deletion mutation 8068de1l7insGA was reported

in Japanese DDEB patients 14), and was identical

to the mutation of Case 1. However, the previous

case showed severe itching and scratching,

resulting in epidermolysis bullosa pruriginosa

which was a specific EB form characterized by

prurigo-like or lichenoid lesions associated with

scarring15J. On the other hand, clinical features

of case 1 were those of typical DDEB with slight

itching. It was reported that identical COL7A]

glycine substitutions could cause remarkably

heterogeneous clinical phenotypes including

simple nail dystrophy, typical DDEB, and EB

pruriginosa16
). This report also reveals that

COL7A] insertion/deletion mutation may cause

clinically different phenotypes.

We identified novel COL7A] mutations in Case

2. The paternal mutation was GS of exon 94,

7184 G to A (G2395D). Case 2 was sporadic

and firstly we detected this GS mutation in

patient's DNA. When we encounter GS mutation

in sporadic case of DEB, we cannot tell whether

the case is de novo dominant or recessive. Soon

after, we recognized the same GS in DNA of

phenotypically unaffected patient's father. Thus,

we concluded that this GS was silent and this

case was recessively inherited. The maternal

mutation (I52deIG) in Case 2 caused PTC in

exon 3, and an1ino acid synthesis would stop

in the middle of the NC-l domain. Most of the

reported cases of RDEB-HS are due to a PTC/

PTC combination. However, the defect in Case

2 is due to the combination of GS and PTC.

The consequence of the GS/PTC combination is

that only the molecules containing GS assemble

into anchoring fibril. Therefore, eventually only

hypoplastic anchoring fibril will be produced.

Dominant negative GS mutations tend to cluster

between amino acids 2003 and 2079, downstream

of the largest non-collagenous interruption,

especially in exon 73, according to the Human

Gene Mutation Database (http://archive.uwcm.

ac.uk/uwcm/mg/hgmdO.htmI). From these data,

it is recommendable to start with this area in

examining mutations in DDEB cases. In contrast,

silent GS changes tend to be scattered over the

entire triple-helical domain. In all GS detected

in exon 73, dominant GS share 77.3%. Since

identical positions of GS have not been shared

between dominant and recessive, inheritance

so far reported, mode of inheritance for the

sporadic DEB cases with GS in exon 73 tends

to be dominant with almost 80% probability.

Incidentally, talking of amino acid change from

glycine, arginine (R) is the most frequent in

both dominant negative GS and silent GS, and

glutamic acid is slightly more in dominant

negative GS, although no apparent difference is

observed. This tendency suggests that positional

effect of GS is more significant than amino acid

change to regulate phenotype.

In conclusion, we have identified three

COL7A] mutations in two cases of DEB with

different phenotypes. The patient with DDEB

has little difficulty in daily life, and we have to
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keep observing case 2, because in many cases

clinical feature changes as a patient grows up.

Our findings will provide some insight into

understanding the molecular mechanism of DEB.
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