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SUMMARY

Dermo-epidermal separation in dystrophic epidermolysis bullosa (DEB) is thought to result
from an abnormality of anchoring fibrils which, in normal skin, are stained selectively by the
periodic acid-thiosemicarbazide-silver proteinate technique. This method was applied to
non-lesional skin from four patients with generalized recessive DEB, five with localized
recessive DEB and one with dominant DEB.

No anchoring fibrils were present in the subjects with generalized recessive DEB, but they
were morphologically normal in the case of dominant DEB and in three patients with mild
localized recessive DEB. Two patients with a more severe form of localized recessive DEB
possessed attenuated anchoring fibrils which lacked the normal banding of the mid-portion.
The lamina densa, normally unlabelled, was consistently stained in patients with generalized
recessive DEB, suggesting a biochemical abnormality of this structure.

Dystrophic epidermolysis bullosa (DEB) is a clinically heterogeneous condition which may be
inherited autosomally in either a dominant or a recessive manner. Both forms have a wide
spectrum of severity (Gedde-Dahl, i97t), the recessive type generally being the more severe.
However, dominant DEB may be clinically indistinguishable from the localized form of
recessive DEB (Bauer & Briggaman, 1979), although generalized recessive DEB is a more
aggressive disease characterized by widespread scarring of the skin and mucous membranes.

Correspondence: Dr J.Nanchahal, Department of Anatomy, Charing Cross & Westminster Medical School, Fulham
Palace Road, London W6 8RF, U.K.

* A synopsis of this paper was presented at the annual meeting ofthe European Society for Dermatological Research,
Amsterdam, May 1984.
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In all variants of DEB, blister formation occurs immediately beneath the lamina densa of the
dermo-epidermal junction, where anchoring fibrils are normally located. The biochemical
composition and function of these structures are unknown, but the strong union that normally
exists between anchoring fibrils and the lamina densa (Heaphy & Winkelmann, 1977), which are
derived from dermis and epidermis respectively (Briggaman, Dalldorf & Wheeler, 1971),
suggests that the anchoring fibrils have an important role in dermo-epidermal adhesion. This
has led to the suggestion that blistering in DEB is the result of an abnormality of the anchoring
fibrils. In dominant DEB the anchoring fibrils have been reported to be abnormal in structure
and reduced in number (Hashimoto e.t ai, 1975; Hashimoto et ai, t976a), and in recessive DEB
they have been variously recorded as present but reduced in number, in both the localized and
generalized forms (Hashimoto et ai, 1976b} and as totally absent in the generalized type
(Briggaman & Wheeler, 1975; Goldsmith & Briggaman, 1983).

The aim of this study was to investigate the possibility of a structural defect of the anchoring
fibrils by comparing their morphological characteristics in the different forms of DEB. In our
experience, routine techniques for transmission electron microscopy result in variable staining
of anchoring fibrils, and unless strict criteria are established, confusion can arise in
distinguishing them from other fibrillar structures beneath the lamina densa, such as elastic
microfibrils and collagen fibrils (Tidman & Eady, 1984a). T herefore, the periodic acid-thiose-
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FIGURE I. Dermo-e pi dermal juntiion of nvirniiil skin. The anchoring hbrils ,Ai', arc bluuiL'd, uithough
there is no labelling of the lamina lucida (LL) or of the lamina densa (LD). E = epidermis. (Periodic
acid-thiosemicarbazide 1.45 min)-sitvcr protcinate * 80000.)
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micarbazide-silver proteinate technique was used , which selectively stains anchoring fibrils at
the normal dermo-epidermal junction (Nanchahal & Riches, 1983).

METHODS

Samples of non-lesional skin were obtained from 10 subjects with DEB, of whom one had
dominant DEB, five had localized recessive DEB and four had generalized recessive DEB. The
diagnosis in each case was made on the basis of clinical features and the family history,
supplemented in the majority by electron microscopic confirmation of blister formation beneath
the lamina densa.

