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Immunochemical Analysis of the Distribution of the
Desmosomal Protein Desmoglein | in Different

Layers of Plantar Epidermis

TORBJORN EGELRUD and ANITA LUND ™M
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An antiserum raised against the bovine desmosomal
protein desmoglein I (DGI), M, approximately 160
kDa, was used in an immunochemical analysis of hu-
man plantar epidermis. Different layers of the tissue
were prepared by means of horizontal freeze section-
ing. Loosely attached surface layers were obtained by
means of scraping of the skin surface with a scalpel.
Tissue extracts were analysed by means of sodium
dodecylsulphate polyacrylamide gel electrophoresis
followed by immunoblotting. Significant amounts of a
component with M, approximately 160 kDa, reactive
with the DG I-antiserum, were found in all layers ex-
cept the loosely attached surface layers. In these layers
the antiserum detected a component with M, approxi-
mately 80 kDa, not found in other layers. This compo-
nent may be a degradation product of DG I. Since DG I
belongs to the group of transmembrane desmosomal
proteins that is believed to constitute the link between
the intracellular parts of desmosomes of opposing
cells, it is concluded that desmosomes may play an
important role in plantar stratum corneum cell cohe-
sion, and that degradation of desmosomes may be an
important step in desquamation in plantar epidermis.
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The stratum corneum serves as the physico-chemical
barrier between the interior and exterior of the body.
The pronounced mechanical resistance of the stratum
corneum emanates from its building blocks, the cor-
neocytes. With their tightly packed keratin fibres sur-
rounded by an envelope of cross-linked proteins,
these cells are highly adapted to their function (1). A
question that is still without a definitive answer con-
cerns the mechanisms by which the properties of indi-
vidual corneocytes are transferred to the tissue as a
functioning unit, i.e. mechanisms of intercellular co-
hesion in the stratum corneum. There are a number of
structures and anatomical relationships that may be
of importance. The folded nature of the cell surfaces
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(2), most pronounced in palmo-plantar stratum cor-
neum, serves to increase the intercellular contact
area. The lipid-rich intercellular substance (3, 4), and
intercellular glycoproteins (5) may contribute to cell
cohesion.

The extent to which desmosomes contribute to cell
cohesion in the stratum corneum remains unclear. In
viable epithelia the cohesive function of desmosomes
is well established (6). During cornification, some
desmosomes are probably degraded (7, 8, 9), leading
to an apparent decrease in the number of desmosome-
related structures in the intercellular space. This de-
crease is found mainly in non-palmoplantar skin (7).
In palmo-plantar stratum corneum, as compared with
viable epidermal layers, the intercellular space ap-
pears to contain a relatively unchanged number of
structures resembling desmosomal plates in the elec-
tron microscope (10, 11). Correspondingly, a smaller
fraction of the intercellular space of this tissue is
occupied by lipid-rich material, compared with stra-
tum corneum at other body sites. At the skin surface,
where corneocytes dissociate and are shed, remaining
desmosomes may be expected to have lost most of
their cohesive capacity. The question then arises
where this loss of desmosome cohesive function oc-
curs, whether in the transition between granular and
cornified layers, during the migration of the cells
from the deepest layers of the stratum corneum to-
wards the skin surface, or in direct association with
desquamation.

Questions concerning mechanisms of cell cohesion
in the stratum corneum are intimately related to the
elucidation of the mechanisms of desquamation. A
well-regulated desquamation is a prerequisite for an
epidermal steady state. The shedding of cells at the
skin surface may be expected to be a complicated
process involving the interaction of several different
mechanisms. The metabolism of intercellular lipids is
most likely important (4), as is illustrated by such
findings as in X-linked ichthyosis (12, 13).

This study attempted to elucidate the functional
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Fig. 1. Characterization of anti-DG I by immunofluorescence
microscopy. 10-um freeze-cut sections of bovine snout epi-
thelium, fixed in acetone, were stained with rabbit serum
diluted 1:50, followed by fluorescein isothiocyanate-conju-
gated swine anti-rabbit immunoglobulins (Dakopatts, Copen-
hagen, Denmark) diluted 1:20. a, Anti-DGI; b, preimmune
serum. Bars = 100 um.

state of desmosomes in plantar stratum corneum by
means of immunochemical analysis of the distribu-
tion of the desmosomal protein desmoglein I (DGI)
in different layers of plantar epidermis.

