
RESEARCH PAPER

Effects of Prisma� Skin dermal regeneration device containing
glycosaminoglycans on human keratinocytes and fibroblasts

Raffaella Belvederea, Valentina Bizzarro a, Luca Parentea, Francesco Petrellab, and Antonello Petrella a

aDepartment of Pharmacy, University of Salerno, Fisciano, Salerno, Italy; bPrimary Care - Wound Care Service, Health Local Agency Naples 3
South, Portici, Napoli, Italy

ARTICLE HISTORY
Received 22 March 2017
Revised 22 May 2017
Accepted 6 June 2017

ABSTRACT
Prisma� Skin is a new pharmaceutical device developed by Mediolanum Farmaceutici S.p.a. It includes
alginates, hyaluronic acid and mainly mesoglycan. The latter is a natural glycosaminoglycan preparation
containing chondroitin sulfate, dermatan sulfate, heparan sulfate and heparin and it is used in the
treatment of vascular disease. Glycosaminoglycans may contribute to the re-epithelialization in the skin
wound healing, as components of the extracellular matrix. Here we describe, for the first time, the effects
of Prisma� Skin in in vitro cultures of adult epidermal keratinocytes and dermal fibroblasts. Once
confirmed the lack of cytotoxicity by mesoglycan and Prisma� Skin, we have shown the increase of S
and G2 phases of fibroblasts cell cycle distribution. We further report the strong induction of cell
migration rate and invasion capability on both cell lines, two key processes of wound repair. In support of
these results, we found significant cytoskeletal reorganization, following the treatments with mesoglycan
and Prisma� Skin, as confirmed by the formation of F-actin stress fibers. Additionally, together with a
significant reduction of E-cadherin, keratinocytes showed an increase of CD44 expression and the
translocation of ezrin to the plasma membrane, suggesting the involvement of CD44/ERM (ezrin-radixin-
moesin) pathway in the induction of the analyzed processes. Furthermore, as showed by
immunofluorescence assay, fibroblasts treated with mesoglycan and Prisma� Skin exhibited the increase
of Fibroblast Activated Protein a and a remarkable change in shape and orientation, two common
features of reactive stromal fibroblasts. In all experiments Prisma� Skin was slightly more potent than
mesoglycan. In conclusion, based on these findings we suggest that Prisma� Skin may be able to
accelerate the healing process in venous skin ulcers, principally enhancing re-epithelialization and
granulation processes.
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Introduction

Glycosaminoglycans (GAGs) are unbranched polysac-
charides with repetitive disaccharide units; they are
structurally heterogeneous in terms of their carbohy-
drates composition, chain length, sulfation pattern and
degree. GAGs can be classified into sulfated such as
chondroitin sulfate (CS), dermatan sulfate (DS), keratan
sulfate (KS), heparan sulfate (HS) and heparin (HEP),
and non-sulfated as hyaluronan (HA). The latter is
formed by the regular repetition of a disaccharide unit
(glucuronide-N-acetylglucosamine), and its chain is
much longer than other GAGs. When these chains,
except for HA, are covalently attached to a protein core,
they form the proteoglycans (PGs).1

GAGs represent only the 0.1–0.3% of the total skin
weight but, due to their large water-retaining capability,
they define skin volume and elasticity. They are common
constituents of cell surfaces and extracellular matrix

(ECM) and, together with protein as fibrils of collagen,
fibronectin, laminins, vitronectin, have various biological
effects.2

ECM facilitates repair of the skin wound by both
direct modulation of cell processes such as adhesion,
migration, proliferation, and cell differentiation and by
indirect regulation of extracellular protease secretion/
activation or growth factor activity. Their content could
effectively change inside the ECM during wound repair
giving rise to the formation of a GAG-bed: this accumu-
lation is required for granulation, tissue growth and
closure.3,4

Skin wound healing evolves through a complex of
cellular, physiologic, and biochemical events, such as
inflammation, granulation, re-epithelialization and
remodeling process. An abnormal regeneration process
causes non-healing chronic wounds or abnormal scar
and keloid formation. Many biological factors, such as
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growth factors and cytokines, are necessary for the multi-
plex steps of wound healing contributing to the migra-
tion of inflammatory cells, fibroblasts, keratinocytes, and
endothelial precursor cells into the wound site.5

During the phases of the wound healing process,
fibroblasts and other mesenchymal cells enter the wound
inflammatory site in response to growth factors that are
required for the stimulation of cell proliferation. In par-
ticular, fibroblasts are able to synthesize collagen and
PGs and to actively secrete several GAGs allowing the
formation of a hydrophilic matrix suitable for skin
remodeling.6

Initially, HA is synthesized in large quantities by
fibroblasts, followed by an increase in the levels of DS
and CS.6 Gradually, when cell proliferation reaches a pla-
teau, the levels of Heparan sulfate proteoglycan (HSPG)
are higher in the wound. Heparan sulfate proteoglycan 2
(HSPG2) regulates the healing process by inducing
angiogenesis7 and stimulates keratinocytes migration by
binding to syndecan-1 and ¡4.7,8

DS is the most abundant GAG in human wound
fluid and functionally active in the healing process
thanks to its combination with Fibroblast Growth
Factor 10 (FGF-10) which accelerates keratinocyte
proliferation and migration. FGF-10 and FGF-2 are
known to bind DS and this affinity is enhanced for
DS containing more iduronic acid. Idunorate-enriched
DS is responsible for mediating FGF responsiveness
in the fibroblasts, indicating that this GAG is a
required cofactor for maximal cellular responsiveness
to FGF-10 during wound repair.9-12

DS is essential to modify CD44 and enables fibroblast
migration in fibronectin/fibrin gel during the earliest
phases of wound healing.13

