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SUMMARY: Corneodesmosin (Cdsn) is a late differentiation epidermal glycoprotein putatively involved in keratinocyte adhesion.
The Cdsn gene lies within the susceptibility region on chromosome 6p21.3 (PSORS1) for psoriasis, a common chronic disfiguring
skin disease. A particular allelic variant of Cdsn has a strong association with psoriasis. Therefore, genetically and biologically,
Cdsn is a possible candidate gene for psoriasis susceptibility. To investigate a potential role for Cdsn in psoriasis pathogenesis,
protein expression studies were performed by quantitative immunohistochemistry on normal skin, psoriatic skin (lesional and
nonlesional), and other skin disorders using monoclonal antibodies (G36-19 and F28-27). In normal and nonlesional skin, Cdsn
was expressed in stratum corneum and one or two layers of superficial stratum granulosum. In lesional psoriasis, there was a
significant increase in Cdsn expression, which was observed in multiple layers of stratum spinosum and in stratum corneum. The
expression pattern varied from granular, cytoplasmic immunoreactivity to cell surface labeling with weakly immunoreactive
cytoplasm. In chronic atopic dermatitis, lichen planus, mycosis fungoides, and pityriasis rubra pilaris, Cdsn immunoreactivity was
confined to stratum corneum and upper stratum granulosum with no stratum spinosum immunoreactivity. Immunoelectron
microscopy of normal and lesional psoriatic skin demonstrated Cdsn release concomitant with involucrin incorporation into cell
envelopes and completed before mature envelope formation. Extracellular release of Cdsn occurred at a lower level of the
epidermis in psoriasis than normal skin. These protein expression studies provide evidence of altered Cdsn expression in
psoriasis consistent with a role of Cdsn in disease pathogenesis. Further functional and genetic studies of Cdsn are justified to
determine its role as a potential psoriasis-susceptibility factor. (Lab Invest 2001, 81:969–976).

C orneodesmosin (Cdsn) is a late differentiation
epidermal glycoprotein expressed in the stratum

granulosum and stratum corneum of normal skin and
thought to function as a keratinocyte adhesion mole-
cule (Serre et al, 1991). Cdsn mRNA expression is
restricted to keratinocytes of the granular layer in
normal human epidermis (Zhou and Chaplin, 1993). In
the stratum granulosum of normal skin, Cdsn is
present as a 52 to 56 kd glycoprotein, whereas in the
stratum corneum it exists as smaller macromolecules
of 30 to 45 kd (Simon et al, 1997). Cdsn is initially
observed intracellularly within keratinosomes and is
then translocated to the cell surface, where it is
incorporated into desmosomes, modifying them to

corneodesmosomes (Serre et al, 1991). Some desmo-
somal proteins are important in maintaining keratino-
cyte cell-cell adhesion, and it is likely that Cdsn forms
part of the adhesive network (Serre et al, 1991). Cdsn
has a high glycine content, which implies a potential to
form adhesive loop structures at the cell surface, as
seen with other epidermal proteins (Guerrin et al,
1998). Progressive proteolytic digestion of Cdsn has
been proposed, which would account for the decrease
in molecular size between the stratum granulosum
and stratum corneum, and the gradual reduction and
eventual loss of adhesive function (Simon et al, 1997)
with associated scale formation.

Psoriasis is a common, chronic, disfiguring skin
disease characterized by epidermal proliferation and a
loss of keratinocyte differentiation, with vascular
changes and accumulation of inflammatory cells
(Camp, 1998). Current evidence indicates an essential
role for T cells in the disease pathogenesis (Barker,
1991; Nickoloff and Wrone-Smith, 1999). Furthermore,
it is clear that these pathophysiologic events take
place on an important genetic background (Elder et al,
1994). Multiple studies indicate genetic linkage of
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psoriasis to a locus on chromosome 6p21.3
(PSORS1), accounting for 35% to 50% of the genetic
contribution to psoriasis (Burden et al, 1998; Nair et al,
1997; Trembath et al, 1997). Linkage disequilibrium
mapping studies have refined the PSORS1 locus to an
approximately 300 kb region of chromosome 6p21.3
(Balendran et al, 1999; Nair et al, 2000; Oka et al,
1999), which contains the genes for HLA-C and Cdsn
(160 kb telomeric of HLA-C) (Zhou and Chaplin, 1993).

