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Abstract
Epidermolysis bullosa (EB) is a group ofgenodermatoses char-
acterized by the fragility of skin. Previous studies on the dys-
trophic (scarring) forms ofEB have suggested abnormalities in
anchoring fibrils, morphologically recognizable attachment
structures that provide stability to the association ofthe cutane-
ous basement membrane to the underlying dermis. Since type
VII collagen is the major component ofthe anchoring fibrils, we
examined the genetic linkage of dominant dystrophic EB
(EBDD) and the type VII collagen gene (COL7A1) locus,
which we have recently mapped to chromosome 3p, in three
large kindreds with abnormal anchoring fibrils. Strong genetic
linkage ofEBDD and COL7A1 loci was demonstrated with the
maximum logarithm ofodds (LOD) score of8.77 ata =0. This
linkage was further confirmed with two additional markers in
this region of the short arm ofchromosome 3, and these analy-
ses allowed further refinement of the map locus of COL7A1.
Since there were no recombinants between the COL7A1 and
EBDD loci, our findings suggest that type VII collagen is the
candidate gene that may harbor the mutations responsible for
the EB phenotype in these three families. (J. Clin. Invest.
1992.89:974-980.) Key words: basement membrane zone * bul-
lous dermatosis * genetic skin diseases

Introduction
Epidermolysis bullosa (EB)' is a heterogenous group of me-
chano-bullous diseases characterized by easy blistering as a re-
sult ofminor trauma. EB can be divided into three major cate-
gories on the basis of the level of tissue separation within the
cutaneous basement membrane zone at the dermal-epidermal
junction. In the simplex (nonscarring) forms, the blisters de-
velop within the epidermis at the level of the basal layer of
keratinocytes; in the junctional forms, the tissue separation
occurs within the basement membrane at the level of the lam-
ina lucida; and in the dystrophic (scarring) forms, the blister
formation occurs below the basement membrane within the
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papillary dermis. The inheritance pattern can be either autoso-
mal dominant or autosomal recessive (for reviews see refer-
ences 1-3).

The patients with dystrophic EB have the most severe form
of this condition. In autosomal recessive EB, the tissue separa-
tion can result from minor trauma, and the healing occurs with
either atrophic or hypertophic scarring. In somewhat less se-
vere, dominantly inherited forms of dystrophic EB (EBDD),
the clinical manifestations are primarily present at the pressure
points, hands, and feet; and the cutaneous changes are often
associated with characteristic nail dystrophy. Adiagnostic ultra-
structural feature ofthe dystrophic forms ofEB is altered mor-
phology and marked reduction in the number of anchoring
fibrils, attachment complexes at the dermal side of the cutane-
ous basement membrane zone (4-6). In severe recessive dys-
trophic forms ofEB, the anchoring fibrils can be entirely absent
(7), whereas in EBDD some anchoring fibrils may be present,
but they are often hypoplastic and appear abnormal (4).

Type VII collagen is the major component of anchoring
fibrils (8, 9). This collagen is a homotrimer, lal(VII)J3, and the
individual molecules have been suggested to form antiparallel
dimers, which aggregate laterally to form anchoring fibrils (10,
11). Because the number of anchoring fibrils (which are re-
stricted in their distribution to the stratifying squamous epithe-
lia) is extremely low even in normal human skin, elucidation of
abnormalities in type VII collagen at the protein level is not yet
feasible. However, recent cloning of human type VII collagen
cDNAs has provided a means to study anchoring fibril involve-
ment in the pathogenesis ofEB through genetic linkage analy-
ses (12). Mapping ofthe type VII collagen gene (COL7A1) has
revealed a single locus in the short arm ofhuman chromosome
3 (12). Using a PvuII restriction fragment length polymor-
phism (RFLP) in the COL7A1 gene, we recently demonstrated
linkage between COL7AI and EB phenotype in a family with
EBDD (13). In this study, we examined the genetic linkage of
theEB phenotype to the COL7A1 locusandtwo otherpolymor-
phic markers on the short arm ofchromosome 3 in three fami-
lies with EBDD, demonstrating abnormal anchoring fibrils.
The segregation analyses, which defined the genetic map loca-
tions ofEBDD and COL7A1 on chromosome 3, provided evi-
dence for strong linkage between COL7A1 and the EBDD phe-
notype, suggesting that COL7AI harbors the mutation in these
three families with EBDD.