As previously stated the migration of keratinocytes is
essential for wound re-epithelialization and re-establish-
ment of skin remodeling.14 Hyaluronic acid (HA) is
involved in tissue repair, serves as an integral part of the
ECM of basal keratinocytes in epidermis and promotes
the proliferation and migration of keratinocytes in the
re-epithelialization process.15

Mesoglycan is a natural GAG preparation extracted
from porcine intestinal mucosa and is composed of HS
(47.5%), DS (35.5%), slow-moving HEP (8.5%) and CS
(8.5%). It is commercially available in some European
countries, both in a parenteral and oral form, for the
treatment of vascular disease with an associated throm-
botic risk such as deep venous thrombosis and chronic
venous insufficiency.16-19 Additionally, mesoglycan is
known to have favorable actions on the fibrinolytic sys-
tem and to restore the electronegativity of the vascular
endothelium in case of damage.20 In the past, like the
sulodexide, mesoglycan has been found able to potentiate

the mitogenic activity of FGFs and restore defective fibri-
nolysis in patients affected by cutaneous necrotizing
venulitis.21,22

It is commonly accepted that GAGs represent
promising biomaterials to design new bioactive sup-
plies for tissue repair and re-epithelialization;23,24 also
the observations reported by literature demonstrate
the potential for the local use of bioactive film con-
taining GAGs. Using GAGs locally is easier nowadays
due to the possible use of new kind of active biofilm
containing a mixture of GAGs and placed directly on
the wound bed.

Prisma� Skin is a water-soluble dressing with
advanced-technology alginate on inert polyethylene tere-
phthalate (PET) support material, including mainly mes-
oglycan and hyaluronic acid.25 Given the importance of
GAGs in the wound environment and the uniqueness of
the Prisma� Skin, the aim of this study was to carefully
assess the effect of this new pharmaceutical device. We
have investigated some important biological processes
involved in the closure of skin lesion, as migration and
invasion, on adult dermal fibroblasts and epidermal ker-
atinocytes in vitro.

Results

Prisma� Skin and mesoglycan are not cytotoxic
on human HaCaT keratinocytes and BJ fibroblasts

The lack of information about the use of mesoglycan on
in vitro epithelial cells and, mainly, the complete absence
of data about Prisma� Skin led us to investigate, first of
all, their potential effects on viability of HaCaT and BJ
cells. Our first approach included the evaluation of the
cell viability through the MTT assay using a dose-
response curve. This curve started from 0.1 mg/ml until
0.5 mg/ml of sodium mesoglycan, including the middle
concentration (0.3 mg/ml) as indicated by Mediolanum
Farmaceutici company. As shown in Fig. 1A and B,
neither mesoglycan nor Prisma� Skin showed cytotoxic
effects on tested cell lines. Furthermore, on BJ cells we
observed a weak increase of proliferation at 24 and
48 hours in presence of mesoglycan and particularly of
Prisma� Skin (Fig. 1B). The absence of cytotoxic effects
was also shown through hemocytometer-cell counting
(Fig. S1, panels A and B).

To further confirm the HaCaT and BJ viability, we
evaluated the possible induction of apoptosis. As
reported in Fig 1C and D, there were no significant
changes in response to the mesoglycan and Prisma�

Skin. These data was also confirmed by the lack of activa-
tion of caspase-3, typical hallmark of apoptosis and
indispensable for apoptotic chromatin condensation and
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DNA fragmentation, which appears only in its not-
cleaved form (Fig. 1E and F).

Prisma� Skin and mesoglycan increased
fibroblasts proliferation

Based on results on cell viability, we performed a cell
cycle analysis on both HaCaT and BJ cells. Confirming
the MTT data, HaCaT, which were characterized by a
notable cell division rate, did not show any differences
on cell cycle phases when treated with mesoglycan and
Prisma� Skin at 24, 48 and 72 hours (Figure S2, panels
A-F). On the other hand, BJ cells showed a strong and
significant increase of S phase at 24 hours (Fig. 2A) and
of G2 one at 48 hours of treatment with mesoglycan and
Prisma� Skin (Fig. 2B). As we expected, at 72 hours

from substances administration, a rescue verified and
cells came back to their normal cycle with a prevalent G1
phase and an absent G2 one (Fig. 2C). In Fig. 2D, E and
F an example of analysis performed by ModFit LT
software with mesoglycan and Prisma� Skin 0.3 mg/ml
at 24, 48, and 72 hours is shown.

The migration rate of HaCaT and BJ cells increased
in the presence of Prisma� Skin and mesoglycan

Several studies gave insights on the significant relation-
ship between cell migration during wound repair and
GAGs, mainly as ECM components, but also as capable
to regulate cytokines release and growth factor activity.26

Based on these evidences, we performed a functional
assay of in vitro wound healing, as reported in Materials

Figure 1. Viability assays on HaCaT and BJ cells treated or not with mesoglycan and Prisma� Skin. Cell viability was evaluated by MTT
colorimetric assay on keratinocytes (A) and on fibroblasts (B). Absorbance relative to controls was used to determine the percentage of
cells treated with varying concentrations of sodium mesoglycan and Prisma� Skin at 24, 48 and 72 h. The values reported in the graphs
are the mean § SEM from 5 independent experiments performed in triplicates, results appeared not significant, thus they have been
indicated as ns (p > 0.05). Analysis of apoptotic cells by cytofluorimetric assay of the effect of 0.1, 0.3 and 0.5 mg/ml of mesoglycan and
Prisma� Skin at 24, 48 and 72 h on HaCaT (C) and on BJ (D). The data are the mean of 5 experiments with similar results, ns p > 0.05
based on Student’s t-test, assuming a 2-tailed distribution and unequal variance. Western blot for pro- and cleaved caspase-3 of kerati-
nocytes (E) and fibroblasts (F). Both of cell lines were treated or not with mesoglycan and Prisma� Skin for 48 h and a positive control
of apoptotic cells was used. Protein bands were normalized on tubulin levels. Image is representative of 3 independent experiments.
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and Methods section, to assess the migration ability of
HaCaT and BJ cells. During 24 hours a 38% increase of
the covered distance for HaCaT treated with mesoglycan
0.3 mg/ml was observed if compared with non-treated
cells and a 47% increase when the same cells were treated
with Prisma� Skin at the same concentration (Fig. 3A for
representative images and 3C). Very similar results were
obtained with BJ cells which showed a 53% increase of
distance covered in presence of mesoglycan and a 60%
increase when treated with Prisma� Skin, with respect to

non treated control (Fig. 3B for representative images
and 3D).

