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We report a 2l-year-old Japanese man with skin fragility and severe itching,
who showed multiple erosions, blisters, scarring, pruriginous papules and liche-
noid plaques. Blister formation was demonstrated beneath the lamina densa cor-
responding to dystrophic epidermolysis bullosa (EB), and there were muliple
affected family members, indicating a dominant type of inheritance. Mutation
analysis  detected a (insertion/deletion)  COL7AI
8068dell7insGA. This is the first indel mutation identified as a cause of the dom-
inant dystrophic EB (DDEB) phenotype. Nine other family members were affec-
ted, but they did not show severe pruritus or prurigo. The proband had elevated

novel indel mutation

IgE, and we diagnosed him as having DDEB with atopic dermatitis. This case
highlights the difficulty in differential diagnosis of EB pruriginosa and EB associ-

None declared.

ated with atopic dermatitis.

Dystrophic epidermolysis bullosa (DEB) is characterized clinic-
ally by mucocuataneous blistering in response to minor trauma,
followed by scarring and nail dystrophy, and shows blister
formation beneath the epidermal lamina densa at the level of
the anchoring fibrils. It occurs in autosomal dominant (DDEB)
and recessive (RDEB) forms, each form comprising different
subtypes with variable clinical presentation and severity.'
Based on the genetic background, both DDEB and RDEB are
caused by mutations in the COL7Al gene encoding type VI
collagen, the major component of anchoring fibrils.! Examina-
tion of the COL7Al mutations in DEB has so far disclosed cer-
Patients with DDEB
usually harbour glycine substitution mutations within the col-

tain  genotype~phenotype correlations.’

lagenous domain on one COL7A1 allele, leading to disruptions
in anchoring fibril assembly and relatively mild clinical fea-
tures. This study describes the first indel (insertion/deletion)
mutation® in the COL7Al gene that causes a clinical DDEB phe-

notype.

Case and methods

The proband was a 21-year-old Japanese man with blistering
mainly on his knees and elbows after minor trauma since
infancy. The healing lesions left scars and milia. Although
the frequency of blister formation gradually diminished with
age, severe pruritus sfarted at around the age of 13 years.
Afterwards, excoriations and skin lesions appeared over the
whole body. There were nine other aflected family members

with skin fragility, but they failed to show any severe pruri-
tus (Fig. la). Examination revealed multiple erosions, scar-
ring papules and lichenoid plaques on the proband’s trunk
and extremities, and some tense blisters on his legs
(Fig. 1b.,c). Laboratory tests showed IgE levels elevated to
149 667 U mL™". Skin biopsies from the proband revealed
subepidermal blister formation. Further immunostaining with
the monoclonal antibody LH7:2 recognizing type VII colla-
gen demonstrated bright linear staining along the basement
membrane zone and on the roof of the blister (Fig. 2a), and
electron microscopy showed tissue separation beneath the
lamina densa within the dermal sublamina densa region
(Fig. 2b). The combination of topical betamethasone and
oral antihistamines was moderately effective for the pruritus
and prurigo.

Total genomic DNA from the proband was examined to
detect the precise COL7Al mutational defects. The COL7AL
DNA segments including all 118 exons, all intron-exon bor-
ders and the promoter region were amplified by polymerase
chain reaction (PCR) using pairs of oligonucleotide primers
synthesized on the basis of intronic sequences according to
Christiano et al.* The PCR products were subjected to automa-
ted nucleotide sequencing using an ABI 3100 Genetic Analyzer
(Perkin Elmer, Warrington, UX.).

This study was approved by the Ethical Committees at Ho-
kkaido University Graduate School of Medicine and Nara Med-
ical University School of Medicine. Informed consent was
obtained from the proband.
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Fig 1. (a) Family pedigree. The proband is
indicated with an arrow. The other nine
family members affected with skin fragility
failed to show severe pruritus. (b) Multiple
erosions, scarring pruriginous papules and
lichenoid plaques on the trunk and arms. (c)
Tense blisters on the leg (white arrow).

g

i,

%

=3

o

|

Q

«Q

Fig 2. Immunohistochemical, ultrastructural
and mutation analyses of the proband. (a)
Immunostaining with monoclonal antibody