Methods
Clinical. Three Finnish pedigrees with EBDD were subjected to study.
One ofthem (FEB33) consisted of 13 affected and 16 unaffected living
individuals in two generations (Fig. 1 A). The inheritance ofEBDD in
this family was consistent with autosomal dominant pattern with com-
plete penetrance. The diagnosis of EBDD (the Cockayne-Touraine
type) was made on the basis ofclinical observations, including marked
tendency for blistering and erosions noted at birth or shortly thereafter.
The erosions healed with extensive scarring, and the affected patients
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A. FEB 33

I

14

II
YNZ86.1 -_
COL7A1 --

EFD145.1 -*

III
YNZ86.1 -*
COL7A1 -_
EFD145.1 -*

B. FEB 37

YNZ86.1 _-*
COL7A1 _-
EFD145.1 _

II

YNZ86.1 --

COL7A1 --*
EFD145.1 -_

In

C. FEB 32

II
YNZ86.1 -*
COL7A1 -.
EFD145.1 -*

III
YNZ86.1 -_
COL7AI _-*
EFD145.1 -_

IV
YNZ86.1 -*
COL7A1 -_
EFD145.1 --

V
YNZ86.1 --
COL7A1 -*
EFD145.1 --

Figure 1. Segregtion ofD3S30, COL7A1, and D3S32 loci in three kindreds with EBDD. The alleles at each locus are indicated under the symbol
for each individual. The alleles are grouped according to most likely haplotypes: YNZ86.l1, A, B; COL7Al1, C, D; EFD145.l1, E, F.
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had characteristic nail dystrophy. Another family (FEB37) with 5 af-
fected and 10 unaffected members was also studied (Fig. 1 B). The
clinical features were similar to those found in FEB33, and the diagno-
sis of EBDD was confirmed by histopathology. The inheritance was
also consistent with an autosomal dominant pattern. The third family
(FEB32), with an EBDD mutation previously shown to be linked to
COL7A1 locus (13), was also examined with additional RFLPs on the
chromosome 3p (Fig. I C).

Skin biopsy specimens were obtained for routine histopathological
examination by hematoxylin-eosin stain, for indirect immunofluores-
cence with a monoclonal anti-type VII collagen antibody L3D (14),
and for diagnostic electron microscopy.

Southern analyses. DNA was isolated from peripheral blood leuko-
cytes and subjected to digestions with restriction enzymes. The South-
ern analyses were performed as described previously (15). The DNA
probes used for hybridizations of the Southern blots are described in
Table I. The two-point linkage data were analyzed by the LIPED pro-
gram (16), and the multipoint linkage analyses were performed with
the LINKAGE programs (17).

Results

Demonstration oftype VII collagen and anchoringfibril defects
in families with EBDD. A large kindred (FEB33) with EBDD
with 13 affected and 16 unaffected family members was exam-
ined (Fig. 1 A). Routine histopathology of the apparently nor-
mal skin into which mild trauma was applied revealed subepi-
dermal blister formation, apparently within the upper dermis
(Fig. 2 A). Indirect immunofluorescence ofthe unaffected peri-
lesional skin with a MAb L3D demonstrated the presence of
type VII collagen epitopes in the dermal-epidermal junction
(Fig. 2 B). However, the staining pattern was weak, irregular,
and discontinuous compared with the staining pattern of con-
trol skin from an unrelated healthy individual examined in
parallel (Fig. 2 C), suggesting alterations in type VII collagen.
Diagnostic transmission electron microscopy of the clinically
unaffected skin from a patient in this family revealed paucity of
anchoring fibrils, and several areas along the basement mem-
brane zone were completely devoid of recognizable anchoring
fibrils (Fig. 3, A-C). The relatively few anchoring fibrils present
were largely hypoplastic and demonstrated a markedly reduced
diameter (Fig. 3 A) compared with healthy control skin from a
normal person (Fig. 3 D). Thus, the anchoring fibrils were ab-
normal both in morphology and in numerical density in the
skin of affected individuals in this family. Similar histopatho-
logical and electron microscopic observations were made in the
two other families examined in this study (results not shown).