In addition to increasing genetic evidence (Nair et al,
2000; Oka et al, 1999) against HLA-C as a suscepti-
bility gene for psoriasis, the biological characteristics
of HLA-C do not support a functional role in psoriasis.
However, the major histocompatibility complex con-
tains many non-HLA genes and HLA-C may simply be
acting as a genetic marker for the psoriasis-
susceptibility gene(s) in close linkage disequilibrium
with HLA-C. One such gene is the Cdsn gene, which,
because of its genomic position and biological func-
tion, is a good potential candidate for psoriasis sus-
ceptibility. Strong association has been demonstrated
between alleles of the Cdsn gene and psoriasis (Allen
et al, 1999; Jenisch et al, 1999; Tazi Ahnini et al, 1999).
A characteristic feature of psoriasis is hyperkeratosis
and increased shedding of epidermal scale, suggest-
ing a possible abnormality of keratinocyte adhesion.
Thus, both genetic and functional data indicate a
potential important role for Cdsn in psoriasis
pathogenesis.

To further investigate the role of Cdsn in psoriasis
pathogenesis, we performed protein expression stud-
ies at both histologic and ultrastructural levels using
monoclonal antibodies specific for conserved
epitopes of the Cdsn molecule. Expression patterns of
Cdsn in psoriasis were compared with expression
patterns in normal skin and in other skin conditions to
identify disease-specific components of Cdsn expres-
sion unique to psoriasis.

Results

Immunoreactivity

Quantification. Throughout this study, identical im-
munoreactivity results were obtained on frozen and
paraffin-embedded tissue. A distinct difference was
observed in the immunoreactivity pattern of normal
skin compared with psoriatic skin. This difference was
confirmed by the two-sample t test, which showed a
statistically significant increase in the number of living
layers of the epidermis in psoriasis expressing Cdsn
(mean, 6.3) compared with expression of Cdsn in
normal skin (mean, 1.9, p , 0.01) (Fig. 1). A statistically
significant increase (p , 0.01) was also demonstrated
in the number of living cell layers expressing Cdsn in
lesional psoriatic skin (mean, 5.8) compared with
nonlesional psoriatic skin (mean, 1.9) (Fig. 1). No
statistically significant differences were observed in
the numbers of living layers expressing Cdsn in normal
skin and nonlesional psoriatic skin.

Normal Skin. In both frozen and paraffin-embedded
normal skin, Cdsn was expressed in a maximum of
two cell layers of the upper stratum granulosum and
less intensely throughout the full thickness of the
stratum corneum. There was no Cdsn immunoreactiv-
ity in the stratum spinosum, although acrosyringia
were also immunoreactive for Cdsn. Stratum granulo-
sum immunoreactivity was cytoplasmic, with a cell
surface component to the immunoreactivity appearing
in some of the flattened nucleated cells in the lower
stratum corneum (Fig. 2, a and b). Cdsn immunoreac-
tivity was retained on the surface of corneocytes
within the stratum corneum.

Psoriasis. In contrast to the above observations, in
frozen and paraffin-embedded sections of lesional
psoriasis, G36-19 and F28-27 antibodies were immu-
noreactive in multiple layers of epidermis extending

Figure 1.
Comparison of corneodesmosin (Cdsn) expression in the epidermis of normal skin (NS) and psoriasis. There is a statistically significant increase in Cdsn expression
in psoriatic epidermis compared with normal epidermis. In paired skin biopsies (n 5 17) of lesional and nonlesional skin from psoriatic individuals, there is also a
statistically significant increase in Cdsn expression in lesional psoriatic epidermis.
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Figure 2.
a and b, Immunoreactivity of Cdsn in paraffin-embedded normal skin using the monoclonal antibody G36-19 in a peroxidase-antiperoxidase method shows Cdsn
expression in the stratum granulosum confined to a compact layer of superficial granular cells. Labeling is predominantly cytoplasmic. Cdsn immunoreactivity is
retained throughout the full thickness of the stratum corneum. Occasional flattened nucleated cells in the basal layer of the stratum corneum (3) show a cell surface
immunoreactivity pattern (b). c, G36-19 immunoreactivity of paraffin-embedded psoriatic skin shows that Cdsn expression is strong and present in multiple layers
of the epidermis. d, Higher magnification demonstrates that the expression pattern varies from granular cytoplasmic immunoreactivity to cell surface expression in
the more superficial layers of the stratum spinosum. Acrosyringium is also immunoreactive for Cdsn (3). In lichen planus (e) and mycosis fungoides (f),
immunoreactivity with the G36-19 antibody shows that Cdsn is expressed in a compact and discrete layer of cells at the upper margin of the stratum granulosum,
similar to that observed for normal skin. The Cdsn immunoreactivity pattern is predominantly cytoplasmic, although some cells show cell surface labeling.
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from stratum spinosum to stratum corneum (Fig. 2, c
and d). Expression of Cdsn in lesional psoriasis varied
from dense, granular, cytoplasmic immunoreactivity in
lower and middle layers of the stratum spinosum to
cell surface and weak cytoplasmic expression in up-
per stratum spinosum, with cell surface expression in
the stratum corneum. As with normal skin, acrosy-
ringia in psoriatic epidermis were immunoreactive for
Cdsn. Biopsies taken from clinically normal, nonle-
sional skin in front of the advancing psoriatic lesion
showed the same pattern of immunoreactivity for
Cdsn as normal skin.

