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Immunoreactivity for syndecan, a cell surface pro-
teoglycan, which binds extracellular matrix mole-
cules and growth factors, was studied in bairless (br/
br) mice exposed to UV-A and UV-B irradiation. Pos-
itive staining was observed at the surface of normal
epidermal cells as well as in the dermal abortive bair
follicle cysts characteristic to this mouse strain. Early
reaction to UV-irradiation showing byperplastic epi-
dermis with slight cellular atypia showed also posi-
tive, although reduced, staining of epidermal cell
surfaces. Specimens with severe dysplasia showed
weak staining in the granular cell layer, whereas the
basal cell layer was negative. In papillomas and
keratoacantbhomas, immunoreactivity for syndecan
was observed in the benign byperplastic epidermal
cells as well as in the proliferating epidermal cells of
the born cysts. Malignant transformation of epithe-
lium, expressed as the formation of early invasive
and anaplastic squamous cell carcinomas, was uni-
formly associated with loss of syndecan staining.
These results are consistent with the previous find-
ings of reduced expression of syndecan associated
with malignant transformation of cultured epitheli-
al cells, but also suggest an important role for syn-
decan in the maintenance of normal tissue architec-
ture and differentiation pattern of the skin. (Am J
Pathol 1991, 139:1333—1340)

Extracellular matrix (ECM) participates in the regulation of
cell shape, proliferation, migration, and differentiation.’
Matrix receptors, cell surface molecules that bind ECM-
molecules, are thus likely to have an important role in

development and maintenance of normal tissue architec-
ture. In addition, they also may be involved in the forma-
tion of benign and malignant tumors. The latter is sup-
ported by the observed changes in the matrix receptor
expression during malignant transformation, especially
among the members of the integrin family of matrix re-
ceptors.2™

Syndecan is a cell surface proteoglycan that binds to
various ECM molecules® and associates with cytoskele-
ton through its cytoplasmic domain®; therefore it is sug-
gested to act as a matrix receptor. During the formation of
tissues, syndecan expression follows morphogenetic
rather than histologic boundaries and correlates with the
reciprocal epithelial-mesenchymal interactions.”® In the
cell culture, syndecan becomes localized solely at baso-
lateral cell surfaces on confluency.® If induced to change
shape, cells loose syndecan by cleaving its extracellular
domain from the membrane-associated domain.'® Thus
syndecan expression is altered in a fashion consistent
with its role as a matrix receptor. Recent molecular clon-
ing of mouse and human syndecan shows that syndecan
actually represents a family of cell surface proteoglycans
that share a common cytoplasmic and transmembrane
domains, but differ in their extracellular domains.’*2 In
adult mouse tissues, syndecan expression is restricted to
epithelial cells, with the exception of plasma cells and
Leydig cells, as demonstrated by immunohistochemistry
and Northern analysis. "' Stratified squamous epithelial
and transitional epithelial cells stain over their entire sur-
faces, whereas staining in simple cuboidal and columnar
epithelial cells is restricted to lateral surfaces of the basal
cells. In stratified squamous and transitional epithelia, the
most superficial and differentiated cells fail to stain.'®
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Figure 1. Paraffin tissue sections from adult br/br hairless mice stained for syndecan by the avidin-biotin method. A: Positive staining for
syndecan is noted in the epidermal cells as well as in the abortive bair follicle cysts in the dermis of untreated skin. B: Section showing dermal
hair follicle remnants with variable staining. C: Hyperplastic UV exposed epidermis showing elongated rete ridges and distinct positive
staining. D: Moderate epidermal dysplasia induced by UV-B with varying in cell size and shape, with positive, irregular staining. E: Severe
dysplasia showing positive staining in the granular cell layer, the basal cell layer lacking staining. All magnifications X 400.
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Table 1. Intensity and Regularity of Syndecan Staining in Normal and UV-irradiated Skin of Hairless Mice