, 7 7 - LH7:2 to type VII collagen demenstrated

(c positive, linear staining along the basement
membrane zone and on the roof of the
blister. (b) Electron microscopy showed tissue
separation in the dermal side of the basement
membrane: arrowheads, lamina densa;
asterisks, blister site. (c) Direct DNA

sequencing detected a heterozygous indel
COL7Al mutation 8068dell7insGA in exon
- . . . ) 109. The 17-nucleotide deletion (green

G Q P G P K G D Q G L underlined area) from 8068 to 8084 with a
g(i CAGCCA GGC CCC AAGOGOGT GACCAG GGC GAG GA insertion resulted in a 15-nucleotide

deletion within the collagenous domain,

Deletion N .
Insertion which did not change the open reading frame
GGG CGA ertio GAC CAG GGC GAG of COL7AL, but interfered with the collagen
‘ G R D O G E triple helix (Gly=X~Y repeat). Red arrows

.4 start from G, nucleotide 806+,
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Results and discussion

Direct DNA sequencing detected a heterozygous indel COL7A1
mutation 8068dell 7insGA in exon 109. The 17-nucleotide
deletion from 8068 to 8084 with a GA two-base insertion
resulted in a 15S-nucleotide deletion within the collagenous
domain, which failed to change the downstream COL7Al open
reading frame (Fig. 2c). The other affected and unaflected
family members refused DNA analysis.

This study examined a 21-year-old Japanese man with skin
fragility. The blister formation beneath the lamina densa and
the presence of multiple affected members in his family sug-
gested DDEB, the diagnosis of which was confirmed by the
identification by mutational analysis of a COL7Al mutation in
one allele. The characteristic clinical feature of this patient was
his severe itching, resulting in scratching and prurigo forma-
tion, similar to the EB pruriginosa phenotype.*®

EB pruriginosa is a form of DEB characterized by prurigo-
like or lichenoid lesions associated with scarring. Blistering is
usually confined to the shins and forearms. The mode of
inheritance is variable, McGrath et al.® described eight unre-
lated families with EB pruriginosa, of which five were spor-
adic, two were autosomal dominant and one was autosornal
recessive. In the present family, nine aftected family members,
unlike the proband, showed no severe pruritus or prurigo for-
mation. Therefore, considering the elevated IgE levels, we
made the diagnosis of DDEB with atopic dermatitis, not EB
pruriginosa. As atopic dermatitis may show familial aggrega-
tion, we highlight here the difficulty in differential diagnosis
of EB pruriginosa and EB associated with atopic dermatitis. In
this case, instability in the epidermal basement membrane
zone caused by anchoring fibril dysfunction might have accel-
erated the tendency for prurigo formation.

The mutation 8068dell7insGA is a novel DEB mutation. An
indel COL7Al mutation is extremely rare, as only two indel
mutations have been reported in RDEB patients among
approximately 250 previously reported COL7Al mutations
according to the Human Gene Mutation Database (http://

[l rchive.uwem.ac.uk/uwan/mg/hgmd0. html). The 17-nucleo-

tide deletion with a GA two-base insertion resulted in a 15-
nucleotide deletion within the collagenous domain, which
failed to change the downstream COL7Al open reading frame.
Consequently, the deletion of 15 nucleotides (five amino
acids) interfered with the collagen triple helix (Gly—X-Y
repeat) and caused this DDEB phenotype probably in a domin-
ant negative fashion. If the deleted nucleotide number had not
been a multiple of 3, then a premature stop codon would
have appeared downstream, resulting in a RDEB pattern muta-
tion; therefore, this family would not have been affected.
Patients with DDEB usually harbour glycine substitution
mutations within the collagenous region of collagen VIL As
far as we know, only six dominant mutations other than gly-

COL7A1 mutation, D. Sawamura et al. 3

cine substitution mutations have been reported in the litera-
ture.  Of 4084-1G — ¢,/
6899A — G* and 8045Ae — G,° were one-nucleotide
substitutions and the others were gross deletion mutations,
6847del27,'% 6863del16® and 6081del28.'® Thus, we have

demonstrated for the first time that indel mutations may result

these, three  mutations,

in the DDEB phenotype and have therefore further extended
the body of evidence implicating a full range of COL7A1 gene

