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Dystrophic epidermolysis bullosa (EBD) is a clinically
heterogeneous skin disorder, characterized by
abnormal anchoring fibrils (AF) and loss of dermal—
epidermal adherence. EBD has been linked to the
COL7A1 gene at chromosome 3p21 which encodes
collagen VII, the major component of the AF. Here we
investigated two unrelated EBD families with different
clinical phenotypes and novel combinations of
recessive and dominant COL7A1 mutations. Both
families shared the same recessive heterozygous 14
bp deletion at the exon—intron 115 boundary of the
COL7A1 gene. The deletion caused in-frame skipping
of exon 115 and the elimination of 29 amino acid
residues from the pro- al(VII) polypeptide chain. As a
result, procollagen VIl was not converted to collagen
VIl and the C-terminal NC-2 propeptide which is
normally removed from the procollagen VII prior to
formation of the anchoring fibrils was retained in the
skin. All affected individuals also carried missense
mutations in exon 73 of COL7A1 which lead to different
glycine-to-arginine substitutions in the triple-helical
domain of collagen VII. Combination of the deletion
mutation with a G2009R substitution resulted in a mild
phenotype. In contrast, combination of the deletion
with a G2043R substitution led to a severe phenotype.
The G2043R substitution was a de novo mutation

which alone caused a mild phenotype. Thus, different
combinations of dominant and recessive COL7Al
mutations can modulate disease activity of EBD and
alter the clinical presentation of the patients.

INTRODUCTION

Epidermolysis bullosa (EB) is a group of genodermatoses in
which mild mechanical trauma results in skin blistefing). The
affected structure is the dermal—-epidermal basement membrane
(BM) zone that attaches the epidermis to the dermis in the skin
(3,4). There is alarge vatin in the clinical severity of EB, from
perinatally lethal cases to mild seasonal blistering. Based on the
precise ultrastructural localization of the blisters, EB has been
divided into three major subgroups. In EB simplex, the blistering
level is within the basal keratinocytes just above the BM. In
junctional EB, the split occurs within the BM and in EB
dystrophica (EBD), below the BM (5).

EBD can be inherited either dominantly or recessively. Four
clinically distinct recessive EBD groups are recognized accord-
ing to the distribution of the lesions: localized, inverse, general-
ized non-mutilating and generalized mutilating ERD?2).
Ultrastructural analysis of the EBD subtypes has revealed various
degrees of morphological abnormalities of the anchoring fibrils
(AF), ranging from normal appearance to total absence. In most
patients with severe mutilating EBD, clinically unaffected skin
lacks AF and collagen VII, although exceptions have been
reported (6—8). In less severe EBIbtypes, collagen VIl can be
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immunologically detected in the skin, but the ultrastructure of the widespread divergent Norwegian and Swedish ancestry and is
anchoring fibrils often appears abnorrgtat11). not associated with other EDB families in Norway. The maternal
Collagen VIl is the major, if not sole structural protein of theancestors of EB10-1 are widespread over Northern Norway,
anchoring fibrils (4). It is synthesized as a procollagen thathile her husband EB10-95 and the father of her two children is
contains a large N-terminal globular domain (NC-1), a triplefrom Southern Norway.
helical domain and a C-terminal propeptide (NC-2). Procollagen The proband EB10-1 is a 58 year-old female with generalized,
VII monomers form antiparallel dimers with overlapping NC-2non-mutilating EBD who was followed by one of the authors
domains. These dimers are presumably stabilized by interchdifiG-D) for over 30 years. Blistering and scarring started with
disulfide bridges, and the NC-2 propeptide is removed durinfinger blisters at the age of 3 days and became generalized, with
biosynthesis and polymerization of collagen VII to anchoringqually severe blistering on the trunk as on the extremities. The
fibrils (12,13). The fiple-helical domains contribute to the lesions were more severe than those seen in dominant EBD Pasini
ultrastructurally recognizable central cross-banded part of tlaed without development of albopapuloid papules. Repeated
anchoring fibrils. The NC-1 domains mediate the attachment stibungual blistering resulted in loss of all nails by the age of 7
the fibrils into the BM (14). years, but synecchias or mutilation of the fingers and toes never
The gene for collagen VII, COL7A1 is located at chromosomdeveloped. Moderate oral blistering was accompanied by rapid
3p21. The length of the gene is 31 132 bp, and it contains 1di@cay of the teeth. Up to early adulthood, she was severely
exons giving rise to a 8832 bp mRNA transcript which codes fdrandicapped by EB, but since then the blistering activity has
a proal(VIl) chain of 2944 amino acids (15). Genetitkhge  diminished, leaving the skin erythematous, thin, atrophic and
analysis of informative REBD mutilans families indicated thavulnerable. Trauma induced acral blisters still occur almost daily.
the collagen VII gene was the candidate gene for REB7). Her now 26 year-old second son EB10-98 also developed
A number of mutations have been reported in patients witinger blisters at age of 3 days, but the trauma induced blistering
recessive, severe mutilating EBD. Interestingly, most of thememained localized to the extremities, with rare blisters on the
have been either homozygous or heterozygous mutations leadingk, ears or in oral mucosa. No albopapuloid Pasini lesions
to premature termination codons (PTC) in the COL7A1 gengeveloped. The course of the disease was strikingly milder than
(18-22). Most of the affectechdividuals were compound that of the mother, and the patient is only moderately
heterozygotes carrying two different PTCs, a fact that explaitsndicapped. Hence, he presented with a characteristic clinical
the lack of collagen VII and anchoring fibrils in the skin. Inphenotype of localized EBD. Careful clinical examination
contrast, far fewer mutations have been found in patients with |§3%5-D) revealed no signs of EBD by any of the five siblings or
severe forms of EBD. Glycine substitutions in the triple-helicaby the other son of EB 10-1.
domain of collagen VIl were reported in dominant HBB-26).
Two other reports dealt with mutations in localized or inversGgamily LB4 The now 15 year-old female patient LB4-1 was born
EBD. A patient with localized recessive EBD carried &S the first child of healthy non-consanguineous Polish parents. No
homozygous missense mutation in exon(222and aothertwo  other members of the family had had a skin disease or a genetic
splicing mutation§27) and a patient with EBD inversa carried dis_order. LB4-1 presented at birth with Ioc_alizec_i absence of the
one nonsense mutation, but the other mutation of the same patf@fifi on one leg. At the age of 2 weeks the first blisters were noted.
remained unknow(20). The tendency to generalized blistering slowly diminished over the
Recently we identified a sporadic case of EBD with dirst years of life, and only trauma-exposed sites, e.g. hands, feet,
heterozygous deletion mutation in the COL7A1 gene that led f@Pows and knees remained affected. This tendency continued,
exon skipping and interference with the processing of procollagésulting in localized acral blistering. The blisters healed with
VIl to collagen VII (13). Hovever, lack of family history and €erythematous scarring, development of milia, Pasini papules and
unavailability of any family members for analysis impeded furthefail dystrophy. Most toe nails were dystrophic and finger nails
investigation. In the present study we have further characterizégmained unaffected or dystrophic. Oral blistering was rare, and
this patient of Polish origin, as well as some members of her famigophagus involvement was not observed. Thus, this patient
In addition, an unrelated Norwegian EBD family [Family X ofshowed the characteristic clinical phenotype of localized EBD.
Gedde-Dah(28)] which now consisted of two affected indivals ~ Careful clinical examination (LB-T) revealed no signs of EBD by
was investigated. One of the mutations of this family was the sarife mother or the half-brother of LB 4-1. The father was not
14 bp deletion in the exon—intron 115 border as the Polish patiedyailable for examination.
The mutation was also found in several unaffected family members
of both families, but absent in >200 other unrelated individual&lectron microscopy
The second mutation in the Polish and Norwegian families were

