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This thesis is about fundamental and observational investigations on type VII collagen 
(Col VII) expression in human ocular tissues. Predominantly immunohistochemical 
data are presented in such a way, that these data can be used and interpreted by its 
readers, including clinicians. In order optimize the data presentation, it is appropriate 
to provide selected background information on the biomolecular aspects of collagens, 
in particular Col VII. The molecular aspects of this particular collagen molecule are 
described in relation to the binding properties of the various antibodies to the collagen 
in tissues and the lysates of those tissues.

1.0 COLLAGENS

1.1 Collagens are ubiquitous and versatile proteins

Collagens are the bulk construction molecules of the human body: they provide the 
3D framework for our tissues and organs, and make up about 30% of the human dry 
weight. Collagens may serve as a tissue glue, but also perform biochemical signaling 
and organizing functions within the extracellular matrix. Collagens derive from 
procollagens, which are made in the endoplasmic reticulum, transported to the Golgi, 
and from there are secreted into the extracellular matrix. To date, 29 types of collagen 
have been described in man, each with different functional characteristics. The 
versatility in function of a collagen is not only derived from its molecular composition, 
but also its supramolecular assembly. The differences in molecular composition of 
a collagen type dictate how it functions, and thus where it is located/needed.1 For 
example, the hierarchy of collagens in tendons and muscle warrants tissue strength 
and flexibility, while the inclusion of minerals provides stiffness to bones. In cornea, 
the collagen structural hierarchy allows not only for strength, but also transparency. 

1.2 The general composition of a collagens

The hallmark of the collagens (as a protein group) lies in their amino acid sequence; 
they all consist of a repeating amino acid motif Glycin-X-Y, where X and Y may be any 
amino acid, but are often proline and hydroxyproline, respectively. These sequences 
thus form a helical polymer: the α-chain. Typically, three α-chains will combine into 
a larger structure, a right-handed triple helix, by gyrating around one another while 
maintaining their glycine amino acid residues at their core; the collagen molecule 
(Figure 1). 
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FIGURE 1. Collagen fibrils as aggregates of collagen fibers, and their visualization by electron microscopy. 
Schematic, Scanning (SEM) and transmission (TEM) electron microscopic representations of corneal collagen 
fibrils to their ultimate amino acid composition. Adapted from Adler’s Physiology of the eye, 11th edition, Elsevier 

Saunders, 2011 & Hogan et al. Histology of the human eye, Saunders, 1971.

Beside this triple helix, there are also non-collagenous parts to a whole collagen 
molecule, such as a carboxy and amino terminal domain. The various parts of a collagen 
molecule may allow for interaction with adjacent collagens of the same type. In some 
collagen types this interaction may result in fiber formation, while in others it may lead 
to aggregation into larger structures: the fibrils. Alternatively, networks may be formed 
by some collagen types.

1.3 α-Chain variance provides diversity within collagen fibers: the isoform

The three α-chains that form the triple helix may be identical (forming a homotrimeric 
collagen molecule) while in others, the α-chains may have differences in their amino-
acid sequences (heterotrimer). Heterotrimers provide a collagen type with additional 
types, or isoforms, that may have additional biological functionalities. 