Prisma� Skin and mesoglycan enhanced
the invasion ability of HaCaT and BJ

To investigate the effects of Prisma� Skin and mesogly-
can, as its major reference element, on cell invasiveness
ability, we performed functional assays of invasion
through trans-wells. The chambers were coated by

Figure 2. BJ cycle analysis with PI staining. The histograms are representative of (A) 24 h, (B) 48 h and (C) 72 h of culture, after 24 h
serum starvation. Cell cycle phase distributions of fibroblasts analyzed by ModFit LT software at (D) 24 h, (E) 48 h and (F) 72 h after treat-
ment with sodium mesoglycan and Prisma� Skin. The data are representative as a mean of 3 experiments with similar results, statistical
analyses for significance of results were performed using Student’s t-test, assuming a 2-tailed distribution and unequal variance.
�p < 0.05, ��p < 0.01, ���p < 0.001, ns p > 0.05.
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matrigel for BJ cell line and type IV collagen for HaCaT
cells, since it represents the better matrix to support ker-
atinocytes in vitromigration.27

As shown in Fig. 4A, HaCaT showed a great raise of
their invasion rate both in presence of mesoglycan
0.3 mg/ml (154,6% more) and better with Prisma� Skin
(166,9% more), as further reported in Fig. 4C represent-
ing bright field pictures. Similarly, the invasion rate of BJ
cells increased in a significant manner with the same
trend as HaCaT cells in presence of sodium mesoglycan
(178,4% more) and of Prisma� Skin (192,6% more)
(Fig. 4B and D). In support of the results obtained by
invasion assay, we performed gel zymography to analyze
the activity of gelatinolytic enzymes secreted by cells.
Therefore, the enhanced degrading activity of BJ cells
has been reported in Fig. 4E, where it is shown gel degra-
dation by metalloproteinases 9 and 2 (MMP9 and
MMP2) at 90 and 75 kDa, respectively. Based on the

absence of MMP9 and MMP2 signal in non-treated cells,
the activity of both MMPs was significantly increased in
presence of mesoglycan and Prisma� Skin particularly at
24 and 48 hours of treatment to lightly decrease at
72 hours, as further confirmed in the histogram in
Fig. 4F. Additionally, we performed zimography assay
on HaCaT cells by which we showed a slight activation
of MMP2 at 24 and 48 hours of treatments with sodium
mesoglycan and Prisma� Skin (see figure S3 A and B).

Prisma� Skin and mesoglycan affected the
expression of E-cadherin, CD44 and the cytoskeletal
organization in human HaCaT keratinocytes

E-cadherin plays a critical role in epithelial cell polariza-
tion and morphogenesis and its trafficking is required
for normal cell-cell adhesions and junction stability.28

Since E-cadherin can control a switch from an adhesive

Figure 3. Evaluation of migration rate of human keratinocytes and fibroblasts in presence of mesoglycan and Prisma� Skin. Representa-
tive images of Wound Healing assay on HaCaT (A) and BJ (B) cells treated or not with sodium mesoglycan and Prisma� Skin 0.3 mg/ml.
Results of Wound Healing assay analysis for HaCat (C) and BJ (D) cells. The migration rate was determined by measuring the wound clo-
sure by individual cells from the initial time to the selected time-points (bar of distance tool, Leica ASF software). The data represent a
mean of 3 independent experiments § SEM, their statistical significance were evaluated using Student’s t-test, assuming a 2-tailed dis-
tribution and unequal variance. ��p < 0.01; ���p < 0.001.
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to a migratory keratinocyte phenotype, we investigated
its expression and localization in HaCaT cell line follow-
ing treatment with sodium mesoglycan 0.3 mg/ml and
with Prisma� Skin at the same concentration of meso-
glycan. The expression of this protein decreased in a
time-dependent manner in either case, if compared with
non-treated cells (Fig. 5A representing one of the 3 per-
formed Western blots showing similar results). We con-
firmed this aspect also by immunofluorescence assay, in
Fig. 5B (panels a, b, c). In Fig. 5E it is possible to observe
a strong reduction of E-cadherin signal from its mem-
brane localization above all when cells were treated with
Prisma� Skin.

Several experimental evidences reported that the
upregulation of Epithelial to Mesenchymal Transition
(EMT)-related genes is associated with an increased
motility and also keratinocytes, when switched to a

mesenchymal phenotype, could invade the surrounding
normal tissues.29 For this reason, we investigated also the
expression of vimentin, important mesenchymal marker,
usually absent in epidermal keratinocytes.30, 31 In our in
vitro model, vimentin did not appear either in presence
of Prisma� Skin or of mesoglycan (data not shown).