different, but both led to glycine substitutions in the '[riple—helicallz-Blo_1 Both by light and electron microscopy, non-lesional
domain of collagen VII. These families illustrate how differengmact skin from the upper buttock/perilumbai area (ie. a

combinations of dominant and recessive mutations can determﬂ%dileotion site) of the patient EB10-1 showed an unsplit intact

the clinical severity in EBD. dermo—epidermal junction. Hemidesmosomes and other base-
ment membrane components appeared normal in the investigated
RESULTS biopsy samples. Anchoring fibrils were present in nearly normal
amounts and most were of normal length (Fig. 1). Some of the
anchoring fibrils were especially long and a fraction of these were
connected to the basal lamina with both ends (Fig. 1). All
Family EB10 This north-Norwegian non-consanguineous EBEanchoring fibrils, however, were thinner than normal, slightly
family was first published by Gedde-Déb8). The family shows hypoplastic and without a clear and specific banding pattern.

Clinical and genealogical description



Human Molecular Genetics, 1997, Vol. 6, No. 7127

Figure 2. Indirect immunofluorescence staining of control and EBD skin with
antibodies to the C-propeptide of procollagen VII. Healthy controlaking4-1
(b), EB10-1 ¢), EB10-98 ). In (a) and (d), arrowheads point to the BMZ.

Figure 1. Intact dermo-epidermal junction of EB10-1 with nearly normal

amounts of anchoring fibrils (arrows) that are long and slender but significantly

_thinnerthan normal, ot_:casionally with afa@nt cross banding; some fibr!ls inser etection of abnormal COL7A1 alleles and

in the basal lamina with both ends. Hemidesmosomes are present in nhormal e .

frequency and with the normal ultrastructure that is, however, only revealed iﬁdentlflcatlon of mutations

perpendicular sections. Magnificatisd3 000; the bar indicates Quén. Messenger RNA isolated from the cells of patients EB10-1 and
EB10-98 was subjected to RT-PCR analysis with primers that
cover the region corresponding to the NC-2 domain of
procollagen VII. Similarly to controls, the analysis of EB10-98

nghowed only one cDNA fragment of the expected size of 439 bp.