mutations in DEB.
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ABSTRACT

Dystrophic epidermolysis bullosa (DEB) is an inherited blistering skin disorder caused
by mutations in the type VIl collagen gene (COL7AT). Therapeutic introduction of
COL7AT1 into skin cells holds significant promise for the treatment of DEB. The purpose
of this study was to establish an efficient retroviral transfer method for COL7A7 into
DEB epidermal keratinocytes and dermal fibroblasts, and to determine which
gene-transferred cells can most efficiently express collagen VIl in the skin. We
demonstrated that gene transfer using a combination of VSV-G pseudotyped retroviral
vector and retronectin introduced COL7AT into keratinocytes and fibroblasts from a
DEB patient with lack of COL7A1 expression. RT-PCR analysis of the normal human
skin demonstrated that quantity of COL7A7 expression in the epidermis was
significantly higher than that in the dermis. Subsequently, we have produced skin grafts
with the gene-transferred or untreated DEB keratinocytes and fibroblasts, and have
transplanted them into nude rats. Interestingly, the series of skin graft experiments
showed that the gene-transferred fibroblasts supplied higher amount of collagen VIl to
the new dermal-epidermal junction than the gene-transferred keratinocytes. An
ultrastructural study revealed that collagen VIl from gene-transferred cells formed
proper anchoring fibrils. These results suggest that fibroblasts may be a better gene
therapy target of DEB treatment than keratinocytes.



INTRODUCTION

Type VI collagen, a non-fibrillar collagen, is a major component of anchoring fibril
loop structures beneath the epidermal basement membrane (Uitto ef al, 1992;
Burgeson, 1993). Cloning of collagen VIl cDNA demonstrated a primary sequence of
2944 amino acids and the basic organization of the functional domains (Christiano ef al,
1994a). Subsequent genomic cloning has highlighted the structural organization of the
collagen VIl gene (COL7A1) (Christiano et al, 1994b). This cloning information has
enabled genomic DNA sequence analysis of COL7A7 and has demonstrated that
mutations within COL7A7 are associated with the dystrophic forms of epidermolysis
bullosa (DEB). DEB comprises a group of mechanobullous diseases characterized by
cutaneous fragility with a tendency to form sub-basal lamina densa blisters (Christiano
et al, 1993b; Pulkkinen et al, 1999; Chen et al. 2002). In addition, targeted disruption of
COL7A17in a mouse model demonstrated an almost identical phenotype to DEB in
humans (Heinonen et al, 1999). These results indicate that collagen Vil is of critical
importance for dermal-epidermal adhesion.

Approximately 300 distinct COL7AT mutations have been identified in DEB
patients so far. Therapeutic introduction of COL7A1 into skin cells is a promising
treatment of DEB. Despite the relatively large size of COL7A1, the cDNA of which is still
9 kb, makes gene transfer relatively problematic, and several methods including
lentivirus- (Chen et al. 2002), retrovirus- (Baldeschi et al, 2003) and ¢C31
integrase-based approaches (Ortiz-Urda ef al, 2002) have attempted to transfer
COL7AT into keratinocytes. These studies used keratinocytes as target cells since
coltagen VIl has been reported to be mainly synthesized and secreted by keratinocytes
and to lesser extent by fibroblasts (Ryynanen ef al, 1992). However, application of
gene-transferred DEB fibroblasts into the skin restored collagen VI expression in the
dermal-epidermal junction (Ortiz-Urda et al, 2003; Woodley et al, 2003). In addition,
using an intradermal injection of lentivirus with COL7A17 induced the expression of
collagen Vil in fibroblasts and endothelial cells, resulting in collagen VII accumulation in
the grafted DEB skin on the host animal (Woodley et al, 2004).

In this study we have established a retroviral method to transfer COL7A7 into DEB

keratinocytes and fibroblasts. Next, we produced the skin grafts with gene-transferred
keratinocytes or fibroblasts, and transplanted them into nude rats. Examination of
collagen VIl graft expression revealed that gene transferred fibroblasts assembled more
collagen VIl in the form of anchoring fibrils beneath the basement membrane than
gene-transferred keratinocytes. We conclude that fibroblasts are a more ideally suited



target for COL7A17 gene transfer than keratinocytes using retroviral gene therapy for the
treatment of DEB.