To migrate over the wound site, keratinocytes must
disengage cell-cell junctions and reorganize their cyto-
skeleton increasing the contractility forces, which are
essential for motility.29 In this scenario, actin is typi-
cally considered a mechanical regulator of cell migra-
tion and, particularly, F-actin polymerization is
essential for the protrusion of lamellipodia.32 There-
fore, we analyzed the HaCaT F-actin organization
by phalloidin staining highlighting a cortical arrange-
ment at the border of not-treated cells (Fig. 5B,
panel d, white arrow). On the contrary, in case of

Figure 4. Analysis of invasion speed of HaCaT (A) and BJ (B) cells with mesoglycan and Prisma� Skin. Data represent the mean cell
counts of 12 separate fields per well § SEM of 5 experiments with similar results. ��� p < 0.001 vs non treated control. This mean
derived from cell counts of 12 separate fields per well § SEM of each experiments. Representative images of analyzed fields of invasion
assay on HaCaT (C) and BJ (D) cells. Magnification 20x. Bar D 150 mm. (E) Gelatin zymography showing increased gelatinolytic activity
of MMP-9 and MMP-2 of BJ cells. Zymography was performed using 0.1% gelatin gel as described in Materials and Methods followed
by Coomassie blue staining. (F) Densitometry analysis of the intensity of lanes calculated respect the sample volume which was the
same for every experimental point. The results represent the mean § SEM of 4 independent experiments, �� p< 0.01; ��� p< 0.001 cal-
culated by Student’s t-test, assuming a 2-tailed distribution and unequal variance.
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administration of mesoglycan and especially of
Prisma� Skin, F-actin polymerization in stress fibers
became evident also in cells which were localized in
the middle area of the typical islets characterizing the
growth manner of epithelial cells. This result high-
lights that the tensile forces generated by F-actin
stress fibers involved the majority of population of
HaCaT cells to facilitate cell contractility (Fig. 5B,
panels e and f, white arrows; Fig. 5F).

At the same time, we investigated also the distribution
pattern of ezrin, a link protein of cell membrane and

cytoskeleton, that can anchor actin in specific mem-
brane, maintain cell polarity, take part in cell shape regu-
lation and cell movement, interact with a variety of cell
surface molecules, including CD44.33 When treated for
48 hours with Prisma� Skin, and to a lesser extent with
mesoglycan, ezrin translocated to plasma membrane
starting from a general cytosol distribution in non
treated cells. We highlighted this aspect by immunofluo-
rescence assay and by Western blot on compartmental-
ized protein extracts (Fig. 5B, panels g, h, I, white
arrows; 5C).

Figure 5. Molecular characterization of cytoskeletal rearrangement on keratinocytes. (A) Western blots showing E-cadherin and GAPDH
expression in HaCaT cells treated or not with 0.3 mg/ml of sodium mesoglycan and Prisma� Skin for 24, 48 and 72 h. The blots were
exposed and analyzed to Las4000 (GE Healthcare Life Sciences). Quantitative analysis (OD) of E-cadherin expression has been performed
on GAPDH levels for each experimental point, by ImageJ (NIH) software. (B) Immunofluorescence analysis to detect E-cadherin (panels
a, b, c), F-actin (panels d, e, f) and ezrin (panels g, h, i) treated with mesoglycan and Prisma� Skin for 48 h. Nuclei were stained with
DAPI. Magnification 63 £ 1.4 NA. Bar D 10 mm. (C) Whole (Tot), membrane (Memb) and cytosol (Cyt) expression of ezrin on HaCaT cells
analyzed by Western blot in presence or not of mesoglycan and Prisma� Skin 0.3 mg/ml for 48 h. Cellular compartments were obtained
as described in Materials and Methods section. Quantitative analysis of ezrin expression has been performed on tubulin levels for Tot
and Cyt extracts and on mg/ml (50g) of protein sample for Memb ones, ��p < 0.01; ���p < 0.001. (D) Cell surface expression of CD44
was analyzed by flow cytometry. The blue areas in the plots are relative to human IgG1; CD44 signals are showed in green for ctrl HaCaT,
in purple for HaCaT in presence of mesoglycan and in yellow for cells with Prisma� Skin, at 24, 48 and 72 h. The results are representa-
tive of the mean § SEM of 3 analyzed experiments. Quantification of (E) E-cadherin and (F) phalloidin as percent of fluorescence inten-
sity per cell area from corresponding panels in figure 5B. Statistical analyses for significance of results were performed using Student’s
t-test, assuming a 2-tailed distribution and unequal variance. �p < 0.05, ��p < 0.01, ��p < 0.001.
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Keratinocytes contain the additional exons v3 to
v10 inserted into the CD44 standard form tran-
scripts. CD44 play an important role in multiple cel-
lular functions.34,35 In Fig. 5D, the green, the purple
and the yellow lines refer to the CD44 expression in
non-treated, treated with mesoglycan and with
Prisma� Skin HaCaT cells, respectively; the blue
area refers to the APC-conjugated human IgG1 used
as technical control. In this way we observed an
increase of the receptor expression at 48 hours of
treatment.

Prisma� Skin and mesoglycan conditioned the stress
fibers formation and the activation of human BJ
fibroblasts

Fibroblasts represent a cell population capable to
migrate, proliferate and carry out several key activities
during skin wound healing.36 These cells are known to
not express several adhesion molecules such as E-cad-
herin,28 as we confirmed by immunofluorescence assay
(Fig. 6A, panels a, b, c; Fig. 6B). On the other hand, BJ
cell line showed high levels of vimentin, which were not

Figure 6. Characterization of cytoskeletal organization and activation of fibroblasts. (A) Immunofluorescence analysis to detect E-cad-
herin (panels a, b, c), vimentin (panels d, e, f), F-actin (panels g, h, i), FAPa (panels l, m, n) treated with mesoglycan and Prisma� Skin
for 48 h. Quantification of (B) E-cadherin (a, b, c), (C) vimentin (d, e, f), (D) phalloidin (g, h, i) and (E) FAPa (l, m, n) as percent of fluores-
cence intensity per cell area. (F) Cell distribution was determined by calculating the percentage of cells arranged in parallel for each
acquired region ( § 100 of the mode angle). Nuclei were stained with DAPI. Magnification 63 £ 1.4 NA. Bar D 10 mm. All the results
are representative § SEM of 3 experiments based on Student’s t-test, assuming a 2-tailed distribution and unequal variance.
���p < 0.001, ns p > 0.05.
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affected by either mesoglycan or Prisma� Skin (Fig. 6A,
panels d, e, f; 6C). Based on the increased migration and
invasion rates, our analyses on BJ cells continued focus-
ing on the cytoskeletal organization. Previous studies
have suggested how the actin stress fibers generate force
driving cell movement.37 In our experimental model, we
found a significant increase of well-organized stress
fibers, as seen through staining with phalloidin for
immunofluorescence assay (Fig. 6A, panels g, h, i; 6D).