Syndecan expression

Skin component/lesion Intensity

Type Number of lesions

Epidermis
Horn layer
Granular layer
Basal layer
Dermis
Skin appendages
Superficial-hair follicle cyst
Deep-hair follicle cyst
Epidermal hyperplasia
Mild epidermal dysplasia
Moderate epidermal dysplasia
Severe epidermal dysplasia
Papilloma
Keratoacanthoma
Squamous cell carcinoma
Fibrosarcoma
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Staining intensity: 0 = none, 1 = slight, 2 = moderate,
Distribution: r = regular, ir = irregular, c = continuous,

cw|ooww

Exposing animal skin to an agent with known carci-
nogenic potential, like UV in this study, provides a model
for studying the behavior of cells in an intact environment
with preserved intercellular interaction and the regulatory
function of surrounding cells. UV-B is a potent tumor-
inducer with known progression of events leading to the
formation of neoplasms similar to those in humans, ac-
counting for a large proportion of clinically observable
neoplasms. Previous experimental and clinical studies on
the effects of UV exposure as well as chemical carcino-
gens in skin have shown the emergence of epidermal
dysplasia as well as benign and malignant neoplasms
from extended UV irradiation.’ Ultrastructural studies
have shown disturbed intercellular structures, a de-
crease in number of desmosomes, and disturbances in
development of surface extensions in the intercellular
space in close connection with morphologic signs of ma-
lignancy. Also considerable extracellular matrix remodel-
ing happens on formation of a neoplasm, including pro-
teolytic degradation of ECM components and changes in
the composition of the ECM and the basement mem-
brane."® In this article we report immunohistologic local-
ization of syndecan in murine benign and malignant neo-
plasms, which were induced by subjecting hairless mice
to various doses of UV-A and UV-B irradiation, '® resulting
in a total of 11 sarcomas, 4 squamocellular carcinomas,
2 keratoacanthomas, and 83 papillomas, together with
epidermal dysplasia and numerous dermal and epider-
mal reactive lesions. The results of this paper indicate that
development of both severe dysplasia as well as carci-
nomas results in the loss of syndecan, suggesting that, at
least in part, loss of syndecan expression could contrib-
ute to the altered behavior of transformed epithelial cells
responsible for tumor formation.

= distinct.
c = discontinuous.

Materials and Methods
Tumor Production

Tumors were produced in 48 lightly pigmented hairless
male mice of the hrhr C3H/Tif strain (Bomholdgaard,
Denmark) by subjecting the animals to UV-A and UV-B
irradiation as described by Talve et al."® During the ob-
servation period of 12 months, a total of 83 papillomas, 2
keratoacanthomas, 4 squamocellular carcinomas, 1
combined carcinosarcoma, and 11 sarcomas occurred,
with increased tumor formation associating with high
UV-A (582 J/lcm?2) plus high UV-B (erythemally effective
= EE) (1.0 J/cm2) as compared with low UV-A (71
J/lem2) plus high UV-B (EE) (0.8 Jicm2) (78 versus 28
tumors). In addition, mild epidermal dysplasia was ob-
served in 11, moderate dysplasia in 6, and severe dys-
plasia in 4 animals.

Tissue Samples

Samples were taken from all grossly observable tumors
as well as normal-looking UV-exposed skin. Some of the
specimens were fixed in 10% buffered formalin, embed-
ded in paraffin, sectioned, and routinely stained with he-
matoxylin and eosin (H&E). The rest of the examples
were frozen in nitrogen and sectioned. The lesions were
classified according the standard histopathologic crite-
ria.'” Periodic acid-Schiff staining (PAS) was also used in
some cases for visualization of the basement mem-
branes as well as Herovic, Weigert's, Masson’s tri-
chrome, and Gomori's stains for collagen types as well as
other stains and electron microscopic analysis when
needed.
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Immunostaining