13

General introduction

1
2.0 BASEMENT MEMBRANES

2.1 Basement membranes: an example of collagen isoform variation

Basement membranes (BMs) are the acellular protein ‘sheets’ that delineate tissue 
boundaries. These specialized extracellular matrix protein complexes provide an 
adhesive scaffold for the cells of epithelia, endothelia, and parenchymal cells, hereby 
separating such cells from surrounding mesenchyme/connective tissue. Such 
compartmentalization allows for different organs to be formed, but also for guided 
morphogenesis and tissue repair. Because of the varying protein composition of BMs, 
BMs are able to influence their adjacent tissues by mediating cell signaling events, 
and alter cellular behavior through their tissue-specific composition and structure. For 
example, the BM of blood vessels is needed for ongoing stability and elasticity of the 
blood vessels, while the lens capsule -essentially a basement membrane- reshapes the 
lens after each accommodation. Although the retinal BM (inner limiting membrane, 
ILM) separates the stromal vitreous from neuroretinal epithelium, it appears not 
to be essential post-partum since the stromal vitreous and ILM may be removed in 
vitrectomy without serious consequences.2, 3, 4 The basement membrane zone of the 
skin and cornea is, amongst other things, designed to withstand the mechanical forces 
received from the environment. The dermal-epidermal BM does so by the aid of a 
multitude of proteins, one of which is the subject of this thesis: Col VII.

2.2 Variation of α-chain combinations dictates BM composition per tissue

The tissue-specific composition of a BM is derived from the 178 distinct BM proteins 
that may associate around a network of type IV collagen heterotrimers.4, 5 The Col IV 
network is regarded as the foundation of all BMs, but this network may also vary in 
composition per tissue. There are six different Col IV α-chains that may contribute to 
the network. But although 3 α-chains are needed for a stable Col IV molecule, not all 
α-chain combinations occur. There are typical heterodimer combinations throughout 
the body, of which the typical chain combinations are [α12 + α2], [α3 + α4 + α5], and 
[α52 + α6] (Figure 2).6

In ocular BMs, the chain combinations that are mainly found are α1 with α2 chains, 
such as in retinal blood vessels and the lens capsule. The inner basement membrane of 
the retinal Müller cells (inner limiting membrane), however, contains mainly α3-α4-α5 
chain combinations.7, 8 The adult human corneal epithelial BM contains α3-α5 chains at 
its central area, whereas the limbal BM contains mainly α1-α2 and α5 chains. The latter 
example suggests a ‘horizontal’ isoform differentiation within a tissue. The Descemet’s 
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membrane was reported to have a ‘vertical’ isoform differentiation, with α1-α2 in 
its stromal face, and α3-α5 on its endothelial face.9 There may even be an isoform 
differentiation of a tissue in time, since infant central corneal epithelial BM changed 
from α1-α2 chain to α3-α4 chain dominance after age 3 years.10 At their Descemet’s 
membrane, α1-α6 chains were mainly found on the stromal and endothelial face, but 
remained only on the endothelial face upon reaching adulthood.10 Apart from Col IV, 
other BM associated proteins may also vary per tissue/organ: specific isoforms exist of 
the fundamental components laminin, nidogen and perlecan. Such proteins are often 
restricted temporally and spatially in their expression, in correspondence to the needs 
of the tissue.11

FIGURE 2. Formation of the type IV collagen network at the dermo-epidermal basement membrane zone. 
The isoforms α1 with α2, and α5 with α6 require end-to-end interactions between their C-terminal globular NC1 
domains (pinheads) and interactions through their tails (N-terminal 7S domains). The lateral aggregation and 
twisting of these collagenous domains provide a tightly entangled collagen IV-network. Adapted from Behrens 

DT, Villone D, Koch M, et al, J Biol Chem. 2012; 287:18700-18709.
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3.0 TYPE VII COLLAGEN

3.1 Type VII collagen is a BM associated anchoring protein

An example of a spatially restricted BM-associated protein is Col VII. This anchoring 
protein was demonstrated underneath several BMs, but is not thought to exist as a 
common component of BM zones. It is most renowned for its expression at the largest 
of human organs: the skin. At the dermal-epidermal BM, this particular collagen forms 
anchoring fibrils: structures which secure the epidermis to the underlying stroma. The 
anchorage ability of these fibrils is a characteristic that is unique to Col VII, and a result 
of the collagen’s aggregation into flexible loops. 

