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The collagen family of proteins
Collagens, the major extracellular matrix components in most vertebrate tissues, comprise a
superfamily of proteins [1]. A total of 29 genetically distinct collagens have been described so
far in the vertebrate tissues and designated by Roman numerals I-XXIX in order of their
discovery [2,3]. The collagen molecules consist of three subunit polypeptides, so-called α-
chains, and while some collagens are homotrimers, others can be heterotrimers containing two
or even three genetically distinct subunit polypeptides. Consequently, there are well over 40
genes in vertebrate tissues that encode the subunits polypeptides of different, genetically
distinct collagen molecules [1,2].

A characteristic structural feature of all collagens is the presence of a protein domain in triple-
helical conformation which provides stability to these molecules to serve as structural building
blocks providing integrity to connective tissues. The triple-helical conformation resists non-
specific proteolysis, such as digestion with pepsin. The folding of the individual α-chains into
the triple-helical conformation is predicated upon the characteristic primary sequence,
consisting of repeating Gly-X-Y triplet sequences. In some collagens, such as in type I collagen,
the most abundant collagen in the skin and bones, the central collagenous domain of individual
α-chains contains an uninterrupted Gly-X-Y repeat segment spanning approximately 1000
amino acids. In some collagens, such as in type IV (the basement membrane collagen) and type
VII (the anchoring fibril collagen), the Gly-X-Y repeat sequence contains imperfections which
interrupt the triple-helical conformation [1]. These interruptions then provide flexibility to the
rod-like collagen molecules and also provide sites susceptible to non-specific proteolytic
cleavage of the primary sequence.

On the basis of their fiber architecture in tissues, the genetically distinct collagens have been
divided into different subgroups [1]. Collagens types I, II, III, V, and X align into large
extracellular fibrils and are designated as fibril-forming collagens. Type IV collagen is
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arranged in an interlacing network within the basement membranes, while type VI collagen
forms distinct microfibrils, and type VII collagen forms anchoring fibrils. FACIT collagens
(fibril-associated collagens with interrupted triple helices) [4] include types IX, XII, XIV, XIX,
XX, and XXI. Several of the latter types of collagens associate with larger collagen fibers and
serve as molecular bridges, stabilizing the organization of the extracellular matrix.

The major collagens in human skin are types I and III which account for approximately 80%
and 10% of the total bulk of collagen, respectively (Table 1). These two collagens associate to
form broad extracellular fibers characteristic for human dermis. Type V collagen is present in
most connective tissues, including dermis, where it represents less than 5% of the total collagen.
In dermis, type V collagen is located on the surface of the large collagen fibers, formed by type
I and III collagens, and type V collagen regulates the lateral growth of these fibers. Another
major collagen in the skin is type IV collagen, present within the dermal-epidermal junction
as well as in the vascular basement membranes.

In addition to these major collagens, human skin contains several minor collagens which
demonstrate spatially restricted location, yet they play a critical role in providing integral
stability to the skin (Table 1). One of them is type VII collagen, the major, if not the exclusive,
component of anchoring fibrils [5]. Another one is type XVII collagen, a transmembrane
collagen in type II topography [6]. Type XVII collagen resides in hemidesmosomes complexed
with α6β4 integrin, plectin, and laminin-332 (laminin -5) [7]. Finally, type XXIX collagen has
been recently reported to be a putative epidermal collagen with the highest level of expression
in suprabasal layers [3]. This collagen has been suggested to play a role in atopic dermatitis
but its characterization is currently incomplete.