LB4-1 Intact skin exhibited a reduced number of anchori _ -
fibrils which appeared diffuse and lacked a well define n contrast to this, two fragments were found in the samples of EB

cross-banding pattern. The electron microscopic findings of tH@-1, one with the expected normal size, and the othéBoriep
skin of LB4-1 have been published previoudlg). shorter (Fig. 3A). Direct sequencing demonstrated skipping of
87 bp in the shorter PCR product (Fig. 3B). The deleted region
corresponded exactly to exon 115 in the COL7Al gene,
Indirect immunofluorescence (IF) analysis suggesting a splice site mutation resulting in in-frame exon
skipping. This showed that similar to LB411), EB10-1 lacked
Antigen mapping confirmed the clinical diagnosis of EBD inexon 115 in one of the allelic mMRNA transcripts.
patients EB10-1, EB10-98 and LB4-1. Skin biopsies from Genomic DNA from EB10-1 and EB10-98 was amplified by
unaffected areas were stained with IF technique using antibodRE€R using primers covering exons 114-116 and introns 114, 115
to well defined components of the BM zone. In all biopsiesand part of intron 116. DNA sequencing of the amplimers
microscopic blisters were observed, and all antibodies stained themonstrated a heterozygous 14 bp deletion in EB10-1. This
blister roof, indicating that the tissue separation occurred beladeletion was localized at the exon—intron 115 border,
the BM, at the level of anchoring fibrils. corresponding to nucleotides 33 563-33 576 of the COL7A1l
Since in normal skin procollagen VIl is processed to collagegene (Fig. 4), which is identical to that previously found in LB4-1
VII, we postulated that defective processing could underlie EB[A3). Thus thelgpping of exon 115 in the mRNA transcript is in
in some patients. After more than 50 normal unrelated contratcordance with the removal of tHedbnor splice site of intron
skin biopsies showed lack of immunoreaction with antibodies thl5. Sequencing of corresponding genomic DNA from EB10-98
the NC-2 domain of procollagen VII, skin of 81 EBD and 26 otherevealed only normal sequence of this region of the COL7Al
EB patients was examined using IF staining. Only EB10-1 argkne (Fig. 4).
LB4-1 exhibited a strongly positive linear fluorescence at the BM To identify the other mutation in EB10-1 and hence the
(Fig. 2). This finding indicated that the NC-2 propeptide had nehutation transmitted to EB10-98, genomic DNA from these two
been removed from procollagen VII. In contrast, the skin of thpatients was amplified by PCR, using primers that covered all
affected proband EB10-98 did not show positive staininggxons of the COL7A1 gene, and the amplimers were subjected to
implying that he did not carry the abnormality leading tcheteroduplex analysis. Examination of a PCR product spanning
persistence of the NC-2 domain. exon 73 of COL7A1 demonstrated a band of altered mobility in



1128 Human Molecular Genetics, 1997, Vol. 6, No. 7

A A . ._
_— ]
£318 _5 12
JEE3denB
25558435
Ty ok
=4 44
—— 201 bp
- 100 bp
B
MNorma EB10-98 EB10-1 EB10-1 B
cantrol Uppar Lowar Nomal EB10-88 EB10-1 EB10-1 la
band band cantrol MNomal Mutant n
2 allels allcle c
TCGA TCGA TCGA TCGA x
2 il Bind 'é rcGA TCGA TCGA TCGA (A
e — — — —_— m— S— S— — a -— e — - = — =]
e s — ] . — e — = e - — =_ G
e e B E Szeo === -F_=Ts= P w
= __ — = — - - == — = R, o -
— T e W = w == == = — 2 5
= e = — p— L k2l = ——— e T m— =
Ex 115 = = = = - Es_TE_ = T £
et e o ey = J“E 5 - = Lo —= I i
Ex 114 —_—— T e e oo — - Ex 114 i B s
[e— -— — = S =_' A =
== —— — ) — & E
S (e S c g
: — s i L i

) . . . Figure 4. Deletion mutation in the collagen VII gen@)(Genomic PCR
Figure 3. Analysis of procollagen VIl cDNA from the two EBD patients in  proycts were generated from normal control, EB10-1, EB10-98, LB4-1 and

family EB10. @) Agarose gel electophoresis of products of RT-PCR with | g4 3 with primers ColE114 and Col10R. The PCR products were digested
primers Coll1lF and CollOR from normal control and patients EB10-1, with Pst and SpH, and separated on a high resolution agarose BEl. (

EB10-98 and LB4-1. The samples from patients EB10-1 (generalized EBD) cparacterization of the mutant allele. DNA sequence of genomic DNA from
and LB4-1 (localized EBD) showed two PCR products, one of the expected siz€, ;g control, EB10-98, normal allele of EB10-1 and mutant allele of EB10-1.
0f 439 kb (thin arrow), and one that wai9-90 bp shorter (thick arrow). Both g 14 pp deleted from the mutant allele are shown between the brackets (thin
the son of EB10-1 with localized EBD, EB10-98, and the control showed only 44y The exon 115-intron 115 borders are indicated with thick arrows.

one band (thick arrow). On the outmost lanes as size markers a 1 kb DNA
ladder, and on the next lanes a 100 bp ladder from 1500 to 100 bp (Gibco Life
Technologies). ) Nucleotide sequence of cDNA from normal control,