3.2 Anchoring fibrils contain aggregated Col VII molecules

Shortly after the first isolation of Col VII from choriamnion by Bentz et al. (1983),12 
its first biochemical characteristics were reported. In contrast to most collagens, Col 
VII appeared not to aggregate longitudinally into a head-to-tail aggregated fibril 
(such as Col I; Figure 1). Therefore, it was not classified as a member of the Fibril 

forming collagen group (indicating typical long polymers), but instead as a basement 

membrane associated collagen, as part of the non-fibrillar collagen group. This latter 
classification is factually a misnomer, since Col VII does aggregate into fibrils, albeit 
through lateral aggregation. The precursor of Col VII, Type VII procollagen, was found 
to be a homotrimer (3 identical α-chains), flanked by two non-collagenous domains: a 
large NC-1 and a small NC-2 globular domain.

3.3 Anchoring fibrils are mostly loop shaped due to their affinity for BMs

The characteristics of these two globular domains, next to a flexible triple-helical 
domain, allow for Col VII to assume a looped shape. After a Col VII monomeric 
molecule is synthesized, it gets secreted into the extracellular milieu, the NC-2 domain 
is proteolytically cleaved, and the molecule is called ‘mature’.13, 14 In the ECM, two Col 
VII molecules form antiparallel dimers; their α-chains overlap at their NC-2 terminal 
ends, while the large NC-1 globules stick out at the other end (Figure 2). The two NC-1 
domains of the Col VII molecule have affinity for two specific basement membrane 
components, Col IV and laminin-332.15- 17 Therefore, both NC-1 domains of a Col VII 
dimer may connect to these basement membrane components, so that most dimers 
form the typical U-shape (Figure 2), at least in skin.18 When the complex supramolecular 
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process of lateral aggregation (and often looping) is completed, Col VII fibrils may 
have become thick enough to be visually identified by electron microscopy (as a true 
anchoring fibril).19 

3.4 Anchoring fibrils function by direct binding to or physical entrapment of 
adjacent proteins

Presently, the anchoring fibril is the only functional mode of Col VII that is proven to 
secure epithelia to their underlying stroma. The looped configuration of the anchoring 
fibril secures the epithelial BM to the stroma by physical entrapment of the underlying 
stromal fibrils (collagen types I and III, from the Fibril forming group). But the NC-1 
domains of Col VII also exert some direct affinity for the large stromal fibrils, suggesting 
an additional connection mode.15, 20 Indeed, some anchoring fibrils appear to have only 
one NC-1 domain of their dimer connected to the BM, while the other NC-1 domain 
connects to a stromal fiber instead of the BM (Figure 3). 20, 21 Such direct interaction of 
Col VII with such large fibers probably adds to the fastening of the BM to the stroma20 
as well, but also indicates that not all anchoring fibrils are compulsory loops. 

3.5 An alternative to anchoring fibril looping: the anchoring plaque connection

Anchoring plaques were thought to be mediators in anchorage among such non-
looped anchoring fibrils (i.e. junctions between two or more linear shaped AF).22 
Such amorphous plaques were described extensively, also in other species.23, 24 They 
were believed to be physiologically significant, as additional connections between 
anchoring fibrils, to let these extend further down into the papillary dermis as a chain. 
Some authors noted that these plaques appeared most extensively in the cornea, but 
were also obvious in multiple other tissues containing anchoring fibrils.24 In 1997, 
it was suggested that anchoring plaques were a mere embedding artefact, and the 
mentioning of anchoring plaques diminished.22, 25

As can be appreciated from the current literature, there is still some debate whether 
the anchoring plaques exist or not, and whether Col VII connects solely to the lamina 
densa, or alternatively, might connect to stromal fibrils (i.e. through molecular 
binding) according to the proposed configuration of Villone et al. (2008) (Figure 5).20 
Interestingly however, schematic representations of anchoring fibril connections 
typically depict the Col VII molecules as laterally aggregated dimers. In representations 
such as Figure 6, the dimers are depicted in unaggregated condition, but that was 
only meant for increased simplicity. In fact, no literature exists (to our knowledge) that 
describes sparsely aggregated, or even unaggregated dimeric fibrils which may or may 
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not perform as true anchoring fibrils. Of course, such individual fibrils might be very 
difficult to discern, since aggregated fibrils may already prove elusive, as reported in 
literature. For example, Gipson et al. (1987) reported that the structure and composition 
of anchoring fibrils may be difficult to discern in routinely fixed corneas (half-strength 
Karnovsky fixative/glutaraldehyde/paraformaldehyde; immediately after dissection).23 
Anchoring fibrils were found to be more distinct in 24h organ-cultures, after fixation 
with osmium-tetroxide in collidine buffer.26

