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DEAR EDITOR, Pigment epithelium-derived factor (PEDF) is an
endogenously produced glycoprotein expressed in several
organs during developmental stages and adulthood and mainly
acting on cell differentiation.1 In vitro and in vivo studies have
demonstrated that PEDF has neurotrophic and antioxidant
characteristics as well as the ability to counteract angiogenesis,
tumorigenesis, atherosclerosis, thrombosis and inflamma-
tion.1,2 In addition, PEDF has been also related to bone meta-
bolism, increasing the expression of alkaline phosphatase and
promoting osteoblast differentiation.3

To our knowledge, there is little information on PEDF
expression and activity in dermal physiopathology.4,5 More-
over there are no data on the expression and localization of
PEDF in skin ectopic calcification. Therefore, we examined
in vitro both PEDF expression and alkaline phosphatase activity
in adult human dermal fibroblasts (from five healthy donors
aged 30–40 years) cultured in standard [Dulbecco’s modified
Eagle’s medium (DMEM)] or in calcifying medium. All sam-
ples used in the present study were obtained after the partici-
pants gave their informed consent, according to the guidelines
of the Declaration of Helsinki and of the ethics committee of
the local school of medicine. After 20 days of culture, when a
mineral deposit was present on the cells maintained in the

calcifying medium (Fig. 1b), the fibroblasts exhibited an
increased expression of PEDF (Fig. 1b, insert) and enhanced
alkaline phosphatase activity (Fig. 1c), compared with cells in
DMEM (Fig. 1a, insert, c). These data confirm previous in vitro
observations in bone stem cells,3 supporting the hypothesis
that PEDF also contributes to the calcification process in soft
connective tissues.
In order to exclude the possibility that these effects might

have be due to the artificial calcifying environment of the cul-
ture system, thus limiting the in vivo role of this glycoprotein,
we then investigated the expression and localization of PEDF
in the dermis of patients affected by pseudoxanthoma elas-
ticum, a rare disease characterized by the aberrant mineraliza-
tion of elastic fibres of soft connective tissue in specific areas
and by fibroblasts exhibiting in vitro a procalcifying signature
and increased alkaline phosphatase activity.6

Skin biopsies (3–4 mm in diameter including papillary and
reticular dermis, fixed and embedded in Spurr’s resin) were
obtained from healthy participants (n = 5) and from patients
with pseudoxanthoma elasticum (n = 6), all 30–40 years of
age, for morphological evaluation.7 As pseudoxanthoma elas-
ticum is more frequently observed in women than men, we
analysed samples derived from women. Clinical diagnosis was
confirmed by biomolecular analyses demonstrating causative
mutations on the ABCC6 gene.
The severity of the pathological phenotype was quantified

according to the Phenodex index, which nowadays represents
the only published standardized system quantifying the clinical

(a) (b) (c)

Fig. 1. Fibroblasts cultured in standard Dulbecco’s modified Eagle’s medium (DMEM) or in calcifying medium (CM) for 20 days. (a–b) The
mineral deposit visualized by von Kossa staining (arrows) was assessed on dermal fibroblasts cultured in DMEM (a) and in a calcifying medium.
(b) A representative Western blot for pigment epithelium-derived factor is shown in the inserts. To allow the normalization of protein expression,
an equal amount of protein (sample of 40 lg) was loaded on polyacrylamide gel for electrophoresis. SERPINF1 antibody (GenWay Biotech Inc.,
San Diego, CA, U.S.A.) was used at 1 : 1000 dilution. (c) Alkaline phosphatase (ALP) activity per milligram of protein is expressed as box and
whisker plots. The horizontal line shows the median value for each condition and the boxes represent the interquartile range, indicating the full
extent of the minimum and maximum values. ***P < 0!001.
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manifestations of pseudoxanthoma elasticum.8 A score of S1
was given to skin with papules or bumps (Fig. 2b); a score of
S2 to plaques of coalesced papules and a score of S3 to lax
and redundant skin (Fig. 2c). In this research we studied
patients with scores of S1 or S3. PEDF expression was investi-
gated by immunohistochemistry, allowing the ex vivo evalua-
tion of the architecture and morphology of preserved tissue.
PEDF was localized in all keratinocytes of both normal and