The biology of type VII collagen
Type VII collagen was initially described as an extended, unusually long molecule, hence the
original designation as long-chain (LC) collagen [8]. Rotary shadowing electron microscopy
of type VII collagen molecules synthesized and secreted by human keratinocytes in culture
revealed a long, 424 nm, triple-helical domain and flanking non-collagenous sequences (Fig.
1a). The amino-terminal domain was particularly noticeable with individual α-chains
contributing an extended arm. At the same time, visualization of type VII collagen isolated by
limited pepsin proteolysis of amniotic membranes revealed a 780-nm dimer of two identical
molecules in anti-parallel orientation, with a 60-nm overlap stabilized by disulfide bonds (Fig.
1b, c) [5]. Further proteolytic digestion with pepsin revealed that type VII collagen molecules
consists of a central collagenous, triple-helical segment flanked by the non-collagenous NC-1
and NC-2 domains. Subsequent cloning of the human type VII collagen and the corresponding
cDNA indicated that the initially synthesized type VII collagen subunit polypeptide, the pro-
α1(VII) chain is a complex modular protein consisting of a central, 1,530-amino acid triple-
helical domain (Fig. 2a) [9,10]. Unlike interstitial collagens, however, the repeating Gly-X-Y
sequence is interrupted by 19 imperfections due to insertions or deletions of amino acids in the
Gly-X-Y repeat sequence. Most notably, in the middle of the triple-helical domain, there is a
39-amino acid non- collagenous “hinge” region which is susceptible to proteolytic digestion
with pepsin. The amino-terminal NC-1 domain of type VII collagen [NC-1(VII)],
approximately 145 kDa in size, consists of sub-modules with homology to known adhesive
proteins, including segments with homology to cartilage matrix protein (CMP), nine
consecutive fibronectin type III-like (FN-III) domains, a segment with homology to the A
domain of von Willebrand factor, and a short cysteine and proline-rich region [11]. The
carboxy-terminal non-collageneous domain, NC-2, is relatively small, ~30kDa, and it contains
a segment with homology to Kunitz protease inhibitor molecule (Fig. 2a) [10,12].

Chung and Uitto Page 2

Dermatol Clin. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Cloning of the human type VII collagen gene, COL7A1, revealed a complex structure
consisting of a total of 118 separate exons (Fig. 2b) [9]. The gene is, however, relatively
compact, and most of the intervening sequences (introns) are relatively small; consequently,
the size of the entire human COL7A1 gene is only ~32 kb, encoding a messenger RNA of ~8.9
kb. COL7A1 has been mapped to the short-arm of human chromosome 3, region 3p21.1 [13].
At the time of the report of its structural organization, the type VII collagen gene was noted to
be composed of more exons than any previously characterized gene [9]. At the same time, most
of the COL7A1 introns are small, including a 71 nucleotide intron that was the smallest intron
yet reported in a collagen gene. The type VII collagen gene structure and the encoded primary
sequence of the protein are well conserved, and for example, the mouse gene shows 84.7
percent homology at the nucleotide and 90.4 percent identity at the protein level, attesting to
the importance of type VII collagen as a structural protein [14].

Type VII collagen gene expression displays a restricted, tissue-specific pattern. Specifically,
type VII collagen has been localized by immunomapping to a select number of epthelia,
including human skin, and the presence of type VII collagen correlated with the presence of
ultrastructurally detected anchoring fibrils (Table 2) [5]. The expression of the type VII
collagen gene can be modulated by a number of cytokines, and in particular, transforming
growth factor-β is a powerful upregulator of COL7A1 in fibroblasts and keratinocytes, the
regulation taking place primarily at the transcriptional level [15,16].

Type VII collagen is a major component of the anchoring fibrils
Anchoring fibrils are specialized attachment complexes at epithelium/mesenchyme interface
in a number of tissues (Table 2). In human skin, anchoring fibrils extend from the lower portion
of the dermal-epidermal basement membrane to the underlying upper papillary dermis (Fig.
3). Initially, it was suggested that anchoring fibrils attach at one end to the lamina densa of the
cutaneous basement membrane and at the other end to basement membrane-like structures, so-
called anchoring plaques, which were thought to reside within the upper papillary dermis [8].
Subsequent immunoelectron microscopic analyses indicated, however, that most, if not all,
anchoring fibrils attach at both ends to the lamina densa, allowing entrapment of interstitial
collagen fibers into the U-shaped structures (Fig. 3) [17]. In retrospect, the appearance of
“anchoring plaques” in the upper papillary dermis may be an artifact resulting from preparation
of skin samples for electron microscopy.

Type VII collagen is synthesized both by epidermal keratinocytes and dermal fibroblasts in
culture (Fig. 4) [18]. Upon synthesis of complete pro-α1(VII) polypeptides, three polypeptides
associate through their carboxy-terminal ends to a trimer molecule which in its collagenous
portion folds into the triple-helical formation (Fig. 3). The triple-helical molecules are then
secreted to the extracellular milieu where two type VII collagen molecules align into an nti-
parallel dimer with the amino-terminal domains present at both ends of the molecule (Figs. 1b,
c and 3) [5]. This dimer assembly is accompanied by proteolytic removal of a portion of the
carboxy-terminal end of both type VII collagen molecules and stabilization by inter-molecular
disulfide bond formation (Fig. 3) [19]. Subsequently, a large number of these anti-parallel
dimers aggregate laterally to form anchoring fibrils that can be recognized by transmission
electron microscopy of the skin through their characteristic, centro-symmetric banding
patterns.