FIGURE 3. Schematic 2D representation and TEM imaging of anchoring fibril assembly. After lateral 
aggregation of assembled dimers, some of the NC-1 globules of the Col VII molecule will connect to the 
basement membrane forming a ‘classic’ looped anchoring fibril. Transmission electron microscopic visualization 
of such an anchoring fibril, at the bovine cornea basement membrane zone (bottom). In contrast, a linear 
anchoring fibril (right) may sometimes be appreciated, e.g. at the epidermal basement membrane zone of a 
human neonatal foreskin. Scale bar 100 nm. Adapted from Bachinger HP, et al. J Biol Chem. 1990; 265:10095-10101, 

and Lunstrum et al. J Biol Chem. 1987; 262:13706-13712.
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FIGURE 4. Anchoring fibrils are co-localized with type I collagen fibrils. Immunoelectron microscope image 
of a skin sample treated with gold labeled antibodies to collagen VII. At the sublamina densa, a large stromal 
type I collagen fibril is covered with anti-Col VII labeling (white arrowheads). Note the ‘barcode’ pattern of Col I 
due to its D-periodically banding. From Villone et al., J Biol Chem. 2008;283:24506-24513.

FIGURE 5. The organization of the anchoring complex of the dermal-epidermal junction zone; TEM (left) 
and 2D schematic (right). Many proteins have a role in stabilizing the dermo-epidermal connection. Anti-
Col VII gold labels (black dots in TEM figure) localize at the lamina densa as well as at stromal collagen fibers. 
Schematic: classical looping anchoring fibrils are depicted in light grey, whereas proposed novel, covalently 
stabilized interactions are depicted in dark grey. Scale bar 200nm. Adapted from Villone et al., J Biol Chem. 2008; 

283:24506-24513; and Hashimoto et al., Br J Dermatol. 1996; 134:336-339.
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FIGURE 6. The organization of the anchoring complex of the dermal-epidermal junction zone; specific 
binding interactions and 3D schematic. (Left) Col VII binds with its NC1 domain (NC1-VII) to the NC1 domain 
of Col IV (NC1-IV) and the short arm of the β3 chain of laminin 5 (β3). (Right) basic keratinocytes (K) interact with 
the type IV collagen network (C-IV) through laminin-5 and -6 (L5/L6). Col VII connects to both laminin-5 and the 
Col IV network, hereby forming loops, but also interlaces with Col I fibrils derived from fibroblasts (F). Adapted 

from Brittingham et al., Biochem Biophys Res Commun. 2006; 343:692-699.