Other Skin Diseases. In chronic atopic dermatitis,
lichen planus, mycosis fungoides, and pityriasis rubra
pilaris, Cdsn was expressed uniformly in a layer of the
epidermis, up to three cells thick in the upper stratum
granulosum and throughout the entire stratum cor-
neum (Fig. 2, e and f). This immunoreactivity was
predominantly cytoplasmic, although occasional cells
in the most superficial stratum granulosum showed
cell surface immunoreactivity. There was little variation
in the pattern of Cdsn immunoreactivity observed
between the different inflammatory conditions. Al-
though representing a greater area of epidermis ex-
pressing Cdsn than was seen in normal skin, the
extent of Cdsn expression in these conditions never
matched the immunoreactivity seen in psoriasis and
did not extend into the stratum spinosum.

Immunoelectron Microscopy

Transmission electron microscopy clearly confirmed
that, in both normal and psoriatic epidermis, the major
location of Cdsn on the cell surface is within desmo-
somes (Figs. 3 and 4). In both psoriasis and normal
skin, intracellular immunoreactivity of Cdsn was also
observed within cytoplasmic vesicles. Release of
Cdsn into the extracellular space in normal skin was
restricted to the most superficial granular cells (Fig. 3),
whereas in psoriasis, Cdsn release occurred three to
four cell layers below the cornified cell layer (Fig. 3).
Psoriatic epidermis was immunoreactive to the involu-
crin antibody (Fig. 4), which confirmed earlier obser-
vations (Ishida-Yamamoto et al, 1995) that formation
of the cornified cell envelope begins at a much lower
level of the epidermis than is observed in normal skin.
Extracellular release of Cdsn and initiation of involucrin
association with the cell envelope are almost simulta-
neous events, but Cdsn release seemed to be complete
before full maturation of the cornified cell envelope.
Obvious differences were not observed in desmosomal
structure nor were quantitative differences found in the
amount of label present or in the intracellular distribution
of Cdsn in psoriatic versus normal skin.

Discussion

In this study, we compared expression patterns of the
epidermal glycoprotein Cdsn in normal skin and pso-
riasis at both the light and electron microscopic levels.
These observations were compared with Cdsn ex-
pression in a range of other skin conditions.

Both current and previously published results
(Haftek et al 1997; Mils et al 1992; Serre et al 1991)
suggest that in normal skin, synthesis and release of
Cdsn is tightly controlled, with Cdsn synthesis occur-
ring in the most superficial cells of the stratum granu-
losum and release of Cdsn restricted to the interface
between stratum granulosum and stratum corneum. In
psoriatic skin, contrasting with both normal skin and
inflammatory skin conditions, such restricted control
of Cdsn synthesis seems to be diminished, with wide-
spread expression of Cdsn in multiple layers of stra-
tum spinosum, and both cytoplasmic and cell surface
expression. In particular, we observed a significant
increase in Cdsn expression in lesional psoriasis com-
pared with both nonlesional skin and normal control
skin. In chronic atopic dermatitis, lichen planus, my-
cosis fungoides, and pityriasis rubra pilaris, control of
Cdsn expression is more similar to the expression
observed in normal epidermis, although Cdsn synthe-
sis occurs in a slightly broader band of superficial
granular cells in these conditions. Similar to normal
skin, few cells in the stratum granulosum exhibit cell
surface immunoreactivity.

These findings are paralleled by immunoelectron
microscopic observations. In normal skin, Cdsn label-
ing of desmosomes in living layers was limited to a
narrow zone of cells at the interface between the
stratum granulosum and stratum corneum, whereas in
psoriasis, Cdsn labeling of desmosomes was visible in
multiple cell layers within the epidermis. Double label-
ing results using antibodies to Cdsn and involucrin
were consistent with earlier observations that in pso-
riasis the cornified cell envelope begins to form at a
lower level of the epidermis than in normal skin
(Ishida-Yamamoto and Iizuka, 1995). Furthermore, we
demonstrated that extracellular release of Cdsn is
complete before completion of incorporation of in-
volucrin into the cell envelope.