Type VII collagen is a major component of the anchoring fibrils which provide stability to the
dermal-epidermal adhesion on the dermal site at the lamina lucida/papillary dermis interface
[5]. This stability has been attributed to the affinity of the NC-1(VII) domain to bind the
principal components of the cutaneous basement membrane, laminin-332 (laminin-5),
laminin-311 (laminin-6), and type IV collagen [20,21]. Kinetic assays of such associations
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have demonstrated that the binding of the NC-1(VII) domain to laminin-332 and collagen IV
are of high affinity, and the NC-1 domain utilizes the same region to bind both of these
macromolecules (Fig. 5a, b). In contrast, the NC-1(VII)-mediated binding to type I collagen
is relatively weak (Kd value of ~10−6 M) [21]. Thus, the high affinity binding of type VII
collagen, articularly at the NC-1(VII) domains, appears to facilitate stabilization of the structure
of the basement membrane zone, and type VII collagen interactions with the interstitial collagen
fibers in the dermis, consisting primarily of type I, III, and V collagens, may be due to physical
entrapment of these fiber structures (Fig. 5b, c) [21,22].

The pathologic consequences of type VII collagen gene mutations
Considering the complexity of type VII collagen gene and protein structures, and the critical
importance of its distinct domains in macromolecular interactions, one would have initially
redicted that mutations in the COL7A1 gene can have clinical consequences in terms of integrity
of the skin. The dystrophic forms of epidermolysis bullosa (DEB) emerged as candidate
diseases for type VII collagen mutations when immunofluorescent staining of skin of patients
with the most severe recessive dystrophic EB (RDEB) demonstrated lack of type VII collagen
epitopes [23]. At the same time, anchoring fibrils were shown by ultrastructural analysis to be
morphologically altered, reduced in number, or completely absent in patients with different
forms of DEB [24,25]. The cloning of human type VII collagen gene and cDNAs then provided
the opportunity to assess the hypothesis that type VII collagen serves as the candidate gene/
protein system for this group of blistering disorders.

Initial cloning of the COL7A1 gene provided the tools to perform genetic linkage analyses in
families with DEB and to explore the possibility that the inheritance of the disease in these
families is linked to a specific genetic markers which allows tracking of the segregation of
COL7A1 alleles through the family pedigrees. One of the early markers was an intragenic
PvuII restriction fragment length polymorphism (RFLP) which was shown to reflect a single
base-pair substitution within the type VII collagen gene in exon 21. This polymorphism occurs
within the third nucleotide of a redundant proline codon, and, consequently, does not change
the amino acid within the encoded polypeptide. The first genetic linkage analysis was
performed with this marker in a large dominantly inherited DEB family (Fig. 6). In all cases
within this family, there was complete co-segregation of the inheritance of one COL7A1 allele
and the DDEB phenotype [26]. The subsequent examination of 14 families with DDEB resulted
in the combined LOD score of Ẑ = 41.42 at θ= 0, establishing a robust linkage between the
type VII collagen gene and the disease locus causing skin fragility in DEB [27]. Similar genetic
linkage studies were subsequently performed in families with RDEB, particularly with the most
severe, Hallopeau- Siemens type [28,29]. Again, an unequivocal genetic linkage between
COL7A1 and the disease locus in RDEB was established. These early linkage studies were
consistent with the notion that the majority of, if not all, cases with the dystrophic forms of EB
are the result of mutations in the COL7A1 gene.

Subsequent development of streamlined mutation detection strategies [30,31] has allowed
examination of a large number of cases with dystrophic forms of EB with respect to type VII
collagen mutations. In fact, well over 300 distinct mutations in the COL7A1 gene have now
been disclosed [32,33]. The types of mutations range from premature termination codon (PTC)-
causing mutations as a result of nonsense mutations, small insertions or deletions or splice
junction mutations resulting in frame shift of translation, to more subtle missense mutations.
In fact, genotype/phenotype correlations in general terms have been established [34]: In
recessively inherited forms of DEB, presence of PTC-causing mutations in both alleles results
in complete absence of type VII collagen, manifesting with severe mutilating scarring and
blistering (Fig. 7). Combinations of a PTC-causing mutation with a more subtle missense
mutation can result in milder autosomal recessive form of DEB. Most of the dominantly
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inherited cases of DEB result from glycine substitution mutations in the collagenous domain
replacing one of the glycines in the Gly-X-Y repeat triplet sequence (Fig. 7). Collectively, the
precise degree of severity of DEB reflects the combinations of mutations in COL7A1 and their
consequences at the mRNA and protein levels, combined with the effects of modifier genes
on the individuals’ genetic background and the exposure to environmental trauma [34]. (For
details on phenotypic presentations and genetic basis of different forms of DEB, see Chapter
--, Leena Bruckner-Tuderman; in this issue.)