3.6 Anchoring fibrils are detected by visualization in TEM analysis

The gold standard of demonstrating anchoring fibrils has always been electron 
microscopy, either aided by immunogold labeling or without. As lateral aggregate, the 
anchoring fibril was discovered by electron microscopy27- 37 long before the discovery 
of their main Col VII component by Sakai et al. (1986).38 The ultrastructure of anchoring 
fibrils (in fixed tissues) indicated that each anchoring fibril was an unstaggered lateral 
aggregate of many molecules, although it was thought unlikely that the proximity 
of several helical domains would significantly stabilize an anchoring fibril in the 
absence intermolecular cross-links within the helical domains.21 To date, however, the 
idea that Col VII is the major (if not only) component of anchoring fibrils still holds.38 
An anchoring fibril was determined to be 780 nm long. Years later, the triple-helical 
domain of one Col VII monomer was determined to be 420 nm, which is the longest 
triple-helical region amongst vertebrate collagens (i.e. 1.5 times the length of a type I 
collagen α-chain).12, 39 Each pair of Col VII molecules in a dimer thus has a 60 nm overlap 
at the carboxy terminal end of their α-chain.19 By transmission electron microscopy 
(TEM), the AF displayed variable diameters and degrees of curvature.21 The extreme 
degree of flexibility that the Col VII dimers exemplify in AF is not seen in other collagen 
molecules, including type IV collagen.21 Such deformability of anchoring fibrils in 
a network is thought to provide a mechanism to minimize the strain applied to the 
network by external forces and the resistance provided by fibrous stromal elements 
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entrapped by the network.21 Therefore, a BM ‘sheet’ with looping anchoring fibrils 
underneath which physically secure it to the underlying stroma may be compared to 
a biological Velcro.40

3.7 Col VII detection is possible only after mRNA is transcribed from the COL7A1 
gene 

As in all protein synthesis, the encoding gene must first be transcribed into mRNA. 
The mRNA is then translated into an amino-acid sequence, which makes up a protein. 
Sometimes, cells may be capable of transcribing a certain mRNA, but are not stimulated 
by their environment to actually do so. Cells may, for example, be stimulated by the 
extracellular matrix to start synthesis at another time, when the protein is needed. 
Thus, demonstrating the presence of certain genes or even mRNA transcripts does not 
necessarily mean that cells actually express the corresponding protein product as well. 
Conversely, however, cells that lack gene transcripts (thus mRNA) are not capable of 
actual protein expression. 

In addition, proteins from a single gene variant may also be translated into slightly 
different proteins by a process called alternate splicing. Alternative splicing means 
that a single gene may code for multiple proteins, because parts of such a gene 
(exons) may either be included or excluded in certain transcripts. This allows for non-
identical mRNA transcripts and thus different amino-acid sequences and proteins. 
Consequently, the proteins that are translated from alternatively spliced mRNA may 
differ in their function.

The expression of the Col VII gene (COL7A1) and the protein product (Col VII) 
characteristics have been thoroughly examined. Col VII was shown to be made up 
of 2944 amino acid residues (aa); 1237aa at the NC-1 terminal domain, 1530aa at 
the triple helical collagenous part, 161aa at the carboxy terminal end, and a putative 
signal peptide of 16aa. 39, 41, 42 When the amino acid sequences of human and mouse 
Col VII are compared, a relatively low degree of homology is seen in comparison to 
other collagens. Still, the organization of each domain in Col VII is conserved, especially 
in the triple helical part. This suggests that the functional flexibility of the molecule, 
dedicated to small interruptions in the triple helix such as the ‘hinge’ region, is essential 
for the anchoring function of fibrils, and therefore likely is conserved throughout the 
species.21, 41, 43, 44 Furthermore, only one genetic variant of Col VII and its encoding gene 
(COL7A1) are known to exist in healthy individuals. Sawamura et al. (2003) hypothesized 
whether COL7A1 could have alternative splice variants, since alternative splicing occurs 
frequently in genes that code for extracellular matrix proteins (including collagens) 
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which may have functional implications.45 The possibility of one or more alternate 
splicing variants of COL7A1 may indeed not just be a theoretical one, since COL7A1 
has a staggering 118 exons.41 Theoretically, there could exist another 6 isoforms in 
man, based on determined mRNA sequences (ncbi.nlm.nih.gov/gene/1294), but these 
transcripts or their proteins have never been demonstrated. Sawamura et al. (2003) 
found that expression of alternative transcripts of COL7A1 mRNA differed among 
several cell types, and that TGF-β (a potent inducer of COL7A1 expression and fibrosis) 
would promote such alternative splicing.45