For immunohistochemical localization of syndecan, a rat
monoclonal antibody 281-2 was used. This antibody is
specific for the core protein of mouse syndecan
ectodomain.'® The avidin-biotin-immunoperoxidase
technique was used to detect immobilized 281-2 as de-
scribed by Hsu et al.'® After deparaffinization and rehy-
dration of the tissue sections, the endogenous peroxi-
dase activity was blocked by incubating the slides in
methanol containing 3% hydrogen peroxide for 30 min-
utes. The sections were then incubated with 2% normal
goat serum (Vector Laboratories Inc, Burlingame, CA) in
TRIS-buffered saline, pH 7.4 (TBS) for 30 minutes at room
temperature (RT) to minimize nonspecific staining. The
sections were covered with the primary antibody 281-2
at a protein concentration of 2 ug/mlin 1% (wt/vol) bovine
serum albumin (BSA)-TBS and incubated overnight at
4°C. The slides then were incubated with biotinylated
goat anti-rat IgG (Jackson's Immunoresearch Laborato-
ries Inc., West Baltimore, PA) at 1:1000 dilution in 1%
BSA-TBS for 30 minutes at RT, and finally with avidin-
biotin-peroxidase complex (Vectastain kit, Vector Labo-
ratories, Burlingame, CA) for 30 minutes at RT. After
washes, the peroxidase activity was demonstrated by in-
cubating the slides with 0.5 mg/ml 3,3’-diaminobenzidine
tetrahydrochloride (DAB, Polysciences Inc., Northamp-
ton, England) in TBS containing 0.68 mg/ml imidazole
and 0.01% hydrogen peroxide for 5 minutes in the dark.
The slides counterstained lightly with Mayer's hematoxy-
lin and and mounted Depex Mounting medium (BDH
Limited Pool, England). Between all steps, the slides
were washed three times with TBS. For control sections,
nomal rat IgG (Sigma, St. Louis, MO) was used at 2
wg/ml. A few frozen sections for each tumor type were
also stained, resulting in an identical immunoreactivity as
in the paraffin-embedded tissue sections. Changes in
primary antibody concentration and incubation times did
not alter the staining pattern significantly.

Results

Normal Skin and Premalignant Epidermal
Lesions

The skin of hairy mice consists of syndecan-negative der-
mis as well as the hair follicle apparatus and epidermis,

with varying distribution of syndecan as shown earlier by
Hayashi and co-workers'® (Figure 1A). These staining
patterns were duplicated also by hairless mouse skin and
they are summarized in Table 1. The abortive dermal hair
follicle cysts characteristic to this mouse strain were usu-
ally also positive for syndecan (Figure 1A). The cells in
the walls of the superficial hair follicie remnants were all
strongly syndecan positive, but the activity decreased in
intensity when approaching the muscular layer, the
deepest-lying cysts being completely negative (Figure
1B). These cysts did not participate in the neoplastic pro-
cess; the decrease in syndecan was related to the de-
gree of development of the cyst wall. Cyst wall cells sim-
ilar to the surrounding cells were positive, whereas flat-
tened or abortive, deeper located cells were negative.
Similar staining as in unexposed skin was also observed
in mice that received only UV-A irradiation and showed
no histopathologic changes, as well as in normal skin
from other mice strains. Control stainings with nonspecific
rat IgG showed no staining (not shown).

Extended exposure to UV irradiation produced after
several weeks epidermal hyperplasia and structural ir-
regularities. Increased number of cells was an early oc-
currence and seen in animals exposed to predominantly
UV-B as well as in animals given predominantly UV-A.
These cells showed a regular even distribution of synde-
can at the intercellular space, also when involving the
superior part of the hair follicle remnants (Figure 1C). The
basal cell layer was mostly unchanged and weakly pos-
itive for syndecan. Continued exposure to predominantly
UV-B caused first the appearance of mild dysplasia, a
solar-keratosislike condition but with limited cytologic dis-
organization. The epidermal cells varied somewhat in
size and shape, the nuclei increased in size, and the
nucleo/cytoplasmic ratio increased. These cells exhibited
a distinct syndecan-positive border and the staining was
slightly discontinuous and irregular.