Circulating autoantibodies to type VII collagen in patients with EB Acquisita
(EBA)

In addition to inherited forms of EB, the acquired form of epidermolysis bullosa (EBA)
involves pathology in type VII collagen. Specifically, circulating autoantibodies in patients
with EBA recognize epitopes in type VII collagen molecules, and molecular cloning of the
type VII collagen cDNAs again provided the tools to identify the most predominant
immunoepitopes within the amino-terminal NC-1 domain of type VII collagen (Fig. 8) [35,
36]. The antigenic properties of the NC-1(VII) domain are further highlighted by the fact that
monoclonal antibodies, such as H3A and L3D, which are in clinical use to map type VII
collagen in the skin of patients with inherited forms of EB, also identify epitopes in this portion
of the protein (Fig. 8) [36]. In addition to circulating autoantibodies recognizing type VII
collagen epitopes in EBA, bullous lesions in some patients with systemic lupus erythematosus
have also been associated with anti-type VII collagen antibodies [36,37].

The role of type VII collagen in epidermal squamous cell carcinoma
Type VII collagen has also been suggested to be required for human epidermal tumorigenesis.
This suggestion relates to the observation that with extended life span of the affected
individuals with RDEB, an increasing number of life-threatening complications related to
development of squamous cell carcinomas (SCCs) has emerged [38]. The RDEB-associated
SCCs usually manifest early in life, and they are distinguished by a particularly aggressive
clinical course. These tumors have a very high rate of metastatic spread often leading to early
demise of the affected individual. The association of type VII collagen expression and
development of SCCs in RDEB derived from observations on tumorigenic conversion of
keratinocytes cultured from these patients and xenotransplanted to immunodeficient mice
[39]. Those keratinocytes expressing NC-1(VII) domain developed cancer while those
keratinocytes which did not express the same domain did not develop SCCs. A molecular
mechanism potentially involving “anchorless” NC-1 activation of α6β4 integrin-mediated
signal transduction as a result of terminally truncated NC-1/laminin-332 interactions has also
been proposed (Fig. 9) [40].