3.8 Detection of Col VII in tissue lysates by molecular weight determination and 
immunoreaction

Type VII procollagen is a molecule of very high molecular weight. Each procollagen 
molecule is composed of three homopolymer pro-α-chains. Biochemical studies 
predicted the molecular weights of the components of each the pro-α-chain by 
computer analysis of Col VII cDNA sequences: 133 kDa for the NC-1 globule, 145 kDa 
for the collagenous part, and 18 kDa for the small NC-2 globule.41, 46 Estimated and 
predicted molecular weights of Col VII and its enzyme-induced released components 
(NC-1, NC-1 and 3H) differed somewhat from the results obtained from SDS-PAGE 
migrations (145 kDa for NC-1; 170 kDa for triple helix; ~30 kDa for NC-2), especially 
the NC-2 domain.38, 47 The reason for such differences is poorly understood since 
glycosylation is very unlikely40. This would mean that the predicted molecular weight 
would be about 295 kDa for a procollagen monomer, thus about 885 kDa for one 
complete homotrimeric procollagen molecule.39 By electrophoresis migration, these 
values would theoretically be 345 kDa and 1035 kDa, respectively.

4.0 DISTRIBUTION OF COL VII IN HEALTH AND DISEASE

4.1 Distribution of Col VII: the cornea

By TEM, Kenyon and Maumee (1968) were able to visualize anchoring fibrils in the 
cornea, after which Gipson et al. (1987) could identify Col VII in anchoring fibrils by 
monoclonal antibody immunolocalization.23, 39, 48 Anchoring fibrils were shown to 
penetrate into the corneal stroma by 0.6 µm. The widths of the fibrils were measured 
to be up to 0.15 µm, but AF were not seen in cross sections thinner than 0.15 µm. This 
led to the believe that the circumference of AF must not be round but rather ribbon-
shaped.23 Alternatively, it was suggested that in cornea, most fibrils would run parallel 
to the basement membrane, and that only infrequently these fibrils would attach 
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at both sides to the BM. Additionally, it was suggested that the looping anchoring 
fibrils was more prevalent in the epidermis than in cornea, possibly because of the 
undulation of the epidermal BM as opposed to the cornea.23 In infant corneas, the 
immunolocalization of Col VII by monoclonal antibodies in immunofluorescence was 
seen as a ‘strands of beads’ originating at the corneal epithelial basement membrane 
and running down towards the stroma. In adult corneas, such labeling was reduced to 
a thin line.24 Despite successful Col VII labeling in immunofluorescence, Gipson et al. 
(1989) were unable to demonstrate AF in wounded cornea until 4 weeks of healing.49 In 
the developing ocular surface, Col VII is also detected immunohistochemically before 
any cross-banded AF were discernable by TEM.50 

4.2 Distribution of Col VII: the retina

In a previous study of the vitreoretinal interface, our group evaluated the presence 
and distribution of several collagens by immunohistochemistry and real-time PCR, 
including Col VII. Locations of interest were the pre-equatorial area, the equator and 
posterior pole of donor retina samples, and retinectomy samples. The mRNA analysis 
of these retina samples confirmed the presence of COL7A1 mRNA. Both mono- and 
polyclonal antibodies labeled intracellular structures in the superficial retina especially 
at the posterior pole.51 This was an unexpected discovery, because Col VII is commonly 
labeled as an extracellular linear pattern underneath certain basement membranes. 
In these sections, the blood vessels of the retina were not labeled by the anti-Col VII 
antibodies.51 In a later study, our group found spontaneously immortalized retinal 
Müller cells not only to express COL7A1 mRNA, but also to synthesize the protein, Col 
VII. These cells would react to anti-Col VII antibodies in routine immunohistochemical 
culture stainings, and lysates of these cells showed Col VII presence by Western blots. 
Extracellular Col VII deposition, however, was not detected in cell cultures (within 48 
hours).52 The role of Col VII at the superficial retina and Müller cell associated Col VII 
remains unknown.