Thus, COL7A1 could serve as a candidate gene in these fami-
lies with EBDD.

Genetic linkage ofEBDD and COL7AI loci. The families
with EBDD were then analyzed for segregation ofRFLPs at the
COL7A1 locus and nearby on the short arm of human chro-
mosome 3 (12, 18-20; Table I). Since type VII collagen is the
major component of anchoring fibrils (11), COL7A1 was first
tested as a candidate gene in the FEB33 family by using a two-
allele PvuII RFLP, which we have previously shown to have an
allelic frequency of 0.65/0.35 in a normal population with the
polymorphism information content of0.35 (13). Southern hy-
bridizations of genomic DNA revealed cosegregation of the
PvuII polymorphism with the EB phenotype in pedigree
FEB33 (Fig. 1 A), with a peak logarithm ofodds (LOD) score of
2.10 atO = 0 (Table II).

Cytogenetic mapping has recently localized COL7A1 to
3p21 (12). Further evidence for linkage ofthe EBDD mutation
to this region of chromosome 3 was obtained with analysis of
two anonymous markers (see Table I). Specifically, the probe
pYNZ86 (D3S30) yielded Z = 2.1 at 0 = 0, and the probe
pEFD145.1 (D3S32) gave a maximum LOD score of 3.74 at
O=0.
RFLP analysis indicated the same chromosome 3 map lo-

cation for the EBDD mutations in two additional families. In
family FEB37 (Fig. 1 B), the COL7A1 and D3S30 RFLPs were
uninformative for linkage to EBDD, but D3S32 cosegregated
with the disease, with a maximum LOD score of 1.51 at 0 = 0
(Table II). The third family (FEB32, Fig. 1 C), in which we
have previously demonstrated linkage ofEBDD and COL7A 1
(13), was also analyzed for segregation of D3S30 and D3S32.
The results from FEB32 also supported linkage ofEBDD to the
chromosome 3p markers. The Z for linkage of EBDD to
D3S32 was 2.27 at 0 = 0, and to D3S30, Z = 0.88 at 0 = 0.17
(Table II). With the addition ofnew family members, the maxi-
mum Z for COL7A1 and EBDD in the family is now 6.66 at
0 =0.

The combined LOD score from the three families for link-
age ofEBDD to COL7A1 locus was 8.77 at 0 = 0. Multipoint
analysis with the LINKAGE program placed the EBDD locus
closer to D3S32 than to D3S30, with maximum likelihood (Z
= 8.2) at D3S32 (Fig. 4). Thus, the linkage data indicate a single
locus on chromosome 3p as the site of the EBDD mutation in
all three of these families. The absence of recombinants be-
tween the COL7A1 and EBDD loci and the demonstrated an-
choring fibril defects in the affected individuals strongly suggest
that COL7A1 harbors the underlying mutation in these fami-
lies.

Table L RFLPs in Chromosome 3 Loci Utilizedfor Linkage Analysis

Allele
Locus Map DNA
symbol location probe Enzyme Symbol Size Reference

kb

D3S30 3p pYNZ86.1 MspI A 2.0 Nakamura et al. (19)
B 1.9

COL7A1 3p21 K-131 PvuII C 3.6 Parente et al. (12)
D 1.9, 1.7

D3S32 3p pEFD145.1 RsaI E 2.4 Fujimoto et al. (20)
F 1.4, 1.0
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Figure 2. Histopathology and immunofluorescence with anti-type
VII collagen antibody. (A) Histopathology of the perilesional skin
into which mild trauma was applied demonstrates the presence of a
subepidermal blister formation (.). (B) Indirect immunofluorescence
with a MAb (L3D) recognizing type VII collagen epitopes reveals weak
and irregular staining in the unaffected skin ofthe patient with EBDD
from kindred FEB33. Note discontinuities in the staining pattern in
the affected skin (arrows) compared with the strong linear staining at
the cutaneous basement membrane zone of control skin (C). e, epi-
dermis; d, dermis. Bars, 100 ,um.