MATERIALS AND METHODS

Rabbit antiserum to DG I (anti-DGI)

DGI was purified by preparative sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) of bovine
desmosomes prepared ad modum Gorbsky et al. (14). Excised
gel slices containing DGI were homogenized in complete
Freund’s adjuvant, and injected subcutaneously into a rabbit.
Booster doses were given after 4 and 8 weeks. The rabbit was
bled before the first immunization and after 10 weeks. In
Western blot analysis (15) of bovine desmosomes the antise-
rum reacted with DGI, but not with other desmosomal pro-
teins or cytokeratins. In immunofluorescence microscopy it
stained the cell periphery in bovine muzzle epidermis, but
not intracellular structures (Fig. 1). A further description of
anti-DGI is given elsewhere (A. Lundstrém & T. Egelrud,
submitted for publication).
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Fig. 2. Characterization of anti-DGI by immunoblotting. 1,
Molecular weight markers; 2—4, identical extracts of cohesive
stratum corneum, Coomassie blue stained SDS-PAGE (2),
immunoblots with anti-DGI (3) and preimmune serum (4).

Whole plantar epidermis

Punch biopsies (4 mm) were taken from the central, weight-
bearing parts of the heels of 8 male corpses, 20-60 years of
age, that had been submitted to the Department of Forensic
Medicine for autopsy. All had apparently normal skin and
had not been bedridden. Biopsies were taken within 24 hours
of death.

Plantar stratum corneum

Partially desquamated cells were collected by firmly scraping
the central, weight-bearing parts of the heels of healthy male
volunteers with a scalpel. Cohesive plantar stratum corneum
was obtained with a skin transplantation knife as thin slices
(approximately 0.25-0.35 mm) from the same areas. In ex-
periments performed in order to obtain a quantitative esti-
mate of the ‘functionally desquamated’ versus the cohesive
layers of the tissue. unscraped slices of known thickness were
soaked in phosphate-buffered saline for 5 min at room tem-
perature. The surface that had faced outwards was then firm-
ly scraped with a scalpel and the scrapings collected. The
alkali-soluble protein in the scrapings and the remaining tis-
sue slice was quantified according to Lowry et al. (16) as
described earlier (17).

Serial sectioning

The 8 punch biopsies were analyzed after horizontal serial
sectioning of the entire epidermis. The biopsies were frozen
on dry ice, care being taken to obtain horizontal upper sur-
faces. Serial 30 um sections, parallel to the skin surface, were
prepared in a cryostat, the biopsies being mounted with the
skin surface towards the knife. Every third section was
mounted for phase contrast microscopy. The remaining sec-
tions were extracted separately for immunoelectrophoretic
analysis.

SDS-PAGE and immunoblotting

The tissues were extracted in a buffer containing 0.1 M Tris-
HCI, pH 9, 9 M urea, 2% SDS and 1 % (v/v) f-mercaptoeth-
anol. Plantar stratum corneum (20 mg/ml) or 30 um freeze-
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Fig. 3. Analysis of serial sections of plantar epidermis with
SDS-PAGE and immunoblotting with anti-DGI. a, Coomas-
sie Blue-stained SDS—-PAGE gels; b, immunoblots with anti-
DGI of gels run in the same way as those shown in a.
Numbers: section numbers (skin surface to the left). Arrows:
the sections to the left of the first arrow contained only

cut sections (50 pl/section) were incubated in this buffer for
15 h at 37°C. The extracts were prepared for SDS-PAGE by
the addition of 0.67 volumes of a modified sample buffer
(sample buffer ad modum Laemmli (18) with 2.5-fold higher
concentrations of solutes), heated over a boiling water bath
for 2 min, and centrifuged at 5000 g for 5 min. Analytical
SDS-PAGE in 7.5% gels was performed a.m. Laemmli (18)
with the Bio-Rad Minigel equipment (Bio-Rad, Richmond,
Calif.) at 200 V. In all experiments two identical gels were
run; one was stained with Coomassie Blue and dried between
sheets of cellophane, the other gel was used for immunoblot-
ting. The handling of gels and immunoblots was carried out
in a standardized manner. Electrophoretic transfer of pro-
teins separated by SDS—PAGE to nitrocellulose membranes
(15) was carried out in a Semi-Dry Electroblotter A (Ancos,
Olstykke, Denmark), following the instructions supplied by
the manufacturer. Immunostaining was performed with
Tween 20 as blocking agent (19). Anti-DGI was used in
dilution 1:1000. Alkaline phosphatase-conjugated goat anti-
rabbit immunoglobulins (Bio-Rad) in dilution 1:3000 was
used as second antibody. Bound conjugates were detected
with 5-bromo-4-chloro-3-indolyl phosphate and nitro blue
tetrazolium (Bio-Rad) as substrates (20). A Shimadzu dual
wavelength flying-spot scanner CS-9000 (Shimadzu, Kyoto,
Japan) was used at 560 nm for densitometric scanning of
dried SDS-PAGE gels (single beam, transmitted light) and
immunoblots (reflected light, zig-zag mode).
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stratum corneum, sections to the right of the second arrow
contained viable epidermis and increasing amounts of der-
mis. Sections between the arrows contained decreasing
amounts of stratum corneum and increasing amounts of via-
ble epidermis. The first few sections from close to the skin
surface contained only small fragments of tissue.