4.3 Distribution of Col VII: pathology

In skin, Col VII is roughly estimated to comprise only 0.001% of the total collagen 
content.53 Given the amount of residual non-collagenous proteins in skin, the proportion 
of Col VII relative to the total protein content will be even lower.53 Still, this minute 
amount of Col VII is essential in stabilizing the dermal-epidermal connection, since a 
diminished amount of Col VII leads to less (or less functional) anchoring fibrils.23, 38, 54 Col 
VII deficiency leads to the bullous disorder ‘dystrophic epidermolysis bullosa’.55 In the 
recessive variant of dystrophic epidermolysis bullosa (RDEB), the anchoring fibrils are 
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absent, or otherwise dysfunctional, which results in repeated cutaneous blistering of 
the affected patients. Such blistering occurs after moments of mechanical friction of the 
skin, but is also reported to occur spontaneously. The ongoing blistering complicates 
wound healing, and facilitates bacterial infections of the wounds. Patients often 
succumb to the disease before age 35 years due to sepsis and aggressive squamous 
cell carcinoma. Due to the blistering of oral mucosa and strictures of the esophagus, 
malnutrition and vitamin/mineral deficiency are frequent. Extensive scarring of their 
extremities leaves patients with fused ‘mitten’ hands and feet. Their constant pain 
and itching drastically reduces their quality of life.56 The involvement of their ocular 
tissues is evidenced by blistering and fibrosis of the exterior tissues, i.e. the cornea and 
conjunctiva. Again, the considerable scar formation leads to cicatrical complications, 
such as ocular surface disease, pannus and symblepharon.57- 60 Additionally, some 
investigators have claimed that an association between keratoconus formation and Col 
VII deficiency might exist, since immunohistochemical analysis showed a diminished 
immunoreactivity for Col VII in such donor tissues.61- 63 The importance of minute basic 
quantities Col VII in skin and cornea is clear, although this raises more questions about 
the intraretinal depositions of Col VII discovered by Ponsioen et al.51, 52 Still, in a RDEB 
mouse model, only 35% of the normal/physiological levels of Col VII was sufficient 
to mechanically stabilize their skins.64 So, despite the apparent low concentration of 
(semi-quantitatively determined) Col VII in the human retina, there might be enough 
to provide an actual functional contribution. 

4.4 The function of intraocular Col VII 

To date, much is known about the characteristics of Col VII in dermal tissues such as skin 
and cornea, but there are still many questions that arise after viewing the literature. 
What is the function of intraocular Col VII? Why is it detectable in the retinal Müller cell 
cultures, but does not label as a linear deposition at the BM of those cells? Why does 
Col VII not delineate the BMs of other tissues besides skin? Some of these questions 
may be addressed by the amount of mechanical friction that is encountered in the 
corresponding tissues, since the amount of AF in skin apparently varies per region, 
probably reflecting the amount of mechanical friction applied there.65, 66 Tidman et 
al. (1984) concluded that a mild frictional stimulus which fails to produce significant 
alterations in epidermal thickness can produce a marked increase in anchoring fibril 
frequency.66 This indicates that tissues that normally contain Col VII (as AF) might 
harness more Col VII at areas of increased mechanical loading or friction. In the 
intraocular milieu, that might apply to the accommodation system, were mechanical 
loading occurs at the ciliary muscle, zonules and lens. According to Hilding (1954), 
mechanical forces are also transduced onto the neuroretina, by the vitreoretinal 
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adhesion mechanism.67 Recently, it was suggested that systemic hypertension might 
already induce mechanical stress onto the retina, via the retinal vasculature, so in 
turn, eye movements alone might already invoke and transduce some amount of 
force onto the retina via a multitude of vitreoretinal attachment mechanisms.68 Could 
the Col VII, demonstrated at the superficial retina, have some protective function by 
firmly attaching the retina to the stromal vitreous body? And could the Col VII that was 
demonstrated in the superficial retina, be absent in RDEB patients, who then experience 
epithelial-mesenchymal tissue detachments at their vitreoretinal interfaces? 