Discussion

In this study, we have demonstrated strong genetic linkage of
the EB phenotype and the COL7A1 locus on chromosome 3p
in three families with the dominant dystrophic form of the
disease. The diagnosis ofEBDD in these families was based on
characteristic clinical presentation andwas confirmed histologi-

cally by the presence of subepidermal blisters and by electron
microscopic demonstration of abnormal anchoring fibrils.

Abnormalities in the anchoring fibrils and the paucity of
type VII collagen have been demonstrated in the dystrophic
forms ofEB (4-6), and the anchoring fibrils and type VII colla-
gen are absent in some cases with severe recessive dystrophic
EB (7). Previous cell biological investigations concerning the
pathogenesis of recessive dystrophic EB have centered around
proteolytic degradation ofthe anchoring fibrils (21). It has been
demonstrated that type VII collagen can be degraded by the
interstitial (fibroblast) collagenase (22); and it has been sug-
gested that enhanced levels of collagenase and/or other matrix
metalloproteinases, such as stromelysin (MMP-3), cause degra-
dation ofanchoring fibrils and result in the clinical phenotype
(23-25). However, our present results raise the possibility that
structural and/or biosynthetic abnormalities in COL7A1 may
be the primary genetic defect in patients with recessive dystro-
phic EB. In support ofthis interpretation is a recent demonstra-
tion that the collagenase locus on chromosome 11 was ex-
cluded as the candidate gene in a family with recessive dystro-
phic EB by genetic linkage analysis (26). These observations
raise at least the possibility ofgenetic heterogeneity ofrecessive
dystrophic EB.

As indicated above, EB is a group ofheritable diseases, and
different kinds of mutations are expected to be the underlying
cause of clinically distinct phenotypes (27). Previous linkage
analyses have suggested the presence of the mutated locus on
the long arm ofchromosome 1 in some families with the sim-
plex form ofEB (EBS) (28, 29). Furthermore, a strong genetic
linkage to the GPT locus on chromosome 8 has been demon-
strated in a family with the rare Ogna variant of EBS (30). In
these cases, no candidate gene has been identified, however,
and nidogen at the chromosomal locus 1q43 (31) has been
excluded as the candidate gene in a family with EBS linked to
chromosome lq (32). More recently, we (33) and others (34)
demonstrated a strong genetic linkage ofEBS to epidermal ker-
atin gene clusters either on chromosome 1 2q or 1 7q, suggesting
that keratin mutations may underlie some forms of EBS. This
interpretation is supported by recent immunocytochemical
demonstrations of altered keratin gene expression in patients
with EBS (35). Furthermore, development of transgenic mice
that expressed truncated human keratin 14 resulted in a pheno-
type reminiscent of the human EBS (36).