pseudoxanthoma elasticum skin (Fig. 2d–f). In contrast, mes-
enchymal cells (i.e. fibroblasts and endothelial cells) indepen-
dent of the disease were strongly stained in the papillary
dermis, whereas positivity was negligible in most cells of the
reticular dermis (Fig. 2j). These data are in agreement with
the association between PEDF expression and the potential to
replicate cells5 and the different growth capabilities of fibrob-
lasts from different dermal areas.9

Consistently with the observation that PEDF binds to colla-
gens type I and III,10 the extracellular matrix exhibited a uni-
form positivity of collagen bundles in the papillary and the
reticular dermis of healthy participants (Fig. 2d, g). Indepen-
dent of the pathological condition, comparable results were
also observed in pseudoxanthoma elasticum biopsies (Fig. 2 e,
f, h, i).
A moderate positivity comparable with that of collagen was

observed on the normal elastic component of healthy

participants (Fig. 2g) and on unaffected elastic fibres of
patients with pseudoxanthoma elasticum (Fig. 2j). On the
contrary, mineralized elastic fibres exhibited a remarkably
strong positivity for PEDF (Fig. 2h, i, j). The extent of
immune staining appeared to be proportional to the amount
of calcified elastic fibres and consequently to the severity of
dermal alterations categorized according to the Phenodex score
(i.e. S1 and S3) (Fig. 2b, c).8 As glycosaminoglycans are
known to be abnormally secreted by pseudoxanthoma elas-
ticum fibroblasts and to be localized on calcified elastic fibres
and on the electron-dense material associated with these
fibres,11 it is conceivable that glycosaminoglycans can
contribute to the accumulation of PEDF due to a high binding
affinity between these molecules.12 Despite the known antian-
giogenic effects of PEDF,2 the increased amount of this glyco-
protein has recently been associated with enhanced vascular
endothelial growth factor and mineral deposit, suggesting that
the effects of PEDF depend on the cell type (i.e. mesenchymal
stem cells vs. other cells).13 This finding is consistent with
increased vascular endothelial growth factor14 and the hydrox-
yapatite deposits found in pseudoxanthoma elasticum.6

A limitation of this study may be the relative small number
of samples. However, pseudoxanthoma elasticum is a rare dis-
ease and, therefore, large-scale studies appear unrealistic. This
is the first evidence of the occurrence of PEDF in dermal

(a) (b) (c) (j)

(d) (e) (f)

(g) (h) (i)

Fig. 2. Pseudoxanthoma elasticum, clinical and immunohistochemical findings. (a) Normal skin. (b) Typical skin papules in a patient with a mild
dermal phenotype (Phenodex score S1). (c) Severe dermal alterations represented by lax and redundant skin (type S3). (d–f) Pigment epithelium-
derived factor (PEDF) immune staining of the epidermis and papillary dermis of (d) healthy participants and patients with a score of (e) S1 and
(f) S3. (g) Moderate PEDF immune staining of normal matrix constituents in the reticular dermis [collagen (C) and elastic fibres (arrows)]. (h, i)
Strong PEDF immune staining on calcified elastic fibres (arrowheads) in the reticular dermis of patients with a score of S1 and S3. (j) Whole skin
thickness of a patient with an S1 score, clearly exhibiting the strong positivity of the epidermis and mesenchymal cells in the papillary dermis and
calcified elastic fibres (arrowheads). Collagen bundles (C) and normal elastic fibres (arrows) show a moderate positivity, comparable to controls.
SERPINF1 antibody was used at 1 : 50 dilution using the ultraview universal 303-diaminobenzidine hydrochloride kit in an automated
immunohistochemistry in situ hybridization slide staining system BenchMark XT.
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ectopic calcification. Future studies may confirm whether PEDF
can become a potential target of therapeutic perspectives in
counteracting the pathological mineralization of soft connec-
tive tissues.
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