It should be noted that the notion that NC-1(VII) expression is required for SCC development
in RDEB has been challenged by isolation of keratinocytes from RDEB patients with SCC yet
with complete absence of type VII collagen [41]. It should also be noted that NC-1-dependent
tumor formation has been described only in keratinocytes that were immortalized by co-
expression of Ha-RasV12 and mutant IκBα to inhibit cellular NF-κB activity [39].
Nevertheless, the importance of the suggestion for the role of type VII collagen in SCC
development in patients with RDEB is emphasized by the fact that the lack of information of
the pathomechanistic features of SCC has precluded rational development of targeted therapies
for this complication of DEB. Meanwhile, significant progress has been made towards
development of molecular therapies to ameliorate, and eventually to provide cure for this,
currently intractable, disease with significant morbidity and mortality [42,43].
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Figure 1.
Structural features of newly synthesized type VII collagen. (A) Rotary shadowing image of a
type VII collagen molecule synthesized and secreted by human keratinocytes in culture. Note
the central collagenous domain, flanked by non-collagenous NC-1 and NC-2 sequences. (B)
Identification of NC-1 domains at both ends of a type VII collagen dimer molecule, as
visualized by a monoclonal anti-type VII collagen antibody in rotary shadowing image. Note
that the dimer has an overlapping region of the carboxy-terminal ends of the two molecules,
as schematically illustrated in C. (Adapted from Sakai LY, Keene DR, Morris NP, et al. Type
VII collagen is a major structural component of anchoring fibrils. J Cell Biol 1986; 103:
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1577-86. and Burgeson RE. Type VII collagen, anchoring fibrils, and epidermolysis bullosa.
J Invest Dermatol 1993; 101: 252–5., with permission).
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Figure 2.
Domain organization of type VII collagen polypeptides and the intron-exon organization of
the corresponding gene, COL7A1. (A) The amino acid sequence of the pro-α1(VII)
polypeptide, as deduced from cDNA sequences, indicates that type VII collagen consists of
triple-helical central domain containing a 39-amino acid non-collagenous “hinge” region. The
triple-helical domain is flanked by amino-terminal (NC-1) and carboxy-terminal (NC-2) non-
collagenous domains. The NC-1 domain consists of submodules with homology to known
adhesive proteins. The NC-2 domain contains a segment with homology to the Kunitz protease
inhibitor molecule. (B) The intron-exon organization of COL7A1 reveals that the gene consists
of 118 distinct exons (vertical colored blocks) separated by relatively small introns (horizontal
white lines). The sizes (in base pairs) of the exons and introns are indicated below and above
the gene structure, respectively. The exons encoding distinct protein domains within the type
VII collagen polypeptides, as shown in Panel A, are color-matched. (Adapted from Christiano
AM, Uitto J. Impact of molecular genetic diagnosis on dystrophic epidermolysis bullosa.
Current Op Dermatol 1996; 3: 225–32., with permission).
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Figure 3.
Schematic presentation of the synthesis of pro-α1(VII) collagen polypeptides and their
assembly into anchoring fibrils under physiological conditions (left side of the figure) and
perturbations in these processes leading to dystrophic epidermolysis bullosa (right side).
Within the intracellular (IC) space of cells, such as keratinocytes and fibroblasts, pro-α1(VII)
polypeptides are synthesized on ribosomes (I). Three polypeptides associate through their
carboxy-terminal ends, and their collagenous domains fold into a characteristic triple-helical
conformation (II and III). After secretion into the extracellular (EC) space, triple-helical
typeVII collagen molecules form anti-parallel dimers (IV), and after proteolytic removal of a
part of the carboxy-terminal end, the dimer assembly is stabilized by intermolecular disulfide
bonds (V). Subsequently, a large number of dimer molecules laterally assemble in register to
form cross- striated, centro-symmetric anchoring fibrils (VI). The amino-terminal non-
collagenous globular domains (NC-1) attach to the extracellular macromolecules of the lamina
densa, stabilizing the association of the lower part of the dermo-epidermal basement membrane
to the underlying dermis. Mutations in the COL7A1 gene can result in premature termination
codons (PTCs), manifesting with the severe Hallopeau-Siemens (HS)-type recessive
dystrophic epidermolysis bullosa (RDEB) when present in both alleles. Recessive missense
mutations can interfere with chain assembly (a), triple helix formation (b), or stability of the
triple-helix (c), resulting in mild (mitis, M) non-HS-RDEB. Glycine substitutions in the
collagenous domain destabilize the triple helix and can result through dominant-negative
interference in dominantly inherited DEB (DDEB). (Adapted from Varki R, Sadowski S, Uitto
J, et al. Epidermolysis bullosa. II. Type VII collagen mutations and phenotype/genotype
correlations in the dystrophic subtypes. J Med Genet 2007; 44: 181–92., with permission).
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Figure 4.
Demonstration of type VII collagen gene expression in epidermal keratinocytes (lane a), Ras
oncogene transformed human epidermal keratinocytes (RHK) (lane b), human papilloma virus-
transformed epidermal keratinocytes (HPK) (lane c), and skin fibroblasts (lane d). Total mRNA