Another important marker we tested specifically on BJ
cell line was represented by Fibroblast Activated Protein
a (FAPa), a member of the group II integral serine pro-
teases, whose expression is a common attribute of reac-
tive stromal fibroblasts.38,39 It has been reported that this
protein increased in keloid fibroblasts compared with
normal skin fibroblasts playing an important role in
degrading ECM thereby and facilitating cell invasion.40

BJ cells showed a notable increase of levels of FAPa
expression when treated with sodium mesoglycan and
mainly with Prisma� Skin (Fig. 6A, panels l, m, n; 6E).
Moreover the compounds induced different morphologi-
cal features compared with non-treated cells: i.e. treated
cells appeared elongated into an enhanced spindled
shape characterized by a parallel pattern. This precise
directionality, with cells orientated within § 10� of the
mode angle, reached quite the 100% of the seeded popu-
lation, after 48 hours from Prisma� Skin administration
(Fig. 6A, panel n; 6F). The revealed percentage were
about 70% for cells incubated with sodium mesoglycan
at the same experimental time (Fig. 6A, panel m; 6F),
with respect to non-treated cells which were disorganized
and orientated in a casual manner (Fig. 6A, panel l; 6F).

Discussion

The wound healing in human skin begins immedi-
ately after a cutaneous injury and it appears corre-
lated with a general event of tissue growth and
regeneration. This dynamic and orchestrated process
includes a series of sequential yet overlapping stages
with the aim to realize an efficient and functional
re-epithelialization.41,42 In this scenario, beyond
cells of immune system and endothelium, fibroblasts
and keratinocytes appear to be important cellular
components.

Particularly, to re-establish the protection of the
wounded tissue, keratinocytes proliferate, migrate and
differentiate, activities primarily governed by the ECM
components through signal transduction via cell mem-
brane receptors.43 On the other hand, the generation of
mechanical tension and the concomitant increase of pro-
liferation of dermal fibroblasts represent a key process in
the granulation tissue formation.44

In this work, we choose an in vitro system based on
the culture of human epidermal keratinocytes and der-
mal fibroblasts, to provide answers to several open ques-
tions about the use of GAGs in the formation of the
epidermal tongue. It has been reported that, during sev-
eral weeks after wound damage, fibroblasts synthesize
collagen and GAGs-PGs.45,46 Most of the information
about this process, however, are related to the involve-
ment of these macromolecules as angiogenesis modula-
tors.47 Moreover, in regulating ECM organization and
metabolism, only HA has been described as a key mole-
cule in each phase of wound healing.48,49

The aim of the present study was to examine the
effects of the new biomedical device Prisma� Skin on
human BJ fibroblasts and HaCaT keratinocytes, recom-
mended for the treatment of skin lesions and developed
by Mediolanum Farmaceutici S.p.a. This device, which
appears as a sterile gauze, includes mesoglycan, HA and
well-characterized alginates polymers, favoring the skin
wound healing.50,51

Once verified the lack of toxicity of Prisma� Skin and
its content of mesoglycan, we studied BJ cell cycle since
the regulation of cell proliferation represents an impor-
tant early event in response to injury.52 In our case,
GAGs induced an augment of S and G2 phases in cell
cycle distribution associated with a modest, but not sig-
nificant, increase of proliferation. Previous studies
showed that 6-O-sulfation of N-acetylglucosamine seems
to be one of the key structural features in the HS hexa-
saccharide, which determines optimal binding of FGF1
and FGF2 to the FGF receptor.53 Moreover, it has been
shown that the functional characterization of the whole
complex of DS together with its derivative PGs and FGFs
check human dermal fibroblast proliferation.54

However, beyond the proliferation process, re-epithe-
lialization of the wound requires keratinocytes and fibro-
blasts migration. To test the efficacy of Prisma� Skin in
this important phase of skin lesions repair, we mimed
the wound healing in vitro and observed a strong
increase of the migration rate, following the stimulation
by both Prisma� Skin and mesoglycan. The stronger
effect of the whole biomedical device could be attributed
to the additional presence of HA and alginates.

The restoration of normal tissue architecture requires
also that cells bind and release the ECM in a dynamic
manner to drive migration. Notably, after migrating into
the provisional wound matrix, epithelial cells are able to
degrade provisional matrix while depositing collagen
and other ECM components: cell-matrix and cell-cell
adhesions need to be broken, possibly through a MMPs-
mediated proteolysis, or disassembled to allow cells to
move freely forward.55 This ability, evaluated through
our invasion assay, showed a significant increase when

176 R. BELVEDERE ET AL.



both HaCaT and BJ cells were treated with mesoglycan,
an increase that was more pronounced in cells
treated with Prisma� Skin. This data were also con-
firmed by the activation of the two metallogelatinase
MMP2 and MMP9 which are released mainly by fibro-
blasts and play an important role in cell migration and
re-epithelialization.56

Cell migration is a dynamic interplay between cells
and ECM through organization of cytoskeletal actin to
form focal adhesion points. Keratinocyte migration is
triggered by loss of contact inhibition and cell adhesion
structures, which activates signals for reorganization of
cytoskeleton driving migration.57 HaCaT cell line
showed a significant decrease of E-cadherin levels and a
strong F-actin reorganization when treated with meso-
glycan and particularly with Prisma� Skin. Moreover,
the actin cytoskeleton appeared massed in the cellular
cortical zone to become well organized in treated HaCaT
cells, which are ready to detach their partners and start
the motility process, leading to acquisition of an invasive
phenotype.57