These findings suggest that, in psoriasis, keratino-
cytes may have a mechanism for accelerating Cdsn
release. Psoriatic epidermis differs from normal and
other diseased epidermis in that the stratum granulo-
sum is missing and the formation of the cornified cell
envelope begins at a much lower level of the epider-
mis (Ishida-Yamamoto and Iizuka, 1995), indicated by
the premature incorporation of its major constituent,
involucrin, into the cornified cell envelope. Other
markers of differentiation, including membrane-bound
transglutaminase (Bernard et al, 1988) and enzymes
thought to be involved in epidermal desquamation
(Ekholm and Egelrud, 1999), are also expressed earlier
in psoriatic epidermis than in normal skin. Thus, the
pattern of Cdsn expression seen in psoriasis may be
the result of a more generalized dysfunction in kera-
tinocyte differentiation, which may be related to the
increased levels of intracellular calcium and increased
protein kinase C activation (Ishida-Yamamoto and
Iizuka, 1995), in psoriatic epidermis. Thus, in psoriasis,
factors responsible for the premature incorporation of
involucrin into the cell envelope may also influence the
synthesis and/or secretion of Cdsn, resulting in the
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completion of extracellular release of Cdsn before
formation of the mature cornified cell envelope. Alter-
natively, variant forms of Cdsn, coded for by particular
alleles of the Cdsn gene, may have an enhanced
ability for translocation to and extracellular release
from the cell surface and may affect incorporation of
involucrin into the cell envelope.

However, when immunoreactivity patterns were
compared between psoriatic individuals genotyped
for Cdsn gene polymorphisms, we found no relation-
ship between genotype and Cdsn immunoreactivity
pattern (data not shown). There is no firm evidence
that these allelic variants lead to differences in func-
tioning of the Cdsn molecule, although the three
polymorphisms investigated (at nucleotides 1619,
11240, and 11243) lead to changes in the amino acid

sequence of Cdsn (Ishihara et al, 1996), and thus may
have functional importance. The G36-19 and F28-27
antibodies recognize epitopes in the central domain of
the Cdsn molecule that are conserved during the
proteolytic digestion that occurs in the stratum cor-
neum (Simon et al, 1997). The serine- and glycine-rich
terminal domains of Cdsn, which are likely to exist as
adhesive loops and are cleaved before desquamation,
are not recognized by these antibodies. Therefore, we
may not have identified any differences in the Cdsn
molecule related to different alleles of the gene be-
cause these molecular differences do not affect ex-
pression of the epitopes recognized by the antibodies
used. To undertake a more complete expression map-
ping study would require the use of antibodies specific
for epitopes across the whole molecule.

Figure 3.
Cdsn immunoelectron microscopy labeling of normal (a) and psoriatic skin (b and c) using gold particle-conjugated antibodies. a, In normal skin, Cdsn labeling occurs
mainly at the interface between the first stratum corneum cell (C) and the uppermost granular layer (1). Cdsn (arrows) is localized at the desmosome (D). There is
occasional Cdsn labeling on desmosomes between cell layers 1 and 2 of the granular layer. However, there is no extracellular Cdsn labeling in the other cell layers,
although intracellular labeling is present (arrowhead). b, Psoriatic epidermis showing stratum corneum (C) and four cell layers immediately beneath the stratum
corneum (1 to 4). The position of a desmosome between cells 3 and 4 is marked by an asterisk and is shown at higher magnification in c. c, In psoriatic skin, in
contrast to normal skin, extracellular labeling of desmosomes (D) for Cdsn (arrow) is present in the third and fourth layer of cells beneath the stratum corneum. Scale
bars: 0.1 mm in a and c, 1 mm in b.
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The role of Cdsn in the biology of the epidermis has
yet to be fully determined. However, our results indi-
cate that Cdsn is expressed differently in psoriasis
compared with normal skin and other skin conditions,
and may indicate that the molecule is processed
differently in psoriatic epidermis, providing further
evidence for a particular role for Cdsn in psoriasis.
Whether these differences in Cdsn expression result
from changes already occurring in psoriatic skin or are
fundamental effects contributing to the pathogenesis
of the disease is still to be determined. Psoriasis is a
complex multifactorial disease, which implies that
functional polymorphisms are more likely to be rele-
vant to the genetic basis of the disease rather than
gene mutations. Our data are consistent with a role for
Cdsn in psoriasis and further support Cdsn as a
candidate psoriasis-susceptibility gene. However, a
combination of further genetic and functional studies

of Cdsn are required to more clearly define the role of
Cdsn in psoriasis and epidermal cell biology.