5.0 AIMS AND OUTLINE OF THIS THESIS

In order to address these questions, this thesis should provide more insight into the 
characteristics of intraocular Col VII. Any intraocular anchorage mechanism is potentially 
relevant, since many intraocular pathologies are associated with tissue detachments. 
A better understanding of which side of a tissue border harbors an effective anchoring 
protein may lead to a better understanding of detachments or other defects. Similarly, 
the iatrogenic induction of intraocular detachments (e.g. ocriplasmin at the vitreoretinal 
interface) would theoretically be ineffective if vitreoretinal adhesion was indeed 
supported by (plasmin-insensitive) Col VII. Our main goal is therefore to elucidate 
more of the characteristics of intraocular Col VII, and possibly deduce its function in the 
intraocular milieu. Therefore, we investigate the vitreoretinal interface and superficial 
layers of the retina, first to immunolocate Col VII at such areas, confirming earlier 
observations. We then analyzed the accommodation system for Col VII expression 
and deposition, since we assume the mechanical loading is the most elaborate at this 
intraocular site. The intraocular basement membranes were immunohistochemically 
investigated, such as the lens capsule, the ILM, and the BM of retinal and choroidal 
blood vessels. In order to confirm our immunohistochemical results, and to elucidate 
more about the consequences of Col VII deficiency, we investigated RDEB patients 
both clinically (four patients) as well immunohistochemically (one donor).

Chapter 1 is the general introduction of this thesis, which provides its reader with several 
aspects that are combined in our studies. It hopes to explain which characteristics of 
collagens may be relevant in the interpretation of the results to come, and tries to 
trigger the reader to realize that an anchoring protein -already essential in minute 
amounts- is located intraocularly, but that roughly 20 years after its initial discovery, no 
significant intraocular findings are reported in Col VII deficient patients.
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Chapter 2 continues the investigation on (vitreo)retinal Col VII depositions that were 
described by our group. We seek to confirm the earlier observations, and apply various 
immunochemical techniques in order to gain more insight in a possible anchoring 
function of Col VII at the epithelial-stromal interface. Moreover, we describe another 
(glial) cellular source of Col VII in the superficial retina.

Chapter 3 addresses the expression of COL7A1 and deposition of its protein product, 
Col VII, at the accommodation system, i.e. ciliary body, zonules and lens capsule. 
Concomitantly, we address the Col VII associated zonular origin and lens capsule 
insertion. Additionally, we validate and characterize our main anti-Col VII antibody by 
epitope mapping, and others by immunohistochemistry.

Chapter 4 reports on the discrepancy in literature on the presence of Col VII at blood 
vessels. Some authors have witnessed some anti-Col VII immunoreactions in their 
tissues of interest, while it is generally accepted that Col VII is not part of the vascular 
basement membrane zone. In light of the results that are discussed in chapter 3, we 
addressed this discrepancy by investigating the retinal vasculature and comparing it 
to blood vessels in other tissues. 

Chapter 5 discusses the theoretical implications of the intraocular Col VII function, by 
assessing the consequences of intraocular Col VII dysfunction. RDEB patients were 
clinically investigated with modern techniques, and a pair of RDEB donor eyes was 
immunohistochemically analyzed. Special attention was paid to the existence of any 
intraocular tissue defects and/or detachments. 

Chapter 6 summarizes the implications of the data from the previous chapters, and 
interprets these data in light of the current literature. It addresses the gap between 
the presence of Col VII -determined by immunohistochemical techniques- at various 
intraocular tissues on the one side, and the absence of notable anchoring fibrils on 
the other. Inconsistencies in the literature are put forward and compared to our own 
findings.

Chapter 7 and 8 provide readers with an English and Dutch synopsis of this thesis.
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