Other protein complexes involved in cell growth, sur-
vival and differentiation in ECM include CD44 and its
associated partners. In vitro interactions of CD44 with
HA, as well as other GAGs, collagen, laminin and fibro-
nectin seem to promote matrix-dependent migration.58

It was shown that CD44 interacts with CS and derived
PGs, mediating cell motility, particularly about leuko-
cytes rolling. Moreover, GAG-modified CD44 has been
shown to bind components of the ECM, as well as cer-
tain chemokines and growth factors, and can promote
cell migration.59,60 It has been further reported that treat-
ment of human keratinocytes with IL-1b enhances the
association of CD44 with ezrin and, thereby, with the
actin cytoskeleton.61 According to previous studies we
observed an increase of the CD44 receptor by treatment
with mesoglycan, but it appeared stronger when HaCaT
cells were treated with Prisma� Skin. Interestingly, C-
terminal domain of CD44 is linked to actin filaments
through ERM (ezrin-radixin-moesin) demonstrating the
essential role of physical or functional interaction of pro-
teins at every level of cellular processes.62 Principally,
ezrin helps maintain cell shape and motility, binds to
adhesion molecules, participates in the regulation of
intracellular signal transduction and, mainly in keratino-
cytes, serves as a cross linking molecule between the
membranes and cytoskeleton.63,64 It was shown that the
phosphorylation in threonine residue in the C-terminus
of ezrin induces the translocation to plasma membrane
and causes conformational changes through unmasking
of its binding sites.65,66

Also fibroblasts play their central role in the formation
of the granulation tissue through migrating from the

nearby dermis to the wound in response to cytokines and
growth factors.67 Their movement requires notable mor-
phological changes such as cell protrusions formation like
lamellipodia or filopodia, adhesion to the underlying sub-
strate, translocation of the cellular contents, and retraction
of the cell at the trailing edge.68 We confirmed in BJ cells
the retention of high levels of vimentin, protein of inter-
mediate filaments and involved in tissue repair. Vimentin
has been found in mesenchymal repair cells to regulate
the collective movement of the epithelium in response to
injury.69 Moreover, although F-actin expression is present
in basal conditions, BJ cells are deficient of a well-defined
cytoskeleton, proving the lack of migratory stimulus. On
the contrary, when treated with mesoglycan and Prisma�

Skin, BJ appear rich of lamellipodial protrusions where F-
actin is well assembled and oriented toward the mem-
brane. It was shown that the bFGF is able to increase the
migratory activity of mesenchymal cells through activation
of the Akt/protein kinase B (PKB) pathway. As previously
discussed, the stabilization of bFGF on the receptor
induced by GAGs enhanced its chemo-attractant function
mediating the dynamic organization of actin filaments in
parallelized pattern.70

Moreover, it might also be speculated that the local
use of bioactive film containing GAGs could exert similar
effects as syndecans, a small family of HSPGs. They are
type I trans-membrane glycoproteins, that possess HS
and CS/DS chains which enable direct interactions with
many growth factors, cytokines and extracellular matrix
(ECM) macromolecules and are involved in cell prolifer-
ation, migration and invasion.71

It was reported that FAPa overexpression is typical of
pathological conditions such as fibrosis, tumorigenicity,
inflammation, and keloid scars formation.72 It might be
a key protease involved in promoting ECM degradation,
tissue remodeling, and fibrosis and may form transient
adhesive bonds with collagen and other ECM compo-
nents.73 Therefore, this protein is often used as a robust
and selective marker of differentiated fibroblasts.74,75 In
our in vitro model, FAPa is still expressed by BJ cells,
but its expression notable increases in presence of meso-
glycan and especially with Prisma� Skin. Probably, in a
more complex system, the induction of FAPa expression
could drive fibroblasts to the formation of a more solid
matrix through which cells can orient themselves to eas-
ily migrate, as we found through immunofluorescence
assay.

In conclusion, the findings of this study reveal the
notable effects of the medical device Prisma� Skin on
in vitro systems like human dermal HaCaT keratinocytes
and BJ fibroblasts. We found the marked induction of
cell migration and invasion rate, supported by profound
cytoskeletal rearrangement and fibroblast activation.
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Finally, our results suggest that the local use of Prisma�

Skin, containing mixture of GAGs, might accelerate the
healing process in venous skin ulcers principally enhanc-
ing re-epithelialization and granulation processes.

Materials and methods

Cell cultures

HaCaT cell line (Human immortalized keratinocytes)
was purchased from CLS Cell Lines Service GmbH (Ger-
many) and was maintained in Dulbecco’s modified
Eagle’s medium (DMEM) with 10% fetal bovine serum
(FBS) following the instructions reported in ref. 76 BJ
cell line (Human immortalized fibroblast) was purchased
from ATCC (ATCC� CRL2522TM) and cultured in
Eagle’s Minimum Essential Medium (MEM) with 10%
FBS, 1% L-glutamine, 1% Sodium Pyruvate, 1% NEAA.
All the media were supplemented with antibiotics (10000
U/ml penicillin and 10 mg/ml streptomycin), cells were
stained at 37�C in 5% CO2 ¡95% air humidified atmo-
sphere and were serially passed at 70–80% confluence.