EB10-98, EB10-1 upper band and EB10-1 lower band as shown in (A). Note\erification and inheritance of the mutations
in the cDNA sequence of the EB10-1 lower band, exon 116 follows exon 114,

which shows skipping of exon 115. Members of families EB10 and LB4 were screened for the

presence of the 14 bp deletion mutation. IF staining with the NC-2

antibodies showed presence of procollagen VIl in the skin of
the two affected individuals, compared to unrelated unaffectesgtveral members of the EB10 family. The unaffected brothers
individuals (Fig. 5A). Sequencing of the PCR products of EB10-EB10-2 and EB10-4, the unaffected sister EB10-5, and the
and EB10-98 (Fig. 5B) revealed a heterozygous G-to-A transitiamaffected son EB10-96 were all positive. The unaffected sister,
at nucleotide position 6127 in the cDNA sequence (nucleotide EB10-6 and the affected son, EB10-98, were negative. Other
592 in the genomic DNA sequence). This mutation resulted family members were not examined with this technique. The
substitution of a glycine (GGG) by an arginine (AGG) at aminainaffected mother and half-brother of patient LB4-1 were now
acid position 2043 in the collagen VII chain. This mutation waavailable for examination. The mother, LB4-3, showed positive
designated G2043R. staining while the half-brother, LB4-4, did not.

To identify the second mutation in the Polish patient LB4-1, To confirm the 14 bp deletion mutation at the genomic level and
genomic DNA from this patient and her mother LB4-3 wado examine the inheritance of the mutation within the families,
amplified by PCR, using primers that covered all exons of thBNA from family members was analysed with RFLPPUI
COL7A1 gene, and the amplimers were subjected to heterodwestriction site resides within the deleted region of the COL7A1
plex analysis. Once again, the PCR product which spanned exgane (nucleotides 33 563-33 576). In addition there arBs$ivo
73 of COL7A1 demonstrated a band of altered mobility in theites, one in exon 115 and one in intron 115, aBdhasite in
affected individual, in contrast to the mother who showed onltron 115. For RFLP analyses, PCR was performed on genomic
one band (Fig. 6A). The PCR products were subcloned amNA with primers ColE114 and Col10R giving rise to a 872 bp
sequenced. LB4-1 (Fig. 6B) revealed a heterozygous G-toffagment. Figure 7A shows tReul digest of the PCR products.
transition at nucleotide position 6025 in the cDNA sequend® normal controls, two bands appeared and in heterozygous
(nucleotide 23490 in the genomic DNA sequence). Thigdividuals with the 14 bp deletion, there was an additional band
nucleotide change resulted in substitution of a glycine (GGA) lgorresponding to the undigested fragment. In addition to the
an arginine (AGA) at amino acid position 2009 and wagpatients EB10-1 and LB4-1, the unaffected family members
designated G2009R. EB10-2, EB10-4, EB10-5, EB10-96 and LB4-3 carry the
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Figure 5. Glycine substitution mutation in family EB1@&)(Heteroduplex analysis of the PCR product containing exon 73 revealed a heteroduplex band (arrow) in
EB10-1 (lane 2) and EB10-98 (lane 3), but not in a control (lan®)lAufomated sequence analysis of the patients’ DNA revealed a heterozygous G-to-A transition
at nucleotide position 6127 of the cDNA, designated G2043R. The mutation was not present in a normal control.

CCCGGG. In a normal alleleSma cleaved the 287 bp PCR

) product into three fragments of 149, 93 and 45 bp. However, in
- the mutant allele it gave rise to only two fragments of 149 and 138
B NORMAL  MUTATION bp. As shown in Figure 7B, only EB10-1 and EB10-98 carried the
GATC GATC mutation in the EB10 family. This shows that the mutation in
G ey EB10-1 is ade novomutation in the paternal allele, i.e. the one
A e __,:"' inherited from EB10-8 and which does not carry the 14 bp
iﬁ;““_ o ‘;‘fj e deletion.

T = T = The G-to-A mutation in exon 73 of the LB4-1 patient resulted
in the loss of @sd restriction site, CCGTG. In the normal
allele, the enzyme cleaved the 287 bp fragment into two

c fragments of 199 and 88 bp, while the mutant fragment remained

uncleaved. Three fragments of 287, 199 and 88 bp occurred after
Dsd treatment of the PCR product from LB4-1, while the mother
and a normal control only showed the two fragments of 199 and
88 bp (Fig. 6C). This confirmed the mutation in the patient, but
not in the mother or the control.