was isolated from the cultured cells and subjected to Northern hybridization with a human type
VII collagen cDNA probe (middle panel). Note the expression of human type VII collagen
mRNA of approximately 8.9 kb in epidermal keratinocytes and dermal fibroblasts (a, d). For
reference, hybridizations were performed with the 230-kDa bullous pemphigoid antigen
(BPAG1) and type I collagen (α1I) cDNAs. Rehybridization of the same filter got the
GAPDH “housekeeping” gene served as an internal control for RNA loading. (Adapted from
Ryynänen J, Sollberg S, Parente MG, et al. Type VII collagen gene expression by cultured
human cells and in fetal skin. Abundant mRNA and protein levels in epidermal keratinocytes.
J Clin Invest 1992; 89: 163–8., with permission).
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Figure 5.
Demonstration of the binding of type VII collagen to type IV collagen, and schematic
representation of the dermal-epidermal junction with type VII collagen binding to basement
membrane macromolecules. (A) Kinetic biosensor analysis demonstrates that recombinant
NC-1 domain of human type VII collagen binds to type IV collagen (C-IV). After a wash, the
NC-1/C-IV complex dissociates indicating reversible nature of the binding. Addition of
laminin-332 (laminin-5, L-5) did not result in additional binding, suggesting that the L-5
binding site corresponds to or is located close to that for binding of type IV collagen. (B)
Binding of the NC-1-VII collagen domains to C-IV, L-5, and laminin-6 (L-6). (C) The
anchoring fibrils entrap type VII collagen fibers, stabilizing the association of lamina densa of
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the dermo-epidermal basement membrane to underlying dermis. (Adapted from Brittingham
R, Uitto J, Fertala A. High-affinity binding of the NC-1 domain of collagen VII to laminin 5
and collagen IV. Biochem Biophys Res Commun 2006; 343: 692–9., with permission).
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Figure 6.
Demonstration of genetic linkage between the dominant dystrophic epidermolysis bullosa
phenotype and a type VII collagen allele in a family with 20 affected and 22 unaffected living
individuals in four generations. The type VII collagen allele was tracked by inheritance of a
PvuII polymorphic marker. Note that the disease allele tracks with the B-allele of COL7A1.
(Adapted from Ryynänen M, Knowlton RG, Parente MG, et al. Human type VII collagen:
genetic linkage of the gene (COL7A1) on chromosome 3 to dominant dystrophic epidermolysis
bullosa. Am J Hum Genet 1991; 49: 797–803., with permission).
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Figure 7.
Schematic presentation of molecular mechanisms leading to a spectrum of phenotypic severity
and different types of inheritance in families with dystrophic forms of EB. (Adapted from
Christiano AM, Uitto J. Molecular diagnosis of inherited skin diseases: the paradigm of
dystrophic epidermolysis bullosa. Adv Dermatol 1996; 11: 199–214., with permission).
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Figure 8.
Mapping of antigenic epitopes in type VII collagen recognized by autoantibodies in patients
with acquired EB (EBA) and bullous systemic lupus erythematosus (BSLE). (A) the positions
of fusion proteins that correspond to the type VII collagen sequences are indicated by brackets.
(B) The number of sera positive among the 19 EBA and 3 BSLE patients is indicated by the
regions tested using recombinant fusion-proteins. Also, note the areas recognized by two
monoclonal antibodies, H3A and L3D. (Adapted from Lapière JC, Woodley DT, Parente MG,
et al. Epitope mapping of type VII collagen: identification of discrete peptide sequences
recognized by sera from patients with acquired epidermolysis bullosa. J Clin Invest 1993; 92:
1831–9., with permission).
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Figure 9.
Schematic representation of “anchorless” activation of α6β4 integrin-mediated signal
transduction by NC-1(VII) in RDEB keratinocytes. In normal skin, type VII collagen is firmly
anchored to the basement membrane zone through interactions with other components of the
extracellular matrix. Thus, activation of α6β 4 integrin signaling is restricted to the appropriate
tissue compartment within the epidermis (left panel). In contrast, expression of N-terminally
truncated type VII collagen lacking the collagenous and the carboxy-terminal domains but
depicting the presence of NC-1 may enable α6β4 integrin dependent signal transduction in
RDEB keratinocytes which are not firmly anchored in the BMZ, potentially supporting
inappropriate cell survival during invasion and metastasis (middle panel). In the case of
complete absence of NC-1 expression, activation of α6β4 integrin-dependent signal
transduction will not occur (right panel) (Adapted from Rodeck U, Fertala A, Uitto J.
Anchorless keratinocyte survival. An emerging pathogenic mechanism for squamous cell
carcinoma in recessive dystrophic epidermolysis bullosa. Exp Dermatol 2007; 16: 465–7., with
permission).
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TABLE 2

Correlation of the presence of type VII collagen as detected by immunofluorescence with anchoring fibrils
detected ultrastructurally

Immunofluorescence Anchoring fibrils

Skin + +
Chorioamnion + +
Placenta - -
Skeletal muscle - -
Cornea (Bowman’s membrane) + +
Oral mucosa + +
Cervix + +
Oesophagus + +
Anal canal + +
Kidney cortex - -
Lung alvoli - -
Liver sinusoids - -
Stomach (fundus) - -
Large intestine - -
Elastic cartilage - -

Modified from reference [5]
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