It is conceivable that a structural mutation in COL7A1 in-
terferes with the biosynthesis, secretion, or processing of the
molecules, manifesting at the supramolecular level as abnor-
mal anchoring fibrils. Thus, COL7A1 defects could be similar
to those identified in other collagen genes associated with herit-
able disorders of connective tissue (37). For example, a large
number of mutations have been identified in type I collagen
genes in patients manifesting with osteogenesis imperfecta
(38); defects in the type II collagen gene, primarily expressed in
the cartilaginous tissues, have been identified in patients with
chondrodystrophies (39); and type III collagen defects are the
likely cause ofvascular and cutaneous fragility in patients with
the Ehlers-Danlos syndrome type IV (40). Defects in a5(IV)
chain oftype IV collagen, which is predominantly expressed in
the kidney basement membranes, are the major cause of Al-
port's syndrome (41). Thus, genetic mutations in type VII col-
lagen, which is expressed exclusively in the stratified squamous
epithelia, could well explain the manifestations ofEBDD in the
skin and the mucous membranes.
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Figure 3. Ultrastructural demonstration of anchoring fibril abnormalities in the skin of a patient from pedigree FEB33. These electron micro-
graphs are representative ofthree different regions ofdermoepidermal junction and show paucity of anchoring fibrils (A and B) and the presence
of only a few fibrils (C). In the most affected areas (A and C, o) the fibrils appear thin and rudimentary compared with normal control skin
from a healthy individual (D). As expected, both the lamina densa (LD) and the interstitial collagen fibers (Co) are unremarkable. Original
magnifications: A and B, x43,500; C and D, X47,500.

The possibility ofa secretion defect in type VII collagen has
been suggested by recent observations that type VII collagen
epitopes accumulate within the basal keratinocytes in some
individuals with either the dominant dystrophic or the reces-
sive dystrophic form of EB (42, 43). Recent studies have also
indicated that both epidermal keratinocytes and dermal fibro-
blasts are capable of expressing COL7AI in culture, but the
basal keratinocytes appear to be the primary cell type responsi-
ble for synthesis oftype VII collagen during fetal skin develop-
ment (44, 45). Specifically, in situ hybridizations of human
skin from fetus of 19 wk gestation revealed an abundance of
type VII collagen mRNAs in the basal keratinocytes adjacent
to the developing basement membrane zone, whereas dermal
fibroblasts were devoid oftype VII collagen mRNAs (45). Fur-
thermore, immunofluorescence studies of reconstituted hu-
man skin equivalent have suggested that epidermal keratino-
cytes are the primary source oftype VII collagen in anchoring
fibrils (44). Thus, by analogy with other heritable disorders of
connective tissue, fibroblasts or keratinocytes cultured from
patients with EBDD should provide a system to identify the
precise mutations and to study the phenotype at the molecular
level. Such information will be helpful toward accurate diagno-
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Figure 4. Multipoint analysis of the linkage ofEBDD locus to D3S30
and D3S32 on the short arm of chromosome 3. Male genetic map
distances (in cM) from D3S30 are shown. The sex-specific map dis-
tances between D3S30 and D3S32 were reported by Leppert et al.
(18). The vertical axis represents the multipoint LOD score (Z) for
EBDD calculated with the LINKMAP program (17).
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Table II. Maximum Two-Point LOD Scores (Z) for Linkage of
Chromosome 3 Loci and EBDD

Loci 0 Z

COL7A1 vs. EBDD
FEB33 0 2.10
FEB37 NI NI
FEB32 0 6.66
Combined 0 8.77

D3S30 vs. EBDD
FEB33 0 2.10
FEB37 NI NI
FEB32 0.17 0.88
Combined 0.10 2.45

D3S32 vs. EBDD
FEB33 0 3.74
FEB37 0 1.51
FEB32 0 2.27
Combined 0 8.11

D3S30 vs. COL7AI
FEB33 0 2.11
FEB37 NI NI
FEB32 0.17 0.77
Combined 0.11 2.32

D3S32 vs. COL7A1
FEB33 0.50 0
FEB37 NI NI
FEB32 0.11 0.82
Combined 0.12 0.66

LOD scores were calculated for assumed values of recombination
fractions (0) by the LIPED program (16). a and Z are maximum like-
lihood values. NI, not informative.

sis, both pre- and postnatal, in these families, and it would
potentially allow identification of subtypes of EBDD at the
molecular level. Identification of such mutations might also
allow formulation of rational pharmacological approaches to
counteract the disease activity, perhaps using approaches that
would allow enhanced expression of the normal allele. In this
regard, it is of interest that transforming growth factor-,B is able
to significantly enhance COL7A expression in cultured kera-
tinocytes (46).
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