Extended exposure to mainly UV-B caused moderate
dysplasia, increase in cytologic irregularities, and a de-
crease in syndecan distribution (Figure 1D). The epider-
mal cells were polymorphic, angular, or irregular, with
syndecan staining borders varying in thickness and
staining intensity (Figure 1D). The superficial horny layer
increased in thickness, being mostly syndecan negative.
The basal cell layer, also varying slightly in size and
shape, was still only one cell layer thick and displayed a
very weak syndecan staining activity.

Figure 2. Immunoreactivity for syndecan in epidermal neoplasms of bairless mice skin exposed to UV-B and UV-A irradiation. A: Keratoa-
canthoma showing distinct positive staining in the proliferating benign epidermal cells of the born cysts, magnification x260. B: Early
invasive carcinoma with slight staining for syndecan in the granular cell layer, magnification X400. C: Poorly differentiated squamous cell
carcinoma cells lacking immunoreactivity for syndecan, magnification X400. C & D: Syndecan-negative sarcoma and remnants of hair
Jfollicle cysts with syndecan-positive cells, magnification X400. D: Section showing syndecan-negative sarcoma invading the epidermis, which

appears hyperplastic and syndecan-positive, magnification X260.
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At the end of the study, a number of animals, but only
those exposed to UV-B, exhibited severe dysplasia, dis-
tinct cytologic disorganization, and disordered arrange-
ments of cells, comparable to solar keratosis in man.
These cells showed pleomorphism and anaplasia of their
nuclei, which appeared large, irregular, and hyperchro-
matic. Epidermolytic hyperkeratosis, however, was un-
common. The atypic epidermal cells exhibited a weak
although still distinctly observable syndecan staining
(Figure 1E). The basal cell layer, continuous and distinct,
was mostly syndecan negative. The remnants of the hair
follicles did not participate in this process, and their stain-
ing properties remained unchanged, with superficially lo-
cated ones being syndecan positive, deeper-laying ones
being syndecan negative.

Benign Neoplasms

Another type of neoplastic progression observed in this
study consisted of an increase in epidermal thickness,
gradually assuming a papillomatous character. This type
of alteration, in which a large number of papillomas were
found, was observed predominantly in the group receiv-
ing large doses of both UV-A and UV-B. The major por-
tion of the tumor cells were positive for syndecan, except
for the basal layer and the superficial hom layer. The
papillomas varied in structure with a different extent of
connective tissue participation; however, invariable neg-
ative for syndecan, and varying extent of superficial ker-
atin formation, also syndecan negative. Regardless of
whether the neoplasms were verrucous, or acanthoma-
like, onionlike or fingerlike, the major part of the neoplastic
cells were syndecan positive. Only in hyperplastic solar
keratosislike conditions, the was the decrease in synde-
can similar to that described in simple dysplasia. Neo-
plasia with acanthosis and irregular rete ridges extending
into the dermis, with areas showing signs of early inva-
sion also being negative for syndecan in these locations.

The other type of benign neoplasms were keratoa-
canthomas, composed of proliferating epidermis on a
cupshaped base. The cells participating in this type of
neoplastic proliferation were positive for syndecan, also
in areas of epidermal cells with irregular borders, deep in
the dermis (Figure 2A).

Squamous Cell Carcinomas and Sarcomas

Ultimately a large number of malignant tumors were
found in animals exposed to UV-B. These were squa-

mous cell carcinomas and fibrosarcomas. In an early in-
vasive carcinoma, syndecan expression was absent ex-
cept in a few cells in the granular cell layer at the edge of
the carcinoma (Figure 2B). Other squamous cell carci-
nomas consisted of atypical squamous cells that showed
considerable variation in cell size and shape, together
with numerous mitoses and with a low degree of differ-
entiation. The extent of keratin formation was minimal, the
horn pearls being remnants of pre-existing structures not
participating in the formation of tumors. In these neo-
plasms, the malignant cells were constantly negative for
syndecan (Figure 2C). The syndecan distribution in these
neoplasms was compared with that of similar neoplasms
studied by electron microscopy, and indicated a close
relation between the development of intercellular bridges
and intercellular surface structures and syndecan activ-
ity, all being absent in these malignant invading neo-
plasms. Well-differentiated areas in these highly malig-
nant neoplasms were sparse, and they were also devoid
of syndecan activity.