Preparation and seeding of mesoglycan
and Prisma� Skin

Powder of sodium mesoglycan is composed by HEP (40%
low molecular weight from 6500 to 10500 Da and 60%
less than 12000 Da, sulfation degree 2.2–2.6), HS (UFH
-unfranctioned heparin- from 12000 to 18000 Da up to
40000 Da; sulfation degree 2.6), DS, deriving from epime-
rization of glucuronic acid of CS (molecular weight
18000–30000 Da, sulfation degree 1.3) with a total sulfa-
tion degree of 9.1. It was provided by Mediolanum Farm-
aceutici S.p.a. (Milan, Italy) and dissolved in cell medium
at an initial concentration of 1 mg/ml. Prisma� Skin med-
ical device is composed by sodium alginate, sodium hya-
luronan, microcrystalline cellulose, vegetable proteins,
sorbitol, glycerin, polysorbate, polyvinylpyrrolidone,
sodium mesoglycan on an inert polyethylene terephthalate
(PET) support material. To properly administrate Prisma�

Skin to the cells for the experimental execution, sheets
were cut with a sterile scalpel in a laminar flow safety
hood and dissolved in cell medium. The inert component
was discarded. Based on the total content of mesoglycan
in each sheet, its concentration was obtained by putting
the appropriate film amount in the medium to gain an
initial concentration of 1 mg/ml of sodium mesoglycan.

MTT assay

After treatment with mesoglycan and Prisma� Skin at
0.1; 0.3; 0.5 mg/ml HaCaT and BJ cells were harvested at

the indicated times (24, 48 and 72 hours) and cell viabil-
ity was calculated as described previously.77 The optical
density (OD) of each well was measured with a spectro-
photometer (Titertek Multiskan MCC/340) equipped
with a 620 nm filter.

Apoptosis detection

The effect of sodium mesoglycan and Prisma� Skin on cell
death was checked by propidium iodide (PI) (Sigma-
Aldrich) staining and flow cytometry at 24, 48 or 72 hours
from the administration. The percentage of the cells in the
hypodiploid nuclei was analyzed and calculated with FACS-
can cytometer (Becton-Dickinson) by Cell Quest program.

Western blotting

Protein expression was examined by SDS-PAGE, as
described previously.78 Briefly, total intracellular proteins
were extracted from the cells by freeze/thawing in lysis
buffer containing protease inhibitors. Protein content
was estimated according to Biorad protein assay (BIO-
RAD). Samples (20 mg protein) were loaded onto 10%
denaturing-polyacrylamide gel and separated by SDS-
PAGE. The separated proteins were then transferred
electrophoretically to nitrocellulose membranes (Immo-
bilon-NC, Millipore). Membranes were blocked with 5%
non-fat dry milk in TBS-Tween 20 (0.1% v/v) and then
incubated overnight at 4�C with primary polyclonal anti-
body against pro-caspase-3 (rabbit polyclonal; #9662;
1:1000; Cell Signaling) and cleaved caspase-3 (rabbit
polyclonal; #9664; 1:1000; Cell Signaling) and with
mouse monoclonal a-tubulin (clone DM1A; 1:1000;
Sigma-Aldrich), E-cadherin (clone 36; 1:1000, Becton
Dickinson Labware), GAPDH (clone G-9; 1:1000 Santa
Cruz Biotechnologies), ezrin (clone sc-71082, 1:500,
Santa Cruz Biotechnologies) and then at room tempera-
ture with an appropriate secondary rabbit or mouse anti-
body (1:5000; Sigma-Aldrich). Immunoreactive protein
bands were detected using enhanced chemiolumines-
cence reagents (ECL; Amersham), the blots were exposed
and analyzed to Las4000 (GE Healthcare Life Sciences).

Cell cycle analysis

Cell cycle was analyzed as reported in ref. 79 Briefly, after
24 hours serum starvation, HaCaT and BJ cells were
grown in complemented medium for 24, 48 and 72 hours
with or without sodium mesoglycan and Prisma� Skin
0.1, 0.3 and 0.5 mg/ml. Cell cycle profiles were evaluated
by DNA staining with PI solution using a FACScan
cytometer (Becton Dickinson) using Cell Quest evalua-
tion program. The distinct cell cycle phases were deter-
minate using ModFit LT analysis software.
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In vitro wound-healing

HaCaT and BJ cells were seeded in a 12-well plastic plate
at 5 £ 105 and 10 £ 105 cells, respectively, per well. After
24 hours incubation, cells reached 100% confluency and a
wound was produced at the center of the monolayer by
gently scraping the cells with a sterile plastic p10 pipette
tip to create a wound area of about 500mm. After remov-
ing incubation medium and washing with PBS, cell cul-
tures were incubated in the presence of sodium
mesoglycan 0.3 mg/ml, Prisma� Skin 0.3 mg/ml or in
growth medium as control. All experimental points were
further treated with mitomycin C (10 mg/ml, Sigma
Aldrich) to ensure the block of mitosis. The wounded cells
were then incubated at 37�C in a humidified and equili-
brated (5% v/v CO2) incubation chamber of an Integrated
Live Cell Workstation Leica AF-6000 LX. A 10x phase
contrast objective was used to record cell movements with
a frequency of acquisition of 10 minutes on at least 10 dif-
ferent positions for each experimental condition. The
migration rate of individual cells was determined by mea-
suring the wound closure from the initial time to the
selected time-points (bar of distance tool, Leica ASF soft-
ware). For each wound 5 different positions were regis-
tered, and for each position 10 different cells were
randomly selected to measure the migration distances.

Invasion assay

Cell invasiveness was analyzed as reported in.77 Briefly,
trans-well Cell Culture (12 mm diameter, 8.0-fim pore
size) purchased form Corning Inc. (USA). The chambers
were coated with type IV collagen (Sigma Aldrich) for
HaCat cell line, and Matrigel (Becton Dickinson Lab-
ware) for BJ cells, that were diluted with 3 volumes of
medium serum-free and stored at 37�C until its gelation.
Cells were plated in 350 ml of medium serum-free at sev-
eral 5 £ 104/insert in the upper chamber of the trans-
well. 1,4 ml of DMEM or MEM with FBS and with or
without sodium mesoglycan or Prisma� Skin were put in
the lower chamber and the trans-well was left for
24 hours at 37�C in 5% CO2 ¡95% air humidified atmo-
sphere. After that, the medium was aspirated, the filters
were washed twice with PBS 1x and fixed with 4% p-
formaldehyde for 10 minutes, then with 100% methanol
for 20 minutes. The filters so fixed, were stained with
0,5% crystal violet prepared from stock crystal violet
(powder, Merck Chemicals) by distilled water and 20%
methanol for 15 minutes. After that, the filters were
washed again in PBS 1x and cleaned with a cotton bud.
All experimental points were further treated with mito-
mycin C (10 mg/ml, Sigma Aldrich) to ensure the block
of mitosis. The number of cells that had migrated to the

lower surface was counted in 12 random fields using
EVOS light microscope (10X) (Life technologies
Corporation).