RESULTS

Brief description of tissue

Epidermis from under the heels of non-bedridden
individuals is subject to pronounced pressure as well
as tensive and frictional forces. This leads to a hyper-
plastic response of the tissue, resulting in an elonga-
tion of rete ridges and the production of a stratum
corneum which can achieve a thickness of 0.5-1 mm.
While the major part of the stratum corneum is highly
resistant to shearing forces, there is a thin layer of
surface cells that may be described as ‘functionally
desquamated’. These surface cells can be removed by,
e.g. moderate scraping with a scalpel. This is facilitat-
ed if the tissue has been briefly soaked in saline. In
three pieces of plantar stratum corneum 0.22 mm,
0.30 mm and 0.35 mm thick, 7%, 5%, and 4%, re-
spectively of the total protein was found in the cells
loosely attached to the surface that had faced out-
wards in vivo. This would imply that the thickness of
the functionally desquamated layers is around 15 pm.

Although not as pronounced as the dermo-epider-
mal junction, the transition zone between viable and
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Fig. 4. Densitometric analysis of SDS-PAGE gels and im-
munoblots with anti-DG]I. (a) Results from experiment pre-
sented in Fig. 3. (b) Results from a similar experiment with a
biopsy from another individual. 7, Sections containing only
stratum corneum; /7, sections containing decreasing amounts
of stratum corneum and increasing amounts of viable epider-
mis; I7I, sections containing viable epidermis and dermis.
——, Total density obtained by scanning the distance between
70 and 40 kDa of lanes of Coomassie Blue-stained gels with
transmitted light at 560 nm. ———, Density of the peak at
approx. 160 kDa obtained by scanning lanes of immunoblots
with anti-DGI with reflected light at 560 nm. (¢) Effect of

cornified layers is undulating. The skin surface has
also a wavy appearance. This means that a horizontal
section of the epidermis at a given level will contain a
mixture of cells that have migrated different distances
from the basal layers and thus are in various stages of
differentiation (the cells in the stratum corneum also
undergo changes during their migration towards the
skin surface (21). It also means that the transition
between viable and cornified epidermal layers does
not take place within one section. Instead there will
be a gradual increase in the amount of viable cells in
consecutive sections from the transition zone when
the tissue is horizontally sectioned from the skin sur-
face towards the dermis.

Distribution of DG I in plantar epidermis
The rabbit antiserum anti-DGI (but not the preim-
mune serum) detected a component in extracts of
plantar stratum corneum with a molecular weight of
around 160 kDa (Fig. 2). The electrophoretic mobility
of this component could not be distinguished from
the electrophoretic mobility of a similar component
in viable plantar epidermis reacting with anti-DGI
(see Fig. 3) or from DGI of bovine desmosomes used
for immunization (not shown).

In the experiments presented in Figs. 3, 4 a, b, serial
30 um horizontal sections of plantar epidermis, from
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varying the amount of material applied on the recorded val-
ues of densitometric analyses of an SDS-PAGE gel and the
corresponding immunoblot with anti-DGI. Extracts of hori-
zontal sections from the transition zone between cornified
and viable layers of a biopsy of plantar epidermis were pooled
and serially diluted with a factor of 1.5 with sample buffer.
The diluted samples were subjected to SDS-PAGE and im-
munoblotting with anti-DGI as described in the text. The
densitometric analysis was performed as described for (a)
and (b). O—-O, Coomassie Blue-stained lanes; *———* im-
munoblot.