Figure 6. Glycine substitution mutation in family LB4A) Heteroduplex

analysis of the PCR product containing exon 73 revealed a heteroduplex bar@creening for the mutant COL7AL alleles
in the patient LB4-1 (lane 2), but not in the mother (lane 1) or in a control (lane

C). B) Sequence analysis of the patients’ DNA revealed a heterozygous G-to-Arg investigate the possibility that the 14 bp deletion mutation was

transition at nucleotide position 6025 of the cDNA, designated G2009R, but no, : : : : :
in a normal control.§) The mutation was verified by the loss oDad associated with EBD in other patients, or a normal polymorphism

restriction enzyme site. The PCR products of a control (lane C) and the mothér! the_population, two appfanheS were taken_: IF staining of skin
(lane 1) were digested to two fragments of 199 and 88 bp. The heterozygoudiopsies and RFLP. As mentioned above, skin of 142 unrelated

patient showed an additional uncleaved band of 287 bp (lane 2). individuals with or without EB from different European countries

showed no positive reaction in IF staining with antibodies to the

NC-2 domain. The 14 bp deletion was not present in 200
deletion. Neither the mildly affected EB10-98, nor the othechromosomes from additional unrelated control individuals as
healthy members of family EB10 had this mutation. These resuthown byPvul digestion of ColE114—Col10R PCR fragments
were verified byPst and SpH digest of the PCR amplified amplified from genomic DNA. These findings demonstrate that
genomic DNA as shown in Figure 4A for some of the familythe 14 bp deletion, and hence the retention of the NC-2 domain
members. Here normal controls gave rise to four bands and tha$eprocollagen VIl in the skin, do not represent a normal
carrying the deletion to five bands, since the 14 bp deletion creapgdymorphism in the population.

a new, slightly faster migrating band. There was complete The G-to-A mutation at position 6027 in exon 73 was not
agreement of the carrier analysis with IF and RFLP methods. present in 150 chromosomes from unrelated control individuals
Members of the EB10 family was also screened for thas shown bypsd digestion of the PCR fragment amplified from
presence of the G-to-A mutation at nucleotide 23 592 in exon 7@enomic DNA. This shows that this mutation is not a common

This mutation resulted in the loss ofSana restriction site, polymorphism.
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DISCUSSION
A

Ultrastructural and immunochemical observations have

% . attributed skin fragility in EBD to changes in AF and their main

5 L;’E 5 component, collagen VI2,29). Llinkage studies and mutation
3 3 E 323253388 F__ analyses supported this assump(@2). In dominant EBD that
SficnrancenEs 233 usually shows a milder phenotype, all mutations reported so far
e TV TV TR TT Ry T TR TTRR TR TTiY 1T) = =1 =l

resulted in glycine substitutions in the triple-helical region
(23-26,30). These sutfigtions destabilize the collagen
triple-helix, and if incorporation of such helices into
supramolecular aggregates occurs, they are likely to influence the
stability of AF and integrity of the skin. Most patients with
recessive EBD are compound heterozygotes carrying two
different COL7A1 gene defects, as shown by mutation analyses
(22) and hplotyping studies (Gedde-Dattlal, unpublished). In
severe EBD mutilans, both mutations often result in PTC, low
MRNA levels and lack of collagen VII protein in the g@h). An
interesting compound heterozygous constellation in this disease
group was reported recently: one mutation led to a PTC, and the
other caused a glycine substitution in the triple-helix, a
140 bp . . . ..
138 bp combination that also resulted in a very severe clinical phenotype
(26). This is probably due to iawellular accumulation and
degradation of the allelic product containing the glycine
substitution as shown in other dominant EBD patié3i3. In
contrast, an EBD patient with a milder phenotype carried a
Figure 7. Mutation analysis using RFLP of PCR products from genomic DNA. mutatlpn that resulted in a PTC and a point deletion in t.he
(A) Genomic DNA of families EB10 and LB4 was amplified with primes penultimate exon of the CQL7A1 Qe”e that ‘_”lltered the reading
ColE114 and Col10R. The resulting 872 bp fragment was digesteBwith ~ frame of the last 25 amino acids, overriding the normal
and separated on an agarose @lirf the EB10 family, the PCR product of ~ termination codon and added seven amino acids to the
287 bp which contained exon 73 was digested 3ritld and separated on an pro-al(VIl) chain before terminatiof32). Although only a
agarose gel. L . . :
limited number of mutations is known, it becomes clear how
extensive the molecular heterogeneity of EBD is. The
combination of two different mutations leading to different
consequences for the multimeric collagen VIl aggregates can
account for a vast variety of biological and clinical phenotypes.
In this context, certain simpler constellations can be predicted:
mutations leading to two PTC cause a severe mutilating
henotype, whereas a PTC in combination with another mutation
n cause a severe or a mild EBD phenotype depending on the
cond mutation, but is harmless when combined with a hormal
fele, as seen in healthy carriers.
In the present study, two patients were compound heterozygous
. . . : : for novel combinations of an exon skipping mutation and two
D3S1578 in family EB10. This allele was inherited from the different glycine substitutions, and the third patient had only a

mother of EB10-1, EB10-7, as verified by tHevdl . . L : .
polymorphism in exon 21 of the COL7AL gene. This allele haEpmlnant glycine substitution as summarized in Table 1 and