Cytosol and membrane extracts

Compartmentalized protein extracts were obtained as
reported in ref. 77 Briefly, HaCaT cells were washed
twice with PBS, detached with trypsin-EDTA 1x in PBS
(Euroclone), harvested in PBS and centrifuged for
5 minutes at 600 £ g at 4�C. After that, cells were lysed
in 4 ml of buffer A (Tris HCl 20 mM, pH 7, 4; sucrose
250 mM; DTT 1 mM; protease inhibitors, EDTA 1 mM
in water), sonicated (5 seconds pulse – 9 seconds pause
for 2 minutes, amplitude 42%) and then centrifuged at
4�C for 10 minutes, at 5000 £ g. The resulting superna-
tants were ultra-centrifuged for 1 hour at 100000 £ g at
4�C, until to obtain new supernatants corresponding to
cytosol extracts. Each resultant pellet was dissolved in
4 ml of buffer A and ultra-centrifuged for 1 hour at
100000 £ g at 4�C. The pellets were then resuspended in
250 ml of buffer B (Tris HCl 20 mM, pH 7, 4; DTT
1 mM; EDTA 1 mM; Triton X-100 1%, in water) and left
overnight on orbital shaker at 4�C. Next, the solution
was centrifuged for 30 minutes at 50000 £ g at 4�C: the
supernatants represent membrane extracts.

Gelatin gel zymography

Gelatinolytic activity was detected by SDS-PAGE zymog-
raphy, as reported in ref. 80 Briefly, serum-free superna-
tant samples were analyzed under non-reducing
conditions without boiling, through a 10% SDS-poly-
acrylamide gel co-polymerized in the presence of gelatin
0,1% (Sigma-Aldrich). After the electrophoresis run, per-
formed at 125 V, the proteins in the gel were renatured
in a 2.5% Triton X-100 solution for 1 h. The gel was then
incubated with 50 mM Tris–HCl, pH 7.8, 200 mM NaCl,
5 mM CaCl2 and 5 mM ZnCl2 at 37�C for 48 h, which
allows substrate degradation. Finally, the gels were
stained with 0.5% Coomassie Brillant Blue R-250. Pro-
teolytic bands were visualized by destaining with 10%
methanol and 5% acetic acid.

Flow cytometry

HaCaT and BJ cells were harvested at several 1£ 106 and
analyzed for CD44 protein Pellets were incubated on ice
for 30 minutes in 100 ml of PBS containing APC-conju-
gated CD44 anti-human antibody (mouse monoclonal,
clone G44–26; BD Pharmigen), APC-conjugated human
IgG1 (BD Pharmigen) was used as scrambled. The cells
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were analyzed with Becton Dickinson FACScan flow
cytometer using the Cells Quest program.

Confocal microscopy

After the specific time of incubation, HaCaT and BJ cells
were fixed in p-formaldehyde (4% v/v with PBS) for
5 minutes, permeabilized in Triton X-100 (0.5% v/v in
PBS) for 5 minutes, and then incubated in goat serum
(20% v/v PBS) for 30 minutes. Then cells were incubated
with anti-E-cadherin antibody (mouse monoclonal;
clone 36; 1:500, Becton Dickinson Labware), anti-vimen-
tin (mouse monoclonal, clone E-5; 1:500; Santa Cruz
Biotechnologies), anti-ezrin (mouse monoclonal, clone
sc-71082, 1:100, Santa Cruz Biotechnologies), anti-FAPa
(rabbit polyclonal, clone H-56; 1:250; Santa Cruz Bio-
technologies) overnight at 4�C. After 2 washing steps,
cells were incubated with anti-rabbit and/or anti-mouse
AlexaFluor (488 and/or 555; 1:1000; Molecular Probes)
for 2 hours at RT Other cells were incubated with FITC-
conjugated anti-F-actin (5 mg/ml; Phalloidin-FITC,
Sigma-Aldrich) for 30 minutes at RT in the dark. To
detect nucleus, samples were excited with a 458 nm Ar
laser. A 488 nm Ar or a 555 nm He-Ne laser was used to
detect emission signals from target stains. Samples were
vertically scanned from the bottom of the coverslip with
a total depth of 5 mm and a 63X (1.40 NA) Plan-
Apochromat oil-immersion objective. Images and scale
bars were generated with Zeiss ZEN Confocal Software
(Carl Zeiss MicroImaging GmbH). For immunofluores-
cence analysis and quantification, final images were gen-
erated using Adobe Photoshop CS4, version 11.0.
Quantifications were performed from multichannel
images obtained using a 63 £ objective using ImageJ,
marking either the cell perimeter or the nucleus as the
region of interest and calculating integrated densities per
area from the appropriate channel. A minimum of 50
cells were analyzed for each data set. The obtained mean
value was used to compare experimental groups. For the
calculation of BJ angle orientation, cell distributions cor-
responding to each experimental setting were deter-
mined by percentage of cells that were oriented at 100
variation angles from the identified modes.

Statistical analysis

All results are the mean § SEM (Standard Error of
Mean) of at least 3 experiments performed in triplicate.
The optical density of the protein bands detected by
Western blotting was normalized against tubulin and
GAPDH levels. Statistical comparisons between groups
were made using 2-tailed t-test comparing 2 variables.

Differences were considered significant if p < 0.05,
p < 0.01 and p < 0.001.
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