The 26-year-old subject with dominant DEB, whose pedigree spanned three generations, had
a moderately severe condition affecting mainly acral regions—numerous albopapuloid lesions
were present on his back. The five patients with the localized form of recessive DEB consisted of
two pairs of siblings, and a child whose younger brother was also affected. No other members of
the three families suffered from epidermolysis bullosa, confirming a recessive mode of
inheritance in each instance. In three of these subjects the clinical severity was mild, consisting
of minimal bistering and scarring over bony prominences ofthe extremities. The two sisters,
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FIGURE 2. Severe generalized recessive dystrophic epidcrmnlysis bullosa. Anchoring fibrils are absent and
the lamina densa (LD) is stained. LL = lamina lacida. E = epidermis, m = microfibrils. (Periodic
acid-thiosemicarbazide (45 min)-silver proteinatej x 80000.)
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aged 57 and 6i years, also had characteristic nail dystrophy and a history of mild dysphagia
associated with oesophageal web formation as a consequence of iron-deficiency anaemia. The
i2-year-old boy had no nail abnormality. The two remaining subjects with localised recessive
DEB, a brother and sister aged i8and 20 years, were more severely affected with involvement of
the major flexures as well as the extremities, and both had a sufficient degree of Hcxion deformity
of the fingers to warrant surgical correction, although pseudosyndactyly was absent. Four
patients, who included two siblings, had the severe mutilating form of recessive DEB. All had
the typical mitten-like deformity of the hands and feet, and generalized skin fragility.

Skin biopsies were taken from regions considered to be predilection sites for blister formation
(generally the inner aspect of the lower leg) and non-predilection sites (generally the inner
aspect ofthe upper thigh), although such a distinction is invalid for severe recessive DEB in
which the blistering tendency is generalized.

Control material was obtained from the abdomen of an obese, but otherwise normal,
29-ycar-old female undergoing a reduction abdominoplasty.

Tissue was fixed in 4",, paraformaldehyde in o-1 mol I cacodylate buffer (pH 72), dehydrated
through a series of ethanols and embedded in Araldite". Ultra-thin sections were mounted on
stainless steel or platinum grids and then stained by the periodic acid-thiosemicarbazide-silver
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FIGURE 3. Dominant dystrophic epidernmly sis hullosa. Anchtmng fibrils (AF) art-prost-ni .mJ 1 hi.-lamina
densa (LD) has not been labelled. LL = lamina lucida. E = epidermis. (Periodic acid-thiosemicarbazide
(45 min)-silver protcinaie, x 80000.)
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proteinate technique (Thiery, 1967). The sections were oxidized for 25 min in t",, aqueous
periodic acid, washed with distilled water and incubated at 20 C with i "„ thiosemicarbazide in
10",, acetic acid for 45 min or 72 h. They were then washed with successively decreasing
concentrations of acetic acid followed by distilled water, incubated with i",, aqueous silver
proteinate for 30 min at 20 C in the dark, rinsed thoroughly with distilled water and viewed
without further counterstaining.

Control I
Pre-existing aldehyde groups were blocked by treating the sections with a saturated solution of
dimedone (5,5-dimethyl-i,3-cycIohexanedione) in i",, acetic acid for 2 h at 20 Cbefore staining
with periodic acid-thiosemicarbazide-silver proteinate.

Control II
The sections were treated with dimedone both before and after periodate oxidation, followed by
thiosemicarbazide and silver proteinate.

The electron micrographs were assessed without prior knowledge of the clinical diagnosis.
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FIGURE 4. Mild localized recessive dystrophic epidermolysis bullosj, .Anchoring hbrils AF < showing the
typical cross-banded pattern are present and the lamina densa (LD) is unstained. LL = lamina lucida.
E = epidermis. C - collagen fibril. (Periodic acid-ihiosemicarbazide (45 min)-silver proteinate, x 80000.)
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RESULTS

In the skin of the normal subject (Fig. i) anchoring fibrils were stained selectively by the
periodic acid-thiosemicarbazide-silver proteinate technique and the lamina densa was not
labelled, although it is intrinsically electron dense. Structures at the dermo-epidermal junction
which stained faintly were anchoring filaments, the intermediate dense lines (sub-basal dense
plates) of hemidesmosomes, dermal microfibrils and collagen fibrils. These were best visualized
following incubation for 72 h with thiosemicarbazide, but anchoring fibrils were always more
prominently stained.

In the generalized form of recessive DEB (Fig. 2) no anchoring fibrils were observed over long
stretches of the dcrmo-epi dermal junction. However, the lamina densa was labelled specifically,
as judged by the localization of silver granules. Anchoring filaments were stained normally, as
were collagen fibrils and dermal microfibrils.