; ; i _Figure 9. The combinations resulted in distinctly different clinical
Elécio?g’eréénl%eﬂte;ng yngo'_[g’regngeZ:tsf:)y S}I,blﬁ]rgsh%fa:fh%lgoqhenotypes. In the EB10 family, both affected individuals were
EB10-96, but not the EBD affected son EB10-98. These resufidrriers of a G2043R substitution in the triple-helical region of the
are consistent with the carrier analysis of the deletion allele usifglagen VIl molecule. Mutation analysis and haplotyping studies
either IF or PCR/RFLP analysis. The allele carrying the G2043%10wed that the G-to-A transition at position 6127 (CDNA) is a
substitution in EB10-1 was derived from her father, EB10-8, &4 novaermline mutation in EB10-8. Itis interesting to note that
this mutation had been transferred to her diseased son, EB10-@gidentical mutation has previously been found in a large Italian
However, as this mutation occurred only in the two patients, thisBD family, with a dominant inheritance of the disease in three
must be ae novagermline mutation in EB10-8. In the EB10 andgeneration§24). As this is @e novamutation in the Norwegian
LB4 families, the chromosome carrying the 14 bp deletion had &amily, two identical events have occurred independently.
identical haplotype _(B1;Al1:+:del14bpl63 of all six Because this mutation is neither a common polymorphism nor a
intragenic COL7A1 markers (only two is shown) and of the tw@revalent mutation in other EBD familiggst), it is not likely that
flanking markers (S1235 and S1029), while the outer flankinthis site in the COL7A1 gene is particularly susceptible for
markers differed (Fig. 8). mutations.

B

L 287 b

-£ 93 bp

Haplotype analyses

The haplotype of the EB10 family at chromosome 3p21 w.
examined with polymorphic markers flanking the COL7A1 gen e
as well as using markers within the gene. Figure 8 shows that%
14 bp deletion followed the allele carrying the haplotype marke

in red, 3;7;3;B1;Al;+;del14bp;163;19;1;144 (fr@B8S1260t0
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Figure 8. Genotypes at known polymorphic loci within the COL7A1 gene and microsatellite loci surrounding this gene at chromosome 3p21-22 in the EB10 anc
families. The three telomeric (top) and the three centromeric (bottom) microsatellite markers differ in their order from that established in the CEPH families (44, G
Data Bank Maps C3M77 and C3M113) in that we pla88157&entromeric td3S1573 The reason is that in addition to the present family (...S1478;835%33
crossover in the maternal chromosome of EB10-5 or a mutation in S1578) we have observed another family with S33588L6f@&sover or S1578 mutation
(Gedde-Dahét al, unpublished). This makes the CEPH position of S1573 as flanking unlikely. The gene order and orié»8&10H28ind COL7A1 are as yet unknown.
They can be either side DBS1235The position given here is tentative and based on our current family studies (GedeteaDaimpublished). It also differs from the
pter—S1029-(0.005)-S1235-(0.003)-S1573-(0.003)-COLRIL) order used by Christiares al (30).The genetic distance is 10 cM for S1573-S1235 (45) and still larger
from S1260 (on 3p24.2—p22) to S1573 (on 3p21.2—p14.2). Notice that EB10-5 carries a maternal double crossover chromosome. The father EB10-8 appeared hot
for the commonest allele in all six intra-COL7A1 RFLPs (in exons 3, 14, 21, 30, 84 and 118; only two are shown here), as well as for the closest flanking markers. Th
the paternally derived chromosome from S1100 to S1478 are non-informative in the children. Hence, EB10-1 and EB10-5 may have inherited the same COL7A1 ha
from both parents except for the G2043R mutation in EB10-1, whideisiavanutation inherited from the father. Therefore, the two haplotypes may be identical at all
positions except at position 23 592 in the genomic DNA of the COL7A1 gene. The haplotype for EB10-7 was reconstructed on the basis of information on the ge
of her children. The chromosome containing the 14 bp deletion of COL7AL in the Polish LB4 family is of the same intragenic (but common) COL7AL1 haplotype, an
the same flanking S1235 and S1029 alleles as in the Norwegian EB10 family. Based on GHradti@®), the frequency of the intragenic alleles at exons 3, 14, 21, 30,
84 and 118 of the 14 bp deleted COL7A1 gene are as follows: 0.86, 0.77, 0.40, 0.82, 0.90 and 0.94, respectively. The flanking S1235*3 allele has a frequency of 0.
the S1029*163 allele is outside the previously recorded 175-165 bp range, alleles 1-6 (Genome Data Bank). No recombination has been observed in our families
the markers S1235 and S1029. Therefore, we assume that also the S1029*163 allele has a low frequency.
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Table 1. Summary of the present study

Patient/ Genomic DNA cDNA Protein Skin
EBD type Exon/intron mutation mutation procollagen  collagen IF staining with anchoring fibrils
affected Wl Vi NC2 antbodies from EM studies
antibodies
LB4-1 Ex 73 G23490A G6025A G2009R G2009R positive reduced number, diffuse,
localized Ex—In 115 A33563-33576 Ex 11ll-frame 29 amino acids NC-2 not lack of clear banding pattern
border (14 bp del) skipping deleted cleaved off
EB10-1 Ex 73 G23592A G6127A G2043R G2043R positive normal amount, thinner than
generalized Ex-In 115 A33563-33576 Ex 11@-frame 29 amino acids NC-2 not normal, slightly hypoplastic,
border (14 bp del) skipping deleted cleaved off lack of clear banding pattern
EB10-98 Ex 73 G23592A G6127A G2043R G2043R negative EM studies not done
localized
Clinically, EB10-1 is more severely affected than her son, NC-1 Helical domain NC-2
EB10-98. In contrast to her son, she also carried an aberration in G2009R 29 aa del
her maternal COL7A1 allele, the 14 bp deletion that resulted in }