The other type of neoplastic progression, distinct in
this study, consisted of stromal proliferation of fibroblasts,
leading to the formation of fibrosarcomas. These malig-
nant neoplasms were keratin negative and also synde-
can negative. The syndecan-positive cells in these neo-
plasms were remnants of pre-existing squamous cells
(Figure 2D, E). All staining results with regard to their in-
tensity and regularity are summarized in Table 1.

Discussion

Altered extracellular matrix assembly, reduced adhesion
of cells to ECM, and change in cell morphology are pro-
cesses associated with malignant transformation, which
indicate changes also in matrix receptor-mediated cell-
ECM interactions. Therefore, all studies that analyze al-
tered expression of matrix receptors during malignant
transformation will aid to understand the altered behavior
of malignant cells. Although analysis of the expression of
integrin molecules exist in the literature,2 this study is a
first paper to describe altered expression of syndecan
during malignant transformation in vivo. Besides matrix
molecules, syndecan binds also growth factors, eg, ba-
sic fibroblast growth factor (0FGF2°). Recently heparin or
heparan sulfate has been shown to regulate bFGF bind-
ing to its signal-inducing receptor,2'?2 suggesting that
syndecanlike molecules may participate in the growth
factor promotion during normal development.2® With this
respect, it has been interesting to observe enhanced
syndecan expression by keratinocytes of regenerating
wound.?*



Irregular Cell Shape and Malignant
Transformation Is Accompanied with Loss
of Syndecan Expression in UV-irradiated
Skin

The results in this study showed that syndecan is not
exclusively an indicator of malignancy, but is also related
to cellular proliferation and differentiation as a part of the
normal process of cell turnover. Basal cells in the epider-
mis and parts of the hair follicle associated with cell
growth were weakly syndecan positive. Similarly termi-
nally differentiated cells and their products in the hair and
epidermal cell surface were negative for syndecan. The
horn cysts, aberrant remnants of hair follicles in the
mouse strain hr/hr used in this study, were also positive
when having features reminiscent of normal structures.
The more aberrant hair follicle cysts situated deep in the
dermis were completely syndecan negative, thus indicat-
ing that aberrant differentiation, although not associated
with malignant progression, was associated with de-
creased expression of syndecan. The finding of reduced
expression in epidermal dysplasia, together with the loss
of expression in the basal epidermal cell layer and the
aberrant, large hair follicle cysts, suggest that syndecan
is important for the regulation of cell growth and mainte-
nance of normal tissue architecture.

Syndecan as a Prognostic Marker of
Malignant Transformation

This study shows a close association between malignant
phenotype and absence of syndecan expression, a re-
sult consistent with the previous findings of reduced syn-
decan expression associated with malignant transforma-
tion of cells in culture.2® The results indicate the applica-
bility for syndecan analysis for determining the capacity
of malignant progression of clinically observed lesions as
well as lesions with doubtful clinical significance. The pro-
gression of solar keratosis is related to the degree of dys-
plasia, characterized by cytologic irregularities and struc-
tural disorganization, closely associated with a decrease
of syndecan expression. Scar formation and cellular ne-
crosis and proliferation are occasionally histologically
similar, syndecan expression being distinctly dissimilar in
these processes. The precise clinical usefulness of syn-
decan analysis in clinical settings requires, however,
more studies using clinical material. This awaits the avail-
ability of good immunoprobes for human syndecan.
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