the skin surface towards the dermis, were analyzed
with SDS-PAGE and immunoblotting with anti-
DG, followed by densitometric scanning of Coomas-
sie Blue-stained gels and immunoblots. Fig. 4 ¢ shows
the scanning densities as functions of relative concen-
trations of total protein (SDS-PAGE gels) and DG I
(immunoblots). Every third section was examined by
light microscopy. All sections were treated in a stand-
ardized manner before electrophoresis and the same
amounts of extract were applied to the gels for all
sections (i.e. the densitometric value for a lane con-
taining the extract from a given section may be taken
as a semi-quantitative estimate of the amount of total
protein, mainly cytokeratins, or DGI in that section).
From the results the following statements can be
made: 1) The sections from the stratum corneum and
the upper layers of viable epidermis contained more
cytokeratins than the sections from deeper epidermal
layers; 2) A DGI-like component was found in all
sections; 3) In relation to the cytokeratin content the
amount of DGT was highest in deeper epidermal lay-
ers; 4) There appeared to be no great differences in
the amounts of DGI between sections from lower
layers of the stratum corneum and sections from the
uppermost parts of viable epidermis; and 5) If there
was indeed a decrease in DG concentration in rela-
tion to cytokeratin content in sections from superfi-
cial parts of the stratum corneum as compared with
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Fig. 5. Analysis of cohesive and “functionally desquamated”
plantar stratum corneum with SDS-PAGE and immunoblot-
ting with anti-DGI. The tissues were obtained and prepared
as described in the text. (@) Coomassie Blue-stained gel; (b)
immunoblot. Roman numerals refer to different individuals.
(A) Cohesive tissue; (B) tissue obtained by means of scraping
the skin surface with a scalpel. Arabic numerals in a depict
densitometric units obtained as described in the text to Fig. 4
for each lane. Arrowheads in (b) indicate the putative degra-
dation product of DGI with molecular weight approx. 80
kDa found only in extracts of loosely attached surface cells.

deeper cornified layers, these changes were too small
to be detected in the present experiments.

As mentioned above, a strict separation in the stra-
tum corneum between the superficial, ‘functionally
desquamated’ cell layers and layers with cohesive
cells cannot be achieved by horizontal sectioning.
Loosely attached surface cells can, however, be col-
lected by firmly scraping the skin surface with a scal-
pel. Fig. 5 shows the results of an experiment in which
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Fig. 6. Schematic presentation of current concepts of desmo-
somal structure.

surface cells—collected by scraping—and cohesive lay-
ers of the stratum corneum—obtained by means of
cutting with a transplantation knife—from the central
parts of the heels of three different individuals, were
analysed by SDS-PAGE and immunoblotting with
anti-DG 1. The protein concentration of the extracts
was adjusted so that most of the extracts of surface
cells would contain more total protein than extracts of
cohesive tissue (Fig. 5a). In spite of this, a DG I-like
component could be detected in all extracts of cohe-
sive tissue, whereas this component was undetectable
or barely detectable in extracts of surface cells (Fig.
5b). Instead, these extracts contained a component
reactive with anti-DG 1, not found in cohesive tissue,
with a molecular weight of around 80 kDa.

DISCUSSION

A schematic summary of current concepts concerning
desmosomal structure is outlined in Fig. 6. DGIis a
transmembrane glycoprotein whose cytoplasmic parts
are anchored in the intracellular desmosomal plaque.
Its extracellular parts are major constituents of the
intercellular desmosomal plate (22, 23, 24). This
structure is the result of the interaction of the desmo-
somal proteins of opposing cells and thus the part of
the desmosome that mechanically links together two
nearby cells. In electron micrographs numerous struc-
tures resembling desmosomal plates are found
throughout palmo-plantar stratum corneum (10, 11).
Theoretically, these structures could be made up of
the extracellular parts of partially degraded desmog-
leins. Thus they could represent desmosomal rem-
nants (25) with no remaining cohesive capacity. If, on
the other hand, significant amounts of intact desmog-



leins can be found in the stratum corneum, it would
strongly support the idea of an important role for
desmosomes in stratum corneum cell cohesion.

A major conclusion of this work is that there were
significant amounts of DGI in all layers of plantar
epidermis except for the most superficial, ‘functional-
ly desquamated’ layers of the stratum corneum,
where possible degradation products of DGI were
found. In relation to cytokeratin content, the concen-
tration of DGI was greatest in the deeper layers of
viable epidermis. This was mainly due to a low con-
centration of cytokeratins in these layers. On the basis
of the present data it was not possible to decide
whether or not there was a decrease in total tissue
concentration of DGI during the transition between
living and cornified layers. Nor was it possible to
determine whether there was a continuous degrada-
tion of DGI within the stratum corneum or whether
the apparent degradation that could be demonstrated
in the loosely attached surface layers had occurred
abruptly during the process of cell shedding. A more
detailed analysis is needed to answer these questions.
A major problem in this type of analysis is caused by
the non-horizontal arrangement of the different tissue
layers.

The present results are compatible with the thesis
that desmosomes play a significant role in the cohe-
sion of cells in plantar stratum corneum. They also
suggest that a degradation of proteins of importance
for the adhesive function of desmosomes, may be an
important step in desquamation. This agrees well
with our recent reports that trypsin treatment of deep-
er layers of plantar stratum corneum leads to an ap-
parent degradation of the intercellular plates of des-
mosomes and cell dissociation (26), and that a unipo-
lar shedding of cells from plantar stratum corneum in
vitro is dependent on endogenous proteolysis (17).
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