the skipping of exon 115 and elimination of 29 amino acids from Q
the proal1(VII) polypeptide, but left the remaining C-terminus
intact. The eliminated sequence includes the putative cleavage
site for procollagen C-proteinadel). The delton is unlikely to
be a dominant disease-causing mutation since five healthy family
members also were carriers of this aberration. Neither can it b —_— Oy X Y —
regarded as a normal polymorphism in the population, since i "RGD-
was not found in 92 unrelated EB patients or more than 150 t t
unrelated healthy individuals, i.e. in more than 484 chromo- 1935 1978 ﬁ ﬁ
somes. Therefore, our data strongly suggest that the deletion is a G2009R G2043R
recessive disease-causing mutation that is pathogenic at least in
combination with another aberration that can act in synergy, but
harmless when combined with a normal allele. Thus, EB10-Eigyre 9. A schematic presentation of a procollagen VIl monomere and the
carries a dominant mutation in one allele and a recessive mutati@galization of the mutations found in the two EBD families. Table 1
in the other allele, while EB10-98 carries only the dominansummarizes the findings in the three patients. The G2009R substitution
mutation (Table 1). This is consistent with the difference intliminates one of the four -RGD- sequences from collagen VIl. The G2043R

. . . . substitution is located in the middle of a long uninterrupted collagenous
clinical severity between these two probands, since dominaltqy,ence. The numbers in the lower part of the figure refer to the position of
EBD generally presents with milder symptoms. amino acid residues.

Another interesting constellation appears in the LB4 family.
The patient with localized EBD has inherited from the maternal
side the same 14 bp deletion as in the EB10 family, but she carrigigcine substitutions in the triple-helical domains result in
another missense mutation in exon 73, resulting in G2009%dbminant inheritance of disease (34-36).
substitution in the triple-helical domain. This mutation alters a The difference in clinical severity between LB4-1 (localized)
conserved RGD motif (Fig. 9) which is also found in collagen Viand EB10-1 (generalized) might be attributed to the position of
from mouse (33). Unftunately, her father who was reported totheir glycine substitutions in the collagen VII triple-helix. In
be unaffected was not available for examination. Therefore,r@rmal individuals, the triple-helix is interrupted at several
mild form of EBD cannot be excluded in the father. Severglositions, with the longest non-helical stretch of 39 amino acids
possibilities appear with respect to the inheritance of this the middle of the helix. One could hypothesize that glycine
missense mutation. It may reside in the paternal allele of tR@bstitutions close to this interruption have less deleterious effects
patient. Another possibility isde novamutation in the maternal on the stability of the molecule than substitutions within a strictly
allele, and hence two mutations exist in the same allelpelical sequence. The G2009R mutation of LB4-1 is located 30
Therefore, it is not possible to predict from the pedigree whethamino acid residues C-terminal from the non-helical sequence,
the G2009R substitution acts dominantly or recessively. Alhithin an RGD sequence, whereas the G2043R substitution of
dominantly inherited EBD investigated so far are due to glycineB10-1 is located further towards the C-terminus, in the middle
substitutions in the triple-helical domain of the collagen Vliof a long uninterrupted -Gly-X-Y- repeat (Fig. 9).
molecule, however, silent glycine substitutions were found in The contribution of the 14 bp deletion mutation to the
several EBD families with recessive inherita(@®). This isin  phenotype in both patients is presumably similar, although the
contrast to similar mutations in other collagen genes, where allecise molecular consequences of defective procollagen Vi

f

G2043R




Human Molecular Genetics, 1997, Vol. 6, No. 7133

processing remain elusive at present. Ultrastructural changesdoimain-specific collagen VIl antibodies against the NC-1
AF in the two patients were observed, both having fibrils witldomain and the triple helical region were used. The stainings were
diffuse and ill defined cross-banding pattern. However, these Afarried out using standard techniques, with biotin-avidin
aberrations did not provide an obvious explanation for thamplification of the signald 3). Diagnostic antigen mapping of
difference in AF stability and clinical severity between these twgBD skin was carried out with antibodies to bullous pemphigoid
patients. In this context it may be of interest that whereas tlamtigens 1 and 2, integring andf4, laminins 1 and 5, and
retention of the C-propeptide of collagen VIl is harmful only incollagens IV and VIl as described elsewhere (2).
combination with another aberration, the retention of other
collagen propeptides can have deleterious consequences. @A isolation, cDNA synthesis
example is the heritable connective tissue diseases, Ehlers—
Danlos syndromes VII A-C, in which exon skipping mutationdgotal RNA was isolated from normal and EBD fibroblasts with
or reduced activity of the procollagen N-proteinase distort thERIzol reagent according to the manufacturer’s specifications
N-terminal processing of collagen (87-39). This may be (BRL, Gaithersburg, MD, USA). The RNA was dissolved in
explained by the different supramolecular aggregation dftNase-free water and the concentration adjusted. fag/ul.
collagens | and VII. Collagen | forms heterotypic quartePeoxyoligo-dT(18) primed cDNA synthesis was carried out with
staggered fibrils with other collagens, whereas collagen VIl ma§uperScriptMil reverse transcriptase essentially as described by
just self-aggregate and condense laterally in a non-staggetbg manufacturer (BRL, Gaithersburg, MD, USA) but with the
manner to the AF. Whether the abnormally processed collagélowing exceptions: RNA was denatured with 100 pmol
VIl molecules are incorporated into the fibrils remains to b&eoxyoligo dT at 90C for 10 min prior to primer extension
shown. which was performed at 5Q for 1 h.