The anchoring fibrils in the patient with dominant DEB (Fig. 3) and in three subjects with
mild localized recessive DEB (Fig. 4) were structurally normal. In both instances the lamina
densa was unstained and there was no discernable abnormality at the dermo-epidermal
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FIGURE 5. Severe locaiizcd recessive dystrophic cpidermolysis hullosa. i he anchoring tihrils (AF) are
attenuated although the olhor structures al the dermo-epidermal junciion appear normal. LL = lamina
lucida. LD = lamina densa. E^ epidermis. M = melanin granule. (Periodic acid-thiosemicarbazide (45
min)-silver proteinate, x 80000.)
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junction. However, in the two patients with more severe localized recessive DEB the anchoring
fibrils were wispy and attenuated, although the lamina densa was unlabelled (Fig. 5).

In the localized forms of DEB no consistent differences at the dermo-epidermal junction were
evident between predilection and non-predilection sites. Moreover, similar patterns of staining
were seen in all specimens incubated for 45 min or 72 h in thiosemicarbazide, albeit the labelling
was heavier in the latter case and structures such as anchoring filaments were more readily
visualized.

Control I
The pattern of staining was identical to that obtained when dimedone treatment was omitted,
indicating that no free aldehyde groups pre-existed in the tissue.

Control II
There was no staining of the basement membrane zone, confirming that the labelling of
structures at the dermo-epidermal junction was due to aldehydes generated by periodic acid.

DISCUSSION

The periodic acid-thiosemicarbazide-silver proteinate technique, which specifically demon-
strates 1,2-glycol groups with excellent ultrastructural definition, selectively stains anchoring
fibrils and thus permits an accurate evaluation of the morphology of these structures in
dystrophic forms of epidermolysis bullosa.

The total absence of anchoring fibrils in the generalized form of recessive DEB confirms the
findings of studies based on standard transmission electron microscopy (Briggaman & Wheeler,
1975; Tidman & Eady, 1985) and on the use of a monoclonal antibody directed against
anchoring fibrils (Goldsmith and Briggaman, 1983). The probable role of normal anchoring
fibrils in dermo-epidermal adhesion implies that their deficiency in generalized recessive DEB
may be fundamental to the blistering process.

The staining of the lamina densa, confined to generalized recessive DEB, suggests an
abnormality of the biochemical organization of this structure. The chemical composition of the
lamina densa has not been fully elucidated, although it contains type IV collagen as well as
non-collagenous components, including an antigen identified by the monoclonal antibody KFi
which, interestingly, is absent in recessive DEB (Fine et ai, 1984). Together with the recent
finding of a functional defect of the lamina lucida in this condition (Tidman & Eady, 1984b), the
altered staining pattern of the lamina densa suggests a more generalized abnormality of the
dermo-epidermal junction in recessive DEB than had previously been considered. However,
the relationship of these changes to the pathogenesis of blistering is still uncertain.

The patient with dominant DEB possessed morphologically normal anchoring fibrils in both
predilection and non-predilection sites for blister formation, contrasting with reports of
rudimentary anchoring fibrils in this condition and thus contradicting the hypothesis that an
abnormality of anchoring fibril structure is the primary defect (Hashimoto et ai, 1975). Three of
the subjects with the localized variant of recessive DEB also had structurally normal anchoring
fibrils, but in the two siblings with a more severe form of this disease, the anchoring fibrils were
attenuated and lacked the characteristic banding of the central portion. Whether this variation
in anchoring fibril appearance truly reflects the clinical severity requires the examination of
further cases of this very unusual 'intermediate' form of recessive DEB. Morphometric analysis
has shown that anchoring fibrils are reduced in number in both dominant and mild localized
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recessive types of DEB (Tidman & Eady, 1985), but the precise relationship of this numerical
deficiency of anchoring fibrils to blistering is not known.

In conclusion, the application of the periodic acid-thiosemicarbazide-silver proteinate stain
to skin from patients with DEB has contributed to a better understanding of the anchoring fibril
changes in this group of disorders and has suggested that there is an alteration of the lamina
densa in generalized recessive DEB. This technique may be of value in the prenatal diagnosis of
generalized recessive DEB.
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