RESULTS

Successrtul transfer COL7A1 using retroviral systems

We employed two retroviral vectors, pLIXN and pDON-AI, and full-length COL7A1
cDNA was inserted into the retroviral vectors to generate plasmids termed pLI-COL and
pDON-COL., respectively (Fig. 1). Also we created pDON(4) by removing the SV-40
promoter and Neo gene from pDON-AI and constructed a retroviral vector with COL7A 1

cDNA pDON(A)-COL (Fig. 1). Several series of preliminary experiments demonstrated

that retronectin (TAKARA) increased attachment of virus to keratinocytes and

fibroblasts. Also, use of plasmid pVSV-G (Pantropic System: Clontech) enabled

concentration of viral particles by ultracentrifugation, resulting in an increase of transfer
efficacy. After transfection of plasmids pLI-COL, pDON-COL and pDON(4)-COL to 293
packaging cells, the culture media were collected. The virus titers (mean + SD X 10%ml)
of pLI-COL, pDON-COL and pDON(A)-COL were 1.1 +0.35, 1.6 +0.46 and 2.7 + 0.55 ,

respectively.
We transferred COL7AT1 into cultured DEB keratinocytes and fibroblasts using the

retroviral system. Transfection experiments showed that retroviral methods using
pLI-COL and pDON-COL failed to introduce COL7A7 to DEB cells (data not shown).
Plasmid pDON(A)-COL with the VSV-G system allowed to increase allowed a greater
gene transfer after further concentration of the virus particles increased the transfer rate.
(Fig 2). Immunostaining revealed that the transfer rates in DEB keratinocytes and
fibroblasts were almost the same (Fig 2, 3A), and immunoblotting demonstrated that the
amount of collagen VIl in their culture media was also identical (Fig 3B). The average
copy number per cell of the COL7A1 cDNA was evaluated by Southern blot analysis of

genomic DNA extracted from the transduced cells. The result indicated that the

intensities of 7.2 kb band from the integrated cDNA were the same in treated

keratinocytes and fibroblasts, suggesting inteqration copies for keratinocytes and

fibroblasts was almost eqgual (Fig 3C). The copy number was estimated 2~3 by

comparing with a serial dilution standard (data not shown).

In vivo COL7A1 expression in epidermis is higher than that in dermis



To determine the COL7A17 expression level in the epidermis and dermis in vivo, we
separated the epidermis from the dermis, and measured COL7A7 mRNA levels using
real time PCR. Real time PCR demonstrated that the COL7A17 specific signal (per RNA)
of the epidermis was higher than that of the dermis by 3.2 fold (Fig 4). Comparison of
the total RNA amounts from the epidermis and dermis in the same area of the excised
normal skin showed that the amount from the dermis was higher than that from the
epidermis by 3.4 fold (Fig 4). Thus, the quantity of COL7A7T expression in epidermis
was significantly higher than that in dermis in vivo.

Gene-transferred fibroblasts can supply more collagen Vil to the basement
membrane zone than gene-transferred keratinocytes

We transplanted the gene-transferred DEB keratinocytes and fibroblasts into the
wound of nude rats, and then observed COL7A7 deposition 3, 6 and 9 weeks after
transplantation. In the skin graft with gene-transferred keratinocytes and untreated
fibroblasts, the COL7A17 deposition was detectable in the basement membrane zone at
3 week and maintained this expression at least until 9 weeks (Fig 5). However, we
found a greater accumulation of collagen VIl in dermal-epidermal junction of the grafts
using untreated keratinocytes and gene-transferred fibroblasts 3 weeks after
transplantation. Furthermore, DEB fibroblasts transfected with COL7A7 demonstrated
more dermal epidermal junction collagen Vil staining than COL7A7 transfected DEB
keratinocytes / untreated fibroblast (Fig 5) from 6 to 9 weeks. The grafts of DEB
keratinocytes and fibroblasts as controls demonstrated no deposition (Fig 5).
Semiquantification of COL7A7 deposition in basement membrane zone in each point
showed DEB fibroblasts with COL7A1 can supply higher amount of collagen VIl to the
basement membrane zone than DEB keratinocytes with COL7A17 (Fig 6). Significant
differences were found between the keratinocytes and fibroblasts samples at 3W and
9W points.

Collagen Vil released from gene-transferred cells forms ultrastructurally normal
anchoring fibrils

We examined the ultrastructural formation of anchoring fibrils in the graft. The
grafts with both gene-transferred keratinocytes and fibroblasts demonstrated
filamentous loop structures just beneath the lamina densa which were corresponding to
anchoring fibrils (Fig 7). We could not see any filamentous structures in contro!
(untransfected) samples without COL7AT.