To obtain more information on the inheritance of the EBD and
the origin of the 14 bp deletion in the Norwegian and PolisPCR, cloning, DNA sequencing and RFLP analysis
families, genealogical and haplotyping studies were performed. i i ) )
In both families, the 14 bp deletion mutation was of matern&fe€nomic DNA was isolated from either peripheral blood
origin. The fact that two families have an identical deletion migHymphocytes or skin fibroblasts from the three EBD patients, their
be either due to the same mutational event in two unrelatéglatives and unrelated control individulas, and used as template
individuals in a susceptible region of the gene, or due to comm&{ amplification of genomic sequences within COL7AL.
ancestry on the maternal side of the two families. The apparenBPecific primers for the NC-2 domain of collagen VII were
rarity of this mutation in EBD families as well as in the generafiésigned based on the published cDNA sequeated2;
population argues against the former hypothesis. In this contelPBJ/EMBL/GenBank accession no. L23982). The following
it is of interest that one of the ancestors of EB10-7 may origina@nking primers with internal restriction sites (underlined) which
from Schleswig-Holstein in Germany, an area that igovered the'3nd encoding the NC-2 domain of procollagen VIl
geographically close to Poland. It is also noticeable that in thedére used:
two families, the maternal 3p21 haplotype carrying the COL7Atol 11F: 5-AGGACGAATTCTTGTGCGCCAAGAGATCAGTC-3
14 bp deletion had identical alleles in both the intrageniCol 10R: 5-CATGCAAGCTTGTCCCCTGGCTCTGGACCAC!3

COL7A1 markers and in the two closest flanking markers S12355, internal primer ColE114 (ECCAGTTCATCGCATCTG-
and S1029 (Fig. 8). The COL7A1 intragenic marker alleles WEGATCAC-3) was made for RFLP analysis and for DNA
of the common type, while the two flanking marker alleles wergeqencing of genomic clones. RT-PCR with primers Col11F and

rare (Fig. 8). Therefore, we cannot exclude the possibility of @,j10R was carried out under the following cycling conditions:
common ancestor of the 14 bp deletion in these two families. yenaturation at 9 for 4 min and then 34 cycles at@sfor

1 min, 59C for 1 min, 72C for 2 min and a final extension at
MATERIALS AND METHODS 72°C for 10 min. PCR on genomic DNA was performed with
Electron micrascopy primers Col11F and Col10R essentially as described above but

with 32 cycles and with extension time of 2 min and 30 s. The

Electron microscopy of skin biopsy samples of intact nonPCR products were purified with Qiaex particles (QIAGEN Ltd,
lesional normal appearing skin from the generalized norRorking, UK) prior toEcaRI/Hindlll digestion and ligation into

mutilating EBD patient EB10-1 was performed as describeBCoRI/Hindlll treated M13mpl19. Recombinant clones were
previously(10,40). propagated on JM101. cDNA clones were sequenced with the

—40 M13 universal primer and genomic clones were sequenced
with primer ColE114. DNA sequencing was performed using kit
reagents from U.S.B. (Cleveland, OH, USA). For RFLP analyses,
genomic DNA was amplified with primers ColE114 and Col10R
Bacterial fusion proteins corresponding to the NC-2 domain efith denaturation for 4 min at 9€ followed by 30 cycles at
procollagen VII were designed on the basis of theDNA  94°C for 1 min, 62C for 1 min, 72C for 2 min and a final
sequence of the COL7A1 gene and produced as descritedension at 72 for 10 min. PCR products were digested with
elsewhere (13). Atibodies were raised to these fusion protein®vul, or Pst andSpH, overnight, and then separated on a 3.5%
and affinity purified. The antibodies recognized procollagen VllMetaPhor agarose gel according to the manufacturer’s
but not collagen VI, since the antigen sequence correspondggkcifications (FMC, BioProducts, Rockland, ME, USA).

solely to the NC-2 propeptide of procollagen Y13). The Amplification of exon 73 of COL7A1 (nucleotide positions
antibodies were employed for immunofluorescence staining 6880—-6180 in the cDNA; DDBJ/EMBL/Genbank accession no.
cryosections of normal and EBD skin. As controls23982) was carried out using primers based on the flanking

NC-2 domain-specific antibodies and indirect
immunofluorescence
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intronic sequences. This resulted in a 287 bp fragment and tREFERENCES
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