Materials and Methods

Immunohistochemistry

Following ethical approval and informed consent,
paired biopsies were taken from lesional skin and
clinically normal, nonlesional skin, 1 cm in advance of
the active edge of the lesion, as identified by laser
Doppler fluxmetry (Davison et al, 2001) in adult psori-
atic patients (n 5 17). Biopsies were also taken from
normal volunteers (n 5 6). Tissue samples were snap-
frozen in isopentane in liquid nitrogen and stored at
280° C. Archival skin biopsies from a range of skin
pathologies were obtained from the St John’s Institute
of Dermatology histopathology laboratory (King’s Col-

Figure 4.
Double immunoreactivity for Cdsn (10-nm gold) and involucrin (5-nm gold) in normal (a) and psoriatic skin (b and c). a, In normal skin, desmosomes (D) on cells
at the interface between the stratum granulosum and stratum corneum demonstrate colocalization of Cdsn (arrows) (10-nm gold) and involucrin (arrowheads) (5-nm
gold). Cell membranes show involucrin labeling (arrowheads) consistent with initiation of cell envelope assembly. b, In psoriatic epidermis, keratinocytes within the
stratum spinosum where Cdsn (arrows) is beginning to be incorporated into desmosomes also show labeling of cell membranes for involucrin (arrowheads). Neither
Cdsn nor involucrin labeling is seen in equivalent cell layers in normal skin. These findings in psoriatic epidermis are consistent with earlier release of Cdsn and earlier
cell envelope formation than seen in normal skin. c, In mature cornified cell envelopes from the superficial epidermis of psoriatic skin, desmosomes (D) show
increased labeling for Cdsn (arrow) compared with those desmosomes at lower levels in the epidermis (shown in b). This suggests that extracellular Cdsn release
is complete (arrow) although cell envelope-associated involucrin immunolabeling (arrowheads) implies that the cell envelope is not fully mature. Scale bar: 0.1 mm.
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lege, London, United Kingdom). Formalin-fixed
paraffin-embedded sections were obtained from the
following conditions: psoriasis (n 5 6), chronic atopic
dermatitis (n 5 3), lichen planus (n 5 3), mycosis
fungoides (n 5 3), pityriasis rubra pilaris (n 5 2), and
normal skin (n 5 3).

Immunohistochemistry was performed using two
monoclonal antibodies to Cdsn, G36-19 and F28-27
(Serre et al, 1991), which label different epitopes in the
central domain of the Cdsn protein (Guerrin et al,
1998). Five-micron-thick sections were mounted on
glass slides and either fixed in acetone (frozen tissue)
or dewaxed in xylene and alcohol and microwave
pretreated (paraffin-embedded tissue). Sections were
incubated with primary antibody at a concentration of
10 ng/ml (1:50 dilution) for 60 minutes in a standard
peroxidase anti-peroxidase method and visualized
with diaminobenzidine. On control sections, primary
antibody was either omitted or replaced with a primary
antibody of irrelevant specificity. Immunoreactivity
was performed on both frozen and paraffin-embedded
tissue, enabling us to use a large quantity of archival
material of unequivocal diagnosis and to ensure that
the paraffin-embedding process did not adversely
affect the antibody binding seen on frozen tissue (or
vice versa).

Quantification

The numbers of living cell (ie, nucleated cell) layers in
the epidermis expressing Cdsn were counted in all
samples of normal skin, nonlesional skin, and psoria-
sis. Differences in these counts were statistically an-
alyzed using a two-sample t test.

Immunoelectron Microscopy

For immunoelectron microscopy, tissue was prepared
using a freeze substitution method and immunola-
beled using a post-embedding technique (Ishida-
Yamamoto et al, 1996). Briefly, tissue was cryopro-
tected in 15% glycerol in phosphate buffered saline,
then rapidly frozen in liquid propane, subjected to
cryo-substitution in methanol, and embedded in Lowi-
cryl K11M resin (Chemische Werke Lowi, Wald-
kraiburg, Germany). Ultrathin sections were cut and
labeled with antibodies to Cdsn and involucrin (BT601;
Biomedical Technologies, Stoughton, Massachu-
setts). Secondary labeling with gold-conjugated sec-
ondary antibodies (10-nm gold for Cdsn and 5-nm
gold for involucrin) was then performed. Control sec-
tions were incubated with normal serum in place of
primary antibody. Sections were stained with uranyl
acetate for improved contrast.
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